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ABSTRACT

T he  o-f t h e  p r o j e c t  d i s c u s s e d  i n  t h i s  R e p o r t  w as  t o  d e v e lo p  t h e

h a r d w i r e  s t r u c t u r e  o f  en A u t a n a t i c - T e s t - S y e t e m  f o r  u se  a s  »  t e a c h i n g

<»c i  1 i t y  \r, t h e  i r e i  o f  D tg i  t a t - C i r e o i  t - T e s t i n g  a t  t h e  U n i v e r s i t y .

C o m n e r c I l i r s t e n s ,  w h i l e  ob v i o o s l ? -  s u i t a b l e  a r e  u e r y  e x p e o c i y e  a nd  w ou ld  

n o t  be  c o s t - e f f e c t i v e  i n  *n e n v i r o n m e n t  whe r e  t h e  d i v e r s i t y  o f  c i r c u i t s  

t o  be  t e s t e d  i s  l a r g e , b u t  t h e  a c t u a l  vo lu m e s  a r e  s m a l l .

T h i s  R e p o r t  d i s c u s s e s  t h e  v a r t o u s  c u r r e n t  t e c h n i q u e s  o f  O ig i  t a l - C i r c u 1 1 -  

T e s t i n g ,  an d  t h e n  m o t i v a t e s  t he  s y s t e m  d e v e l o p e d .  The  s y s t e m  p r ^ o s e d  can  

a c t  a s  a D y n am ic - Fu n c t  i o n a l - T e s t e r  wh ic h  d r i v e s  an d  s e n s e s  p a t t e r n s  a t  

t he  o p e r a t i o n a l  s p e e d  o f  d i g i t a l  c i r c u i t s ,  o r  a s  a  L o g i c -A n a  1y s e r - S y e t e m  

w h i c h  s e n s e s  p a t t e r n s ,  s t o p p i n g  when a  T r i g g e r - P a t t e r n  i s  d e t e c t e d .  The  

L o g i c - A n a l y s e r  f u n c t i o n  i s  i n c l u d e d  a s  i t  was  r e l a t i v e l y  s im p le  t o  

I m p le m e n t , an d  L o g i c - A n a l y s e r s  have  p r o v e d  u s e f u l  i n  g e n e r a l  t e s t i n g

Thf  T es t -H a rc ku a r e  h a s  i  nt imber  o f  e x t e r n a l  c o n n e c t i o n s  w h i c h  can f u n c t i o n  

a s  e i t h e r  d r i v e r s ,  o r  s e n s o r s ,  o r  b o t h .  T he se  c o n n e c t  m g  p i n s  d r i v e  t he  

T e s i - P a t t e r n  t n d  t h e n  s e ns e  t he  R e t u r n e d - P a t t e r n .  As d r i v e r s  t he  p i n s  a r e  

p l a c e d  b y  t h e  c o n t r o l l e r  i n t o  e i t h e r  a h i g h  o r  l ow s t a t e , and  when u s e d  

a s  s e n s o r s ,  t he  p i n s  a r e  s e t  i n  t o  T r i - S t a t e  c o n d i t i o n .  The  i n p u t  t o  t he  

s e n s o r s  c a n  be  c o mp a re d  a g a i n s t  a s i n g l e  r e f e r e n c e  v a l u e  f o r  d e t e c t i n g  

B i - s t a t e ,  o r  a g a i n s t  dua l  r e f e r e n c e s  f o r  d e t e c t i n g  T r i - S t a t e ,  B e h in d  e ach  

p i n  i s  d e d i c a t e d  P a t  t e rn - O u tp u t - M e m o ry  a n d  P a t U r n - R e t u r n e d - M e i i o r y .

The  T e s t - H a r d w a r e  w as  d e s i g n e d  t o  be M u l t i b u s  C c r ep a t i b l e  an d  i s  c o n t r o l ­

l e d  by an 89 86  S i n g l e - B o a r d - C o r a p u t e r . T h i s  c o m p u te r  i n  t u r n  i s  c o n n e c t e d  

v i a  a RS-232C  s e r i a l  1 Ink t o  a M a i n - C o n t r o l - C o m p u t e r . Up t o  t he  p o i n t  

t h a t  i t  w a s  d e v e l o p e d ,  t he  T e s t - H a rd w a re  worKed s u c c e s s f u l l y .
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A s o f t w a r e  mode l o f  t he  Dev i c e - U n d e r - T e s t  t h a t  

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

The  p a t t e r n  a p p l i e d  t o  t he  D e v i c e - U n d e r - T e s t  as  

t h e  I n p u t - S t i n o l u s  d u r i n g  t h e  t e s t i n g  o p e r a t i o n .

(K)
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] p  t h i s  Ch » p t* r  A u t o m a t i c - T e s t - E q u i p n e n t  I n g e n e r a ]  w i !1 be  d i s c u s s e d ,  

• f o l l ow ed  by  t h e  r e a s o n  a  Loca l  - T e s t - S y s t e n  was  d e v e l o p e d  f o r  t h e  

U n i v e r s i t y  E n v i r o n m e n t .  The  a ims  o f  t h e  L o c a l - S y s t e m  w i l l  be m e n t i o n e d  

• f o l l o w ed  by  a  b r i e f  o v e r v i e w  o f  t h e  ha rd w ar e  d e v e l o p e d  f o r  t h i s  p r o j e c t .

A o t o m a t i c - T e s t - E q u i p m e n t  b a s i c a l l y  d e s c r i b e s  an y  e q u ip m e n t  u s e d  f o r  

t e s t i n g  a  d e v i c e  a u t o m a t i c a l i y ,  bu t  t h i s  p r o j e c t  a d d r e s s e s  i t s e l f  t o  

E l e c t r o n i c  Equ ipm en t  u s e d  i n  t h e  a u to m a t i c  t e s t i n g  o f  E l e c t r i c a l  

C i r c u i t s .  The T e s t - E q u i p m e n t  i s  a u t o m a t e d  t o  make t e s t i n g  t h e  c i r c u i t  

e a s i e r ,  q u i c k e r  an d  v l t  i m a t e l y  more c o s t - e f f e c t i v e .

T r a d i t i o n a 11y mos t  c i r c u i t s  w e re  t e s t e d  w i t h  a r a u l t im e te r  a n d  o s c i l l o ­

s c o p e .  To make me as u r e m en t  e a s i e r  m e th od s  u s i n g  a  number  o f  s p e c i a l  

p u r p o s e  i n s t r u m e n t s  su ch  a s  t he  L o g i c - A n a l y s e r , and  t h e  L o g i c  P robe  u se d  

in d i g i t a l  c i r c u i t s ,  we re  d e v e l o p e d .  Th ese  m e th o d s  s t i l l  r e q u i r e  

s i g n i f i c a n t  manua l i n p u t , an d  a r e  v e r y  t ime  c on su m in g .  U i t h  t h e s e  m e t hod s  

t e s t i n g  w as  g e n e r a l l y  c o n f i n e d  t o  when t he  s y s t e m  was  c o m p l e t e l y  

a s s e m b l e d  a n d  f a i l e d  t o  o p e r a t e  c o r r e c t l y .  The  e a r l i e r  a  f a u l t  i s  

d e t e c t e d  t h e  c h e a p e r  i t  i s  t o  r e p a i r .  A sy s t e m  f a i l u r e  i n  t i n  f i e l d ,



a f t e r  I n s t e ! I * t  i o n ,  c a n  be  v e r y  e x p e n t i v e  t o  r e p a i r ,  e s p e c i a l l y  i f  t h e  

s y s t e m  i s  c r i t i c a l ,  a n d  p r o d u c t i o n  t ime  i s  l o s t  due  t o  t h e  f a i l u r e .

One m e th od  u s e d  t o  g e t  a r o u n d  t h e  p r o b l e m  o f  l o s t  p r o d u c t i o n  t i m e ,  i s  t o  

m o d u l a r i s e  t h e  s y s t e m .  A f a i l u r e  i n  t h e  f i e l d  I s  f i x e d  by  r e p l a c i n g  t h e  

f a u l t y  m o d u le .  The m o d u le  I s  t a k en  back  t o  t h e  s e r v i c e  w o rk s h o p  an d  

r e p a i r e d  i n  due  c o u r s e .  T h i s  m e th od  w o rk s  e f f e c t i v e l y ,  b u t  c an  be

e x p e n s i v e  In  t e r m s  o f  r e p l a c e m e n t  m od u l e s  t h a t  n e e d  t o  be  s t o c k e d .  I f  t h e

m o d u le s  In q u e s t i o n  a r e  e x p e n s i v e ,  t h e n  r e p a i r i n g  t h e  m o d u le s  i s

n e c e s s a r y ,  a n d  t h i s  c an  be  s l o w  an d  e x p e n s i v e  i f  t h e  manual  m e th o d s  a r e

The  i n t r o d u c t i o n  o f  I n t e g r a t e d  C i r c u i t s  h a s  made f t  p o s s i b l e  t o  i n c l u d e  

more f u n c t i o n s  i n  a much s m a l l e r  vo lu me .  T h i s  t r e n d  g o e s  c o n t r a r y  t o  t h e  

m o d u l a r i t y  p r i n c i p l e ,  a s  more  and  more  f u n c t i o n s  a r e  p a c k e d  I n t o  a  s i n g l e  

m o d u le .  M o d u le s  become c o m p le x ,  e x p e n s iv e  an d  mor e  d i f f i c u l t  t o  t e s t .

T h i s  i s  e v i d e n t  I n  t h e  d i g i t a l  e l e c t r o n i c s  f i e l d ,  p a r t i e u f a r t y  w i t h  t h e

p r e s e n t  u se  o f  VLSI t e c h n o l o g y ,  a n d  imminen t  i n t r o d u c t i o n  o f  ULSI

c i r c v i  t s .

As  s y s t e m s  become more c o m p le x ,  t he  c o s t  o f  r e p a i r i n g  a  f a u l t y  sy s t e m  a t  

i n s t a l l a t i o n  t im e  i n c r e a s e s ,  i t  i s  much c h ea p e r  t o  r e p l a c e  f a v ) t y  m od u le s  

b e f o r e  t h e y  a r e  I n t e g r a t e d  i n t o  t he  s y s t e m .  A m e th od  o f  t e s t i n g  m o d u le s

i s  t h e r e f o r e  d e s i r a b l e .  One m e t ho d  u s e d ,  i s  t o  b u i l d  a s p e c i f i c  T e s t -

C i r c u i t  f o r  t h e  m od u l e  i n  q u e s t i o n ,  wh ich  i s  e x p e n s i v e  a s  e ac h  modu le  

ne e d s  i t s  own T e s t - C i r c u i t . The T e s t - C i r c u i t  i s  u s u a l l y  more  complex t h an  

t h e  modu le  i t  i s  d e s i g n e d  t o  t e s t .

I t  i s  t h e r e f o r e  e x t r e m e l y  d e s i r a b l e  t o  ha ve  a  m e th od  t o  a u t o m a t i c a l l y  

t e s t  a  v a r i e t y  o f  m o d u l e s .  F l e x i b l i t y  i s  ne ed e d  In o r d e r  t o  t e s t  a  number 

of  d i f f e r e n t  m o d u le s .  The  A u t o m a t i c - T e s t - E q u i p m e n t  d e s c r i b e d  h e r e i n  was  

d e s i g n e d  t o  f i l l  t h i s  r e q u i r e m e n t .



Au txma t  i c - T e s t - E q u  i piten t g e n e r a l l y  r e f e r s  t o  c o mn tex  c om p u te r  c o n t r o l  t e d  

e q u ip m e n t  u s e d  i n  t h e  a u t o m a t i c  t e s t i n g  o f  v a r i o u s  d e v i c e s .  Fo r  t h e  

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

d i s c u s s e d .  The  f l e x i b i l i t y  r e q u i r e m e n t  e s t a b l i s h e s  t h e  ne ed  f o r ,  a n d  i s  

me t  b y ,  c o m p u te r  c o n t r o l .  I f  t h e  T c s t - E q u /p m e n t  I s  u n d e r  co mp u t e r  c o n t r o l  

t he n  f l e x i b i l i t y  i s  a c h i e v e d  by ma k in g  t he  T e s t - S y s f e m  p r o g ra m m a b le .
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E l e c t r i c a l  c i r c u i t s  c a n  b r o a d l y  be  d i v i d e d  i n t o  A n a l o g  an d  D i g i t a l .  

A u t c m a t i c - T e s t - E q u i p m e n t  n o r m a l l y  ha s  i n t e r f a c e s  d e d i c a t e d  t o  t e s t i n g  

e i t h e r  a n a l o g  o r  d i g i t a l  c i r c u i t s .

When t e s t i n g  A n a l o g  C i r c u i t s  i t  i s  n e c e s s a r y  t o  be a b l e  t o  a p p l y  and  

me as u r e  v o l t a g e ,  c u r r e n t ,  power  e t c ,  a t  s p e c i f i c  t ime  i n t e r v a l s ,  d e p e n d ­

ing  on t h e  t im e  c o n s t a n t s  o f  t he  D e v i c e - U n d e r - T e s t .  A n a l o g  c i r c u i t r y  i s  

i n t e r f a c e d  t o  t h e  T e s t - E q u ip m e n t  by  me ans  o f  a n a l o g  c o n d i t i o n i n g  

c i r c u i t r y ,  A n a l o g - t o - D i g i t a l , and  D i g i t a l - t o - A n a l o g  c o n v e r t e r s .  

Au t oma t  I c - T e s ( - E q u i p m e n t  f o r  t e s t i n g  a n a l o g  c i r c u i t s  c an  o p e r a t e  up t o  a 

maximum s p e e d ,  n o r m a l l y  l i m i t e d  by t he  c o n v e r s i o n  t im e  o f  t he  A na lo g  t o  

D i g i t a l  c o n v e r t e r s .  F a s t  A n a l o g - to - D ig i  t a !  c o n v e r t e r s  a r e  v e r y  c o s t l y .

U i t h  D i g i t a l  C i r c u i t s  i t  i s  o n ly  n e c e s s a r y  t c  a p p l y  an d  me asu re  d i g i t a l  

v o l t a g e s  a t  s p e c i f i c  i n t e r v a l s ,  u s u a l l y  d e t e r m i n e d  by t he  c l o c k  s p e e d  of  

t he  D e v i c e - U n d e r - T e s t .  The  i n t e r f a c e  t o  t h e  T e s t - E q u ip m e n t  g e n e r a l l y  

I n v o l v e s  an a n a l o g  i n t e r f a c e  w i t h  V o l t a g e  T h r e s h o l d  d e t e c t i o n  an d  V o ! ( a g e  

D r i v e r s .  I f  t he  c i r c u i t  i s  t o  be t e s t e d  a t  o p e r a t i o n a l  s p e e d ,  t h e n  t he  

T e s t - E q u i p m e n t  ne e d s  t o  f u n c t i o n  up t o  t h i s  s p e e d .  Wi th  c l o c k e d  s y s t e m s  

i t  i s  s eme  t i m e s  p o s s i b l e  t o  r u i  a  number  o f  t e s t s  a t  a  s l o w e r  s p e e d s  by 

s l o w i n g  t h e  c l o c k ,  a n d  In t h i s  c a se  t he  T # s t - E q u i p m e n t  n e ed  no t  o p e r a t e  

a t  t he  o p e r a t i o n a l  s p e e d  o f  t he  D e v i c e - U n d e r - T e s t .



Au t  ona  11 c - T e  s  t - E ^ u  i pn en  t u t e d  -for t e s t i n g  p o p u l a t e d  c i r c u f t  b o a r d s  f a )  3 ;  

b r -oa d ly  i n t o  two  c a t e g o r i e s ,  F u n c t i o n e l - T e i t e r i  aind I n - C I r c u i t -

F u n c t i o n i l - T e s t e r s  a r e  c o n n e c t e d  t o  t h e  e x t e r n a l  I npu t s ,  an d  o u t p u t s  o f  

t h e  c i r c u i t  i n  q u e s t i o n ,  n o r m a l l y  a t  t h e  a p p r o p r i a t e  edge  c o n n e c t o r .  The  

c i r c u i t  I t  t h e n  t e s t e d  bp  t h e  a p p l i c a t i o n  o f  T e s t - P a t t e r n s  and  t h e  

m e a su r e m e n t  o i  t h e  r e s p o n s e .  A g u id e d  p r o b e  can  be  u s e d  t o  a p p l y  an d  

m e as u r e  s i g n a l s  i n t e r n a l  i o  t h e  c i r c u i t .  I n  D i g l t a l - T e s t e r s  t h i s  g u i d e d  

p ro b e  u s u a l l y  t a k e s  t h e  - fo m  o f  a S i g n a f u r e - A n a i y s e r  ( R e f . B l y th  1 9 8 2 ) ,  

uA ic h  s i m p l i f i e s  t h e  s e r i a l  s t r e a m  o f  node  t r a n s i t i o n s .

3 n - C i r c u i t - T e s t e r s  f u n c t i o n  by a p p l y i n g  an d  m e a s u r i n g  s i g n a l s  t o  an d  f ro m  

th e  c i r c u i t  c o m po ne n t s  d i r e c t l y ,  r a t h e r  t h a n  e x t e r n a l l y ,  t e g  t o  an d  f ro m  

th e  edge  c o n n e c t o r )  One me tho d  u se d  i s  c a l l e d  Back  D r i v i n g  w h e r e  t h e

m s c t e d  t o  t he  A u t o m a t i c - T e s t e r  v i a  a B e d - O f - N a i l s  

•n* '.ft t o r n  i s  c h e c k e d  f o r  c o r r e c t  o p e r a t i o n  a n d  

'A e n t s .  T h i s  i s  a c h i e v e d  by  f o r c i n g  t h e  i n p u t s  o f  

a r  s t a t e  and  m e a s u r i n g  t h e  o u t p u t s .  A g u i d e d  

e w o u ld  be  u se d  t o  g e t  d e t a i l e d  i n f o r n a t i c n  n o t  

n o r m a l l y  a v a i l a b l e  f r co i  f he c o n n e c t i o n  v i a  t h e  B e d - O f - N a i l s .  A n o th e r  f o rm  

o f  I n - C i r c u i t - T e s t i n g  i< I n - C i r c u i t - E m u i a t i o n  ( R e f .  PopKy  u s e d  in

d i g i t a l  m i c r o p r o c e s s o r  b a se d  c i r c u i t s .  A S i g n a t u r e - A n a l y s e r  i s  o f t e n  u s e d  

a s  a g u i d e d  p r o b e  i n  t h i s  m e th od .

Dev I c e - U n d e r - T e s t  i s  co r  

an d  t h e n  e ac h  c o r  -•re 

c o n n e c t  i on t o  o H  j 

a comp one n t  t o  a 

p ro b e  i n  t h  i s  in*

1 . 4  MKY DEVELOP A LOCAL-TEST-SYSTEM

The  f i e l d  o f  A u t o m a t i c - T e s i - E q u i p m e n t  i s  v e r y  com ple x  w i t h  l a r g e  a mo un t s  

o f  money b e i n g  s p e n t  e v e r y  y e a r  on d e v e lo p m e n t ,  by  t he  I n d u s t r y  L e a d e r s  

i n T e s t - E o u i p m e n t . I t  wo u ld  be  a m b i t i o u s  a s  an i n d i v i d u a l  t o  c om pe t e  w i t h  

c o m p a n i e s  w h ic h  have  been  s p e c i a l i s i n g  i n  A u t o m a t i c - T e s t - E q u i p m e n t  f o r  a 

number o f  y e a r s .



T h e r »  w as  & n e e d  a t  t h e  U n i v e r s i t y  f o r  an  A u t o m a t i e - T e s t I n g - S r s t e m  t o  be 

e v i l l k b l e  •for d e m o n s t r a t i o n  a i .d  e d u c a t  I one )  p u r p o s e s .  Co re ne rc i a )  T e s t -  

S y s t e m s ,  w h i l e  h i g h l y  t u f  t a b l e  f o r  t h i *  p u r p o e e ,  a r e  v e r y  e x p e n s i v e  a n d  

c o u l d  n o t  be  u t e d  c o s t  e f f e c t i v e l y  i n  t h e  Uni v e r s  I t r  E n v i r o n m e n t . The  

U n i v e r s i t y  d o e s  d e v e l op m e n t  w ork  an d  d o e s  n o t  go  i n t o  t h e  m a n u f a c t u r e  o f  

l a r g e  n t imbe r s  o f  s y s t e m * .  The o i v e r s i t y  o f  c i r c u i t s  i n  t h i s  e n v i r o n m e n t  

i s  l a r g e  b u t  t h e  a c t u a l  number s  i n v o l v e d  a r e  sraat  i . The  p u r c h a s e  o f  an 

e x p e n s i v e  co m m er c i a l  A u t o n a t ? c - 7 » s t - S y s t e m  w o u ld  n o t  be  t h e  b e s t  u s e  o f  

t h e  l i m i t e d  f u n d s  a v a i l a b l e .

The a c t u a l  n e e d  a t  t h e  U n i v e r s i t y  w as  f o r  a l ow c o s t  A u t o e a t i c - T e s t -  

Sy s t e m ,  w h ic h  was  f l e x i b l e  enough  t o  be  u s e d  f o r  a  number o f  p u r p o s e s .

The » i i n  c r i t e r i a  u se d  i n  t he  de v e l o pm e n t  o f  a  L o c a l - T e s t - S y s t r o  w e re  l ow 

c o s t  an d  f l e x i b i l i t y ,  The I d e a  was  t o  d e v e lo p  a s  f l e x i b l e  a T e s t - S y s t e n  

a s  p o s s i b l e  w h i l e  Kee p ing  t h e  c o s t s  l ow.

A d e c i s i o n  w a s  made t o  d e v e lo p  a T e s t - S y s t e m  s o l e l y  f o r  t h e  t e s t i n g  o f  

D i g i t * )  C i r c u i t s ,  T e s t i n g  a n a lo g  c i r c u i t s  w o u ld  b e  f a r  wore  e x p e n s i v e , a s  

t h e  i n t e r f a c e  i n v o l v e s  h i g h  spe ed  A n a l o g  t o  D i g i t a l  an d  D i g i t a l  t o  A n a l o g  

C o n v e r t e r s .  The  d e p a r tm e n t  i s  i n v o l v e d  i n  a  number o f  d i g i t a l  p r o j e c t s ,  

an d  t h e r e f o r e  a T e s t e r  f o r  d i g i t a l  c i r c u i t s  w o u ld  be  more  u s e f u l .

) n  t h e  d e v e lo p m e n t  o f  a L o c a l - T e s t - S y s t e m  I t  w as  d e c i d e d  no t  t o  u se  t h e  

B e d - o f - N a i I s  c o n n e c t i o n  me th od .  The  r e a s o n s  f o r  t h i s  i s  t he  hu ge  e x p en se  

an d  t h e  m e c h a n i c a l  c o m p l e x i t y .  A n o th e r  d i s a d v a n t a g e  o f  t h i t  m e th o d  I s  

t h a t  b o a r d s  t e s t e d  have t o  be  s p e c i a l t y  d e s i g n e d  w i t h  l o c a t i n g  h o l e s  e t c .

3 n - C i r c u I t - E m u l a t  1 on was d i s c a r d e d  a s  t h i  s  me t h od  i s  v e r y  s p e c  i f  i c  t o  t h e  

m l c r o - p r o c e s s o r  e m u l a t e d ,  and t h e r e f o r e  w o u ld  n o t  be s u f f i c i e n t l y  

f l e x i b l e .  I t  i s  n e c e s s a r y  t o  d e v e lo p  a  comp lex  i n t e r f a c e  f o r  e ac h  m i c r o ­



p r o c e s s o r  t o  be  e m u l a t e d .  A n o th e r  d i s a d v a n t a g e  o t  I n - C l r c u I t - E m u l i t  i on  t s  

" b a t  i t  i s  o n l y  p o s s i b l e  t o  t e s t  d i g i t a l  c i r c u i t s  w h ic h  a r e  c o n t r o l l e d  by  

t h e  p a r t i c u l a r  m i c r o - p r o c e s s o r  e m u l a t e d .

A  F u n d  i o n s )  - t e s t e r  was  n e e d e d  w h ic h  was  no?  l i m i t e d  b y  t h e  abov e  

c o n s t r a i n t s .  T h e r e  w e re  t h r e e  p o s s i b l e  F u n c t i o n a l - T e s t e r s  c o n s i d e r e d ,  

n a m e ly  H ig h  F r e q u en c y  P a t t e r n  G e n e r a t i o n ,  H l g h - S p e e d - F u n c t i o n a l - T e s t e r s ,  

a n d  S l o w - S p e e d - F u n c t I o n a l - T e s t e r s .  The  H igh  F r e q u e n c y  P a l  t e r n  G e n e r a t i o n  

m e th o d  w a s  d i s c a r d e d  m a i n l y  b e c a u s e  o f  I n i  t l a l I  s a t  I on p r o b l e m s  ( d e t a i l e d  

l a t e r )  e n c o u n t e r e d  In s e q u e n t i a l  c i r c u i t s  when u s i n g  t h i s  m e th o d .  The  

S l o w - S p e e d - F u n c t i o n a l - T e s t e r s  w e r e  d i s c a r d e d  a s  t h e s e  t e s t e r s  h av e  

p r o b l e m s  when t e s t i n g  c i r c u i t s  w i t h  d y na mi c  co mp o ne n t s ,  an d  s p e e d  r e l a t e d  

p r o b l e m s  a r e  n o t  d e t e c t e d .  A m e th o d  o f  H i g h - S p e e d - F v n c t i o n a ] - T e s t i n g  was  

c h o se n  f o r  t h i s  p r o j e c t .

The M e th o d  Chosen  i s  c a l l e d  ‘ D y n a m i c - F u n c t i o n a l - T e s t i n g "  a nd  i s  d e s c r i b e d  

b r i e f l y  by  B l y th  < f ? 6 2 ) . T h i s  m e th o d  d r i v e s  and  s e n s e s  p a t t e r n s  a t  t h e  

o p e r a t i o n a l  s p e e d  o f  d i g i t a l  c i r c u i t s ,  b y  h a v i n g  d e d i c a t e d  l o c a l  memory 

b e h i n d  t h e  e l e c t r o n i c s  o f  t h e  d r i v e r s  and  s e n s o r s .  The l o c a l  memory  I s  

l o a d e d  a t  t he  s l o w  I /O  r a t e  o f  t h e  C o n t r o l 1 i n g - C c e ip u t e r . The  t e s t  i s  done  

by  a  h i g h  s p e e d  b u r s t  when t he  l o c a l l y  s t o r e d  T e s t - P a t t e r n s  a r e  c l o c k e d  

o u t , an d  t he  A c t u i l - R e s p o n s e  i s  s t o r e d  i n  t he  memory a l l o c a t e d  t o  t h e  

m o n i t o r  p m s .  Once t h e  t e s t  b u r s t  i s  c o m p le t e d  t he  A c t u a l - R e s p o n s e  i s  

t h e n  r e a d  a t  t he  s l o w e r  spe ed  o f  t h e  C o n t r o l  1 tn g - Co mp u t e r  an d  a n a l y s e d .  

The  maximum s p e e d  ch o se n  was  16  MHz w h ic h  s h o u l d  be f a s t  en ou gh  f o r  t h e  

m a j o r i t y  o f  d i g i t a l  c i r c u i t s  c u r r e n i l y  i n  u s e ,

p a t t e r n s

f u n c t i o n

'  was  a l s o  d e s i g n e d  t o  o p e r a t e  

s t o p p i n g  when a  T r i g g e r - F a t t e r  

i n c l u d e d  .

a L o g i c - A n a l y s e r  w h i ch  s e n s e s  

s d e t e c t e d ,  The L o g i c - A n a l y s e r  

. . . .  _ . . . . .  . 1y e a s y  t o  impl im e n t ,  a n d  L o g i c -

n a l y s e r s  have  p ro v ed  u s e f u l  In g e n e r a l  t e s t i n g  o p e r a t i o n s .

A SI  g n a t u r e - A n a l y s e r  was  n o t  d e v e l o p e d  a s  t he  P robe  ha rd w a r e  i s  

r e l a t i v e l y  s i m p l e , and  t he  r e a l  d i f f i c u l t y  l i e s  i n  a p p l y i n g  r e p e t i t i v e  

p a t t e r n s  t o  t h e  D e v i c e - U n d e r - T e s t . S i g n a t u r e - A n a l y s i s  h ow eve r  w o u ld  be  

e a s y  t o  ad d  t o  t he  T e s t - H a rd w a re  d e v e l o p e d ,  and  w i t h  s u i t a b l e  s o f t w a r e  

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

a s  t h e  p a t t e r n  a p p l i c a t i o n  p a r t  o f  a Si  g n a t u r e - A n a l y s i s - S y s t e r n .



The  T e s t - S y s t e m  d e v e l o p e d  c o n s l s t s  o f  t h r e e  MULTISUS c i m p a U b H  c e r d e ,  

c o n n e c t e d  t o  an  I n t e l  8 6 / 1 2A S I n g l e - B o i r d - C o m p u t e r • The  8-S/$2A fn t u r n  i s  

c o n n e c t e d  v i a  an  RS 23 2  C e e r i e !  l i n k  t o  t h e  M » I n -C o n t r o l - C o m p u te r  w h ic h  

i n  t h i s  e e t e  was  an App le  11* e c m p e t i b l e ,  r u n n i n g  FLEX on  * 68 99  c o ­

p r o c e s s o r  c a r d .  A s p e c i a l  s e r i a l  c a r d  was  d e v e l o p e d  du e  t o  t h e  

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

l a y o u t  o f  t h e  T e s t - S y s t e n  i s  d e t a i l e d  In F i g u r e  I and  t h e  p h y s i c a l  l a y o u t  

i s  d e t a i l e d  In F i g u r e  2 .

The  f u n c t i o n s  o f  t h e  t h r e e  MULTIBUS c o m p a t i b l e  c a r d s  a r e  a s  f o l l o w s

C a r d  J )  M u l t i b u s  I n t e r f a c e ,  c l o c k  g e n e r a t i o n  an d  c o n t r o l  c i r c u i t r y .

C a r d  2} P a t t e r n  J n p u t  an d  O u tp u t  memory ,  l a t c h e s  an d  rout t i p t e x e r s .

Ca rd  3) A n t l o g  I n t e r f a c e  c i r c u i t r y .

The  T e s t - H a rc k i a r e  h a s  d e d i c a t e d  memory a s s i g n e d  t o  e a c h  d r i v e r / s e n s o r  

p i n .  Each  p i n  h - s  d e d i c a t e d  P a t t e r n -O u tp u t - M e m o r y  an d  P a t t e r n - R e t u r n e d -  

Memory.  The  T e s t - H a r d v a r e  h a s  v a r i o u s  modes  o f  o p e r a t i o n  so  t h a t  i t  c an  

e i t h e r  a c t  a s  an A u t o m a t i c - D i g i  t a i - T e s t e r  o r  a s  a  L o g i c - A n a l y s e r . The 

v a r i o u s  O p e r a t i o n a l  Modes c a n  be d e s c r i b e d  k$ f o l l c u s  $-

1

1) D l g l t a l - T e s t e r  Mode

So f rooi  t h e  S t a r t  t o  t h e  End o f  memory d r i v i n g  t h e  O u t p u t -  

P a t  t e r n s  an d  s e n s i n g  t he  R e t u r n e d - P a t t e r n s .  T h i s  d o e s  a  s i n g l e  

p a s s  o f  t h e  memory.  T h i s  mode i s  t he  norma l  no d e  o f  o p e r a t i o n  

f o r  t e s t i n g  a d i g i t a l  c i r c u i t  In b u r s t  mo d e .

2 )  L o g ! c - A n a l y s e r  Mode

Keep L o o p in g  b y  r e p e t i t i v e l y  g o in g  f rom the  S t a r t  t o  t h e  E nd  o f  

memory,  an d  r e p e a t  u n t i l  t h e  T r i g g e r - P a t t e r n  m a t c h e s  t h e  S e n s e d -  

P a t t e r n .  S t o r e  t h e  a d d r e s s  o f  t he  t r i g g e r  o c c u r r e n c e ,  t hen  

c o n t i n u e  t h r o u g h  h a l f  o f  t h e  memory b e f o r e  s t o p p i n g .  H a l f  t he  

P a t t e r n - R e t u r n e d - M p m o r y  c o n t a i n s  wh a t  h a p p en e d  b e f o r e  t he

7



t r i g g e r  an d  h a i f  c o n t a i n s  wh a t  h a p p t n e d  a f t a n  t h #  t r i g g e r .  T h i s  

mode i s  t o  make  t h e  T c s t - S y s t e m  o p e r a t e  a s  a  L o g k - A n e l r s e r .

3 )  T r i g g e r e d  D l g l t a l - T e s t e r  Mode

W ai t  u n t i l  t h e  S e n i e d - P e t t e r n  m a t c h e s  t h e  T r I g g e r - P a t t e r n  t he n  

go  f ro m  th e  S t a r t  t o  t he  End  o f  t h e  memory d r i v i n g  f ro m th e  

P a t t e r n - O u t p u t - M e m o r y , and  I n p u t t i n g  i n t o  t h e  P a t t e r n - R e t u r n e d -  

Memory.  T h i s  d o e s  a s i n g l e  p a s s  o f  t h e  memory .  T h i s  mode w o u ld  

be  u s e d  t o  t e s t  a  c i r c u i t  once  a  c e r t a i n  s t a t e  h a s  b een  r e a c h e d .

The  a n a l o g  I n t e r f a c e  b o a r d  c an  be d e s i g n e d  f o r  s p e c i f i c  a p p l i c a t i o n s .  The  

p r e s e n t  a n a l o g  i n t e r f a c e  w a s  d e s i g n e d  t o  be  a s  g e n e r a l  p u r p o se  a s  

p o s s i b l e .  The  i n t e r f a c e  b o a r d  i s  c o n n e c t e d  on one  s i d e  t o  t h e  T e s t - H a r d -  

w a re  an d  on t h e  o t h e r  s i d e  t o  t he  D e v i c e - U n d e r - T e s t .  The  p r e s e n t  i n t e r ­

f a c e  b o a r d  w as  d e s i g n e d  w i t h  t he  p u r p o s e  o f  t e s t i n g  TTL l e v e l s  and  i s

a b l e  t o  d e t e c t  T r i - S t a t e . T h e r e  a r e  a number o f  p i n s  w h ic h  a r e  bo th

d r i v e r s  a n d  s e n s o r s .  When t h e  p i n  i s  d e f i n e d  a s  a  s e n s o r  t h en  t h e  o u t p u t  

d r i v e r  i s  p l a c e d  In T r f - S t a t e ,  and  when t h e  p i n  I s  d e f i n e d  a s  a d r i v e r  

t h e n  i t  i s  d r i v e n  h ig h  o r  l ow,  U h i i e  t he  p i n  I s  b e i n g  d r i v e n  h ig h  o r  low 

th e  a c t u a l  l e v e l  I s  s e n s e d  an d  r e a d  i n t o  t h e  P a t  t e r n - R e  t  u rn ed - Me m ory . At  

a ny  t im e  d u r i n g  t h e  t e s t i n g  o f  t he  Dev i c e - U n d e r - T e s t  t h e  p i n  can be  

ch an ge d  f r cm  b e i n g  a d r i v e r  t o  b e in g  a  s e n s o r  o r  v i c e  v e r s a .  Be h in d  e ach  

p i n  i s  d e d i c a t e d  P a t t e r n - O u t p u t - M e m o r y  an d  P a t i e r n - R e t u r n e d - M e m o r y .

The  d i f f e r e n t  C o n f i g u r a t i o n  Modes can  be  s u r o a r i s e d  i n  t h e  f o l l o w i n g

Mem ory /Pm No.  P i n s Max Spee d D e t e c t  S t a t e

IK 6 HHi

IK 1 6 MRr T r i - S t a t e

3 ) 2K 16 16 MHz Bi - S t a t e

4) 2K 8 16 MHz T r l - S t a t e

T a b l e  1 : D i f f e r e n t  C o n f i g u r a t l o n  Modes



Modes 3  an d  4 u se  memory m u l t  i p l e x i n g  so  t h a t  t h e  » p » td  en d  t h e  amoun t  o f  

memory a r e  d w i b l e d  b u t  t h e  number o-f d r i v e r / s e n s o r  p i n s  i e  h a l v e d .  The  

d i f f e r e n c e  b e tw ee n  d t t e c t i n g  T r - S t a t e  and  B l - S t a t e  ( t  t h a t  I n t h e  T r i -  

S t a t e  mode dua?  t h r e s h o l d s  a r e  u s e d  an d  an i n p u t  l i n e  i s  n e e d e d  f o r  e ach  

t h r e s hc - ’ d i  T h i s  me ans  t h a t  t h e  number o f  l i n e s  i n  T r  I - S t a t e  d e t e c t i o n  I s  

t - al f  t h a t  o f  B i - S t a t e  d e f e c t i o n .

The T # s t - S y s t e r n  d e v e l o p e d  can  a l s o  be u se d  a s  t  L o g ( c - A n a ) r s e r  a s  i t  I s  

a b l e  t o  go  i n t o  a l o o p i n g  mode and t h en  t r i g g e r  on a c e r t a i n  p a t t e r n  

b e in g  m a t c h e d .  I f  t h e  T e s t - S y s t e i e  we re  t o  be  u s e d  a s  e  no rma l  L o g i c -  

A n a l y s e r  t h e n  a ! I  p i n s  w o u ld  b e  d e f i n t d  o n l y  a s  s e n s o r s ,  and  d r i v e n  i n t o

The s t r u c t u r e  o f  t h e  T e s t - S y s t e m  i s  d e t a i l e d  i n  t h e  f o l l o w i n g  F i g u r e

T e s t  H a r d w a r e Other
Memory H a r d w a r e

B a s i c  Block  D iag ram



f
i

The  a im  o< t h i s  p r o j e c t  tu ts  t o  d e v e l o p  b o t h  t h e  ha r ck*a re  s t r - u c t u r e  o f  en 

A u to ma t  i c - D i g i  t n ) - T e s t - S y i t e m ,  t n d  t h e  b t s l c  a o H w a r e  n e e d e d  t o  d r i v e  t h e  

T e s t - S y s t e m  a n d  p e r f o r m  c e r t e i n  t e s t s .  The  t e s t  l i s t i n g s  a r e  c o n t a i n e d  in 

A pp en d i x  N a n d  A p p en d i x  0 .  A f u l l  A u t a n a t I c - T e s t - S y s t e m  can  be  d e v e l o p e d  

b y  t h e  a d d i t i o n  o f  s u i t a b l e  s o f t w a r e ,  T h i s  s o f t w a r e  howeve r  i s  f a i r l y  

comp lex  a nd  w o u l d  r e q u i r e  t  s i g n i f i c a n t  amoun t  o f  t i m e  an d  e f f o r t  t o  

d e v e l o p .  The  h a rd w a r e  can  a l s o  be u s e d  ».s a  L o g ! e - A n a l y s e r  w i t h  *he 

a d d i t i o n  o f  r e l a t i v e l y  s im p le  s o f t w a r e .

The  T es t -H a rc f c i a r e  c o n s i s t e d  o f  f o u r  MULTIBUS c o m p a t i b l e  b o a r d s ,  one  o f  

w h ic h  w as  an I n t e l  86 / 12A  S i n g l e - B o a r d - C o r a p u t e r . The o t h e r  t h r e e  b o a r d s  

w e re  d e v e l o p e d  f o r  t h e  p u r p o s e s  o f  t h i s  p r o j e c t .  The b a s i c  p h y s i c a ?  

l a y o u t  c an be s e e n  i n  t h e  f o l l o w i n g  F i g u r e

T e s t  Har duj a r e

A n a l og  I n t e r f a c e  C.ard

Memory,  L a t c h e s

Ap p l e  I I

T r i g g e r  P a t t e r n  

f o r  L o g i c  A n a l y s e r  Mode

F i g u r e  2 t B a s i c  P h y s i c a l  L ayo u t

I



The  h a r d w a r e  d e v e l o p e d  f o r  l h l »  p r o j e c t  h a d  t h e  ma in  a i m  o f  b e i n g  a  l ow 

c o s t ,  f U s l b l e ,  A u t c m a t i c - T e * ( - S y s t e m  f o r  d i g i t a l  c i r c u i t s .  The c h o i c e  o f  

a  D y t r a m l c - F u n c U o n a l - T e s t e r  w i t h  t  L o g l c - A n a l y s e r  mode ,  w as  c o n s i d e r e d  

a p p r o p r i a t e  t o  f i t  t h e s e  r e q u i r e m e n t s .

The  8 6 / i 2 A  S i n g l e - S o a r d - C o m p u t e r  w as  c h o s e n  a s  a f a s t  l o c a l  c o m p u te r  was  

n e e d e d  t o  c o n t r o l  t h e  T e s t - H a r c U a r e . The  a v a i l a b i l i t y  o f  t h e  8A/12A 

S l n g l e - B o a r d - C c r o p u t e r  and  an B8 W  E m u la to r  a t  t he  U n i v e r s i t y ,  we re  

i m p o r t a n t  f a c t o r s  c o n t r i b u t i n g  t o  t h i s  c h o i c e .  A p e r s o n a l  Com pu te r  was  

c o n n e c t e d  t o  t h e  8<$/12A v i a  t h e  s e r i a l  l i n k  t o  a c t  a s  t he  ma in  D a t a - B a s e  

c om p u te r  I n  t h e  T e s t - S y s t e n .  The a v a i l a b i l i t y  o f  t h i s  c o m pu te r  w as  t h e  

ma in  c o n t r i b u t i n g  f a c t o r  I n t h i s  p a r t i c u l a r  c h o i c e .

The  n e e d  f o r  a  L o c a l l y  D ev e l o p ed  T e s t - S y s t e n  a t  t he  O i i v e r s i t y  f o r  

d e m o n s t r a t i o n  and  e d u c a t i o n a l  p u r p o s e s  w as  t h e  r e q u i r e m e n t  b e h i n d  t h i s  

p r o j e c t ,  The  t y p i c a l  U n i v e r s i t y  e n v i r o n m e n t  i s  one  o f  a l a r g e  d i v e r s i t y  

o f  c i r c u i t s ,  p r o d u c e d  i n  sm a l l  n u m b e r s .  Conroe r e  i a l  s y s t e m s  c o u l d  

t h e r e f o r e  n o t  be  c o s t - e f f e c t i v e  in t h i s  e n v i r o n m e n t .

A g e n e r a l  d i s c u s s i o n  o f  A u t o m a t i c - T e s t - S y s t e m s  i n  t h e  n e x t  c h a p t e r  w i l l  

be  f o l l o w e d  by d e s c r i p t i o n  o f  t he  h a rd w ar e  an d  s o f t w a r e  u s e d  In T e s t -  

S y s t e m s .  T h i s  r e p o r t  w i l l  t h e n  be  c o n c l u d e d  by  a d e t a i l e d  d e s c r i p t i o n  o f  

t h e  a c t u a l  h a rd w ar e  d e v e lo p e d .

1
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2 . 1  INTRODUCTION

A j u n c t i o n * !  o v t r v f e w  o f  t he  b i s i c  p n i n c i p l « s  I n v o l v e d  i n  T e e t - S y s t e r o s ,  

w i l l  b e  # o l l o w e d  by  a  d i s c u s s i o n  o f  t h e  v a r i o u s  h a rd w ar e  c o n f i g v r a t i o n s  

u s e d  i n  A u t o m a t i c - T e s t - S y s t e m s .

Ba re  Bo a r d  t e s t i n g  w i l l  be f o l l o w e d  by  a d i s c u s s i o n  o f  m e th o d s  u s e d  f o r  

t e s t i n g  p o p u l a t e d  c i r c u i t  b o a r d s ,  n a m e l y  F u n c t i o n a l - T e s t i n g  an d  I n -  

C i r c u i t  T e s t i n g .  S i g n * t u r e - A n a l y s i s  w h ic h  i s  a p p l i c a b l e  t o  bo th  

F i n c t i o n a l  and  I n - C i r c u i t  T e s t i n g  w i l l  be  d i s c u s s e d  un d e r  F u n c t i o n a l  

T e s t i n g .  The  c h a p t e r  i s  t he n  c o n c l u d e d  by  a  d i s c u s s i o n  o f  t h e  two m e th o d s  

u s e d  i n  o b t a i n i n g  t h e  E x p e c t e d - R e s p o n s e .

Many T e s t - S y s l e r o s  in p r a c t i c e  u se  a c o m b i n a t i o n  o f  t he  v a r i o u s  m e th o d s  

d e s c r i b e d  h e r e . I t  i s  v e r y  common f o r  a D y n a r o i c - F o n c t i o n a l - T e s t e r  t o  a l s o  

have  a S i g n * t u r e - A n a l y s e r  a t t a c h e d  t o  h e l p  in t he  t r a c i n g  o f  f a u l t s .

The  I n c r e a s e  i n  c o u p l e * I t y  o f  c i r c u i t s  h a s  made t he  n e ed  f o r  A u t o m a t i c -  

T e s t i n g  g r e a t e r , W i t h o u t  A u t o m a t i c - T e s t e r s ,  f a u l t y  c i r c v i t s  a r e  o n l y  

d e t e c t e d  a t  o r  a f t e r  sy s t e m  i n s t a l l a t i o n  t i m e ,  when t r a c i n g  an d  f i x i n g  

t h e  f a u l t  c an  be  v e r y  c o s t l y .  The e a r l i e r  a  f a u l t  i s  d e t e c t e d  t h e  c h e a p e r  

i t  I s  t o  f i x .



A t  t h e  s t a r t  t h e  p r i n t e d  c i r c u i t  b o a r d s  c an  be  t e s t e d  b e f o r e  t h e

i n t e g r a t e d  c i r c u i t *  a r e  v o t d e r e d  o n .  The  p e c u l a t e d  c i r c u i t  b o a r d s  c an

th e n  be  t e s t e d  f u n c t i o n a l  l y  b e f o r e  b e i n g  I n s U I  f e d  i n t o  t h e  s y t t e m .  I n

th e  l o n g  r u n  t h e s e  t e s t s  c an  o n l y  s e r v e  t o  s a ve  a  l o t  o f  t ime  a n d  money .

T he  g e n e r a l  m e th o d  ov t e s t i n g  any  d i g i t a l  c i r c u i t  i n v o l v e s  a p p l y i n g  an 

J n p u t - S t i m u l u s  t o  t h* Devi  c e - U n d e r - T e s t , t h e  m e a s u r i n g  o f  t h e  A c t u a l  -  

R e s p o n s e , a n d  t h e  c o m p a r in g  o f  t h e  A c t u a l - R e s p o n s e  w i t h  t h e  E x p e c t e d -  

R e s p o n s e . The E x p e c t e d - R e s p o o s e  i s  t h e  c o r r e c t  r e s p o n s e  e x p e c t e d  f ro m  the  

D e v i c e - l i n d e r - T e s t  on a p p l i c a t i o n  o f  t h e  Z n p a t -S t  i m u l u s .  T h i s  b a s i c  

p r f n c i p ) e  a p p l i e s  t o  a l l  A u t o m a t i c - D i g i t a l - L l r c v f t - T e s t s  a n d  *  mumber o f  

a s p e c t s  h av e  t o  be  a d d r e s s e d  i -

<a )  Where I s  t h e  I n p u t - S t  im u l us  a p p l i e d  a n d  A c t u a l - R e s p o n s e  m e a su r e d .

<b> How i s  t h e  I n p u t - S t  im u l u s  o b t a i n e d .

( c )  How i s  t h e  E x p e c t e d - R e s p o n s e  o b t a i n e d .

( d )  A c t i o n  i f  A c t u a l  an d  E x p e c t e d - R e s p o n s e  d i f f e r .

The p o i n t  o f  a p p l i c a t i o n  o f  t h e  I n p u t - S t  imu l us  and m e as u r e m en t  o-f t h e  

A c t u a l - R e s p o n s e , i s  d e t e r m i n e d  by  t h e  d e s i g n  o f  t he  T e s t - S y s t e n  H a r d w a r e . 

F u n c t i o n a l - T e s t e r s  a r e  u s u a l l y  a t t a c h e d  t o  t he  E d g e - C o n n e c t o r  o f  t h e  

D e v i c e - U n d e r  T e s t . I n - C i r c u i t  T e s t e r s  on t h e  o t h e r  h a n d  a r e  c o n n e c t e d  t o  

a l l  t h e  c o m po ne n t s  on t h e  b o a r d ,  Hi t h  a B e d - O f - N a l I s  c o n n e c t  i o n . I n -  

C i r c u i t  E m u l a t o r s  r e p l a c e  t h e  M i c r o - P r o c e s s o r  w i t h  a c o n n e c t o r . A g 1 i d e d  

p r o b e  o n  be  g e n e r a l l y  t i s ed  w i t h  m os t  t y p e s  o f  t e s t e r s ,  an d  h a s  t he  dua l  

p u r p o s e  o f  b e i n g  a b l e  t o  i n j e c t  an d  me as u r e  s i g n a l s .

The  1n p u t - S t i m u l u s  i s  g e n e r a t e d  a u t o m a t i c a l l y  bx  u s i n g  A u t o m a t i c - T e s t -  

P a t t e r n  G e n e r a t i o n  o r  P s e u d o  Randcm P a t t e r n  G e n e r a t i o n ,  o r  m a n u a l l y  by  

w r i t i n g  a T e s t - P r o g r a m .

The  E x p e c t e d  Re sponse  

Kn own-Goo d-B o a r  d .

• u s u a l l y  o b t a i n e d  by  u s i n g  a L o g i c - A n a l y s e r  <

The a c t i o n  t a k e n  i f  t h e  A c t u a l  an d  E x p e c t e d -R e sp o n se  d i f f e r ,  r a n g e s  f rom 

d i s c a r d i n g  t h e  f a u l t y  b o a r d  t o  t r a c i n g  a n d  f i x i n g  t h e  f a u l t .  The  f a u l t  

c a n  be  t r a c e d  by s e a r c h i n g  » D i c  U  on a r  y - O f - F a u 11 s , o r  by  u s i n g  a Gu ide d  

P r o b e  a n d  c o m p a r in g  t h e  f a u l t y  b o a r d  w i t h  a  K tioum-Good-Board.



C h e c k i n g  t h e  b a r e  b o a r d  b e f o r e  t h e  com pon en t *  a r e  i n s e r t e d  c a n  s a v e  money  

in t h e  l o n g  r u n .  The  e a r l i e r  f a u l t s  a r e  d e t e c t e d  t h e  b e t t e r ,  s i n c e  t he  

c o s t  o f  r e j e c t i o n  i s  a  l o t  l e s s  a n d  f a u l t s  a r e  e a s i e r  an d  c h e a p e r  t o  f i x  

a t  t h i s  t i m e .

I n  i n d u s t r y  t h e  b a r e  b o a r d  i s  o f t e n  c he c k ed  by  s im p le  v i s u a l  i n s p e c t i o n .  

W i th  s im p le  d o u b l e - s i d e d  b o a r d s  some o f  t h e  o b v i o u s  f a u l t s  c o u l d  be  

f o u n d ,  bu t  w i t h  t h e  t r e n d  t o w a r d s  d e n s e r ,  m u l t i l a y e r  b o a r d s ,  t h i s  i s  even  

l e s s  e f f e c t i v e  t h a n  p r e v i o u s l y .  T he  t r e n d  t o w a rd s  VLSI c o m p o n e n t s  d e n s e l y  

p a c k e d  on a b o a r d ,  me an s  t h a t  t h e  p r i c e  o f  r e j e c t i n g  a p o p u l a t e d  c i r c u i t  

b o a r d  i s  i n c r e a s i n g ,  I t  f o l l o w s  t h a t  t h e  n e e d  f o r  e f f e c t i v e  b a r e  b o a r d  

t e s t e r s  i s  i n c r e a s i n g .

The  m e th o d  n o r m a l l y  u s e d  f o r  a u t o m a t i c a l l y  t e s t i n g  b a r e  b o a r d s  w i l l  now 

be d i s c u s s e d .

2 . 3 . 1  BED-OF-NAILS TEST FIXTURES

To  t e s t  t h e  b a r e  b o a r d  i t  i s  n e c e s s a r y  t o  be  a b l e  t o  ch ec k  t he  

c o n n e c t i o n s  be tw een  a l l  t h e  comp on en t  p o i n t s  on t h e  b o a r d .  T h i s  c a n  be 

done  u s i n g  a B e d - O f - N a ' 1 s  T e s t  F i x t u r e .

The  B e d - O f - N a i1s  T e s t  F i x t u r e  i s  b a s i c a l l y  a number o f  p r o b e s  i n  a  f r a m e .  

The  b o a r d  t o  be  t e s t e d  f i t s  i n t o  t he  f r ame  an d  i s  t h e n  b r o u g h t  i n t o  

c o n t a c t  w i t h  t he  p r o b e s  by  me an s  o f  a vacuum o r  some s o r t  o f  p r e s s u r e  

p l a t e .  The  p r o b e s  come in  v a r i o u s  s h a p e s  and  s i z e s  an d  a r e  u s u a l l y  s p r i n g  

l o a d e d  so  t h a t  e l e c t r i c a l  c o n t a c t  i s  made w i t h  e ac h  p o i n t .  T h e s e  t e s t  

j i g s  a l s o  s o m e t im es  have  s p e c i a l  s p i k e d  p r o b e s  f o r  m a k i n g  c o n t a c t  t h r o u g h  

s o l d e r  f l u x  so  t h a t  p o p u l a t e d  b o a r d s  c an a l s o  be  t e s t e d .

Each  p r o b e  in t u r n  h a s  a s t i m u l u s  a p p l i e d  t o  i t  a n d  t h e  o t h e r  p r o b e s  a r e  

m o n i t o r e d .  In  t h i s  way  op en  c i r c u i t s  and s h o r t  c i r c u i t s  c an be  d e t e c t e d .  

U i t h  some eq u i p m en t  f t  I s  p o s s i b l e  t o  measu re  r e s i s t a n c e  an d  c a p a c i t a n c e



be tw ee n  t h e  v a r i o u s  t e s t  p o i n t s .

T h i s  m e th o d  o i  t e s t i n g  bo & r d i  U  n o t  c o n f i n e d  t o  b * r e  b o i r d e  b u t  c a n  a l s o  

be u s e d  (n  < u l ! z  p o p u l a t e d  c i r c u i t  b o a r d s .  I n  t h e  c a s e  o4 f u l l y  p o p u l a t e d  

b o a r d s  t h e  s t i m u l u s  I s  l i m i t e d  so  a s  n o t  t o  a c t i v a t e  t h e  c o m p o n e n t s ,  when 

o n l y  t h e  c o n n e c t i o n s  a r e  b e i n g  t e s t e d .  A m e th o d  o f  J n - C l r c u i t - T e s t i n g ,  

c a l l e d  eack -E>r ivJ i>g a l s o  u s e s  a Bed -O t - N a . i l *  •for t e s t i n g  -fui ? /  p o p u l a t e d  

c i r c u i t  b o a r d s .

Th» t y p e s  o f  p r o b e s  u s e d  i n  B e d - O f - N t i 1s T e s t  F i x t u r e s  v a r i e s  d e p e n d in g  

eft t h e  p a r t i c u l a r  a p p l i c a t i o n  i n  r t i n d .  An a s p e c t  o f  p r o d u c t i o n  c o s t  t o  be  

c o n s i d e r e d ,  i s  t h a t  t h e  b o a r d s  t o  be  t e s t e d  n e e d  t o  be  s p e c i a l l y  d e s i g n e d  

w i t h  t h i s  me tho d  i n  m in d ,  w i t h  s p e c i a l  l o c a t i n g  h o l e s  e t c . T h i s  i s  

d i s c u s s e d  i n  an  a r t i c l e  by B e d a r d  <198 2 ) .

The  ma in  r e a s o n  why t h i s  metfood mas d i s c a r d e d  f o r  t h i s  p r o j e c t  i s  t h e  

l a r g e  c o s t  due  t o  t h e  huge  m e c h a n i c a l  an d  e l e c t r i c a l  c o m p l e x i t y .  The 

number o f  p r o b e s  i s  l a r g e  a s  t h e r e  i s  a  c o n n e c t i o n  t o  e ach  co mponen t  p i n ,

2 . 4  FUNCTIONAL-TESTING

f u n c t i o n a l - T e s t i n g  o f  s c i r c u i t  b o a r d  i s  c o n c e r n e d  w i t h  t h e  - fu n c t i o n  o f  

t h e  b o a r d  f rom an e x t e r n a !  p o i n t  o f  v i e w .  F u n c t i o n a l - T e s t e r s  a r e  

t y p i c a l l y  c o n n e c t e d  t o  t he  Edge Co n n e c t o r  o f  t h e  b o a r d  t o  be  t e s t e d .  U i t h  

mo s t  F u n c t i o n a l - T e s t e r s  a S i g n a t u r e - A n a l y s e r  c an be  u s e d  t o  m eas u r e  

s i g n a l s  no t  a v a i l a b l e  a t  t h e  edge  c o n n e c t o r ,  t o  a i d  i n  t h e  t r a c k i n g  o f  

f a u l t s ,  howeve r  S i g n a t u r e - A n s l r s i s  i s  n o t  r e s t r i c t e d  t o  F u n c t i o n a l  

T e s t e r s  a s  i t  c an be  u s e d  w i t h  some i n - C i r c « i  t T e s t e r s .

F u n c t i o n a l - T e s t e r s  t y p i c a l l y  e x e r c i s e  t he  b o a r d ,  by a p p l y i n g  p a t t e r n s  and  

r e a d i n g  t h e  A c t u a l * R e s p o n s * . The A c t u a l - R e s p o n s e  i s  co mp a re d  w i t h  

E x p e c t e d - R c s p o n s e  t o  s ee  i f  t h e  b o a r d  i s  o p e r a t i o n a l .



S i y u t u r e - A n a l y t l e  I s  d i t c u e t e d  h s r t  u n d t r  F u n c t i o n i l - T t s - t e r t  f u e n  t h ou gh  

t h i e  t # c b n i i ) u e  I t  u s e d  w i t h  e  number o f  I n - C i r c u i t  T e s t e r s .

A m e th o d  o f  d e t e c t i n g  - f a u l t s  i s  t o  s t i m u l a t e  t h e  Dev i c e - U n d e r - T e s t , e n d  

t h e  Kn o tvn -Good-Boa rd ,  a n d  t h e n  t o  compa re  t h e  no d a l  movemen t o f  t h e  tw o .  

The  s t i m u l a t i o n  c a n  b# g e n e r a t e d  e i t h e r  I n t e r n a l l y  f r o m  th e  b o a r d ,  o r  

e x t e r n a l l y  f r o m a  F u n c t l o n a l - T e s t s r , o r  f r om an I n - C i r c u i t - T e s t e r , 

S t i n u l a t i o n  u s u a l l y  c o n s i s t s  a p p l y i n g  a r e p e t i t i v e  p a t t e r n .  A m e th o d  o f  

c o m p r e s s i n g  t h e  d a t a  a v a i l a b l e  a t  t h e  n o d e s ,  i s  ne e d e d .

One s i m p l e  m e th od  o f  t r a c k i n g  node  movemen t i s  t o  co u n t  node  t r a n s i t i o n s

b e f o r e  r e p e t i t i o n  t a k e s  p l a c e .  T h i s  m e th o d  ho w eve r  i s  n o t  t i m e - s e n s i t i v e

a n d  t h e  same c o u n t  w i l l  r e s u l t  a s  l o n g  a s  t h e r e  a r e  t h e  same number o f  

t r a n s i t i o n s .  The t i m i n g  o f  t h e  t r a n s i t i o n s  I s  I m m a t e r i a l . A m e th o d  

d e v e l o p e d  w h i c h  I s  t i m e - s e n s i t i v e ,  i s  c a l l e d  S i g n a t u r e - A n a l y s i s .

S i g n a t u r e - A n a l y s l s  i n v o l v e s  s h i f t i n g  t h e  i nc o mi ng  b i t  s t r e a m  i n t o  a 

S h i f t - R e g i s t e r . V a r i o u s  b i t s  In t h e  S h i f t - R e g i s t e r  a r e  s h i f t e d  ba ck  and  

a o d e d  t o  t h e  i n c c n i s g  b i t  s t r e a m .  The  r e s u l t a n t  number  in t h e  S h i f t -  

R e g t s t e r  i s  c a l l e d  t he  S i g n a t u r e  an d  i s  t ime  and  t r a n s i t i o n  s e n s i t i v e .

The  ma in  p u r p o s e  o f  S i g n a t u r e - A n a l y s i s  I s  t o  r e d u c e  t h e  c o m p l e x i t y  o f  a  

b i t  s t r e a m  and  t h i s  c an  be  u s e d  i n  v a r i o u s  t e s t  m e th o d s .  /He thods w h i c h  

u se  S i g n a t u r e - A n a l y s i s  r a n g e  f rom P a t t e r n - S p r a y i n g - T e s t e r s ,  I n t e r n a l -  

T e s t e r s  i n  t h e  O e v i c e - U n d e r - T e s t , D y n a m i c - F u n c t i o n a l - T e s t e r s  an d  I n -  

C i r c u i t - T e s t e r s .  B l y t h  (1 9 8 2 )  m e n t i o n s  some p o s s i b l e  u s e s .

G e n e r a l l y  S i g n a t u r e - A n a t y s i s  c a n  be  u s e d  w i t h  a  w ide  r a n g e  o f  A u t o m a t f c -  

T e s i e r s  u s e d  i n  t he  t e s t i n g  o f  D i g i t a l  C i r c u i t s .  7/ie p r i n c i p l e  o f

s i m p l i f y i n g  a  s e r i a l  s t r e a m  o f  node  c h a n g e s  i s  u s e f u l .  The a c t u a l  

ha rd w a r e  o f  t h e  S h i f t - R e g i s t e r ,  wh i c h  i s  t he  h e a r t  of  a S i g n a t u r e -

A n a l y s / s - S y s t e m ,  i s  v e r y  s i m p l e ,  a s  c an  be  s e en  f ro m  the  F i g u r e  on t h e  

f o l l o w i n g  p a g e .
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The  b a s i c  b l o c k  d i a g r a m  o f  t h e  S h f f t - R e g i s t e r  i s  i n  t h e  F i g u r e  be l cw
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F i g u r e  3 : S i g n a t u r e - A n a l r s i

T h i s  m e th o d  a p p l i e s  p s e u d o  r an den T e s t - P a t  t e r n s  t o  b o t h  t h e  D ev i c e - U n d e r -  

T e s t  and  a  Kno t-m- t food -Boa rd , The  S e n s e d - P a t t e r n s  a r e  co mpa red  an d  in t h i s  

way t h e  D e v i c e - U n d e r - T e s t  c an  be d e c l a r e d  good  o r  b a d ,  I f  t h e  b o a r d  i s  

ba d  t h e n  i t  i s  p o s s i b l e  t o  p rob e  v a r i o u s  t e s t  p o i n t  • t h e  b o a r d s ,  and

to  d o  a c o m p a r i s o n  u s i n g  

t h e  s o u r c e  o f  t h e  e r r o r .

. S i g n a t u r e - A n a l y s e r , an d  in t h i s  *

A s im p le  a p p l i c a t i o n  o f  i b i s  me tho d  I s  t o  comp a re  t h e  D e u I e e - U n d e r -T e s t  

w i t h  a Kno wn -Bo od -B oa r d .  The  two b o a r d s  a r e  c o m pa r ed  and  any  d i f f e r e n c e  

i n r e s p o n s e  r e p o r t e d  by  f l a g g i n g  t he  f a u l t y  p i n .  The  f a u l t y  p i n  i s  t he n



t r i c e d  b t c k  t h r o u g h  t h e  c i r c u i t  c o m p e r in g  t h e  Known -B ood -B o i rd  w i t h  t h e  

D e v i c e - U n d e r - T e s t ,  T h i s  m e th o d ,  w h i t  v e r y  s i m p l e ,  i s  f a i r l y  e f f e c t i v e .

U f t h  c o m p le x  s y s t e m s  ) i k e  m i c r o p r o c e s s o r  o r  memory b a s e d  s y s t e m s  t h e  m a in  

d i s a d v a n t a g e  o f  t h i s  m e th o d  I s  t h a t  w i t h o u t  p r o p e r  i n i t i e l  I s a t  i on  t h e  

r e s u l t s  w i l l  b e  m e t n I n g l e s s ,  a s  t h e  r e s p o n s e  i s  a f u n c t i o n  o f  t h e  i n p u t  

a nd  t h e  p r e s e n t  s t a t e .  W i th ou t  I n i t i a l i s a t i o n  t h e  two b o a r d s  w o u l d  s t a r t  

o f f  i n  d i f f e r e n t  s t a t e s ,  and  c o n s e q u e n t l y  r e s p o n d  d i f f e r e n t l y .  Complex 

i n  11 i a l I s a t i o n  s e q u e n c e s  a r e  n e c e s s a r y ,  an d  t h e s e  s y s t e m s  do  n o t  a lw a y s  

s u p p o r t  t h i s  f e a t u r e .

F a u l t  d i a g n o s i s  u s i n g  t h i s  m e th o d  i s  r e l a t i v e l y  s t r a i g h t f o r w a r d  b u t  i s  

v e r y  l a b o r i o u s  and  a s sum es  a Knowledge o f  t h e  D e v i c e - U n d e r - T e s t .  A m e th o d  

o f  f a u l t  d i a g n o s i s  w ou ld  be  t he  u se  o f  a  S l g n a t u r e - A n a l y s e r .

2 . 4 . 3  SL0U-8PEEP-FtNCTI0NftL-TESTEB

T h i s  m e th o d  I n v o l v e s  h a v i n g  a c o m p u te r  d i r e c t l y  In c o n t r a 1 o f  a number o f  

d r i v e r / s e n s o r  p i n s .  D r i v i n g  and  s e n s i n g  i s  don#  d i r e c t l y  by  t h e  c o m pu te r  

t h r o u g h  some t yp e  o f  p a r a l l e l  p o r t .  The  c o m p u te r  a p p l i e s  p a t t e r n s  an d  

r e a d s  t h e  A c t u a l - R e s p o n s e .

T h i s  m e th o d  w h i l e  e f f e c t i v e  w i t h  t e s t i n g  c o m b i n a t i o n a l  c i r c u i t s ,  and  some 

s e q u e n t i a l  c ' r c u i t s ,  s u f f e r s  f r o m  a number  o f  l i m i t a t i o n s  r e l a t e d  t o  

s p e e d .  T h i s  me thod  i s  g e n e r a l l y  s l o w  in  c o n p a r a s o n  t o  t h e  no r ma l  

o p e r a t i n g  s p e e d  o f  t h e  d i g i t a l  D e v i c e - U n d e r - T e s t .

The s l o w  s p e e d  me 

de  t e c t e d ,  an d  c i r cu i  

be  t e s t e d  e f f e c t i v e l

wi th dynat

i s p e e d  r e l a t e d  

c o m p o n e n t s ,  o r I n t e r n s '

o t  be

c l o c k s  c a n n o t

a

T h i s  m e th o d  h a s  t he  a dv an t a ge  o f  b e i n g  s i m p l e ,  b u t  t he  s l o w  s p e e d  l i m i t s  

t h e  u s e f u l n e s s  o f  t h i s  me th od .  As w i t h  m o s t  F u n c t i o n a l - T e s t e r s ,  a 

S i g n a t u r e - A n a l y s e r  c a n  be  add ed  t o  a i d  i n  t r a c i n g  f a u l t s .



T h i *  . w t h o d  I s  t h e  wi?  u s e d  i n  t h e  T e s t - H a r d w a r e  d e v e l o p e d  f o r  t h i *  

p r o j e c t .  The ( n p o t - S t i m u > u »  *n d  t h e  A c t u i l - R es -p o n e e  c a n  be  a p p t  l t d  *fid 

m e a s u r e d  i t  s p e e d s  o-f t y p i c a l  up t o  18 MHZ, a s  l o c a l  m»r*ory i s  

d e d i c a t e d  t o  d r i v i n g  and  moni t o r i n g  t h e  d r  i v e r / s e n s o f  p i n * .  The  t y p i c a l  

memory s i z e  i s  IK b e h i n d  e ac h  p i n .  The  ma in  a d v a n t a g e s  o f  t h i s  m e th o d  I s  

t h e  s p e e d  a t  wh ic h  t he  Z n p u l - S t I m u l u s  i s  a p p l i e d  and  t h e  A c t u a l - R e s p o n s e  

m e a s u r e d .  T h i s  a l l o w s  t h e  d i g i t a l  c i r c u i t s  t o  be  t e s t e d  a t  no rm a l  

s w i t c h i n g  s p e e d s  an d  t h u s  s p e e d  r e l a t e d  f a u l t s  su ch  a s  9 ) I t c h e s  and  s l o w  

r i s e  t i n e s  c a n  be d e t e c t e d .

The T e s t - H a r d w a r e  h a s  e P a t t e r n - O u t p u t - f l e / e o r y  wh ich  i s  l o a d e d  w i t h  t h e  

T e s t - P a t t e r n  a t  t h e  s l o w  I /O  r a t e  o f  t h e  C o n t r o l  Im g - C o m p u t e r ,  The  T e s t -  

P a t t e r n  i s  t h e n  a p p l i e d  i n  1  qu i c k  b u r s t  and  t he  m o n i t o r e d  A c t u a l  -  

Re sp o n se  i s  l o a d e d  i n t o  t h e  P a t t e r n - R i t u r n e d - M e m o r y .  T h i s  R e t u r n e d -  

P a t t e r n  i s  t h e n  r e a d  a t  t h e  s l o w  I / O  r a t e  o f  t h e  co mp u te r  an d  e xa m in e d  t o  

s e e  H  i t  m a t c h e s  wh a t  was  e x p e c t e d .  I f  I t  d oe s  n o t  m a t c h  t h e  E x p e c t e d -  

Re sp on se  t he n  P f c t i o n a r y - C W - F a u l t s ,  H  a v a i l a b l e ,  may be s e a r c h e d  t o  

t r a c k  down the  e x a c t  f a u l t .

The  T e s t - H a r d w a r e  in no  way  r e s t r i c t s  how the  O u t p u t - P a t t e r n s  a r e  

g e n e r a t e d  o r  hot* t he  S e n s e d - P a t t e r n s  a r e  a n a l y s e d .  The  O u t p u t - P a t t e r n s  

c o u l d  be  g e n e r a t e d  by A u t o m a t i c  T e s t - P a t t e r n  G e n e r a t i o n ,  P s e u d o  Random 

P a t t e r n  G e n e r a t i o n ,  o r  g e n e r a t e d  m a n u a l l y  fay an E n g i n e e r .  Th e  E x p e c t e d -  

R e sp o n se  can  a l s o  be  g e n e r a t e d  by  a number o f  m e th o d s ,  na m e ly  by  u s i n g  a 

L o g l c - S i m u l a t o r , a  K now n-Good-Boa rd , o r  by t he  same e n g i n e e r  t h a t  

g e n e r a t e d  t h e  T e s t - P a t t e r n .

U i t h  D y n a m l c - F v n c t I o n a l - T e s t e r s  i t  I s  a l s o  p o s s i b l e  

A n a l y s e r  t o  a i d  in t r a c i n g  f a u l t s .  The  c i r c u i t  i s  s t i  

H a rd w are  and  S i g n a t u r e s  a r e  r e a d  a t  v a r i o u s  node s  

e x p e c t e d  S i g n a t u r e s .

' u s e  a S f g n a t y r e -  

l a t e d  by  t h e  T e s t -  

com pa r ed  w i t h

T h i s  Hardware  Me thod  i s  v e r y  v e r s a ! i 1 * w h ic h  I s  t he  r e a s o n  i t  was  c h o s e n .



2 . 5  IN-CIRCUIT-TEST3NB

I n - C I r c u i  t - T » s t « r s  work  by  *.pplyl t>g  an d  m e i s u r - i ng  s i g n a l *  i n t e r n a l l y  t o  

t h e  c i r c u i t .  T h i s  i s  e i t h e r  done  b y  - fo r c i n g  t h e  I n t e r n a l  s i g n a l s  i n t o  a 

p a r t i c u l a r  s t a t e , a s  w i t h  B a c K - D r i v i n g ,  o r  b z  r e p l a c i n g  a c om pon en t  w i t h  

* c o n n e c t i o n  t o  t h e  t e s t e r ,  a s  w i t h  I n - C i r c u i t - E m u l a t ( o n .

U i t h  I n - C i r c u i t - T e s t i f i g  t h e  c i r c u i t  i s  t e s t e d  •from an I n t e r n a l  p o i n t  o f  

v l ew  - an d  a s  su ch  t he  t e s t i n g  i s  n o r m a H y  - far s i m p l e r  t r c ro  &n a n a l y s i s  

p o i n t  o f  v i e w .  U i t h  t h*  i n c r e a s e  In c i r c u i t  c o m p l e x i t y  t h i s  m e th o d  i s  

be c o m in g  more  a nd  more a t t r a c t i v e .

2 . 5 , 1  1N-C t RCUIT-EMULATI ON

T h i s  m e th od  i s  b r i e f l y  d e s c r i b e d  b y  B l y th  <1982 ) a n d  In more  d e t a i l  by 

Popky  ( 1 9 8 2 ) .  T h i s  me tho d  i s  u s e d  in t h e  t e s t i n g  o f  m i c r o p r o c e s s o r  b a se d  

s y s t e m s .  Wi th  c i r c u i t  b o a r d s  b a s e d  on m i c r o p r o c e s s o r s  i t  i s  ve ry  

d i f f i c u l t  t o  t e s t  t h e  b o a r d  p r o p e r l y  f r om the  e dg e  c o n n e c t o r , a s  t he  

c o m p l e x i t y  o f  t h e  b o a r d  maKes t h i s  t a s k  a lm o s t  i m p o s s i b l e .

I n - C i r - c u I t - E m u l a t  ion i n v o l v e s  r e m o v i n g  t he  m i c r o p r o c e s s o r  f r o n  t h e  bo a rd  

an d  p l u g g i n g  i n  a c o n n e c t o r  f r om th e  T e s t - S y s t e m  in  i t s  p l a c e » A p ro g ra m 

t o  t e s t  t h e  b o a r d  i s  t h en  e i t h e r  l o a d e d  i n t o  t h e  memory o f  t h e  T a r g e t -  

S y s t e m  o r  t he  memory o f  t h e  E m u l a t i o n - S r s t e m ,  T h i s  p r o g ra m ,  w h i c h  i s  

w r i t t e n  b y  an e n g i n e e r ,  t h e n  t e s t s  t he  T a r g e t - S y s t e m .  I f  t h e  T e s t - P r o g r a m  

r u n s  s u c e s s f u i l y  t h e n , a s  l o n g  a s  t h e  a c t u a l  m i c r o p r o c e s s o r  i s  w o r k i n g ,  

t h e  Dev i c e - U n d e r - T e s t  s h o u l d  worK when t h e  ml c o p r o c e s s o r  I s  r e p l a c e d .

Some E m u l a t i o n - S y s t e m s  have  an e x t r a  f e a t u r e  w h i c h  a l l o w s  t h e  a c t u a l  

m i c r o p r o c e s s o r  r emoved  a l s o  t o  be t e s t e d .  E m u la t i o n - S y s t e r n s  g e n e r a l l y  

h a v e  a  v e r s i o n  o f  t he  a c t u a l  m i c r o p r o c e s s o r  t o  be  e m u la t e d  c o n t a i n e d  in 

t h e  e m u l a t o r  p o d .  T h es e  s y s t e m s  i n  e f f e c t  i n s t e a d  o f  h a v i n g  t h i s  b u i l t  

i n t o  t h e  pod h a v i  a s o c k e t  f o r  t h e  u s e r  t o  s u p p l y  t h e  m i c r o p r o c e s s o r .  

T h i s  a l l o w s  t h e  m i c r o p r o c e s s o r  a n d  t h e  T a r g e t - S y s t e m  to  b o th  be  t e s t e d  

s i m u l t a n e o u s l y .
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in -C if*cu  I t - E m u l e t o r s  i r e  p r o b t b f r  t h e  op t imum m e th o d  o f  c h e c k i n g  

m i c r o p r o c e i s o r  b a s e d  s y s t e m # ,  b u t  t h e y  » r e  g e n e r a l ) y  t a i r l y  co mp lex  an d  

a r e  n o r m a l l y  d e d i c a t e d  t o  t h e  m i c r o p r o c e s s o r  w h i ch  t h e y  a r e  d e s i g n e d  t o  

e m u l a t e . The  T e & t - P r o g ra m s  r e q u i r e  a  h i g h  d e g re e  o f  s k i l l  t o  w r i t e .

I n - C i r c u l t - E m u l a t  ion  can  be  u s e d  f o r  b o th  go /n o g o  F u n c t i o n a l - T e s t  I n g ,  and  

f o r  f a u l t  i s o l a t i o n  u s i n g  a g u i d e d  p r o b e .  T h i s  m e th o d  i s  a l s o  c o m p a t i b l e  

w i t h  t h e  S i g n a t u r e - A n a l  y s i s  m e th od  o f  f a u l t  I s o l a t i o n .

The ma in  a d v a n t a g e s  o f  t h i s  m e t hod  i s  o a t ,  s i n c e  i t  b eco me s  t h e  m a i c  

c o n t r o l l i n g  e l e m e n t ,  i t  c a n  t e s t  a l l  t h e  f u n c t i o n a l  e l e m e n t s .  T e s t i n g  can  

be  done  i n  r e a l  t im e  and  no  s p e c i a l  t e s t  f i x t u r e s  a r e  n e e d e d  e x c e p t  t h a t  

t h e  m i c r o p r o c e s s o r  s h o u l d  b e  i n  «  s o c k e t ,  or  an e x t r a  s o c k e t  s h o u l d  be 

a v a i l a b l e  w i t h  a  m e th od  o f  t r l - s t a t l n g  t he  o n - b o a r d  m i c r o p r o c e s s o r .

Fo r  m i c r o p r o c e s s o r  b a s e d  s y s t e m s  t h i s  i s  g e n e r a l l y  by f a r  t h e  c h e a p e s t  

a n d  mos t  p o w er f u l  m e th o d  f o r  a u t o m a t i c a l l y  t e s t i n g  t h e  c i r c u i t s .

I n  t h i s  m e th o d  t h e  i n t e r f a c i n g  o f  t he  Dev I c e - U n d e r - T e s t  i s  v i a  a  Bed -O#-  

N a i l s  T e s t  F i x t u r e .  The  c o n n e c t i o n s  on t h e  b a o r d  a r e  c h e c k e d  a n d  e ac h  

co mponen t  i s  c h ec k ed  f o r  p r e s e n c e ,  o r i e n t a t i o n ,  t yp e  o r  v a l u e  and  b a s i c  

f u n c t i o n .  A ssuming  t h e  d e s i g n  i s  c o r r e c t  t h e n  a  b o a r d  t h a t  p a s s e s  t he  

t e s t  h a s  a h i g h  p r o b a b i l i t y  o f  w o r k i n g .

The  b o a r d  i s  f i r s t  c h e c k e d  f o r  c o r r e c t  c o n n e c t i o n .  T h i s  i s  don#  s i  v e r y  

l ow  v o l t a g e s  and  c u r r e n t s  t o  p r e v e n t  any  f u r t h e r  damage  i f  s o m e th in g  i s  

wron g  a l r e a d y .  Once t h i s  I s  done  t he  b o a rd  i s  power ed  up f o r  t h e  ne x t  

p h a s e  o f  t he  t e s t .

x t  pha se  o f  t he  t e s t  i s  c a l l e d  B a c k - D r i v in g  a n d  I n v o l v e s  f o r c i n g  

t h e  i n p u t s  f r om t h e i r  q u i e s c e n t  s t a t e  t o  chec k  t h e  p a r t i c u l a r  d e v i c e  on 

t h e  b o a r d .  The  o u t p u t s  o f  t h e  d e v i c e  a r e  m e as u r e d  t o  s e e  i f  t h e y  a r e  in 

t h e  c o r r e c t  s t a t e .  F o r c i n g  t h e  i n p u t s  f r om ‘h e i r  q u i e s c e n t  s t a t e  i s  done  

f o r  a v e r y  s h o r t  p e r i o d  o f  t i m e  s o  t h a t  power  d i s s i p a t i o n  i n  t h e  o u t p u t  

s t a g e s  i s  n o t  s u f f i c i e n t  t o  p r o d u ce  a da n g e r o u s  t e m p e r a t u r e  r i s e .

I



On» o1  t h e  * d v * n t » o e *  o f  t h i s  m e th od  I s  t h e t  t e s t s  e r e  w r i t t e n  f o r  e t c h  

d  v i c e  on t h e  b o a r d .  T e s t I n p  t h e  Dev I c e - U n d e r - T e s t  I s  I a r g e l y  c i r c u i t  

i n d e p e n d e n t  a s  e a c h  c om pon en t  on t he  b o a r d  I s  t e s t e d  I n d i v i d u a l l y .  Each 

comp one n t  I s  n o r m a l l y  f a i r l y  s i m p le  s o  w r i t i n g  t h e  t e s t  p r o g ra m s  I s  

n o r m a l l y  l i m i t e d  t o  g i v i n g  a  c o n n e c t i o n  d e s c r i p t i o n .

One o f  t h e  ma in  d i s a d v a n t a g e s  o f  t h i s  me tho d  I s  t h e  c o s t  o f  m a n u f a c t u r e  

o f  t h e  S e d - O f - N a l l s  T e s t  F i x t u r e .  T h i s  I s  howeve r  o f f s e t  t o  a  c e r t a i n  

e x t e n t  by s a v i n g s  In  t h e  p r o g r a m i n g  c o s t s .

2^6 ESTABLISHING EXPECTEOrRESPCWSE

I t  i s  v e r y  i m p o r t a n t  t o  have  an a c c u r a t e  E x p ec t e r i - R e sp o n se  wh ic h  I s  

ne ed e d  t o  d e c i d e  i f  Dev i c e - U n d e r - T e s t  i s  f a u l t y  o r  n o t . The  E x p e c t e d -  

Re sp o n se  i s  co mpa red  w i t h  t he  A e t u a l - R e s p o n s #  t o  v e r i f y  c o r r e c t  o p e r a t i o n  

o f  t h e  c i r c u i t  b e i n g  t e s t e d .

The  E x p e c t e d - R e s p o n s e  t o  c e r t a i n  f a u l t  c o n d i t i o n s  i s  a l s o  s e m e t i r a e s  

ne ed e d  f o r  s t o r a g e  in a D i c t I o n a r y - O f - F a u I t s  w h ic h  i s  u s e d  t o  a n a l y s e  t he  

f a u l t s  d e t e c t e d  i n  t h e  Dev i c e - U n d e r - T e s t . I f  t h e  A c t u a l - R e s p o n s e  o b t a i n e d  

d o e s  n o t  ma t ch  t h e  E x p e c t e d -R e sp o n se  t h en  t h e  D i e t i o n a r y - O f - F a u l t s  i s  

s e a r c h e d  t o  s e e  i f  t he  A c t u a l - R e s p o n s e  ma tc he s  on e  o f  t h e s e .

H e n c k e i s  ( t ? C 2 )  c o m p a r e s  t he  two m e t hod s  o f  g e t t i n g  t h e  Expec  t e d -

Resp on se  , n a me ly  f ro m a  Known-6ood -Boa rd  o r  f r om a  L o g l c - S l « u ) * t o r ,  T h i s  

a r t i c l e  g i v e s  a go od  c o m p a r i s o n  of  t he  two m e th o ds .

U s i n g  a Known-Good-Boa rd  i s  one  me thod  o f  o b t a i n i n g  t h e  Expec t e d -  

Resp on se  . Once t h e  T e s t - P r o g r a m  h a s  been  d e v e l o p e d  t h e  Known-Good-Board  

ca n  be u s e d  t o  t e s t  t h e  e f f e c t i v e n e s s  o f  t he  T e s t - P r o g r a m , t o  g e t  t he  

E x p e c t e d - R e s p o n s e , and  t o  g e n e r a t e  a D ie t  I o n a r y - O f - F a u I t s  i f  n e c e s s a r y .

t



F i r s t  1y t h e  T t s t - P r o g r e r a  i s  f u n  on  t h e  K now n-G ood -B o i r d  s n d  t h e  r e s p o n s e  

i s  s t o r e d  a t  t h e  E x p e c t e d - R t s p o n s #  o f  a Good B o a r d ,  A F t u l t  I n j e c t o r  i s  

t h e n  p l a c e d  on  e ac h  1C o f  t h e  K now n-Good-Soa rd  i n  t u r n  and  t h e  T e e t -  

P r o g r a n  I s  r u n  t o  s e e  H  th e  p a r t i c u l a r  f a u l t  c a u s e s  t h e  o u t p u t  o f  t h e  

b o a r d  t o  d e v i a t e  -frcm t h a t  o f  t h e  E x p e c t e d - R e s p o n s e . W t h i s  i s  t h e  c a s e  

t he n  t h i s  n r  an*  t h a t  t h e  T e s t - P r o g r a m  n i l  1 d e t e c t  t h i a  p a r t i c u l a r  - f a u l t .  

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

Once t h e  w ho le  b o a r d  ha s  been  c h e c k e d ,  s t a t i s t i c s  a r e  g e n e r a t e d  t o  

d e t e r m i n e  t h e  p e r c e n t a g e  o f  f a u l t s  d e t e c t e d .  I f  t h e  p e r c e n t a g e  I s  

u n s a t i s f a c t o r y  t h e n  t h e  T e s t - P r o g r m  w i l l  be  m o d i f i e d  a c c o r d i n g l y .

L h i l e  t h e  b o a r d  I s  h a v i n g  f a u l t s  I n j e c t e d ,  i t  i s  p o s s i b l e  t o  s t o r e  t he  

r e s p o n s e s  I n a D i e t l o n a r x - Q f - F a u l t s  w h ic h  can  be  r e f e r e n c e d  d u r i n g  

p r o d u c t i o n  t e s t i n g  t o  d e t e r n l n e  t he  a c t u a l  f a u l t  on a f a u l t y  b o a r d .

T h e r e  a r e  a number  o f  d i s a d v a n t a g e s  o f  t h i s  m e th o d .  One o f  t he  b i g g e s t  

p r o b l e m s  I s  g e t t i n g  a  Kncwn-Good-Roa rd .  3 t  i s  o f t e n  n e c e s s a r y  t o  h i v e  a 

s p e c i a l  b o a r d  b u i l t  w i t h  a l l  t h e  I C ' s  I n s o c k e t s .  I f  t h e  K rc un - Go od- Bo a rd  

f u n c t i o n s  i n c o r r e c t l y ,  t h e  who le  e x e r c i s e  c o u l d  be  m e a n i n g l e s s .

A n o th e r  p r o b )e m  i s  t h e  f a c t  t h a t  f a u l t s  c an  be  g e n e r a t e d  by t h e  a c t u a l  

c o n n e c t i n g  o f  t he  F a u l t  G e n e r a to r  C l i p  w i t h o u t  e ven  a c t u a l l y  i n j e c t i n g  a 

f a u l t .  T h i s  I s  o f t e n  due  t o  ( he c a p a c i t i v e  l o a d i n g  t he  C l i p  p l a c e s  on t h e  

p i n s .  Wi th  TTL t h i s  I s  no t  much o f  a  p r o b l e m ,  howeve r  w i t h  CMOS, WOS and 

PMOS t h i s  c an  be a  p r o b l e n .

A n o th e r  p r o b l e m  w i t h  t h i s  me tho d  i s  t h a t  I t  i s  t he  T e s t - H t r d v a r e  i s  u s e d  

w h i l e  t he  T e s t - P r o g r a m  i s  c he c k ed  and  t h e  D i e t i o n a r y - O f - F a u t t s  i s  

c r e a t e d .  T h i s  me an s  t h s "  p r o d u c t i o n  t e s t i n g  I s  s u s p e n d e d  f o r  a 

s i g n i f i c a n t  p e r i o d  o f  t i m e .

2 . 6 . 2  L061C-SIHULftTiON

A L o g i c - S l i n u l a t o r  I s  a n o t h e r  me thod  o f  o b t a i n i n g  t h e  E xp ee t e d -R es p o n se  t o  

a T e s t - P r o g r a m .  Wi th  a  L o g l c - S l m u l a t o r  i t  i s  p o s s i b l e  t o  a u t o m a t i c a l l y  

g e n e r a t e  t he  f a u l t s  and  check  t he  e f f e c t i v e n e s s  o f  t he  T e s t - P r o g r a m .  As 

w i t h  t he  Known-Good-Boa rd  t he  r e s p o n s e s  t o  t h e  v a r i o u s  f a u l t s  t e s t e d  can
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be  s t o r e d  In •  D i e t l o n » r y - £ M - F s o l i s  so  t h a t  s c t u s l  f a u l t s  c an  be  d e t e c t e d  

when  a  f a u l t y  b o a r d  i t  f o u n d  d u r i n g  p r o d u c t i o n  t e s t i n g .

One a d v a n t a g e  o f  L o g i c - S l e t u l a t i o n  i s  t h a t  u n d e f i n e d  s t a t e s  c an  be  

p r o p o g a t e d  o u t . I n  t h i s  way  i n i  t l a ) I s a l i o n  o f  t he  b o a r d  can  be  t e s t e d .

I t  i s  n e c e s s a r y  t o  e n t e r  a  d e s c r i p t i o n  o f  t h e  c i r c u i t  

Sy s t e m  and  t h e n  t he  T e s t - P r o g r a m  can  be  t e s t e d  au tor  

howeve r  t a k e s  a  l o t  o f  c o m pu te r  t im e  b u t  l u c k i l y  c an  be 

w i t h o u t  a c t u a l l y  u s i n g  t he  T e s t - K a r d w a r e ,

n t o  t h e  T e s t -  

l a t l c a l l y .  T h i s  

done  o f f - l i n e

One o f  t h e  ma in  d i s a d v a n t a g e s  o f  t h i s  m e th o d  i s  t h a t  i t  i s  n e c e s s a r y  t o  

have  a s o f t w a r e  mode l  o f  a l l  t h e  I C ' s  on  t h e  b o a r d  an d  w i t h  c e r t a i n  VLSI 

c h i p s  l i k e  M i c r o p r o c e s s o r s ,  U4RTS, DMA C o n t r o l l e r s  and  S i n g l e - C h i p -  

C c m p u te r s  t h i s  i s  ve ry  d i f f i c u l t .  T h es e  c i r c u i t s  a r e  g e n e r a l l y  v e r y  

d i f f i c u l t  t o  t e s t , and  a r e  a p r o b l e m  f o r  c o n v e n t i o n a l  t e s t e r s .  I n -  

C i r c u i  t - E m u l a t o r s  u s e d  i n  c o n j u n c t i o n  w i t h  a  Kncwn-Good-Boa rd  a r e  

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

M o d e l l i n g  t he  v a r i o u s  l o g i c  f  ar< M f e s c an  bit a  p r o b l e m  wi t h  some s i m p l e r  

L o g i c - S i m u l a t o r s .  More  complex  S i m u l a t o r s  c an  a c t u a l l y  w a r n  t h e  o p e r a t o r  

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

2 . 7  CONCLUSION

The m e th o d  c h o s e n  f en t h i s  p r o j e c t  i s  t h e  me tho d  o f  D y n a m i c - F u n c t i o n a ) -  

T e s t i n g  wh ic h  f o r  c i r c u i t s  of r e a s o n a b l e  c o m p l e x i t y  s h o u l d  be  a d e q u a t e ,  

l n - C i r c u ' ,  t -Emul  a t  i on sh o u ld  be  u se d  f o r  more comp l ex  m i c r o p r o c e s s o r  b a s e d

The h a rd w ar e  o f  Au toma t  I c - T e s t - S y s t e m s  h a s  a  number  o f  d i f f e r e n t  

t r a d e o f f s  in t h a *  t h e  more e x p e n s iv e  a n d  complex t h e  s y s t e m ,  t h e  b e t t e r  

i t  w i l l  p e r f o r m .  The  c ons  i d e r a t  Ion o f  c o s t  and  m e c h a n i c a l  c o m p l e x i t y  w as  

t h e  r e a s o n  why a Bed - Of - Na i  1 s  T e s t  F i x t u r e  was  d i s c a r d e d .



CHfrFTE-R-3

3 . 1  INTROPUCTjON

Jn  A u t o m i t i c - D i g l  ta1 - C i r c u l  t - T # s t  l ng - Eq t i i p s i*n t  t h e  m u n  - fu nc t i o n  i s  t o  

d e t e c t  • f a t / U r  c ; r c i ! i t s  on t h e  p r o d u c t i o n  l i n e  b e f o r e  t h e r  a r t  s e n t  o u t ,  

u n s . e r v i c e i . b l t  i n t o  t he  V i t l d ,  $.znce t h e  c o s t  o f  r e p a i r  i n  t h e  • f i e l d  - far

e x c e e d s  t h e  c o s t  o f  f i x i n g  o r  r e p l a c i n g  t h e  c i r c u i t  on t h e  p r o d u c t i o n

l i n e , o r  a t  a  s e r v i c e  e s t a b ) i  t i w ie n t .  C e r t a i n  f a u l t s  i n  t h e  f i e l d  c an  ha ve  

d i s a s t r o u s  r e s u l t s -

The  e a r l i e r  a  - f au J t  i s  d e t e c t e d  t h e  c h e a p e r  i t  i s  t o  f i x .  W i th  l a r g e

s y s t e m s  i t  i s  b e t t e r  t o  t e s t  t h e  v a r i o u s  ccmpon en t  c i r c u i t s  b e f o r e  

a s s e m b l i n g  t h e  who le  sy s t e m  an d  t h e r e a f t e r  t e s t i n g  t h e  sy s t e m  a s  a w h o le .

Th e  t a s k  i s  t h e r e f o r e  t o  t e s t  a c i r c u i t  on t h e  p r o d u c t i o n  l i n e  o r  i n  t he  

l a b o r a t o r y .  Wi th  d i g i t a l  c i r c u i t s  o f  an y  c c o p l e x l t y  i t  t s  t o t a l l y

u n f e a s i b l e  t o  ap p ly  * 1 i p o s s i b l e  i n p u t s  t o  t h e  c i r c u i t .  I t  i s  t h e r e f o r e  

n e c e s s a r y  t o  c o n f i n e  t he  t e s t s  t o  f i n d i n g  c e r t a i n  a n t i c i p a t e d  f a u l t s .

Th e  T e s t - P r o g r a m  u se d  w as  g e n e r a t e d  t o  t e s t  f o r  c e r t a i n  e x p e c t e d  f a u l t s .  

T he s e  f a u l t s  a r e  u s u a l l y  g e n e r a t e d  and  t h e  T e s t - P r o g r a m  i s  r u n  t o  

d e t e r m i n e  i f  t h e  f a u l t s  a r e  tie t e c  t e d .  T h i s  was d i s c u s s e d  e a r i i e r  w he re  

L o g i c -  S i m u l a t i o n  was c om pa red  w i t h  t he  m e th o d  o f  u s i n g  a Known-Good-  

B o a r d .  W i th  L o g i c - S i m u l a t ' -i t h e  f a u l t s  a r e  e n t e r e d  i n t o  t h e  s o f t w a r e  

mode l  o f  t h e  c i r c u i t  and  t he  T e s t - P r o g r a m  i s  u se d  t o  a p p ly  t h e  i n p u t s  an d  

m e a s u r e  t h e  o u t p u t s  t o  s e e  i f  t h e  f a u l t s  a r e  d e t e c t e d .  Wi th  t h e  Known-  

G o o d -B oa rd  a c t u a l  f a u l t s  a r e  i n j e c t e d  e i t h e r  by s h o r t  c i r c u i t i n g ,  o r  open  

c i r c u i t i n g ,  c e r t a i n  p i n s .



3 . 2  TYPES OP FAULTS

Mos t  d i g i t a l  - f i u l t s  »r e  g e n e r a l  l y  modt  11 e d  b y  t h e  f o l l o w i n g  t h r e e  

a p p r o a c h e s .

3 . 2 . 1  STUCK-AT-FAULTS

T h i s  - fau11 mode l a s s u m e s  t h a t  a  g a t e  i n p u t ,  o r  o u t p u t  i s  s t u c k  a t  a  

s p e c i f i c  ) e v e ) . T h i s  c o u l d  be  c a u s e d  by a  f a u l t y  i n p u t , - f a u l t y  o u t p u t  

d r i v e r , open  i n p u t , s h o r t e d  i n p u t  o r  o u t p u t  t o  g r o u n d  o r  V c c . The  F i g u r e  

b e l o w  shows  t he  t e s t  f o r  a S t u c k - a t - 1  ( S - A - I ) - f a u l t  on  i n p u t  2  ( 1 2 ) .  T h i s  

• f a u l t  i s  u s u a l ? y d e s i g n a t e d  a s  i 2 / l  .

Good n o d e  1 F a u l t e d  no d e !

P a t t e r n  A p p ! l ed

Good M ach ine  M odel 

F a u l t e d  M a ch in e  M odel

F i g u r e  4 :  S t v c K - A t - F a v l t



3 ^ 2 . 2 - SHORTS
S h o r t s  b e s i g n a l  1 1 n e t  o f  t h e  ne tw or k  c h a n g r  t h e  f u n c t i o n  o f  t h e  

c i r c u i t .  S h o r t s  t o  g r o u n d  ftnd Vcc t r e  l o o k e d  on r a t h e r  && S-A -9  e n d  S - A - i  

■ f a u l t s ,  &s d e s c r i b e d  a b o v e .  Wi th  t h e  TT l  l o g i c  • f ami J r ,  an o u t p u t  s i n k s  a 

l o t  me re  c u r r e n t  t h a n  i t  s o u r c e s .  I f  two o p p o s i n g  o u t p u t s  a r e  s h o r t e d  

t o g e t h e r  t he  l i n e  w i l l  be  pu l  l e d  l ow by t h e  s t r o n g e r  s i n k i n g  c u r r e n t .  

U i t f t  two  s h o r t e d  o u t p u t s ’ o f  t h e  same v a lu e  t h e  r e s u l t a n t  l e v e l  i s  no t  

a f f e c t e d .  T h i s  e f f e c t  o f  t h e  s t r o n g e r  s i n k i n g  c u r r e n t  c a u s e s  t h e  

r e s u l t a n t  l e v e l  t o  be  a l o g i c a l  "AND" o4 t h e  two s h o r t e d  l i n e s .  T h i s  may 

ho w eve r  change  f o r  o t h e r  l o g i c  f a m i l i e s .  The  s h o r t i n g  o f  two  o u t p u t s  i s  

d e m o n s t a t e d  i n  t h e  F i g u r e  b e l o u  whe r e  t he .  s h o r t i n g  o f  i n p u t s  2  and  3 ( i 2

a n d  i 3 )  c au se  t he  f u n c t i o n  o f  t h e  c i r c u i t  t o  c h a n g e .

[>,
F a u l t e d  Model

P a t t e r n  A p p l t e d

Good Mach i ne  Mode I 

F a u H e d  M a ch i ne  Model

F i g u r e  5 :  S h o r t  F a u l t
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7h*  two above  f i t / M *  a r t  c i l H d  DC 4 » u l t s  » t  t h e y  a r e  p r e s m t  i r o n ,  h i g h  

f r e q u p n c i e s  r i g h t  down t o  DC. P a r a m e t r i c  F a u l t s  on t h e  o t h e r  ha n d  a r e  

s p e e d  r e l a t e d  an d  a r e  u s u a l l y  o n l y  p r e s e n t  a t  t h e  norma? s w i t c h i n g  sp e e d  

t h e  d i g i t a l  c i r c u i t .  T h e s e  f a u l t s  I n c lu d e  s l o w  g a t e s ,  r a c e  c o n d i t i o n s ,  

s i  cm r i s e  t i m e ,  a n d  v a r i o u s  t y p e s  <H l o a d i n g  • f a u l t s  w h e r e  t h e  l o a d  I s  t o o  

h i g h  a n d  c a u s e s  t h e  s i g n a l  t o  ch an ge  s l o w l y .  The  o n l y  way t o  d e t e c t  t h e s e  

■ f au l t s  i s  t o  t e s t  t h e  c i r c u i t  a t  o p e r a t i o n a l  s w i t c h i n g  s p e e d .  The  T e s t -  

Ha r dw are  em p lo ye d  i s  c r i t i c a l  -for d e t e c t i n g  t h e s e  t y p e s  o f  • f a u l t s .

To d e t e i t  p a r a m e t r i c  f a u l t s  i t  i s  n e c e s s a r y  t o  a p p l y  T e s t - P a t t e r n s  a t  t he  

•ful t o p e r a t i n g  s p e e d  o f  t h e  D e v i c e - U n d e r - T e s t . O y n a m i c - F v n c t i o n - T e s t e r s  

su ch  a s  t he  one  d e v e l o p e d  f o r  t h i s  p r o j e c t  s h o u l d  have  en ough  s p e e d  t o  

a c c o m p l i s h  c h e c k i n g  f o r  p a r a m e t r i c  f a u l t s .

3 . 3  TYPES Of CIRCUITS

T h e r e  a r e  t h r e e  b a s i c  t y p e s  o f  d i g i t a l  c i r c u i t s ,  n a m e l y  C o n b i n a t l o n a l , 

Sy n c h r o n o u s  S e q u e n t ) a )  C i r c u i t s ,  and  A s yn ch r on ou s  Se q u e n t  i a )  C i r c u i t s .  

A u to m a t i c -D i  g i  t a l - C i r c u I t - T e s t e r s  c an  h a n d l e  C o m b in a t i o n a l  an d  

Sy n c h r o n o u s  S e q u e n t i a l  C i r c u i t s  bu t  A sy nc h ro n o u s  S e q u e n t i a l  C i r c u i t s  a r e  

v e r y  d i f f i c u l t  t o  h a n d l e  a n d  no  g e n e r a l i s e d  n e t h o d  o f  d o in g  s o  h a s  y e t  

be en  d e v i s e d .  A t  d e s i g n  t ime  i t  i s  b e s t  t o  d e s i g n  s y n c h r o n o u s  c i r c u i t s  a s  

i h l s  i%aKes t e s t i n g  s o  much e a s i e r .  Wi t h  a l i t t l e  t h o u g h t  i t  i s  p o s s i b l e  

t o  s u b s t i t u t e  sy n c h r o n o u s  c i r c u i t s  f o r  a s y n c h r o n o u s  o n e s ,  An e xam ple  o f  

t h i s  i s  t he  c i r c u i t  be l ow  w he re  a o n e - s h o t  ( T y p i c a l  A sy n c h r o n o u s  E l e me n t )  

c an  be  r e p l a c e d  by  a  s y n c h r o n o u s  c i r c u i t  u s i n g  two D - F I i p  F l o p s .



O u tp u ts

j u m

F t g u f e  6 % S y n c h ro n o u s  D n e-S h o t

Ui th  c o m b i n i t l o n a !  c i r c u i t s  t he  o u t p u t s  e r e  s o l e l y  a  f u n c t i o n  o f  t he  

i n p u t s .  The o u t p u t  I s  i  d i r e c t  f u n c t i o n  o i  t he  i n p u t , A t y p i c a l  examp le  

o f  t h i s  i s  a  HAND g a t e , The  g e n e r a l  mode I o< a  C o m b in a t i o n a l  C i r c u i t  i s  

d e t a i l e d  be lo w  in  F i g u r e  7 ,  C om b in a t i o n a l  C i r c u i t s  a r e  t h e  s i m p l e s t  

d i p i t & l  c i r c u i t s  and  a s  su ch  a r e  t he  e a s i e s t  t o  t e s t . S e q u e n t i a l  c i r c u i t s  

w h e t h e r  S y n c h r o n o u s  o r  A sy n ch ro no us  a lw a y s  c o n t a i n  C o r e b i na t i o na l  C i r c u i t s  

a s  sub  u n i t s .

C o e b in -

a t i o n a l

F i g u r e  7  ; C o e b i n a t i o n a l  C i r c u i t s



3 . 3 , 2  SYNCHRONOUS SEQUENTIAL CIRCUIT#

S e q u e n t i a l  C i r c u i t s  d i f f e r  f r o m  C o m b in a t i o n a l  C i r c u i t s  i n  t h a t  t h e  

o u t p u t s  a r e  a f u n c t i o n  o f  b o t h  t h e  I n p u t s  and  t he  p r e v i o u s  s t a t e .  A 

t y p i c a l  S e q u e n t i a l  C i r c u i t  h a s  a L a t c h  whe r e  t h e  p r e v i o u s  s t a t e  i s  

r e t a i n e d .  S y n c h r o n o u s  S e q u e n t i a l  C i r c u i t s  a r e  S e q u e n t i a l  C i r c u i t s  w h ic h  

ch an ge  s t a t e  a t  s p e c i f i c  t i m e s .  A c l o c k  u s u a l l y  c o n t r o l s  t h e  ch ang e  o f  

s t a t e .  S e q u e n t i a l  c i r c u i t s  c an  t h u s  be  s i m p l i f i e d  i n t o  a  C o m b in a t i o n a l  

C i r c u i t  f o r  e ac h  s t a t e ,  and  t h u s  a r e  r e l a t i v e l y  e a s y  t o  t e s t  u s i n g  

A u to ma t  i c - T e s t - E q u i p m e n t . The g e n e r a l  S y n c h r on ou s  S e q u e n t i a l  c i r c u i t  i s  

shown be l ow  in  F i g u r e  8 .

E le m e n t s

F i g u r e  8  i S y n c h r o n o u s  S e q u e n t i a l  C i r c u i t s  

3 . 3 . 3  ASYNCHRCMDUS SEQUENTIAL CIRCUITS

A sy n c h r o n o u s  S e q u e n t i a l  C i r c u i t s  a r e  S e q u e n t i a l  C i r c u i t s  w i t h  a s t o r e d  

s t a t e  an d  t he  o u t p u t  i s  a  f u n c t i o n  o f  t he  p r e v i o u s  s t a t e  an d  t h e  i n p u t . 

The  d i f f e r e n c e  f r o *  Sy n c h r o n o u s  C i r c u i t s  i s  t h a t  t h e  f e e d b a c k  l oo p  d o e s  

n o t  n e c e s s a r i l y  c cu r  a t  s p e c i f i c  i n t e r v a l s  and  may i n v o lv e  some t y p e  o f  

d e l a y e d  w a i t .  T y p i c a l  e l e m e n t s  i n  an Asy nc h r on ou s  S e q u e n t i a l  C i r c u i t  a r e  

o n e - s h o t s .  The u se  o f  o n e - s h o t s  u s u a l l y  t u r n s  a  Sy n c h r o n o u s  S e q u e n t i a l  

C i r c u i t  i n t o  an A sy n c h r o n o u s  S e q u e n t i a l  C i r c u i t  w h i ch  ma k es  i t  a lm o s t  

I m p o s s i b l e  t o  t e s t  on m os t  A u t o m a t i c - T e s t - E q u i p m e n t  a s  t h e  Eq u ip me n t  

s a m p le s  t he  o u t p u t  a t  s p e c i f i c  I n t e r v a l s  n o r m a l l y  l i n k e d  t o  a c l o c k  

w i t h i n  t he  Dev i c e - U n d e r - T e s t . Wi t h  A sy nc h ro n o u s  c i r c u i t s  t h e  p r ob l e m



*p I m s  » s  t o  when t h e  c i r c u i t  s h o u l d  be  s a mp le d .

O n e - S h o t s  i n  c i r c u i t s  c a u s e  d i t - f i c u l t y  i n  t e s t i n g ,  an d  a r e  a l s o  u s u a l l y  

s u s c e p t i b l e  t o ' s p i K e s  on t h e  g r o u n d  an d  Vcc p i n s  w h ic h  c a n  c a u s e  s p u r i o u s  

t r i g g e r i n g .

The g e n e r a l  c a s e  o f  an A s y n c h r o n o u s  S e q u e n t i a l  C i r c u i t  i s  d e t a i l e d  be l ow  

in  F i g u r e  9 .  A sy n ch r o n o u s  S e q u e n t i a l  C i r c u i t s  a r e  a l m o s t  i m p o s s i b l e  t o  

t e s t  g e n e r a l l y .

O u tp u ts

E l e e a n t s

F i g u r e  9 i A sy n c h r o n o u s  S e q u e n t i a l  C i r c u i t s

3 . 4  FAULT FOLDING

Wi th  d i g i t a l  n e t w o r k s  many  f a u l t s  a l o ng  a p a r t i c u l a r  p a t h  may  be 

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

e q u i v a l e n t , a n d  o n l y  one  t e s t  i s  needed  f o r  d e t e c t i n g  b o th  e q u i v a l e n t  

f a u l t s ,  i n  t h i s  ma nn e r  t h e  number  o f  f a u l t s  t o  be t e s t e d  f o r  c an  be 

r e d u c e d  c o n s i d e r a b l y ,  m a k in g  t h e  T e s t - P r o g ra m  t h a t  much s i m p l e r .

The  me tho d  o f  r e d u c i n g  t h e  number o f  f a u l t s  t o  be t e s t e d  f o r  f a l t s  i n t o



t h e  s t u d y  erf f a u l t  e q u i v a l e n c e ,  domina nce  a n d  f o l d i n g .  T h i s  I s  d i s c u s s e d  

by  Hu eh l do r - f  < ! P8 1 )  I n  an a r t i c l e  t n d  I s  a l s o  d i s c u s s e d  i n  t h e  book  by 

S r e u e r  <t??4>

F a u l t  f o l d i n g  b a s i c a l l y  b o i l s  dewn t o  a m e th od  o f  r e d u c i n g  t h e  number o f  

f a u l t s  t o  be  t e s t e d  f o r .  T h es e  f a u l t s  a r e  r e d u c e d  t o  a l l  s i n g l e  S t u e K - A t -  

F a u l t s ,  on a l l  p r i m a r y  I n p u t s  an d  a l l  b r a n c h e s  o f  f a n o u t .  The  d e t a i l s  a r e  

s p e c i f i e d  i n  t h e  abov e  r e f e r e n c e s .

D e t a i l e d  a n a l y s i s  o f  m e th o d s  u s e d  i n  t he  a n a l y s i s  o f  f a u l t s ,  and  t he  

a u t o m a t i c  g e n e r a t i o n  o f  T e s t - P a t  t e r n s  t » l1 1 no t  be  gone  i n t c  I n  d e t a i l  a s  

t h e  ma in  a im  o f  t h i s  p r o j e c t  r e p o r t  i s  t o  d i s c u s s  t h e  b r o a d  a s p e c t s  wh ic h  

may i n f l u e n c e  t h e  Tes t -Ha re f cea r e  r e q u i r e d .

Fo r  f a u l t  f o l d i n g  i t  i s  n e c e s s a r y  t o  ha ve  a mode l o f  t h e  c i r c u i t  e n t e r e d  

I n t o  t h e  T e s t - S y s t e m  an d  some f a i r l y  comp lex  s o f t w a r e  t o  do  t h e  f a u l t  

f o l d i n g .  As w i t h  L o g i c -S i e r ,  l a t o r s  and  a u t o m a t i c  T e s t - P a t  t e r n  g e n e r a t i o n  

p r o g ra m s  t he  p r o b l e m s  c a n  be  s o l v e d  r e l a t i v e l y  e a s i l y  w i t h  medium s c a l e  

i n t e g r a t i o n  (MSI ) c o m po ne n t s ,  b u t  huge  p r o b l e m s  a r i s e  when one l o o k s  a t  

v e r y  l a r g e  s c a l e  i n t e g r a t i o n  (VLSI)  c o m p on en t s .

3 . 5  TEST-PATTCTN GENERATION

T e s t - P a t l e r n  g e n e r a t i o n  i s  c o n c e r n e d  w i t h  what  p a t t e r n s  s h o u l d  be  a p p l i e d  

t o  t h e  D e v i c e - U n d e r - T e s t  i n  o r d e r  t o  chec k  w h e t h e r  i t  i s  o p e r a t i o n a l  o r  

f a u l t y ,  T h i s  d i s c u s s i o n  i s  c o n ce rn e d  w i t h  t he  v a r i o u s  m e th o d s  o f  a p p l y i n g  

p a t t e r n s  t o  t he  c o n n e c t o r  o r  t h e  p i n s  d i r e c t l y ,  an d  i s  n o t  c o n c e r n e d  w l t h  

I n - C i r c u l t - E m u l a t o r s  a s  t h e s e  t e s t e r s  d i f f e r  c o m p l e t e l y  in c o n c e p t .  J n -  

C l r c u i t - E m u l a t o r s  d r i v e  t e s t s  frcxe t he  m i c r o p r o c e s s o r  a nd  a r e  v e ry  

c l o s e l y  r e l a t e d  t o  t h e  w ho le  b u t  s t r u c t u r e  o f  m ic r o c o m p u t e r s  an d  a r e  more  

o f  a p r o g ra mm ing  e x e r c i s e  f o r  t h e  b e v l c e - U n d e r - T e s t , The  t e s t e r s  we a r e  

c o n c e r n e d  w i t h  have  t h e i r  s i g n a l s  a p p l i e d  e x t e r n a l l y  t o  t h e  b o a r d ,  o r  

e x t e r n a l l y  t o  t h e  I n d i v i d u a l  i n t e g r a t e d  c i r c u i t s  p o p u l a t i n g  t h e  b o a r d s .



3 .5 .1  MANUAL METHOD

In  t h i s  m e th o d  an  e n p i n t t r  p r o y n m e  th e  t » $ t  h t r dwar - e  t o  a p p l y  v a r i o u s  

T e e t - P a t t e r n s  t o  t h *  D e v l c « - U n d e r - T e s t .  The  e n g i n e e r  I n q u e s t  i on  n e e d s  t o  

Know th#  - f u n c t i o n !  o f  t h #  b o a r d  t o  be  t e s t e d  en d  t h e  T f $ t - H t r d w a r e  t o  be  

u s e d .  T h u s  a  l a r g e  d e g r e e  o f  s k i l l  ) s  n e e d e d  t o  g e n e r a t e  t h e  T e s t -  

P r o g ra r e s .

Howeve r cumbe r some  t h i s  me thod  may so un d  i t  I s  s t l ) )  w i d e l /  u se d  In 

i n d u s t r y  a s  I t  i s  - f a i r l y  s im p le  i n  c o n c e p t  and  w i l l  a lw a y s  work  t o  a  

c e r t a i n  d e g r e e . W i th  scree a u t o e u t i c  m e th od s  t h e y  m*y s u d d e n l y  come a c r o s s  

a  c i r c u i t  t h a t  c a n n o t  be  a n a l y s e d ,  su c h  a s  »  new VLSI m i c r o p r o c e s s o r  

c h i p ,  a n d  t he n  t h e  m e th o d  I s  c o n p l e t e l ' /  u s e l e s s .  T h i s  m e th od  s h o u l d  

a lw a y s  w ork  t o  a c e r t a i n  d e g re e  ev en  i f  t h e  p e r c e n t a g e  o f  f a u l t s  a c t u a l  ! y  

c h e c k e d  I s  r e l a t i v e l y  s n a i l .

The  u s e f u l I n e s s  o f  t h i s  me tho d  v a r i e s  d e p e n d in g  on t h e  e n g i n e e r  c o n c e r n e d  

a n d  t h e  amoun t  o f  t i n e  a I l o c a t e d  t o  w r i t i n g  a n d  checX i ng t h e  T e s t -  

P r o y a n s .

3 . 5 . 2  RfMDOM METWO

T h i s  m e th o d  i n v o l v e s  s p r a y i n g  t he  i n p u t s  w i t h  a  p s e u d o  r a n d t n  p a t t e r n  and  

d e t e c t i n g  any  d e v i a t i o n  f rom th e  e x p e c t e d  o u t p u t ,  The  e x p e c t e d  o u t p u t  a s  

e x p l a i n e d  e a r l i e r  c o u l d  be e s t a b l i s h e d  f rom a L o g l c - S i » u ) a t o r  or  a Known-  

Go o d -B oa rd .  Wi th  t h i s  m e th o d  t he  K nc w n- G oo d- S ov d  w o u ld  u s u a l l y  be  t h e  

me th o d  u s e d  a s  t h e  c o m p l e x i t y  of  h a v in g  a s i m u l a t i o n  o f  t he  c i r c u i t  wo u ld  

u s u a l l y  mean a more a n a l y t i c  me tho d  o f  g e n e r a t i n g  t h e  T e s t ’- P a t t e r n s  w ou ld

T h i s  m e th o d  can  have  f a i r l y  good r e s u l t s  a s  l o n g  a s  t h e  c i r c u i t  s t a r t s  

o f f  in a  Known s t a t e . I n  o r d e r  f o r  t he  c i r c u i t  t o  s t a r t  o f  in a  known 

s t a t e  c e r t a i n  I n i t i a l i s a t i o n  o f  t he  D e v i c e - U n d e r - T e s t  n e e d s  t o  be 

u n d e r t a k e n .  T h i s  w n  be  a  p r ob l e m  w i t h  c e r t a i n  s e q u e n t i a l  c i r c u i t s ,  and  

t h e  ha rd w a r e  u s e d  t o  g e n e r a t e  r a n d a n  p a t t e r n s  I s  n o t  n o r m a l l y  s u i t a b l e  

f o r  l o n g  I n v o l v e d  i n i t i a l i s a t i o n  s e q u e n c e s .

A n o th e r  p r o b l e m  c o u l d  be  w i t h  t r i - s t a t e  l i n e s  whe r e  t h e  l i n e s  a r e  b o th



I n  t h i s  m e th o d  *n t n g i n f e r  p r og ra m s  t h e  <«*t  h « r * n r f  t o  a p p l y  v a r i o u s  

T e s t - P i t t e r n s  t o  t h e  D e v i c e - U n d e r - T t • t . Th# e n g i n e e r  i n  q u e s t i o n  n e e d s  t o  

knot# t h e  f u n c t i o n *  o f  t h e  b o a r d  t o  be  t e s t e d  an d  t h e  T * * ( -H * f d * a r e  t o  be  

u s e d .  T h u s  a l a r g e  d e g r e e  o f  s k i l l  i s  n e e d e d  t o  g e n e r a t e  t h e  T e s t -

P r o g r a n s .

Howeve r c u m b e r to a e  t h i s  me (hod  ma?’ so un d  I t  I s  s t i l l  w i d e l y  u t e d  i n  

i n d u s t r y  a s  i t  i s  ■ f a i r I r  s i m p ) » In c o n c e p t  a nd  w i l l  a lw a y s  work  t o  a 

c e r t a i n  d e g r e e . Wi th  «x»e  a u to m a t i c  m e t ho ds  ( h e r  may s -udden ly  cone  a c r o s s  

a  c i r c u i t  t h a t  c a n n o t  be  a n a l y s e d ,  s vc h  a s  a new VLSI m i c r o p r o c e s s o r

c h i p ,  a n d  t h e n  t h e  m e th o d  i s  c o m p l e t e l y  u s e l e s s .  T h i s  m e th o d  s h o u l d

a l w a y s  work  t o  a c e r t a i n  d e g re e  even  i f  t he  p e r c e n t a g e  o f  f a u l t s  a c t u a l l y  

c h e c k e d  i s  r t l a U v e l y  s m a l l ,

The  u s e f u l I n e s s  o f  t h i s  me tho d  v a r i e s  d e p e n d in g  on t h e  e n g i n e e r  c o n c e r n e d  

a n d  t he  amoun t  o f  t i n e  a l l o c a t e d  t o  w r i t i n g  a n d  c h e c k i n g  t h e  T e s t -

P r o g r a m s .

3 . 5 , 2  RANDOM METHOD

T h i s  m e th o d  i n v o l v e s  s p r a y i n g  t he  i n p u t s  w i t h  a  p s e u d o  r andom p a t t e r n  an d  

d e t e c t i n g  an y  d e v i a t i o n  f ront  t he  e x p e c t e d  o u t p u t . The  e x p e c t e d  o u t p u t  a s  

e x p l a i n e d  e a r l i e r  c o u l d  be e s t a b l i s h e d  f rom a  L o g l c - S i n u l a t o r  o r  a Known-  

Bood-Bo&rd .  Wi th  t h i s  me tho d  t he  Known-Good-Board  w o u ld  u s u a l l y  be  t he  

m e t ho d  u s e d  i s  t h e  c o m p l e x i t y  of  h a v in g  a s i m u l a t i o n  o f  t h e  c i r c u i t  w o u ld  

u s u a l l y  mean a  more  a n a l y t i c  me tho d  o f  g e n e r a t i n g  t h e  T e s t - P a t t e r n s  w o u ld  

b e  u s e d .

T h i s  m e th o d  can  h av e  f a i r l y  good r e s u l t s  a s  l o n g  a s  t h e  c i r c u i t  s t a r t s  

o f f  i n  a known  s t a t e . I n  o r d e r  f o r  t he  c i r c u i t  t o  s t a r t  o f  i n  a  known 

s t a t e  c e r t a i n  i n i t i a l i s a t i o n  o f  t h e  D e v i c e - U n d e r - T e s t  n e e d s  t o  be  

u n d e r t a k e n .  T h i s  c an  be  a p r ob l e m  w i t h  c e r t a i n  s e q u e n t i a l  c i r c u i t s ,  and  

t h e  h a rd w ar e  u s e d  t o  g e n e r a t e  r andom p a t t e r n s  i s  n o t  n o r m a l l y  s u i t a b l e  

f o r  l o n g  i n v o l v e d  i n i t i a l i s a t i o n  s e q u e n c e s .

A n o th e r  p r o b l e m  c o u l d  be  w i t h  t r i - s t a t e  l i n e s  whe r e  t h e  l i n e s  a r e  bo th



I n p u t t  a n d  o u t p u t s  i t  d l H e r e n t  t i n t *  d o r  I n#  t h e  o p t r e t  itm o f  ( h f  

c i r c u i t .  Ra nd om) /  a p p l y i n g  p » U * r n s  m*r  c i u s #  t h e  T t e t - H » r A u t r e  t o  c ) » s h  

w i t h  t h e  D e v i c e - U n d e r - T e s t  when t h e y  b o t h  t r y  and  d r i v e  t he  t ame  l i n e .

T h ? t  m e t h o d  I s  t h e  roost  comp lex f ro m th e  T e s t - S y s t e m ' s  p o i n t  o i  v i e w .  A 

d e s c r i p t i o n  o f  t h e  C i r c u i t  i s  e n t e r e d  i n t o  t h e  T e s t - S y s i e e  i n  nu c h  t h e  

fc«ne way  » s  f o r  s  s i o u l k t o r .  The  T e e t - S z s t e m  n e e d s  f a i r l y  p o w e r f u l  

c o m p u t i n g  c a p a b i l i t i e s ,  howeve r t h i s  m ar  b e  done  on some e x t e r n a l  

c o m p u te r  an d  t h e  T e s t - P a t t e r i i s  l o a d e d  down t o  t he  T e s t - H a r d w a r e  on ce  t h e

c o m p u t i n g  i s  c o m p l e t e d .  The f u i 1 y  a u to m a t e d  T e s t - S y t t e t t  w o u ld  do  t h e

F a u l t  F o l d i n g ,  t h e  A u to m a t i c  T e s t - P a t t e r n  G e n e r a t i o n ,  an d  f i n a l l y  w o u ld  

u s e  « L o g l c -S im u l  a . t or  t o  e s t a b l i s h  t h e  Exp ec  t e d -R es p  on se a n d  a

D i e t  i o n a r x - O f - F a u l t s .

T h i s  m e th o d  sou f id s  v e r y  a t t r a c t i v e  a s  once  t h e  c i r c u i t  d e s c r i p t i o n  h a s  

be en  e n t e r e d  t h e n  n e a r l y  e v e r y t h i n g  e l s e  i s  a u t o m a t i c .  However  t h e r e  i s  

one  b i g  d o w n f a l 1 w i t h  t h i s  n e t h o d ,  w h i ch  i s  t h a t  a  I j b r t r y  n e e d s  t o  be  

k e p t  o f  a l l  co m po ne n t s  u se d  i n  t h e  c i r c u i t s .  T h i s  work' s  r e a s o n a b l y  f o r  

MSI w h e re  g a t e  l e v e l  d e s c r i p t i o n s  o f  t he  v a r i o u s  c h i p s  a r e  a v a i l a b l e ,  b u t  

h a s  b e c c w  a  b i  g  p r o b l e m  wi t h t h e  w i d e s p r e a d  u se  o f  V L SI . Ga t e  l e v e l  

d e s c r i p t i o n s  o f  M i c r o p r o c e s s o r s ,  S e r i a l  C o n t r o l l e r s ,  DMA C o n t r o l l e r s  e t c  

a r e  n o t  a v a i l a b l e  an d  a r e  v e r y  d i f f i c u l t  t o  d e s i g n .

T h i s  m e th o d  w or k s  v e r y  w e l l  a s  l ong  a s  t h e  c i r c u i t  I s  s im p le  enough  t o  be  

h a n d l e d .  A number  o f  m e t ho ds  a r e  u se d .  Some m e th o d s  r e i y  on an a l g e b r a i c  

d e s c r i p t i o n  o f  t h e  c i r c u i t ,  n w ie ly  t he  A l g e b r a i c  E x p r e s s i o n  Me thod  and  

t he  B oo le a n  D i f f e r e n c e  Me thod .  The B oo le a n  D i f f e r e n c e  me thod  i n v o l v e s  

d i f f e r e n t i a t i n g  t he  a l g e b r a i c  e x p r e s s i o n  o f  t he  c i r c u i t  t o  s e e  how the  

o u t p u t  d i f f e r s  t o  a f a u l t  c o n d i t i o n .  O th e r  m e th od s  r e l y  on a t o p o l o g i c a l  

d e s c r i p t i o n  o f  t h e  c i r c t i )  t , n am e! ) i t h  S e n s i t i s a t i o n  Me thod  a n d  D- 

A l g o r i t h m  m e th o d .  Thes e  m e th od s  work on a p p l y i n g  a p a t t e r n  wh i ch  w i l l  

p r o p o g a t e  a f a u l t  t o  one o f  t he  o u t p u t s ,  The  v a r i o u s  m e th od s  a r e  

d e s c r i b e d  i n  g r e a t e r  d e t a i l  i n  M ue h l d o r f  ( 1981>  an d  in B re wer  ( l 9 76 ) ,

34



A u t o n u H c  F t v l  t  F o l d i n g  end  A u t e n a t l c  T e » t - P a < t e r n  G e n e r e t i o n ,  a r e  v e r y  

a t t r a c t i v e  a s  l o ng  a s  t h e y  w ork  p r o p e r l y .  The  ma in  d i s a d v a n t a g e s  o f  t h e s e  

me the- . i s  t h a t  a l a r g e  amount  o f  c o m p u t i n g  power  i s  n e e d e d  a n d  t h e  

i n t r o d u c t i o n  o f  VLSI co m p o n en t s  h a s  made i t  v e r y  d i f f i c u l t  t o  g e n e r a t e  

1 - b r a r y  p a r t s .

Fo r  sma l - i p a n l e t  i t  i s  p r o b a b l y  u n f e a s i b l e  even  t o  c o n s i d e r  t r r f n g  t o  

de v e lo p  t h e  i r  own l i b r a r y  p a r t s  o f  VLSI co mp on en t* .  I t  may be  p o s s i b l e  t o  

r e n t  acme v e r y  s o p h i s t i c a t e d  p a c k a g e s  a t  a  c o n s i d e r a b l e  c o s t .  The  amount  

<H work  t o  ke ep  such  s y s t e m s  up t o  d a t e  w i t h  c u r r e n t  VLSI c o m p o n e n t s  i s

Many T e s t - P a t t e r n s  a r e  s t i l l  g e n e r a t e d  m a n u a l l y  by  an E n g i n e e r  a s  t h i s  

m e th o d  i s  f a i r l y  s i m p le  i n  c o n c e p t ,  anc'  w o rk s  f o r  mos t  c i r c u i t s .  Even 

t ho ugh  t h e  r e s u l t a n t  T e s t - P ^ o g r a m s  m ig h t  n o t  be v e r y  e x h a u s t i v e  a t  l e a s t  

t h e y  work  f o r  a  e r t a i m  p e r c e n t a g e  o f  p o s s i b l e  f a u l t s .

L o g i c - S i m u l a t o r s  u se  t he  name s o f t w a r e  d e s c r i p t i o n  o f  t he  O e v i c e - U n d e r -  

T e s l  a s  u s e d  f o r  A u to m a t i c  T e s i - P a t t e r n  G e n e r a t o r s .  L o g i c - S i m u l a t o r s  wi i 1 

be d i s c u s s e d  i n  d e t a i l  in t he  n e x t  c h a p t e r .



LOCIC-S)MULATI ON

A L o g i c - S i m u U t o r  / *  * p r o g r t s i  wt i i ch r u n s  on a h o s t  c o m p u t e r , The  p u r p o s e  

t>f a  S i m u l a t o r  i s  t o  mode ) t h e  b e h a v i o r  o f  a g iv e n  d i g i t a l  c i r c u i t .  I t  i s  

n e c e s s a r y  t o  h a v e  a  s i g n i f i c a n t  amount  o f  c o m pu t in g  power  t o  r u n  some o f  

t h e  more  com plex  F i r t u J a t o r s .  T e s t - S y s t e m s  wh ich  i n c l u d e  a u t o m a t i c  f a u l t  

f o l d i n g  a n d  T e s t - P a t  t e r n  g e n e r a t i o n  wo u ld  n o r m a l l y  have  a  L o g i c -  

S i m u l a t o r ,  a s  t he  p r i n c i p l e s  i n v o l v e d  a r e  c l o s e l y  a l l i e d  i n  many w ays  and  

t he  c i r c  11 d e s c r i p t i o n  n e e d  o n l y  be e n t e r e d  o n c e . T h i s  c an  t h e n  be  u s e d  

by  a i l  t h r e e  p a c k a g e s ,  na m e ly  ; A u to m a t i c  F m l t  F o l d i n g ,  A u to m a t i c  T e s t -  

P a t t e r n  G e n e r a t i o n ,  a n d  L o g i c - S l m u l i t i o n  w i t h  a u to ma t  I c  g e n e r a t i o n  o f  a 

D i e t i r f i & r y - O f - F a v l t s  an d  E x p e c t e d - R e s p o n s e , f r om the  T e s t - P a t t e r n  p u t  

t h r o u g h  t h e  S i m u l a t o r .

S i m u l a t o r s  a r e  n o t  o n l y  fo u nd  i n  Au toma t  i c - T e s t - S y s t e m s .  O f t e n  

s o p h i s t i c a t e d  and  some n o t  so  s o p h i s t i c a t e d  Computer  A id e d  D es ig n  (CAD) 

Sys t e m s  have  S i m u l a t o r s  a s  p a r t  o f  i n t  who l e  d e s i g n  p a c k a g e . Pu re  c i r c u i t

l a y o u t  p a c k a g e s  have  l i b r a r y  p a r t s  f o r  t h e  p i n o u t s  an d  p h y s i c a l

m e a s u r e m e n t s  o f  t h e  v a r i o u s  c o m po ne n t s  u s e d .  T hes e  l i b r a r y  p a r t s  a r e  t h e n  

c o n n e c t e d  t o g e t h e r  in t h e  d e s i g n .  A l l  t he  c o n n e c t i o n  i n f o r m a t i o n  o f  t h e  

c i r c u i t  i s  a v a i l a b l e  t o  t h e  CAD p a c k a g e ,  U i t h  S i m u la to i  s  t h e  e l e c t r i c a l

i • a . r a c t e r i s t i c s  a r e  a d d ed  t o  t h e  l i b r a r y  p a r t s  t o  h e l p  w i t h  t h e

5 Kfiul a t  i o n .

H.-,'! ' n g  a  S i m u l a t i o n  a v a i l a b l e  o f  t h e  c i r c u i t  d e s i g n  can be i n v a l u a b l e  in 

C i e t e rm ln I ng  i f  t he  d e s i g n  w i l l  a c t u a l l y  work when t h e  p r i n t e d  c i r c u i t  

b c a " d  i s  m a n u f a c t u r e d .  I f  p r o t o t y p e s  a r e  f i r s t  b u i l t  an d  t h e n  t h e  d e s i g n  

i s  I ' a r . s f e r r e d  t o  t h e  CAO Sy s t em  th e n  t h e  S i m u l a t o r  c an  be u s e d  t o  ch ec k



t h a t  t h e r e  we re  n o  f a u l t s  i n  c o p y i n g  t h e  d e s i g n  t o  t h e  CAD S y s t e m .  The 

S i m u l a t o r  c an  a t  so  ch ec k  f o r  c e r t a i n  d e s i g n  f l a w s ,  d e p e n d i n g  on how 

s o p h i s t i c a t e d  i t  i s .  W i th  a  ve r>  good  S i m u l a t o r  a  number o f  p r o t o t y p i n g  

p h a s e s  may  be  s k i p p e d  i n  b r i n g i n g  a  c i r c u i t  t o  m a n u f a c t u r i n g  l e v e l .

S i m u l a t o r s  c an  be  v e r y  u s e f u l  f r o m  th e  s i m p l e s t  up t o  t h e  mo s t  co m p le x .  

O b v i o u s l y  t h e  more  f e a t u r e s  n e e d e d  t he  more complex  b e com es  t h e  a c t u a l  

S i m u l a t o r .  One o f  t h e  ma in  d o w n f a l l s  o f  S i m u l a t o r s  h a s  b een  t h e  u se  o f

l. 'L?l  w he re  t h e  c o m p l e x i t y  o f  t h e  c om po nen t s  makes I t  a l m o s t  i m p o s s i b l e  t o  

g e n e r a t e  sorar- o f  t h e  l i b r a r y  p r i m i t i v e s .  M i c r o p r o c e s s o r s ,  WtA c o n t r o l l e r s  

a nd  S e r i a l  C o n t r o l l e r s  a r e  some e x a m p le s  o f  d i f f i c u l t  t o  S i m u l a t e  VLSI

*

Fo r  t h i s  p r o j e c t  a  v e r y  s i n g l e  S i m u l a t o r  w r i t t e n  in BASIC was  u s e d  t o  

t e s t  some o f  t he  f e a t u r e s  o f  S i m u l a t o r s .  I t  was  a l s o  u s e d  t o  S i m u l a t e  

some o f  t h e  t i m i n g  c i r c u i t r y  u s e d  i n  t he  T e s t - H a r d w a r e . The I i s t i n g  an d  

o u t p u t  o f  t h i s  S i m u l a t o r  c an  b e  f o u n d  i n  t h e  App end ix  J  a n d  Ap p en d ix  L.  

The  S i m u l a t o r  was  a m o d i f i e d  v e r s i o n  o f  t h e  one d e v e lo p e d  by McDermo t t  

( 1 P 8 3 ) . I t  i s  a  T a b l e - D r i u e n - S i m u l a t o r  w i t h  E v e n t - O i r e c t e d - S i f & u ) a t  I o n , 

Named  N o de s ,  M a c r o c i r c u i t  C a p a b i l i t y ,  I n d ep e nd en t  I n p u t s  an d  Samp led  

O u t p u t s .  The  f e a t u r e s  m e n t i o n e d  h e r e  a r e  e x p ! a i n e d  be  1ow in  g r e a t e r

4 . 2  BASIC SIMULATOR STRUCTURE

T h e r e  a r e  two b a s i c  t y p e s  o f  S i m u l a t o r s ,  name 

S i m u l a t o r s  an d  T ab l e -D r  i u e n - S i m u l a t o r s .  Thes e  two ha '  

t o  H igh  Leve l  L an g ua ge s  w h ic h  a r e  C o s p i 1ed  or

'  Comp i l e r - D r i v e n -  

■ many  s i m i 1a r  i t  i e s  

I n t e r p r e t e d .  The

r i p t i o n  o f  t he  c i r c u i t  i n  a way n  

s l a t e d  an d  e x e c u t e d  by t h e  compute)

co mp u te r  p r o g r a n  wh ic h
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in  C o m p i i e r - C v - iv e n -S lm u U t  i on t h e  c i r c u i t  d e s c r i p ? ' c n  i& t r e n s l  i t e d  i n t o  

ma ch in e  e x t c o t a b l t  c o d e , *uch  e$  AfS-fmbly L a n g u a g e . B e f o re  t h e  code  

g e n e r a t i o n  can t aKe  p l a c e  t h e  c i r c u i t  mus t  f i r s t  be  t r a n s f o r m e d  i n t o  t he  

s t a n d a r d  f o rm a t  o f  a s y n c h r o n o u s  s e q u e n t i a l  c i r c u i t .  T h i s  c a n  be  s e en

be l ow  in  f i g u r e  18 .  The  c c r o b in a t i o n a l  p a r t  i s  t h e n  r e l a t i v e l y  e a s y  t o

t r a n s l a t e  i n t o  A ss e m b l y  L a n g u a g e .

T h i s  m e th od  a s su m e s  z e r o  d e l a y  t h r oug h  t he  g a t e s  a n d  a s  su ch  w i l l  on ly

work w i t h  sy n c h r o n o u s  c i r c u i t s  wh ic h  can be  t r a n s l a t e d  i n t o  t h e  s t a n d a r d

f o r m a t .  As su ch  t h i s  m e th o d  i s  v e ry  r e s t r ' " c t i v e  a nd  i s  n o t  a s  g e n e r a l  

p u r p o s e  a s  Tab e - D r i v e n - S i n u l a t o r s .

E le m e n ts

F i g u r e  30 : S y n c h r o n o u s  S t a n d a r d  Fo rma t

4 . 2 . 2  TABLE-DRIVEN-SiMULATiON

T ab i  e -Dr  i ve n -S (m u  1 a t o r s  c an  h a n d l e  c i r c u i t  de l  ay  an d  many c i r c u i t  

c h a r a c t e r i s t i c s  t h a t  c a n n o t  be  h a n d l e d  by  C o m p i l e r - D r i u e n - S i m u i a t o r s .  The 

ma in  d i s a d v a n t a g e  o f  T a b ! e - D r i v t n - S i m u l a  t o r s  i s  t h a t  t h e  e x e c u t i o n  t ime  

i s  n e c e s s a r i l y  s l o w e r  t ha n  Cc tep i! e r - D r  i ven-Si ieu  1 a t o r s .

T ab  I e -D r  i v # n - S i m u l a t o r s  i n  p r i n c i p l e  a r e  r e l a t i v e l y  s i m p l e . Each c i r c u i t  

e l e m e n t  h a s  i n p u t s  an d  o u t p u t s .  O u tp u t s  f r om one g a t e  go t o  t h e  i n p u t s  of  

a n o t h e r  g a t e ,  Each  s i g n a l  l i n e  be tween g a t e s ,  c a l l e d  * n o d e , I s  g i v e n  an



e n t r y  In i n  a r r a y  o f  node  v a l u e * .  Th e r e  a r e  two I d e n t i c a l  a r r a y s  w i t h  a l l  

t h e  same no d e s  e x c e p t  t h e  one  i s  f o r  i n p u t s  a n d  t h e  o u t b e r  f o r  o u t p u t s  

t r a i l  t h e  v a r i o u s  g a t e s .  D ur i n g  a p a r t i c u l a r  e x e c u t i o n  p h a se  t he  i n p u t  

v a l u e s  f r o m t h e  In p u t  a r r a y  a r e  a p p l i e d  t o  t h e  v a r i o u s  m o d e l s  o f  t he  

g a t e s  a n d  t h e  o u t p u t s  f r o m  the  g a t e s  a r e  w r i t t e n  t o  t h e  o u t p u t  a r r a y .  

A f t e r  t h e  e x e c u t i o n  p h a s e  i s  c om p le t e  t he  o u t p u t  a r r a y  i s  c o p i e d  i n t o  t he  

i n p u t  a r r a y  f o r  t h e  n e x t  e x e c u t i o n  p h a s e . A b a s i c  d i a g r a m  o f  t h i s  c an be 

s e en  be  l ow In Fi  p u r e  11 .

T h i s  b a s i c  f u n c t i o n  i n  i t s  s i m p l e s t  f o rm  a s su m e s  a  c o n s t a n t  de l  ay t h ro ugh  

each  g a t e .  T h i s  p r o b l e m  i s  e a s i l y  s o l v e d  by  a s s u m in g  some t yp e  o f  t ime  

g r a n u l a r i t y  a n d  t he n  e ac h  g a t e  ne e d s  a c e r t a i n  number o f  t ime  g r a i n s

b e f o r e  t h e  i n p u t s  c h a n g i n g  a f f e c t s  t he  o u t p u t s .  I n  t h i s  way  t ime d e l a y s

th r o u g h  g a t e s  c an  be e a s i l y  mode 11 ed .

Tab I e -D r  i v e n - S i  mu l a  t o r s  a r e  f a i r l y  s i m p le  i n  c o n c e p t . Howev e r , v e r y  

comp lex  S i m u l a t o r s  c a n  be  b u i l t  f r « *  t h i s  s i m p le  s t r u c t u r e . T a b l e - D r i v e n -  

S im u la  t o r s  have  two p h a s e s  o f  o p e r a t i o n .  The  i n i t i a l  ph as e  i n v o lv e s

g e n e r a t i n g  s m b o l  t a b l e s ,  s e t t i n g  up t h e  a r r a y s  o f  n o d e s ,  s e t t i n g  up t he

g a t e  m o d e l s  a n d  e x p a n d in g  any m a c r o s .  The n e x t  ph as e  i s  t he  e x e c u t i o n  

p h a s e  w he re  t h e  S i m u l a t i o n  t a k e s  p l a c e  and  t he  o u t p u t s  a r e  d i s p l a y e d .

The  b a s i c  e x e c u t i o n  p h a s e  o f  a T a b l e - O r i v e n - S i m u l a t o r  i s  c o n t a i n e d  in t he  

f i g u r e  be  low

I n p u t  O u tp u t

Copy To r  n e x t  p h a s e

F i g u r e  11 : T a b l c - D r i v e n - S i m u 1a t o r



With  T a b ! e - D r i u e n - S i m u l * t o r s  i  sm a l l  p e r c e n t a g e  o-f I n p u t s  a n y  c h an g e  f r m  

o n t  s t a t e  t o  t h e  n e x t .  U i t h  g a t e s  t h e  o u t p u t s  d o  n o t  chan ge  H  th e  i n p u t s  

do n o t .  T h e r e f o r e  I t  i e  n o t  n e c e t s a r y  t o  S i n u l a t e  e ach  g a t #  e v e r y  t in s*.

I t  11  o n l y  n e c e t s » r r  t o  S i m u l a t e  t he  g a t e  H  t h e  I n p u t s  ch an ge  i r o n  one  

s t a t e  t o  t he  n e x t . In t h i s  way a  l a r g e  amoun t  o f  t im e  can be s a v e d  by  n o t  

S i m u l a t i n g  g a t e s  t h a t  a r t  no !  Qo ing  t o  c h a n g e .  T h i s  o p t i < t i t e U o n  c a n  be  

v e r y  im p or t  a n t  w i t h  T a b l e - t > r l v e n - S i m u ! a t o r s  a s  t h e y  a r e  t y p i c a l l y  s l o w .

4 . 2 . 4  NAMEO NuuES

An in p u t  t o  a g a t e  an d  an o u t p u t  f r om a g a t e  a r e  c a l l e d  n od e* .  Seme v e r y  

s im p le  S i m u l a t o r s  i n s i s t  t h a t  you  number  t h e  no d e s  an d  t h en  t h e s e  nu mb er s  

a r e  u s u a l l y  e l e m e n t  p o s i t i o n s  i n  t h e  I n p u t  a n d  o u t p u t  a r r a y s .  Howeve r 

t h i n g s  can  be  made » u c h  wo re  u s e r  f r i e n d l y  by  t a k i n g  a t i p  f ro m  t h e  u se

o f  A s s e m b ly  Language  and  a l i e n i n g  named n o d e s .  A symbo l t a b l e  i s  b u i l t  up

in  much t h e  s a ne  ^ a y  a s  an  A s s e m b le r .  Each symbol  I s  p l a c e d  i n  t he  symbol

t a b l e  a l o n g  w i t h  i t s  a r r a y  e n t r y  number .  When a  new symbol i s  r e a d  f rom

the  c i r c u i t  d e s c r i p t i o n  t he  symbol t a b l e  i s  s e a r c h e d  en d  i f  an e n t r y  i s  

n o t  f o u n d  t h e n  * new e n t r y  i s  m ad e . The symbol t a b l e  a l s o  c o n t a i n s  

i n f o r m a t i o n  a s  t o  w h e r e  t he  symbol i s  d e f i n e d  f rom th e  o u t p u t  o f  a  g a t e . 

H  a t  t he  e n d  o f  t he  c o m p i l i n g  o-f t he  symbol t a b l e  a s r t b o l  i s  n o t  

d e f i n e d  a s  an o u t p u t  any whe re  t h e n  an e r r o r  i s  f l a g g e d .

4 . 2 , 5  mCROClRCUlT CAPABILITY

Macroc  i r c u 11 c a p a b i l i t y  i v  t he  a b i l i t y  t o  c r e a t e  yo u r  own m a c r o s  f rom the  

p r i m i t i v e  l i b r a r y  p a r t s .  T h i s  i s  v e r y  u s e f u l  i f  you wan t  t o  d e f i n e  a 

c omponen t  w i t h  p r i m i t i v e  c o n s t i t u e n t s .  T h i s  componen t  c an  t h e n  t *  u s e d  in 

t he  c i r c u i t  a  number o f  t im e s  w i t h o u t  h a v i n g  t o  d e f i n e  t he  p r i m i t i v e  

c o n s t i t u e n t s  e v e r y  l i m e .

T h i s  f e a t u r e  i s  a n o t h e r  one t h a t  co oe s  f rom A sse mb ly  Language its d i d  t he  

u se  o f  named n o d e s ,  i n  many ways  t h e  i n i t i a l  t a b l e  b u i I d i n g  p h a s e , and  

ma c r o  e x p a n s i o n  r e s e m b l e  t he  o p e r a t i o n  o f  an  A ss e m b le r .



4 , 2 ,4  IN&EPgJ&gfT JMPiffg
7 h»  c i i - c u i  t  t o  be  S l m u l a t f d  may  h*v«  a number o f  e x t e r n a l  i n p u t t ,  d r i v e n  

f ro m  o u t s i d e  t h e  c i r c u i t .  T h es e  I n p u t s  i n  a  r e a l  c i r c u i t  w o u ld  be  d r i v e n  

by  e x t e r n a l  c i r c u i t  comp on en t s  o i  t h e  l y i t e m ,  w h i ch  h av e  d i - H e r e n t  

♦ u n c t i o n s  i n  t h e  o v e r a l l  S y s t e m .  In  a Sys t em  b a s e d  a r o u n d  a co mp u te r  bus  

t h e s e  w o u ld  be  t h e  a s s o r t e d  c i r c u i t  c a r d s ,  w i t h  d i f f e r e n t  f u n c t i o n s  t o  

t h e  c i r c u i t  in q u e s t i o n .  T h e r e  a r e  two  b a s i c  t y p e s  a t  I n p u t s ,  na me ly  

p e r i o d i c  a n d  a p e r i o d i c  I n p u t s ,

The  P e r i o d i c  i n p u t  r e s e m b l e s  * c l o c k  i n p u t  a n d  t h e  f r e q u e n c y  an d  d u t y  

c yc i t t  o f  t h i s  s i g n a l  s h o u l d  be d e f i n a b l e .  Once d e f i n e d  t h e w  s i g n a l s  w i n  

Keep o s c i l l a t i n g  a t  t he  d e f i n e d  f r e q u e n c y .

A p e r i o d i c  i n p u t s  a r e  t h o s e  whe re  t he  a c t u a l  v a l u e  a t  e ac h  p a r t i c u l a r  

p o i n t  I n t i n e  m u s t  be d e f i n e d .  T h i s  i s  done  by  d e f i n i n g  "'e s t a r t i n g  

v a lu e  a n d  t h e  1 1 me o f  e ach  s i g n a l  c h a n g e .

4 . 2 . 7  SAMPLED OUTPUTS

The o u t p u t s  o f  t he  L o g i c - S l e i u l a t o r  s h o u l d  r e s e m b l e  t h o se  o f  a  L o g i c -  

A n a i y s e r  whe r e  a c e r t a i n  number c an  be  d i s p l a y e d .  The saeipl  :r?f f r e q e n c y  

a nd  t he  s i g n a l  t o  be s a mp le d  s h o u l d  be s p e c i f i e d .  T h i s  g i v e s  a t r a c e  v e r y  

s i m i l a r  t o  t h a t  o f  a  L o ^ i c —A n a l y s e r ,

The  s a m p l i n g  f r e q u e n c y  can  be  e a s i l y  a d j u s t e d  b y  o n ly  s a m p l i n g  a f t e r  a  

s p e c i f i e d  number  o f  t ime  g r a i n s .  A l l  o u t p u t  c h a n g e s  i n  t he  i n t e r i m  a r e  

i g n o r e d .

E f f e c t i v e l y  i t  i s  p o s s i b l e  t o  s p e c i f y  t he  names  of  t he  s i g n a l s  t o  be 

d i s p l a y e d  a l o n g  w i t h  t he  s a n p l m g  f r e q u e n c y .  T h i s  i n  e f f e c t  i s  i d e n t i c a l  

t o  t h e  - f e a t u r e s  a v a i l a b l e  on  a Log ic  A n a l y s e r .

I

i



"There e r e  » number  o f  d e l a y *  fo u n d  i n  d l g i t e l  c i r c u i t s  a n d  f o r  an  

a c c u r a t e  S i m u l a t i o n  i t  i s  n e c e s s a r y  t o  t a k e  t h e s e  I n t o  a c c o u n t .

4 . 3 . 1  TRANSPORT DELAY

T h i s  d e l a y  i s  t h r o u g h  a c i r c u i t  e l e m e n t  an d  t h r o u g h  t he  w i r e  c o n n e c t i n g  

t h e  v a r i o u s  c i r c u i t  e l e m e n t s .  T h i s  d e l a y  f r c n  t he  i np u i  t o  a  c o m p o n e n t , 

c an be  v i e w e d  a s  a d e l a y  i n  t he  o u t p u t  d r i v e r .  As su ch  t h i s  d e l a y  i s  

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

4 . 3 . 2  fi t  AY

Mos t c i r c u  v i c e s  do n o t  h av e  an  e x a c t  d e l a y .  De l ay  i s  • ' a t  l y

s p e c  i f  r ed  a s  a max imim and  minimum v a l u e  a n d  v a r i e s  f r om c h i p  t o  1 ' o , 

an d  a ! s o  c h an g e s  w i t h  t e m p e r a t u r e . 1 1 i s  n e c e s s a r y  t o  have  a  maximum

d e l a y  a nd  a m i n i  mum d e l a y  and  t he  S i m u l a t o r  s h o u l d  ch ec k  f o r  any  r a c e  

c o n d i t i o n s  t h a t  may be  i n f l u e n c e d  by a v a r i a t i o n  in d e l a y ,

4. 3.3 R ISE-FA LL DELAY

When t h e  o u t p u t  f r om a g a t e  c h a n g e s  t h e r e  i s  a p a r t i c u l a r  t ime  i t  t a k e s  

t o  r i s e  o r  f a i t  d e p e n d in g  on f a c t o r s  l i k e  c a p a c i t a n c e  and  d r i v i n g  

c a p a c i i y  o f  t he  g a t e . Wi th  MOS d e v i c e s  t h e se  d e l a y s  can  d i f f e r  

c o n s i d e r a b l y  d e p e n d in g  on  t he  l o a d .  T h i s  d e l a y  s h o u ld  a l s o  be t a k e n  i n t o  

a c c o u n t  i n  t he  S i m u l a t o r .

4 . 3 . 4  INERTIAL DELAY

I n e r t  I a l  d e l a y  mu s t  be  c o n s i d e r e d  whe re  an i nc oming  s i g n a l  ha s  a  d u r a t i o n

t o o  s h o r t  t o  a c t u a l l y  s w i t c h  t h e  g a t e . Many g a t e s  have  a minimum p u l s e

w i d t h  t h a t  w i l l  be  r e c o g n i s e d  and  t h i s  s h o u l d  be  t a ke n  i n t o  a c c o u n t  a n d  

r e p o r t e d  a s  a  p o s s i b l e  h a z a r d o u s  c o n d i t i o n .  The s i m u l a t e d  g a t e s  w h ic h  

r e c e i v e  a p u l s e  o f  t o o  s h o r t  a d u r a t i o n ,  s h o u l d  no t  s w i t c h .



Ui t h  S f m u t e t o r g  4 number  O’f p r o b l e m s  can  be t o l v e d  by  h a v i n g  N u l t l - V e l u e d  

l o g i c .  I n  M u l t l - V t l u e d  Lo g i c  e*ch  node  h t e  r oo rt  t h i n  one  b i t  t o  d e f i n e  

I t t  s t a t e ,  An e t t r e  b i t  c o u l d  b« u t e d  -for t r i - 6 t * t « ,  u n d e f i n e d  v t a t e  e t c .

4,4 ,1  JWTIALlSATi@_PBOgL0
W ith  S i m u l a t o r s  i t  i t  p o s s i b l t  t o  d e t e c t  i n i t i a l i s a t i o n  p r o b l m s  t h a t  may 

a r i » e  i n  c i r c u i t s .  U l t h  r e a l  c i r c v f t a  6he> a r e  e i t h e r  h i g h  o r  low a n d  t he  

c i r c u i t  max power up  d i H e r e n f i y  e ach  t i m e ,  An e x t r a  b i t  i s  ad d ed  t o  t he  

v a l u e  o f  e ach  node  an d  d e t i n e s  w h e t h e r  t he  i i gna .1  i s  d e f i n e d  o r  n o t .

C e r t a i n  l aws  o f  b o o l e a n  l o g i c  a r e  a p p l i e d .  An unknown s i g n a l  ' A N D ' e d w i t h  

a l ow w i l l  g i v e  a low o u t .  An unknown  s i g n t l  "AND'ed w i t h  a  h i g h  w i l l  

g i v e  an unknown  s i g n a l  o u t .  T h i s  l aw  can  be  d e r i v e d  f ro m  th e  f o l l o w i n g  

b o o l e a n  f o r m u l a s  <X,8 «  6 )  an d  (X . )  = X ) . T h i s  p r o c e s s  c an be  a p p l i e d  t o  

a l l  g a t e s  an d  unknown s ig n a l ? ,  c an  be r e p o r t e d  i n  t he  o u t p u t  by  a s p e c i f i c  

symbol  l i k e  a  q u e s t i o n  m a r k .

4 . 4 . 2  NA2AM DETECTION

3n d e t e c t i n g  h a z a r d s  i t  i s  n e c e s s a r y  So t ake  i n t o  a cc o u n t  t h e  f a c t  t h a t  

d i g i t a l  s i g n a l s  do no t  c h an g e  i n s t a n t a n e o u s l y ,  A s i g n a l  t a H e s  s a n e  t im e  

i n  c n a n g m g  f ro m lo u  t o  h i g h  o r  v i c e  v e r s a .

Two e x t r a  s t a t e s  a r e  add&d t o  t h e  no rma! s t a t e s ,  by t h e  a d d i t i o n  o f  an 

e x t r a  b i t ,  n a m e l y  a 9 t o )  t r a n s i t i o n  s t a t e ,  and  a  1 t o  6 t r a n s i t i o n  

s t a t e .  T h es e  s t a t e s  c an  be  f e d  i n t o  t he  v a r i o u s  l o g i c  e l e m e n t s  an d  in 

t h i s  way h a z a r d s  c an be d e t e c t e d  more  e a s i l y  a s  t he  i n f o r m a t i o n  a b o u t  t he  

c h a n g i n g  s t a t e  o f  a s i g n a l  i s  a v a i l a b l e .  When two i n p u t s  t o  a g a t e  a r e  in 

t r a n s i t i o n  t h en  t he  g a t e  may  e n t e r  an unknown h a z a r d o u s  s t a t e .  T h i s  

c o n d i t i o n  i s  de p en d a n t  on t h e  t y pe  o f  g a t e  in q u e s t i o n .



4 . 5  FAULT SIMULATION

Wi th  S i m u l a t o r s  I t  i »  p o & s l b l e  t o  ch an g e  t h #  c i r c u i t  t o  S l i> u l e t e  v a r i o u s  

t y p e s  o4 f a u l t s ,  ■from r . h o r t s ,  s t u c k  n o d e s ,  t o  d e l a y  p r o b l e m s .

A . Z / i  DICTIONARY-OF-FAULTS

Ui t h  i  S im u la  t o r  11 i s  p o s s i b l e  t o  S i r e v l a t e  t he  c i r c u i t  w i t h  a  v a r i o u s  

common f a u l t s  i n t r o d u c e d ,  The  T V s t -P ro g r a m  i s  u s e d  a s  i n p u t  -for t he

c i r c u i t  t n d  t he  r e s u l t a n t  o u t p u t  o-f t h e  c f r c u / t  i s  s t o r e d  f o r  e t c h  f a u l t

i n t r o d u c e d ,  The  o u t p u t  mus t  d i f f e r  f r om th e  e x p e c t e d  o u t p u t  o f  a  good 

c i r c u i t  f o r  t he  T e s t - P r o g r a m  t o  d e t e c t  t he  f a u l t ,  T hes e  o u t p u t s  f r om the  

c i r c u i t s  h a v in g  i n j e c t e d  f a u l t s  a r e  s t o r e d  I n w ha t  I s  c a l l e d  e

' D i e t i o n a r y - O f - F a u l t s ' .  The  f a u l t  i s  s t o r e d  a lo n g  w i t h  t he  O u l p u t - P a t t e r n  

o b t a i n e d  w i t h  t h a t  f a u l t .

D u r i n g  p r o d u c t i o n  t e s t i n g  i f  -the o u tp u t  d i f f e r s  f r o s t  t h e  E x p e c t e d -

Re sp on se  t h en  t he  D i e t i o n t r y - O f - P a u l t s  i s  s e a r c h e d  t o  s e e  i f  t h e  o u tp u t  

m a t c h e s  any  i n  t h e  D i c t i o n a r y .  I f  a  ma t ch  i s  f o u n d  t h e n  t h e  a c t u a l  f a u l t  

s t o r e d  w i t h  t h e  p a t t e r n  i n  t h e  D i c t i o n a r y  can  be  r e p o r t e d .

4 . 6  CONCLUSSCN

C e r t a i n  c i r c u i t s  may be t o e  complex t o  S i m u la t e  on a  Lo g i c  L e v e l , , t h i s  

a s p e c t  L o g i c - S i m u l a t  i on s o f t w a r e  i s  s i m i l a r  t o  t h a t  u s e d  f o r  A u t o m a t i c  

F a u l t  F o l d i n g  and  A u t m a t  ic T e s t - P a t t e r n  G e n e r a t i o n ,  f f  t h e  c i r c u i t  t o  b e 

m o d e l l e d  i s  n o t  t o o  complex  t h e s e  me tho ds  can  be  v e r y  u s e f u l .

The  m»In d o w n fa l l  w i t h  S i m u l a t o r s  I & w i t h  c e r t a i n  VLSI co m p o n en t s  t he  

c i r c u i t  model  i s  v e r y  d i f f i c u l t  t o  S i m u l a t e .  A n o th e r  d i s a d v a n t a g e  i s  t h e t  

L o g i c - S i m u l a t o r - s  a r e  n o r m a l l y  s l o w  and  need  s i g n i f i c a n t  c o m pu t in g  pow er .

T h i s  b r i n g s  t o  a c l o s e  t h e  g e n e r a l  d i s c u s s i o n  o f  T e s t - S y s t e m s .  The 

s p e c i f i c  T e s t - S y s t e n  d e v e lo p e d  f o r  t h i s  p r o j e c t  w i l l  now be  d i s c u s s e d .
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5.1  1WTRQPUCT10N

T h i s  c h a p t e r  d e s c r i b e s  t he  A u < c m t i c - T » s t - H a r d w * r ?  t hf ct  w*s  d e v e l o p e d  ■for 

t h e  p u r p o s e s  o f  t h i s  p r o j e c t ,  f r om a f u n c t i o n a l  p o i n t  o f  v i e w .  The 

s o f t w a r e  n e ed e d  t o  d r i v e  t h e  T es t -H a rd u t a r e  i t  d e s c r i b e d  i n  t h i s  c h a p t e r ,  

*nd t h e  n e x t  c h a p t e r  d e i ! s  w i t h  t h e  T e s t - S y s t e n  f rom a  ha rd w a r e  p o i n t  o f

The h a rdw are  d e v e l o p e d  f a l l s  i n t o  t he  c a t e g o r y  o f  D y n a n i c - F u n c t i o n * ! -  

T e s t e r s  whe r e  t h e r e  i s  d e d i c a t e d  memory b e h i n d  t he  t e s t  p i n s  wh ic h  a l l o w  

th e  p a t t e r n s  t o  be  d r i v e n  i n s  s e n s e d  a t  h i g h  s p e e d s ,  T h t  b a s i c  o p e r a t i o n  

o f  D y n w i  c - F u n c t i  on a 1- T e s t e r ;  i s  t h a t  t h e r e  a r e  two ba nks  o f  memory,  one 

i s  t he  P a t  t e r n - O u t p u  t -Memory f ee  t he  Dr i v e n - P a t t e r n s , an d  t h e  o t h e r  i s  

t he  P a ’i t e r n - R e t u r n e d - t t e m o r r  f o r  t he  S e n s e d - P a t t e r n s .

The  M azn - C o n t r o ! -C o m p u te r  g i v e s  t he  p a t t e r n s  t o  oe  a p p l i e d  t o  th# 8666 

S i n g l e - B o a r r f - C o m f u t e r  i n  t h e  T e s t - H a f d K a r t . T h i s  S i ng l e -O o a r d - Cc x n p o t e r  

t hen  l o a d s  t h e  p a t t e r n s  i n t o  t he  P a t t e r n -O u tp u t - M e m o r y  a t  norma l  bu s  

s c e e d .  Once t h i s  i s  f i n i s h e d  t he  Tes t -H t r c f c / a r e  I s  a c t i v a t e d  and  In a 

q u f c k  b u r s t  o u t p u t s  t h e  p a t t e r n s  a t  t he  same t ime  r e a d i n g  t h e  i n p u t s  i n t o  

t he  P a t t e r n - R e t u r n e d - M e m o r y . T h i s  b u r s t  i s  s e n t  a t  t h e  s w i t c h i n g  s p e e d  o f  

t he  D ev i c e -U nd e r  - T e s t . Once t h i s  i s  f i n i s h e d  t h e  T e s t - H a r d n a r e  I s  d e ­

a c t i v a t e d  and  t h e  p a t t e r n s  a r e  r e a d  f rom th e  T e s t - H a r d w a r e  a t  bus  sp e ed  

a n d  s t f nt  up t o  t h s  M a in - C o n t r o I - C o m p u te r  whe re  t h e y  a r e  a n a l y s e d .

The  ma in  f u n c t i o n  o f  t h e  T es t - H a rd w a r*  I s  t he  a b i l i t y  t o  o u t p u t  and  i np u t  

p a t t e r n s  a t  v e r y  h i g h  s p e t d s ,  in t h i s  c a s e  up t o  16 MHz,



5 . 2  OVERALL SYSTEM MSCRJPTICH

The  T e s t - S y s t e m  b a s i c a l l y  c o n s i s t s  a  M a i n - C o n t r o l - C o n p u t e r  c o n n e c t e d  

v i a  a  s e r i a l  l i n k  t o  t he  B0&6 S m g l e - B o a r d - C c m p u t e r  w h i c h  i n  t u r n  

c o n t r o l s  t he  D e d i c a t e d  T e s t - H a r d a a r e  o v e r  hKJLTlBUS. The T e s t - H a r * v a r e  in  

t u r n  I s  c o n n e c t e d  t o  t h e  D e v i c e - U n d e r - T e s t . T h i s  b a s i c  l a y o u t  can be  s een  

in t h e  - f i g u r e  be lo w  i -

T e s t  H a rd w a r e O t h e r

H ard wa re

F i g u r e  12 i B a s i c  B lo ck  D iag ram
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The  T e s t - S y s t e m  u s e d  t o  t e a t  t h e  £ >e u Ice -U n d e r - T es t  c o n s i s t s  o i  t h e  H e i n  

Com pu te r  e n d  t h e  T e s t  H a rd w are .

The Ma in  Com pu te r  I n t h i s  c a s e  was  an A p p le  J t  * c o m p a t i b l e  c o m p u te r .  

T h i s  c h o i c e  was  made m a i n l y  due t o  t h e  a v a i l a b i l i t y  o f  t h e  p a r t i c u l a r  

c om p u te r  s y s t e m .  T h i s  c o mp u te r  c o u l d  be  r e p l a c e d  by  an y  e i l n l - c o m p u te r  o r  

m ic r o - c o m p u te r  w i t h  t h e  r e q u i r e d  p r o c e s s i n g  power  an d  s t o r a g e  c a p a c i t y .

The f u n c t i o n  o f  t h e  Ma in  Compu ter  I s  t o  a c t  a s  t he  D a t a - B a se  f o r  a l l  t h e  

p a t t e r n s  a n d  p r o g ra m s  l o a d e d  drum to  t h e  6 d / l 2 A  Com pu te r  v i a  t h e  RS-232C 

S e r i a l  L i n k .  A u to m a t i c  T e s t  P a t t e r n  G e n e r a t i o n ,  s i m u l a t i o n  a n d  d e t a i l e d  

a n a l y s i s  w o u ld  be d>n# on t h i s  Com pu t e r .

The 8 6 / 1 2A S i n g l e - B o a r d - C o n p u t e r  w as  ch o se n  a s  a f a s t  co mp u te r  was ne ed e d  

t o  c o n t r o l  t h e  D e d i c a t e d - 7 e e l - H a r d w a r e  d e v e l o p e d .  The a v a i l a b i 1 1 t y  o f  an 

6 6 /1 2 A  S i n g l e - B o a r d - C o m p u t e r  and  an 8086  E m u la to r  s t  t h e  U n i v e r s i t y ,  u v r e  

im p o r t a n t  f a c t o r s  u s e d  i n  c h o o s i n g  t h e  8 6 / 1 EA S in g l e - B o a r d - C o m p u te r .

The D ? d i c a t e d - T e s t - H a r d w a r e  w h i c h  i s  c o n n e c t e d  t o  t he  6 6 / I 2A  S i n g l e -  

S o a r d -C cm p u t e r  on MULTIBUS, ha; ,  t h e  ma in  f u n c t i o n  o f  d r i v i n g  and  s e n s i n g  

p a t t e r n s .  The a p p l i c a t i o n  o f  p a t t e r n s  t o  t h e  D e v i c e - U n d e i - T e s t , an d  t he  

t e n s i n g  o f  t he  r e s p o n s e ,  ne ed s  t o  be e x e c u t e d  a t  s p e e d s  up t o  16 MHz,

■ i s  s p e e d  i s  n e ed e d  t o  t e s t  D i g i t a l  C i r c u i t s  a t  o p e r a t i o n a l  s p e e d s .

To o b t a i n  t h e s e  h i g h  s p e e d s  i t  i s  n e c e s s a r y  t o  have  d e d i c a t e d  memory 

b e h i n d  t h e  e l e c t r o n i c s  o f  t h e  d r i v e r  /  s e n s o r  p i n s .  The P a t t e r n - O u t p u t -  

Memory i s  l o a d e d  f ro m  th e  8&/ 32A S i n g l e - B o a r d -C o m p u te r  a t  norma  1 bus  

s p e e d s .  Once t h i s  i s  c o m p le t e d  t he  D e d i c a t e d - T e s t - H a r d w a r e  i s  t h e n  p l a c e d  

in t e s t  mode ,  w he re  t h e  p a t t e r n s  a r e  d r i v e n  ou t  a t  h ig h  s p e e d  f rom the  

P s t l e r n - D u t p u t - f l e m o r y . A t  t he  s a ne  t ime  t h e  s e n s e d  p a t t e r n s  a r e  ( l o c k e d  

i n t o  t he  P a t t e r n - Z n p u t - M e n o r y .

The A n a l O Q - I n t e r f a c e - C i r c u i t r y  i s  ne e d e d  t o  I n t e r f a c e  t h e  s e p a r a t e  

d i g i t a l  i n p u t s  an d  o u t p u t s  t o  t he  t e s t e r s  d r i v e r  /  s e n s o r  p i n s  wh i ch  

d r i v e  an d  s e n s e  t r i - s t a t e  s i g n a l s .

The ma in  f u n c t i o n s  o f  t he  v a r i o u s  c o n s t i t u e n t s  w i l l  now be  d e s c u s s e d  In 

g r e a t e r  d e t a i I .

4?



The  M a i n - C o n t r o l - C o m p u t e r  w h ic h  i s  c o n n e c t e d  t o  t h e  T e s t - H a r d w a r e  v i a  a 

s e r i a l  l i n k  i »  t h e  ma in  c o n p v iir ig  power  in t h e  T e s t - 8 r » t e r » .  T h i t  c o m pu te r  

i n  t h e  f u l l y  d e v e lo p e d  A u r o m i i t i c - T t s t - S y s t e m  w ou ld  c o n t a i n  a l l  t h e  

s o f t w a r e  n e c e s w r r  t o  p e r f o r m  - fun c t i o n *  l i k e  A u to m a t i c  F a u l t  F o ) d i n g ,  

A u t o m a t i c  T e s t - P a t t e r n  G e n e r a t i o n ,  a nd  L o g l c - S i m u ' i a t i o n . Th e  D i c t i o n a r > -  

O f - F a u l t s  w o u ld  a l s o  be s t o r e d  h e r e  a l o n g  w i t h  a n y  com plex  so- f twa re  

■ funct i on  n e c e s s a r y .  T i n s  r c n p u t e r  i n  a  f u l  l y  -(1 ed ge d  A u t o n a t i c - T e s t -  

S y s t e m  w o u ld  be  e i t h e r  a  f i i c r o - c o m p u te r  t r  4  m i n i - c o i p u t e r ,  w i t h  

p e r i p h e r a l  s t o r a g e  f o r  t h e  a p p l i c a t i o n  p r o g r a m s .

Fo r t h e  p u r p o s e s  o f  t h i s ,  p r o j e c t  an  APPLE H  * c e n p t t i b t e  c om p u te r  w as  

u s e d  a l o n g  w i t h  a cu s to m b u i l t  s e r i a l  c a r d .  The  r e a s o n  f o r  t h i s  c h o i c e  

w as  t h e  f a c t  t h a t  t he  s o f t w a r e  d e v e l o p e d  h a d  t he  p r i r ee  f u n c t i o n  o f  

v e r i f y i n g  t h a t  t he  T e s t - K a rd w a re  w as  o p e r a t i o n a l ,  A n o th e r  f a c t o r  was  t h e  

• fact  t h a t  w i t h  M i c r o c o n p u l e r s  i t  i s  a  l o t  e a s i e r  t o  g e t  I n t o  t he

O p e r a t i n g - S y s t e m  a t  a  low l e v * ]  and  c o n t r o l  t he  ha rdw are  d i r e c t l y ,  W; th  

n i f t i - c e n p u t e r s  w i t h  n u l t i p l e  u s e r s  t he  O p e ra t i . - , ^ -S ys t e m h a s  t o  p r o t e c t  

b t e r s  -frcra one  a n o t h e r  and  c o n s e q i e n t l y  makes  i t  d i f f i c u l t  t o  a c h i e v e  

c e r t a i n  l ow l e v e l  f u n c t i o n s .

The  APPLE ] [  4 com pu t e r  n e ed e d  t o  e cn m u n ic a t e  w i t h  t he  8086 S i n g i e - B o a r d -  

C a r p u t e r  o v e r  t he  S e r i a l  L ink  an d  f o r  t h i s  p u r p o s e  a cu s to m s e r i a l  c a r d  

w as  b u i l t ,  The r e a s o n  f o r  t h i s  i s  t h a t  t he  s t a n d a r d  APPLE 11 * s e r i a l

c a r d  u s e s  s o f t w a r e  r a t h e r  t h i n  t  U4RT t o  s h i f t  t he  d a t a  i n  and  o u t .  T h i s

me ans  t h a t  p r o c e s s i n g  o f  t he  d a t a  c an  on ly  t a ke  p l a c e  d u r i n g  t he  s t o p  

b i t s  w h i c h  l i m i t s  t he  s p e e d  o f  d a t a  t r a n s m i s s i o n  c o n s i d e r a b l y .  The  s e r i a l  

c a r d  b u i l t  u s e s  a UART an d  t r a n s m i s s i o n  s p e e d s  up t o  4868 ba u d  c o u l d  be 

u s e d .  Ui t h  t he  o r i g i n a l  s e r i a l  c a r d  158 ba u d  w as  t he  f a s t e s t  l h a t  c o u l d  

be  a t t a i n e d .  The  cu s to m s e r i a l  c a r d  i n c r e a s e d  t h e  p o s s i b l e  t r a n s m i s s i o n  

s p e e d  by  a  f a c t o r  o f  32  wh ich  I s  c o n s i d e r a b l e ,  The  a c t u a l  d e s i g n  o f  t he  

S e r i a l  C a r d  d e v e lo p e d  i s  c o n t a i n e d  i n  App end ix  F and  Append ix  G.

Fo r  t h e  p u r p o s e s  o f  c h e c k i n g  t he  T e s t - H a r d w a r e  i t  was n e c r s s a r y  t o

co m m u n ic a t e  w i t h  t he  I n t e l  m o n i t o r  on t h e  6884 S i n g l e - B o a r d - C o m p u t e r . 

T h i s  u s u a l l y  i n v o l v e d  t y p i n g  l o n g  s e q u e n c e s  o f  i n s t r u c t i o n s  wh ic h  became



« x t r e m e l r  t » d i o u s .  A & e r I c o m u n i c e t i o n  p r og ra m  w as  d e v » ! o p e d  t o  a i d  In 

t h i s  a s p e c t . The  s e r i a l  - e w m m l c a t i o n  p r o g ra m  was  w r i t t e n  u n d e r  t h e  6899  

F I ex O p e r a t  i ng -S ys t e m  on  t h e  APPLE 3 t  * c c e s p a t i b i e .  T h i s  p r o g ra m  n o r m a l l y  

d e r a t e d  I I ke  a  T e r m l n a l - E m u l a t o r  b u t  h a d  a  number o f  s p e c i a l  o p t i o n s .  I t  

w a s  p o s s i b l e  t o  s e nd  s e q u e n c e s  t o  t h e  86 8 6  S i n g ! e - B o i r d - C o e ip u t e r  f r o m  a  

f l i e  s t o r e d  un d e r  F l e x .  A n o th e r  f e a t u r e  was  t h a t  i t  w as  p o s s i b l e  t o

c a p t u r e  a l l  t y p i n g  s e q u e n c e s  i n  a f i l e ,  and  a n o t h e r  o p t i o n  w as  t h e

a b i l i t y  t o  c a p t u r e  a l l  o u t p u t s  f r a *  t h e  M o n i t o r  P rog ram  r u n n i n g  on t h e  

8866  S l n g l e - B o a r d - C o m p u t e r .

A l i s t i n g  o f  t h i s  p r o g r a m  i s  c o n t a i n e d  In App end ix  N, a n d  a l l  t e s t s  o f  

t he  T e s t - H a r d w a r e  w e re  done  u s i n g  t h i s  s e r i a l  co mm un ic a t i o n  p r o g ra m .  The 

l i s t i n g ?  o f  t he  v a r i o u s  t e s t s  in t he  A p pe n d i x ,  nam e ly  App end ix  N an d

A p p en d i x  0 ,  i ;  a c t u a l  t e r m i n a l  s e s s i o n s  c a p t u r e d  b y  t h e  s e r i a l

c o m u n i c & t i o n  p r og ram  i n t o  * f i l e  and  o r i n t e d  l a t e r .

5 . 2 . 2  8886  SIHOLE-BOftRP-COHPirTER

The  8966  S i n g l e - B o a r d -C o m p u te r  w as  a c t u a l l y  an 86 /12A SBC m a n u f a c t u r e d  by  

I n t e l . T h i s  S i n g l e - B o  a rd-Comp u t  e r  i s  a  MULTIBUS c o m p a t i b l e  c o m p u te r  w i t h  

an  8684  m i c r o p r o c e s s o r  a s  t he  ma in  p r o c e s s i n g  e l e m e n t .  The b o a r d  c o n t a i n s  

32K o f  du e l  p o r t e d  RAM and  f o u r  EPROM s o c k e t s  wh ich  can  h o l d  a  v a r i e t y  o f  

EEPRCMS w i t h  t h e  mos t  dens e  b e i n g  2732  EPRChS wh ich  g i v e s  t he  b o a r d  a

maximum c a p a c i t y  o f  14k o f  EPROM. The  b o a r d  a l s o  c o n t a i n s  an 8251A

( P ro g ra im n i b l e  C o m u n ic a t i o n s  I n t e r f a c e ) , an 8253  P IT  ( P r og ra m m i b l e

i n t e r v a l  T i m e r ) ,  an 8255A PPI (P r o g ra m m i b l e  P e r i p h e r a l  I n t e r f a c e ) , an d  an

8259A PIC (P r og ram mi b l e  I n t e r r u p t  C o n t r o l l e r ) ,  Fo r  a mor e  d e t a i l e d  

d e s c r i p t i o n  s e e  t h e  iSBC 84 /12A  S i n g l e - B o a r d -C o m p u te r  HarAva re  R e f e r e n c e  

' f a n u a l  b y  I n t e l  ( 1 9 7 9 ) ,

The  b o a r d  was f i t t e d  w i t h  a M o n i t o r  P rog r am wh ich  co mm un i ca t ed  w l t h  t h e

Mai n - C o n t r o l - C o m p u t e r  o v e r  t h e  S e r i a l  L i n k .  The m o n i t o r  d e s c r i p t i o n  i s

c o n t a i n e d  i n  t h e  iSBC 957A I n t e l l e c  -  iSBC 86/12A I n t e r f a c e  and  E x e c u t i o n

Pa c ka g e  U s e r ' s  Guide  h r  I n t e l  ( 1 P88>. T h i s  i s  a  f a i r l y  s t a n d a r d  m o n i t o r

p r o g ra m  wh ic h  a l l o w s  memory m o d i f i c a t i o n , d i s p l a y ,  s i n g l e  s t e p p i n g  e t c .



The  T e s t - H a r ^ & r e  h a t  t h»  ma in  - fu n c t i o n  a i  ap p ly  I ng  T a s t - P f c t t e r n s  t o  t h e  

Dev I c e - U n d e r - T e s t  a n d  m e a s u r i n g  t he  A c t u a l - R e s p o n s e  a t  t h e  same t i m e . 

Each  p i n  i s  b o t h  a d r i v e r  an d  a  s e n s o r  a t  t h e  s a ne  t i m e .  T he  a c t u a l  l e v e l  

i s  m e a s u r e d  a l l  t h e  t im e  an d  t h e  p i n  can be  d r i v e n  h i g h ,  l ow o r  i n t o  t r i -  

s t a t e  d u r i n g  a p p l i c a t i o n  crt t h e  T e s t - P a t t e r n .  T h i s  me ans  t h a t  a 

p a r t i c u l a r  p i n  c an  be  c h a n g e d  f rom d r i v i n g  t o  s e n s i n g ,  a n d  v i c e  v e r s a ,  

d u r i n g  a t e s t  s e q u e n c e . T h i s  means  t h a t  sy s t e m s  e m p lo y in g  t r i - s t a t e  c an 

be  t e s t e d .  Dual  t h r e s h o l d s  a r e  u s e d  a n d  an o p t i o n a l  l o a d  p u l l s  t h e  l i n e  

t o  t h e  m id d l e  o f  t h e  i l l e g a l  r e g i o n  o f  TTL to  d i s t i n g u i s h  t r i - s t a t e  f r om 

the  h i g h  and l ew  l e v e l s .

The T e s t - H a r d w a r e  e x c l u d i n g  t h e  668d  S t n g l e - B o a r d - C c m p u t e r  c o n s i s t s  o f  

t h r e e  MULTIBUS c o m p a t i b l e  c a r d s .  The  f u n c t i o n s  o f  t h e s e  t h r e e  c o r d s  i s  a s  

f o l l o w s

Ca rd  1 ) M u l t i b u s  I n t e r  f a c e ,  c l o c k  g e n e r a t i o n  an d  c o n t r o l  c i r c u i t r y .

C a r d  2 )  P a t t e r n - I n p u t  an d  f r j t p u t  memory,  l a t c h e s  and  m u l t i p l e x e r s .

Ca rd  3 )  A na lo g  I n t e r f a c e  c i r c u i t r y .

t r

**

C a r d  no (11 c o n t a i n s  t h e  i n t e r f a c e  t o  t he  MULTIBUS. The  c a r d  I s  

c o n f i g u r e d  a s  a s l a v e  c a r d  an d  a p p e a r s  t o  t h e  8 8 Bd S ing l e - Boa ' - d - CoC ip u t e r  

a s  memory an d  1 / 0  p o r t s .  T h e  c l o c k  g e n e r a t i o n  i s  u s e d  t o  c o n t r o l  t he  

urt ioie t i m in g  o f  t h e  T es t - i ' . - i r dva re  a s  t he  s a m p l i n g  an d  p a t t e r n  o u t p u t  mus t  

be  s y n c h r o n i s e d  w i I h  t he  Dev i c e - U n d e r - T e s t .  The  S am pl i ng  c l o c k  can  be  

g e n e r a t e d  i n t e r n a l  I y  i n  t h e  T e s t - H a r d v a r e  o r  c an  be o b t a i n e d  f rom the  

Dev i c e - U n d e r - T e s t . The c o n t r o l  c i r c u  i t r y  c o n t r o l s  t he  O p e r a t i o n a l  Modes 

a nd  h a s  a C o n t r o l - R e g i s t > r  f o r  t h i s  p u r p o s e . A S t a t u s - R e g i s t e r  i s  a l s o  

a v a i l a b l e  t o  r e a d  t h e  p r e s e n t  s t a t e  o f  t he  T e s t - H a r & s a r e . I n c r e m e n t i n g  

t h r o u g h  memory a n d  many  o t h e r  f u n c t i o n s  a r e  h a n d l e d  by  t h e  c o n t r o l  

c i r c u i t r y .

C a r d  no <21 c o n t a i n s  t he  P a t t e r n - I n p u t  and  Ou tpu t  memory a lo n g  w i t h  

l a t c h e s  and  m u l t i p l e x e r s  wh ic h  a r e  c o n t r o l l e d  by  t h e  c o n t r o l  c i r c u i t r y  on 

c a r d  no ( 1 ) .  T h i s  c a r d  a l s o  c o n t a i n s  t he  d i g i t a l  c o m p a r a t o r s  u se d  in 

d e t e c t i n g  t he  T r i g g e r - P a t t e r n  u s e d  i n  t he  L o g i c - A n a ly s e r  Mode .

I



Ca f d  n o  ( 3 )  i s  t he  an&log  i n t e r f a c e  i n d  t i k < s  t h s  p u r e l y  d i g i t a l  s i g n a l s  

f r o m  c a r d  no ( 2 )  and  i n t e r f a c e s  w i t h  t h e  Dev i c e - U n d e r - T e s t . T h i s  c a r d  

c o n s i s t s  m a i n l y  o-f A n a l og  C o m p a r a to r s ,  T r i - S t a t e  d r i v e r s  an d  v o l t a g e  

g e n e r a t i o n  c i r c u i t r y  t o  c o n t r o l  t h e  t h r e s h o l d s .  Dual  T h r e s h o l d s  a r e  u s e d  

in t h e  s e n s i n g  o f  t r i - s t a t e  l i n e s .  Two d i g i t a l  I n p u t s  and  two  d i g i t a l  

o u t p u t s  f r om c a r d  ( 2 )  a r e  co mb in ed  i n  t h i s  c a r d  i n t o  one g e n e r a l  p u r p o se  

I /O  p in  f o r  d r i v i n g  an d  s e n s i n g  h i g h ,  low an d  t r i - s t a t e .  The  t h r e s h o l d s  

c an  be  ch an g e d  f o r  d i f f e r e n t  l o g i c  f a m i l i e s  a s  ne e d e d .

The f u n c t i o n *  o f  t he  T e s t - H a r d w a r e  a r e  d e t a i l e d  i n  t h e  f i g u r e  be l ow  t -

0, -{̂ counter | ^ T im in g  4,

O u tp u t
Memory

1 1 1  
~{>WE1 H£2

f . a ME1 &

HEE "*

4 UEt

UE2 %

l i f
O u tp u t
Me*ory

P a t t e r n
R e t u r n e d U
Memory

r n
1>H1XCTL
m-SP£ED

P H  '

MUX ® 1 LS—

Pattern 
Returned^ 

' f1e*ory
Sr-{: 1

F i g u r e  13 : T e t ( - H a r d w a r e  F u n c t i o n a l  D la g ru n



5 . 3  SYSTEM CONTROL

Thf  v a r i o u s  O p e r a t i o n a l  a n d  Conf i g u n t  i on mod#*  «#i) )  now b e  d i  M u s s e d  

f o l i o w e d  by a d i s c u s s i o n  o f  t h e  C o n t r o l - R t g l M e r , S t * t u s “ R " ^ l s l e r , t h e  

n a p p i n g  o f  t he  P a 1 1 e rn - O u tp u t - M # » o ry  an d  P a t t e r n - I n p u t - M e r i o r y i  f o l l o w e d  

by a  d e s c r i p t i o n  o f  t h e  T r I g g e r - P a t t e r n .

T h i s  g i v e s  a p r o g r a m . ' r -  v i e w p o i n t  o f  t h e  T e s t - S y s t e m .

5 . 3 . 1  MODES OF OPERATION

T h er e  a r e  t h r e e  b a s i c  O p e r a t i o n * !  Modes o f  t h e  7 e s t - H a r d < a r «  and  t h e s e

a r e  a s  f o ! i o w s

1 ) D i g i t a l - T e s t e r  Mode

The T e s t - H i r d w a r e  g o e s  f rom th e  S t a r t  t o  t h e  End o f  t h e

d e d i c a t e d  1 / 0  n e i i o ry  d r i v i n g  t h e  t he  T e s t - P a t t e r n s  a n d  s e n s i n g  

t h e  R e t u r n e d - P a t t e r n s  a t  t h e  same t i n e .  T h i s  reode d o e s  a s i n g l e  

p a s s  o f  t h e  I / O  me no r  y ,  T h i s  reode i s  t h e  no r ma l  node  o f  

o p e r a f i o n  i n  t e s t i n g  a  d i g i U )  c i r c u i t .

2 )  L o g i c - A n a l y t e r  Mode

The T e s l - H a r A f a r e  Keeps L oo p in g  r e p e t i t i v e l y  t h r o u g h  t he

d e d i c a t e d  I /O  memory goingi  f r om the  S t a r t  t o  t h e  End and  t h e n  

r e p e a t i n g  t h i s .  The T e s t - P a t  t e r n s  a r e  d r i v e n  a n d  t he  R e t u r n e d -  

P a t t e r n s  a r e  s e n s e d  t he  who le  t i m e .  A Tr  i g g e r - P a t t e r n  i s  s e t  up 

on t he  T r i g g e r - S w i t c h e s  an d  when t he  R e t u r n e d - P a t t e r n  m a tc h e s  

t h e  T r i g g e r - P a t t e r n  t he  a d d r e s s  o f  t h e  t r i g g e r  i s  c a p t u r e d  in

the  S t a t u s - R e g i s t e r  an d  t he  T e s t - H a r d w a r e  k e e p s  on o p e r a t i n g

f o r  h a l f  t he  memory so  t h a t  h a l f  t he  p a t t e r n s  c a p t u r e d  a r e

b e f o r e , and  h a l f  a f t e r  t he  t r i g g e r  p o i n t .  I n a pu r e  L o g i c -  

A n a l y s e r  a l l  p a t t e r n s  d r i v e n  wou ld  be p u r e l y  t r i - s t a t e ,  mak ing  

a l l  p i n s  p u r e l y  s e n s o r s .  T h i s  mode a I l ows t h e  T e s t - H a rd w a re  t o  

o p e r a t e  a s  a  L o g i c - A n a l y s e r .



3> T r  i g g # r e d  Di g i  t e l - T e e t e r  Mo5$

T h i s  mode I #  t i m i l a r  t o  t h e  D i g i t a l - T e s t e r  Node i n  t h a t  a 

s i n g l e  p a s s  I s  made o f  t h e  d e d i c a t e d  1 /D  memory.  The  ma in  

d i f f e r e n c e  h e r e  I s  t h a t  t h e  s i n g l e  p a s s  i s  o n l y  s t a r t e d  once  a  

P a t t e r n - I n p u t  m a t c h e s  t h e  T r i g g e r - S u i t c h e s .  T h i s  mode w o u ld  be  

u s e d  t o  a p p l y  t h e  T e s t - S t ’mu l us  a n d  c a p t u r e  t h e  A c t u a l - R e s p o n s e  

once  a  c e r t a i n  s t a t e  I s  r e a c h e d .

The a n a l o g  I n t e r f a c e  b o a r d  in  t h i s  c a s e  was  d e s i g n e d  f o r  t he  t e s t i n g  o f  

T f l  c i r c u i t s  w i t h  t h e  o p t i o n  o f  u s in g  t r I - s t a t e  d e t e c t i o n .  The  T e s t -  

Kardware  i s  c o n n e c t e d  t o  t he  a n a lo g  i n t e r f a c e  ‘f i e  » c o n n e c t o r  a n d  I t  

wou ld  be r e l a t i v e l y  e a s y  t o  d e s i g n  a number  o f  d i f f e r e n t  i n t e r f a c e s  w i t h  

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

c o n s i d e r e d  w as  t o  u se  f l i p - f l o p s  f o r  t he  d e t e c t i o n  o f  g l i t c h e s .

The T e s t - H a r A e a r e  w as  r e q u i r e d  t o  o p e r a t e  a t  s p e e d s  o f  up t o  16  MHz and  

f o r  t h i s  p u r p o s e  i t  w as  n e c e s s a r y  t o  do  memory  m u l t i p l e x l n g .  l u i t h  memory 

m u l t i p l e x i n g  s p e e d s  o f  up t o  16 MHz can  be  r e a c h e d  a n d  w i t h o u t  memory 

m u l t i p l e x i n g  s p e e d s  up t o  6  MHz can  be  r e a c h e d .

The m u l t i p l e x i n g  a n d  non-mu 11 i p l e x i n g  modes  co mbi ned  w i t h  t he  d i f f e r e n t  

ways  t h a t  t h e  a n a l o g  c a r d  can  be s e t  up g i v e  4 d i f f e r e n t  C o n f i g u r a t i o n  

N o d es .  T h es e  C o n f i g u r a t i o n  modes  can  be  s e e n  i n  t h e  f o l l o w i n g  t a b l e  ? -

Me mo ry /P m N o . P .n s Max Spee d D e t e c t  S t a t e

3) 32 Bi -  S t a t e

2) 1 6 T r i -  S t a t e

3) Bi -  S t a t e

T r i -  S t * t »

T a b l e  2  $ D i f f e r e n t  C o n f i g u r a t i o n  Modes



The  T e e t - H i r d w a r f  h 4«  * C o f i t r o V S t a t u s - R e g i e t e r  »nd  D e d i c a t e d  1 / 0  Memory.  

Th» C o n t r o l - R e g i s t e r  an d  t h e  S t a t u s - R e g t s t e r  a r e  a t  t h e  seree 1 / 0  P o r t  

A d d r e s s .  Howeve r t h e  C o n t r o l - R e g l e t e r  i s  w r l t l e n  a n d  t h e  S t e t u s - R e g i s t e r  

i s  r e a d .  The  d e d i c a t e d  i / 0  memory c o n s i s t s  o f  P a t t e r n - O u t p u t - M e m o r y  a n d  

P a t t e r n - R e t u r n e d - M e m o r y  an d  t h e s e  two memory b a n k s  a r e  s i m i l a r l y  a t  t h e  

same l o c a t i o n  e x c e p t  t he  one  i s  w r i t t e n  t o  a n d  t he  o t h e r  I s  r e e d  f ro m .  

Both  memory b a n k s  a r e  In t u r n  s p l i t  up i n t o  l ow and  h i g h  b a n k s  an d  t h e s e  

two  b a n k s  have  J i  f i e r e n t  o p e r a t i o n s  d e p e n d i n g  o r  w h e t h e r  memory 

m u l t i p l e x i n g  I s  c h o se n  o r  n o t .  I f  m u l t i p l e x i n g  i s  r!o£ ch ose n  t h e n  e a c h  

bank  s u p p l i e s  14 b i t  w ide  d i g i t a l  1 / 0  g i v i n g  » t o t a l  o-f 32 i n p u t  and  32 

o u t p u t  b i t s .  Unde r  n t n o r y  m u l t i p l e x i n g  t h e  h ig h  an d  low b a n k s  a r e  

a l t e r n a t e d  t o  g i v e  i n c r e a s e d  s p e e d  and  c o n s e q u e n t l y  t he  number o f  i n p u t  

and o u t p u t  b i t s  i s  h a lv e d  g i v i n g  I d  I n p u t s  a n d  I S  o u t p u t s .  Howeve r u n d e r  

mem. '  m u l t i p l e x i n g  t he  m o u n t  o f  memory b e h i n d  e ach  p in  i n c r e a s e s  f r o m  

IK t o  2X.

5 . 3 . 2  CONTRSL-ftSGlSTER

"The C o n t r o l - R v g i s t e r  i s  u s e d  t o  c o n t r o l  t h e  O p e r a t i o n a l  Modes o-f t h e  

T e s l - H a r d w a r e  a*  w e l l  a s  w h e t h e r  memory  n u l t i p l e x i n g  i s  u se d  o r  n o t . The 

v a r i o u s  c o n t r o l  b i t s  a r e  d i s c r i b e d  i n  t h e  T a b l e  be lo w  t -

STCNTR16 8 = No rna l  S t a r t S t a r t  w i t h o u t  T r i g g e r -  

P a t t e r n  m a t c h i n g  i n p u t .  

U nd e f in e d  f o r  CLEAR=9.

1 = S t a r t  on T r i g g e r S t a r t  when Tr f g § # r - P a t  t e r n  

m a t c h e s  i n p u t .

e = C l e a r C l e a r  T es t - H & r d w ar e .

1 = Go R e l e a s e s  C l e a r .

NORMLA 8 = Normal  S i ng !  » S.-an Normal s i n g l e  s c an  mode , an d  

r e s e t  L o g i c - A n a l y s e r  M o d e .

3 = L o g ! c - A n a l y s e r  On Logi  c - A n a l y s e r  mode f o r  

l o o p i n g .

T a b l e  3  i  C o o t r o l - R e g i s t e r  ( C o n t i n u e d  . . . )



1 DHfcb l e  P o t  Edge

1 *  En ab l e  P o t  Edge

No p o s i t i v e  edge  c l o c k i n g .

C l o ck  on  p o s i t i v e  e d g e s .

* D i t a b l e  Neg Edge No n e g a t i v e  edge  c l o c k i n g .

1 =  Enab l e  Neg  Edge Clock  on n e g a t i v e  e d g e s .

= E x t e r n a l  A c c e s s E x t e r n a ]  a c c e s s  o f  memory 

f rom eeed  s e c .  D i s a b l e s  

c l o c k i n g  a t  w e l l ._______________

1 *  I n t e r n a l  A cc es s I n t e r n a l  A c c e s s  -for r u n n i n g  

T e s t - H a r * v a r e .

8 *  Normal Speed N n n - m u 1 t i p l e x e d  men'  a c c e s s .

Hu 1 1 1 p l e xe d  memory

0 *= Enab i  e C l ock 2 D r i v e  A u x i l i a r y  C l o ck  2 .

1 = D i s a b l e  C lo ck  2 T r i - S t a t e  A u x i l i a r y  C lo ck  2 .

0 , 8 , 0  =  S i n g l e

6 , 6 , 1  «= 6 6 . 2 5 NHz

8 , 1 , 0  =  80 .56 MHz

8 , 1 , 1  * 0 1 .0 0 NHz

1 , 6 , 8  =  82 .00 MHz

1 , 6 , 1  = 0 4 .1 8 NHz

1 ,1 ,0 =  68 .0 6 MHz

1 ,1 ,1  = I d . 88 MHz

Speed  o f  C lo ck  2 .  

<Avx i1 l a r y  C l o c k ) .

0 = En ab i e  C l ock l Dr Ive Main Ci ock  I .

= D i s a b l e  C )oc k  1 T n - S t a t e  Ma in  C lo ck  I .

0 , 6 , 8  =  S i n g l e

6 , 8 , 1  = 8 0 .2 5

6 , 1 , 8  =  60 .58

6 , 1 , 1  = 81 .6 0

1 , 6 , 8  =  6 2 . 00 MHz

1 , 8 , 1  = 84 .69 MHz

1 , 1 , 8  =  6 6 .6 6 MHz

1 , 1 ,1  = I d . 88

Spee d  o f  Cl ock 1. 

(Main C l o c k ) .

C lock  Low Unde r S i n g l e  S t e p .

C lo ck  H igh Under  S i n g l e  S t ep

• * 3  ! C o n t r o l - R e g i s t e r



7 h t  S t e t u s - R e Q i s t e r  c o n t * i n *  t h e  p r » * e n t  e t i t e  o f  t h e  T e s t - H a r d n ' i r e  a s  

w e l i  a s  t h e  T r I g g e r - A d d r e s t  when  t h e  mach ine  I s  t r i g g e r e d  u n d e r  t h e  

L o g i c - A n a l y s e r  mo de , The  v a r i o u s  b i t s  a r e  d e t a i l e d  in t h e  T a b l e  be lo w  i -

B i t  15 TRIG STARTED B « S t a r t  FF Of f Under  t r i g g e r e d  s t a r t  t h e  

Te s t -H a rd u i a r e  h a s  n o t  y e t  

t r i g g e r e d .

1 = S t a r t  FF On The H a r dva re  h a s  t r i g g e r e d  

o r  i s  p e r m a n e n t l y  e n a b l e d .

B i t  14 LA TRIGGERED 6 = No T r i g g e r L o g l c - A n a l y s e r  n o t  t r i g g e r e d

1 = T r i g g e r e d L o g i c - A n a l y s e r  h a s  b een  

t r i g g e r e d .

B i t  13 LA FINISHED 9 -  LA F i n  I sh ed L o o i c - A n a l y s e r  h a s  f i n i s h e d  

c o u n t i n g  a f t e r  b e i n g  

t r i g g e r e d .

J *  LA Busy L o g i c - A n a l y s e r  i s  w a i t i n g  

f o r  t r i g g e r  o r  i s  c o u n t i n g  

a f t e r  b e i n g  t r i g g e r e d .

B i t  12 LA CLOCKING 0 = LA S t o p p ed The L o g i c - A n i l y s e r  C l o ck  i s  

s t o p p e d  e i t h e r  b e c a u s e  

f i n i s h e d  o r  no t  in LA Mod e ,

1 = LA C l o c k i n g The L o g i c - A n a ly s e r  i s  

o p e r a t i n g .

B i t  I f CLOCHlb'' 1 6 = No t  C l o c k in g The ma in  c o u n t e r s  w h i c h  

c lo c k  t h r o u g h  memory a r e  

s t o p p e d  a f t e r  s i n g l e  p a s s  o r  

be ca us e  d i s a b l e d .

l  »  C l o c k in g The  ma in  c o u n t e r s  a r e  bu sy  

c l o c k i n g  In s i n g l e  p a s s  o r  

a r e  c o u n t i n g  d u r i n g  LA Mode 

b e f o r e  t r i g g e r .

T a b l e  4  r S t a t u s - R e g i s t e r  ( C o n t i n u e d  . . . I



B i t  i e NXCTL •  «  H igh  Memory A c c e s s i n g  h i g h  memory d u r i n g  

f i u H i p l e c l n g  n o d e .

1 =  Low Memory A c c e s s i n g  Low memory d u r i n g  

m u l t i p l e x i n g  mode ,  o r  n o t  in 

m u 1 1 ip l e x in g  mode  a t  a l ) .

B i t  9 -4 ADDRESS T r I g g e r  A d d re s s A d d re s s  o f  t r i g g e r  u nd e r  LA 

n o d e .  Once t r i g g e r e d  a d d r e s s  

i s  h e l d  i n  t h e s e  b i t s .  The 

a d d r e s s  U  a d d r e s s  o f  16 b i t  

w o rd  w he re  t r i g g e r  o c c u r r e d .

T«b>*  4  i  B t a t u s - R e g i f i t e r

5 . 3 . 4  Pf lTTEW-Oin'P ‘J T MeiQRY

T h e r e  h r*  two b ’ o u t p u t  memory one a t  a d d r e s s  o f f s e t  9B9H above  t he

Memory b a se  v , a n d  t b t  s e c o n d  a t  i d d r t s s  o f f s e t  880H.  In t h e  n o n -

m u l t i p l e x e d  memory a c c e s s  no d e  t h e  Jow b i t s  w e  t a k en  f ro m  t h e  bank  &t 

a d d r e s s  o f f s e t  096H an d  t he  h ig h  o r d e r  b l t s  f r om the  banK » t  a d d r e s s  

o f f s e t  880H, In t h e  » u l U p l e x e d  memory a c c e s s  node  o n l y  t h e  h ig h  b i t s  a r e  

d r i v e n  and t h e y  a r e  t a k e n  f rom th e  I ok b ank  a t  o f f s e t  080H an d  t h e  h ig h  

' . i n k  a t  a d d r e s s  o f f s e t  80BH in  t u r n , b e f o r e  i n c r e m e n t i n g  t h e  c o u n t  t o  t he  

• ' ex t  l o c a t i o n .

Two b i t s  a r e  u s e d  t 

c o n t r o l  s w h e t h e r  tl 

b i t  i s  u s e d  t o  c o n t r

c o n t r o l  t h e  v a lu e  of  t he  o u t g o i n g  s i g n a l , One b i t  

s i g n a l  i s  d r i v e n  o r  In t r i - s t a t e  and  t h e  s e co nd  

w i t h e r  t h e  s i g n a l  i s  d r i v e n  h ig h  o r  l ow.

Unde r t h e  m u l t i p l e x e d  a 

n o n - m u ) t i p l e x e d  mo de .

a lw a y s  r e a d  and  wr i te  

I n t e i  s t o r e s  t h e  wore! 

memory l o c a t i o n ,

t h e r e  a r e  B d i f f e r e n t  d r i v e r s  an d  16 un d e r  t he  

t o  t h e  way  i n  wh ich  memory i s  a c c e s s e d  i t  i s  

a nd  r e a d i n g  f rom the  d e d i c a t e d  I /D  memory t o  

. a : ( w o r d s  on even  b o u n d a r i e s .  As w i t h  t h e  way 

h -  l e a s t  s i g n i f i c a n t  b i t s  a r c  s t o r e d  i n  t h e  low



The  d r i v e r s  t r t  c o n t r o l  l e d  b y  w r i t i n g  w or d s  t o  t h e  P a t  t e rn - O v tp v t - Me roo ry  

u s i n g  t h e  t o r i e a t  d e t a i l e d  In t h e  T ab l e  b e lo w  t -

Tn *  T r i - S t a t e  C o n t r o l  B i t  n 9 *  P u t  P i n  In  T r i - S t a t e  

i  «  D r i v e  p i n  a c c o r d i n g  t o  Vn

Vn ■  D r i v e  C o n t r o l  B i t  n 

.  ...... ................ ...........................................

8 = D r i v e  P i n  Low 

) *  Dr 1ve  P i n  High

T ab l #  5  » O u tp u t  Memory B i t  D e f i n i t i o n s

The  s t r u c t u r e  o f  P a t t e r n - O u tp v t - M e m o r y  can  be  s e en  i n  t h e  T a b l e  be low  s -

S o e e d  =  8 <Non -  H u l t l n l e x e d  Mode)

HIgh A d d re s s

A t  o f f s e t  SeeH ( d e f a u l t  6? 98 6e )

[ 7 u > 1 2 { T » l W n | T i e iV l6 l f ? >  [  | T 1 6 ( v i 6 | 'T 1 5 |v i . 5 ( T 1 4 |V ) 4 |T I 3 | v i 3 |

Sp e e d  «  1 ( H u l t i p l e s e d  Mode)

A t  o f f s e t  088H ( d e f a u l t  6 19 66 8 )  a n d  o f f s e t  B60H ( d e f a u l t  8 :6 6 8 6 )

Low A d d re s s  H igh  A d d re s s

[ • H  |V4  fT 3  |V3~ f i r i V 2 ~ { n ~ | v i  [ )T8 j v 8  |T 7  | v 7  |T 6  | v d " | T 5  ] v 5  |

T a b l e  4  s P a t  t e rn - O u tp u t - M e m or y  S t r u c t u r e



4
i  3 , 3 , 3  W H E K N -R ra f f iN E iH iE H W y

T h e r e  t r a  two b a n k s  o f  I n t p u t  ti#moi*r on# a t  e d d r e s e  o l f t e t  0B8H tbo ve  t h e  

memory b«s- t  a d d r e s s ,  »n r  t h e  s e co n d  &1 a d d r e s s  o f f s e t  8 M H ,  I n  t he  no n -  

m u l U p l e x e d  memory e c c r s t  mode t h e  l ow b i t s  a r e  r e a d  I n t o  t h e  b&nK a t  

a d d r e s s  o f f s e t  880H and  t h e  h ig h  o r d e r  b i t s  t o  t h e  bank  a t  a d d r e s s  o f f s e t  

88BH, I n  t he  m u l t i p l e x e d  memory a c c e s s  mode o n l y  t h e  b l o h  b l t s  a r e  r e a d  

and  t h e y  a r e  p u t  i n t o  t h e  l ow bank  i t  a d d r e s s  o f f s e t  866H a n d  t he  h ig h  

bank  a t  a d d r e s s  o f f s e t  MGH In t u r n ,  b e f o r e  i n c r e m e n t i n g  t h e  co u n t  t o  t he  

n r x t  l o c a t i o n .

"The s e n s e d  s i g n a l  I s  t r s n s f o o w e d  i n t o  two b i t s  o f  I n p u t . I n t h e  T r i -  

S t a t e  d e t e c t i o n  mode t h e r e  v.re two d i f f e r e n t  t h r e s h o l d s  u s e d .  The  High  

t h r e s h o l d  w ou ld  t y p i c a l l y  be  s e t  a t  2 . 4  V o l t s  an d  low t h r e s h o l d  t y p i c a l l y  

a t  6 . 6  V o l t s .  The s e n s e d  s i g n a l  i s  th.*n pul  l e d  v i a  a r e s i s t o r  n e t w ork  

t o  1 . 6  V o l t s  when In t r i - s t a t e . The h ig h  i n p u t  w ou ld  be  t h e  one u s i n g  t h e  

h t g b  t h r e s h o l d  and  t h e  l ow  in p u t  t he  one  u s in g  t h e  l ow  t h r e s h o l d .  The 

t h r e e  s t a t e s  o f  t h e  s e n s e d  s i g n a l  w e  d e t e r m i n e d  by  t he  f o l l o w i n g  T ab l e  i

Low S i g n a l In p u t  High =  6 

In p u t  Ltw «  0

Tr  i - S t a t e  S i g n a l I n p u t  High  =  8 

In p u t  Low =  1

High  S i g n a l I n p u t  High  =  1 

In p u t  Lou = 1

t o  *  I n p u t  H igh B i t  n 8 = Below High T h r e s h o l d  

1 = Above High T h r e s h o l d

Ln *  I n p u t  Low B i t  n 6 »  Be low Lew T h r e s h o l d  

1 ■* Above I  cm T h r e s h o l d

T a t ,? .  ?  , I n p u t  Memory B H  D e f i n i t i o n s

The s t a t e  w h e re  I n p u t  H igh  «= 1 and In p u t  Low = 8  i s  I I  l e g a l .  T h i s  s t a t e  

s h o u l d  n e v e r  o c cu r  i n  p r a c t i c e .  When t he  T e s t - S y s t e m  i s  u s e d  t o  d e t e c t  

B i - S t a t e  t h e n  s w i t c h e s  on t he  An a l og  I n t e r f a c e  Boa rd  S h o r t i n g  t he  two 

i n p u t s  a r e  ope ned  an d  t h e  T h r e s h o l d s  a r e  s e t  t o  t h e  same v a l u e  o f  ab o u t  

i .6  V o l t s .  T h i s  t h e n  g i v e s  you e f f e c t i v e l y  tw ic e  t he  number o f  i n p u t s .



The  o u t p u t s  s t i l l  wo rk  i n  p a i r s  s o  one  o u s t  be  c a r e t u l  I n u s i n g  t h e  8 1 -  

s t k t e  d e t e c t i o n  mode t h e  node  i s  n o t  t s  < u l l y  s u p p o r N d  « s  t h e  T r i -  

S t a t e  d e t e c t i o n  mode .

Under  V->e m u l t i p l e x e d  mode t h e r e  a r e  8  d i f f e r e n t  i n p u t s  a n d  16  un d e r  t he  

non - f i u ;  t i p l e x e d  mode .  Due t o  t h e  way i n  y* i i ch m em ory  i s  a c c e s s e d  i t  i s  

n e c e s s a r y  when u r i t i o g  t o  end  r e a d i n g  f rom t h e  d e d i c a t e d  I /O  n e n o r y  t o  

a lw a y s  r e a d  an d  w r i t e  14 b i t  wo rds  on ev en  b o u n d a r i e s .  As w i t h  t he  way  

I n t e l  s t o r e s  t h e  words - t h e  l e a s t  s l g n H i c a n t r  b i t s  a r e  s t o r e d  in  t h e  low 

memory l o c a t i o n .

The i n p u t s  a r e  r e a d  i n  u s i n g  t h e  s t r u c t u r e  i n  t h e  T a b l e  be low  : -

Sp ee d  *  6 (Hon -  M u l t i p l e x e d  Mode)

High  A d d re s s  

, | u 4 | H i 5 | u s | H 1 4 | u 4 | H l i | L l 3 |

Sp e sd  =  1 { M u l t i p l e x e d  Mode)

At  o f f s e t  000H ( d e f a u l t  8 : 8 6 6 8 )  and o f f s e t  B68H ( d e f a u l t  0 :8 88 6 )

Low A d d r e s s  H igh A d d re s s

] h 3 ~ [ l4 fH3  }L3 |H2 |L 2  |Hj  j l i  | ] hB~}LB |H7 | l7  l H 4 ~ | u  }H5 }l 5 [

T a b l e  8  z P a t t e r n -R e tu r n e d - M e m o r y  S t r u c t u r e



T h t  T r  I g g e r - P a t t ? r o  I t  t » t  up u t- l ng  32  t h r » r  p e t i t i o n  w l  t e h e e .  The  t h r e e  

p o s i t i o n s  a r e  n a m e l y ,  h i g h ,  d o n ' t  c a r e ,  an d  l o w .  The 32  s w i t c h e s  

c o r r e s p o n d  c l o s e l y  t o  t h e  s e n s o r s  i n p u t  t o  t h e  P a t t e r n - R e tu r n e d - M e m o r y .

In  t h e  Non-Mul t i p l e x e d  f iode ( S p e e d  ■= 8 )  a l l  32  s w i t c h e s  c an be  u s e d  in 

s e l e c t i n g  t h e  p a t t e r n .  However  i n  t h e  M u l t i p l e x e d  mode ( S p e e d *  1) o n l y  

t h e  h i g h e r  I d  s w i t c h e s  a r e  u se d ,  I n  t h i s  node  ( S p e e d *  1) t he  l owe r  I d  

s w i t c h e s  r aus t  be  p l a c e d  in t h e  m i d d l e  p o s i t i o n ,  -for d o n ' t  c a r e .

NOTE In  M u l t i p l e x e d  Mode (S p e ed  =  1)  t he  l o w er  16  s w i t c h e s  mus t  be  p u t  in 

t h e  d o n - t c a r e  s t a t e ,

The  T r i g g e r - P a t t e r n  s e t  up  on t h ?  s w i t c h e s  i s  o n l y  o p e r a t i o n a l  In t h e  

L o g i c - A n e l y s e r  mode and  t he  T r i g g e r e d  D i g i t a l - T e s t  Mode . I n  t h e  no rm a l  

D i g i t a l - T e s t  Mode t h e s e  s w i t c h e s  &*e n o t  u s e d  a t  a l l .

Th e  s w i t c h e s  come in  p a i r s  l iK e  t h e  P a t t e r n - R e tu r n e d - M e m o r y  b i t s  w h e re  i n  

T r i - S t a t e  d e t e c t i o n  t he  Upper  b i t  u s e s  t h e  up pe r  t h r e s h o l d ,  an d  t h e  Lower 

b i t  u s e s  t h e  l o w er  t h r e s h o l d ,  I n  B i - S t a t e  d e t e c t i o n  e ach  s w i t c h  

r e p r e s e n t s  a  b i  t .

The  b i t  d e - f i n i t i o n s  a r e  d e t a i l e d  i n  t he  T ab l e  be l ow

Hn =  P a t t e r n  High B i t  n 8 = Be low  High T h r e s h o l d  

1 *  Above  H igh  T h r e s h o l d

Ln *  P a t t e r n  Low S i t  n 8 = Be low Low T h r e s h o l d  

S =  Above  Low T h r e s h o l d

T a b l e  ? i T r i g g e r - P a t t e r n  B i t  D e f i n i t i o n s



Th* s t r u c t u r e  o f  t h e  s w i t c h e s  I s  c o n t a i n e d  i n  t h e  t a b l e  b e lo w .  The  

s w i t c h e s  a r e  l i s t e d  f ro m  l e f t  t o  r i g h t  j u s t  » s  t h e y  a p p e a r  on t he  

T r i g g e r - P a t t e r n  s w i t c h  bo x .

[ m 7 j U  a |H I ^ L I 5 [ m < ( u 7 [ h | 3 I U s ]  f H j 2 |u z l n T i  j i l  t  (H IS |L IB  jHP [ l P |

15 14 13 12 I I  16 P 8 7  4 5 4 3 2  1 8

|H P jL 8 |H 7  ( L7 |H 6 |L 4  [h 5 ~ 1 i.5 ~ [ [h4  [ l 4  | h 3  ] l 3  \H2  } t2  \ x i  | i . l  |

T a b l e  16 « T r i g g e r - P a t t e r n  S t r u c t u r e

5 . 3 . 7  C0KTR0L-RE61STER PRWR4MM1W CODES

T h i s  s e c t i o n  d e a l s  w i t h  t h e  c o d es  s e n t  t o  t he  C o n t r o ) - R e g i s t e r  t o  c o n t r o l  

t h e  T e s t - H a r d e a r e . T hes e  c o d e s  sh o u ld  make i t  e a s i e r  t o  p r o g r  ati t h e  T e s t -  

Ha r dware  w i t h o u t  h a v i n g  t o  work o u t  e ach  b i t  i n  t he  C o n t r o l - R e g i  s t e r .

EXTERNAL ACCESS BY SBC OF TEST-mROUWRE 8JJ6H

CLEAR SEQUENCE OF TEST-HARDWARE 1588H

SETTING L0G1C-ANALYSER OFF

. 16MHz

Edge Sp ee d  = B 7444H 7466H 74EEH

Edge Spe ed  -  6 4C64H 6CEEH

Edges Sp ee d  = B 7C46H 7CEEH

Edge Spee d  = 1 7444H 74EEH

Neg Edge Sp ee d  = 1

Both Edges Spee d  = 1



B e f o r e  t h e  Loqi c -An*]y« -e r  hat-  T r i g g e r e d  g e t  A??7H f rom S t * t u t - - R e g i » t e r . 

A f t e r  t h e  L o g i c - A n a l y t e r  h«B T r i g g e r e d  g e t  C???H i r o n  S t e t u s - R e g i e t e r ,

SETTING DIGITAL-TESTER NODE OFF

1/qMHz 1/ZMHz I MHz 2HHz . , J i h H z

Pos  Edge  Spee d  *  t  5422H 5414K 5466H 5488H 54EEH

Neg  Edge Spe ed  = « 4C22H  4C44H ACUH  4C88H 4CK H

Both  E d g e s  Sp e e d  = 8 5C22H 5C44H 5C66M 5C88H 5CEEH

P o s  Edge Spe ed  = 1 S422H 5444H 5666H  5698H 56EEH

Neg  Edge Sp e e d  =  1 4E22H 4E44M 4E6AH 4E88H 4EEEH

Both  E d g e t  Spee d  = 1 5E22H  5E44H 5E66H 5E88H 5EEEH

SETTING TRJBBERED D161TAL-TESTER MODE OFF

Edge Spee d  = 8 0444H D488H

Edge Spee d  = B CC44H CC83H

Edg es Spee d  = 9 0C4.iH 0C88H

Edge Sp e e d  = 1 S i? ?

Neg Edge Spe ed  = 3 CE2. 4H

Both E dg es Spe ed  = 1 DE22,. t 44H

16MHz

D4EEH

CCEEH

D<SEEH

CEEEH

DEEEH

5 . 4  CONCLUSiCN

The  f u n c t i o n a l  d e s c r i p t i o n  g iv e n  i n  t h i s  ch ip  t e r  s h o u l d  c o n t a i n  

s u f f i c i e n t  i n f o r m a t i o n  t o  en ab l  e p r o g r a m i n g  t he  T e s t - S r s t e n  a s su r a fng  

one Knows how t o  u se  t he  6<$/12A S i n g l e - B o a r d - C o m p u t e r . See App end ix  N an d  

Ap pe nd ix  0  f o r  e xa mp le s  o f  t h e  p rog rammin g .

I n  t h e  e xa m pl e s  I n t h e  App end ix  t he  C o n t r o l  & S t a t u s - R e g i s t e r  w e re  s e t  up 

a t  1 / 0  p o r t  number 180H. Bo th  r e g i s t e r s  oc cupy  t h e  same w ord  l o c a t i o n  

e x c e p t  t h a t  t he  one  I s  w r i t t e n  t o  and  t h e  o t h e r  I s  r e a d  f ro m .  The 

C o n t r o l - R e g i s t e r  i s  w r i t t e n  and  t h e  S t a t u s - R e g i s t e r  I s  r e a d .



The  d e f a u H  s e t u p  f o r  t h e  D e d i c a t e d  I / O  Memory i s  f r o m  l o c a t i o n

e e e e ie e e e H  to  e ee e iO F F F . n e  lo w e r  bank  i s  f r m  e e e e i s e e e  t o  8»*0 >87f f
a n d  t h e  u p p e r  bank  i s  f r o m  9088 t686 f l  t o  8 B6&18FFF. I n  w r i t i n g  a n d  r e a d i n g  

f ro m  th e  d e d i c a t e d  I /O  memory  two t h i n g s  mus t  be Kep t  In m in d .  F i r s t l y

b i t  1® (EXINT) o f  t h e  C o n t r o l - R e g i s t e r  m us t  be  s e t  l ow  f o r  e x t e r n a l

a c c e s s  an d  i n f o r m a t i o n  m u s t  b e  w r i t t e n  and  r e a d  u s i n g  w o rd  t r a n s f e r s  on 

e ven  b o u n d a r i e s .

F u r t h e r  d e t a i l s  a b o u t  t h e  h a rd w a r e  f u n c t i o n s  o f  t h e  T e s t - S y s t e m  d e v e lo p e d  

a r e  c o n t a i n e d  in t h e  n e x t  c h a p t e r .



TECHNICAL DESCRIPTION OP THE TEST-mRCUARE

6 .1  1NTRQ&UCTS ON

*

The  ha rdu i a r e  w i i l  be  d i s c u s s e d  i n  d e t a i l  i n  t h i s  c h a p t e r . The  b a s i c  

p h y s i c a l  l a y o u t  o-f t he  3  b o a r d s  an d  3 c o n n e c t o r s  i s  In t h e  F i g u r e  be l ow  :

T e s t  H a r d w ar e

4 C o m p a ra to r s

f o r  L o g i c  A n a l y s e r  Mode

F i g u r e  14 i Ba s i c  P h y s i c a l  Layou t



-  - I

) N

s a w c

The  T es t -H a rd w &r e  e x c l o d i h g  t h e  8 0 W  S i n g l e - B o a r d - C o n p u t e r  c o n e i s t e  o f  

t h r e e  MULTIBUS c o e i p i t l b l *  c a r d s .  The ^ u n c f i o n *  c f  t b * «  t h r e e  c v d t -  l »  a s

C a r d  1 )  Hu I ( ( b us  I n t e r f i c e ,  c l o c k  g m e n t l o n  a n d  c o n t r o l  c l r c u i t r , v .

Ca rd  2 )  P a t t e r n  I n p u t  an d  O u t p u t  memory , l a t c h e s  an d  m u l t i p l e x e r s .

C a r d  3 )  A n a l o g  I n t e r f a c e  c i r c u i t r y .

T h e r e  a r e  t h r e e  ccsnnec 

c o n n e c t o r .  The  f u n c t i o

>r s u t e d  t o  J o i n  t he  c a r d s ,  e x c l u d i n g  t h e  MULTIBUS 

; o i  t h e s e  t h r e e  c o n n e c t o r s  I t  a s  f o l l o w s

B

C o n n e c t o r  1)  T im in g  an d  C o n t r o l  C o n ne c t o r .

C o n n e c t o r  2 )  D i g i t a l  I / O  C o n n e c t o r .

C o n n e c t o r  3) A n a l og  I /O  C o n n e c t o r .

T he se  c a r d s  an d  c o n n e c t o r s  w i n  now be  d e s c r i b e d  in g r e a t e r  d e t a i l  in 

t h i s  C h a p t e r .  The d e t a i l e d  c i r c u i t  d i a g r a m s  a r e  c o n t a i n e d  i n  App end ix  A,  

a nd  w i l l  no t  be  fo u n d  i n  t h i s  C h a p t e r .  The d i s c u s s i o n  w i l l  no t  d e s c r i b e  

t h e  f u n c t i o n  o f  e ac h  an d  e v e r y  g a t e  a s  t h i s  c an  be  o b t a i n e d  f ro m  the  

c i r c u i t  d i a g r a m ,

The  T e s t - H a r d w a r e  c o n s i s t s  o f  4 ou r  m u l t i b u s  s i z e  b o a r d s ,  o-f w h i ch  one  I s

an 8686 S i n g l e - B o a r d - C o m p u t t r  whose  f u n c t i o n  I t  i s  t o  c o n t r o l  t h e  o t h e r

b o a r d s  w h i ch  a r e  d e d i c a t e d  b o a r d s  t o  t he  T e s t - H a r d w a r e . The b a s i c

f u n c t i o n  o f  t he  T e s t - S y s t e m  a s  d e s c r i b e d  e a r l i e r  I s  t o  o u tp u t  a n d  i n p u t

p a t t e r n s  a t  h ig h  s p e e d .  The T e s t - S y s t e ro  i s  c o n t r o l l e d  by u se  o f  a

C o n t r o l - R e g i s t e r  and  S t a t u s  i s  r e t u r n e d  v i a  a S t a t u s - R e g i s t e r . The  

D e d i c a t e d  I /O  memory l o o k s  H K e  memory t o  t h e  S i n g l e - B o a r d - C o m p u t e r .

66



7h#  f u n c t i o n fc l  d i a g r a m  o< t h t  T t s t - K a r & n r e  i s  i n  t h e  F i g u r e  be low

4,  T i m i n g  j .

Memory

WEI

4 > m  m

F i g u r e  15 : T e s t - H t r t W r *  F u n c t i o n * )  D l i p r w

In t h e  f i g u r e  abov e  t he  s i g n a l  c a l l e d  "C loc k"  i s  t he  s i g n s !  u s e d  t o  

c o n t r o l  when t h e  T e s t - P a t  t e r n s  s h o u l d  be a p p i i e d  an d  t he  R e t u r n e d -  

P a t t e r n s  r e a d .  T h i s  ' C l o f V  s i g n a l  c an be  d r i v e n  by  t he  D e y i c e - U n d e r - T e s t  

o r  by  t he  T e s t - H a rd w a re  i t s e H .  I t  i s  p o s s i b l e  t o  o u tp u t  and  s amp le  on 

t he  P o s i t i v e  E d g e , t he  N e g a t i v e  E dge , o r  Both  P o s i t i v e  an d  N e g a t i v e

The T im in g  shown in  t he  up p e r  r i g h t  c o rn e r  i $ u s e d  t o  s p e c i f y  t h e  o r d e r  

in wh i ch  e v e n t s  t a k e  p l a c e .  The c a s e  o f  sp e e d  =  B i s  t he  no rm a l  non 

n w l t j p l e x e d  memory a c c e s s  n o d e , f o r  l ower  s p e e d s .  The c a s e  o f  sp e e d  = 1 

i s  t h e  m u l t I p i e x e d  iwmory a c c e s s  mode , f o r  v e r y  h ig h  s p e e d s .  The o r d e r



eH o p e r a t i o n s  i s  v e r y  im p o r t a n t  t o  t h e  f u n c t i o n  o f  t h e  T e e t - S y s t e m  an d  

t h i s  t i m i n g  i s  c o n t r o l U d  by  t h t  c l o c k  g e n e r a t i o n  c l r c u i t h y .

The  v ; . '*?»»»» p h a s e s  v i }) now be  d e s c r i b e d  i n  g r e a t e r  d e t a i l  : -

T h i s  c l o c k  p u l s e  L a t c h e s  t he  i nc o mi ng  d a t a  i n  f o r  Bank I a nd  i n c r e m e n t s  

t h e  C o u n t e r  u s e d  t o  co u n t  t h r o u g h  t h e  d e d i c a t e d  I /O  memory in t h e  T e s t -  

H a rdw&r e . The  R e t u r n e d - P a t t e r n s  a r e  l a t c h e d  i n  b e f o r e  t h e  o u t g o i n g  

p a t t e r n s  a r e  c h an ge d  t o  a v o id  t h e  p r o b l e m  o f  r e a d i n g  a  c h a n g i n g  s i g n a l .

I
T h i s  c l o c k  l a t c h e s  t h e  o u t g o i n g  p a t t e r n s  f r on t  t he  Pa t  t e rn ~ 0 u tp v t - M e m o ry  

o f  Bank i so  t h a t  t h e  v a l u e s  a r e  p a s s e d  a l o n g  t o  t h e  A n a l o g  I n t e r f a c e

<3

T h i s  c l o c k  l a t c h e s  t he  c o u n t  t h r o u g h  t o  Bank 1 P a 1 1 e rn - O v tp u I - M e no ry  an d  

P a t t e r n - R e t u r n e d - H e m o r y  once  i t  h a s  been  i n c r e m e n te d ,

WE?

T h i s  s i g n a l  g oe s  lew t o  w r i t e  t h e  R e t u r n e d - P a t t e r n  i n t o  t h e  Bank 1 o f  

P a t  t e rn - R e tu r n e d - M e m o ry .  The R e t u r n e d - P a t t e r n  h a s  a l r e a d y  been  l a t c h e d .

T h i s  c l o c k  p u l s e  L a t c h e s  t he  i nc om in g  d a t a  in  f o r  Bank 2 .  The  R e t u r n e d -  

P a t t e r n s  a r e  l a t c h e d  i n  b e f o r e  t he  o u t g o i n g  p a t t e r n s  a r e  c h an g e d  t o  s t o p  

t h e  p r o b l e m  o-f r e a d i n g  a c ha n g in g  s i g n a l .

*2

T h i s  c l o c k  l a t c h e s  t he  o u t g a i n g  p a t t e r n s  f r om the  P a t t e r n - O u t p u t - M e m o r y  

o-f Bank 2 so  t h a t  t he  v a l u e s  a r e  p a s s e d  a lo n g  t o  t he  A n a l og  I n t e r f a c e



T *

a m ;

T h i t  d o c k  1 i t c h e s  t h»  c o u n t  I h ro u gh  t o  B*nk 2  P a t t e r n -O u tp u t - M e t* o r y  an d  

P a t t e r n - S e t u r n e d - M e m o r y  on ce  i t  h a s  b een  i n c r e m e n te d ,

T h i s  s I g n  a I g o e s  l ow t o  w r i t e  t h e  R e t u r n e d - P a t t e r n  i n t o  t h e  Bank 2  o  

P a t t e r n - R e t u r n e d - M e m o r y , The R e t u r n e d - P a t t e r n  h a s  a l r e a d y  been  l a t c h e d .

The d e d i c a t e d  T e s t - H a rd w a re  f t  b u f l t  on t h r e e  s e p a r a t e  b o a r d s  an d  t h e  

f u n c t i o n s  o f  t h e s e  t h r e e  b o a r d s  w i l l  now be  d e s c r i b e d  i n  t h e  f o l l o w i n g

6 . 3  MULTIBUS INTERFACE AND CCHTRQL BOARD ( C a rd  1)

Ca rd  no ( 1 )  c o n t a i n s  t h e  i n t e r f a c e  t o  t he  MULTIBUS, The  c a r d  i s  

c o n f i g u r e d  a s  a  s l a v e  c a r d  and  a p p e a r s  t o  t he  8883 S i n g l e - B o a r d -C o m p u te r  

a s  memory and  I /O  p o r t s .  The  c l o c k  g e n e r a t i o n  i s  u s e d  t o  c o n t r o l  t he  

w h o le  t i m in g  o f  t he  T e s t - H a rd w a r#  a s  t he  s a m p l i n g  and  p a t t e r n  o u t p u t  mus t  

be  s y n c h r o n i s e d  w i t h  t h e  Dev i c e - U n d e r - T e s t , S a m p l i ng -C lo ck  can  be 

g e n e r a  l e d  i n t e r n a l l y  in t h e  T e s t - H a rd w a re  o r  c an  be o b t a i n e d  f ro m  the  

O e v i c e - U n d e r - T e s i ,  The c o n t r o l  c i r c u i t r y  c o n t r o l s  t he  O p e r a t i o n a l  Modes 

and  h a s  a C o n t r o l - R c g i s t e r  f o r  t h i s  p u r p o s e . A S t a t u s - R e g i s t e r  i s  a l s o  

a v a i l a b l e  t o  r e a d  t he  o r e s e n t  s t a t e  o f  t he  T e s t - H a r d w a r e . I n c r e m e n t i n g  

t h ro ug h  memory an d  many o t h e r  f u n c t i o n s  a r e  h a n d l e d  by  t h e  c o n t r o l  

c I r c u i t r y .

The MULTIBUS i n t e r f a c e  c i r c u i t r y  d oe s  t he  d e c o d in g  an d  i n t e r f a c i n g  t o  t h e  

T e s t - H a r d w a r e  on t h '  t h r e e  b o a r d s .  The  o t h e r  two b o a r d s  o n l y  t a k e  power



o-ff MULTIBUS a n d  do  n o t  i n t e r f a c e  t o  t h e  b u s  a t  e u c h .  The MULTIBUS 

I n t e r f & c *  m ik e s  t h e  T e s t - H a r d w i r e  l o ok  l i k e  a  SLAVE b o i l ' d  w i t h  a  bank  o f  

memory a n d  a C o n t r o l / S t i t u s - R e g i t i e r  a t  a  p o r t  a d d r e s s .

The  T r a n .  Acknowl e dge  t l g n a l  /XACK I s  g e n e r a t e d  by t h e  MULTIBUS 

I n t e r f a c e  and  »he  w e f t i n g  t i n e  I t  w i t c h  s e l e c t a b l e .  The  b a s e  a d d r e s s  o4 

t h e  C o n t r o l / R p y i b t e r  a n d  t h e  d e d i c a t e d  1/f)  roemorz k r#  a H o  w i t c h

s e l e c t a b l e .

The  t w i t c h e s  a r e  c o n t a i n e d  in Ihrnr e 8  s w i t c h  du a l  i n  l i n e  p a c k a g e s  a t

l o c a t i o n s  3 4 ,  23  and  12  on t h e  b o a r d .  T h es e  24 s w i t c h e s  c o n t r o l  t h e  ba se

a d d r e s s e s  a nd  t h e  T r a n s f e r  a cK ncu l e dge  w a i t .

The s w i t c h e s  a r e  nu mbered  a c c o r d i n g  t o  t h e i r  p o s i t i o n  on t h e  c a r d  a s

shown in t he  t a b l e  b e lo w  t -

— Card  Edge  — 

A ( 34 )  B (23 ) C <12>

| l  2 3  4 5 6 :• bJ $1 2 3 4 5 6 7 e | J 2 3 4 5 4 7 8j

T a b l e  11 « Sw i t ch  Nu mber ing

The  d H a u l t  s w i t c h  p o s i t i o n s  -for t he  m em ory  a t  8 iB666H -> 

C o n t r o l / S t a t u s - R e g i s t e r  a t  108H i s  i n  t h e  T a b l e  be low

9 i8FFF  and  t he

A (3 4 )  B ( 23 )

| e g e e e e e e |  | i  ) ) e e e e i j e e e e i 0 e el

8 =  C l o se d

1 = Open



Memory Bate A ddress

The D e d i c a t e d  I / D  Memory b a se  a d d r e s s  c an  be  s e t  up f o r  a  14 a d d r e s s  b i t  

o p t i o n  o r  a  20 a d d r e s s  b i t  o p t i o n .  Fo r  16 a d d r e s s  b i t  o p t i o n  s w i t c h  84 

mu s t  be  o p e n ,  an d  '..1 o s e d  -for a  26 a d d e s s s  b i t  o p t i o n .  U i t h  a  16 a d d r e s s  

b i t  o p t i o n  t h e  u p p e r  f o u r  a d d r e s s  b i t s  a r e  I g n o re d .

When a d d r e s s i n g  t h e  D e d i c a t e d  I /O  memory t h i s  m us t  be  done  by  a d d r e s s i n g  

16 b i t  w o rd s  a t  even  b o u n d a r i e s .

The b a s e  a d d e s s  I s  s e t  up a c c o r d i n g  t o  t h e  f o l l o w i n g  T ab l e

B4 =  open  f o r  16 a d d r e s s  b i t s  

=  c l o s e d  f o r  20 a d d r e s s  b i t s

/ADR13 -> Cl 0 = C l o se d

/ADR!2 - )  C2 1 *  Open

/ADR11 -> C3 f o r  /ADR

/A 0RI 6  -> C4

/ADR F -> C5 0 = Open

/ADR E -> C6 1 ■= C l ose d

/ADR D ->  C7 f o r  ADR

/ADR C ->  C8

/ADR i s  i n v e r t e d  ADR a i t  a p p e a r s  on t h e  bu s .

T a b l e  13  f D e d i c a t e d  I /O  Memory Base  A d dr e s s

C o n t r o l / S t a t u s - R e g l s t e r  A dd re s s

The  C o n t r o l / S t a t u s - R e g i s t e r  a d d r e s s  c a n  be  s e t  up f o r  an 8  b i t  p o r t  

a d d r e s s  o p t i o n  o r  a  12 b i t  p o r t  a d d r e s s  o p t i o n .  F o r  an 8  b i t  p o r t  a d d r e s s  

o p t i o n  s w i t c h  A1 mus t  be open  and  c l o s e d  f o r  a  12 b i t  p o r t  a d d r e s s  

o p t i o n .  U i t h  an 8  b i t  p o r t  a d d r e s s  o p t i o n  t he  up p e r  f o u r  a d d r e s s  b i t s  a r e  

I g n o re d ,



Th e  C o n t r o l / S t a t u s - R e g i s t e r  I s  t  16 b i t  r e g i s t e r  and  a s  su ch  i s  l o c a t e d  

a t  an e v e n  a d d r e s s ,  Tn t  l ow o r d e r  b y t e  I s  a t  t h e  even  a d d r e s s  an d  t he  

h i g h  o r d e r  b y t e  a t  t he  od d  a d d r e s s .

The a d d e s s  i s  s e t  up a c c o r d i n g  t o  t h e  t o ! l o w i n g  T ab l e

A1 *  op en  f o r  8  a d d r e s s  b i t s  

*  c l o s e d  f o r  12 a d d r e s s  b i t s

/ADR B ->  65 8 =  Cl o se d

/ADR A 66 1 *  Open

/ADR 9  ->  B7 f o r  /ADR

/ADR 8 - )  88

/ADR 7 ->  A2 6 =  Open

/ADR 6 ->  A3 1 = C i o se  d

/ADR 5  ->  A4

/ADR 4  - )  A5

/ADR 3  - )  Ad

/ADR 2  -> A7

/ADR J - )  AB

/ADR i s  i n v e r t e d  ADR as  i t  a p p e a r s  on t h e  b u s .

T a b l e  14 : C o n t r o l / S t a t u s - R e g i s t r r  A d d re s s

T r a n s f e r  Acknowledge  U a i t

The T r a n s f e r  Acknowledge  /XACK w a i t  i s  s w i t c h  s e l e c t a b l e .  The w a i t  i s  

f r m  t h e  t ime  t h a t  t h e  S l av e  b o a r d  i s  a d d r e s s e d  t o  t he  t im e  t h a t  i t  i s  

r e a d y  f o r  t h e  t r a n s f e r  t o  t a k e  p l a c e .  T h i s  a l l o w s  b o a r d s  o f  v a r y i n g  

s p e e d s  t o  a c c e s s  t he  b u s .  The  w a i t  s t a t e  may be ch anged  f rom 1 Clock  

c y c l e  t o  R c l o c k  c y c l e s  on t h i s  i n t e r f a c e .  The  c l o c k  c y c l e s  r e f e r r e d  t o  

a r e  t h e  /CCLK  s i g n a l  on t he  MULTIBUS.



The  i*e11 S t a t e s  may be  s e t  up  mi c o r d i n g  t o  t h e  f o l l o w i n g  T ab l e  ( -

C , » . d C , « « , C l o se d 1 C lock  Cyc l e

Cl o se d Cl o se d Open 2  C l o ck  C y c l e s

C l o s e d Open Cl os ed 3  C lock  Cy c l e s

C l o s e d Open Open 4  C lock  C y c l e s

Open C l o se d C l o se d 5  C lock  Cy c l e s

Open Cl o se d Open 6  C lock  C y c l e s

Open Open C l o se d 7  C lock  Cy c l e s

Open Open Open 8  C lock  C y c l e s

T ab l e  15 i W a i t  S t a t e  Sw i t ch  S e l e c t ) ;

i n f o r m a l i o

d i s c u s s i o n  on t he  

' c i r c u i  t  d i a g r a m

MULTIBUS i 

i n  Append ix

Fo r  more 

t h e  I n t e l

on MULT t BUS.

6 . 3 . 2  CLOCK AND TIMING COhfTROL

The  c l o c k  and  t i m i n g  c o n t r o l  c i r c u i t r y  h a s  t he  f u n c t i o n  o f  t i m i n g  a l l  t he  

c i r c u i t s  i n  t he  T e s t - H a r d w a r e . I t  i s  n e c e s s a r y  t o  O u t p u t  f r om the  

P a t t e r n - O u t p u t - H e m o r y  and  i n p u t  i n t o  t he  P a t t e r n - R e tu r n e d - M e m o r y  a t  

p a r t i c u l a r  i n t e r v a l s ,  T h i s  s a m p ! in g  i s  c o n t r o l l e d  b y  t h e  M a in - S a m p l i n g -  

C lo ck  s i g n a l  wh i ch  can  e i t h e r  be  i n p u t  f r o n  t he  D e v i c e - U n d e r - T e s t  o r  i t  

c an  be  d r i v e n  by  t he  T e s t - H a r d w a r e  a t  s p e e d s  f rom 8 . 2 5  MH: up t o  16MHz.

Th e  d r i v i n g  and  s e n s i n g  o f  p a t t e r n s  c an  t a ke  p l a c e  on t h e  P o s i t i v e  Edge ,  

on  t he  N e g a t i v e  Edge ,  o r  on Bo th  Edges  o f  t h i s  C lo ck .  Thes e  f a c t o r s  a r e  

s e t  by  t h e  C o n t r o l - R e g l s t e r  wh ic h  i s  d e t a i l e d  in t he  p r e v i o u s  c h a p t e r .

T h e r e  i s  a  M a in - S a m p l i n g - C lo c k , t h a t  c o n t r o l s  t he  s a m p l i n g ,  an d  an 

A u x i 1 i a ry ~ S « m p l in g -C lo c k  w h ic h  can  be  u se d  f o r  v a r i o u s  p u r p o s e s .  The  

A u x i 1 i a r y - S a m p l i n g - C l o c k  i s  s e p a r a t e l y  p r o g ra w n ib l e  f r c r a  t h e  Ma i n -



Samp I i n g - C lo c k  a n d  can  i t l eo  ru n  -from 6 . 2 3  MHz up t o  16 MHz. The two 

c l o c k s  i r e  howev e r  m u l t i p l e *  o f  o n e  t o o t h e r , t s  t h e y  e r e  d e r i v e d  •from the  

fam e  s o u r c e ,  Th i % f &c t  may be  v e r y  u t e f u l  H  you  wan  I a  f a t t e r  c l o c k  t o  

d r i v e  t h e  O e v i c e - U n d e r - T e s t  a nd  o n l y  w an t  t o  s am p le  a t  t a y  one  t i x t * e n t h  

o f  t h i s  c l o c k  s p e e d .

To d r i v e  a n d  s e n s e  a t  14MHz, i n t e r n a l  t i t l i n g  w as  c o n t r o l l e d  by  a  67MHz 

c l o c k ,  w h i ch  was  o b t a i n e d  by u s i n g  a p h a se  l o c k e d  l o o p  a n d  a C r y s t a l  

o s c i I l a t e r .

T h e n  e r e  two b a s i c  i nodes o f  o p e r a t i o n  o f  th e  T e s t - H a r d w a r e  namel y  

m u l t i p l e x e d  a n d  non  m u l t i p l e x e d  memory a c c e s s .  Under  m u l t i p l e x e d  memory 

a c c e s s  t h e  a c c e s s  t o  t he  memory ba n k s  i s  I n t e r l a c e d  an d  t h i s  r e s u l t s  in 

f a r  h i g h e r  s p e e d s .  An o f f s h o o t  o f  t h i s  I s  t h a t  t h e  number o f  I /O  l i n e s  i s  

h a l v e d  and  t h e  memory b e h i n d  each  I /O  p in  i s  d o u b l e d ,  Unde r  non  

m u l t i p l e x e d  a c c e s s  bo th  b a n k s  work  t o g e t h e r  and t h e  number  o f  I /O  l i n e s  

i s  d o u b l e  t h a t  o f  t he  m u l t i p l e x e d  a c c e s s .
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Sp ee d  *  % ( N o n - M u ) t i p ) e x e d )

T h i s  i s  t h e  non mv? t i p i e x e d  a c c e s s  mo de , The number o-f I /O  p i n s  I s  do ub l e  

t h a l  o f  t he  m u l t i p l e x e d  raode i n d  t h e  memory b e h in d  e ac h  p i n  i s  h a l t .  

Under  t h i s  mode b o t h  ba n k s  1 and  2 o p e r a t e  t o g e t h e r .  The  n u l t i p l e x e r  

c o n t r o l  s i g n a l  MXCTL r e m a i n s  h i g h  an d  t he  c lo c k  s i g n a l s  g e n e r a t e d  a r e  in 

sy nc  f o r  t h e  two b a n k s .  T h i s  mode i s  u s e d  f o r  no rma l  s p e e d s  up t o  

abou t  8  MHz.

Fo r  t h i s  mode SPEED r e m a i n s  low an d  MXCTL r e m a in s  h i g h ,

The  t i m i n -) d i a g r a m  f o r  t h i s  mode can  be  s e en  in t h e  F i g u r e  be lo w  t -  

+ve  E dge  C l o c k  { From C .U .T .  {___________________

Bank 1 Controls

Bank 2  C o n t r o l s

"j L a t c h  I n  D a t a  & I n c  C o u n t e r  | {_

[ l a t c h  O u t D»fca

—I  ) t - a t c h  Coun t  Th rough

W r i t e  D a t a  t o  Memory

L a t c h  I n  D a t a

e ,  I j L a t c h  Ou t  D a t a  i j )

e ,  i j  l l a t c h  Co u n t  T h ro u g h  i 1 1

] W r i t e  D a t a  t o  Memory (~~

F i g u r e  I d  s Sp e e d  6 T in t i ng  D iag ram ( N o n - M u l t i p l e x e d )



S p i e d *  1 ( M u l t i p l e x e d )

T h i s  I s  t h e  m u l t i p l e x e d  a c c e s s  mode . The number o f  I /O  p i n s  i s  ha W  t h a t  

o4 t h e  non-mu 11 1 p 1e x e d  mode and  t he  memory b e h in d  e ach  p i n  I s  d o u b l e .  

Under  t h i s  mode b o th  ba n k s  1 an d  2  o p e r a t e  a l t e r n a t i v e l y  on each  s a m p l i n g  

edge  so  t h a t  e ach  h a s  s u f f i c i e n t  t ime  t o  w r i t e  and  r e a d  f ro m memory.  The 

m u l t i p l e x e r  c o n t r o l  s i g n a l  MXCTl o s c i l l a t e s  d e p e n d in g  on wh ich  bank  i s  

b e i n g  u s e d  f o r  e ac h  s am p le  and t h e  c lo c k  s i g n a l s  g e n e r a t e d  a r e  o u t  o f  

sync  f o r  t h e  two b a n k s .  T h i s  mode i s  u s e d  f o r  h i g h  s p e e d s  o f  up t o  ab o u t

The t i m i n g  d i a g ra m  f o r  t h i s  mode can be s e en  In t h e  F i g u r e  be l cw

♦ve  Edge C l o c k

MXCTL

Bank 1 C o n t r o l s

0 . —  

0 '

F r o *  0 . U T .

[ l a t c h  I n  D a t a  & I nc  C o u n t e r

| | l _ a t ch  Ou t  Da t a

03 | [ l a t c h  Co u n t  T h r ou gh

Bank  2 C o n t r o l s

e ,

j U r i t e  Da t a  t o  Memory

L a t c h  I n  D a t a — 1
L a t c h  Ou t  Da t a 1 1

& , L a t c h  Cou n t  Th ro ug h

WE2 W r i t e  D a t a  t o  Memory
_
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4 . 3 . 3  ADDRESSING AND MODE CONTROL

T h l s  s e c t I o n  o f  t h e  c i r c u i t r y  i s  u se d  t o  c o n t r o l  t he  T es t - H i r c h aa re  and  

a d d r e s s  t h e  d e d i c a t e d  I /O  memory.  T h e r e  i s  a  C o n t r o l - R e g : s t e r  an d  a 

S t a t u s - R e g l s t e r  In t h i s  c i r c u i t r y .  The f u n c t i o n s  o f  t h e s e  r e g i s t e r s  i s  

d e s c r i b e d  i n  t he  p r e v i o u s  c h a p t e r .

The  ma in c o u n t e r  In t h i s  c i r c u i t r y  I s  u s e d  t o  a d d r e s s  t he  d e d i c a t e d  I /O  

memory and  t h i s  c o u n t e r  i s  I n c r em en te d  w h i l e  t h e  T e s t - H a rd w a re  i s  

o p e r a t i o n a l  so  t h a t  e ach  p a t t e r n  i s  f e t c h e d  f ro m a new memory l o c a t i o n  

an d  t he  R e t u r n e d - P a t t e r n s  s t o r e d  In a new memory l o c a t i o n .  The a d d r e s s  

f r om  t h i s  c o u n t e r  i s  a l s o  f e d  t h r ou gh  a  m u l t i p l e x e r  wh ic h  i s  u s e d  t o  

s e l e c t  w h e t h e r  t he  a d d r e s s  sh o u l d  come f rom th e  c o u n t e r  o r  f r om MULTIBUS,

T h e r e  i s  a n o t h e r  c o u n t e r  wh ic h  i s  u se d  i n  t h e  L o g i e - a n a l y s e r  mode when 

t h e  T r i g g e r - P a t t e r n  m a tc h e s  t he  p r e s e n t  a d d r e s s  i s  l a t c h e d  in t he  S t a t u s -  

R e g l s t e r  an d  t h i s  c o u n t e r  i s  s t a r t e d .  Once t h i s  c o u n t e r  h a s  c o u n t e d  t o  

h a l f  t he  a v a i l a b l e  memory i t  d i s a b l e s  t he  ma in  c o u n t e r , T h i s  e f f e c t i v e l y  

g i v e s  h a l f  t h e  memory b e f o r e  t he  t r i g g e r  p o i n t  an d  h a l f  a f t e r  t h e  t r i g g e r

The  ma in c o u n t e r  u s u a l l y  t e r m i n a t e s  a t  t e r m i n a l  co u n t  d u r i n g  norma l 

o p e r a t i o n  mo d e . I n  L o g i c -A n a ly se r  mode t h e  ma in  c o u n t e r  ke ep s  c o u n t i n g  

u n t i l  s t o p p e d  by  t h e  L og i c -A n a ly se r  c o u n t e r .

A n o th e r  f e a t u r e  of  t h i s  c i r c u i t r y  i s  t he  a b i l i t y  t o  s u p p o r t  t he  t r i g g e r e d  

t e s t  mode w h ic h  means  no rma l t e s t i n g  commences when t he  T r i g g e r - P a t t e r n  

m a t c h e s  t h e  R e t u r n e d - P a t t e r n .

T h e r e  i s  s u p p o r t  f o r  a  manua l t r i g g e r  so  t h a t  i t  i s  p o s s i b l e  t o  i g g e r  

t h e  L o g l c - A n a l y s e r  o r  s t a r t  t he  T e s t e r  u n d e r  T r i g g e r e d  T e s t e r  Mode 

w i t h o u t  t h e  T r i g g e r - P a t t e r n  m a tc h i n g .
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Ca rd  no  ( 2 )  c o n t a i n s  t h e  P a t  t e rn - i n p u t - M e r s o r y  and  P i t  t a r n - O u t  pu t -Ma mory

a lo n g  w i t h  1 i t c h e s  an d  m u l t i p l e x e r s  wh ic h  a r e  c o n t r o l l e d  by t h e  c o n t r o l

c i r c u i t r y  on c a r d  no ( 1 ) ,  T h i s  c a r d  a l s o  c o n t a i n s  t he  d i g i t a l  c o m p a r a t o r s  t<:‘

u s e d  i n  d e t e c t i n g  t he  T r I g g e r - P a t t e r n  u s e d  i n  t he  L o g i c - A n i l y s e r  Mode .

The t i m i n g  i s  a l l  h a n d l e d  by  c a r d  I and  h i s  been  d i s c u s s e d  e a r l i e r .  Th e r e

a r e  t o u r  b a n k s  o f  memory a s  shown in  F i g u r e  15 .  These  f o u r  b a n k s ,  na me ly

P a t  t e rn - O u tp u t - M e m o ry  bank  I and  2 ,  and  Pa t  t e r n - R e  t u r n  ed -he mor y  bank  1

and  2 a r e  on t h i s  c a r d  a lo n g  w i t h  t h e  m u l t i p l e x e r s  u se d  in t h e  memory | : .

m u l t i p l e x i n g .

T r i - S t  a t e  d r  i v e r s  a r e  a l s o  on  t h i s  c a r d  an d  c o n n ec t  t h e  memory t o  t he  

MULTIBUS i n t e r f a c e  s o  t h a t  t h e  S i n g l e - B o a r d -C o m p u te r  c an w r i t e  t he  

O u t p u t - P a t t e r n s  and  r e a d  t he  R e t u r n e d - P a t t e r n s .

The  t r i g g e r  g e n e r a t i o n  c i r c u i t r y  on t h i s  c a r d  c o n s i s t s  o f  f o u r  B b i t  

c a s c a d e d  d i g i t a l  c o m p a r a t o r s  an d  t h i s  c i r c u i t r y  i s  t o t a l l y  a sy n c h r o n o u s  

so  t h a t  t h e  t r i g g e r  m a t c h i n g  can have a v e r y  s h o r t  m a t c h i n g  t i m e ,  

r e l a t i v e  t o  t h e  s a m p l i n g  t im e .

The  RP*1 u s e d  on t h i s  c a r d  i s  h i g h  sp e e d  s t a t i c  RAM w i t h  an a c c e s s  t im e  o f  

l e s s  t h a n  188 n s ,



Ca r d  n o  <3)  i s  t h#  a n a l 09 i n t e M a c e  and  t a k e s  t h e  p u r e l y  d i g i t a l  s i g n a l s  

f r o m c a r d  no  <2> and  i n t e r f a c e s  w i t h  t h e  D e v i c e - U n d e r - T e s t .  T h i s  c a r d  

c o n s i s t s  m a i n l y  o f  A na lo g  C o m p a r a to r s ,  T r i - S t a t e  d r i v e r s  an d  v o l t a g e  

g e n e r a t i o n  c i r c u i t r y  t o  c o n t r o l  t h e  t h r e s h o l d s .  Dual  T h r e s h o l d s  a r e  u se d  

i n  t h e  m e as u r e m en t  o f  t r i - s t a t e  l i n e s .  Two d i g i t a l  i n p u t s  a nd  two d i g i t a l  

o u t p u t s  f r o m c a r d  ( 2 )  a r e  co mb in ed  in t h i s  c a r d  i n t o  one  g e n e r a l  pu r p o se  

d r i v e r / s e n s o r  p i n  f o r  d r i v i n g  a n d  s e n s i n g  h i g h ,  low an d  t r i - s t a t e .  The 

t h r e s h o l d s  c o u l d  be  ch an ge d  f o r  d i f f e r e n t  l o g i c  f a m i l i e s .

High s p e e d  a n a l o g  c o m p a r a t o r s  a r e  u se d  t o  compare  t h e  i nc oming  s i g n a l  

w i t h  t h e  t h r e s h o l d  and  g e n e r a t e  t h e  d i g i t a l  s i g n a l s .  The d i g i t a l  s i g n a l s  

a r e  o u t p u t  v i a  t r i - s t a t e  d r i v e r s .

6 . 5 . 1  BI -STATE MODE

I n  t h i s  mode t h e  s w i t c h e s  a r e  o pe ned  and  t he  i nc oming  l i n e s  a r e  n o t  

l o a d e d  a t  a l l . The two t h r e s h o l d s  a r e  s e t  a t  1 . 6  V o l t s  t o  d e t e c t  h ig h  and 

l ow .  The  two  inccwiing l i n e s  a r e  b a s i c a l l y  b u f f e r e d  t h r ou gh  t he  High Speed  

A n a l o g  C o m p a r a to r s .

The  o u t p u t  i s  a  more complex i n  t h i s  mode .  The o u t p u t  l i n e s  a r e  i n  p a i r s  

a nd  t h e y  can  on ly  be d r i v e n  t o g e t h e r . The  two o u t g o i n g  d i g i t a l  l i n e s  a r e  

u s e d  t o  c o n t r o l  t r i - s t a t e  an d  l e v e l  o f  t he  two l i n e s .

I f  t h e  l i n e s  a r e  d r i v e n  i n t o  t r i - s t a t e  t h en  t h e r e  a r e  e f f e c t i v e l y  two 

i n p u t  l i n e s ,  howeve r i f  t he  l i n e s  a r e  d r i v e n  h ig h  o r  low th e n  two l i n e s  

a r e  b o t h  d r i v e n  t o g e t h e r  and  t h e r e  i s  e f f e c t i v e l y  an i d e n t i c a l  l e v e l  on 

bo th  1 i n e s .

T h e r e  a r e  32  B i - S t a t e  Sen so r  p i n s  o r  i d  T r i - S t a t e  D r i v e r  p i n s  s u p p o r t e d  

by t h i s  c a r d .  Fo r  more  d e t a i l s  on t h i s  mode s ee  t h e  c i r c u i t  d i a g r a m  o f  

t h e  A n a l o g  I n t e r f a c e  Ca rd .  F o r  p r og ramming  i n f o r m a t i o n  s e e  t h e  p r e v i o u s  

c h a p t e r .



I n  t h i s  mode t h e  two t w i t c h e s  e t s o c  i i t e d  wi t h  t he  l i n e  e r e  c l o s e d .  T h i s  

e - f f e c t i w e t y  s h o r t s  t h e  two l i n e s  an d  c o n n e c t s  t h e  r e s i s t o r  ne tw o rk  i n ,

w h i c h  e f f e c t i v e l y  p u l l s  t h e  l i n e  t o w a rd s  1 . 6  v o l t s .  Unde r  no  l o a d  t he

l i n e  w i l l  be p u l l e d  t o  1 . 6  v o l t s  e n d  t r i - s t a t e  c an  be  d e t e c t e d .  T r i " - ' ' ) a t i  

i s  d e t e c t e d  by  u s i n g  d u a l  t h r e s h o l d s  one a t  6 . 0  V o l t s  and  t h e  o t h # f  ?

2 . 4  V o l t s .  I f  t he  s i g n a l  i s  above  o r  be l  'u  bo th  t he n  i t  i s  a  no rm a l  h ig h

o r  l ow.  However  i f  t he  i n c o n i n g  s i g n a l  i s  above  8 .8  V o l t s  and  be lo w  2 . 4

V o l t s  t h e n  i t  i s  In t r i - s t a t e .

The  d r i v e r  i s  d e s i g n e d  p a r t i c u l a r l y  f o r  t h i s  node  whe r e  t h e  two d i g i t a l  

o u t p u t  l i n e s  a r e  u se d  t o  c o n t r o l  t r i - s t a t e  a n d  l e v e l .  The  a c t u a l  

p ro g ra mm ing  i s  d e t a i l e d  i n  t he  p r e v i o u s  c h a p t e r .

The  D r i v e r / S e n s o r  p in  i s  e f f e c t i v e l y  d r i v e n  by two o u t p u t  l i n e s  a n d  t he  

s t a t e  i s  s e n s e d  by  two o t h e r  l i n e s .  Two l i n e s  -frcm the  P a t t e r n - O u t p u t -  

Meetory d r i v e  t he  l i n e ,  and  t h e  s t a t e  o f  t he  l i n e  i s  s e n s e d  by  two l i n e s  

o f  t h e  P a t  t e rn - R e  t u r n ed - M e n or y .

I<S T r i - S t a t e  D r i v e r / S e n s o r  p i n s  s u p p o r t e d  by  t h i s  c a r d .

6 . 5 . 3  CUSTOM MALOG INTERFACES

Due t o  t h e  f a c t  t h a t  t h i s  b o a r d  h a s  a n o d u l a r  f u n c t i o n ,  i t  i t  p o s s i b l e  t o  

d e s i g n  a  cu s to m a n a lo g  i n t e r f a c e  f o r  a  p a r t i c u l a r  a p p l i c a t i o n  In mi nd ,  

T h e r e  a r e  e f f e c t i v e l y  32 i n p u t  an d  32  o u t p u t  l i n e s  f r a *  t h i s  b o a r d  t o  t h e  

T e s t - H a r d w a r e ,  Any a n a l o g  b o a r d  c o u l d  be d e s i g n e d  t o  i n t e r f a c e  be twee n  

t he  T e s t - H a rd w a re  and t he  Dev I c e - U n d e r - T e s t .

1 t  i s  n o t  n e c e s s a r y  t o  u se  a n a l o g  com pon en t s .  A s im p le  b o a r d  wou ld  be  t o  

j u s t  b u f f e r  t he  s i g n a l s  and  e f f e c t i v e l y  g iv e  32 i n p u t s  and  32 o u t p u t s ,

A n o th e r  p o s s i b i I  i t y  wo u ld  be  t o  have  f 1 i p - f l o p s  on t h i s  b o a r d  wh ic h  can 

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



A.6 TIMING AND CONTROL CONNECTOR ( C o n n e c to r  U

T l i i t  c o n n e c t o r  I s  be tw ee n  t h e  m u l t i b u s  I n t e r f a c e  an d  c o n t r o l  b o a rd  

( C a r d  j>  a nd  t h e  H e / a o r x , L a t c h ,  hkJl t i p i e x e r  and  Co m pa ra to r  B o a r d  (C a rd  2 ) ,  

an d  s e n d s  c o n t o l  s i g n a l s  f r om th e  one  b o a rd  t o  t h e  o t h e r ,

Componen t S i de  (Top) So l d e r  S i de  ( G o t t e n )

, D a t a l 2

3 DataS Da ta2

Da U S

Da t a? 6 D a t a 6

D a t a? 10 D a t *8

DataA

DataD DataC

Oa taF DataE

*1 Addr l

28 Addr2

j a 22 Addr3

24 Addr4

26 AddrS

28 A ddr6

Addr?

/WE 2 AddrS

- Addr?

- AddrA

- 38 AddrB

E x t e r n a l  T r i g g e r 49 /MRD Memory Read

42 / W T  Memory Mri  t e

- 44 /EXINT E x t e r n a l  I n t e r n a l

- MXCTL M u l t i p l e x e r  C on t r o l

/TRIGGER SPEED Mu? t i p l e x e d  o r  Not

CLOCK! Main C lo ck CLDCK2 A u x i l i a r y  Clock

T a b le  16 s T im in g  a n d  C o n t ro l C o n n e c to r



1.7 DIGITAL 1 /0  C0WECT0R ( C o n n e c to r  2>

T h i s  C o n n e c t a r  J o i n s  t h e  Memory,  L a t c h ,  M u l t i p l e x e r  end  Comp ara to r  Boa rd  

( C a rd  2 )  w i t h  t h e  A n a l o g  I n t e r f a c e  Boa rd  ( C a r d  3)  Wid t h e  T r f g g e r -  

P a t t e r n - S w i t c h e t .  OUT n a r t  o u t p u t s  an d  IN n an d  PAT n a r e  i n p u t t .  The 

t r i g g e r  m a t c h e s  when f o r  a l l  n , IN n e q u a l s  RAT n ,

Coihponen So ld e r  S

PAT

IN

PAT SB

68

62

1

PAT 5

IN 3

PAT

5

& 5

8 7

IN

IN

PAT

PAT IN

IN PAT

Component  S i de S o l d e r  S ide

1 CL0CK1 2 CLOCK2

S Manual  T r i g 4 -

5 6 OUT 17

7 8 OUT 18

* OUT 19

11 OUT 28

13

15

>7

23

25

27 OUT 12

2V

3$ OUT 14

33 OUT 15

35

37 IN 17

39 PAT 17

41 IN IP

43 PAT 19

45 IN 21

47 PAT 21

4? IN 23

T a b le  17 : D i g i t a l  I /O  C o n n e c to r



i.B  ANALOG I /O  CflNNECTOR ( C o n n e c to r  3)

T h i f  c o n n e c t o r  i s  f r om t h e  An a l og  / n t e r f i c e  Boa rd  (C a rd  3 )  t o  t he  D e w c e -  

U n d e r - T e s t .  The  V o ) t i g e  S i g n a l s  t r e  t o  s e t  t h e  T h r e s h o l d s  erf t h e  4 b a n k s .

Component  S ide (Top) S o l d e r  S de  ( B o t t m )

A 2 I /O 2 B"
A 4 I /O A

6 6

9

I /O  11 B

I /O  13

I /O  15

D~

28 D

1 /0  21 22 D

I /O  23 C Doubt t 24 0 Ooubl e

I /O  25 c Speed D Speed

c 0

c I /O 0

1 / 0  31 C 32 0

- -

- -

V o1 ta ge  A Vol age  A

V o ) t i g e  B V o l t a g e  B

V o ! t a g e  C V o l t a g e  C

V o l t a g e  D Vol age D

- -

- -

a o c K i Main C lock CL0CK2 Auxi i a r y  Clock

T i b l e  16 i A n a lo g  1 /0  C o n n e c to r



rr*

T h e r e  a r e  32  s w i t c h e s  on t h e  T r I g g e r - P a t t e r n - B w I t c h - 8ox an d  t h e y  a r e  

c o n n e c t e d  t o  t h e  DAIA- Input  and  PATTERN- lnput  l i n e s  o f  c o n n e c to r  2 .  When 

t h e  PATTERN-lnput  e q u a t e  t h e  D A TA-Pa t t e rn  t h e n  a  t r i g g e r  s i g n a l  i s  

g e n e r a t e d .

Each  s w i t c h  h a s  t h r e e  p o s i t i o n s 1)  High

2 )  D o n ' t  Ca re

i P o s i t i o n  1 (H ig h )  t he  PATTERN- lnput  i s  c o n n e c t e d  h ig h ,

i P o s i t i o n  2 ( D o n ' t  Ca re )  t he  PATTER- i- lnput  i s  c o n n e c t e d  t o  DATA- lnput

i P o s i t i o n  3 (Low)  t he  AATTERN-Jnput ; s  c o n n e c t e d  low.

a l s o  a manual  t r i g g e r  on t h e  T r i g g e r - P a t t e r n - S w i  t ch -Box  and  t h i s  

f  t h e  o p e r a t o r  w an t s  t o  t r i g g e r  t he  Logi  c - A n a l r s e r  Mode o r  t he  

i T e s t e r  Mode w i t h o u t  t he  T r i g g e r - P a t t e r n  m a tc h i n g  t he  R e t u r n e d -

6 . \ t  CONCLUSION

A d e s c r i p t i o n  o f  t he  ha rdw are  d e v e lo p e d  f o r  t h i s  p r o j e c t  ha s  now beer,  

c o v e r e d .  The  d e t a i l e d  o p e r a t i o n  o f  t h e  ha rd w ar e  can be o b t a i n e d  by 

e x a m in i n g  t h e  C i r c u i t  D iag ram s ,  howeve r t h i s  C h a p t e r  and  t he  p r e v i o u s  

C h a p t e r  s h o u l d  be s u f f i c i e n t  t o  a l l o w  th e  T e s t - H a rd w a re  t o  be u se d  in a 

T e s t - S y s t e m .

Fo r  u s i n g  t h e  T e s t - H a rd w a re  t he  p r e v i o u s  c h a p t e r  d e s c r i b e s  t h e  

p r og r am min g  i n f o r m a t i o n .  The p i n o u t s  o f  t h e  A na lo g  I /O  c o n n e c t o r  a r e  a l s o  

n e ed e d  f o r  c o n n e c t i n g  t he  T e s t - S y s t e m  to  t he  D e v i c e - U n d e r - T e s t .



The T t i t - H a r d w u r e  was t e s t e d  an d  deb u g g ed  a n d  t he  on 1y  p ro b l e m w as  a t  t he  

h i g h e r  s p e e d s  t h e  p r o b e s  a t t a c h e d  t o  t h e  D e v I c e - U n d e r -T e s t  w e r e  o f u e r y  

po o r  q u a l i t y  and  s c n e t i n e s  d i d  n o t  s w i t c h  f a s t  enough due  t o  t h e  

c a p a c i t i v e  l o a d i n g .  O th e r w i s e  t h e  T es t -N a rc he a re  w ork ed  an d  was  

d e m o n s t r a t e d  s u c c e s s f u l l y .

A c t u a l  t e s t  r e s u l t s  on t h e  T e s t - H a r d w a r e  a r e  c o n t a i n e d  i n  App end ix  N an d  

Ap pe nd ix  0 whe re  t h e  T e s t - H a r d w a r e  was  u s e d  t o  t e s t  e x am p le s  o f  D e v i c e s -  

U n d e r - T e s t . App end ix  P c o n t a i n s  t h e  Hardware  Bugs  t h a t  we re  fo u n d  an d  

m e th o d s  u s e d  t o  g e t  a ro u n d  t h e s e  p r o b l e m s .

P o s s i b l e  u s e s  f o r  t he  ha rd w ar e  d e v e lo p e d  an d  e x t e n s i o n s  w i l l  be  d i s c u s s e d  

i n  t he  n e x t  c h a p t e r .



CHAPTER 7

POTENTIAL USES OF THE TEST-SYSTEH

T hf  T e s t - H a r d w t r e  d e v e lo p e d  4o r  t h i s  p r o j e c t  was  d e s i g n e d  t o  be  a s  

g e n e r a l  p u r p o s e  a s  p o s s s i  bl  e . The re  a r e  t h e r e - fo r e  a  number o f  u s e s  t h a t  

t he  h a rd w a r e  can  be  u s e d  f o r ,  w i t h  t he  a d d i t i o n  o f  s u i t a b l e  s o f t w a r e  n r  

h a r d w a r e .

Ui t h  some o f  t he  u s e s  a h o s t  c ' ^ s . ' t e r  i s  ne ed e d  an d  t h i s  was  a v a i l a b l e  a t  

t h e  U n i v e r s i t y  in t h e  fo rm  o f  i n ?  POP 11 Mini  Com pu te r ,  o r  an App le  H  + 

M ic r o  Co m pu te r .  Most  u s e s  ne ed  a t e r m i n a l  a t t a c h e d  t o  t h e  s e r i a l  1 i nk on 

t h e  8884  S i n g l e - B o a r d - C o n p v t e r •

A S i g n a t u r e - A n a l y s e r  p r o b e  i s  t he  s i m p l e s t  an d  p r o b a b l y  t h e  mos t  u s e f u l  

h a rdw are  a d d i t i o n  t o  t he  T e s t - S y s t e m  d e v e lo p e d .  T h i s  p r obe  wou ld  be  v e r y  

u s e f u l  i n  n e a r l y  a l l  t h e  m e th od s  d e s c r i b e d  in t h i s  C h a p t e r .

T h r e e  o f  t h e  roost  o b v io u s  u s e s  w i l l  be  d i s c u s s e d  h e r e .  T h e r e  a r e  p o s s i b l y  

a  l o t  more u s e s  f o r  t he  h a r d w a r e , d e pe n d i ng  on t he  a p p l i c a t i o n  ,»t ha nd .



By c o n n e c t i n g  & T e rm ina l  t e  t h e  s e r i a l  1 1nk o f  t h e  8896  S i n g l e - B o a r d -  

Co m pu t e r ,  and  w r i t i n g  s u i t a b l e  s o f t w a r e  In t h e  PRCM on t h e  8086 S i n g l e -  

Boa rd -Ccxapu t e r  i t  i s  e a s y  t o  C o n f ig u r e  t h e  T e s t - H a rd w a re  a s  a L o g i c -

The T e s t - H a rd w a re  p r o v i d e s  a l l  t h e  f u n c t i o s - s  t o  o p e r a t e  a s  a  L o g i c -  

A n a / y s e r .  The P a t t e r n - O u tp u I - M e m o r y  i s  l o a d e d  w i t h  t h e  p a t t e r n  f o r  

d r i v i n g  t h e  o u t p u t s  i n t o  t r i - s t a t e ,  and t h e  T e s t - H a rd w a re  i s  p l a c e d  i n t o  

L o g i c - A n a l y s e r  n,rde t o  s t o p  when t he  T r i g g e r - P a t t e r n  m a tc h e s  t he

R e t u r n e d - P a t t e r n .

App end ix  0  g i v e s  an example  o f  t he  h a rd w ar e  b e in g  u s e d  a s  a L o g i c -  

Anal  y s e r  . Fo r e a s e  o f  u s e ,  so f t w a r e  can be  d e v e lo p e d  t o  make t he  

i n t e r f a c e  be tween  man a n d  m a ch i ne  more  u s e r  f r i e n d l y .  T h i s  so f t w a r e  w o u ld  

make t h e  T e s t - S y s t e m  e a s y  t o  u se  and  v e r y  u s e f u l  in t he  l a b o r a t o r y  a s  a 

g e n e r a l  pu rp o se  L o g i c - A n a l y s e r . Fo r  u se  a s  a L o g ! c - A n a l y s e r , a  good 

d i s p l a y  o f  t he  t im in g  d i a g ra m s  n e e d s  a  g r a p h i c s  t e r m i n a l , o r  one  w i t h  

e i t h e r  a p r o g r a i m a b l e  o r  s p e c i a l  c h a r a c t e r  s e t .

In t h e  U n i v e r s i t y  e n v i r on m en t  L o g i c - A n a l y s e r s  a r e  a l way s  ne ed e d  and  i t  

w i l l  be  u s e f u l  t o  d e v e lo p  t he  n e c e s s a r y  s o f t w a r e , an d  pu t  on p r o b e s  o f  

s u f f i c i e n t l y  h i gh  q u a l i t y  t o  u se  t h e  T e s t - S y s t e m  a s  a L o g i c - A n a l y s e r .



Th e  T e s t - H a r r t e a r e  c an  be  p r o y a f m e d  t o  o p e r a t e  a s  & S t a n d  A lo ne  D y n m i c -  

F u n c t i o n a l - T e s t e r , w i t h  t h e  a d d i t i o n  o f  s u i t a b l e  s o f t w a r e .  I t  wo u ld  

howeve r be  n e c e s s a r y  t o  a d d  some t yp e  o f  n o n - v o l a t i l e  p e r i p h e r a l  s t o r a g e  

t o  t he  T e s t - S y s t e m ,  i n  t h e  fo rm  o f  a  F loppy  D isk D r i v e  o r  a  Tape  D r i v e .  

A n o th e r  n e c e s s a r y  a d d i t i o n  i s  t h e  a d d i t i o n  o f  a t e r m i n a l  t o  t h e  s e r i a l  

l i n k  on t h e  6066 S i n g l e - B o a r d - C c n p u t e r .

T he  p e r i p h e r a l  s t o r a g e  i s  n e c e s s a r y  t o  s t o r e  t he  T e s t - F a t t e r n , a n d  t he  

E x p ec t e d  and  R e t u r n e d - R e s v ! t s .  The  Te rmi na l  i s  ne ed e d  t o  i n t e r f a c e  t o  t he  

o p e r a t o r .

The  a d d i t i o n  of  a S i g n a t u r e - A n a l y s e r  wou ld  be  v e r y  u s e f u l  in t h e  t r a c i n g  

o f  f a u l t s .  T h i s  a d d i t i o n  w ou ld  a l l o w  the  T e s t - S y s t e m  to  o p e r a t e  a s  * 

S i g n a t u r e - A n a l y s i s  Sys t em  whe r e  t he  Te s t -N a rd w a re  D ev e lo p e d  w ou ld  be t he  

p a t t e r n  a p p l i c a t i o n  p a r t  o f  t h e  Sys t em.

7 . 3 . 1  TEST-PATTERN GENERATION

The  T e s t - P r o g r a m  c o n s i s t s  o f  a p p l y i n g  a T e s t - P a t t o r n  t o  t he  D ev i c e - l l n d e r -  

T e s t  a n d  m e a s u r in g  t he  A c t u a ) - R e s p o n s e .  The A c t u a l - R e s p o n s e  i s  t hen  

com pared  w i t h  t he  E x p e c t e d -R e s p o n s e  t o  s ee  i f  t h e y  m a t c h .

The T e s t - P a t t e r n  can be g e n e r a t e d  by an E ng ine e r  w r i t i n g  a  p rog ram on t he  

T e s t - S y s t e m .  S o f tw a re  c o u l d  be w r i t t e n  on t he  T e s t - S y s t e m  t o  a i d  in t h i s

A n o th e r  p o s s i b i l i t y  i s  t h a t  o f  h a v in g  a p se ud o  r andom p a t t e r n  g e n e r a t o r  

g e n e r a t e  t he  p a t t e r n s , Ui t h  t h i s  me thod I t  i s  n e c e s s a r y  t o  be  a b l e  t o  

i n i t i a l i s e  t he  D e v i c e - U n d e r - T e s t  t o  a known s t a t e  and  t h i s  i n i t i a l i s a t i o n  

c o u ld  be  done  by  w r i t i n g  a p r og r am  s i m i l a r  t o  t he  manual  me th od ,  whe re  

t h e  who le  T e s t - P r o c e d u r e  i s  w r i t t e n  by an e n g i n e e r .  However 

i n i t i a l i s a t i o n  may be s i m p l e , so  t h i s  me thod  wou ld  make w r i t i n g  t he  T e s t -  

P r o g r a n  e a s i e r .



L a s t l y  i t  m&y be  p o e s l b l e  t o  l o a d  t h e  T e s t - P a t  U r n  down f rom son#  h o s t  

c o m p u te r ,  v1 4 t h e  s e r i a l  l i n k ,  o r  by t r a n s f e r r i n g  t h e  p a t t e r n s  on F l op py  

D i s k ,  o r  w h a t e v e r  non v o l a t i l e  med i a  I s  u se d .

As a  s t a n d  a l o n e  T e s t - S y s t e m  i t  mus t  be  a b l e  t o  s t o r e  t h e  T e s t - P a t t e r n  

and  t h e  E x p e c t e d - R e s p o n s e  s o  t h a t  t h e  v a l i d i t y  o f  b o a r d s  c an  be  c h ec ke d  

i n  t h e  S t a n d  A lo n e  N ode .

The E xp e c t e d -R e s p o n s e  can  be o b t a i n e d  by  l o a d i n g  t h e  E x p ec t e d -R es p o n se  

down f rom a h o s t  c o m p u te r ,  l i k e  t he  T e s t - P a t t e r n .  T i e  Hos t  Compu te r  wo u ld  

g e n e r a t e  t he  Expec ted~/ ?e# ipon t e  u s in g  a L o e i c - S jm u l  a t o r  o r  s i m i l a r  

s o f t w a r e  p a c k a g e .  The  D i e t  I o na r y -O f -F au l  t s  c o u l d  a l s o  be  l o a d ed  down to

the  S t a n d  A lo ne  T e s t - S y s t e m .

A n o th e r  m e th od  w ou ld  be  t o  u se  a  Known-Good-Board  t o  g e n e r a t e  t he

E x p e c t e d - R e s p o n s e .  T h i s  Known-Good-Board can  a l s o  be u se d  t o  g e n e r a t e  a 

D jc  t  i o n a r y - O f - F a u H s ,  b y  I n j e c t m g  v a r i o u s  f a u l t s  an d  s t o r i n g  t he

A c t u a l - R e s p o n s e  t o  t h e s e  ■ fau l t s ,



The  T e s t - H a r d w a r e  can  be  o p e r a t e d  a s  a S l av e  O y n a n f c - F u n c t i o n a t - T e s t e r  b y  

t h e  a d d i t i o n  o f  s u i t a b l e  c o m u f i l c a t  I ons  s o f t w a r e .  The  a c t u a l  i n t e l l i g e n c e  

w ou ld  r e m a in  i n  t h e  Hos t  Computer  an d  t he  S t av e  T e s t e r  w ou ld  e n l x  a c t  on 

c o m a n d  f ro m  th e  H o s t .  The T e s t - H a rd w a re  can be c o n n e c t e d  t o  t h e  h o s t  by 

a  s e r i a l  o r  p a r a l l e l  l i n k  on t he  8084  S l n g l e - B o a r d - C e n p u t e r ,

No i n t e l l i g e n c e  n e e d  r e s i d e  in t he  T e s t - S y s t e m  a n d  a l l  p r o c e s s i n g  can  be  

c a r r i e d  o u t  by t h e  h o s t .  However t he  more i n t e l l i g e n c e  t h a t  r e s i d e s  In 

t he  S l a v e  t h e  l e s s  t r a f f i c  t h e r e  w i l l  be  b e t w een  t h e  Host  a n d  t he  S l a v e .  

Too  l i t t l e  i n t e I l i g e n c e  in t h e  s i a v e  may mean t h a t  o p e r a t  i on s w i l l  be 

s l o w e d  down by t h e  n e e d  t o  t r a n s f e r  v a s t  a m oun t s  o f  I n f o r m a t i o n ,  I t  wo u ld  

be  b e t t e r  f o r  i n s t a n c e  I f  t h e  s l a v e  compared  t h e  E x p ec t e d - R es p on se  w i t h  

t he  A c t v a l - R e s p o n s e  a n d  r e p o r t e d  an y  d i f f e r e n c e s ,  r a t h e r  t h a n  s e n d i n g  up 

t h e  A c t u a l - R e s p o n s e  i n  i t s  e n t i r e t y .

As w i t h  t he  p r e v i o u s  me thod  a  S I g n a t u r e - A n a l y s e r  wou ld  be  a  v a l u a b l e  

a d d i t i o n  t o  t he  H a r d w ar e .

7 . 4 . 1  TEST-PATTERN GENERATION

Th er e  a r e  no r e s t r i c t i o n s  t o  t he  me thnd  of  T e s t - P a t  t e r n  g e n e r a t i o n .  I t  i s  

p o s s i b l e  t o  u se  n e a r l y  any  me thod  d e pe n d i ng  on t he  s o f tw a r e  a v a i l a b l e .

A u to m a t i c  T e s t - P a t t e r n  g e n e r a t i o n  co u ld  be done  h e r e  w i t h  t he  a d d i t i o n  o f

s u i t a b l e  s o f t w a r e  on t h e  Hos t Com pu te r .  T h i s  w ou ld  be v e ry  u s e f u l  howeve r 

A u to m a t i c  T e s t - P a t  t e r n  G e n e r a t i o n  g e t s  v e r y  d i f f i c u l t  w i t h  VLSI

c om po ne n t s  a s  t h e  l i b r a r y  p a r t s  a r e  e x t r e m e l y  d i f f i c u l t  t o  g e n e r a t e .

The Manual  me tho d  o f  an e n g i n e e r  p rog ramming t h e  T e s t - P r o g r a m  i s  a n o t h e r  

p o s s i b i l i t y .  T h i s  me tho d  h a s  i t s  a d v a n t a g e s  and d i s a d v a n t a g e s  a s  

d i s c u s s e d  in c h a p t e r  4 .

L a s t l y  i t  I s  p o s s i b l e  t o  have  a p seudo  r andom p a t t e r n  g e n e r a t o r  t o



g e n e r a t e  t h e  T t » t - P a t t c r n s .  However  w l t h  t h i s  m e th od  t h e  i n I t ! s i i s a t I o n  

p r o b l e m  w i t h  complex  s e q u e n t i a l  c i r c u i t s  h a s  t o  be  d e a l t  w i t h .

N e a r l y  a n y  me tho d  can be  u se d  In t h e  g e n e r a t i o n  o f  t h e  T e s t - P a t t e r n * .

"The E x p e c t e d - R e s p o n s e  and  t he  D i e t i r , n a r y - C H - F a u l t s  c an be g e n e r a t e d  

e i t h e r  b y  a  L o g i c - S i n u l i t o r  o r  a  Known-Good-Goa rd .  A t h i r d  p o i s i b i l i t y  I s  

t o  m a n u a l l y  g e n e r a t e  t he  E xp e c t e d -R e sp o n se ,  howeve r  t h i s  I s  " t r y  t e d i o u s  

an d  e r r o r  p r o n e .

The  p r o s  and  c o n s  o f  l o g i c - S l m u l a t  i on v e r s u s  t he  Known-Good-Board  a r e  

d i s c u s s e d  i n  c h a p t e r  3 .  One t h i n g  t h a t  n u s t  be Kep t  I n n i n d  i s  t h a t  

L c g i c - S i e t u ) a t i o n  can be  done  a s  * b a ck g r ou nd  t a s k  w i t h o u t  t y i n g  up t he  

T e s t - H a r d w a r e  i n  any  way.

7 . 5  CONCLUSION

The  h a rd w a r e  d e v e lo p e d  i s  g e n e r a l  pu rp ose  an d  can be u se d  in a number  o f  

d i f f e r e n t  t e s t  a p p l i c a t i o n s ,  h o t t  a p p l i c a t i o n s  a r e  p o s s i b l e  by  t he  

a d d i t i o n  o f  s u i t a b l e  s o f t w a r e .

T he  a d d i t i o n  o f  a S i g n a t u r e - A n a l y s e r  t o  t he  ha rdw are  wo u ld  i n c r e a s e  t he  

■ f l e x i b i l i t y  an d  u s e f u l n e s s  of  t he  T e s t - S y s t e m  c o n s i d e r a b l y .

H  th e  h a rd w ar e  we re  e ve r  t o  be  pu t  I n t o  p r o d u c t i o n ,  a number  o f  

m o d i f i c a t i o n s  wo u ld  ne ed  t o  be  ma de . One ma in  n o d i f i c a t i o n  wou ld  be  t he  

u se  o f  m u l t i - l a y e r  p r i n t e d  c i r c u i t  b o a r d s .  I t  was  n e c e s s a r y  t o  have 

num ero us  Ju mp e r s  t o  ove rcome  the  r o u t i n g  p r o b l e n  fo un d  on a  do u b l e  l a y e r  

b o a r d  w i t h o u t  t h ro ug h  h o l e  p l a t i m g .

The  ad d  111 on o f  p r o p e r  h ig h  sp e e d  p r o b e s  w ou ld  a  1 so  be needed  f o r  t h i s  

T e s t - S y s t e m .
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CONCLUSION

8 . 1  INTRODUCTION

The  f i e l d  o f  A u t m a t i c - T e s t - E q u i p r a e n t  16 v e r y  c o m p e t i t i v e  a n d  complex  

f i e l d  w i t h  v a s t  sums b e i n g  s p e n t  on d e v e l op m e n t  and  v e r y  c o s t l y  sy s t e m s  

b e i n g  d e v e l o p e d .  To compe te  w i t h  t he  I n d u s t r y  l e a d e r s  i n  A v l o m a t i c - T e s t -  

Eq u ip me n t  was  n o t  t he  a im .  The a im was  t o  p r od uc e  t he  Ha rdware  f r amework  

o f  an Au t o m i t  I c - T e s t - S y s t e m  wh i ch  w o u l d  be  r e l a t i v e l y  ch ea p  a n d  e a s y  t o  

p r o d u c e , w h i l e  a t  t he  same t m e  b e i n g  a s  f l e x i b l e  in u se  and  a p p l i c a t i o n  

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

o f  t he  T e s t - H a r t i u a r e ,

The  T e s t - H a r d w a r e  d e v e lo p e d  f o r  t h i s  p r o j e c t  was  d e m o n s t r a t e d  

s u c c e s s f u l l y .  Append ix  If an d  App end ix  0  a r e  a c t u a l  e x am p l e s  o f  t e s t s  r un  

on t h e  T e s t - S y s t e m ,

T h i s  p r o j e c t  r e p o r t  c o n t a i n s  i n f o r m a t i o n  on t he  r e a s o n s  f o r  d e v e l o p i n g  

t he  T e s t - H a r d w a r e  a s  we ) I  a s  a d e s c r i p t i o n  f rom a f u n c t i o n a l  s o f t w a r e  

p o i n t  o f  v i ew  a s  w e l l  a s  a d e t a i l e d  h a r d v a r e  d e s c r i p t i o n  of t h e  T e s t -



T h e r e  * r »  a  number  o4 Im pro v t r aen t s  t h » t  c o u l d  be mide  t o  t h »  T e s t - S x » t e m  

bu t  o n l y  t h e  more  o b v io u s  o n e s  w i l l  be  m e n t i o n e d  h e r e .  A i l  s y s t e m s  can  be 

improved  so  t h e s e  po in t s -  s h o u ld  no t  be  l oo k e d  on e s  l i m i t a t i o n s ,  b u t  

r a t h e r  a s  p o s s i b l e  p i t h s  o f  Improvement .

8 . 2 . 1  SIGNATURE-a^LYSER ADDITION

Aii m e n t i o n e d  In t h e  p r e v i o u s  c h a p t e r  t he  l eo st  u s e f u l  h a rd w a r e  a d d i t i o n  

w o u ld  p r o b a b l y  be  t h a t  cH a S l g n a t u r e - A n a l y s e r  p r o b e .  T h i s  p r o be  i s  

r i r l a t I v e l y  s im p l e  and  can  be  ad d ed  e a s i l y  t o  t he  p r e s e n t  ha rd w a r e .

The a d d i t i o n  o f  a S l g n a t u r e - A n a l y s e r  wo u ld  make t h e  t r a c i n g  o f  f a u l t s  

v if ry much e a s i e r .  F a u l t  t r a c i n g  w i t h  a S i g n a t u r e - A n a l y s e r  i s  a  l o t  

s i m p l e r  t han  w i t h o u t  on e .

8 . 2 . 2  CASCADING HARDWARE

I n c r e a s i n g  t h e  number  o f  D r i v e r / S e n s o r  P i n s  c an be done  by t he  a d d i t i o n  

o f  c a s c a d i n g  s i g n a l s  t o  t h e  T e s t - H a rd t u a r e . The number  o f  p i n s  c an  be 

d o u b l e d  by d u p l i c a t i n g  t he  ha rdw are  and c a s c a d i n g  two T e s t - S y s t e m s  

t o g e t h e r .

The number  o f  D r l u e r / S e n s o r  p i n s  c o u ld  be i n c r e a s e d  in t h i s  way t o  

w h a t e v e r  number  was ne ed e d  by  t he  a d d i t i o n  o f  a s u i t a b l e  number o f  

T e s t - S y s t e m s ,



9 . 3  HARCWRE BUGS

A f t e r  t h e  c i r c u i t  was  d e s i g n e d  and  t e s t e d  I t  was n o t e d  t h a t  t h e r e  we re  

two sm a l l  b u g s .  N e i t h e r  o f  t he  p r o b l e m s  a c t u a l l y  c a u s e d  d i f f i c u l t i e s  In 

t h e  w o r k i n g  o f  t h e  T e s t - H a r d w a r e  a s  t h e y  we re  v e r y  e a s y  t o  c i r c u m v e n t .

8 . 3 . 1  PULL-UP RESISTOR BUS

Componen t No 2 '  t74LS246> on t h e  I n t e r f a c e  C on t r o l  Boa rd  wh ic h  i s  an open  

c o l l e c t o r  g a t e  ha d  t he  P u l l - U p  r e s i s t o r s  o m i t t e d .  T h i s  component  was In 

t h e  a d d r e s s i n g  c i r c u i t r y  o f  t h e  MULTIBUS i n t e r f a c e , I t  w as  p o s s i b l e  t o  

g e t  a r o u n d  t h i s  p r ob l e m  by  d e l a y i n g  t h e  T r a n s f e r  Acknowledge  (X4CK> 

s i g n a l . The d e l a y  i s  s w i t c h  s e l e c t a b l e . I f  p u l l u p  r e s i s t o r s  we re  added  

t h en  t he  T r a n s f e r  Acknowledge  c o u l d  be  made f a s t e r .

8 . 3 . 2  WORD ADDRESSING

I t  i s  n e c e s s a r y  t o  a d d r e s s  t he  C o n t r o V S t a t u s - R e g l s t e r  and  t h e  D e d i c a t e d  

Memory a s  words  on even  b o u n d a r i e s  due  t o  a f a u l t  in t he  d e s i g n  o f  t he  

I n t e r n a l  a d d r e s s i n g ,  T h i s  was  no t  a p ro b l em  a s  such  b u t  improve d  v e r s i o n s  

o f  t he  b o a r d  sh o u ld  have t he  a b i l i t y  t o  a c c e s s  t he  memory a t  by t e  

a d d r e s s e s .

Up t o  t h e  p o i n t  t h a t  i t  was d e v e l o p e d ,  t h» T es t - H a rd w a re  D ev e lo pe d  w ork ed  

s u c c e s s f u l l y .  The ma in  f a c t o r s  w h ic h  we , e  Kept  In m ind  when d e v e l o p i n g  

t h e  h a rdw are  were  low c o s t  and  f l e x i b i l i t y .

When d e v e l o p i n g  o r  bu y in g  an A u t o m a t i c - T e s t - S y s t e m  i t  mus t  be r e a l i s e d  

t h a t  g e n e r a l l y  t he  more  f u n c t i o n s  r e q u i r e d  t h e  more i t  w i l l  c o s t .  The 

T e s t - S y s t e m  d e v e lo p e d  f o r  t h i s  p r o j e c t  h o p e f u l l y  g i v e s  one  a s  many 

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



REFERENCES

EiJ BEDARD, A .  R.  ( P y l o n  Company,  USA)

B e d - o f - n a l l s  t e s t  f i x t u r e s  

P u l e e  A u g u s t  1P62 ,  P ag es  82 -83

12) BLYTH, G. ( M arc on i  I n s t r u m e n t s ,  UK)

Au to ma t i c  t e s t i n g  o t  d i o i t a l  p . c . b .  a s s r m b l i e s  

P u l s e  A u g u s t  1762 ,  Page s  87-78

13) BREUER, M. A .  and  FRIEDMAN, A. D. <U n iu . So u t h e r n  C a l i f o r n i a )

P i a o n o s l s  & R e l i a b l e  Des ign  o f  d i o i t a l  Sy s t e m s

Pi trtan  P u b l i s h i n g  Limi t e d  3 P7S

14) HENCKELS, L . P .  *nd  HASS, R.  M. <6 enRad ,  USA)

The Kn ow n-o ood -b oa r d  ano ro ach  v e r s u s  so f t w a r e  s i m u l a t i o n  

P u l s e  A ug us t  1982 ,  Page s  92 - 94 ,9 7

(51 INTEL

iSBC 957A I n t e l  I e c  -  ISBC8A/12A I n t e r f a c e  and  E x ec u t i o n

Package  U s e r ' s  Gu ide

Manual  O rd e r  Number  142849 -881 (1988 )

I d )  INTEL

iSBC B4/12A S i n o l e  Boa rd  Computer  Ha rdware  R e f e r e n c e  Manual  

Manual  O rd e r  Number 9883874 -8 )  ( 197 9 )



McDERMOTT, R.  ( I n t e r n i t  I o na l  T e l ep h o n e  & T e i e g r i p h )

S i mu 1 i . t i on  o f  S i m a l e  D i a l t # 1  Log i c  t h r o u o h  » C u w u < e r - A W e d  

Des ig n  Sys t em

Byte  P u b l i c a t i o n s ,  Volume 8 No 1 ,  J a n u a r y  1 9 8 3 , P ag ee  3 9 6 -4 1 4

McDERMOTT, R. ( i n t e r n a t i o n a l  T e l ep h o n e  & T e l e g r a p h )

By te  P u b l i c a t i o n s ,  Volume 8 No 4 ,  Apr 11 19B3 ,  Pa g e s  3 9 6 - 438

MUEHLDORf, E .  Z, <S e n io r  member- 3EE£> a n d  SAVKAR, A ,  t>.

LSI L o o i c  T e s t i n g  -  An Overv i ew

IEEE  T r a n s a c t r o n s  on Com po te r s ,  Vo) C3B, J a r i u a r y  1?8 1 ,  Pa ge s

116}  POPfft' , A ,  (Mi I l e n i u n  Sys t em s )

F u n c t i o n  t e s t l n o  by i n - c i r c u i t  i 

P u l s e  A u g u s t  j ? 8 2 ,  P ag es  98 -166



BIBLIOGRAPHY

BEDARD, A .  R. (P y lo n  Company,  USA)

B e d - o f - n a l I s  ( e s t  f i x t u r e s  

^ u lse  Augvst IP82, Pages 82-83

T h i s  a r t i c l e  c o v e r s  t he  b a s i c  m e ch a n i c a l  c o n s i d e r a t i o n s  t h a t  

mus t  be t a k en  i n t o  a cc o u n t  w i t h  t h i s  t yp e  o* t e s t  • f i x t u r e .

BELT, E .  and  KOLE, R.  ( F a i r c h i l d ,  USA)

T e s t i n g  m i c r o p r o c e s s o r s .  A c o m pa r i s on  o f  f o u r  t e c h n i o u e s .  

Pu l s e  A ug u s t  1982 ,  Pa g e s  11 8 - t 15

T h i s  a r t i c l e  c o v e r s  f o u r  d i f f e r e n t  m e t hod s  o f  t e s t i n g  m i c r o ­

p r o c e s s o r  b a s e d  s y s t e m s ,  n am e ly :  I n - S y s t e m - T e s t i n g ,  Compar i ­

s o n - T e s t i n g ,  Augmen ted  Ccnpa r  i s o n - T e s t  i n g ,  and  G e n e r a l -  

P u r p o s e - T e s t  i ng .

BENNETTS, R. G,

The  D i a g n o s i s  o f  L o g i c a l  F a u l t s  

Ui r e l e s s  W o r ld ,  J u l y  19?]

T h i s  a r t i c l e  d i s c u s s e s  t he  b a s i c  d i f f e r e n c e s  be twee n  Combin­

a t i o n a l  a n d  S e q u e n t i a l  C i r c u i t s  and  d i s c u s s e s  t h e  me thod  o f  

Pa th  Se ns !  1 1 s a t  i on .



BO*ETTS, R. 6.
T ht  D i a o n p s i t  o-f L o g i c a l  F a u l t s  

U i r e l e n  W o r l d ,  A u g u s t  1971

T h i s  b r i e f  a r t  i d ♦ d i s c u s s e s  B oo l e an  D i f f e r e n c e  *n d  P a r t i t ­

i o n i n g  T e c h n i q u e s .  I t  I s  t h e  c o n c l u s i o n  t o  t h e  p r e v i o u s  

a r t i c i e  a b o v e .

BLUESTONE, A.  (Ada r  A s s o c i a t e s ,  M a s s a c h u s e t t s )

L o o l c a l  Envo ron raen t  Compar i son  T e s t i n o  H an d l e s  Complex LSI 

D ev i ce s

Compu te r  D e s i g n , A p r , I  1 979

T h i s  a r t i c l e  g i v e s  an  o ve rv i e w  o-f D ig !  t a l - T e s t i n g  and  c o v e r s  

in  d e t a l l  t h e  c o m p a r i s o n  me tho d  w he re  t h e  Dev i c e - U n d e r - T e s t  i s  

co mpa red  w i t h  a Known-6o o d - B o a r d .

BLYTH, G. (Marcon i I n s t r u m e n t s ,  UK)

Au t oma t  i c  t e s t i n g  o f  d i g i t a l  p . c . b .  a s s e i a b l i e s  

P u l s e  Au gus t  1P82,  Pa g e s  87-9B

T h i s  i s  one o f  t he  b e s t  a r t i c l e s  on A u t c m a t i c - D i g i t a l - C i r c u i t -  

T e s t i n g .  I t  g ive ; -  a good  summary o f  t h e  v a r i o u s  m e th o d s  u se d  

ir, t e s t i n g  d i g i t a l  c i r c u i t s .  A good  d i s c u s s i o n  o f  t h e  d i f f e r ­

e n t  t y p e s  o f  T os t - H i r A n a r*  a lo n g  w i t h  t he  p r o s  and  c o n s  i s



B0UR1CIUS, VI. G . ( 1 9 1 ) ,  HS1EH, E . P.C3BM) , PUTZOLU, 6 . R.<IBM>,  

ROTH, J .  P . ( I B M ) ,  SCHNEIDER, P .  R . ( IB M ) , TAN, C . < I 6M) 

A l o o r i t h m s  f o r  D e i e c d o n  oY F t o t t s  In L o g ic  C i r c u i t s  

IEEE T r a n s e c t  I ons  on C o m pu te r s ,  Vol  C -28 ,  November  19 71 ,  P e g e s  

J 25 B- J264

T h i s  e r t I c l e  p r e s e n t s  t h e  D -A ig o r I t h n  f o r  g e n e r a t i n g  T e s t -  

P a t t e r n s  f o r  c o m b i n a t i o n a l  c i r c u i t s .  T h i s  i s  a  f a i r l y  t e c h n i ­

c a l  a r t i c l e .

BREUER, M. A.  and  FRIEDMAN, A .  D. ( U n iv .  S o u t h e r n  C a l i f o r n i a )  

P I (man  P u b l i s h i n g  L i m i t e d  1976

T h i s  i s  a  v e ry  u s e f u l  book in D i g i t a l  C i r c u i t  T e s t i n g .  I t  

c o v e r s  t h e  t h e o r y  i n v o l v e d  in g e n e r a t i n g  T e s t - P a t t e r n s  f o r  

C c r cb i na t i o na l  and  S e q u e n t i a !  C i r c u i t s ,  L og i c -S i c n u l a t  ion and  

R e l i a b l e  Des ig n  T h eo r y  a r e  a l s o  d i s c u s s e d .  T h i s  book l o o k s  

m a i n l y  a t  t he  t h e o r y  i n v o l v e d  an d  do es  n o t  c o v e r  any  a c t u a l  

T es t - H a rd w a re  e x am p le s .

Me thods  of t e s t  g e n e r a t i o n  f o r  ctwibi n a t i o n a l  c i r c u i t s

d i s c u s s e d  a r e  : Boo l ea n  D i f f e r e n c e , C r i t i c a l  P a + h , Pa th

S e n s i t i s a t i o n  and  t he  D - a l g o r i  t hm.  F a u l t  E q u i v a l e n c e ,

Domamance  and  C o l l a p s i n g  a s  w e l l  a s  T es t  Re d u c t i o n  an d  

M in i m i s a t i o n  a r e  a l s o  c o v e r e d  f o r  Co m b in a t i o n a l  C i r c u i t s ,

Fo r  S e q u e n t i a l  c i r c u i t s  t h e  D - a lg o r t t h in  and  C r i t i c a l  Pa th  

A lg o r i t h m  a r e  e x t e n d e d .  S yn ch ro no us  an d  A s y n ch r o no u s  

s e q u e n t i a l  c i r c u i t s  a r e  d i s c u s s e d ,  Under  s e q u e n t i a l  c i r c u i t s  

RAM t e s t s  a r e  c o v e r e d  i n  d e p th .

L o g i c - S i m u l a t o r s  a r e  d i s c u s s e d  i n  d e t a i l .  C i r c u i t  d e l a y : ,  an d  

M u l t i - v a l u e d  l o g i c  a r e  d i s c u s s e d .  F a u l t  S i m u l a t i o n  an d

S i m u l a t i o n  o s c i l l a t i o n  a r e  a l s o  d i s c u s s e d .



: Z i K -

Under  t h e  h e a d i n g  o< R e l i a b l e  D e s i g n , Se l - f -Check  infl  C J r c u l t s ,  

F a u l t - T o l e r a n t  O e t i g n  a n d  d e t l g n s  t o  t i a i p U f r  te & iir iQ  a r e

BROCK, 6 . (G o u ld  I n c ,  USA) 

P u l s e  November  19B 2 , Pa g e s  &

[1 0 ]  CHAM, A .  Y.  ( H e w l e t t  P a c k a r d )

E a s y - tp - U s e  S i g n a t u r e  A n a l y s e r  A c c u r a t e ! /  T r o u b l e s h o o t s

PSBEJf* .L o g i c ,C i r c u i t s

H ew le t t  P a c k a r d  J o u r n a l , Page s  9 -14

T h i s  a r t i c l e  d i s c u s s e s  t h e  E l e c t r i c a l  D e t a i l s  o f  a  S i g n a t u r e -  

Anal  y s e r .  V e r y  good  a r t i c l e  on t he  s u b j e c t .

[ i l l  DDWELLY, Bi ( E l e c t r o n i c s  i n d u s t r y ,  London)

S p o t l i g h t  on a u t o m a t i c  b o a r d  t e s t i n g  

P u l s e  A ug us t  1962 ,  Pa g e s  76-8B

T h i s  a r t i c l e  i s  b a s i c a l l y  a summary o f  t he  • f e a t u r e s  o f  a l l  t h e  

v a r i o u s  b o a r d  t e s t i n g  eq u ip me n t  a v a i l a b l e .  A l l  s o r t s  o f  

t e c h n i c a l  t e rm s  a n d  c a p a b i l i t i e s  a r e  q u o t e d  w l t h  ve ry  l i t t l e  

e x p l a n a t i o n  a s  t o  wh a t  t h e y  a c t u a l l y  means .
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112 ]  FROrtJERK, R .  A ,  ( H e w l e t t  P a c k a r d )

S i g n a t u r e  A n a l / a l a i  A New D i g i t a l  F i e l d  S e r v i c e  Me thod  

H ew le t t  P a c k a r d  J o u r n a l , Page s  2 -8

T h i s  a r t i c l e  c o v e r s  t h e  t h e o r y  o-f S i g n a t u r e - A n a l y s i s .  The 

a u t h o r  d i d  t h e  t h e o r e t i c a l  work on S i g n a t u r e - A n a l y s f s .

GRWES, A .  G. ( H e w l e t t  I 

H ew le t t  P a c k a r d  J o u r n a l , March 19 ?? ,  Pa g e s  6 -1 3

Th i s  a r t i c l e  

b u t  b a s k a l  1 y  c

c u s s e s  t he  b a s i c  o p e r a t i o n  orf a  p a r t i c u l a r  

n o t  go  i n t o  how T e s t - P r e g r a m s  a r e  g e n e r a t e d  

r i b e s  wha t  t h e  t e s t e r  c an do on » i>he T e s t -

1143 HARVEY, K. P.  ( F lu k e  SA)

F luk e  a u to m a t e d  t e s t  s y s t e m s  In  Sou t h  A f r l e a  

Pu l s e  A u g u s t  198 2 ,  Pa g e s  184-167

T h i s  a r t i c l e  i s  b a s i c a l l y  an a d v e r t i s e m e n t  f o r  F l u k e .  The 

c r i t i c i s m s  o f  o t h e r  m e th od s  i s  u n c o n v in c in g  and  none  o f  t he  

o b v io u s  sh o r t c o m i n g s  o f  t he  F l uk e  me tho d  a r e  m e n t i o n e d .  Seems 

t o sk ip  o v e r  o b v io u s  p r o b l e m s  i n  t h e i r  m e th o d s .

f 15]  HENCKELS, L. P .  an d  HASS, R, M. (GenRad,  USA)

P u l se  A ug u s t  19 82 ,  P a g e s  9 2 - 9 4 ,9 7

Good a r t i c l e  w h i ch  f i r s t  d e s c r i b e s  how e ach  me tho d  i s  u se d  in 

d e t a i l  and  t h e n  l l s c u s s e s  t he  p r o s  an d  c on s  of  e ach  me t hod .  

The a r t i c l e  i s  n o t  b i a s e d  t ow ard s  any p a r t i c u l a r  me th o d .



PackaQf  U s e r ' s  Guide

Manual  O r d e r  Num ber  ] 42B49-6B1 ( ’ 988 )

T h i s  ma nua l  c o v e r s  t h e  a o n l i o r  u s e d  i n  t h e  8A/12A S i n g l e -  

B o a r d -C a m p u U r .

iSBC 66/ 1 2A S i n g l e  Boa rd  Compu ter  Hardware  R e f e r e n c e  Manual  

Manual  O rd e r  Number  5893674 -81  (197 9 )

T h i s  manual  c o v e r s  t he  u se  o f  t h e  88 B6 b a s e d  S i n g l e - B o a r d -  

^  • *e r  u s e d  in t h e  T e s h -H a r d w a r e ,

hc i '—.fOTT, R. ( I n t e r n a t i o n a l  T e l ep h o n e  i  T e l e g r a p h )

S i f f l u l a t i o n  o f  S in g l e  O ia i ta )  L o o l c  t h ro ug h  a  Com pu te r -A iu ed  

Des l on  Sys t em

Byte  P u b l i c a t i o n s ,  Volume 8 No 1 , J a n v a r r  jP 8 3 ,  P a p e s  39 6 -414

T h i s  a r t i c l e  c o v e r s  t h e  a c t u a l  im p l f m e n ta t i o n  o f  a s i m p le  

T ab l e  D r i v e n  L o c i i c - S i m u l a t o r . I t  c o v e r s  t h e  i m p l I m e n ta t i o n  in 

d e t a i l  a n d  a c t u a l ! y  i n c l u d e s  t . ,e l i s t i n g  in BASIC, Ve ry  good  

a r t i c l e  t o  a c t u a l l y  g e t  t o  g r i p s  w i t h  what  i s  i n vo lv e d  in 

L o g i c - S i m u l a t o r s .



McDERMOTT, R.  ( I n t e r n a t i o n a !  Te t eph cm e  & T e l e g r a p h )

B y t e  P u b l i c a t i o n s ,  Volume 6 No 4 ,  A p r i l  1903 ,  Pa g e s  39 8 -438

T h i s  a r t i c l e  c o v e n s  t he  d e s ig n  o-f an  Ad van ced  L o g i c - S i r u l a t o r  

w h ic h  h a s  Named Nod es ,  M a c r o c i r c u i t  C a p a b i l i t y ,  E r r o r  

C h e c k i n g ,  S e l e c t i v e  T rac e  and  Sampled  O u t p u t ,  P r i m i t i v e  

e l e m e n t s  i n c lu d e  a l l  t h e  b a s i c  c o m b i n a t i o n a l  g a t e s ,  and  t he  

s e q u e n t i a l  g a t e s  1 I ke t he  D an d  J - K  ty p e  F1 ip  F l o p s ,  an  N B i t  

C o u n t e r , an N B i t  S h H t - R e g l s t e r , a nd  a P a r a l l e l  l o a d  S b H t -  

R e g i s t e r .  I n p u t s  may be  p e r i o d i c  o r  a p e r i o d i c .  T h i s  a r t i c l e  

a c t u a l l y  c o n t a i n s  t he  l i s t i n g  o-f t h i s  p rog ram  In BASIC an d  

t h i s  i s  t he  one  t h a t  was imp le m e n t e d  on my Nascom I w i t h  

v a r i o u s  im pr ove me n t s .  Ve ry u s f u l  a r t i c l e  ab o u t  T ab l e  Dr i ven  

S l m u l a t o r s .

MO CM, D. L. ( U n i v e r s i t y  o f  D ay ton )

B i p o l a r  Log i c  T e s t  P a t t e r n  S t n e r a t i o n  

Compu ter  D es ig n ,  March 1971,  P a g e s  63 -7 3

T h i s  a r t i c l e  b a s i c a l l y  c o v e r s  t » e  m e th o d  o f  Pa th  S e n s i t i s a t i o n  

f o r  p a t t e r n  g e n e r a t i o n  and  f a u l t  d e t e c t i o n  and  v e r i f i c a t i o n .

MUEHLDORF, E, 1 . ( S e n i o r  member IEEE) and  SAVKAR, A .  D.

LSI L o o i c  T e s t i n g  -  An Ove rv iew

IEEE T r a n s a c t i o n s  on Co mpu te r s ,  Vo! 03 8 ,  J a n u a r y  1981,  Pa ge s

Very  u s e f u l  ov e rv i e w  o f  t he  t h e o r y  i n v o l v e d  i n  f a u l t  f o l d i n g  

an d  a u to m a t i c  T e s t - P a t t e r n  g e n e r a t i o n  u s i n g  t he  v a r i o u s  

m e th o d s .  Some o f  t he  exam ple s  ha ve  v e r y  t e r s e  e x p l a n a t i o n s  anr'  

a r e  d i f f i c u l t  t o  r o l i o w  bu t  on t h e  who le  an e x c e l l e n t  a r t i c l e .

183
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W O I G ,  H,  J .  ( H e w le t t  P a c k a r d )

H e w l e t t  Pa c k a r d  J o u r n a l , Pa g e s  15-21

Use-ful o v e rv l e w  on t he  u se  o-f S i g n a t u r e - A n a l y s i s .  T h i s  a r t i c l e  

d e s c r i b e s  a l l  t h a t  I s  n e ed e d  ■for t he  u se  cyf S i g n a t u r e -  

A n a l y s l s .  An example  i s  I n c l u d e d  i n  t h i s  a r t i c l e .

PARKER, K. P .  ( H e w le t t  Pa c ka rd )

S o f t w a r e  S i m u l a t o r  Sp e e d s  D i g i t a l  Boa rd  T e s t  G e n e ra t i o n  

H e w le t t  Pa c k a r d  J o u r n a l , March 1?7 9 ,  P ag es  13 -19

T h i s  a r t i c l e  b a s i c a l l y  d e s c r i b e s  t h e  f e a t u r e s  of a p a r t i c u l a r  

D i g l t a t - S i r e u l a t o r . T h i s  i s  b a s i c a l l y  a  T a b l e - O r i v e n - S l m u l a t o r  

wh ic h  h a s  v a r i o u s  f e a t u r e s  l i k e  F a u l t  S i m u l a t i o n ,  an d  t he  

a b i l i t y  t o  d e t e c t  r a c e s  an d  h a z a r d s .  T h i s  a r t i c l e  m e n t i o n s  t he  

d i f f e r e n c e s  be twee n  C c o p i l e d  code  and  T a b l e - D r i v e n - S i r a u l a t o r s .

124)  PDPKY, A .  ( M i l l e n iu m  Sys t em s )

F u n c t i o n  t e s t  i no by  i n - c i r c u i t  e m u la t i o n  

P u l s e  Au gu s t  1982 ,  Page s  98 -186

T h i s  i s  a good a r t i c l e  on t he  a d v a n t a g e s  o f  u s i n g  I n - C i r c u i t -  

E n u l a t i o n  f o r  t e s t i n g  m i c r o p r o c e s s o r  sy s t e m s  o r  b o a r d s  t h a t  

p l u g  i n t o  a m i c r o p r o c e s s o r  b u s .  Seme i n t e r e s t i n g  f a c t s  ^u t  

f o r w a r d .

RAYMOND, D. U.  <PI a n t r o n  i c s / Z e h n t e 1,  C a l i f o r n i a )  

Comoonen t-By-Comoonen t T e s t i n g  o f  D i g i t a l  C i r c u i t  Boa rds  

Compu te r  D e s i g n , A p r i l  1986 , P ag es  12 9 - 13?

T h i s  a r t i c l e  c o v e r s  f u n c t i o n a l  t e s t i n g ,  i n - c i r c u i t  t e s t i n g ,  

and  S i g n a t u r e - A n a l y s l s .  f t  c o v e r s  t h e  d i s a d v a n t a g e s  and  a d v a n ­

t a g e s  o f  t h e se  me th od s ,  and i s  a  v e r y  i n t e r e s t i n g  a r t i c l e .
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ROTH, J .  P .  <JEM>

D i t o n o s l s  o f  A u t o » » t a  F a l l u r e s i ft Ca t c uT us  t n d  4 M*<hod 

IBM J o u r n a l , Ju l >  1 966 , P ige'* t f 8 - 2 9 !

T h i s  a r t  I d *  p r ee  i s t l y  d e s c r i b e s  t he  0 - 4 l g o r i t h i »  u s e d  t o  

com pu te  t e s t s  an d  a n a l y s e  - f a u l t s  i n  a  d i g i t a l  c i r c u i t .  F a i r l y  

c o m p re h en s iv e  a r t i c l e  on  t h i s  m e th o d ,  w i t h  e x am pl e s .

ROTH, J . P . ( i a i ) ,  B0URIC1US, U .G . (IBM)  an d  SCHNEID€R, P .R . ( IBM )  

P roora f tmed  ftl ocr-i  thfns t o  Compute T e s t s  t o  D e t e c t  and 

D i s t i n g u i s h  Be tween  F a i l u r e s  in L o g i t  C i r c u i t s  

IEEE T r a n s a c t i o n s  on E l e c t r o n / c  C o m pu t e r s ,  Vo) EC-16 ,  O c t o b e r  

1 9 4 7 , Pa g e s  567 -580

T h i s  a r t i c l e  p r e s e n t s  two a l g o r i t h m s  f o r  T e s t - P i t t e r n  g e n e r a t ­

i o n  and  f a u l t  d i a g n o s i s ,  na me ly  t he  OALG-If a nd  TEST-DETECT 

w h i ch  a r e  bo th  b a s t d  on t he  c a l c u l u s  o f  D -c ube s  u s ed  In t h e  D- 

t l g o r i t hm.

SCWURNANN, H. D.CMen 1EEE>, LINDBLOON, E .  and  CA Rf W ER,  R .6 .  

The  We i a h t e d  Random T e s t - P a  t t e r n  G e n e r a to r

JEEE T'-*ns»£ 11 ons  on C o m p u te r s , Vo I C - 24 ,  J u l y  19?5 ,  P&ges

T h i s  a r t i c l e  c o v e r s  t he  Randixn T e s t - P a t t e r n  G e n e r a t o r . 2

c o v e r s  t he  p u r e l y  r andom p a t t e r n ,  i he  w e i g h t e d  a d a p t i v  

p a t  t e r n s i  and  t he  d y n m i  c a d ap t  i ve p a t t e r n s .  P a t t e r n  r e d u c t  io 

t e c h n i q u e s  a r e  a l s o  d i s c u s s e d .

I
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SCHOFIELD, H.  (Wayne K e r r ,  UK)

P u l s e  A ug us t  19B2,  P a g t s  95 - 9 7

T h i s  i r t i c l e  b a s i c a l l y  d e e c r I b t s  t he  Wayne K t r r  A8@88 Sys t em  

w h ic h  s t i n t u l t i e s  t h e  b o a r d  unde r  t e s t  »nd  u s e s  y i a t u r e -  

A n i l y s i s  t o  d e t e c t  - f a u l t s .  The  T e s t - P r o g r a m  i s  g e n e r a t e d  u s i n g  

a  good  b o a r d  a n d  by  r e m e m be r in g  t he  v a r i o u s  s i g n a t u r e s .

SELLERS, F .  F, <Jr n m  i£ E E ) ,  HSIAO. M. Y,  and  8EARNS0N,

A n a l y z in g  E r r o r s  w i t h  t he  Bo o l ean  D i - f f e r ence

IEEE T r a n s a c t i o n s  on C om p u t e r s ,  V'o’. C -17 ,  J u l y  1968,

T h i s  a r t i c l e  c o v e r s  how th e  bo o l e an  d i f f e r e n c e  n e t h o d  I s  u se d  

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

t e c h n i c a l  a r t i c l e .

O i l  SU, S .  Y.  H. O te n b e r  IEEE) and  CHO, Y.  ( S t u d e n t  r iember  IEEE)

A New Approach  t o  t h e  Pa u l  t  L o ca t i o n  <r1 Combi m l  i ona )  C J p c u i t s  

IEEE T r a n s a c t i o n s  on C cx ipu t e r s ,  Uol C -2 1 , J a n u a r y  1972 ,  Pa g e s

T h i s  a r t i c l e  c o v e r s  t h e  D - a l g o r I t h n  o f  g e n e r a t i n g  Te%t -  

P a t t c r n s  and d i a y i o s i n g  f a u l t s .  F a i r ! y  co m p re he n s iv e  a r t i c l e  

on t h i s  me thod .

SUSSKIND, A .  K. (L e h ig h  U n i v e r s i t y )

D i a g n o s t i c s  -for l o g i c  n e tw o rk s

IEEE Sp ec t ru m ,  O c t ob e r  197 3 ,  Pages  48 -4 7

T h i s  a r t i c l e  i s  a  b i t  o u t d a t e d  a s  i t  c o v e r s  t h e  A l g e b r a i c  

E x p r e s s i o n  me th o d ,  wh ich  i s  o n ly  good  f o r  n e tw o rk s  o f  mod es t  

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

I



TAYLOR, E .  ( Sp e t c c m )  

E v a l u t t i n o  b o a r d  t e s t e r s

P u l s e  A u g u s t  19 82 ,  Page  188

Sh o r t  - f a i r  a r t i c l e  on  t h e  econom ic  an d  o t h e r  f a c t o r s  one  etust  

t ak e  I n t o  a c c o u n t  when b u y in g  an  b o a r d  t e s t e r .

THOMAS, J ,  J .  (LTV A er o sp a ce  C o r p o r a t i o n ,  D a l l a s ,  " i exa s)  

A u t c n a t e ^  D i a g n o s t i c  T e s t  P rog ram f o r  D i g i t a l  Ne tw or ks  

Computer  D e s i g n ,  Au gus t  1971 ,  Page s  63 -6 7

T h i s  a r t i c l e  d e s c r i b e s  a t o t a l  T e s t i n g - S y s t e r *  and  i s  m a in ly  

abo u t  t h e  s o f t w a r e  i n  t h e  s y s t e m .  T h i s  i s  a  good  ov e rv i e w  o f  a

THOMAS, J .  J .  ( D i 91 t e s t  C o r p o r a t i o n ,  D a l l a s ,  T ex a s )

Coenon M is c o n c e p t i o n s  i n  D i g i t a l  T es t  G e n e r a t i o n  

Computer  D e s i g n ,  J a n u a r y  1977 ,  Pa g e s  69 -9 4

T h i s  i s  a u s e f u l  r e v i e w  o f  t he  c a p a b i l i t i e s  o f  A u to m a t I c -  

T e s t e r s  a t  t h a t  t i m e .  R a th e r  p e s s i m i s t i c  v i ew  f o r  t e s t e r s .

TO, K. (W e s t e rn  E l e c t r i c ,  USA.'

F a u l t  F o l d i n g  f o r  f r r e d u n d a n t  and  Re dun dan t  Com bin a t i on a l

IEEE T r a n s a c t i o n s  on C om pu te r s ,  Vol C -22 ,  November  1973 ,  Page s  

1608 -1815

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

I t  i s  d e f i n i t e l y  n o t  l i g h t  r e a d i n g  and  c o n t a i n s  p r o o f s  an d  

t he o re m s .



1371 YOU, S .  S .  ( S e n i o r  Mem IEEE)  a n d  TWG,  Y.  ( S t o d r n t  Mem IEEE)

IEEE T r a n s a c t i o n *  on Compu te r* ,  Vo! C- 20 ,  November 19 71 ,  P ag es  

1243-1251

T h i s  t r 1 1 c 3e b a s i c * ! I f  c o v e r s  t h e  t h e o r y  o f  Boo l ea n  D i i f e r e n c e  

•for g e n e r a t i n g  T e s t - P a t t e r n s .  Th i s  i s  e  v t r r  t e c h n i c a l



i



X T h i s  c a r d  c o n t a i n s  t he  MULTI

and  t h e  A d d r e s s i n g  and  Mode

a p p e a r s  be low f o l l o w e d  by

Number Component

3

18 ,2 2

42 74S04

2 5 , 36 74LS04

44 74S88

16

1 ,14

8 , 1 9 , 3 3

74LS32

74S86

2 ,1 3 74LS86

10 , 1 1 , 3 5 , 2 1

43

7 , 2 4 , 3 7 , 4 8

4 , 5 , 4 , 2 7 , 3 8 , 4 ?

46

9 ,28

3 1 , 32

28

45

29 ,30

24 74LS244

17 ,3?

74S374

74LS374

54 i 8224

5 8 , 5 5 , 5 2 i 8287

35 25LS2521

ing  Co n t ro l  

c o m pon en t s

BUS I n t e r f a c e ,  t he  C lock an d  T 

Co n t ro l  C i r c u i t r y .  The l i s t  o- 

t h e  c i r c u i t  d i a g r a m s .

D e s c r i p t i o n  

Q ua d r up l e  2 - l n p u t  Pos i  H u e  N4ND Date  

Qu ad ru p l e  2 - I n p u t  P o s i t i v e  NOR Gate  

Hex I n v e r t e r s  

Hex I n v e r t e r s

Qu ad ru p l e  2 - I n p u t  P o s i t i v e  AND Gate

Quad ru p l e  2 - l n p u t  P o s i t i v e  AND Gate

Dual  4 - I n p u t  P o s i t i v e  AND Gate

Quad 2 - l n p u t  P o s i t i v e  OR Gate

Quad 2 - I n p u t  P o s i t i v e  OR d a t e

Quad ru p l e  2 - I n p u t  EXCLUSIVE-OR Gate

Qu ad ru p l e  2 - l n p u t  EXCLUSIVE-OR Gate

Dual J - K  N e g a t i v e  Edge F l i p - F l o p s

Dual  V o l t a g e  C o n t r o l l e d  O s c i l l a t o r s

Quad 2 -  t o  1 -L ine  Da t a  s e l e c t o r s  /  MUX's

B i n a r y  4 B i t  C o u n t e r  w i t h  S y n c h r o n o u s  C l e a r

8 b i t  P a r a l l e l  Ou tpu t  S e r i a l  S h i f t  R e g i s t e r

4 - B i t  P a r a l l e l  A c c e s s  S h i f t  R e g i s t e r s

B i n a r y  P r e s e t t a b l e  A syn ch r ono us  Coun te r

Oc t a l  B u f f e r  L ine  D r i v e r s  /  R e c e i v e r s

8-  t o  1 - L in e  Da t a  S e l e c t o r  /  MUX

8 -  t o  1 - L in e  Da t a  S e l e c t o r  /  MLEX

Quad ru p l e  2 - l n p u t  GXCLUS1UE-N0R G a t e s  (OC)

Oc t a l  D-Type L a t c h e s  w i t h  T r i - S t a t e  O u tp u t s

Oct a l  D-Type F l i p - F l o p s

O c t a l  D-Type  F l i p - F l o p s

C r y s t a l  C lock  D r i v e r

I n v e r t i n g  Oc t a l  Bus T r a n s c e i v e r

8 B i t  D i g i t a l  Comparato r

8 Dual  i n  1 ine  sun t c h e s

1
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( C t r d  2 )

T h i s  c a r d  c o n t a i n s  t h e  A b a nk s  tri mem c r y  a lo n g  w i t h  t he  In pu t  u id  Ou tpu t  

L a t c h e s ,  t h e  M u l t i p l e x e r s  u s e d  in  m u l t i p l e x e d  memory a c c e s s ,  t h e  d i g i t a l  

c o m p a r a t o r s  u se d  t o r  t h e  T r i g g e r - p t t t e r n  and  7 r i - 5 t a t e  d r i v e r s  t o  c o n n ec t  

t he  memory t o  t h e  b u s  i n t e r f a c e .  The  ) 1 s t  o-f comp one n t s  a p p e a r s  be low  

■followed by t h e  c i r c u i t  d i a g r a m .

Nu aiber ComDonent D e s c r i o t i o n

1 74LS138 3 - 7 o - 8  L ine  D ec o d e r s  /  M u l t i p l e x e r s

6 ->  13 74S15? Oui.1 2 -  To I - L i n e  D a t a  S e l e c t o r s  /  MUX'

24  - >  31 74LS244 O c ta l  B u f f e r s  /  L ine  D r i v e r s / L i n e  flecei

16 ,1 9 ,4 6 ,4 1 74S373 O c t a l  D-Type L a t c h e s

14 - >  1 7 , 2B - ) 23 74S374 Oct&' D-Type F l i p - F l o p s

2 - )  5 2 rJuS2S21 8 B i t  d i g i t a l  Co raparator

32  ->  3 9 ,4 2  - ) 49 » i< i l 48 -LP 1824-word X 4 - b i t  High Speed  CMOS IVM
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S x . T h i s  c a r d  c o n t a i n s  t he  h ig h  sp e e d  a n a l o g  c o m p a r a t o r s ,  t he  t r i - s t a t e  

d r i v e r s ,  t h e  s w i t c h e s  t o  s e l e c t  b f - s t a t e  o r  t r i - s t a t e ,  and  •tour v a r i a b l e  

v o l t a g e  s o u r c e s  f o r  t h e  t h r e s h o l d s .  The  nu mb er i ng  o-f t h e  a n a lo g  

c o m p a r a t o r s  on t h i s  b o a r d  r e f e r s  t o  t he  b i t  t h a t  t h e y  i n p u t .  The l i s t  o f  

com pon en t s  a p p e a r s  be lo w  f o l l o w e d  by t he  c i r c u i t  d i a g r a m .

hjurhbgr Componen t D e s c r i p t i o n

74LS326  Qu ad ru p l e  B u f f e r s  w i t h  T r i - S t a t e  O u tp u t s  

LM341 High  Spe ed  D i f f e r e n t i a l  Com para to r  

LMISGB* P r o g r a n m ib l e  Power Op Amp 

SWITCHES B Dual I n L ine  s w i t c h e s



A

T l i i s  c a r d  c o n t a i n s  t he  h ig h  sp e ed  a n a l o g  c o m p a r a t o r s ,  t h e  t r i - s t a t e  

d r i v e r s ,  t he  s w i t c h e s  t o  s e l e c t  b l - s t a t e  o r  t r i - s t a t e ,  anri t o u r  v a r i a b l e  

v o l t a g e  s o u r c e s  f o r  t h e  t h r e s h o l d s .  The  nu mb er i n g  o f  t h e  a n a lo g  

c o m p a r a t o r s  on t h i s  b o a r d  r e f e r s  t o  t he  b i t  t h a t  t h e y  I n p u t .  The  l i s t  o f  

com pon en t s  a p p e a r s  be low f o l l o w e d  by  t h e  c i r c u i t  d i a g r a m .

Number

SA : ' ,B,SC,SD

Component  D e s c r i p t i o n

74LS126 Quad ru p l e  B u f f e r s  w i t h  T r i - S t a t e  O u tp u t s  

LM361 High Spe ed  D i f f e r e n t i a l  Com para to r  

LM138B8 P rog ; am ml b l e  Power Op Amp 

SWITCHES 8  Dual In L ine  s w i t c h e s
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MULTIBUS INTERFACE AND COKTRM. BOARD (C a rd  1)

T h i s  c a r d  c o n t a i n s  t h e  MULTIBUS I n t e r f a c e ,  t h e  C lock  an d  T im in g  Co n t ro l  

a n d  t h e  A d d r e s s i n g  a n d  Mode Co n t ro l  C i r c u i t r y .

The  a c t a l  l a y o u t s  o f  t h i s  c a r d  a r e  now g i v e n .  A l l  t he  l a y o u t s  g iv e n  . tre 

l o o k i n g  down a t  t h e  c a r d  f r cm  the  componen t  s i d e .

The  t h r e e  l a y o u t s  g iv e n  a r e  a s  f o l l o w s

15 Component  S i de  ( C o n t a i n s  Component  Number ing )

2 )  S o l d e r  S i de

3 )  Bo th  Component  an d  S o l d e r  Bide  Sup e r imp ose d
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T h i s  c a r d  c o n t a i n *  t he  4  b a nk s  o f  memory a lo n g  w i t h  t h e  I n p u t  a n d  Ou tpu t  

L a t c h e s , t he  M u l t i p l e x e r s  u se d  In m u l t i p l e x e d  memory a c c e s s ,  t h e  d i g i t a l  

c o m p a r a t o r s  u se d  f o r  t he  T r I g g e r - P a t t e r n  and  T r i - S t a t e  d r i v e r s  t o  c o n n ec t  

t he  memory t o  t he  bus  i n t e r f a c e .

The  a c t a l  l a y o u t s  o f  t h i s  c a r d  a r e  now g i v e n .  A l l  t he  l a y o u t s  g i v e n  a r e  

l o o k i n g  down a t  t h e  c a r d  f r c ra  t he  component  s i d e .

The  t h r e e  l a y o u t s  g i v e n  a r e  a s  f o l l o w s  i -

1)  Conponen t  S i de  ( C o n t a i n s  Componen t Number ing )

2)  S o l d e r  S i de

3)  Both  Component  an d  S o l d e r  S ide  Supe r impo se d
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ANALOG INTERFACE BOARD (C * rd  3)
Thi s-  c a r d  c o n t a i n s  t h e  h i g h  sp e e d  a n a l o g  c o m p a r a t o r s ,  t h e  t r l - s t a t e  

d r i v e r s ,  t h e  s w i t c h e s  t o  s e l e c t  b i - s t a t e  o r  t r i - s t a t e , and  t o u r  v a r i a b l e  

v o l t a g e  s o u r c e s  f o r  t h e  t h r e s h o l d s ,  The  numbe r ing  o i  t h e  a n a lo g  

c o m p a r a t o r s  on t h i s  b o a r d  r e f e r s  t o  t he  b i t  t h a t  t h e y  I n p u t .

The  a c t a l  l a y o u t s  o f  t h i s  c a r d  a r e  now g i v e n .  A l l  t he  l a y o u t s  g iv e n  a r e  

l o o k i n g  down a t  t h e  c a r d  f rom the  componen t  s i d e .

The  t h r e e  l a y o u t s  g i v e n  a r e  a s  f o l l o w s  ; -

11 Component  S i de  ( C o n t a i n s  Component  Numbering )

2 )  So l d e r  S ide

3 )  Both  Component  and S o l d e r  S i de  Supe r  Imposed
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T illin g  and C o n t ro l  C o n n e c to r

Com ponent S id e  (T op) S o ld e r  S id e  (B o ttom )

, Datal 2 Data®

3 D ata3 A D ata2

5 6 D ata4

7 t>a ta<#

D ataP D ataB

O ataB DataA

D aiaD D a t a :

Da ta.E

A ddrl

Ad d r  2

A ddrS

AddrA

AddrS

A d d ri

A ddr7

A IE2 A d d rS

- A ddr?

- AddrA

- AddrB

E x te rn a !  T r I g g e r /MRD Memory Read

- /W T  Memory Wri te

- /EX  I NT E x te rn a l  I n t e r n a l

- MXCTL M u l t ip le x e r  C o n t ro l

/TRIGGER SPEED M u l t ip le x e d  o r  N ot

C^OCKI M ain C lock CL0CK2 A u x tl i a r y  C lock



D i g i t a l  I /O  C o n n e c to r

C om ponent S id e S o ld e r  S id e Com ponent S id e S o ld e r  S id e

, 2 CLOCK2

3 M anual T r ig 4 -

5 OUT 25 6 OUT 17

7 8 OUT 18

OUT IP

OUT 28

OUT 29 OUT 21 36

OUT 36 OUT 22

OUT 31 OUT 23

OUT 32 2

OUT 9 2

OUT 16 4

OUT 11 4

OUT 12 6

OUT 13 6

OUT 14

OUT 15 8

10

PAT 28

IN 28

PAT 22



A n a lo g  1 /0  C o n n e c to r

Com ponent S id e c ro p ) S o ld e r  S id e B ottom )

i 2 1/D  2

A 4 I /O  A B

i / 0  5 A 6 I /O  d

I /O  7 A 6 B

1 /0  9 A B

A B

A B

A B

c - I /O  18 0 ”

C V O  29 D

c I /O  22 D

c D ouble D D ouble

I /O  25 c Speed D Speed

c 28 0

c 39 D

c 32 I/O  32 D

- -

- -

37 V al U g e  A V o lta g e

39 V o lta g e  B V ol ta g e

41 V o lta g e  C V o !ta g e

V o lta g e  D

- -

- -

CLOCK! M ain C lock CL0CK2 A u x i l i a r y  C lock



APPENDIX D

MULTIBUS INTERFACE SWITCH SELECTION /  MEMORY MAP



O t-fe u l t  M tm ory  M*p

D e d ic a te d  I/O  Memory i BANK 1 0 ; B088H - )  B:87FFH 

BANK 2 B18888H ->  eiBFFFK

C o n t r o l / S t a t u s - R e g i s t e r  A d d re s s  : 186H ->  J 8 IH

S w itc h  N iaaberIng

A (3 4 )

— C ard  Edge — 

B (23 ) C (12)

j l  2 3 4 5 4 7 e| f l  2 3 4 5  4 7 e | ) l  2  3  4 5  4 7  8 |

D e f a u l t  S w itch  S e t t i n g s

8  (23 )

(0 e 6 6 0 0 e e | | l  1 1 8 8 0 0 1] |b 0 8 e 1 e 0 ej

6 = C lo se d

1 =  Open



D e d ic a te d  1 /0  Memory B ate  A d d r n i

B4 = open f o r  16 a d d r e s s  b i t s  

=  c lo s e d  f o r  26 a d d r e s s  b i t s

/ADR13 - )  Cl 8 = C lo sed

/ADR12 ->  C2 1 = Open

/AD R11 - )  C3 f o r  /ADR

/ADR 16 ->. C4

/ADR F - )  C5 8 =  Open

/ADR E ->  L6 1 -  C lo se d

/ADR D ->  07 f o r  ADR

/ADR C ->  08

/ADR i s  i n v e r t e d  ADR i s  I t  a p p e a r s  on th e  b u s .

C o n t ro l  /  S t a t u s - R e g l s t e r  A d d re s s

A1 =  open f o r  6  a d d r e s s  b i t s  

= c l o s e d  f o r  12 a d d r e s s  b i t s

/ADR B ->  B5 8 =  C l os ed

/ADR A - )  B6 1 =  Open

/ADR ? -> 97 f o r  /ADR

/ADR 8 - )  B8

/ADR 7 ->  A2 8 =  Open

/ADR 6 ->  A3 i = C l o se d

/ADR 5 ->  A4 f o r  ADR

/ADR 4 -> A5

/ADR 3 ->  A6

/ADR 2 -> A"

/ADR 1 - )  A8

/ADR i s  i n v e r t e d  ADR as t  a p p e a r s  on t h e  b u s .



U n it S ta te s  Switch S e le c tio n

W ait

Cl o se d C l » , ,d C lo s e d i C lo ck  C y c le

C lo s e d C lo se d Open 2 C lock C y c le s

C lo sed Onen C lo s e d 3 C lock  C y c le s

Cl e s e d dp»n Open 4 C lock  C y c le s

Open C lo sed C lo s e d 5 C lock  C y c le s

Open C lo sed Open 6  C lock  C y c le s

Open Open C lo s e d 7  C lock  C y c le s

0 P.n 0pen Open 8 C lock  C y c le s



APPENDIX E

CONTROL /  STATUS-REGISTERS AND I /O  HPIORY STRUCTURE



CONTROL-REOISTER

B i t  15 ST0NTR1G 6 = Norm al S t a r t  

1 = S i a '- t  on T r ig g e r

B i t  34 CLEAR « -  C le a r

B i t  13 N O R tA 6 = Norm al S i n g le  Scan 

1 = L o g ic -A n a iy s e r  On

B i t  12 EPOS 6 = D1 M b le  P os Edge 

1 =  E n ab le  P os Edge

B i t  31 ENEB 6 =  D is a b le  N eg Edge 

1 =  E nab le  N eg Edge

B i t  16 EX I NT 6 = E x te rn a l  A c c e s s  

1 = I n t e r n a l  A c c e s s

B i t  9 SPEED 6 •= Norm al S p e e d  

1 = F u l1 S peed

62 6 =  E nab le  C locX 2 

1 = Di s a b l  e Cl ock  2

C 2,B 2,A 2 0 ,6 ,8  =  S in g le  S te p  

8 ,0 ,1  = 9 0 .2 5  rtHi 

6 ,1 ,8  =  0 8 .5 0  MHz 

0 ,1 ,1  = 8 1 .0 0  MHz

1 .6 .0  =  6 2 .6 8  MHz

1 . 6 .1  = 6 4 .0 0  MHz 

1 ,1 ,6  =  6 6 .0 8  MHz

1 .1 .1  = 1 6 .8 0  MHz

61 0 = E n ab le  C lo ck !

1 = D is a b le  C lo ck  1

C l , 8 1 ,At 8 .8 .0  =  S in g le  S tep  

0 ,6 ,1  = 0 0 .2 5  MHz

8 .1 .0  =  6 8 .5 8  MHz 

0 ,1 ,1  = 8 1 .8 0  MHz

1 .0 .0  = 8 2 .0 6  MHz

1 .0 .1  = 8 4 .0 8  MHz 

1 ,1 ,8  =  0 6 .0 8  MHz

1 .1 .1  = 16 .80  MHz

SSTEP 0 = S tep  Low

1 = S te p  Hi gh



6TA7U6-REGIS7ER

TRIG STARTED 0 = S t a r t  FF 0-H

1 = S t a r t  FF On

LA TRIGGERED 8 -  No T r ig g e r  

1 == T r ig g e r e d

LA FINISHED 0 = LA F in is h e d  

j =  LA S usy

LA CLOCKING 6 = LA S to p p ed  

I = LA C lo c k in g

CLOCKING 0 *  N o t C lo c k in g

1 =  C lo c k in g

_ _

8 = High Memory 

1 = Low Memory

ADDRESS T r ig g e r  A d d re s s



mrrERw-Rmw-MEMORY

I n  = T r i - S t a t e  C o n tro l B i t  n 8 =  P u t P in  in  T r i - S t a t e  

I = D riv e  p in  a c c o r d in g  t o  Vn

Vn = Cv i ve C o n t ra !  Bi t  n 6 =  D r iv e  P in  Lou 

1 = D riv e  P in  H igh

S oeed  =  8 (Non -  Mui t  i o le x e d  Moc!e)

A1 o f f s e t  QB8H < d e f» y l t

L«# A d d re s s  H igh A d d re s s

?  4 5  4 3 2 I 6 7 6 5 4 3 2 1 8

[T 4 jU4 |T 3  [V3 [T 2 |V 2 ) t i  | v i  ) [ t ?  fu ?  \t 6 \V6 [ t s  (v 5  |

A t cH -fset 88 BH (d e -fa u l t  9 :8 8 6 8 )

Low A d d re s s  H igh A d d re s s

7 6 5 4 3 2 1 0  7 6 3 4 3 2 1 6

[ t  12] u n z J F i  11vi 1 | t i a 1 v ie  (T? j 'v ?  (  [ r i T j ^ l ' n s f v i s f r M j v i . i ;

S oeed  = 1 ( M u lt ip l e x e d  Mode)



PftTTESN-lNf'UT-HEHORY

Hn = I n p u t  High B i t  n 0 = Belcw  H igh T h r e s h o ld

1 = A bout H igh T h r e s h o ld

Ln = I n p u t  Low Bi t  n 0 = Below Low T h r e s h o ld

1 =  Above Low T h r e s h o ld

S p e e d  =  6 (Non -  H u l t i o l g y e d  Mode)

At o f f s e t  898H ( d e f a u l t

Low A d d re s s  

7  6 5  4 3  2

8 i 6e e e )

Hi gh A d d re s s  

5 4 3  2 1 8

|H4 | l 4  |H3  |L 3  |H2  | l 2 I " 1 I L 1 1 l « 6 k » H7 JL? jH6 (LA |H5 ] l 5  |

At  o f f s e t  8B8H ( d e f a u l t

Low A d d re s s  

7 A 5  4 3 2

0 : 8 888 ) 

1 6

High A d d re s s  

5  4 3  2 1 6

| H 1 2 |L 1 2 | H l l } L l l |H 1 0 ] L i0 ( H? |L9  | | H ld | L l< H15[L15|H14 |L14 (H13 |L13{

S peed  = 1 < H u U ip le x e d  Mode)

A t o f f s e t  006H ( d e f a u l t  8:8B0G> and  o f f s e t  890H ^ d e f a u l t  6188B8 )

Low A d d re s s  High A d d re ss

?  A 5 4 3 2 1 6 7 A 5 4 3 2 1 0

] m  |L 4  | h3 IL3 j H2 | l 2 (HI | u  |  |» 8  | l s  |» 7  [L7 |n d  I h s T lS " !



TR18GER-PATTERN

Hn » P a t t e r n  H igh B i t  n 0 =  Below  H igh T h r e s h o ld

1 = Above H igh T h r e s h o ld

Ln = P a t t e r n  Low B i t  n 0 =  Below  Low T h r e s h o ld

1 = Above Low T h r e s h o ld

2 9  28 27 26  25 24 23 22 21 20 19 16 17 16

|H M } t u j H l g ] L I 5 1 H I 4 j L M ) H is j u 3 1 ( H I2[ l 12 |H U  jL I 1 jH I e |L 1 fl |H 9 (t.9  ]

35 14 13 12 11 16 9 8

|h 8 ) L& |H 7 ] l 7 ~  |H 6 j L 6 ] H ^ | u  j |h 4  | l 4  |h 3  } l3  ( h 2 ~ | l2  |H1 }L1
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T h is  c a r d  I ru p lIm e n ts  th e  s e r i a l  1 ink  on th e  A pp le  11 * c o m p a t ib le

c o m p u te r .  T h is  c a r d  i s  b a s i c a l l y  a  HART w i th  bau d  r a t e  s w i tc h e s  a n d  a 

P a r a m e te r - R e g i s t e r  t h a t  can  be u s e d  f o r  i n p u t t i n g  in -fo rm a tio n  to  th e

te rm in a l  d r i v e r  s o f t w a r e , 

by th e  c i r c u i t  d ia g ra m .

The 1 1 s t  o f  c o m p o n en ts  a p p e a r s  b e lo w  f o l lo w e d

Number Com ponent D esc r  i o t  ion

1 7484 Hex I n v e r t e r s

2 74LS94 Hex I n v e r t e r s

3  74LS88 Q u ad ru p le  2 - I n p u t  P o s i t i v e  AND G a te s

4 74LS90 D ecade C o u n te r

5 ,6  74LS197 P r e s e t t a b l e  B in a r y  C o u n te r

7 74LS244 O c ta l B u f f e r s  /  T r i - S t a t e  L in e  D r iv e r s

8 75LS245 O c ta l Bus T r a n s c e iv e r s

9 74LS25! 3 o f  6  D ata  S e l e c t o r  /  M u l t ip le x e r

18 MC6858 A sy n ch ro n o u s  Ccramvni c a t i o n s  I n t e r f a c e

11 MCI488  D ual RS 232 C L in e  D r iv e r

12 MCJ48?  Dual RS 232  C L in e  R e c e iv e r
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B tu d  R * t* s  < w lth  / t 6  C lo ck )

S w itch  i Swi tc h  2 t e l  tc h  3 Baud R a te

„ „ „ Open o „ „ - ) 156 bau d

Open Open C lo se d -> 388 b a u d

Open Cl o se d Open - ) 480 bau d

Open C lo se d C lo se d -> 1208 baud

C lo se d Open Open - ) 2400 bau d

C lo se d Open C lo se d -> 4808 baud

C lo se d C lo se d Open -> 9480 bau d

ClOESd Cl o se d c l ° " d -> 19200 baud

P a r a m e te r  S w itc h e s

Open = L og ic  1 

C! o se d  = L og ic  8

I n t e r r u p t  C o n t ro l S w itch

S w itch  7 - Open «* Ig n o re n t e r r u p t  d a is y  C hain  L ine  (IK T  IN)

- Cl o s e d  = Use n t e r r u p t  d a i s y  C h a in  L in e  fJN T  IN)

RTS -  CTS C o n tro l

Swi tc h  B - Open = Use RTS (R e q u e s t to  S end) & CTS ( C le a r  t o  S end) l i n e s

- C lo se d  = S h o r t  RTS 6  CTS l i n e s ,  Ig n o re  h a rd w a re  h a n d sh a k in g



*4

i

Memory Map

D a U - R e g ls te r -  C6n?H /  CSnFH

C o n tro l /  S t a tu s -R e g i  s t e r -  CflmSH /  CBnEH

P a r a m e te r - R e g i s t e r -  CBnBH /  C9nlH  /  CBn4H /  C8n5H 

C0n8H /  CBn9H /  C0nCH /  CBnDH

i = S l o t  Number

P e r m e t t r - R e g i s t e r  S t r u c t u r e

Bi t  N um bers

1 e S6 S3 S4

Upper Bi t s  F ix e d  and low er b i t s  s w itc h  s e l e c t a b l e .

C o n t r o l - R e g i s t e r  P rog ram m ing  I n fo r m a tio n

R e se t UART - )  03H

S e t  UART to  O e f iu M  ->  J3H

S t i t u s - R e g i s t e r  Program m ing  I n fo r m a tio n

-  T r a n s m i t  D a ta  R e g i s t e r  Empty 6 = N o t Em pty 

1 =  Empty (S e n d  n e x t  C har)

-  R e c e iv e  D a ta  R e g i s t e r  P u ll 6 = N o t F u l 1 

3 = F u l l  ( F e t c h  C har)

For m ore in to r m a tI  on s e e  th e  M o to r o l la  d o c u m e n ta tio n  

A sy n ch ro n o u s  C cm un  I c a t  I ons I n t e r f a c e  A d a p te r  (AC1A)

MCi859
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tNrmvcTioN

T h is  p ro g ra m  c o n ta in e d  in  th e  l i s t i n g  is w r i t t e n  in  660P  A sse m b ly  

L anguage a n d  runs u n d e r  th e  FLEX O p e r a t in g - S y s te m , T he p r o g ra n  i s  a  menu 

d r iv e n  T e rm in a l e m u la t io n  p r o g r i n  w i th  s p e c i a l  - f e a t u r e s .

S p e c ia l  f e a t u r e s  in c lu d e  th.> a b i l i t y  t o  b e  a b le  t o  t r a n s m i t  commands 

d l r e c t y  fro m  a f i ?* r a t h e r  th a n  from  th e  K e y b o a rd . A n o th e r  f e a t u r e  i s  th e  

a b i l i t y  t o  be a b le  to  c a p tu r e  a l l  K e y s t ro k e s  In a f i l e  f o r  l a t e r  

t r a n s m i s s l o n , and th e  a b i l i t y  t v  c a p tu r e  * 1 1 t h a t  i s  r e c e iv e d  on th e  

s e r i a l  1 in k  in  a f i l e .

R u n n in g  th e  prog ram  i s  e a s y  a s  f t  I s  menu d r i v e n ,  s o  th e  v a r io u s  

f u n c t i o n s  w i11 n o t  be d is c u s s e d  in  d e t a i l  h e r e .
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t Serial Card Utility Program 

6 By M. K. Hawes 

r Last Updated 27 February 1984

************** if ************************************

* This Utility is used to communicate via *
* the serial link with monitor programs in *
* computers which expect an external terminal. *
* This Utility allows you to send information *
* from a text file, and capture any output *
* from the computer in a file stored under *
* Flex. Another feature is that you can *
* capture all you in a file and then *
* send it later without retyping it. *

* This Utility was written for my M.Sc. *
* project where - was necessary to *
* communicate with a monitor on an 8086 *
* single board computer. *

* The maximum possible speed of operation *
* is about 1200 Buad a s  characters are lost *
* at speeds exceeding this. *

***************************************************

Egu Cold Start Entry Point
WARM 8 EQO Warm Start Entry Point
RENTER EQU $cuor, DOS Main Loop Re-entry Pt,

E^U $C1)09 Input Character
EQU SCUOC Input Character
EQU $CD0F Output Character

ourcirz EQU $0112 Output Character
get a m EQU $CU15 Get Character
PUT a m EQU $0)16 Put Character
INBUFF EQU $C1)1B Input into Line Buffer
PSTRNG $C01E Print String

EQU ?CL21 Classify Character
EQU $CD24 Print CR and LF
EQU *CD27 Get Next Buffer Character

KSTKIO $CU?.A Restore I/O Vectors
$CU2D Get File Specification
$Gt)3U File Loader

SBTEXT Set Extension
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Add 3-reg to X-reg
ourPEC Outyct Decimal Number
OUTMEX BQU Output Hexadecimal Number
RFIERR EQU Report Error
GETHEX EQU Get Hexadecimal Numbe<-
OUTADR Output Hexadecimal Add ress

Input Decimal Number
64 DOCMND Call DOS as a Subroutine
65 Check Terminal Input Statu;
64

* FMS Equates

FMS2NT FMS Initialisation
71 FMSCIS FMS Close
72 FMS Call
73

* FMS Function
75
76
77 $0 Read/Write Next Byte/Char

OPEHRD $1 Open for Read
OPEWR §2 Open for Write
OPEKUP 53 Open for Update

54 Close File
REWIND 55 Rewind File
OPNDIR 56 Open Directory

57 Get Information Record
PUTINF 58 Put Information Record

$9 Read Single S e c to r
PUTSEC $A Write Single Sector

$B Reserved for Future
DELETE fC Delete File
RENAME St> Rename File

5E Reeeri-ad for Future
NXCSEQ $F Next Sequential Sector

510 Open System Info Record
GET RED $11 G et Random Byte from Sector
PUTRMJ 513 Put Random Byte in Sector

513 Reserved for Future
NX! DRV $14 Find Next Drive
RECKON 515 Position to Record fJ
BACREC $16 Backup One Record

Control

FUNCTN EQU
EQU
EQU Activity Status

DRVNUM EQU
FNAME EQU

EQO
EQU File Attributes
EQU
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EQU Starting Track of File
BEGSEC EQU Starting Sector of Pile
ENUTRK EQU Ending Track of File
ENDSEC EQU Ending Sector of File

EQU -22 File S i z e
FSECMI EQU file Sector Map Indicator

EQU Reserved for Future
rcmiE EQU -27 File Creation Date

EQU -29 FCB List Pointer
EQU Current Track

SECTOR Current Sector
RECORD -33 Current Record Ho.
DATNDX Data Index
RNDNDX EQU Random Index
NAMEBF EQU -46 Name Work Buffet
DIRADD EQU -49 Current Dir. Add
PDEISP -52 First Del Dir Ptr.

-63 Scratch Bytes
COMPRS Space Compression Flag
BUFFER -319 Sector Buffer (256)

* Special Valu

HEHEND 5CC2B End User Mem For Flex
ESRXRG Escape Return Register

Delay Parameter
$13 Wait Character

Control Blocks

FCB1 EQU $C100 Utility Area
$=240 Utility Area
$0380 Utility Area

: Definitions

A.ll.X.Y,

suBoyr
A.B.X.Y,iCC.PC

153
156
155 * SLar^ of Program

0000 OR , $0000

0000 20 Get Around Temps
0002 01 Version Number

0003 8I> Initialise
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BEGIRK EQU 17 Starting Track o f File
BEGSEC EQU 18 Starting Sector o f  File
ENUTRK . iu Ending Track of File
BNBSEC Ending Sector o f  File

EQU -22 File Size
EQO File Sector Map Indicator
EQU Reserved for Future

FCBATE -2 7 File Creation Date
EQU -29 FOB List Pointer
EQU Current Track

SECTOR EQU Current Sector
RECORD EQU -33 Current Record Ho.
DAINDX EQU Data Index
RNDNDX EQU Random Index
MAHEBF EQU 36 -46 Name Work Buffer
DIRADD EQU 67 -49 Current Dir. Add

EQU 50 -52 First Del Dir Ptr.
SCKCCB EQU -63 Scratch Bytes
COMPRS EQU Space Compression Flag
BUFFER -319 Sector Buffer (256)

* Special Values

HK>'END §CC2B End User Mem For Flex
ESRIRG SCC16 Escape Return Register

$0060 Delay Parameter
$13 Wait Character

Control

EQU Utility Area
EQU Utility Area

Utility Area

Definitions
146
1*7

A.B.X.Y,

SUBOUT MACRO
A,B,X,Y,,CC,PC

155 * Start of Program

0000 20 01 Get Around Teupa
0002 01 Version Number

0003 6D 09 Initialise
163
164
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0005 8D KBDCRK Check Keyboard
Check For File Input

000A 8D UKICHK Check Uart
OOOC 20 Loop Always

170
171 alise Subroutine
172

Subroutine Beginning
174 0 010  7? UALFDUP Clear Rail' Dup
175 0476 NBSTRL Clear No BSTrl
176 0477 Clear File 1 Flag

0476 Cleat File 2 Flag
0479 FOFLAG Clear File Out Flag
04 7A Clear Wait Flag

6DELAY Ininial Delay
0025 FD Store in Speed

Clear File Type

002B CC toNDPGM End of Program
002E FD Start of Buffer
0031 FD File Pointer
0034 FC MEMEND End of Memory
0037 FD End of Buffer

Patch Escape Ret Reg
0C3D FD ESRIRG Store Address

0040 17 Set Status Of Utility
Initialise Uart

SVBOUT Subroutine End

* Check keyboard Subroutine

0046 KBDCRK SUBIN Subroutine Beginning
004A ED JSR Check Keyboard Status

BEQ KBDEXI Exit It No Char

Get Char No Echo

Check For Escape
Not Escape

0059 20 KBDEXT Exit From Subroutine

0Q5B F6 NBSIRL Check If Translate BS

If Not Then Don’t

0061 81 #8 Check for Back Space
0063 26 Not Back Space
0065 66 #$7F Change to Del
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Check For Ctrl-S
26 05 Not Ctrl-S
73 047A Compliment Walt Flag
20 05 KPDEXT Consume Character

Write Character
Character Output

KBUEXT SUBOUI Subroutine End

C Char Fro® Keyboard or File

Subroutine Beginning
CO 79 HALFDUP Check Duplex
007C Set Flags
0071) CHKCHR No Echo Full Duplex

PLTCHR Console Output

CBKCHR Output to Uart

SUBOUI Subroutine End

1 Uerc Check Subroutine

UttTCHK Subroutine Beginning
Check Uart Status

16 URTEXT Exit if no Character
0A23 Get Uart Character
0474 Check File Type

NSIRIP Do Not Strip
##7F Strip Most Significant

Write Character
PUTCKk C o n so le Outpjt
#0 Set Counter to 0
DELCTR Store in Delay Ctr

URTEXT SUBOUI Subroutine End
256
257

I  !!*!!,
Free Meiitory

0(iA6 PRFRliE SUB IN Subroutine Beginning
i?FKEEM Free Memory Message
PSTRNG
BUFEP Buffer End

Get Free Memory
PRINTU

OOB6 6E 
00B9 BD 
ODBC FC 
OOBF B3 
OOC2 BD

#USEtM
PSTRNG

PRINT D

Used Memory Hesst

Cer Pointer 
Get Used Memory

2 72 OOC4 8E 054B LDX f/ALLMH T o ta l  Memory
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273 OOC7 BD PSTRNG
274 OOCA FC End Buffer
275 UOCH S3 Get Buffer Size

OOOO 8D PRINTD

SUBOUt Subroutine End

PRINTD Subroutine Beginning
00D6 FD NUMSTR Store Nutaber
OOD9 8E toUMSl'R Point to Number

285 OOtiC BD OUTADR Print Number
SUBOUT Subroutine End

287
288

* P!:lr't File Kame Subroutine
289

00E1 PFNAME Subroutine Beginning
COE3 108E ^SPACER Point To Spacer
OOE7 C6 95 Length of Spacer
00E9 81) PMHtrr
DOES A6 DRVUUM.X
OOED 8B #S30
OOEF BD PDTCHR Output Character

FNAME.X Point to File Kame
00F4 C6 Number of Characters
OOF6 8D
OOPS 31 FEMEN.X Point to File Exteneii

#3 Number of Characters
OOFC 8D

SUBOUI Subroutim

Subroutine Beginning
v ,x

0104 20 PNLOOP Entry No '-'

» Beginning
Y.X

313 010A 86
314 01CIC BD purcas Outfit Character
315 01 OF A6 PKLOOP ,X4 Get Character

PUTCVIR Output Character
Decrement Counter

PK1XI0P Loop Until Last Char

SUBOUT Subroutine

* ¥rinc Subroutine

PSPEED SUB IN Subroutim2 Beginning
#SPEEtM Speed Message

01IE BD PSTRNG
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0472 tfSPEED Point to Speed
0124 BD CD45 OUTADR Output Number

1'rint Blank
012 9 BD PUTC11R

S ' ) Print Bracket
put c m

SUBOUT Subroutine End

* Set Speed

S3FEBD Subroutine Beginning
SSSAGN flISPEDW Input Speed Message

PSTRNG
INBUFF Input Buffer

013E BD GETHEX Get Hex Number
SSSAGN Try Again

343 Is There a No
344 There is a no
345 0146 8E. Default for return
346 0149 8$ Store Speed

SUBOUI Subroutine End
348
349 * Set Status Subroutine
-50

SET SIT SUB 7.N Subroutine Beginning
SSIATHl Status Message
PSTRNG

0156 17 PRFREE Print Free Space
0159 BE #t ATH2 Status Message
015C BD CD1E PSTRNG

0475 HALFDUP Look at Duplex Flag
358 Set Flags
359 05 SHFDUP Half Duplex Jump
360 tfKFDUP Full Duplex Message

BSTCHK Now Check Backspace
016A 8E SHFOOP ffMHDUP Half Duplex Message
016D BD B ST CMC PSTRNG
0170 86 NBStRL Look at Backspace Fli

365 Sec Flags
No Backspace T Jump

367 Backspace Trans Mess
Now Print Log State

JMBSNT No Backspace Trans
017E BD PSTRNG
0181 86 Check File Type
01 84 4D Set Flags

NSCOM No Space Compress
0187 BE #!1S PCM Has Space Compress

375 018A 20 SPDCUK Speed Check
376 018C 8E NS COM * 5  PCM No Space Compress
377 018F BU SPDCHK PSTRNG

0192 8D PSPEEI/ Print Speed
0194 86 Log File Flag

Set Flags
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381 File 1 Open Jump
382 File 1 Closed Mess

019D BD PSTRNG
OlAO 20 File 2 Print State

File 1 Open Mess
01A5 BD PSVRNC

387 01AS 8E Get FCB Address
FF33 PFNAME 'Print File Name

01AE B6 0478 Storage File Flag
01B1 4D Set Flags

391 08 File 2 Open Jump
392 01B4 8E File 2 Closed Mess
393 01B7 BD PSTRMG
394 01BA 20 File Out Print State
395 01BC 8E File 2 Open Mess
396 01BF BD PSTRMG
397 01C2 8E Get FCB Address
398 01C5 17 FF19 PFNAME Print File Name

01C8 B6 0479 fOFLAG Output File Flag
01CB 4D Set Flags

08 File Output Open Jump
File Output Closed Mess

01D4 20 Now Set Status
01D6 8E File Output Open Mess
01D9 BD PSTRNG
01DC 8% Get FCB Address

PFKAME Print File Name
LDX AlENU Menu Message

01E5 BD GD1E PSTRMG

01EB BD GDIS GFJCUR Input Character
413

Oil m Carriage Ret
415 5F BLV SEX1T Subroutine Exit
416 31 CMI-A
417 OiFl 26 06 Try 2
418 01F3 73 , 0475 HALFLUP Invert Duplex
419 FF 57 Do Again

32 il'2
01KB 26 06 Try 3

N8STRL Invert BS Translation
0200 16 Do Again

33 # 3
0205 26 06

Invert File Type
Do Again

02 OD 81
429 02OF 26 Try 5
430 0211 17 FF1F SSPEED Set Speed
431 0214 16 Do Again
432 0217 81 35 * 5
433 0219 26 05
434 0218 8D Function j - Log File
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435
81

437 26
438 8D 43

16 FF27
61 37
26

444
445
446
447 023 9
446 023B

07.3D

0240
0242
0245

455 FF02

457 0635
BD CD1E

81) 3C
B6 0477
4D
26 04
8D
20 03

0264 17 0172
0267

02 69
39
04 78

04

LBKA SSACN
TR6 CMPA t'6

BNE TR7
BSR FUH6
LBRA SSACJi

TR7 CMPA tf'7
BNE TR8
BSR FUN?
LBRA SSACN

TR8 CMPA »'8
BNE TR9
LBRA EXIT

TR9 CMPA #'9
BNE CERRR
LBRA ABORT

CERRR LUA #07
js r PtrrctiR
JSR PUTCJ1R
JSR PUT CHR
LBRA SSACN

SEXIT LUX teETM
JSR PSTRNG
SUBOUT Subroutine

* Open / Cloee Log File

Co Again 

Try 7
Function 6 - Storage File 
Do Again

Try 8
Function 7 - Output File 
Do Again

Function 8 - Exit

Character Error 
Function 9 - Abort

Do Again 

Return Message

FUNS SUBIN Subroutine Beginning 
BSR PILE!
LUA F1FUC

BNE FIW5B
PER OPENF
BRA FUN5E

FUN5B L8SR CLOUT
FUN5E SUBOUT Subroutine End

* Open / Close Storage File

FUNG SUBIN Subroutine Beginning
BSR FILE2
LUA F2FLAG

BNb FUNGB
BSR OPENF
BRA FUN6E

FUNGB LBSR CLOSER
FUN6E W O  BUFSP

STD FPIR
SUBOUT Subroutine End
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489 * Open / Close Output File

Subrout/;-. Beginning
0264 eu

493 0286 B6 FOFLAG
0289 4D
02BA 26

OPNOUT
02BF 20

0294 SUBQUl Subroutine End

File 1 (Log File)

0296 Subroutine Beginning
0298 GO C100 #FCB1 Store FCB
02 9B KO 04 7B
02 9E CC 0477 6F1FLAG File 1. Flag

0483
SUBOUT Subroutine End j

File 2 (Storage File)

Subroutine Beginning
02A8 CC C240 ffFCB2 Store FCB
02AB FD 0476 FCB

0478 M r  LAC File 2 Flag

SUBOUT Subroutine End

520 Kile. 0 { Output File )
521

Subroutine Beginning
523 WCBO Store FCB

02BB FK
4FOFLAG File 0 Flag

02C1 FD
SUBOUT Subroutine End

Subroutine Beginning
02C8 BE tfFNAMM File Name Message
02CB Bli PSTRNG Print
02CE BD INBUFF Read Into Buffer
0201 BE FCB Get FCB Address
0204 60 GETFIL Get File Spec

537 0207 1025 ERROR Any Errors
538 02DB 86 #1 Set to TXT Default
539 02DD BO SETEXT Set Extension

02FO 86 #01'ENWR Open for Write
541 FUNCTH,X Store Function
542 02E4 BD FMS Open for Write
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013A Any Errors
00 Read/Write
84 PUHCTN.X Save in FCB

FE. ? Space Compression
CONPRS.X

#1 Open File Flag
9F 0483 [FFUGj Store in Flag Placi

SUBOUT Subroutine End

553 * Close Storage Pile
554

CLOSEF Subroutine Beginning
556 0478 Check If File Open
557 Set Flags
556 IF Exit If Not Open
559

Point To Beginning
561 See If Reached End
562 27 Close File If Case
563 A6 ,x+ Get Character

34
565 Point to FCB

Write Character
567 Any Errors

569
570

Set File 2
OOBS Close File

suBOur Subroutine End
S75
576 lo Storage File
577

Subroutine Beeinnit,,,
579 0478 Check If File Open

Set Flags
1A Exit If not Open

FPCR Get Pointer Value
0 ,% Store Character
M Increment Pointer

Store New Value
See If Reached End
Exit If Not Equal

toVSAVM Overflow Save Mess
PSIRNCi

0343 Close File
0345 OVEROR Overflow Error

0M B PIflXIT SUBOUT Subroutine End



%
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U D C 1K SUB IK Subroutine Beginning
See If File Open %  ,

034F 5D TSTU Sec Flags
BEQ Exit If Closed
L D X Point To FCB

Write Char i
0358 1026 Any Errors ?

. . . .  m

subout Subroutine End
' i t

* Check For File Output r  ^

Subroutine Beginning
0360 B6 F0FLAG Check If Open
0363 4D Sec Flags

Exit If File Not Open

0366 B6 Check Wait Flag
0369 4D Set Flags !

Exit in Wait Mode ;

DKLCTR Get Counter
CMPX Chtick If Reached Delay

FGEICH Get Char From File
621 i , x Incremenc X

Store Counter
*- BEA FILEKT Exit If Not Equal

FGHTCH LDX //FCBO Oucjxit From File
Get Character

ENDFIL Check If File End
Outfwt Character

0386 CC (70 Set Counter to Zero
DELCTR Store in DELCTR

Exit After Getting Char

038E A6 SHSTAX.y. Get Error S te tu e
CM PA % Is it EOF Error
BEQ NORCLS Normal Close

0394 7F CLR FOFLAO Set File Closed Flag
0397 16 Error Exit

03M  17 NORCLS Set File
0390 6b Close Output File

SUB0UT Subroutine End

Outfxit

OFNOUT Bubroutin Beginning
*reAMH File Name Message

03A6 mo PSIRNG
03A9 BL INBUFF Read Into Buffer

650 03AC 8E I K K Get FCB Address
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03AF ED Get File Spec
Any Errors

03B4 86 51 Set to TXT Default
Set Extension

03B9 66 40PENRB Open for Reed
FUNCIN.X Store Function

657 03BD BD Open for Read
Any Errors

659 fRDWR Kead/tfriee
FUNCTN,X Save in FCB

03C6 B6 Space Compression
COHPRS,X

Open File
664 Store Flag
665 Set Counter to Zero
666 03D4 FD Store in DE1CTR

SUBOUI Subroutine End

Relevant File

Subroutine Beginning
03DB A6 [FFLAGj Is File Open
03OT 4D TSTA Set Flags

BEQ CIDTEX Exit If Closed
CLR [FF1AG] Set Flag

Point To FCB
03E9 86 Close File Function

679 FUNCTN, X Si.ere Function
680 03ED BD Do File Closure
681 Any Errors

SUBOUI Subroutine End

* Purge Relevant File

PURGE SUB IN Subroutine Beginning
03F6 A6 9F 0483 [FFUU] Is file Open
03FA 41) Set Flags

PURE XI Exit If Closed
[FFLAG] Set Flag

0401 BE FCB Point to FCB
0404 86 Close File Function
0406 A7 FUNCTN,X Store Function
0408 BD Do File Closure
040B 26 Any Errors
040D 86 JDEUJIE Delete File Function
040F A 7 FUNCTN,X Store Function

Do File Deletion
0414 2b

PURE XT SUBOUI Subroutine End

* Overflow Error
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OVEROR SUB IN Subroutine Beginning
8E &VMESS Overflow Error

PSl’RNG
GETCHR Wait for Char

SUBOUI Subroutine End

* Error Exit From Progra

ERROR JSR RPIF.RR Report Error
ffERHESS Error Message
PSIRNG

Close File Function
FUNCIN.X Store Function

GETCHR Wait for Char
SUBOUI Subroutine End

' Exit Subroutine

C3 06c File 1
04 3D 8D

Close File 2

Output File
0448 8D Close Output File
044A BD Close All Files
044D 8E fFMESS Finish Message
0450 BD PSTRNG

Warm Start

Purge File 1
0459 80

Purge File 2
045E 8U

Close Output File

0466 Bb FMSCLS Close All Files
0469 8E #ABMESS Abort Message
04 6C BV PSTKNC
046i 7E WARMS Warm Start

* Storage Locations

0472 0000
0474 00 File Type
0475 00 RALFDUP Duplex Flag
0476 00 NBSTRL Back Space Transit
0477 00 File 1 Flag
04 78 00 File 2 Flag
0479 00 FOFLAG File Out Flag
04 7A 00 Wait Flag
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0000 FCB FOB FCB Pointer Store
Buffer Start Pointer
Buffer End Pointer
File Pointer
Flag Pointer
Delay Counter

HUM SIR Storage for Printed No.

12,/ /
/( >1. K. Hawes ) Serial U t i l i t y /
13,/ /

OD 13.4
45 61 /Escape - Control Menu /
42 75 66

74 6C /Ctrl-S = Pause or Go /
75 /Buffer Used $/,4

/ /
/Buffer Total $/,4
13,13
/
/ Status/,13
/
/ ----/,4
13,/ Finished Utility/
13./ -  -------“/»13,4

A3MESS 13,/ Utility Aborted/
13,/ — — — — — 7,13,4
13,/ In Emulation Mode/
13,/ -- ------------““/. 13 > 4

ERHESS 13,/ - Error - Hit Any Key/
13,/ -- ...----
13,4

OVMESS 13,/ - Overflow - Hit Any Key/
13,/
13,4

OVSAVM 13,/ - Overflow - Saving File/
13,/ — =====-- =»=-=— — ===-/
13,4
/

FKAMM File Name ? /,4
FMAMM 13 ,/Existing :-i" e Name ? / ,4
IS Ft'CM 13,/Input Delay Number /

/(O-FFFF or RET) ? /,4
KFDUF /I Set Half Duplex /

/( In Full Duplex Mode )/,4
HHDUP /I - Set Full Duplex /

/( In Half Duplex Mode )/,/-
it - Don’t Translate BS /
/( Tra slate BS to DEL )/,4
n  - Translate BS to DEL /

t Translate ?,S )/,4
/3 = Space Compression /



S e r i a l  C osm iun fca ticn  U c i l l t y 3 -1 -8 4  TSC ASSEMBLER PAGE 16

/< No Space Compress )/,4
n * No Space Compreea
/ ( Space Compression )/,4

SPEECH / 4 * Change Delay Speed
/ ( Delay Number /,4
/ 5 » Open Log File
/ ( Log File Closed )/,4
/5 • Close Log File
/ ( Log File Opened )/,4
/6 •== Open Storage File
/ ( Storage File Closed ) / , 4
/6 * Close Storage File
Z< Storage File Opened )/,4

20 n •= Open Output File
/( Output File Closed )/,4
/? * Close Output File
/( Output File Opened )Z,4
/a - Exit to Flex System/,
/9 - Abort this Utility/,
/RET » Back Co EmuIaClon/,

,/Enter Command ? /,04

Routines (LIB UAM)
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839 ****************************************************

841 * U art S p e c i f ic  R o u tin es f o r  F i l e  T r a n s f e r , T erm in al

844 * W ritten  For a Mf-'SSO U art
845  * -----------------------------------------------
846 *
S4 7 * By M. K. Hawes

650  * L a st Updated 3 January 1984

854 * SERIAL CARD ROWINGS
655 * -------------------------------------

EQU §1B Keyboard Break Char
EQU $5 I/O  S l o t  fo r  Apple

PARSEG $A085-KS1DT*$10> P aram eter S w itch  Add
$A086-KSM T*$10) C o n tr o l /S ta tu s  Reg

DATREG §A 087+(S10T*§10) D ata R e g is te r  Add
KBDDAI SAGOO Keyboard Date Add
RBDCLR $A010 C lear  Keyboard

* I n i t i a l i s e

868 * T h is  R outin e  Must I n i t i a l i s e  The Uart For
869 * Two Stop  B ice  And An 8 B it  C h aracter  W ithout
870  * Any P a r i ty  B i t s .  I f  N ec essa ry  I t  Must S e t Up
871 * The R elev a n t T r a n sfe r  Sp eed .

S e t  fo r  /1 6  and 2 S top  B its

UINIT PSHS A
0A9L 86 #$03

CTLREG
0AA2 86
0AA4 B7 CTLSEG

0AA9 39

* S ta te  o f  Uart (Zero

* T h is  R outin e  Muse Check I f  There I s  s  Char
* w a it in g  t o  be in p u t  by th e  U a rt . I f  th e re  i s
* a char w a it in g  th e  Zero F la g  Must Be R e se t ,
* and i f  th e re  i s  no Char the Zero F la g  must

* Char W aitin g  = Zero F la g  R eset
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* Char Not W aitin g  -  Z ero F la g  S e t  

OAAA 34 02 USTAT PSHS A
OAAC B6 A0D6 IDA CTLREG Check C on tro l R e g is te r
OAAF 84 21 A.NDA <f$21 C heck O v e rflo w  and Char
0AB1 35 02 PULS A
0AB3 39 RTS

* In pu t C h aracter  from H art In to  Acc

CAB4 B6

* T h is  R outin e  Must In pu t The Char From The U art <
* in t o  th e  A R e g i s te r .  *

* O utput Char from Acc to  U art

* T h is  R outin e  Must Output The Char in  th e  A Reg *
* from th e  U art. I f  th e  P re v io u s  Char has n o t  *
* been s e n t  y e t  th e n  t h i s  r o u t in e  must f i r s t  j
* w a it f o r  i t  t o  be s e n t  th e n  send the Char *
* in  th e  A R e g i s te r .  1

0AB8 34 UOUT PSHS
QABA B6 UOUTl IDA CTLREG Check I f  L ast Chai
OABB 84 #$02
QABF 27 I f  Not Then Wait

DAT REG O utput C haracter
0AC6 39

* Get Param eter R e g is te r  Value

* T h is  R outine In pu te  The Param eter S w itc h e s
* used  to  s e t  up Term in al C h a r a c t e r is t ic s .  The
* form at o f  th e  S w itch es i s  0  1 0  1 0  S6 S5 S4
* and t h i s  i s  put in  th e  A Reg.

0AC7 86 A0D5 PARIN IDA PARR2G In pu t from P aram eter Reg
GACA 39 KTS R eturn from S u broutin e

* Non Echo Keyboard Input
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* T h is  R outin e  In pu ts e Key From th e  Keyboard
* w ith o u t e ch o in g  i c  on th e  S c r e e n . The Key
* v a lu e  i s  p la ce d  in  th e  A R eg.

951 OACB B6 KBDDAT In p u t From Keyboard
952 OACE 84 SS7F St r ib  MSB
953 OADO B7 KBDCLR C le a r  Keyboard Strob e

R eturn  From S u broutin e
955
956 R ou tin es
957
958
959 ****************************************************
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961
962
963
964 0AD4 00

* End o f  Program

ENDPGM FCB 00 
END TERM

0 ERROR(S) DETECTED
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STOBOL TABLE: 

ABMESS 0607 0456 ACT VST CD36 ALLMM
BACREC BEGSEC 0012 BEGTRK 016D
BUFFER CHXCHR 0082

031F 0324
03F2 ODOO COHPRS

CTLREG 0013 DATNDX DATREG
DELETE BIRAW EOCm'D DRVNUh 0003

ENBFIL KNDPCM ENDSEC EHTORK ERMESS 0667
ERST AT 0001 ESRTRG 04 3A

0477
0478 01BC FATTRB
04 76

FCDAIE 0019 FDEIBP FEXIEN 0483 FGETCH

FWAMM 05D7
F>ISCLS FMSDfl FNAME FNAMM 0726

01D6 01C8
FSECKI 0017 0264

02 77 FUN6E
0294 FUKCTN 0000 GET CHR GCTHEX

GET INF 00U7 GEtRKD HALF DU
INBUFF CD1B

KBDCHX KBDCLR KBDDAT
034A

0005 07E4 MEMEND CCZB
0776 MHDUP NAKEflF 002 4 NBSTRL 0476
0070 NORCLS 03 9 A 01E2

NUHSTR 0487
NXIDRV NXtSEQ OPENRD 0001 OPENUP

OFNDTR opxoirr OUT ADR
01ZTCH2 OUT DEC OUTHEX OVEROR
OVSAVM PARREG

PFNAME 0106 MfLOOP
PRFREE PRiifro PS PEED 013 9 PSTRNG

PUREX!' PUT CHR PVTtoF 0008 PUTRND
RECKON RECORD RENAME

RENTER 0013
REVINU RNDNDX 0023 RPTERR

RSTRIO SCOTCH SECTOR CD33 SETSTT
SHFDUl1 SPACER

SPDCHK 018F SPEELM 0150 SSPEED
SSSAGN 0135 STATM2 0579

0003 0203

UBICHK 0087 URtEXT
WARMS
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LOGIC-SIMULATOR PRIMITIVES



IMTRQiaCTJffil

T hese  a r e  th e  p r i m i t i v e s  t h a t  can be u se d  in  g e n e r a t i n g  th e  c i r c u i t  t o  be 

s im u la t e d .  A d ra w in g  o f  th e  p r / r e f t l v e  i s  f o l lo w e d  by  th e  f o rm a t  o f  th e  

in p u t  n e e d e d  f o r  th e  p a r t i c u l a r  p r i m i t i v e .



iDOIC tOUAIMJfl; 0-6' IB)'ICl-iO)'!£) 

LCC.C SYMBOL: ,  ------

iLJ— 0

CLEMENT COOINC; AND A 1C) 10) 

NOTES. ( 1 DENOTES OPTIONAL FIELDS.

LOGIC EOUATION. O'A (EI).(C) (01 (El 

LOGIC SYMBOL' -----^

ELEMENT COOING. NAUD AJBl (C> (0) 

NOTES ( I DENOTES OPTIONAL FIELDS,

IODIC EOUATION D.»* IB) « 1C) T (01 A IE) 

LOGIC SYMBOL. A---K----S.

ELEMENT COOINC OR A IB] 1C) (0) 

NOTES ( ) DENOTES OPTIONAL FIELDS.

LOGIC EOUATION. 0>A4 IB 1» (C) * 10) ♦ |E| 

LOGIC SYMBOL A—A---

l l > - e

ELEMENT COOING NOR̂ A (C) (U! 

NOTES 1 1 DENOTES OPTIONAL FIELDS,

LOGIC TYPE EXCLUSIVE OR GAU 

LOGIC EQUATION O>A0B

LOGIC TYPE EXCLUSIVE NOR GATE 

LOGIC EQUATION O'V&lj

—  : = ) [ > - '
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INTRODUCTION

T h is  l i s t i n g  c o n ta in s  th e  program  w r i t t e n  in  SASIC f o l lo w e d  by th e  

c i r c u i t  t o  be  s im u la t e d  c o n ta in e d  a t  th e  e n d  in  DATA s t a t e m e n t s .  The 

c i r c u i t  d ia g ra m  w ith  th e  s ig n a  1 n in e s  i s  c o n ta in e d  in  th e  n e x t  A ppend ix  

And th e  a c tu a l  o u tp u t  o f  th e  s im u la t o r  in  th e  -fol lo w in g  A ppend! .



INTRODUCTION

T h is  l i s t i n g  c o n t a i n s  th e  p ro g ra m  w i  t t e n  in  BASIC f o l I  owed by  th e  

c i r c u i t  t o  be s im u la t e d  c o n ta in e d  a t  th e  e n d  in  DATA s t a t e m e n t s .  The 

c i r c u i t  d ia g ra m  w i th  th e  s ig n a l  nam es i s  c o n ta in e d  in  th e  n e x t  A p pend ix  

and  th e  a c t u a l  o u tp u t  o f  th e  s im u la t o r  in  th e  f o l lo w in g  A p p en d ix .



L og ic  S im u la to r  P rogram 2 -2 9 -8 4

10 REM AN ENHANCED LOGIC SIMULATION PROGRAM

70 REM Adapted fo r  th e  Nascom 1 Computer by 
80  REM M ichael K errigan  H aves. (Jun e 1983)

100 REM  -------------------------------------------------------------
110 REM FORMAT
120 REM “ m s m
130 REM MACRO nam el
140 REM . . .
150 REM EMD
160 REM MACRO name2
170 REM . . .
180 REM END
190 REM ELEMENTS
200 REM . . .
210 REM END
220 REM EXTERNALS
230 REM . . .
240 REM END
250 REM OUTPUTS
260 REM . . .
270 REM END
260 REM %%%
290 REM ------------------------------------------------------------------------
300  REM * * * * * '*********************************
310 REM The fo l lo w in g  Program s im u la te s  a *
320 REM D ig i t a l  Logic d e s ig n , t t  ? L ogic  *
330 REM d e s c r ip t io n  may c o n s i s t  o f  L og ic  *
340 REM 'P r im i t iv e s '  (AND, OR, X0R, ETC G ates *
350  REM D, JK F l ip  F lo p s;  N -B ic C ounter) or *
360 REM 'M acros' (  B lo ck s o f  commonly used  *
370 REM p r im it iv e s  ) •  Each L ogic E lem ent *
380 REM c o n ta in s  5 in p u ts  and 2 o u tp u ts ,  *
390 REM unused 'P in s '  are  coded a s  'O ' . *
400 REM *
410 REM The L og ic  i s  d r iv e n  by 'E x te r n a l *
420 REM S t im u l i ' .  The S t im u l i  a r e  d e sc r ib e d  *
430 REM a s  P e r io d ic  o r  A p e r io d ic , th e  s ig n a l  *
440 REM name, s t a r t in g  l o g i c  v a lu e ,  s t a r t  *
450 REM tim e , and 5 change  t im e s . *
460 REM *
470  REM ***************************************  
480 REM 
490 REM
500 CLEAR1000:WIDTH2 55: PRINT CHR$ (12 )
510 REM **************************
520 REM * A utom atic C ontin ue *
530 REM **************************
540 FRUWDo You Want A utom atic  C on tin u in g  ?

R o b e r t M. M c d e ra o i t 
AUGUST 1981



L og ic  S im u la to r  Program

550 AC— 1?SI$-"Y', :GDSUB1200 
560 1FQ$<>''Y,,A»DQ$<;>"N"THEN540 
570 IFQ$-"N"THENAC”0 
580 REM *********************
590 REM * P r in te r  Check *
600 REM *********************
610 PRINT"Do You Kant The O utput P r in ted  ?
620 SI$="N":G0SUB1200
630 IFQ$<>"Y"ANDQ$<>‘'N',THEN610
640 PR-1 :TN-8 i IFQ$-',N"’rHENHl-0 :T N -6: GOTO 760
650 STAKr+iHEAOmG'Oigital S im u la to r  Output"
660 PKE+
670 REM ************************
680 REM * STTARI OF PROGRAM *
690 REM ************************
700 REM ***************************************  
710 REM The fo llo w in g  p aram eters d e f in e  th e  * 
720 REM maximum a r r a y  l i m i t s .  They can be * 
730 REM a d ju s te d  t o  f i t  a d e s ig n  to  a v a i la b le  * 
740 REM Ram. *
750 REM ***************************************  
760 MNAMS‘»200:MLGIC=200:MExrERN=>3Q:MSAMPLES=14 
770 MTYPES-50
780 PRIWI :PRIwrTAB( 1 5 * (1 -H?R)); "LOGIC SIMULATOR"
790 PRINTTAB(15*(1+PR));"---------------------------- “ iPRDCT
800 PRBfTMH;"NAMES":PRINrML;"LOGIC DEVICES"
810 PRINTMT; "TYPES": PRWTME; "EXTERNAL STIMULI" 
820 PRINT :PRINT
830 DIMNAMSS(MHAMS) ,SRT (MHAMS)
840 01HLO(MLGIC,8)
850 DIMEXTBRNALS(MEXTERNALS,  10)
860 DIMTYPES(MIYPES)
870 DIMTYPEP(MrYPES)
880 DIMOL(MN)
890 DIMSA(MS)
900 D IK T(iO ) ,S T (6 7 Z )
910 REM *************************
920 REM * S ta r t  o f  Program *
930 REM *************************
940 PRINT: PRINT"*** I n i t i a l i s i n g  Arrays ***"
950 P R Il^ " '*** -----------------------------------  ***"
960 G08UB1330
970 PRINT:PRINT"*** R eading Any Macros ***"
980 PR INT"***---------------------------------  ***"
990 G08UB1530
1000 PRINT:PRINT"*** Read In  L og ic  Network ***"
1010 PR INT"***-----------------------------------------***"
1020 PRINT :G0SUB3 990
1030 PRINT iPRINT1'-**  Expanding Any Macros ***"
1040 PR INT"***-------------------------------------  ***"
1050 GOSUB22CO 
1060 GOSJB2330
1070 PRIICT:PRINT"*** Read E x te r n a l S t im i l i  ***" 
1080 PR DfT"***----------------------------------------- ***"



L ogic  S im u la to r  Program

1090 PRINTIOOSUB2640
1100 PRINTS PRINT"*** C heck ing f o r  E rrors ***"  
1110 G0SUB2930
1120 PRINT SPRINT "*** Read Nodes To Sample ***"
1130 PR INT"***-------------------------------------  ***"
1160 PRINT sCOSUB306 0
1150 PRINTsPRXNT"*** S e t t i n g  Up S im u la tio n  ***"
1160 PR IN T"***----------------------------------------- ***"
1170 GOSUB3920
1180 IFPR0RHPTHENPRT+: PRINTCHR$(12)sSTART- 
1190 END
1200 REM *****************************
1210 REM * S p e c ia l  In p u t R ou tin e  *
1220 REM *****************************
1230 SC-0SPRINT"
1260 GEEQ: IPQOOTHENISIO
1250 SC-SC+1: IFS0600ANDACTHEN1300
1260 SN-SN+1
1270 IFSN>5ANDSF-OTHBNPRINTCHR$(8);"  " j:S F -1sS N -0  
1280 IF SN > 5A N D S F -1T H SN P R IN T C H R $(8:SF -O :SN -0  
1290 GOTO1260 
1300 Q*ASC(SI$)
1310 Q$-CRR$(Q): PRINTCHR?(8) ;Q$
1320 RETURN
1330 REM ***************************
1360 REM * I n i t i a l i s e  P o in te r s  *
1350 REM * ( 500 ] *
1360 REM ***************************
1370 NL-OsNTYPE-O 
1380 READQS
1390 IPQ$<>',LASI,,TBENrY$(Nr)-Q$sNr-Nr+l! GOTO 1360 
1600 DATA "END" , "AND", "NAND" , "OR", "NOR" ,"XDR"
1610 DATA "XNOR", "DFP” JKPP"."CNTR", "PLSR"
1620 DATA "SREG","*'\"LAST"
1630 NPRIM-NTYPEs NTYPE-NTYPE+]
1460 REM L og ic  P r in t  V a lu es and In v e r s io n s
1450 L0="0iLl-3:LX=l
1660 DIM LV S(3),L PS(3),L N(3)
1470 LV$(LO)-mO ":LP$(LO)=".":1N(LO)-L1:LV(LO)-LO 
1480 L V S(L l)= "l"sL PS(L l)=" l":L N (L l)'*L O :L V (L l)-L l 
1490 LV$(LX)="X":LP$(LX)="?":LN(LX)»LX:LV(LX)=LX 
1500 DDfl'EXS(l) : FORI-OTOl:REAOrEX$<I)sNEXri 
1510 DATA "A","P"
1520 RETURN
1530 REM **********************
1560 REM * Read In M acros *
1550 REM * [ 1000 ] *
1560 REM **********************
1570 GOSUB6190
1580 IFLEFT5 (L $ ,3  )<> "MAC "THENRET URN 
1590 X S -L IS d )
1600 PRINT
1610 PRINT"*** R eading In  Macro : ";X$; " *** "
1620 PRINT :TPTR— 1
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1630 COSUB6380
1640 IFPOWD— 1THEN1710
1650 IFIPIR — 1THBN1710
1660 PR.H’TT"This Macro Name A lread y E x is ts"
1670 PR m r"E nter R (e p la c e )  ur N (o r e p la c e )" ;
1680 S I $ - HR":GOSUB1200
1690 IFQS-,'N,’THEN1760
1700 IFQ$<>"R"THEJU670
1710 TPTR-NLGIC
1720 G0SUB6470:MT-F0
1730 G03UB2070
1740 GOSUB182C
1750 GOTC1530
1760 REH ***********************
1770 REH * S k ip  T h is  Macro *
1780 REH *  t 1200 ] *
1790 REM ***********************
1800 G05UB&190; 1FLI$(0)<>"END,'THEN1800 
1810 GOTO 1530
1820 REM ******************************
1830 REH * Check fo r  Macro E r ro r s *
1840 REM * [ 1500 ] *
1850 REM ******************************
1860 PRIHT:PRINT"*** C heck ing Macro ";TY?(MT); 
1870 PRIWI" fo r  E rrors ***"
1880 Xl-TY(Kr)z<23SUB68L0 
1890 F0RI-1T05 
1900 X*L0(X1, 1 ) : G0SUB6370 
1910 NEXTI 
1920 X l-X l+1
1930 X=L0(X1, 0 ) : IFTY§(X)="*"THEN 1890
1940 ST=X1
1950 G0SUB7010
1960 G0SUB7100
1970 ER=0
1990 RETURN
1990 REM *********************************
2000 REM * Read In L og ic  D e sc r ip t io n  * 
2 010  REM * { 200Q j *
2020 REM *********************************
2030 lF L E F T $ a $ ,8 )« ',ELEMENIS"THEN2070 
2040 PRINTiPRllfr"Error, ELEMENTS E x p e c te d .” 
2050 IFPR0RHFTRENPRT+: PRBn:CRR$(12 )  :START 
2060 END
2070 S M iL :N A 5 (0 )- ,,0"iNNAM=l 
2080 F0R I-lT0M N:NA5(I)=M’':NEXri 
2090 GOSUB6190 
2100  X$=LI$(0>
2110 G0SUB6380:IFFO=-1THENGOSUB6470
2120 T(0)=F 0
2 130  F0RI=1T07
2140 X $ = L I$ (I ): G0SUB6560
2 150  IFFO— 1THENGOSUB6730
2160 T (I)=F 0:N E X ri
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2170 GOSUB7300
2180 IF T(0)O 0IH E N 2090
2190 RETURN
2200 REM *********************
2210 REM * Expand M acros *
2220 REM * [ 3000  ] *
2230 REM *********************
2240 ST-SL
2250 F0RI-STT0NL-1
2260 IFLO (1, 0 )>NPRIMTHEN22 90
2270 NEXT I
2280 RETURN
2290 G0SUB7590
2300  GOSUB6000
2310 REM R epeat Proc to  F ind N ext Macro 
2320 GOTO2200
2330 REM **************************************  
2340 REM * L i s t  Expanded L ogic  D e s c r ip t io n  * 
2350 REM * | 3500 ] *
2360 REM **************************************  
2370  PRINT:PRINT
2380 PRINT-*** Expanded L ogic  D e s c r - , . i o n  ***"
2390  P R IN T -***--------------------------------------------------***"
2400 PRINr:PRlNr"No.-;TABCrN);
2410  PRINT'-Ti'pe”jTA B<4*TN );"Incuts";
2420 PRINTTAB(7*TN);“O u tp uts”
2430 F 0 R l“ lT 05:F R IN TT A £(T N *l'P rN -l); I ; : NEXT I  
2440 PRINrTAB(7*TN); "Q" ;TAB(8*TN);  "Q-"
2 450  FORI“ 0T08:PRINT 
2 460  FO R II^lT O T N -l:P R IN T "-" ;
2 470  NEXTII: NEXT 1 : PRINT "+"
2480 N A S (O )-"."
2490 FORI-SLTONL-1 
2500 IFI-NL-1THEN2 540 
2510 PRINT” (
2520 PRINT RIGHT S(STR§ (I-S L + 1) ,LEN(STR$ ( I-SL + 1) ) - ! ) ;  
2530 PRINT")";
2540 PRINTTAB(TN);
255 0  PR IN T T Y <i(L 0(I,0 ));
2560 FORII-1T07
2570 PRINrTAB<TN*II-yrN);
2580 XX*L0 ( 1 ,1 1 )
2590  IFXX<OrHENPKINT ; G3T0r 10
2600 PRINTNAS(XX);" ";
2610 NEXT I I : PRINT: NEXT I 
2620 NA$(0)«‘"0"
2630 RETURN
2640 REM ************************************
2650 REM * Read In E x te rn a l D e sc r ip t io n  *
2660 REM * [ 4000 ) *
2670 REM ************************************
2680 PRINT"No .";TAB(TN);  'Type";TAB(2*TN);"Name"; 
2690 PRINTTAB(3*TN); "Val";TAB( 7/2  *TN+1); "Bgn";
2700 FORI-1T06: KIINTTAB((1 + 7 )* T N /2 + l);  "Os";
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2710 P R D tT R IG H r$ (S T R S (I),l);:N E X T I:P R lN r 
2720  F 0R I-1T 03 : PRIKI,‘+ “ ; iFORII-lTO TN-1
2730 PRINrN-";:N E X III:N E X riiP R im , N -------
2740  F O R I-lT 07sH lIO T >";:F O R II-lT O T N /2-l 
2 750  PRINT iN EX III: NEXT I :  PRINT "+N 
2 760  NEX-0:C05UB6190 
2770 IFLEFT$(L$,9;=''"8XrERNALS"THEN2810 
2780 PRIOTsPRIOT‘E rro r , EXTERNALS E x p ected ."
2790 IFPR0RtiPIHENPRT+iPRIOTCKR$(i2):START-
2800 END
2 810  GOSUB6190
2820 IF L IS  (0)-"EN D MTHENPRINTTAB(TN); "END": RET URN 
2830 F O R I-0 I0 1 :IF L IS (0 )-T E X S (I)T H E N I(0 )- I  
2840  NEXT I
2850 X $-L I$(l)iO 0SU 36560  
2860  IFI70— 1THEN2810 
2870  T (1 ) -F 0
288 0  F0R I-0T 03:IFL I$( 2 )«LV$(IJTHENI( 2 ) -L V (I )
2690  NEXTI
2900  F O R I= 3 r0 9 :T (I) -V A L (L I$ ( l) ) iN B X ri 
291 0  GOSUB7430 
2920 GOT02810
2930 REM ************************
2 940  REM * Check fo r  E rrors *
2950  REM * [ 5000 ] *
2 960  REM ********** 1 *************
2 970  GOSUB681O;MM-0 
2 980  FORI-OTONBX 
299 0  O L (E X (I ,I ) )" !
3000  NEXT I  
3010 Sr«SL:G0SUB70l0 
3020  GOSUB7100 
3030 RETURN
304 0  REM *****************************
3050 REM * Read in  Sample P o in ts  *
3060 REM * [ 6000 ) *
3070 rem  *****************************
3080 NS=0 
309 0  GOSUB6190
3100  IFLEFTS(L§,7 )="0UTPUTS'TUEN3140 
3110 PRINT: PR INI "E rror, OUTPUTS E xp ected ."
3120 IFPRORHPTHENPRT+: PRIWrCJlS$(12 ) !START-
3130 END
3140 GOSUB6190
3150  IFLI§(0)-"END"TUEN3220
3160  F0R1=0I010
3170  X $-L I5(I):IF X $=" "THEN3200
3180 GOSUB6560:IFFO=-1TULN3200
3190  IFNS<14THENNS-NS*-1:SA(NS)=P0
3200 NEXCI
3210 GOTO 3140
7220 lTNS>7rREN3260
3230 FOR1=1TONS
3240 PR IN TTA B((I-1)*TN );NA S(SA(I));
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3250 MEXrisPRlNriPRIUT"£am,,:RErUltN 
3260 E0RI-1T07
32 70 P R U rrrA 8 ((I- l)* T K );N A 5 (S A (Z )) ;
3280 NEXTI:PRIHT :FORI-8TOHS 
3290 PRDfrTA8((I-6)'VN);NA$<SA(I));
3300 NEXT I :PRIlft SPRINT "END'1 :RET1JRN 
3310 REM *********************************** 
3320 REM * Selective Trace Table Build *
3330 REM * | S'iOO ) *
3340 REM *********************************** 
3350 STF-0
3360 Al*(NL-WN+Cr!yHm))*2 
3370 A2-FRE(0)-200 
3380 IiA2<AlTRENR3JrURN 
3390 PRINT
3400 PRU?!"*** Build Selective Trace Table ***"
3410 PRTNT"***----------------------------***"
3420 P R m
3430 STF-l!DIMS0(NL),Sl(NN),S2(TL-Hra)
3440 T1*0
3450 FORI-lTObm:Sl(I)<l
3460 FORJ^SLTONLtFORK-lTOS
3470 IFL0(J,K)-nUENS2(Tl)-J:Tl-Tl+l
3480 NEXCK: NECTJ
3490 S2(Tl)— 1:T1-TH-1
3500 NEttl
3510 G08UB3530
3520 RETURN
3530 REM *******************************
3540 REM * Print Out Of Load Table *
3550 REM * [ 6700 ] *
3560 REM *******************************
3570 FORI-ITONN
358 0 IFLEFT$ (NA§ (I), 1 )<>"&’'THENSE-I
3590 SRI(I)=I
3600 NEXT I
3610 FL-0
3620 F0RI-1T0SE-1
3630 IKNAS (SRI (I)) <NA$ (SKT (1+1) )THEN3680 
3640 n=SKT(I)
3630 SRT (I)«‘SKT (1+1)
3660 SRT(I+1)=II 
3670 FL«-1 
3680 NEXT I 
3690 IFFLTKEN3610
3700 PRIOTSPRINT:PRINT"*** Load Table ***"
3710 PRIMT"***-----------***M
3720 PRIOT sPRIWI "N0DE";TAB(TN ); "DEFINED";
3730 PRIWn'AB(3*?N),-"DRIVEN ELEMENTS"
3740 PRINT" ";TAB(TN);"------
3750 PRINTTAB(3*TN); "--------------- "
3760 FORJJ‘=lTOHN:PRmTNA$(SkI (JJ )) ;TAB(TN);
3770 X$«4)A$(Sltr (JJ)) :Q3SUB6560 
3780 IFFO— ITHENSBBO
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3790 F0RI-S110NL-1
3800 IFLO(I,6)-BOTHENPRmr"[ Q :Q*I"SL+1; GOTO3860
3810 IFL0(I,7)=i0THENPRHfI"[ Q- :Q-I-SL+1: COT03860
3820 NEXT I 
3830 FORI-OIONEX
3840 IFEX(I,l)-FOTHENPRnn:"[ EXT"; 8(hI.+l;00TO386O 
3850 NEXT I
3860 OS-RIGHISC1 ''+SrR$(Q)+" ]",6)
3870 PRDfrQS;TAB(3*TN);
3880  T l - S K S R r ( J J ) )
3890 IFS2(T1)— 1T8EK3910
3900 PRDfI52 (T1 )-SL+l; ;T 1-T1+1: Q3TO3690
3910  PRlOT:NEXTJJiRETURN
3920 REM *********************
3930 REM * Do Simulation *
3940 REM * [ 7000 ] *
3950 REM *,‘*******************
3960 DIMHE(NN),ME(MM»l):IFEROOrHENRErURN
3970 NN-NM-1; NL=NL-1: NE=NE-1: QA-O
3980 GOSUB3310
3990 GOSIB4080
4000 GOSUB4460
4010 GOSUB4830
4020 GOSUB5030
4030 IFQ$="Q,'THENR£rURN
4040 IFQS«"R"THEN3990
4050 GOSUB8230
4060 GOSUB4390
4070 GOTO4000
4080 REM *********************************
4090 REM * I n i t i a l i z e  fo r  S im u la tio n  *
4100 REM * [ 7300 j *
4110 REM *************3-*******************
4120 FORI=OrONN: NE(I )=LX? NEXT I
4130 F0RI»SLT0NL:10(1,8)=LX: NEXT I
4140 PRINrCHR${12):RI=0
4150 P R Ilfl"D efau lt fo r  S t a r t  & Increm ent 1
4160 SIS="Y":GOSUB1200
4170 IFQ$0"'Y"ANDQ$<>"N"THEN4150
4180 S9-0:S2*1
4190 IFQ$-'-Y'*rHBN4220
4200 INPUT"Enter Sample S t a r t  Time ";S9
4210 INPUT "Enter Increm ent Time ";S2
4220 S9=INr(S9):S2=lNT(S2)
4230 IFPRTHEhPRT-
4240 IFS2-0TRENS2-1
4250 E9=32767 :F0RI=0T0NEX:E3»EX(1,3)
4260 GOSUB4760:NEXTI 
4270 IFHS-0THENGOSUB589O 
4280 IFMM<>OIttEHGOSUB43O0 
4290 qS-"":RETURN
4300 REM *******************************
4 310  REM * S e t A sid e  Mem fo r  SKEGs *
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4330 REM *******************************
4340 Ml-0
4350 FORI-<m>MM:MB(I,0)-LX:ME(ia)-LX:irem 
4360 FORI-SLTONL
4370 IFFY$(L0(I,O))*"SR£G"THENLO(I,8)-MliMl'*Ki-LO(l,2) 
4380 i72Sn;RBIURN
4390 REM *******************************
4400 REM * Recalculate Ripple Time *
4410 REM * [ 7500 ] *
4420 REM *******************************
4430 IFC9-1TNENRI-R1+1:RETURB 
4440 R1*E9: IFR.I>S9THENRI-S9 
4450 RETURN
4460 REM ***********************************
4470 REM * G et Next Scheduled External *
4480 REM * [ 8000 ] *
4490 REM ***********************************
4500 IFRIOE9THENREI URN 
4510 E9-32767 
4520 FORI-OIONEX 
4530 E3=EX(I,10)
4540 IFE3-RITBENGOSUB4580 
4550 GOSUB4760 
4560 NEXTI 
4570 RETURN
4580 REM **********************************
4590 REM * Find Next Scheduled Change *
4600 REM * [ 8100 j *
4610 REM **********************************
4620 E0»EX(I»0):E1=EX(I,1)
4630 E2*.EX(I,2):E3«EX(I,3)
4640 Y-NE(EI)
4650 IFRI-E3rHENY"=LN(E2)
4660 NE(E2)=LN<¥)
4670 REM ****************************
4680 REM * Schedule Next Change *
4690 REM * [ 8150 ] *
4700 REM ****************************
4710 IFTEX$(E0)="P'THENE3™EX(1,10)+EX(1,4):RErURN
4720 J=4:E3«32767
4730 IFJ>=9rHENRET URN
4740 IFEX(1, J)ORITHENJ=J+l: 03T04730
4750 E3=EX(I,J):RBIURN
4760 REM ************************************
4770 REM * Store Next Sched, Keep Track *
4780 REM * ( 8200 \ *
4790 REM ************************************
4800 EX(I,10)=E3 
4810 IFB9>E3THENE9=E3 
48 2 0 RETURN
4830 REM *************************************
4840 REM * Move New to Old, Mark changes *
4850 REM * [ 8500  ] *
4860 REM *************************************
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4870 C9-0:IFSrF<>0rHENG0SUB4970 
4880 FORI-1TONN
4890 IFNE(I)<X)L(I)THENG0SUB4920 
4900 NEXTI 
4910 RETURN 
4920 C9-1:0L(I)-NE(I)
4930 IFSTF-OTHENRBrURK 
4940 II-Sl(I)
4950 J=S2(II):IFJ— ITHENRErURN 
4960 S0(J)=1:11=11+1:G0T04950 
4970 REM ****************
4980 REM * Clear SO *
4990 REM * [ 8700 } *
5000 REM ****************
5010 FORZI»SLrONL:SO(II)=0:NEXrH 
5020 RETURN
5030 REM ****************************
5040 REM * Display Logic Values *
5050 REM * | 9000 J *
5060 REM ****************************
5070 SCREEN1,16: FRBfT "Time" ;R1;: GETQB:QA-KjA+QB 
5080 IFQBOOTHENSCREEN1,1: PRDfl"Stopped”
5090 IFSStORrtHENRBTURN 
5100 IFPC=CriHENGOSUB5150 
5110 GDSUB5380 
5120 S9-S9+S2
5130 PC-PC+l:tF(PC>45)0R(QAO0)THENG0SUB5640 
5140 QA-OiRETURN
5150 REH *************************************
5160 REM * Set up Display (Names S T i c s ) *
5170 REM * [ 9100 ] *
5180 REM *************************************
5190 FOR1-11T047: SCREEN!, 16
5200 PRINT" ";:NEXri
5210 PC«11:F0RI«1T015:SCREEN1,I
5220 PRZWZCHR$(27);N£Xr];CQSUB5260
5230 F0RI-1T0NS:SCREEN 1,1+1: FRINTNA$(SA(I));
5240 NEXTI
52 50 RETURN
5260 REM ***********************
5270 REM * Print Tic Marks *
5280 REM * [ 9200 ] *
5290 "7M ***********************
5300 SCREEN! ,l:FRim:CHR$(27)
5310 F0RX-12T045:SCREENX,1
5320 PRItWCHR$(152); :NEXTX
5330 F0RI=1T06: SCRCGN 11+5*1, l:PROfrCHR$(153);
5340 NEXTI
5350 SCREEN11,1: PRBHCHRS (146);
5360 SCREEN46,1:PRIOTCRR$ (147);
5370 RETURN
5380 REM ********************************
5390 REM * Print Values Down Column *
5400 REM * I 9500 ] *
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5410 REM ********************************
5420 IF IWT ( ( PC-1) / 5 )* 5 O  (PC-1 )THEN 544 0 
5430 SCREENPC-1,16: JXINTRZ;
5440 FORI-1TONS:Y-OL(SA(I))
5450 SCREENPC, 1+1; PR1NILPS (Y ) ; :  NEXT I 
5460 RETURN
5470 REM ********************
5480 REM * Print Screen *
5490 REM * [ ???? ] *
5500 REM ********************
5510 C T-liH P-1
5520 F0RI-2122T02954STEP64
5530 FORJ-ITOI+46
5540 ST (CT )-PEEK(J ): CT-CT+1
5550 MEXTJ
5560 Sr(CT)-13$CT-CT+l
5570 NEXT li SCREEN1,15: PRT+i PRD7T: PRUfT
5580 PORI-301@03064:PRIRICHR$(PEEK.(I));
5590 N E X riiFR B fr :PRINT''
5600 FORI=1TO7! PRINT"H .•NEXTIsPRINT "+"
5610 F0RI-1T0672:PRINTCHR?(ST(I));
5620 NEXT 1 :PRINT :PRT- 
5630 RETURN
5640 REM ********************************* 
5650 REM * Full Screen, Get Response * 
5660 REM * ( 96CO ] *
5670 REM ********************************* 
5680 IFPR-1THBNG0SUB5470 
5690 SCREENI,!
5700 PRZOTCHR$(27); "C( hange) ,R(eset) , Q(uit) , 
5710 PRINT''M(ore),P(rint)>N(ext’
5720 SI$-"N":GOSUB12Q0 
5730 SCREEN 1,1:PRIKTCHR$(27)
5740 IFQ$-"Cn0RQ$="R"0RQ$-"Q"TREN5770 
5750 IFQ$-"M,'ORQS=HP"ORQS="N"THEN5770 
5760 GOTO 5690
5770 IFQ?” "P‘'rh‘ENGOSl®54 70: GOTO5690  
5780 IFQS-"Q"THENG0SUB 52 60 
5790 IFQ6*=‘,M"ANDPC>4SrHEN5690 
5800 IFQS= "M"TUENGOSUB 52 60 s RET URN 
5810 PC-0
5620 IFQ$0"C"THENRET URN 
5830 PRINrCHRS(12)
5840 PRINT "Change Signals D(ispleyed) or
5650 PRINT"V(alues) 7
5860 INKEYQ:XS=CRR$(Q): PRINTX$
5870 IFX5<>"D"AlvDX$<>"V"THEN58 30 
5880 IFXS-"VTHEN5990
5890 PRINT"As Each Current Sample Node is" 
5900 PRINT "Displayed, Hit Return for No"
5910 PRINr"Change, New Name for Change"
5920 F0RI-1T014
5930 X$-"":PRINTNA§(SA(I));:1NPUTX$
5940 IF X S-’"'THEN5970
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5950 ODSUB6560: IFFO— 1THEN5950 
5960 SA(I)-F0 
5970 IFSA(I)OOTHENNS-I 
5980 NEXtXtRETURN 
5990 PRDfT
6000 PRUTT'Type Signal Name or Return : ' 
6010 X$“""*INPUTX$
6020 IFXS-"MTHENRETURN 
6030 COSUB6560: 2FF0— 1THEN6000 
6040 OV-NE(FO)
6050 PRIOTNA$(FO);'1-";LPS(NE(FO));'' ” > '
6060 X$-"";INPUTXe
6070 IPXS*"."THENNE(FO)-0:GOTO6120
6080 IFX$'«" 1 "THENNE ( FO )«3:03T0 612 0
6090 IFX$-"?"THENNE(F0)«1:G0T06120
6100 IFX$--'THEN6000
6110 GQT06050 '
6120 T=70;IFRE(l)<X)L(iyrHENG0SUB4920 
6130 IFOV-NE(FO)TRBN6000 
6140 IFPRIRENTO'*
6150 PRIOTNA$(FO);TAB(TN);"(";LP$(OV); 
6160 PRINI") -> (";LP5(NE(E0)}; ”) "
6170 IFPRTHENPRT- 
6180 GOTO6000
6190 REM ***************************
6200 REM * Read and Parse Line *
6210 REM * [ 10000 1 *
6220 REM ***************************
6230 IF IE,-1T SENLS” "END ": GOTO 62 50 
6240 READL$
6250 IFLEFTS(LS,1)="X"THENIE=1:L$-"END" 
6260 I>*l:I3-liLI-0:I2-LEN(LS)
6270 1*1+1iIFI>I2THEN6290
62 8 0 IFM ID $(L$, 1 , 1 ) 0 "  "THEN6270
6290 L I 5 (L I )- M I D 5 ( L $ ,I 3 ,1 -I 3 )
6300 H-LI+1
6310 IFLI>10IHENRErURN
6320 1=1+1:IF1>I2THEN6350
6330 iraiD$(L$,I,l)=" "THEN6320
6340 13°I:GOT062 70
6350 F0RI=LFI010
6360 LI$(I>-" ":NEXTI
6370 RETURN
6380 REM ********************
6390 REM * Look Up Type *
6400 REM * [ 11000 j *
6410 REM ********************
6420 FO— 1
6430 FORII-OroNTYPE-l 
6440 IFX$>CYPE$(H)TRENFO=nsTP*rYPE(II) 
6450 NEXTII 
6460 RETURN
6470 REM ****************
6480 REM * ADD 'TYPE *
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6490 HEM * [ 11100 ] *
6500 REM ****************
6510 IFFO— iTHENFO-OTWzOTYP-OTYm 
6520 IFFORTYFTHBNNTYP-FQ 
6530 TYrs$(F0)-X$
6540 TYI‘E(F0)-TiTR 
6550 RET URN
6560 REM ***************************
6570 REM * LOOK VP SIGNAL NAME *
6580 REM * [ 11500 ] «
6590 REM ***************************
6600 FO— 1:1FX$-" "THENX$-"0"
6610 IFLEFTS (X§, 1 )*■"# "THEN6660 
6620 FORII-OTONNAM 
6630 IFXS"NAM$(1I )THEMF0»I1 
6640 NEXT 11 
6650 RETURN
6660 REM ************************************* 
6670 REM * "NAME" IS A NUMBER STORE AS NEC * 
6680 REM * ( 11560 j *
6690 REM ************************************* 
6700 XXS-RIGKT?(X$,LEN(X$)-1)
6710 F0«-VAL(XX$): IFFO— 1IHENF0-0 
6720 RETURN
6730 REM ************************
6740 REM * Add Name to List *
6750 REM * [ 11600 J *
6760 REM ************************
6770 IFFO— ITHEHFO-WAMi NNAM-NNAM+1 
6780 IFFO>NNAMrHENNNAM=FO+l 
6790 KAK$(F0)“X$
6800 REIURK
6810 REM ***********************
6320 REM * Clear Old Array *
6830 REM * [ 12000 ] *
6840 REM ***********************
6850 F0RI«0I0KN:0L(I )»0: NEXT I 
6860 TL-OtRETURN
6870 REM ************************************* 
6880 REM * Mark and Check for Duplicates * 
6890 REM * { 12100 ) *
6900 REM ************************************* 
6910 IFX-OTHSNRET URN 
6920 IFOL(X)<>OIUENGOSUB6940 
6930 0L(X}-1:RETURN
6940 PRIMT 'Error Multiple Defn Output ";NA$(X) 
6950 GCSUB6960:RErURN
6960 PRIOT"Enter I(gnore) To Ignore Error,” 
6970 PRINT"Any Other to Prevent Simulation"; 
6980 S1S=''I" :QDSUB1200 
6990 IFQ$<>"I"THENER-1
7000 re t m s
7010 REM ********************************** 
7020 REM * Check for Multiple Outputs *
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7030 REM * [ 12200 ] *
7040 REM **********************************
7050 Xi-ST
7060 FORI-XlTONL-l
7070 F0RJ-6T07
7080 X-L0(I,J):GOSUB687O
7090 N EXrJ:t®XtI:RBrORH
7100 REM ********************************
7110 REM * Check for Defined Inputs *
7120 REM * [ 12300 ] *
7130 REM ********************************
7140 XI"ST
7150 FORI-XlTONL-l
7160 F0R J-1T05
7170 X-LO(1,J):GOSUB7200
7160 IFX<OTtiENHM«MM-X
7190 NEXTJ:NBXri:RErURN
7200 REM **********************
7210 REM * Check For Mark *
7220 REM * [ 12400 ] *
7230 REM **********************
7240 IFX<-0THENREI URN
7250 IFOL(X)=OrHSNCOSUB72 70
7260 OL(X)<iL(X)+l:IL-<rL+ltRBr]JRN
7270 PR INI "Error Undefined Input ";NA.$(X)
7280 G0SUB6960iRBTURN 
7290 ER-1:RBTURN
7300 REM ************************************ 
7310 REM * Add T ( 0 ) - T ( 7 )  To Logic Array * 
7320 REM * { 20000  )  *
7330 REM ************************************ 
7340 F0R II-C T 07 
7350 L 0 ( N L ,n ) = T ( I I )
7360 NEXT II
7370 PR.mnY5(L0(KL,O));” "i
7380 IFTYS(LO(NL,0))""END,'THEN7420
7390 F0RII-IT0 7: XX-L0<H I,1 1 ) ; PRZOTTAB(TN*11)
7400 IFXX<0tHENPRINI"#; -XX; H ";:00T07420
7410 PRIOTNA$(XX);’' iNEXTII
7420 PRINT: NL-NL+1 :RET URN
7430 REM ************************************* 
7440 REM * Add T(0)-T(9) To Extern Array * 
7450 REM * I 21000 ] *
7460 REM ************************************* 
7470 F0RII-Cir09 
7480 E X ( N E , n > r ( n )
7490 NEXTII 
7500 Q$=STRS(NE+1)
7510 PRINT •'(";RIGHT?(qS,LEN(Q$)-l);
7520 PRMriAB(TN);TEX$(EX(NE,0)); "
7530 PRIUTTAB(2*TM) jNA$(EXt'NE, 1)); "
7540 PRINTTAB(3*TN);LV$(EX(NE,2 )); "
7550 K )R II= 3 r0 9
7560 P R IN IT A B ((II+ 4 )* (T K /2 )) ;S rR $ (E X (N E ,n )) ;
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7570 NExriisPRBrr 
7580 NE-NE+lsREIURN
7590 REM *************************************
7600 REM * Build Macro Correapondnce Array * 
7610 REM * t 30000 ] *
7620 REM ************************************* 
7630 K)-I:X-L0(I,0):J^rYPE(X);'i-L0(J,0)
7640 M1=J:0L(0)«0:PRINT
7650 PRINT"*** Expanding Macro: ";TY$(X);" ***"' 
7660 PRINT :P0RK-1T0MNAM:0L(X)— 1:NEXTK 
7670 IPXOYTHEN7920 
7680 F0RR-1T05
7690 I1«LO(M1,K):I2-LO(LO,K)
7700 IPI1-0ANDI2O0THEN7720 
7710 0L(I1>I2 
7720 NEXTK 
7730 FORK-6107
7740 n-L0(Ml,K):l2-L0(L0,K)
7750 IFI1O0ANDI2-0IMEN7770 
7760 0L(I1)=I2 
7770 NEXTK 
7780 GOSUB7820
7790 Ml-Ml+l;Y-L0(Ml,O):X-L0(LO,0)
7800 IFTY$(Y)-"*"IREN7670 
7810 RETURN
7820 REM ****************************
7830 REM * Move El Array Up One *
7840 REM * { 30500 ] *
7850 REM ****************************
7860 NL-NL-1 
7870 Fl)RK=L0TONL-l 
7880 FQRK1-0T08 
7890 L0(K,K1 )°L0(K+i,K1)
7900 NEXTKliNEXTK 
7910 RETURN
7920 REM ******************************
7930 REM * Mierastch an M acro Call *
7940 REM * [ 30900 ] *
7950 REM ******************************
7960 REM Should Not Happen But Never Know 
7970 PRINT" Mismatch on M acro Call, Cant cont" 
7980 IFPRORHPIHENPRT+iPRlNrCHRf(12) :START- 
7990 END
8000 REM ************************************* 
8010 REM * Add Expanded Macro to Elm Ary * 
8020 REM * [ 31000 ] *
8030 REM ************************************* 
8040 NL-NL-1 
8050 T(0)-LO(M1,0)
8060 FORK-1T07 
8070 X=L0(M1,K)
8080 IFX<0IUENT(R)=X:O3TO8110 
8090 IFOL(X)— 1THENG0SUB8150 
8100 T (K)”OL(X)
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7570 N EW II; PR INI 
7580 NB-NE+lsREJURN
7590 REM *************************************
7600 REM * Build Macro Correspondnce Array * 
7610 REM * ( 30000 ] *
7620 REM ************************************* 
7630 m-I:X-L0(I,0):J<lYPE(X):Y-L0(J10.'
7640 Kl-J:OL(0)»0:PRafI
7650 PRINT"*** Expanding Macro: '
7660 PRINT :F0RK-lT0MNAM:0L(K)— l:iiEXrK 
7670 IFXOU-HEN7920 
7680 F0RK-1T05
7690 I1-LO(M1,K):I2-LO(LO,K)
7700 IFI1-OANDI200THEN7720 
7710 0L(I1)=I2 
7720 NEXTK 
7730 FCRK-ei07
7740 I1-LO(H1,K):I2-LO(LO,K)
7750 1FI100AND12-CTHER7770 
7760 0L(I1)-I2 
7770 NEXTK 
7780 G0SUB7820
7790 Hl-M 1+1: Y«L0(M1,0): X-L0(L0,0)
7800 IFTYS(Y)-,,*-’THEN7670 
7810 RETURN
7820 REM ****************************
7830 REM * Move El Array Up One *
7840 REM * [ 30500 ] *
7850 REM ****************************
7860 NL=SL-1
7870 FORK-LOTONL-1
7880 F0RK1=QT08
7890 L0(K.,K1)-L0(K+1,K1)
7900 MBXTKliNEXTK 
7910 RETURN
7920 REM ******************************
7930 REM * Mismatch on Macro Call *
7940 REM * [ 30900 ] *
7950 REM ******************************
7960 REM Should Not Happen But Never Know 
7970 PRINT" Mismatch on Macro Call, Cant conl" 
7980 IFPR0RHPTHENPRT+: P" 1NTCHR$ (12 ): ST ART -•
7990 END
8000 REM ************************************* 
8010 REM * Add F.^panded Macro to Elm Ary * 
8020 REM * [ 31000 ] *
8030 REM ************************************* 
8040 NL=M,-1 
8050 T (0)“L0(M1,0)
8060 F0RK-1T07 
8070 X.=L0(M1,K)
8080 IFX<OrHEWr(K)=X: GOTOSllO 
8090 IF0L(X)=-1THENG0SUB81 50 
8100 T(K)=OL(X)
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8110 NEXTK 
8120 GOSUB7300
8130 MlHll+1:IFT(0)<>OTHEN8050 
8140 RETURN
8150 REM *******************************
8160 REM * Add Unique Name, Number *
8170 REM * [ 31500 ] *
8160 REM *******************************
8190 OL(X)-NNAM:X§-STR$<NNAK)
8200 NAM$(NNAM)-"&'>RIGHT$(X?,LEN(XS)-1)
8210 NNAM-NNAM+1 
8220 RETURN
8230 REM **********************
6240 REM * Simulate Gates *
8250 REM * ( 40000 ] *
8260 REM **********************
8270 1PC9-0THENREIURN 
8280 L-Sl.
8290 IFSrF<>0rHENIFS0(L)-0THEN8310 
8300 GOSUB8330 
8310 L-L+1:IFL<-NLTHEN8290 
6320 RETURN
8330 REM ******************************
8340 REM * Simulate this Gate (L) *
8350 REM * [ 40100 } *
8360 REM ******************************
8370 LT-L0(L,O)iFORI-l'IO5:ra{l)-"L0(L,l)iNEXn 
8380 QO-LO(L,6):Q1«LO(L,7)
8390 0NLTG0SUB8550,8540,8590,8580,8630,8620,8660,8760,8860,9000,9130 
8400 REM *** AND NAND OR NOR XOR XNOR ***
8410 REM *** OFF JKi'F CNTR PLSR SREG ***
8420 G0SUB8440 
8430 RETURN
8440 REM **********************
8450 REM * Store Q and Q- *
8460 REM * [ 40200 ) *
8470 REM **********************
8480 NE(QO)-Y:NE(Q1)=LN(Y):RET URN 
8490 REM *********************
8500 REM * Get Q Into XQ *
8510 REM * [ 40300 j  *
8520 REM *********************
8530 OL(0)-LN(OL(Ql)):XQ-OL(qO):RETURN 
8540 X=qO:QO«<)l:Ql=X:REM *** NAND GATE ***
8550 OL(0)=L1:T-L1:REM *** AND GATE ***
8560 FORI-1TO 5i Y=YANDOL(IN (I)): NEXT I 
8570 RETURN
8580 XH)0:Q0-Q1:Q1-X:REM *** NOR GATE ***
8590 OL(0)=LO:Y-LOiREM *** OR GATE ***
6600 FOR1=1T05:T=TOROL(1N(I)):NEXTI 
8610 RETURN
8620 X=Q0: QO=Ql:Ql=X:REM *** XNOR GATE ***
8630 OL(0)=LX:REM *** XOR GATE ***
8640 YO-OL(IN(1)):Y1-LN(YO):YG-OL(IN(2))
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6650 G0SUB9260:REEURN 
8660 REM ******************>'
8 670  REM * D F l ip  F lo p  *
8680 REM * [ 41500  J *
86#0 REM *******************
8700 GOSUB8490:OL(0)-»LX:XD-OL(IN(1))
8710 XC-OL(IN(3))
8720 X L -L O (L,8):O L(0)-L 1:X R -O L(IN (4))
8730 X S-O L (IN (5»
8740 GOSUB9320:L0(L,8)-YL  
8750 RET WIN
8760 REM *********************
6770 REM * J-K F l i p  F lo p  *
6780 REM * [ 41600 ] *
8790 REM *********************
8800 REM S et up a s  m u lt ip le x e d  OFF, Q c t l s  mux 
8810  GOSUB8490:XM-XQ:OL(0)-LX:XC-OL(IN(3))
882V B 0K )L (IN (1)):D 1-L N (0L (IN C 2)))
8830 OL(0)«L1:XR«OL(IN(4)):XS-OL(IN(5})
8840 XL-L0(L,8)
8850 GOSUB9450:L0(L,8)-YI.:RErURN 
8860 REM *****************************
8870 REM * P a r a l l e l  Load C ounter *
8880 REM * { 41700 } *
8890 REM *****************************
8900 OL(0)-LX :Y E-O L(IN (2)):X C=O L(IN (3))
8910  0L(0)-L 0:X M *O L(IN (4))
8920 0L(0)-Ll:XR-OL(IN(5)):XS-Ll 
8930 CX)SUB8490:XL-L0(L,8)
8940 YC=YE:Y0«XQiYl=LN(Y0)
8950 GOSUB9260:DO-Y:D1-OL(IN(1)):GOSUB9450 
8960 L0(L,8)-YL: IFTY$(L0(L+1,0))<>''*"THENRETURN 
8970 G0SUB8440iL-L+l:IN(l)-L0(L,l)
8980 qO=LO(L,6):qi-=LO(L>7)
8990 YE-YEAN0Y:G0TO8930
9000 REM ************************************  
9010 REM * P a r a l l e l  Load S h i f t  R e g is te r  *
9020 REM * [ 41800 ] *
9030 REM ************************************  
9040 OL(0)-LX :D O -O L (1N (2)):X C -O L(IN (3))
9050 0L(0)=L0:XM =OL(IN(4))
9060 0L(0)=LliXR-0L(IN(5)):XS»Ll 
9070 OL(0)-LXi Dl*OL(IN(1»•.03SUB8490 
9080 XL«-LO(L,6):OOSUB9450
9090 L0(L,8)-YLim'Y$(L0(L^l,0))<>'1*’THENRETURN 
9100 GOSUB8440:L-L+1:IN(1)-LO(L,1):QO=LO(L,6) 
9110 Q1-LO(L,7):DO=Y 
9120 GOTO9070
9130 REM ****************************
9140 REM * N B it  S h i f t  R e g is te r  *
9150 REM * [ 41900 J *
9160 REM ****************************
9170 IFIN(2)WJTHENB660
9180 OL(0)"LX:XD«OL(IN(1)):XC*OL(IN(3))
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9190 OL(0)-Ll!XR'OL(IN(A)):XS-OLaN(5))
9200 M1-L0(L,8)
9210 F0R1-1T0"IN(2)
9220 XL^E(H1,0):XQ-4EE(M1,1)
9230 G0SUB9320:XD-XQ:ME(M1,0)-YL:ME(M1,1M 
9240 Ml-Ml+liNEXTI 
9250 RETURN
9260 REM ********************
9270 REM * MUX Function *
9280 REM * [ 45000 ) *
9290 REM ********************
9300 Y«(YOANDLN(YC))OR(YlANDYC)OR(YOANim) 
9310 RETURN

9350 REM ******************************* 
9360 YO-XDiYC-XC:Yl-XL 
9370 GOSUB92 60: GOSUB9400 
9380 YL-Y:YO-XQ:GOSUB9260:GOSUB94OO 
9390 RETURN
9400 REM ****************************** 
9410 REM * Set and Reset function * 
9420 REM * I 45200 ] *
9430 REM ****************************** 
9440 Y"(YORLN(XS))ANDXR;REI URN 
9450 REM *******************
9460 REM * MUX and DRY *
9470 REM * [ 45300 ] *
9480 REM *******************
9490 YO=DO:Y1»D1:YC»XM:GOSU89260 
9500 XD=Y:G0SU!9320 
9510 RETURN 
9520 REM
9530 R E M ------------- -------------------
9540 REM INPUT
9550 REM [ 50000 )
9560 REM ---------------------------------
9570 REM
9580 DATA MACRO NJKFF
9590 DATA NJKFF J K OK- PRESET CLEAR Q Q-
9600 DATA JKFF J K CLOCK CLEAR PRESET Q (j-
9610 DATA NANO CK- 0 0 0 0 CLOCK
9620 DATA END
9630 DATA MACRO SHIFT
9640 DATA SHIFT CK J K~ CLR- SH/LD QA
9650 DATA * 0 0 0 0 0 QB
9660 DATA * 0 0 0 0 0 QC
9670 DATA * 0 0 0 0 0 QD
9680 DATA PLSR 0 DSER CK 10AD CLR- QA
9690 DATA * 0 0 0 0 0 QB
9700 DATA * 0 0 0 0 0 Qti-
9710 DATA * 0 0 0 0 0 QD
9720 DATA AND J K- 0 0 0 DSER

9320 REM ******************************* 
9330 REM * Shift Register Function * 
9340 REM * [ 45100 ] *
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9730 DATA NAND SR/LD 0 0 0 0 to AD 
9740 DATA END 
9750 DATA MACRO MUX 
9760 DATA MUX 1A IB G SEL 0 1Y 
9770 DATA * 2A 2B 0 0 0 2Y 
9780 DATA * 3A 3B 0 0 0 3Y 
9790 DATA * 4A 4B 0 0 0 Ay 
9800 DATA AHD 1A SG 0 0 0 T 1
9810 DATA AND IB SS 0 0 0 T2
i)820 DATA AND 2A SG 0 0 0 •; 3
9830 DATA AND 2B SS 0 0 0 T4
9840 DATA AND 3A SG 0 0 0 T 5
9850 DATA AND 3B SS 0 0 0 T6
9860 DATA AND 4* SG 0 0 0 T7
9870 DATA AND 4B SS 0 0 0 T8
9880 DATA OR T1 T2 0 0 0 1Y
9390 DATA OR T3 T4 0 0 0 2Y
9900 DATA OR T5 T6 0 0 0 3Y 
9910 DATA OR T7 T8 0 0 0 4Y 
9920 DATA 83R G SEL 0 0 0 SG 
9930 DATA NAND SEL 0 0 0 0 SEL-
9940 DATA NOR G SEL- 0 0 0 SS
9950 DATA END 
9960 DATA ELEMENTS 
9970 DATA NAND EXIOT 0  0 0  0  EX1NT- 
9980 DATA AND EX1OT ENEG 0 0 0 T01 
9990 DATA AND EXINT EK>S 0 0 0 T02 
10000 DATA NAND CLK1 0 0 0 0 T03 
10010 DATA NOR T02 T 02 0 0 0 T04
10020 DATA NOR T03 T 03 0 0 0 T05
10030 DATA OR T05 T 05 0 0 0 T06 
10040 DATA AND TOl T06 0 0 0 T07 
10050 DATA OR T06 T 04 0 0 0 T08 
10060 DATA AND T03 T07 0 0 0 TOS
10070 DATA NOR T08 TOS 0 0 0 T 10
10080 DATA NOR T09 T 10 0 0 0 STB
10090 DATA NJKF? HI SPESD SIB SPEED HI MXCTL HXCTL- 
10100 DATA NJKFF MXCTL LO STB HI T16 0 Til 
10110 DATA NJKFF HI LO QC1 HI T16 0 T12 
10120 DATA NJKFF MXCTL- LO SIB HI T 18 0 T 13 
10130 DATA NJKFF HI 10 QG2 HI T1S G 114 
10140 DATA NDR TIL QA1 0 0 0 T15 
10150 DATA SDR EXINT- QA1 0 0 0 T16 
10160 D&i'A H3R T13 QA2 0 0 0 T17 
10170 DATA NOR EXIST- QA2 0 0 0 Tl8 
10180 DATA SHIFT OSC T15 T15 EXINT HI QU 

k O O O O O Q B l  
‘ 0 0 0 0 0 QC1
t 0 0  0  0  0 QU1

10220 DATA SHIFT OSC Tl7 T17 EXINT HI Q&2
10230 DATA * 0 0 0 0 0 QB2

■ 0 0 0 0 0 QC2
‘ 0 0 0 0 0 QD2

10190 DATA < 
10200 DATA * 
10210 DATA '

10240 DATA * 
10250 DATA *
10260 DATA OR QA1 QA1 0 0 0 FI1
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M102 70 DATA OR QB1 QB1 0 0 0 FI2 ||
10280 DATA OR QC1 EXIOT- 0 0 0 FI3 %
10290 DATA OR QA1 T12 0 0 0 WEI- li
10300 DATA OR QA2 QA2 0 0 0 SI i\.:|
10310 DATA OR QB2 QB2 0 0 0 S2 f / ' j
1037 0 DATA OR QC2 EXINT- 0 0 0 S3
10330 DATA OR QA2 T14 0 0 0 WE2I ^
10340 DATA MUX FI1 SI 10 SPEED 0 THET1 j ' f i
10350 DATA * FI2 S2 0 0 0 THBT2 
10360 DATA * FI3 S3 0 0 0 THET3 
10370 DATA * WEI- WE2I 0 0 0 WE2- 
10380 DATA ESD 
10390 DATA EXTERNALS 
10400 DATA A HI 1 0  
10410 DATA A LO 0 0 
10420 DATA i OSC 0 0 10 
10430 DATA P CLK1 0 0 50 
10440 DATA A SPEED 0 0 10 
10450 DATA A EXINT 0 0 10 
10460 DATA A ENBG 1 0 
10470 DATA A EFOS 1 0 
10480 DATA END 
10490 DATA OUTPUTS
10500 DATA SPEED EXINT OSC CLK1 STB KXCIL FI1 
10510 DATA FI2 FI3 WEI- THET1 THBT2 THET3 WE2- 
10520 DATA END 
10530 DATA XXX
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INTRODUCTION

T h is  a p p e n d ix  c o n t a i n s  th e  C lock G e n e ra t io n  c i r c u i t r y  u se d  in  th e  

I n t e r f a c e  C o n tro l B o a rd  o f  th e  T e s t-H a rd w a re . T h i s  c i r c u i t r y  i s  s im u la t e d  

u s in g  th e  L o g ic - S im u la to r . The s ig n a l  nam es a r e  m arked  on th e  c i r c u i t  

d ia g ra m . The n e x t  a p p e n d ix  a c t u a l l y  c o n ta in s  th e  o u tp u t  from  th e  

s /m u ) a to r .
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INTRODUCTION

T h is  i s  th e  a c tu a l  o u tp u t  o f  th e  s i n u l a t o r . The c i r c u i t  s im u la t e d  i s  th e  

C lock  G e n e ra t io n  C i r c u i t r r  o f  th e  I n t e r f a c e  C o n tro l C ard  and  th e  o u tp u t  

can  a c t u a l l y  be  com pared  w ith  th e  tim in g  d ia g ra m s  g iv e n  in  C h a p te r  7 .



D i s i t a l  S i m u l a t o r  O u t p u t

LOGIC SIMULATOR

200 NAMES
200 LOGIC DEVICES
50 TYPES
30 EXTERNAL STIMULI

*** Initialising Arrays ***

*** Reading Any Macros ***

' Macro : NJKFF :

NJKFF
JKFF
NAND
END

*** Checking Macro NJKFF for Errors *** 

*** Reading in Macro : SHIFT ***

PRESET CLEAR Q 
CLEAR PRESET Q 
0 0 CLOCK

SHIFT CK SH/LD 0
0 0 QB 0

0 0 0 0 QC
0 0 0 0 0 QD

PLSR 0 DSER CK LOAD CLR- QA
0 0 0 QB
0 0 QC
0 0 QD 0
J K- 0 DSER

NAND SH/LD 0 LOAD
END

#** Che.:king Macro SHIFT for Er rors *#*

*** Reading in Macro :: MUX ***

MUX 1A IB 0 1Y 0
2A 2B 0 2Y
3A 3B 3Y
4A 4Y

AND 1A 0 T1
AND IB S S 0 T2
AND 2A SG 0 0 T3
AND 2B SS 0 0 T4
AND 3A T5 0
AND 3B 0 0 T6 0
AND 4A SG 0 T7 0
AND 4B SS 0 0 TS 0
OR T1 T2 0 1Y 0
OR T3 T4 0 2Y 0
OR T5 T6 0 3Y 0
OR TS 0 0 4Y 0
NOR SEL 0 0 SG 0
NAND 0 SEL-
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NOR
END

■ C h e c k i n g  M a c r o  MUX f o r  E r r o r s  * * *

NAND EXINT 0 EXINT- 0
AND EXINT ENEG 0 T01 0
AND EXINT EPOS 0 T02 0
NAND CLK1 0 0 T03
NOR T62 T02 0 T04
NOR T03 0 0 T05
OR T05 T05 0 0

T01 T06 0 0 T07
OR T04 0 T08
AND T03 T07 0 T09 0
NOR T0S 0 T10 0
NOR 1 1 0 0 0 0 STB 0
NJKFF HI STB SPEED HI MXCTL-
NJKFF MXCTL LO STB HI T16 0 Tll
NJKFF HI LO a c i HI T16 T12
NJKFF MXCTL- LO STB HI T18 T13
NJKFF HI LO OC2 HI Tie T14
NOR Til QA1 >b 0 T15
NOR EXINT- GAi 0 0 T16
NOR T1S GA2 0 T17
NOR EXINT- QA2 T18 0
SHIFT OSC TI5 T15 EXINT HI GAI 0

0 QB1 0
0 0 0 QC1

0 GDI
SHIFT OSC T17 EXINT HI QA2

0 0 0 GB2 0
0 0 GC2 0
0 0 0 QD2 0

OR GA1 GAI 0 0
OR QB1 QB1 0 FI2
OR QC1 EXINT- FIS
OR GAi T12 WE1- 0
OR QA2 GA2 S1 0
OR QB2 GB2 S2 0
OR QC:2 EXINT- S 3 0
OR QA2 T14 0 WE2I 0
MUX FI1 SI LO THET1 0

FI2 S2 0 0 THET2 0
FIS S3 0 0 THET3 0
WE1- WE2I 0 0 WE2- 0

• E x p a n d i n g  A ny M a c r o s

JK F F
NANO
END

H I
STB

M a c r o :  N JK F F  * * *  

SPEED  &51

M a c r o :  N JK FF •

MXCTL
&51
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JKFF MXCTL LO &52 T16 HI &53
NAND STB 
END

*** Expanding Macro!

0

NJKFF ***

0 &52

JKFF LO &54 Tli HI &55
NANu QCl 
END

*** Expanding

0

NJKFF ***

0 &54

JKFF MXCTL-- LO &56 T18 HI &57
NAND
END

*** Ex

STB

Macro!

0

NJKFF * * *

&56

JKFF &58 T18 HI &59
NAND QC2 
END

# * # Expanding M a c r o :

0

SHIFT * * *

0 0 &58

PLSR e &&0 &61 EXINT QAl
0 0 0 QB1

0 6 QCl
0 0 QD1

AND T15 0 0 &60
NAND HI 
END

*** Expanding

0 0

SHIFT ***

0 &61

0 fy.62 08C &63 EXINT QA2
0 0 0 QB2

0 0 0 QC2
0 0 0
T17 0

NAND
END

*** Expandins Macro i

0

MUX ***

0 0 k63

AND Fll 0 0 0 &65
AND SI 0 &67
AND FI2 & 68
AND S2 &69
AND FI3 0 &70
AND S3 & 66 0 &71
AND WE1- L64 0 0 0 &72
AND WE2I &66 0 0 &73
OR L67 0 0 THET1
OR &6,9 0 THET2
OR &71 0 0 THET3
OR &73 0 0 0 WE2-
NOR SPEED 0 0 &64
NAND SPEED 0 0 0 &74
NOR LO &74 0 0 &66

Til

T12

T13

1 1 4
0

0
0
0
0
0

0
6
e
0

0
0
0
0
0
0
0
0
e
0
0
0
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Expanded Losic Description #*-l;

NAND
EXINT

T06
(8 )

T08

TIS
T U
T17

(14)
NOR
NOR(16)

( 1 7 )

( 2 1 )

Q.A2 WE2I
JKFF MXCTL-

JKFF
NAND

&53

NAND

PLSR QA3,
( 3 6 )

(44)

NAND
& 65
&67



n r

(57)
(58)
(59)
(60)

D i g i t a l  S i m u l a t o r  O u t p u t

OR
OR

NOR
END

&70
&72
LO

LO

&71
&73
SPEED

THET3
WE2-
&64
5(74
&66

*#* Read External Stimili ***

( 2 )
(3)
(4)

HI
LO
OSC
CLK1
SPEED
EX INI
ENEG
EPOS

Val Ben Osl 0's2 Os3 Os4 Os5 0s6

10
10

Checking for Error. 

t Read Nodes To Sample

SPEED EXINT OSC CLKl STB
F12 FI3 WEI- THET1 THET2

*** Setting Up Simulation ***

* * * Build Selective Trace Table * * *

MXCTL
THET3

FI1
UE2-

**•* Load Table 

NODE DEFINED DRIVEN ELEMENTS

CLKl C EXT 4 .] 4
ENEG C EXT 7 ] 2

C EXT 8 1 3
6 ] 1 2 3 35 41
1 ] 14 16 19 23

F 1 1 17 ] 47
FI2 18 ] 4 9
FIS C Q 51

C EXT 25 25 27 29 29
[ EXT 2 3 27 33 59

25 3 27
MXCTL- 25 3 31
OSC 3 3
QA1 C Q 35 3 13 14 17 17 2 0

C Q 41 3 15 16 21 24
i Q 3 6  3 18 18

42 3 2 2 2 2
37 3 19 30



D i g i t a l  S i m u l a t o r  O u t p u t

x #
, #  QC2 [  Q

QD1 I  G
QD2 C Q

' ,i SI C Q
, ; 32 C Q

x - S3 C Q
, x .  , SPEED I EXT

STB [ Q
T61 r Q
T02 C Q
T03 C Q
T04 [ Q
T05 [ Q
T06 C Q
T07 C Q
T6 8 Z Q
T09 I Q
T10 [ Q

T16 :  Q
T17 I  G!
T18 C Q
THEfi C Q
THET? [ G
THET3 C Q
WEI- [ R
WE2- C Q
WE2I t  Q
651 [ 6
652  C Q
653 C Q
654 [ G
655 [ Q

&5S I  Q

661  C Q
662 C Q
663 C Q

665 C Q
666 [ Q
667 C Q
6 68  [ Q
669 C Q

3 25  2 5  5 9  60
]  2 6  2 8  32
3 8
] 5  5
] 6  6  10 11
] 9
] 7 7
]  8  9
] 10

] 12
1 12
] 13

3 45  45
3 31 21
]

3 25
3 27

|  25  ■

3 31

3 33
3
3 35
3 35

3 47 4 9  51 53

3 48  50 52  54

3 56
3 56
3 57
3 57

44
21
22
2 3

12
2
3

56
7
8

2 7
2 9
31

13
14
15

26
2 8
27
30
29
3 2

3 3
3 9
40

54
60



I Oefau’t for Start & Increment ? N 
Enter Sample Start Time ? 0 

| Enter Increment Time ? 5

SPEED
EXINT

c u n
STB 
MXCTL 
FI1 
r 12

THET1
THET2
THET3
WE2-

SPEED
EXINT
OSC
CLK1
STB
MXCTL
FI 1

FIS
WE1-
THET1

THET3
WE2-

OSC
CLK1
STB
MXCTL
FI 1
F 1 2
FIS

THETI
THET2
THET3
WE2-

V



Time 695 525 550 575 600 625 650 675

725 750 775 800 825 850

1111

MXCTL

Time 1045 875
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INTRODUCTION

T h ese  4 i l e s  a r e  C o n t ro l  F i l e s  u se d  to  c heck  th e  T e s t-H a rc U a r * . The f i l e s  

c o n s i s t  o f  k e y s t r o k e s  w h ich  w oo ld  be s e n t  to  th e  m o n ito r  p rog ram  r e s i d i n g  

on th e  8 6 /1 2A CPU b o a rd .  The f i l e s  a r e  s e n t  by th e  S e r i a l  C o irm m ic a tio n  

P ro g ram . I n s t e a d  o f  t y p in g  th e  commands o v e r  th e  f i l e  i s  s e n t  by  th e  

p ro g ra m .
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‘ Load Move R outine

************************************************** 

* "Move" Program *

* This Command File loads the "Move" Program. *
* This program which starts at 0:1000H takes *
* the Pattern memory from 0:2000H -> 0:2FFF and *
* loads it into the Teat Hardware's Pattern *
* memory. At the same time it loads t^e Test *
* Hardware's returned Pattern memory into *
* locations 0:3000H -> 0 :3FFFH. This is thi *
* pattern input from the test. The reason fo. *
* this program is that Test Hardware's Memory *
* uses the Pattern Output Bank when writing to *
* it, and it uses the Pattern Returned Bank when *
* reading from it. If you write to the Test *
* Hardware and read it back you get a different *
* number which confuses the Move and Substitute ''
* commands of the 8066 Monitor. *

* 0:2000 - 0:2FFF Pattern Output Buffer Area *
* 0:3000 - C:3FFF Pattern Returned Buffer Area *
* 0:8000 - 0:8FFF Test Hardware Address Area *

**************************************************

* MOV AX,#0000H 
s 0 : l0 0 0 = b 8 /0 0 /0 0
* MOV DP,AX
s0 :l0 0 3 » 8 e /d P
* MOV ES ,AX
s 0 : l0 0 5 « 8 e /c 0

s 0 : l0 0 7 = fc
* MOV SI,2000H
s0 :1 0 0 8 = b e /0 ; /2 0
* MOV Dl.SOOOH
sO :100b = b f/00 /80
* MOV CX.0800H
s0 : l0 0 e = b 9 /0 0 /0 8
* MLOOP MOVSW 
s0 :l011*'a5
* LOOP M100P
sOi I012= e2 /fd
* MOV S1.8000H
s 0 : l0 1 4 = b e /0 0 /8 0

; C lear  AX

; C lear  Data Segment R e g is te r  

; C lear  E xtra Segment R e g is te r  

; C lear  D' s c t io n  F lag  

; S e t  Source o f  P a ttern  

; S e t  D e s t in a tio n  T e st  Hardware 

; S e t  Length  

; Memory t o  Memory Move 

; Loop U n t i l  End 

; S e t  Sou rce  T e s t  Hardware
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X ,

* MOV DI.3000H
e0:1017-bf/00/30
* MOV CX.0800B
e0:101a-b9/00/06
* ELOOP MOVSW 
sO:101d”a5
* LOOP EIOO?
e0:101e-e2/fd
* JMP OFEOO: 06F1 ; Re:
bO:1020=ea/fl/06/00/£e

* Finished Load

; Set Destination Pattern Returned 

; Set Length 

; Memory to Memory Move 

; Loop Until End
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< Load Ran Test

*********************************************66*»*

* This Command File loads Teat Patterns for *
* the HM6146LP IK by 4 Static Ram Chip. This *
* test is by no means exhaustive and will only *
* really pick up faults with stUck oi shorted *
* data lines. The Address Lines are Not Tested. *

**************************************************

RAM TIMING DIAGRAMS

* Definition of Terms;

6 ? ■ Undefined
* X ■ Defined
k _ = Tri-Stotc

CS/ 11111...........  11111
WE/ 11111 l l l l l  l l l l l  m i l
AtoR ????? XXXXX XXXXX ?????

l l l l l
CS/ l l l l l ...........................  l l l l l
we/ 1 1 1 1 1 ...........  m u
ADTIR ????? XXXXX XXXXX ?????
DATA  XXXXX XXXXX----

PAM LINE DEFINITIONS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
AO A1 A2 A3 4 A5 A6 A? AS A9 WE/ CS/ 101 102 103 104

PATTERN OUTPUT CONTROL



* T ■ T r i - S t a t e  C on tro l (0  ■ T r i - S t a t e )  (1  ■ D riven )
* V ■ V a lu e  (0  -  Low ) (1  -  H igh )

* 0 :2 0 0 0  -  P a tte rn  Output B u ffe r  Area (Lower 6 T r i- S t a
* 0 :2 8 0 0  -  P a t te r n  Output B u ffe r  Area (H igh er  8 T r i- S t a

* 0 :2 0 0 0  T V T V T V T V  T V T V T V T
* 4 4 3 3 2 2 1 1 8 8 7 7 6 6

* 0:2800  T V T V T V T V  T V T V T V T
* 12 12 11 11 10 10  9 9 16 16 I S 15 14 14

PATTERN RETURNED DATA

* a = Low I n p u t  (R e fe re n c e d  to  0 . 8  V o lts )
* b “ H igh  I n p u t  (R e fe re n c e d  t o  2 . 4  V o lts )

* 0 :3000  “  P a t t e r n  R e tu rn ed  B u f f e r  A rea (L ow er 8 T r i - S
* 0 :3800  = P a t t e r n  R e tu rn ed  B u f f e r  A rea (H ig h e r  8 T r i - S

* 0 :3 00 0  b a b a b a b a  b s b a b a b
*  4 4 3 3 2 2 1 1  8 8 7 7 6 6

* 0 :3800  b e b a b a b a  b a b a b a b
*  12 12 11 11 10 10 9 9 16 16 15  15 14 14

* Setup Default Patte

80:2000**aa/aa 
sO:2800=fa/00 
in0:2000#7fe ,0:2002

m0:280047fe,0:2802

* Now Load Teat Pattern

s0:2004=aa/aa/aa/aa aa/aa/aa/an
s0:2804»fa/00/aa/aa aa/aa/fa/00

* <«=■= Read 000
s0:200c-=aa/aa/aa/aa aa/aa/aa/aa
s0:280c=fa/00/ba/00 ba/00/fa/00

* <="- Write 000,F
80:2014=aa/aa/aa/aa
s0:28l4-fa/00/6a/ff aa/ff/fa/00



LOAD.TXT

* <-**- Read OOO
e 0 i2 0 1 c - a a / e f l / a a / a a / a a /  a / a a / a a  
sO i2 8 1 c - .a /O O /b a /O O /t . OO/fa/OO

* < -•=  W rit r  0 0 0 ,1
6 0 :2 0 2 4 - 8 a / 6 6 /a a / a a / a a / a a / a a / a a  
sO :2824- f a /O O /a a / a b / a a / a b / f a /0 0

* < - =  Read 000
8 0 :2 0 2 c * a a / a a / a a / a a / a a / a a / a a / a a
e 0 :2 8 2 c - £ a / 0 0 /b a / 0 0 /b a / 0 0 / f a /0 0

* <**•« W rite  0 0 0 ,2  
8 0 :2 0 3 4 * * a a /a a / a a /a a /a a /a a / a a /a a  
s 0 : 2 8 3 4 - f a /0 0 / a a / a e / a a / a e / f a /0 0

*  Read 000
s O ^ O S c ^ a a / a a / a a / a a / a a / a a / a a / a a
8 0 :2 8 3 c » f a /0 0 /b a /0 0 /b a /0 0 / f a / 0 0

* <*** W rite  0 0 0 ,4  
s 0 :2 0 4 4 = a a / a a / a a / a a / a a / a a / a a / a a  
6 0 :2 8 4 4 = f a / 0 0 /a a /b a /a a /b a / f a /0 0

* Read 000
6 0 :2 0 4 c = a a /a a /a a / a a /8 a / a a /a a /a a  
a 0 :2 8 4 c = f:.,‘0 0 /b a /0 0 /b a /0 0 / f a / 0 0

*  <■==■ W rite  0 0 0 ,8  
6 0 :2 0 5 4 = 8 a /a a /a a / a a /a a /a a /a a / a f l  
sO t 2854 ■ f a / O O /a a / e a /a a /e a / f  a /0 0

* <-=" Read 000
s 0 :2 0 5 c ”a a / a f l / a a / a a / a a / a a / a a / a a
B 0 :2 8 5 c » 'f a /0 0 /b a /0 0 /b a /0 0 /f o /0 0

* <*"= W rite  3 F F .0  
s 0 :2 0 6 4 na a / a a / f f / f £ / f f / f t / a a / a a  
6 0 :2 8 6 4 - f a / 0 0 / a f / a a / a f / a a / f a / 0 0

* <*■== Read 3FF
6r) : 2 0 6 c = a 8 / a a / f f / f t / f f / f f / a a / a a  
a 0 s2 8 6 c = fa /0 0 /b f /0 0 /b f /O O /fa /O O

* <=== W rite  3F F ,F  
s 0 : 2 G 7 4 = a a / a a / f f / f f / f f / f f / a a / a a  
8 0 : 2 8 7 4 - f a / 0 0 / a f / f f / a f / f f / f a / 0 0

*  <— -  Read 3FF
8 0 : 2 0 7 c - a a / a a / f f / f f / f f / f f / a a / a a  
B 0 :2 8 7 c - fa /0 0 /b f /0 0 /t if /O O /fa /O O

* <=-= W rite  3FF .1
s O i2 Q 8 4 = a o /a a / f f / f f / £ f / f f / a a / a a



s 0 :2 8 8 A « f a /0 0 /a f /a b /a f /a b / f a /O O

* <—  Read 3FF
e 0 :2 0 8 c " * a a /a a / f f /#f / f f / f f / a a / a a
6 0 :2 8 8 c - f a /0 0 /b f / .V /b f / 0 0 / f a /0 0

* < -== W rite  3F F ,2 
s 0 : 2 0 9 4 = e a / a a / f f / f f / f f / f f / a a / a a  
a 0 i 2 8 9 4 = f a /0 0 /a f / a e / a f / a e / f a /0 0

* <»=*= Read 3FF
e O : 2 Q 9 c « a a / a a /£ f / f f / f f / $ £ / a a / a a  
a 0 :2 8 9 c - f a /0 0 /b f /0 0 / b f /0 0 / f a /0 0

* <—  W rite  3FF ,4  
s 0 : 2 0 a 4 - a a / a a / f f / f f / f f / f f / a a / a a  
a 0 t2 8 a 4 ‘' f a / 0 0 / a f / b e / a f / b a / f a / 0 0

* <*»= Read 3FF
8 0 : 2 0 a c - a a / a a / f f / f f / f f / f f / a a / a a  
c 0 :2 8 a c = f a /0 0 /b f /0 0 / b f /0 0 / f a /0 0

* <«== W rite  3FF ,8  
s 0 : 2 0 b 4 - g a / a a / f f / f f / f f / f f / a a / a a  
a 0 :2 8 b 4 = 'f a / 0 0 / a f / e a / a f / e a / f a /0 0

* <*=■> Read 3FF
s 0 i 2 0 b c - a a / a a / f f / f f / f f / f f / a a / a a  
e 0 i2 8 b c = f a /0 0 /b f /0 0 /b f /0 0 / f a / 0 0

* G et A ccess

ovlOO.OUO

* Load T e s t  H ardw are Ram

g0 :1000  

* R e se t S t a t e

owlOO.1500
owlOO.1501
owlOO.OHO

* S e t  System  L ooping
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and Save P a t te r n

if. i.ommand F i l e  T e s ts  th e  RAM ChiprSnd s a v e s  * 
t |> a t te m .  T h is  Is n o rm a l ly  d one  <yi a  known * 
i-'.i c h ip  and th e n  Unknown C h ip s  a r e ;R e te s t e d  * 
u-j- th e  " R e -T e s t"  Comma? ] F i l e  w h ic h  w i l l  * 

'i 'p a re  a g a in s t  th e  p a t t e r n  sa v ed  in  th is  *
' t .  I n  t h i s  way f a u l t s  c an  b e  I s o l a t e d .  *

*

.1501

.0110



*

i m - -
2 -2 4 -3 4  PAGE 2

i
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' Re-Test: and Compare wj.ch Saved Pattern

**************************************************

* T h is  Command F i l e  R e -T e s ts  th e  RAM C hip b e in g  *
* t e s t e d  and com pares t h e  P a t t e r n  R e tu rn e d  w i th  *
* a p r e v io u s ly  s a v e d  p a t t e r n  s e tu p  by  th e  “T e s t"  *
* Command F i l e .  The D if f e r e n c e s  a re  D isp la y e d  i f  *
* a n y . I n  t h i s  way F a u l t s  c an  b e  d e te c te d  i f  th e  *
* i n i t i a l  t e s t  was on a good RAM Q t ip .  *

**************************************************

* R e a c t S t a te

owlOO.ISQO
owl00,i501
ovlOO,OUO

* Do Test Run

owl00,5422 

* Get Access

owl00,011Ci

* Get Pattern Returned

gO:1000 
**********

* vumpitrR with Good Faf.tuv.

c0::i000#d0,0:400r- 

cO-.3800Stto.0:41X00

* Reset: State

owlOOj1500 
0*100,1501
owl00,0110

* Set System Looping 

owl00,7422



RETEST .TXT 2-24-64
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* This Covmtantl Kije tiivwi thf. Pul'turn ObtaJnoi! *
* from the Test Hardwurt: in didnp the RAM lest. *
* The Pattern is displayed alonp wivli a comment *
* to Describe what Instruction the Pattern *
* represents. The pattern displayed ,.s taken *
* from the Pattern Returned Buffer Area, as this *
* program assumes that the "Move" Program has *
* already moved the Pattern Returned into the *
* Pattern Returned Buffer Area. *

**•**•>** ********************* ********

* «==> Write 000,C. 
dO: 300808 
d0'.38O&i?8

d0:3010rf8
d0:38!0#8

* -=> Write OOi'.j
d(5:30i8#S
dr-:381fi#S

* •-=> Writ': fi.v, J 
d * , 2 8 # P
80:382558

* ==> Read 000 
dO:303058 
(30:383058

* =.=> Write 000,1 
dO: 303858 
d0:3838#8

* ==«)> Read 000
dO: 304058 
d0:384058

"=»“ > W rite  0 0 0 ,4



U i  d0:3048#8
1 d0:3848#8

* Read 000 
d0;3050i?8 
d0:3850#8

* '===> Write Ouii.ti 
dO: 3(J58#S 
du:3858<?8

* ■='=> Read 00(.) 
d0:3Q60#8 
d0:3860i?S

* — > Write 3FK.U 
d0:3068i?8 
d0:3868#8

* — > Reud W Y  
dC:3070J8 
d 0 :3 8 7 0 K

* ===> Write 3FF,F 
d 0 i j 0 7 8 *
60:387fl #@

* ■==> Read 3?F 
d0:3080#8 
d0:3880z?8

* — > Brito 3M', I 
d 0 i3 0 M W  
H th a e w M

* ===>' Read 31'''' 
dD; 3091) #fi

dfi: 3098 
dO:3K9h<M

* = => Ruyd 3t'i'1 
dOsSOeOffS 
d0:38a0#fi

* -==> Write 3FF/ 
dO:30a8#8 
dO:38a8#8

* == >  Read 3PF
d0:30b0l?8
dO:38bO#8



DISPLAY .TXT

* — > Write 3KF,8 
dOi30b8#8 
ciO:38W8

* — > Read 3FP 
d0:30c0#8 
dO:38cO#R

* End o f  D is p la y



' Run Logic Analyser Mudo

***************************************>*******1

* T h is  Command K ilti S«C8 UiG Te.K t BucJwiirt l'i 
" i n  che  L og ic  A n a ly se r  Mode. A l l  L in e n  a rt;
1 p la c e d  in  T r t - S t a t e ,  and ttifc C lock  i s  d rlvM i 
 ̂ fro m  th e  X f.'k  H ardw are . I n p u t  L in e s  a rc
* sam p led  on th e  N e g a tiv e  edge of th e  cl.ixk.
* When th e  L ogic  A n a ly se r  h a s  T r ig g e r e d  th*
* num ber b e in g  d is p l a y e d  w i l l  s t a b i l i s e .  Thfc
* a c tu a l  t r i g g e r  p o in t  i n  th e  F a t t e n ,  r a tu m e r f
k b u f f e r  a re a  a f t e r  u s j  ny th e  "Move" Program  i s
* 3100H + ( 2 * Low est 10 b i t s  o f  number fn v i
* sL atuK  r e y i e U r ) . T lv.s i>: f o r  tlin  Iw w : k 
‘ '. l - S t a t i ;  Hit; s o r  to w e r  16 Bi-Sfia'Ee b i c e ,
* w , b l  •. . • a8, bB. F rr fur lURhor 8 Ti i- .: ;- ,’ ■
‘ hi..', nt It'. Bi-StMfc t i't I:or; &..'Ar-.-'c lr

* Loud I r i - S t r

. .0 12000=0?; 
#0 :20 0 0 * 1  a n o ,:

ovlOO,

gOtlOOC

owlOO,1500 
owlOC.ISOi 
o w io o .n ii.)

owl00,6c22
100000<iwl00>



* Get Access 

oulOO.OUO

* Get Pattern Returned 

gd: 100(1

* Display Returned I 'u t t e m  (U>wi.i l e  h n  ) 

d0:3000#800

* Display Returned Pattern (tipper Hi Me.) 

d0i3800#800

* End of Lo,lv Atelysi
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***************** a********************************

* This Command F lit; S t a r t s  tin: Lvh'.i.1' A n a ly se r  *
* to  r e a d  on P o s i t i v e  KdR« and With Spttcd “ 0. *
* Speed = 0 nicimti th e  T e s t  H ardw are  i s  In  th e  *
* n o n - m u lt i p le x in g  mode. *

************************************

owlOO, 15ot; 
owl 00 ,1501  
o v lO ii.O lH

owlOO,7422 
10<i.wl.00>

* End o f  1A
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* Move Routine

*************************** **********************

* This Command File btwlually pi'V.s ctmeiuJ i.t *
* Che test hardware ami initint.eh a mnvu by *
* calling the "Move" Program. *

********************************n*****************

* Get Access 

crelO'j.Ollu

* Do Move Routinf- 

gO:1000

* Display Pattern laix. I.

dO:2000^30 
d0i2800#30

* Display Pattern Returned

d0:3000030 
d0:3800i?30

* Fnd of Hove



» Reset into Tri-State

**************************************************

* This Coamsnd File basically resets the Test *
* hardware and places all outputs into *
* Tri-State. The Pattern Output Buffer Area and *
* the Pattern Output Memory in the Test Hardware *
* ate hath cleared. *

**************************************************

owl00,1500 
owlOO,1501 
owlOO.OUO

* Zero Pattern Memory

60 :2000=00
bOj 20O0flO0Q ,0  s 2001

* Move Pattern into Test Hardware

* Output First location (Into Tri-State)

ow 100,5400 
owlOO,5401

owlOO,1500 
owlOO,1501 
owlOO,0110

6 End o f  R e se t
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* T h is  Command F i l e  w o.'ks on th e  A ssu m p tio n  t h a t  *
* th e  T e s t  System  Has J u s t  been  pow ered u p . I t  *
* f i r s t  lo a d s  th e  "Move" prog ram  and th e n  s e t s  *
* up an  o s c i l l a t i n g  p a t t e r n  i n  th e  P a t t f . r n  *
* memory. The sy s te m  i a  th e n  p la c e d  in  th e  L og ic  *
* A n a ly se r  m ode, w here  i t  w a i t s  f o r  th e  t r i g g e r  *
* and sa m p le s  on th e  p o s i t i v e  edge o f  th e  c lo c k .  *

*********

* Load Move Program

sO:lCQ0»b8/OQ/QO
s0 il0 0 3 = 8 e /d 8
sO :1005= 6e /c0
s0 :1 0 0 7 = fc
sO: 1008“ b e /0 0 /2 0
sO :100b“ b f /0 0 /8 0
s 0 il0 0 e - b 9 /0 0 /0 8
80 : 1011=85
s 0 il0 1 2 = e 2 /f d
s0 :1 0 1 4 = b e /0 0 /8 0
e C il0 1 7 » b f /0 0 /3 0
s0 :101a-= b9 /00 /08
sO :101d=a5
aO :101e“ e 2 /fd
s 0 :1 0 2 0 = e a / f l /0 6 /0 0 / f e

* Load O s c i l l a t i n g  P a t te r n

s 0 :2 0 0 0 = a a / a a / f f / f f  
mO:2000  $ 1 000 ,0 :2004  
*************

* Get A ccess 

owlOO.OilO

* Load T e s t  H ardw are Ram

gO :1000 
*************

R e se t S t a te



owiOO,7422
100000<iul00>



APPENDIX N 

RAM TEST EXAMPLE



INTRODUCTION

T h i s  i s  t he  s equ enc e  o f  c cne iands and the r e p l y  from the 

u s ed  t o  t e s t  a fftd 148-LP j 82 9 - v o rd  X 4 - b i t  High Speed CMOS 

t e s t  i s  f i r s t  done cu a good  ch ip  and the p a t t e r n  s t o r  

t e s t s  or t he  Rt f i  w i t h  v a r i o u s  < a u l t s  i n t r o d u c ed  compare 

P a t t e r n  mi th t he  Expec t e d -P a t  t e r n  which was s t o r e d .

T es t -H a rd w a re  

RAM c h i p .  The 

>d, Subseq ue n t  

t he  Re tu r ne d -
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Load Hove Routine

;-H F i'.i! t . T -  " , II J«it il'ii 11-r An- 
I t   ̂h i . i ’ i i 'T’i Ri-r tit 'n d bu t t  i t  A 
f 'iH ’ i c . t  H.rr<iv,ii c AiMrij Are

s0:10'jti=b8/00/0<)
* HdV US, AX
60:K)03-8e/dS
* MOV ES.AX
sO:1005=8o/c0

sO:lfX/7=fc
MOV 51,200011 

60:1008-be/00/20
* w v  u z .ao o o ii
S0 :1 0 0 b = b f/0 0 /8 0

MOV GX,0600H

; OU-.Ti- Untu Scy.niciu Rcj'lKtcr 

I Clear Extra Segment Ht-ylKtt-r 

; Clear Wrcctlon Flay 

; Set Source oi Pautern 

; Set Destination Test Hardware 

; Set Length
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B0:100e-b9/00/08
* MLOOP NOVSW 

.60:1011-85
LOOP HLOOP 

.60:1012-e2/fd
MOV SI, 8000H 

.sO;1014=be/00/80
MOV 01,300011 

•sO:10I7=b//VV/30
MOV CX.OBUUIl 

.sO: 101a-b9/00/08 
► ElOOP MOVSW 
sO:101d-a5
* LOOP EU3UP ; Lao
s0:101e-e2/fd

JMP OP£O0:O6Fi 1 Ret 
.B0 :1020-ea/n/06/0u/fe

; Memory to Memory Hove 

•nop Until End 

; Set Source Test Hardwnrt 

Dvsiinntion Pattern

Memory to Memory Move 

Loop Vntil End

* Finished Load

 ̂Load Ram Test

,***********< :************

* This Cocna.ind Flli Vmiih Test Patterns fur
‘ the KM6146Lf' IK hy 4 St,it I' Ray Q ,S y . This
* test Is by no means exti.mst i ve and will only
* really pick i.p faults with stuck or shorted
* data lines. The Address Lines are Not Tested.

,***********************************************1

RAM TIMINt, DIAGRAMS

Definition of Terms:

? = Undefined 
X = Defined
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CS/ Hill ..... .....11111
we/ m u  11111 m u  m u
a d d r  m i ?  x m x  x x m  inn

c s /  u m  ............  m u
we/ u m  ............  i n n
addr ????? xxxxx x x m  ? ? m
DATA  XXXXX x x m --------

RAM LINE DEFINITIONS

1 2 3 4 3 6 7 8 9 10 12 12 13 14 15 16
AO A1 A2 A3 A4 A5 A6 A7 A8 A9 WE/ CS/ IU1 102 103 104

PATTERN OUT PVT CONTROL

T = Tri-State Control (0 « Tri-State) (1 = Driven)
V - Value (0 ■= Low ) (1 = High )

0 :2 0 0 0 - Pattern Output. Buffer Area (Lower 8 Tri-Stace Bits) 
0:2800 » Pattern Output Buffer Area (Higher 8 Tri-State Bits)

0 :2 0 0 0 T V T V T V T V  T V T V T V T V  
4 4 3 3 2 2 1 1  8 8 7 7 6 6 5 5

0:2800 T V T V T V T V  T V T V T V T V  
12 12 11 11 10 10 9 9 16 16 15 15 14 14 13 13

PATTERN RETUFNED DATA

a - Low Input (Referenced to 0.8 Volts) 
b - High Input (Referenced to 2.4 Volts)

0:3000 * Pattern Returned Buffer Area (Lower 8 Tri-State Bits)
0:3800 = Pattern Returned Buffer Area (Higher 8 T t i - S C a te  Bits)

0:3000 b a b a b a b a  b a b a b a b a
4 4 3 3 2 2 1 1 8 6 7 7 6 6 5 5

0:3800 b a b a b a b a  b a b a b a b a
12 12 11 11 10 10 9 9 16 16 15 15 14 14 13 13
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' Setup Default Pattei 

.60:2000»ao/aa

.s0 :2 800-fa/0 0  

.m0:2000f7fe,0:2002

.o.0:2800#7fe,0:2802 

k Nov Load Test Patte

' <=”■ Write 000,( 
.a0:2004-aa/a{ 
.s0:2804-fa/00/i

i a /a i
ia/fa/(

■ «  Read 000 
• s0:200c“aa/ai 
.s0:280c-fa/00/l

ia/a:
j/00/faA

* < == Write 000,t 
s0:2014=aa/ai 
.s0:28l4-fa/00/i

ia/ai
./ff/fa/(

•s0:201c=aa/a£
s0:26lc-fa/00/!

! <=== Write 000,1 
.e0.2024«aa/af 
s0:2824=£a/00/i

la/as
a/OO/fa/C

' <=== Read 000
a0:202c-aa/a<
80:282c=fa/00/l

ia/af
./00/fa/(

t <=== Write 0( 
i0:2034=aa/aa/i 
80:2834-fa/00/i

ia/af
.e/fa/l

= =  Read 000 
.a0:203c-aa/a: 
.s0:283c-fa/00/1

ia/aa/i
i/00/fa/C

* <=»= Write 000A 
s0:2044=aa/a: 
e0:2844=fa/00/i

ia/aa/i
ba/fa/C

: <""= Read 000 
.s0:204c=aa/at 
.a0:284c=fa/00/l

 ̂ia/a£

* <=-= Write 000,8 
80:2054-aa/Ha/aa/8a/aa/aa/aa/aa
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60:2854-fa/(X)/Ba/ea/aa/ee/fa/00

* Bead 000
sOiZOSc-ea/aa/es/ss/aa/sa/aa/afl
s0:285c-fa/00/ba/00/ba/00/fa/00

* <— = Write 3FF,0 
60,-2064=aa/aa/ff/ff/ff/ff/aa 
s0:2864=fa/00/8f/aa/af/aa/fa

* <=== Read 3PP 
i0:206c-ea/aa/ff/f£/ff/ff/aa 
sO:286c“fa/00/bf/00/bf/00/£a

* <*== Write 3PF,F 
e0:2074«aa/aa/ff/f£/ff/£f/aa 
s0:2874»fa/00/af/ff/af/ff/fa

* < == Read 3Fi 
s0:207c-aa/aa/ff/ff/£f/ff/aa 
60t287c-fa/00/h//0ti/bf/00/fa

* <==- Write 3PF,1 
sC:2084«aa/aa/£f/ff/ff/ff/aa 
eOi^SSi-fs/OO/af/ab/af/ab/fa

> <== Read 3FF
:0:208c-aa/aa/ff/ff/ff/ff/aa
i0:288c=fa/00/bf/00/bf/00/£a

* <«—  write 3FT,2 
60:2094=aa/ad/ff/££/ff/£f/aa
0:2894=fa/00/af/ae/af/ae/t8

<■="= Read 3FF 
s0;209c=aa/aa/ff/ff/ff/£f/aa 
iO:289c=fa/00/bf/00/bf/00/£a

' <=—  Write 3FF,4
;0:20a4-aa/aa/££/£f/ff/£f/aa
i0:28a4-£a/00/af/ba/af/ba/fa

1 <— = Read 3FF 
i0:20ac-aa/aa/£f/££/££/££/aa 
i0:28ac-£a/00/bf/00/bf/00/fa

t <=-!i Write 3PF,8
i0:20b4=aa/aa/ff/ff/ff/ff/ati
:0?2Sl>4*£a/00/af/ea/af/ea/£a

' <— = Read 3FF 
;0:20bc=aa/sa/ff/ff / £f/ff/aa 
iO:28bc“fa/00/bf/00/bf/00/fa
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.* Get Access 

.oulOO.OliO

.* Load Test Hardware Ram 

.gO:1000

iSBC 86/12 MONITOR V2.0

.* Reset State

.owl00,1500 
•owlOO,1501 
• owlOO.OHO

.* Set System Looping

.owlOO,7422

***************************** **************

* This Command File Tests the RAM Chip and saves *
* the pattern. This is normally done on a known *
* good chip and then Unknown Chips are Retested *
* using the "Re-Test" Command File which will *
* compare against the pattern saved in this *
* Test. In this way faults can be isolated. *

**************************************************

* Reset State

owlOO,1500 
owlOO,1501 
owlOO,0110

* Do Test Sun

owlOO,5422
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.*  Get A ccess  

•ow l00 ,0L 10

.*  Get P a ttern  Returned 

.gO :1000

iSBC 86 /12  MONITOR V 2.0 

.*  Save Good P attern

mO:300001000 ,0 ;4000  
********

oulO O ,1500 
owlOO,150V 
oulOO.OHO

* Sec System Looping  

owlOO,7422

t R e-T est end Compare w ith  Saved P a tte i

**************************************************

* This Command File Re-^Tests the RAM Chip being *
* tested and compares the Pattern Returned with *
* s previously saved pattern setup by the "Test" *
* Command File. The Differences are Di flayed if *
* any. In this way Faults can bti detected if the *
* initial tear was on a good RAM Chip, * 

**************************************************

* R ese t S ta te  

owlOO,1500
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•owlOO,1501 
.owlOD.OHO

t Do Test Run

• owlOO, 5422

.* Get Access

.owlOO,Ollti

k Get Pattern Returned

r Compare with Good Patte

.c0:3000#d0,0:4000 

.c0:3800»d0,0:4800

• R ese t S ta te

.owlOO,1500 

.owlOO,1501 

.owlOO,OUO

1 Set System Looping

* End o f  R e-T est

( No Differences Lower 8 Bits ) 

( No Differences Upper 8 Bits )

k Display Prttern Obtained

.**************************************************

* This Command File shows the Pattern Obtained *
* from the Test Hardware in doing the RAM Test. *
* The Pattern is displayed along with a comment *
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.*  to D e s c r ib e  what I n s tr u c t io n  the P a tte rn  *

.*  repr i s e n t s .  The p a tter n  d isp la y e d  I s  taken *

.*  from th e  P a tte rn  R eturned B u ffe r  A ren, a s  t h i s  * 

.*  program assum es th a t  th e  "Move" Program  has *
.*  a lrea d y  moved the P a tte rn  R eturned in to  the *
.*  P a tte rn  Returned B u ffe r  A rea . *

. **************************************************

.* =■»=> Write 000,0 

.40:3008#8
0000.3008 00 00 00 00 00 00 00 00 
.dO:380808
UOOO:3808 FO 55 00 00 00 00 FO 55

• * —•=> Read 000 
. dO: 301008
UOOO:3010 00 00 00 00 OC 00 00 00 
.d0:3810#B
UOuv: 381U FO 55 30 00 30 00 FO 55

.* «»=> Write 000,F 

.dO:3018#8
1.1000:3018 00 00 00 00 00 00 00 00 
.dO: 381808
UOOO: 3818 FO 55 00 FP 00 FF FO 55

. * ’*”=> Read 000 

.60:302008
0000:3020 00 00 00 00 00 00 00 00 
. dO: 382008
0000:3820 FO 55 30 FF 30 FF FO 55

.* «==> Write 000,1 

.d0:302 8#8
0000:3028 00 00 00 00 00 00 00 00 
.d0:3828#8
-WOO:3828 FO 55 00 03 00 03 FO 55

.* = => Read 000 

.<10:303003
0000:3030 00 00 00 00 00 00 00 00 
.dO:383008
0000:3830 FC 55 30 03 30 03 FO 55

.* =-="> Write 000,2 

.d0:3038to
0000:3038 00 00 00 00 00 00 00 00 
.dO: 38 3808
0000:3838 FO 55 00 OC DO OC FO 55

.* ==-> 8ead 000  

.dO:3O4O08
0000:3040 00 00 00 00 00 00 00 00
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.<10:5840*8
0000:3640 F0 55 30 00 30 C

* — =■> W rite  000,4 
dO: 3048*8
0000:3048 00 00 00 00 00 
80:3848*8
0000:3848 FO 55 00 30 00

* «s”™> Read 000 
dO: 3050*8
0000:3050 00 00 00 00 00 
dO:3850*8
0000:3850 FO 55 30 30 30

* - -» >  W rite  000,8 
d0:3058*8
0000:3058 00 00 On 00 00 
d0:3858*8 
0000:3858 FO 55 00 CO 00

* **==> Read 000 
dO:3060*8

0000:3060 00 00 00 00 00 
d0:3860»8 
0000:3860 FO 55 30 CO 30

* ===> W rite  3FF,0 
d0:3068*8

0000:3068 00 00 FF FF FF 
dO: 3868*8
0000:3868 FO 55 OF 00 OF

* =■=> Read 3FF 
d0:3070*8

0000:3070 00 00 FF FF FF 
d0:3870#8
0000:3870 FO 55 3F 00 3F

* ==«> W rite  3FF.F 
d0:3078*8
0000:3078 00 00 FF FF FF 
.80:3878*8
0000:3878 FO 55 OF FF OF

* ===> Read 3FF 
d0:3080#8
0000:3080 00 00 FF FF FF 
dO:3880*8 

0000:3880 FO 55 3f FF 3F

* =— > W rite  3FF, 1
80:3088*8

00 00 00

00 00 00

00 00 00 

CO FO 55

00 00 00

FF 00 00

FF 00 00

FF 00 00

FF FO 55
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.d0:3888ff8
0000:3838 F0 55 OF 03 (

■=> Read 3FF
■ dO: 3090^8
0000:3090 00 00 FF FF 
d0 : 3890#6 

0000:3890 FO 55 3F 03

-=> Write 3FF.2 
d0;3098#8 
0000:3098 00 00 FF FF 
d0:3898ff8 
0000:3898 FO 55 OF OC

==> Read 3FF
■ d0:30a0#8
0000:30AO 00 00 FF FF 
d0:38a0#8
0000:38*0 FO 55 3F OC

=-> Write 3FF.4 
d0:30a8to 

0000:30*8 00 00 FF FF 
dO:38a808
0000:38*8 FO 55 OF 30

* — => Read 3FF 
dO: 30b0#8
0000:3060 00 00 FF FF 
d0:38b0il8 
0000:3880 FO 55 3F 30

* ===> Write 3FF.8 
d0:30b8#8

0000:3088 00 00 FF FF 
d0:38b8#8
0000:3888 FO 55 OF CO

* -==> Read 3FF 
d0:30c0#8
0000:3000 00 00 FF FF 
d0:38c0f8 
0000:3800 FO 55 3F GO

FF FF 00 00 

3F 03 FO 55

FF FF 00 00 

OF OC FO 55

FF FF 00 00 

3F OC FO 55

FF FF 00 00 

OF 30 FO 55

FF FF 00 00 

3F 30 FO 55

FF FF 00 00 

OF CO FO 55

FF FF 00 00 

3F CO FO 55

* End of Display

**********************************A******



HM6148LP RAM T e s t  E xam ple

* Now Introduce a Fault and do a Retest *

* Short Data Lines 3 and 6. 1 

*****************************************

Re-Test and Compare with Saved Pattei

**************************************************

* T h is  Command F i l e  R e-T ests  th e  RAM Chip b e in g  *
* t e s t e d  and compares th e  P a tte r n  Returned w ith  *
* a p r e v io u s ly  saved p a tter n  se tu p  by the  " T est” *
* Command F i l e .  The D if fe r e n c e s  are  D isp layed  i f  *
* any . In  t h i s  way F a u lts  can bo d e te c te d  i f  th e  *
* i n i t i a l  t e s t  was on s  good RAM C hip . *

**************************************************

* Reset Stati

owlOO,1500 
owlOO, 1501 
owlOO,0110

* Do Test Run

owlOO,5422

* Get Access

owlOO,0110

.* Get Pattern Returned 

.gOUOOO

1SBC 86/12 MONITOR V2.0 
.*********

* Compare with Good Pattern

c0:3000#d0,0:4000
***** ( No Differences Lower 8 Bits )
c0:3800#d0,0:4800
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0000:3846 00 30 0000:4846 
0000:3840 00 30 0000:4840 
0000:3853 00 30 0000:4853 
0000:3855 00 30 0000:4855 
0000:3856 00 CO 0000:4858 
0000:3850 00 CO 0000:4850 
0000:3863 00 CO 0000:4863 
0000:3865 00 CO 0000:4865 
0000:38A6 00 30 0000:48X6 
0000;38AD 00 30 0000:48AD 
0000:3863 00 30 0000:4863 
0000:3865 00 30 0000:4865 
0000:3866 00 CO 0000:4868 
0000:3860 00 CO 0000:4860 
0000:3803 00 CO 0000:4803 
0000:3805 00 CO 0000:4805
,***** ( 16 Differences Upper 8 Bits )

* Reset State

owlOO.ISOO
c*100,1501
oulOOjOHO

* Set System Looping 

owlOO.7422

* End of Re-Test

Display Pattern Obtained

**************************************************

* T his Command F i le  shows th e  P a ttern  O b ta ined *
* from the T e st Hardware in  d o ing  the RAM T e s t . *
* The P a tte rn  I s  d isp la y e d  a lon g  w ith a comment *
* to  D escrib e  what I n s tr u c t io n  the  P a ttern  *
* r e p r e se n ts .  The p a ttern  d isp la y e d  Is  taken  *
* from th e  P a ttern  R eturned B u ffe r  A rea, a s  t h i s  *
* program assum es th a t th e  "Move" Program has *
* a lr ea d y  moved th e  P a tte rn  R eturned in t o  the  *
* P a ttern  Returned B u ffe r  A rea . *

**************************************************
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,* ==»> W rite  0 0 0 ,0
.d0 :3008#6
0 000:3008  00 00 00 00 00 00 00 00 
,d0 :3808#8
0 000:3808  P0 55 00 00 00 00 FO 55

,*  — > Read 000 
.4 0 :301048
0 000 :3010  00 00 00 00 00 00 00 00 
.40:38101)6
0 000 :3810  FO 55 30 00 30 00 FO 55

.* ===■> yrlte 0 0 0 ,P 
•d O ;3018*8
0 000 :3018  00 00 00 00 00 00 00 00 
.d 0 :3 8 I8 # 8
0 000:3818  FO 55 00 FF 00 FF FO 55

.*  ===> Read 000 

.d 0 :3 0 2 0 f8
0000:3020  00 00 00 00 00 00 00 00 
.d0:3820ff8
0 000 :3820  FO 55 30 FF 30 FF FO 55

.*  «==> w r i t e  0 0 0 ,1  
,d0 :3028//8
0 000 :3 0 2 8  00 00 00 00 00 00 00 00 
.dO : 382808
0 000 :3828  FO 55 00 03 00 03 FO 55

,*  ==«> Read 000 
.dO :303008
0 000 :3030  00 00 00 00  00 00 00 00 
.d 0 :3830#8
0000 :3 8 3 0  FO 55 30 03 30 03 FO 55

.*  »==> w r i t e  0 00 ,2  
.d0 :3038#8
0 000 :3038  00 00 00 00 00 00 00 00 
.d0 :3838tf8
0000:3838  FO 55 00 OC 00 00 FO 35

,*  =■»> Read 000 
.4 0 :304048
0 000:3040  00 00 00 00 00 00 00 00 
.d 0 :3840#8
0000 :3840  FO 55 30 OC 30 OC FO 55

,*  ===> W rite  0 0 0 ,4  
.d O :304648
0000:3048  00 00 00 00 00 00 00 00 
.d O :384858
0000:3848  FO 55 00 00 00 00 FO 55

* .UO.O. .U*

* .U 0 .0 . .U*

*.U O .O ..U *

*.U0.0..U*
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* -•»=} Read 000 
d0:3050#8 
0000:3050 00 00 00 00 00 00 00 00 
<30:3£50#8
0000:3850 FO 55 30 00 30 00 FO 55

* ==> Write 000,8 
dO:3058#8
0000:3058 00 00 00 00 00 00 00 00 
do:3858#8 

0000:3858 FO 55 00 00 00 00 FO 55

Should Be

Should Be

* =■-> Read 000 
d0;3060#8 
0000:3060 00 00 00 00 00 00 00 00 
dO:386008
000; 3860 PO 55 30 00 30 00 FO 55

Should Be

* ==> Write 3FF,0 
dO:3O68 08

0000:3068 00 00 FF FF FF FF 00 00 
dO:3868 to
0000:3868 FO 55 OF 00 OP 00 FO 55

* «■=> Read 3FF 
d0:3070#8

0000:3070 00 00 FF FF FP FF 00 00 
dO:387008
000:3870 FO 55 3F 00 3F 00 FO 55

* «="=> Write 3FP,F 
d0:3078#8
0000:3078 00 00 FF FF FF FF 00 00 
d0:3878#8
000:3878 FO 55 OF FF OF FF FO 55

"> Reed 3FF 
d0:3080fl8 
0000:3080 00 00 FF FF FF FF 00 00 
.d0:3880#8
0000:3880 FO 55 3F FF 3F FF FO 55
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.* ««•»> Write 3FF,1 

.dG:3088#8
0000;3088 00 00 FF FF FF FF 00 00 
.d0:3888#8
0000:3880 F0 55 OF 03 Of 03 FO 55

.* =— > Read 3FF 
• d0:3090i?8
0000:3090 00 00 FF FF FF FF 00 00 
.dOf3#*OM
0000:3890 FO 55 3F 03 3F 03 FO 55

.* — > Write 3FF.2 

.dO:3098 #8
0000:3098 00 00 FF FF FF FF 00 00 
.d0 : 3898l?8
0000:3898 FO 55 OF OC OF OC FO 55

.* =“=> Read 3FF 

.d0:30a0)?8
OOOO:30AO 00 00 FF FF FF FF 00 00 
•d0:38a0#8
0000:3860 FO 55 3T OC 3F OC FO 55

.* =— > Write 3FF.A 

.d0:30a8if8
0000:30A8 00 00 FF FF FF FF 00 00 
.d0:38a8#8
0000:38A8 FO 55 OF 00 OF 00 FO 55 

.* Should Be 30 30

.* — •*> Read 3FF 

.dO:30bOJ?8
0000:3080 00 00 FF FF FF FF 00 00 
.00:38 bOtfe
0000:3880 FO 55 3F 00 3F 00 FO 55 

.* Should Be 30 30

.* ■==> Write 3FF.8 

.d0:30b8#8
0000:3088 00 00 FF FF FF FF 00 00 
.d0:38b8#8
0000:3888 FO 55 OF 00 OF 00 FO 55 

.* Should Be CO CO

* — => Read 3FF 
dO:30cOC8
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0000:3000 00 00 FF FF FF FF 00 00 
.d0:38c0fl8
0000:3800 F0 55 3F 00 3F 00 FO 55

End of Display

******************* 

* End of RAM Test * 

*******************
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LOGIC-ANALYSER EX ^PLE



INTRODUCTION

T h i s  I s  an t x a m p l t  o f  t he  T es t -H a rd w are  be in g  u sed  in t he  L o g i c -A na ly se r  

mode where a l l  o u t p u t s  a r e  d e f i n e d  a s  be in g  in Tr  i - S t a t e  and t he  T e s t -  

Ha rdware  i s  p l a c e d  in t he  L og i c -A na ly se r  Mode. The c i r c u i t  u s ed  t o  t e s t  

t h i s  mode i s  a  s im p le  c o u n t e r ,
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************************** 

* Logic Analyser Example * 

**************************

Load Move Routine

**************************************************

"Move" Program *

This Command File loads the "Move" Program. *
This program which starts at 0:1000H takes *
the Pattern memory from 0:2000H -> 0:2FFF and *
loads it into the Test Hardware's Pattern *
memory. At the same time it loads the Test *
Hardware's returned Pattern memory into *
locations 0:3000H -> 0:3FFFH. This is the *
pattern input from the test. The reason for *
this program is that Test Hardware's Memory *
uses the Pattern Output Bank when writing to *
if, and it uses the Pattern Returned Bank when *
reading from it. If you write to Che Test *
Hardware and read it back you get a different *
number which confuses the Move and Substitute *
commands of the 8086 Monitor. *

0:2000 - 0;2FFF Pattern Output Buffer Area *
0:3000 - 0:3FFF Pattern Returned Buffer Area *
0:8000 - 0:8FFF Test Hardware Address Area *

**************************************************

* MOV AX, #000011 ; Clear AX
s0:1000-b8/00/00
* MOV DS,AX ; Clear Data Segment Register
s0:1003“8e/d8
* MOV ES.AX ; Clear Extra Segment Register
sO:1005=8e/c0
* CLD ; Clear Direction Flag
s0:1007=fc
* MOV S1,2000H j Set Source of Pattern
s0;1008=be/00/20

MOV DI.8000H j Set Destination Test Hardware
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sO: 100b“bf/00/80
* MOV CX.0800H ; Sec Length
b\ : 100e-b9/00/08
* MLOOP MOVSW 
sO:1011-a5
* LOOP MLOOP
sO: 1012-e2/fd
* MOV SI.8000H
sO:10l4.be/00/80
* MOV 1)1,3000H
pO: 1017«bf/00/30
* MOV CX,0800H
60:10U-b9/00/08
* ELOOP MOVSW 
sO:101d“a5
* LOOP E100P
sO: '..01e“e2/‘d
* JMP OFEOO: 06F1 ; Return 
sO: 1020=ea/f 1/06/00/fe

Finished Load

j Memory to Memory Move 

; Loop Until End 

; Set Source Test Hardware 

; Set Destination Pattern 

; Set Length 

; Memory to Memory Move 

; Loop Until End

Run Logii Analyser Mode

***************************************************

* This Command Pile Sets the Test Hardware Up *
* in the Logic Analyser Mode. All Lines are *
* placed In Tri-State, and the Clock is driven *
* Irom the Test Hardware. Input Lines are *
* sampled on the Negative edge of the clock.
* When the Logic Analyser has Triggered the *
* number being displayed will stabilise. The *
* actual trigger point in the Pattern returned *
* buffer area after using the "Move" Program is *
* 3000H 4- ( 2 * Lowest 10 bits of number from *
* status register). This Is for the Lower 8 *
* Tri-State Bits or Lower 16 Bi-State bits, *
* al, bl .... a8, b8. For the Higher 8 Tri-State *
* bits or 16 Bi-State bits the Address is *
* 3600H 4 ( 2 *  Lowest 10 bits of status reg.) *

************************************************** 

.* Lost Tri-State Pa.tern
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0:2000-00
1110:2 000*1 000 , 0:2001

owlOO.OHO

* Load Test Hardware Ram

goaooo

iSBC 86/12 MONITOR V2.0

owlOO,1500 
owlOO,1501 
owlOO,0110

Set Logic Analyser Going

owlOO,6c22
100000<i«100>
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CDAA ( <- Trigger Point )

‘Control C*

1 Get Access 

.owlOO.OHO 

1 Get Pattern Returned

iSBC 86/12 MONITOR V2.0

* Display Returned Pattern (Lower 16 Bits) 

d0:3000#800
0000:3000 C3 3C CC 3C CF 30 FO 30 F3 3C FC 3C FF 3C 00 30
0000:3010 03 3C 00 3C OF 3C 30 3C 33 3C 3C 30 3F 30 00 3F
0000:3020 03 3F 00 3F CF 3F FO 3F F3 3F FC 3F FF 3F 00 3F
0000:3030 03 3F 00 3F OF 3F 30 3F 33 3F 30 3F 3F 3F 00 CO
0000:3040 03 CO 00 CO CF 00 FO 00 F3 GO FC CO FF 00 00 CO
0000:3050 03 CO 00 00 OF 00 30 00 33 CO 30 CO 3F CO CO 03
0000:3060 C3 03 CC 03 CF 03 FO 03 F3 C3 FC 03 FF 03 00 C3
0000:3070 03 03 00 03 OF 03 30 03 33 03 3C 03 3F 03 CO 00
0000:3080 03 00 00 CO CF 00 FO CC F3 CC FC CC FF CC 00 CC
0000:3090 03 CC 00 00 OF 00 30 00 33 00 3C CC 3F CC CO CF
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0000:30A0 C3 
0000:3080 03 
0000:3000 C3 
0000:3000 03 
0000;30E0 C3 
O0OO:3OFO 03 
0000:3100 C3 
0000:3110 03 
0000:3120 C3 
0000:3130 03 
0000:3140 C3 
0000:3150 03 
0000:3160 03 
0000:3170 03 
0000:3180 C3 
0000:3190 03

♦Control C*

CF CF CF

?Q CF F0 
Ft, OF FO

FC CF FC 
FC OF FC 
FF CF FF 
FF OF FF 
00 CF 00 
00 OF 00 
03 CF 03 
03 OF 03 
OCCFOC

FO FO F3 
30 FO 33

30 F3 33 
FO FC F3

FO FF F3

FO 00 F3

FO OC F3

CF FF CF 00 CF 
CF 3F CF CO FO 
FO FF FO 00 FO 
FO 3F FO CO F3 
F3 FF F3 00 F3 
F3 3F P3 CO FC 
FC FF PC 00 FC 
FC 3F FC CO FF 
FF FF FF 00 FF 
FF 3F FF CO 00 
00 FF 00 00 00 
00 3F 00 CO 03 
03 FF 03 00 03 
03 3F 03 CO OC 
OC FF OC 00 OC 
OC 3F OC CO OF

‘ Display Returned Pattern (Upper 16 Bits)

.d0:3800#800 
0000:3800 55 55 
0000:3810 55 55 
'0-0:3810 55 55 
01:0:3830 55 55 
U;>U0:3640 55 55 
0000:3450 55 55 
0000:3860 55 55 
0000:3870 55 55 
0000:3880 55 55 
0000:3890 55 55 
0000:38A0 55 55 
0000:3880 55 55 
0000:38C0 55 55 
0000:3800 55 55 
0000:38E0 55 55 
0000:38FO 55 55 
0000:3900 55 55 
0000:3910 55 55 
0000:3920 55 55 
0000:3930 55 55 
0000:3940 55 55 
0000:3950 55 55 
0000:3960 55 55 
0000:3970 55 55 
♦Control C*

55 55 
55 55 
55 55 
55 55 
55 55

*uuu<juuuuuuumwuu* 
*m w uuuuuuuuim w ju *
*\3uuuuuuuuuuyuuuu*
*uim uuiiuuuuuuumro*
*uuuuuuuuuuuuuuuu*
•uuuuuuuuuvinjuuuu*
*uuuuuuuuuuuuuuuu*
*UU UUUUUL!UUtroUUUU*
* u m u u u u u u u im iM j*
*uiM uuuuuum juuuuu*
*uuuuimuuvuuuuuuu*
*tjuimuuuinmuuuuuu*
*uuuuuuuuuuuuuuuu*
♦uuuuuuuuuuuuuuuu*
*uuuuuuuuuuuuuuuu*
*uuuuuuuuuuuuuuuu*
*UUUUUUUUUUUULRIUU*
*uuuuuuuuuuuuuuuu*
*uuuuuuuuuuuuuuuu*
*uuuuuuuuuuuuuuuu*
*uuuuuuuuuum.iuuuu*
*UULUUUUUUUUUUUUU*
*uuuuuuuuuuuuuuuu*
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************************

* Display Trigger Point * 

*************************

* Status Register was CDAA
* Lower 10 bits - 1AA
* Address - 0:3000 + 1AA *

d0:3300#200
0000:3300 3F F3 CO FC FC FC C3 FC CC FC CF FC FO FC F3 FC
0000:3310 FC FC FF FC 00 FC 03 FC OC FC OF FC 30 FC 33 FC
0000: 3320 3C FC 3F FC CO FF C3 FF CC FF CF FF FO FF F3 FF
0000:3330 FC FF FF FF 00 FF 03 FF OC FF OF FF 30 FF 33 FF
0000:3340 FO 00 3C FF 3F FF CO 00 C3 00 CC 00 CF 00 FO 00
0000:3350 F3 00 FC 00 FF 00 00 00 03 00 OC 00 OF 00 30 00

34D0 F3

00 CO 03 C3 
03 00 03 03 
03 CO OC C3 
OC 00 OC 03 
OC CO OF C3 
OF 00 OF 03 
OF CO 30 C3 
30 00 30 03 
30 CO 33 C3 
33 00 33 03 
33 CO 3C C3 
3C 00 3C 03 
3C CO 3F C3 
3F 00 3F 03 
5F CO CO C3 
CO 00 CO 03 
CO CO C3 C3 
C3 00 C3 03 
C3 CO CC C3 
CC 00 CC 03 
CC CO CF C3 
CF 00 CF 03 
CF FF FO C3 
FO 00 FO 03 
FO CO F3 C3 
F3 00 F3 03

03 CF 03 FO 03 
03 OF 03 30 03 
OC CF OC FO OC 
OC OF OC 30 OC 
OF CF OF FO OF 
OF OF OF 30 OF 
30 CF 30 FO 30 
30 OF 30 30 30 
33 CF 33 FO 33 
33 OF 33 30 33 
3C CF 3C FO 3C 
3C OF 3C 30 3C 
3F CF 3F FO 3F 
3F OF 3F 30 3F 
CO CF CO FO CO 
CO OF CO 30 CO 
C3 CF C3 FO C3 
C3 OF C3 30 C3 
CC CF CC FO CC 
CC OF CC 30 CC 
CF CF CF FO CF 
CF OF CF 30 CF 
FO CF FO FO FO 
FO OF FO 30 FO 
F3 CF F3 FO F3 
F3 OF P3 30 F3

*3. .0.0.0.0.0*
* . 0 . 0 . 0 . 0 . 0 . 0 . 000* 
*30<0?0.3.3.3.3.3* 
*.3.3.3.3.3.3.303* 
*33<3?3.<.<.<.<.<*

*3<«?< .?.?.?.?.?*

*********************************
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of Logic Analyser Example

*********************************
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