
INTR{f,DUCTI ON

by  Mark  D iVecch io
Sec t i on  Head  -  Log ic  Des ign

The  fo l l ow ing  se r ies  o f  a r t i c .Les  were  wr i t t en  by  the  rnembers  o f  t he
Eng inee r ing  Depar tnen t  a t  t he  San  D iego  fac i l i t y  who  were  d i rec t l y
respons ib le  fo r  t he  des ign  and  tes t  o f  t he  A5 /6  100 .  Due  to  space
l im i ta t i ons ,  t he  a r t i c l es  were  kep t  t o  a  semi - techn icaL  na tu re  bu t
we  w i l l -  be  happy  to  answer  any  fu r the r  ques t i ons  you  m igh t  have .
Jus t  con tac t  t he  au tho r  d i rec t l v .



SERVICE PROCESSOR FEATURES

Loca ted  w i th in  the  rna in f rane  o f
ten  caL led  the  se rv i ce  p rocesso r
fo rms  a  mu l t i t ude  o f  d i ve rse
s ta tus  mon i to r i ng ,  d i sp lay ,  and

The  SVP cons i s t s  o f :

by Frank Dean
Sec t i on  Head  -  SVP So f tware

IA COMPUTER WITHIN A COMPUTER'

an  A3 /6100  i s  a  m ic rocompu te r  sys -
(SVP) .  The  se rv i ce  p rocesso r  pe r -

sys tem se rv i ces  i nc lud ing  sys tem
control  .
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A

1 .  Two  m ic rop rocesso rs  connec ted  i n  an  a t tached  p rocesso r  con f i gu -
rat  ion .
56K  RAM.
8K ROM.
Log ic  boa rds  to  con t ro l  t he  fo l l ow ing  dev i ces :
a .  Two  f l ex ib le  d i ske t te  d r i ves .
b .  Opera to r / se rv  i ce  conso le  (CRT/keyboard ) .
c .  Op t iona l  a l t e rna te  conso le .
d .  Op t iona l  p r  i n te r  .
e.  Remote support  nodem.
f .  Conso le  c lock .
g .  I n te r face  be tween  the  SVP and  the  ma in  p rocesso r  CPU.

Three  new fea tu res  suppor ted  by  the  A5 /6  100  se rv i ce  p rocesso r  a re
d i scussed  be low .

IALMOST LIKE BEING THERE I

Occass iona l l y  a  p rob len  may  occu r  w i th  an  45 /6100  tha t ' s  t oo  tough
fo r  t he  on -s i t e  F ie ld  Eng inee r  to  so l ve .  A  NAS A5 /6100  spec ia l i s t
is then needed and fast .  But i t  takes t ine and rnoney to f1y a
spec ia l i s t  t o  t he  cus tomer rs  s i t e .  Wha t rs  the  a l t e rna t i ve?  Reno te
Suppor t ,  o f  cou rse .  The  on -s i t e  F ie l i l  Eng inee r  s inp l y  phones  the
NAS Reno te  Suppor t  Cen te r  and  reques ts  spec ia l i s t  se rv i ces .  The
spec ia l i s t  s i t s  down  to  h i s  conso l -e  keyboard  and  p roceeds  to  mon i -
to r ,  con t ro l  ,  and  d iagnose  the  p rob lem o f  t he  a i l i ng  A5 /6  100  hun -
d reds  o f  m i l es  away .

To  the  spec ia l i s t  i t r s  a lnos t  as  i f  he  were  a t  t he  s i t e .  To  the
cus tone r  i t r s  a lmos t  l i ke  hav ing  h in  the re .

How i s  t h i s  done?  We1 l ,  i t  t akes  bo th  se rv i ce  p rocesso r  ha rdware
and software. A nodem and a nodem control ler  are needed to t rans-
fo rn  d ig i t a l  da ta  i n to  aud io  (phone)  s igna ls  and  v i ce  ve rsa .  The
se rv i ce  p rocesso r  so f t \ " ra re  sends  the  spec ia l i s t r s  keys t rokes  to  the
si te vrhere they are acted upon as i f  they were keyed in at  the
A5 /6100s  conso le  keyboard .  Th i s  keyed  da ta  resu l t s  i n  changes  to
the  cRT sc reen  o f  t he  A5 /6 ' l  00  ope ra to r r s  conso le .  These  CRT



changes  a re  then  t ransn i t t ed  to  the  spec ia l i s t ' s  consoLe  a t  t he
Remote  Suppor t  Cen te r .  The  f i xed  po r t i on  o f  a l l  CRT d i sp fay  f rames
are permanent ly stored at the Remote Support  Center so only the
var iable port ion of  each CRT frarne need be transmit ted. The ser-
v i ce  p rocesso r  pe r fo rms  da ta  encod ing ,  e r ro r  check ing  and  co r rec -
t i on ,  and  da ta  compress ion  to  m in im ize  da ta  t ransmiss ion  t i ne .

IDO IT IN SOFTWARE '

An  A5 , /6100  has  ce r ta in  pa ramete rs  tha t  can  be  spec i f i ca l l y  con -
f i gu red  acco rd ing  to  each  cus tone r ' s  i nd i v idua l  requ i remen ts .  I n
some compu te rs  th i s  con f i gu ra t i on  i s  acconp l i shed  v ia  ha rdware
sw i t ches  $ /h i ch  a re  d i rec t l y  readab le  by  the  Cen t ra l  P rocess ing  Un i t
(CPU) ,  bu t  no t  by  the  se rv i ce  p rocesso r .

In the A3/6100, a better i , ray $ras found to accompl ish this conf igu-
ra t i on .  I ns tead  o f  ha rdware  sw i t ches ,  t he  da ta  i s  en te red  v ia  the
se rv i ce  conso le  keyboard  under  the  con t ro l  o f  t he  se rv i ce  p rocesso r
so f tware .  The re  a r .e  seve ra l  advan tages  to  th i s  ne thod :

1 .  No  sw i t ches  means  l ess  ha rdware ,  l ess  expense ,  l ess  space ,  I ess
t h a t  c a n  f a i l .

2 .  SVP so f t$ ra re  makes  da ta  en t r y  phys i ca l l y  eas ie r  and  reduces  the
chance  o f  e r roneous  en t r i es .  I t  can  show the  use r  exac t l y  wha t
the  con f i gu ra t i on  i s ,  whe the r  i t  i s  va l i d ,  and  i f  i t  i s  i n -
v a l  i d .  w h y .

3 .  SVP so f tware  can  send  the  con f i gu ra t i on  da ta  to  the  Reno te
Support  Center and a renote special ist  can exanine and/or mod-
i f y  t he  con f i gu ra t i on  as  necessa ry  v ia  phone  t i ne .

IWHEN D]D IT HAPPEN? I

Did a po\.rre r  gI  i tch occur?
sess ion?  When?

A mernory fai  l  ure? A remote support

The  A5 /6100  can  ans r ' i r e r  t h i s  t hanks  to  a  Na t iona l  Semiconduc to r
r v lM58174  reaL  t i ne  c lock  ch ip .  Th i s  ch ip  i s  t he  hea r t  o f  t he  se r -
v i ce  p rocesso r rs  c lock  wh ich  keeps  t rac l  o f  t he  yea r ,  mon th ,  day ,
hou r ,  m inu te ,  and  second .  I t  i s  se t  a t  i ns taL la t i on  t ime  and
sw i t ches  au tomat i ca l l y  t o  ba t te ry  power  i f  t he  A5 /6100  i s  powered -
down .  Whenever  an  excep t i ona l  even t  occu rs ,  t he  A5 /6  100  se rv i ce
processor reads the clock and logs the t ime stamp along with other
even t  da ta .  Thus  a  va luab le  ch rono loq i ca l  even t  reco rd  i s  na in -
t a i n e d .
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THE A516 1 O O SERIALI  ZATION SCHEII , IE

by  Co I in  I sennan
Sen io r  Eng  i nee r

The  se r ia l i z i ng  func t i on  i n  a  compu te r  o f  t h i s  sca le  i s  a  key
e l -enen t  i n  t he  i n i t i a l  b r i ng -up  o f  a  new mach ine  and  i n  the
f i e ld  na in tenance  and  t roub leshoo t ing  ro le .  I t  i s  t he  fea tu re
wh ich  a l1ows  any  k ind  o f  d iagnos t i c6  (espec ia l l y  " remote ' , )  t o
inves t i ga te  the  cond i t i on  o f  nany  reg i s te rs ,  busses ,  l a t ches ,
and  s ta tus  f l ags  i n  t he  ha rdware .

In  the  AS l5000  Ser ies  mach ines ,  t h i s  f unc t i on  i s  pe r fo rmed  by  a
se t  o f  randon ly  d i s t r i bu ted  mu f t i p lexe r  dev i ces  wh ich  fo rm a
successive funnel arrangement to encompass the r . rhole machine.
The  s ing le  ou tpu t  l i ne  wh ich  resu l t s  f rom th i s  f unne l  i s  f ed
ac ross  to  the  se rv i ce  p rocesso r ,  wh ich  a l so  supp l i es  the  requ i -
s i t e  add ress ing  to  sumnon  the  da ta .  I n  mach ines  o f  t h i s  e ra ,
the  add resses  a re  decoded  as  resu i red  to  pe r fo rm the  des i red
f u n c t i o n .

In  the  A5 /6  100 ,  some sub t l e  des ign  changes  have  nade  the  se r i -
a l i za t i on  sys ten  no re  e legan t ,  re leven t r  and  easy  to  use .
Essen t i a l l y ,  t he  nach ine  i s  b roken  down  in to  Log ic  ca rds .  Each
ca rd  i s  now a  se l f - con ta ined  se r ia f i za t i on  un i t  w i th  add ress
l i nes  go ing  i n  and  a  s ing le  da ta  I i ne  go ing  ou t .  The  f l ex i -
b i l i t y  was  g i ven  to  the  l og i c  des igne r  t o  ass ign  the  by tes  i n
the  ca rd  se r ia l i za t i on  i n  a  \ . / ay  tha t  made  sense  i n  te rms  o f
th i s  ha rdware  a rch i tec tu re ,  and  a l so  m in in i zed  the  anoun t  o f
l og i c  requ i red  to  imp lenen t  t he  func t i ons .  A l so ,  t he  nunber  o f
add ress  l i nes  fed  to  the  Loq ic  ca rd  was  m in im ized  to  assu re  rne
s i m p l e s t  d e s i g n  p o s s i b l e . Fu r the r ,  t he  l og i c  ca rds  were
ass igned  to  "g roups"  on  a  ha rdware  l oca t i on  bas i s .  These  ca rds
need  on l y  to  recogn ize  the i r  own  g roup  and  i gno re  a1 I  o the rs .

The  key  to  the i r  reduc t i on  i n  t og i c  was  the  i n t roduc t i on  o f  a
t rans la t i on  be tween  the  conso le  l og  add ress ,  d i sp layed  on  the
console CRT, and the hardware address recognized by the logic
ca rds .  Th i s  t rans la t i on  i s  accomp l i shed  w i th  the  use  o f  ECL
prog ramrnab le  ROM dev i ces ,  res iden t  i n  t he  conso le  i n te r face

A  fu r the r  reduc t i on  i n  l og i c  was  ob ta ined  by  u t i l i z i ng  a  fea -
tu re  o f  t he  p r i n ted  c i r cu i t  t echnoLogy  used  fo r  t he  backpane ls .
Wi th  adequa te  ca re ,  i t  i s  poss ib l -e  to  make  a  s ing le  da ta  bus
which travels around every logic card in the rnachine. Since
each  l og i c  ca rd  recogn izes  i t s  ov rn  i den t i t y ,  i t  can  be  a r ranged
only to send data onto this bus vrhen required and to have no
e f fec t  on  the  t ransmiss ion  o f  s igna ls  a long  th i s  bus  a t  o the r
t i nes .  Th i s  techn ique  has  been  used  to  e l im ina te  the  l a rge
number  o f  ICs  and  subs tan t i a l  w i r i ng  assoc ia ted  w i th  the  funne l
a r ranqemen t  used  on  p rev ious  nach ines .
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rHE 4516100  CLOCK SYSTEM

by Col in I  senman
Sen io r  Eng  i  nee r

The  A5 /6  100  nakes  ma jo r  advances  i n  ou r  sys tem techno fogy .  I n  pa r -
t i cu la r r  t he  adven t  o f  nu l t i l aye r  f i ne - l i ne  p r i n ted  c i r cu i t  boa rds
a lLows  pho tog raph ic  accu racy  and  repea tab i l i t y  be tween  sys tems  and
a  h igh  deg ree  o f  p red i c tab i l i t y  i s  t hus  ava i l ab le  a t  t he  des ign
s tage .  The  As , /6100  uses  th i s  t echno log i ca l  ab i l i t y  as  the  co rne r -
s tone  o f  i t s  c lock  sys tem '  a l l ow ing  the  v igo rous  en fo rcemen t  o f
s t r i c t  des ign  s tandards  and  a  s ta t i s t i ca l l y  conse rva t i ve  des ign
methodo logy .

In  essence ,  t he  c lock  sys ten  cons i s t s  o f  f ou r  pa r t s :

1 .  T h e  h i g h  s t a b i l i t y  c r y s t a L  o s c i l l a t o r .
2 .  The  c lock  genera to r  and  t im ing  c i r cu i t r y .
3 .  T h e  c l o c k  d i s t r i b u t i o n  s y s t e n .
4 .  The  des ign  o f  t he  i nd i v idua l  l og i c  ca rds .

These  a re  desc r ibed  i n  the  foL low ing  pa rag raphs .

1 .  THE OSC I  LLATOR

The  A5 /6  100  emp loys  a  c rys ta l  osc i l f a to r  as  i t s  t im ing  sou rce .  The
osc iL la to r  i s  s t r i c t l y  spec i f i ed  and  tes ted  to  ensu re  i t s  con fo r -
mance. The major denands placed upon i t  are high accuracy and
stabiLi ty over a range of temperature and power supply loads, and a
we l l  con t ro l l ed  wave fo rn  to  ensu re  fu11  ECL  co rnpa t i b i l i t y .

THE GENERATION AND TIMING CIRCUITRY

I n  a  rnach ine  o f  t h i s  conp lex i t y '  seve ra l  d i f f e ren t  t ypes  o f  c locks
are required; for example'  gated and ungated'  very narrow or very
w ide .  Each  o f  t hese  i s  genera ted  i n  i t s  own  genera t i on  c i r cu i t r y ,
wh ich  i s  f ed  f rom the  nas te r  osc i l l a to r  v ia  the  t im ing  c i r cu i t s .
So ,  t he  t i n ing  aa l j us tnen ts  a re  be fo re ,  ra the r  t han  a f te r  t he  gener -
a t i on  o f  t he  c lock  pu l ses .  Th i s  ensu res  tha t  t he  cons i s tency
be t r . / een  c locks  (a l so  known  as  skew)  i s  exce l l en t .  A t  t h i s  s tage  o f
an  A5 /6100 ,  t he  a I  i gnnen t  i s  w i th in  one  qua r te r  o f  . a  nanosecond '
Th is  t im ing  ad jus tmen t  i s  t he  on l y  one  requ i red  i n  t he  en t i re
nach ine ,  and  i s  pe r fo rmed  a t  boa rd  tes t  i n  t he  fac to ry .  conse -
quen t l y ,  a I l  c l ock  ca rds  a re  equ iva len t  i n  pe r fo rmance ,  and  the re -
fo re  f i e ld  rep laceab le  w i thou t  f u r the r  ad jus tmen ts .

In  the  AS/6100 ,  c lock  w id th  i s  under  the  d i rec t  con t ro l  o f  t he
c rys ta t  osc i l l a to r .  I t  canno t  be  i nco r rec t l y  se t .  w i th  th i s  k ind
o f  des ign ,  i t  i s  now poss ibLe  to  va ry  the  mach ine  speed  w i th  no
read jus then t .  The  45 , /6  100  makes  use  o f  t h i s  f ac i l i t y  by .  p rov id ing
speed  marg in ing  i n  add i t i on  to  the  t rad i t i ona l  power  marg in ing '  and
a lso  a11ows  ope ra t i on  a t  ha l f  o f  t he  no rna l  speed  to  a id  i n
shoo t i ng  l og i ca l  p rob lems  v t i t hou t  any  t i n ing  re la ted  e f fec ts
con fus ing  the  p i c tu re .



THE CLOCK DISTRIBUTION SYSTEM

I { av ing  genera ted  the  s t ream o f  c lose l y  a l i gned  c locks ,  t he  p rob len
o f  ge t t i ng  the rn  to  the i r  f i na l  des t i na t i on  ( the  i nd i v idua ) -  I og i c
ca rd )  rema ins .  The  A5 /6100  takes  spec ia l  ca re  to  ensu re  tha t  t he
c locks  a r r i ve  i n  pos i t i ve  cond i t i on .  F i r s t l y ,  t he  p r i n ted  c i r cu i t
f r om the  c lock  genera to rs  to  the  d i s t r i bu t i on  anp l i f i e r s  i s  ca re -
fu l l y  des igned  to  be  the  same fo r  a l - l  c l ocks .  Second ly '  t he  amp l i -
f i e r s  the rnse fves  a re  a I I  p re -sc reened  on  the  Sen t ry "  au tomat i - c  t es t
equ ipmen t  t o  have  a  we} l  con t ro l l ed  de lay .  Th i rd l y ,  t he  p r i n ted
c i r cu i t r y  f ron  the  ou tpu t  o f  t he  d i s t r i bu t i on  anp l i f i e r  t o  t he  edge
o f  t he  c lock  ca rd  i s  aga in  ca re fu l l y  des igned .  I n  comb ina t i on '
t h i s  means  tha t  t he  on l y  s ign i f i can t  va r i a t i on  i n t roduced  in  the
c lock  sys ten  up  to  th i s  po in t  i s  t he  de lay  va r ia t i on  o f  t he  d i s t r i -
bu t i on  amp l i f i e r s ,  wh ich  a re  p re - tes ted .  So ,  we  can  assemb le  the
c lock  ca rd  secu re  i n  t he  know ledge  tha t  i t  f a l1s  we l l  w i th in  the
des ign  l i r n i t s .

As  the  c locks  l eave  the  c lock  ca rd '  t hey  a re  fed  th rough  p rec i s ion
co -ax ia l  cab le  assemb l ies  to  the  des t i na t i on  ca rds .  Th i s  i s  c ru -
c iaL  i n  t he  sys te rn  des ign  ph i l osophy ,  f o r  i t  a l l ows  un i fo rm t i n ing
ac ross  the  nach ine ,  bo th  on  boa rds  wh ich  a re  c lose  to  and  fa r  re -
moved from the clock card.

THE INDIVIDUAL LOGIC CARDS

No na t te r  wha t  i t ' s  f unc t i on ,  a I1  A5 /6100  log i c  ca rds  sha re  a  con -
mon  se t  o f  des ign  ru1es .  Each  was  c lea r l y  enunc ia ted  and  s t r i c t l y
en fo rced  du r ing  the  des ign  s tage  to  ensu re  a  qua l i t y  p roduc t  w i th
des igned- in  re l i ab i l i t y .  As  an  examp le '  t he  des igne r  was  respon-
s ib le  fo r  gua ran tee ing  tha t  t he  l epg ths  o f  t he  c lock  s igna l  con -
nec t i ons  w i th in  h i s  boa rd  fe11  w i th in  de f i ned  l im i t s ,  and  tha t
ce r ta in  phys i ca l  cons t ra in t s  were  used  on  the  i nd i v idua l  l og i c
ca rds  as  on  the  c lock  ca rd  i t se f f ,  when  a
invo l ved .

clock signal  $ras

The  resu l t  o f  t h i s  des ign  ac t i v i t y  i s  a  nach ine  w i th  exce l l en t  p re -
d i c tab i l i t y  o f  t im ing .  The  ma jo r  reasons  tha t  t h i s  i s  poss ib le  and
tha t  i t  con t i nues  to  be  poss ib le  on  mach ine  a f te r  mach ine  i s  t he
in te l l i gen t  use  o f  f i ne - I i ne  p r i n ted  c i r cu i t  t echno logy ,  and  a
commi tmen t  on  the  pa r t  o f  t he  l og i c  des igne rs  to  bu i l d  i n  re l i a -
b i l i t y  and  ease  o f  ma in tenance .



THE A516100 ECt CUSTOM LOGIC ARRAY (ECLA)

by  Mark  D iVecch io
Sec t i on  Head  -  Log ic  Des ign

The  A5 , /6100  uses  s t  a te -o f - t he -  a r t  ECL  Cus tom Log ic  A r ray  (ECLA)
techno logy .  The  ECLA i s  a  VLSI  dev i ce  tha t  b r i dges  the  gap  be tween
cus ton  des igned  VLSI  and  s tandard  o f f - t he -she I f  dev i ces .  The  ECLA
s ta r t s  i t s  l i f e  as  a  subs t ra te  o f  unconnec ted  t rans i s to rs  and
res i s to rs .  The  l og i c  des igne r  can  spec i f y  t ha t  g roups  o f  t hese
t rans i s to rs  be  connec ted  toge the r  t o  fo rm log i c  ce l l s  con ta in ing
e lemen ts  such  as  AND ga tes ,  F I i p -F lops ,  and  Mu l t i pLexe rs .  The
des igne r  then  spec i f i es  how these  ce l l s  a re  connec ted  to  pe r fo rm
the  requ i red  l og i c  f unc t i on .  The  bene f i t  i n  t h i s  i s  t ha t  t he  sub -
strate is conmon among al l  ECLA and can therefore be fabr icated in
la rge  quan t i t i es  a t  a  favo rab le  p r i ce .

The  ECLA w i l l  g i ve  the  A5 /6  100  new 1eve ls  o f  re l i ab i i l - t y  and  se r -
v i ceab i l i t y .  The  ECLA means  fewer  pa r t s ,  f ewer  connec t i ons ,  and
Iess  hea t  t o  d i ss ipa te .  Th i s  no t  on l y  i nc reases  reL iab i l i t y  bu t
a l so  pe r fo rmance  s ince  the  A5 /6  100  cou ld  be  phys i ca l J -y  sna1 l '  t ha t
snaLlness translated into a nore powerful  processor.  Improved
se rv i ceab iL i t y  comes  f rom more  l og i c  on  each  F ie ld  Rep laceab le  Un i t
( F R U ) .  B u i l t  i n  d i a g n o s t i c  a i d s  w i l l  e a s i l y  i s o l a t e  t o  t h e  f a i l i n g
F ie ld  Rep laceab le  Un i t  (FRU)  i n  mos t  cases .

Dur ing  the  des ign  o f  t he  A5 /6100 ,  ECLA were  used  fo r  ma in l y  two
purposes :  1 )  mach ine  speed  enhancenen ts r  and  2 )  l og i c  reduc t i on .
One  o f  t he  nos t  speed  c r i t i ca l  c i r cu i t s  i n  t he  45 , /6100  i s  t he  H igh
Speed Buffer Index Array Compare. The operat ional  speed of th is
circui t  was almost doubled through the use of the ECLA and each of
these  ECLA rep laced  abou t  19  s tandard  ECL  ICs .

A t  t he  o the r  end  o f  t he  spec t run ,  t he  Mover  l og i c  i n  t he  CPU,  wh ich
i s  no t  i nhe ren t l y  speed  c r i t i ca l ,  bene f i t ed  f rom ECLA in  tha t  two
ECLA dev i ces  rep laced  abou t  172  s tandard  ECL  ICs .

The desiqn of  the ECLA fol lowed a comprehensive and detai led
p rocess .  

-  
The  i nco rpo ra t i on  o f  t he  ECLA in to  the  A5 , /6  100  necess i -

t a ted  changes  i n  the  ha rdware  a lgo r i t hms  fo r  t he  Dec ina l  t v l u l t i p l y ,
t he  Conver t  f unc t i ons ,  and  the  t s ina ry  Mu1 t ip l y .  These  changes  l e t
us use the logic reduct ion feature of  the ECLA to reduce the com-
ponent count of  the xAR from over 500 in the AS/5000 down to 250 in
the 45,/6 100 whi le at  the same t ime almost doubl ing i ts computa-
t ional  po$rer.

S ince  i t  i s  ex t reme ly  d i f f i cu l t  t o  change  the  des ign  o f  an  ECLA
once  i t  i s  ' r cas t  i n  s i l i con , "  a  g rea t  dea l  o f  t i ne  and  e f fo r t  i s
spen t  a t  t he  paper  des ign  phase  to  ensu re  func t i ona l  co r rec tness
be fo re  the  des ign  i s  commi t ted  to  ch ip  fab r i ca t i on .

S T E P l - L O G I C D E S I G N

The  p ro jec t  eng inee rs  respons ib le  fo r  each  func t i ona l  un i t  i n  t he
AS/6100  se lec ted  the  app rop r ia te  cand id ia te  ha rdware  fo r  i ncLus ion
in to  the  ECLA.  These  seLec t i ons  rde re  rev iewed  by  a  g roup  o f  a l l  o f



t he  p ro jec t  eng inee rs  and  managers . Then two engineers vrere
ass igned  to  deve lop  the  de ta i l  des ign  o f  each  ECLA.  one  had  p r i -
na ry  respons ib i l i t y  and  the  o the r  se rved  to  doub le  check  the  f i r s t
(o f  cou rse ,  he  had  p r imary  respons ib i l i t i es  fo r  ano the r  ECLA h in -
se l f ) .  Once  the  de ta i l  des ign  was  compLe te ,  i t  was  aga in  rev iewed .
once approved, i t  was entered into our Conputer Aided Design (CAD)
sys ten .  Th i s  pe r fo rned  rno re  checks  on  the  des ign .  A t  t h i s  po in t  '
t he  ECLA pa th  sp l i t .  The  des ign  d ra f t i ng  depar tmen t  t ook  the
detai l  design and produced placement and interconnect ion informa-
t i on  on  ou r  CALMA sys ten .  A t  t he  sane  t ime ,  t he  des ign  eng inee r
was  p roduc ing  a  se t  o f  t es t  pa t te rns  on  a  so f tware  s imu la t i on  o f
th i s  des ign .  Once  these  two  tasks  were  comp le te  and  fo l l ow ing  a
f i na l  rev iew  and  doub le  check ,  t he  CALMA in fo rna t i on  ( ca l l ed  a  t lASK
tape)  and  the  tes t  pa t te rns  were  sen t  t o  t he  vendor  fo r  f ab r i ca -
t r o n .

STEP 2 -  FABRICATION

At  the  vendor ,  a  s i l i con  wa fe r  f ou r  i nches  i n  d iane te r  w i th  the
p re -e tched  subs t ra te  i s  se lec ted  and  the  p lacenen t  and  i n te r -
connect ion informat ion froro the MASK tape is used to pLace the
f i na l  t aye rs  o f  me ta l  i n te ronnec t i on  on  the  wa fe r .  Fo l l ow ing  th i s
p rocess ing ,  t he  dozens  o f  ECLA on  each  wa fe r  a re  tes ted '  sec t i oned '
moun ted  on  a  ce ramic  ca r r i e r ,  and  re tes ted .  The  tes t i ng  uses  bo th
p rede f i ned  vo l tage  and  cu r ren t  pa rane te rs  as  we l l  as  the  l og i c  t es t
pa t te rns  genera ted  by  the  des ign  eng inee r .

S T E P 3 - S Y S T E M T E S T

once  the  pa r t s  were  back  i n  San  D iego ,  ex tens i ve  sys ten  l eve l  t es t s
were performed. First  though, the ECLA $ras retested on our Sentry
V I I  Au tomat i c  Tes t  Equ ipmen t  (ATE) .  A f te r  ve r i f y i ng  tha t  t he  ECLA
dev ice  me t  a I I  o f  ou r  r i g id  requ i remen ts ,  t he  des ign  eng inee r  bu i l t
up  a  tes t  c i r cu i t  t q  pe rm i t  h i s  des ign  to  be  tes ted  i n  a  sys tem
s inul  ator .

Our  success  ra te  i n  ECLA des ign  was  remarkab ly  h igh .  Due  to  the
investment in the front end of the design only one ECLA had a sig-
n i f i can t  p rob le rn  de tec ted  du r ing  sys tem tes t  wh ich  requ i red  re -
des ign .  Our  p rocedures  enab led  us  to  f i nd  the  p rob lem and  co r rec t
i t  w i th  no  i npac t  t o  t he  ove ra l l  des ign  e f fo r t .

As  a  tes tamen t  t o  ou r  e f fo r t s ,  ou r  p r i na ry  ECLA vendor  though t  so
h iqh l y  o f  one  o f  ou r  des igns  tha t  t hey  se lec ted  i t  t o  be  a  s tandard
p roduc t  o f fe red  by  tha t  vendor ,  The  A r i t hne t i c  Log ic  Un i t  (ALU)
ECLA $ r i11  no t  on l y  be  i n  t he  AS/6100  bu t  nay  end  up  be ing  used
indus t r y  w ide .

fn  summary ,  t he  ECLA des ign  tean  took  on  a  l ead ing  edge  e f fo r t  i n
the  use  o f  t h i s  VLSI  Cus tom Log ic  A r ray  i n  a  conmerc ia l l y  ava i l ab le
p rocesso r .  The  e f fo r t  f o r  t he  A5 /6 ' l  00  was  a  s ign i f i can t  s tepp ing
s tone  to$ /a rd  the  use  o f  even  dense r  VLSI  i n  ou r  f u tu re  p roduc ts .



ECPS,/VSE EMULATION

INTRODU CT I ON

by San-Yen Shi
Senior Firrnware Progranmer

when  IBM announced  tha t  t he  4300  p rocesso rs  wou ld  be  ab le  to  run  rn
both the Systern,/370 mode and the Extended controf  Progran Support :
V i r t ua l  S to rage  Ex tended  (ECPS:VSE)  Mode '  NAS Eng inee r ing  i n  San
D iego  dec ided  to  enu la te  the  ECPS:VSE mode  fo r  t he  new AS/6  100
Ser ies .  The  ECPS:VSE mode  inc ludes  a  ne$ /  s to rage -con t ro l  f ac i l i t y ,
ca1 led  one -Leve l  add ress ing '  f o r  c rea t i ng  a  s ing le  v i r t uaL  s to rage
o f  up  to  16 ,777 ,216  by tes ,  w i th  bo th  the  CPU and  the  channe l
add ress  d i rec t l y  us ing  one  un i fo rm se t  o f  v i r t ua l  add resses .
Mapp ing  the  v i r t ua l  s to rage  on to  the  rea l  s to rage  i s  pe r fo rmed
in te rna l  t o  t he  mach  ine  .

The  one - l -eve l  add ress ing  fac i l i t y  p rov ides  neh r  i ns t ruc t i ons  and
in te r rup t i ons  wh ich  the  con t ro l  p rog ran  uses  to  de te rm ine  wh ich
par t s  o i  v i r t ua l  s to rage  a re  cu r ren t l y  mapped  in to  rea l  s to rage  and
lhe reby  a re  nade  add ressab le .  These  i ns t ruc t i ons  and  i n te r rup -
t i ons ,  and  the  assoc ia ted  i n te rna l  add ress -mapp ing  func t i ons ,  t ake
the  p iace  o f  dynamic  add ress  t rans la t i on  (DAT)  and  channe l  i nd i rec t
addressing in System,/3 7 0 mode.

The  ECPS:VSE mode  a l so  i nc ludes  a  new s ta tus -sav ing  func t i on ,
ca l l ed  Mach ine  Save ,  wh ich  p rese rves  l he  en t i re  CPU s ta te  and  the
f i r s t  2 ,048  (2K)  by tes  o f  s to rage .  The  ope ra to r  uses  Mach ine  Save
in preparat ion for a comptete storage dump. Machine Save replaces
the  s to re -s ta tus  func t i on  o f  Sys tem/370  mode ,  wh ich  necessa r i l y
al ters some of the storage to be dunped.

EMULATION OVERVIEW

The  ECPS:VSE enu la t i on  fea tu re  cons i s t s  o f  m ic rocode  tha t  enab les
As /6  100  to  ope ra te  i n  ECPS:VSE mode  mak ing  i t  compa t ib le  w i th  the
IBM 4300  p rocesso rs  runn ing  i n  t he  same mode .  The  A5 /6100  '  wh i l e
runn ing  i n  t t r e  ECPS:VSE node ,  w i l l  execu te  n i c rocode  sequences  fo r
each  o f  t he  4341  s ing le  l eve l  add ress  t ransLa t i on  i ns t ruc t i ons .
This al lows the user to run prograns under Dos,/VSE in EcPS:vsE mode
with no changes to the operat ing systen or the programs.

The  ECPS:VSE emu la t i on  a l l ows  the  sys ten  to  ope ra te  i n  s ing le  l eve l
add ress ing  node .  rns t ruc t i on  add resses  a re  t rans la ted  du r ing  exe -
cut ion and addresses in channel coinmand $tords (CCW) are translated
dur ing  I /O  ope ra t i ons .  The  s ing le  l eve l  v i r t ua l  add ress  techn ique
a l l ows  fo r  one  v i r t ua l  s to rage  space  o f  up  to  16  m i l l i on  by tes .



I MPLEMENTAT I ON

one  ma jo r  p rob len  i n  emu la t i ng  the  ECPS:VSE node  i s  t ha t  t he
A5 , /6100  does  no t  have  the  channe l -  t r ans la t i on  l ookas ide  bu f fe r  t o
t rans la te  s ing le  1eve1  add resses  i n to  rea l  add resses .  The re fo re ,
the  As /6  100  uses  a  se t  o f  t ab les  i n  ma in  menory  to  t rans la te  v i r -
t ua l  add resses .  These  tab les  a re  used  exc lus i ve l y  by  m ic rocode  to
do the sarne funct ions for channels that the dynainic address trans-
la t i on  ha rdware  accomp l i shes  i n  Sys ten /370  mode  fo r  t he  CPU.

rn  bo th  Sys tem, /370  mode  and  ECPS:VSE mode '  each  v i r t ua l  add ress  '
r " rhe the r  f o r  an  i ns t ruc t i on  o r  da ta ,  i s  t rans la ted .  A  24 -b i t  v i r -
t ua l  add ress  i s  compu ted  us ing  base ,  d i sp lacemen t ,  and  i ndex .  The
v i r t ua l  add ress  i s  t hen  t rans la ted .  The  resu l t  o f  t h i s  t rans la t i on
i s  a  rea t  add ress  tha t  i nd i ca tes  the  ac tua l  s to rage  ]oca t i on  to  be
used .  However ,  i n  ECPS:VSE mode  th i s  rea l  add ress  i s  no t  ava i l ab le
to  the  use r  bu t  i s  used  on l y  by  the  m ic rop rog ram.

TABLE STRUCTURE

ECPS:VSE mode  rese rves  ma in  s to rage  l oca t i ons  fo r  seve ra l  t ab les
used  fo r  t he  f i r nware  emu la t i on  o f  s ing le  l - eve l  add ress ing .  Th ree
o f  t hese  tab les  a re  the  nuc le i  o f  t he  emu la t i on .

1 . Address  T rans la t i on  Tab le

Th is  tab le  i s  used  fo r  t rans la t i ng  v i r t ua l  add resses  to  rea l
ac ld resses  and  con ta ins  o the r  page  s ta tus .  (Tn i s  tab le  i s  a l so
knov rn  as  the  page  desc r ip t i on  tab le .  )  Each  en t r y  i n  t h i s  t ab le
con ta ins  i n fo rna t i on  abou t  t he  page  s ta tus ,  key ,  and  page  f rane
address  assoc ia ted  w i th  tha t  page .  V i r t ua l  s to rage  i s  d i v ided
in to  pages ,  each  con ta in ing  2 ,048  (2K)  by tes  o f  con t i guous
s to rage  s ta r t i ng  on  a  2K-by te  add ress  boundary .

Page  Tab le

Th is  i s  i den t i ca l  t o  t he  page  tab le  de f i ned  fo r  use  i n  Sys tem/
370  mode  w i th  2K-by te  pages .  No te  tha t  t he  i nva l i d  b i t  i n  t h i s
tab le  i nd i ca tes  the  add ressab i l i t y  o f  t he  page .

3 .  Segnen t  Tab le

This table has the same format as that for a System/370 mode
segnen t  t ab le  w i th  64K-by te  segmen ts .

CPU STRUCTURE

There  a re  th ree  new fac i l i t i es  a f fec ted  by  rese ts  when  in  the
ECPS:VSE node  3

Capac i t y  coun ts

Page  desc r ip t i on  tab le  (add ress  t rans la t i on  tab le )

Machine save infornat ion

2 .



There  a re  seve ra l  new cpu  i ns t ruc t i ons  fo r  Ecps :vsE  mode .  These
ins t ruc t i ons  change  the  page  s ta te  i n  t he  page  desc r ip t i on  tab le .
In ECPS:VSE mode, a page nay be in one of th-e s!  states:

-  D rsconnec ted

-  Connec ted

-  Addressab le

I f  d i sconnec ted ,  t he  page  does  no t  have  a  page  f rame ass igned  to
i t .  I f  connec ted ,  t he  page  has  a  page  f ran ie  

-ass igned  
to  i i .  I f

add ressab le ,  t he  page  has  a  page  f rame ass igned  to  i t ,  and  the  CpU
anal I /O channels may access the page i f  the protect ion mechanisn
p e r n r E s .

CHANNEL STRUCTURE

There are _ three major changes in channel microprogran sequences
tha t  p rov ide  the  channe ls  w i th  v i r t ua l  add ress  capab l l i t y  rdqu i red
fo r  t he  ECPS:VSE mode  conpa t ib i l i t y .  The  changes 'a re  i n -  sequences
wh ich  nake  use  o f  s to raqe  add resse i :

-  CCW accesses

-  I n i t i a l  CCW da ta  access

-  Subsequen t  CCW da ta  access  when  page  boundary  i s  c rossed

CCW ACCESS

Stor age -  acce sses nade to fetch CCWs are done in one common channe]
mrc rocode  sequence .  The  CCW address  t rans la t i on  p rocess  i nvo fves :

a  channe l  p ro tec t  i on

d e s c r i p t i o n  t a b l e  t o

1 .  r i nd ing  the  page  s ta te  o f  t he  CCW adoress .
2 .  Check ing  the  page  s ta te  o f  t . he  CCW address
3 .  I f  t he  page  i s  d i sconnec ted ,  t hen  genera te

check  i n te r rup t  i on .
4 .  E Ise  use  the  rea l  add ress  f rom the  pase

fe tch  the  CCW.

INITIAL CCW DATA ACCESS

Af te r  accesses  a re  nade  to  fe t ch  ccws ,  t he  channeL  mus t  be  i n i t i a t -
i zed  w i th  a  s to rage  p ro tec t i on  (Sp )  key  and  the  CCW da ta  add ress .
The  da ta  add ress  i s  t rans la ted  by  a  he thod  s im i l a r  t o  t he  CCW
address  t rans fa t i on .  However ,  a t  t h i s  t i ne  no  e r ro r  can  be  p re -
sen ted  i f  t he  ccw 's  da ta  add ress  i s  i n  a  d i sconnec ted  page  s ince
there exist  nany ccw cornmand codes which require no ai t i  to ue
noved .  Thus '  a  channe l  p ro tec t i on  check  i n te r rup t i . on  i s  genera ted
on ly  i f  t he  page  s ta tus  i s  d i sconnec ted  and  da ta  l s  t o  be  i ccessed .



SUBSEQUENT CCW DATA ACCESS WHEN PAGE BOUNDARY CROSSED

After accesses are nade to fetch a CCW and the channel has been
in i t i a l i zed  w i th  the  CAW SP key  and  the  CCw da ta  add ress ,  da ta
t rans fe rs  w i l l  p roceed  un t i l  t he  boundary  o f  t he  page  i s  reached .
A t  t h i s  t i ne ,  t he  o ld  v i r t ua l  da ta  add ress  w i l L  be  fe t ched '  upda ted
by  2 ,048 ,  and  then  used  as  the  new da ta  add ress  to  be  t rans la ted .
E r ro r  cond i t i ons  w i l l  be  hand led  as  i n  t he  i n i t i a l  CCw da ta
address .

SUMMARY

ECPS:VSE emu la t i on  i s  f uL l y  imp lemen ted  i n  f  i r r nware .  By  ma in -
taining the softvrare compat ibi l i ty r4r i th IBM and without increasing
the  ha rdware  cos t ,  ECPS:VSE enu la t i on  w i l L  enab le  NAS A5 /6100
Ser ies  p rocesso rs  to  conpe te  a long  a l l  f r on ts .



4516 1OO FAULT ISOLATION SYSTEM

by Dyke sunrners
Sec t i on  Head  -  D iagnos t  i cs

The  fau l t  i so la t i on  sys tem fo r  t he  AS/6  100  was  des igned  to  reduce
mean  t ime  to  repa i r  and  a l so  reduce  the  l eve l  o f  t r a in ing  requ i red
fo r  f i e l d  pe rsonne l .

The  pu rpose  o f  t he  fau l t  i so la t i on  sys tem i s  t o  p rov ide  an  i so la -
t i on  code  whenever  an  un recove rab le  mach ine  check  occu rs .  Th i s
i so la t i on  code  i s  d i sp layed  on  tne  conso fe  CRT a long  w i th  the  con -
t ro l  s to re  add ress  reg i s te r  a t  t he  t ime  the  mach ine  check  occu red .

The  cus tone r ,  when  phon ing  fo r  se rv i ce ,  w i l l  g i ve  the  F ie ld  Eng i -
nee r  ' t he  i so la t i on  code  The  F ie ld  Eng inee r  w i l l  l ook  uP  the  code
in  a  fau t t  i so la t i on  d i c t i ona ry  and  de te rm ine  the  mos t  l i ke l y  FRU
requ i red  to  se rv i ce  the  mach ine .

I MP LEMENTATI ON

To  p rov ide  f l ex ib i l i t y  and  reduce  cos ts ,  a  1008  so f tware  app roach
was  used .  The  so f  t rda re ,  wh ich  ope ra tes  ou t  o f  4K  o f  se rv i ce  p ro -
cesso r  RAM,  res ides  on  the  IMPL  d i ske t te  and  i s  ro l l ed  i n  on l y  when
requ i red .

The  sys ten  cons i s t s  o f  two  ma jo r  so f tware  componen ts .

a .  The  fau l t  i so la t i on  equa t ions  wh ich  a re  wr i t t en  i n  a  s inp le ,
spec ia l i zed  Ianguage .  These  s ta tenen ts  a re  wr j - t t en  as  equa-
t i o n s  w h i c h  w i l l  t e s t  L o g  b u f f e r  d a t a ,  s e t  o r  t e s t  f l a g s '
b ranch  o r  se t  i so l -a t i on  codes .

t^ An in te rp re te r  t o  eva lua te  the  equa t ions .  The
a f te r  evaLua t ing  the  fau l t  i so la t i on  equa t ions '
i so la t i on  codes  on  the  se rv i ce  p rocesso r  CRT and
con t ro l  t o  t he  se rv i ce  p rocesso r  na in  superv rso r .

The  i n te rp re te r  ope ra tes  l i ke  a  sna l I  compu te r
ins t ruc t i on  se t  and  req i s te rs .  Each  i ns t ruc t i on
th ree  e lemen ts :

i n te rp re te r ,
d i sp lays  the
then  re tu rns

w i th  i t s  own
mus t  con ta in

1 .  A  n n e n o n i c  f o r  a  s i n g l e  ' e x e c u t i o n  o p e r a n d '  ( E o P ) .
2 .  A  da ta  f i e ld  con ta in ing  one  o r  more  1og  bu f fe r  add resses  o r

i n te rna l  f l ag  nanes .
3 .  one  o r  more  resu l t  ope rands  (ROP) .

The  EoP,  wh ich  i s  a  s ing le  l og i ca l  ope ra t i on ,  w i l l  ope ra te  on
a l l  e lemen ts  o f  t he  da ta  f i e ld .  Each  EOP,  i n  add i t i on  to  the
log i ca l  ope ra t i on ,  con ta ins  an  i np l i ed  tes t .  I f  t he  tes t  con -
d i t i on  i s  ne t ,  t he  ROP w i l l  be  execu ted ,  and  then  con t roL  w i l l
pass  to  the  nex t  i ns t ruc t i on  i n  sequence .  I f  t he  cond i t i on  i s
no t  me t ,  t he  nex t  i ns t ruc t i on  i s  execu ted .



The  fo l l ov r i ng  two  s ta temen ts  and  the i r  i n te rp re ta t i on  w i l l
i l l us t ra te  the  sen tence  s t ruc tu re  and  the  i n te rp re te r r s
opera t i on ,

1 .  AND 46 -1  ,  37 -3 ,  48 -P ,  FLAG-6 ,  CODE-8B,  CSBAR2.
( a )  B i t  1 o f  l o g  b y t e  4 6 ,  b i t  3  o f  l o g  b y t e  3 7 '  b i t  P  o f

Iog byte 48, and FLAG 6 wi l l -  be anded.
(b )  I f  a l l  o f  t hese  b i t s  a re  1s ,  t he  tes t  cond i t i on  has

been net and the RoPs are executed in order.  CODE-8B
wi l l  cause  the  hex  number  8B  to  be  p laced  i n  the
d isp lay  bu f fe r .  CSBAR2 h ' i 11  cause  the  va lue  o f  t he
con t ro l  s to re  add ress  reg i s te r '  a t  t he  t ime  o f  t he
machine check, to be appended to the isolat ion code
( 8 8 ) .

( c )  I f  any  o f  t he  b i t s  a re  ze ro '  t he  tes t  cond i t i on  i s  no t
net and the next statement in sequence is executed.

2 .  O R B Y  6 6 ,  6 7 ,  1 5 8 ,  S F L A G - 6 ,  G O T O  C P U 1 .
(a )  By tes  66 '  67 r  68 ,  and  ' l  58  o f  t he  1og  bu f fe r  a re  tes ted

fo r  non -ze ro .
(b )  I f  any  o f  t he  by tes  a re  non -ze ro '  t he  tes t  cond i t i on

is rneL and the RoPs are processed in order.  SFLAG-6
causes FLAG-6 to be set.  GOTO CPUI causes control  to
pass  to  the  s ta tenen t  l ab led  CPU1.

(c )  I f  a l l  o f  t he  by tes  a re  ze ro ,  t he  nex t  i ns t ruc t i on  i s
execu ted .

There  a re  app rox ima te l y  360  e r ro r  l a t ches  i n  t he  As , /6  100 .  The
ab i l i t y  t o  ope ra te  on  nany  e r ro r  l a t ches  i n  a  s ing le  ope ra t i on  and
exp ress  the  resu l t  i n  a  s ing le  f l ag  se t t i ng  makes  i t  poss ib le  to  do
a very comprehensive 1og out analysis in a mininun of space.



A5,/6 'I O O PCB DEVELOPMENT
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The  A5 , /6  100  conpu te r  sys tem cons i s t s  o f  36  p r i n ted  c i r cu i t  boa rds
housed  in  two  l a rge  cages  w i th  p r i n ted  c i r cu i t  backp lanes .  Each  o f
the  p r i n ted  c i r cu i t  boa rds  (PCBs  )  a re  app rox ina te l y  16  i nches
square  and  have  350  backp lane  s igna l  connec t i ons  and  120  f ron tp lane
s igna l  connec t i ons .  A11  PCBs  cons i s t  o f  e igh t  d i s t i nc t  l aye rs
lam ina ted  toge the r t  f ou r  l aye rs  p rov ide  ch ip  i n te rconnec t  i ons  and
fou r  add i t i ona l  I aye rs  p rov ide  necessa ry  e lec t r i ca l  power  and
ground  fo r  t he  ch ip  componen ts .

A  to ta l  o f  30  un ique  PCB t ypes  cons i s t i ng  o f  va r i ous  conb ina t i ons
o f  ECL  c i r cu i t  conponen ts  were  deve foped ;  t he  A5 /6100  uses  mu l t i p le
cop ies  o f  ce r ta in  PCBS such  as  the  I /O  channe l  boa rds .  A  t yp i ca l
PCB has  fou r  68 -p in  ECIA '  15  RAMS (nenory  componen ts ) ,  and  150  MSI
and  SSI  16 -p in  componen ts .  The  t yp i ca l  PCB a tso  has  750  l og i c  ne ts
(which are groups of component pins to be electr ical ly conmon) '  and
2 ,000  p in - to -p in  pa i r s  t o  be  i n te rconnec ted .

DEVELOPMENT CYCLE

Des ign  o f  a  PCB occu rs  i n  seve ra l  s tages .  I n i t i a l I y ,  t he  l og i c
des ign  eng inee r  spec i f i es  the  PCB c i r cu i t  des ign  us ing  l og i c
schemat i cs ,  i . e . ,  i n te rconnec ted  g raph ic  symbo ls .  Th i s  i n fo rna t i on
i s  en te red  i n to  a  Des ign  Au tomat i c  Sys tem (DAS)  wh ich  ve r i f i es  da ta
va l i d i t y  and  genera tes  the  PCB log i c  ne t l i s t .

The  nex t  s tage  i n  the  deve lopmen t  o f  t he  A5 /6100  PCBS invo l ved
en te r i ng  the  l og i c  ne t l i s t  and  PcB  geone t ry  da ta  i n to  a  l eased  con -
pu te r  p iog ram ca l l ed  SCI -CARDS.  SCI -CARDS o f fe rs  seve ra l  op t i ons
lo programmat i  ca1l  y deternine the best locat ions for the chip com-
ponen ts  on  the  PCB.  A f te r  t he  conponen ts  have  been  pos i t i oned t
SCI -CARDS genera tes  p in - to -p in  i n te rconnec t  so lu t i ons  th rough  a
se r ies  o f  i nc reas ing l y  comp lex  rou t i ng  a lgo r i t hms .  Va r ious  rou t i ng
s t ra teg ies  e re re  emp loyed  du r ing  th i s  phase  to  ob ta in  the  nos t
des i rab le  i n te rconnec t i on  so lu t i on i  each  s t ra tegy  requ i red  app rox i -
mately s ix hours of  AS,25000 conputer t ime to complete.  An average
98 t  rou t i ng  conp le t i on  was  ach ieved i  40  connec t i ons  pe r  PCB r " te re
no t  comp le ted .

Fol lowing SCI-CARDS processing, PCB development proceeded through a
manua l  s tage  to  comp le te  the  Log ic  ne t l i s t  i n te rconnec  t  i ons  .
F i r s t ,  t he  SCI -CARDS so lu t i on  was  t rans fe r red  to  a  CALMA g raph ics
system where pen plots of  the interconnect ion were prepared. A
team o f  p r i n ted  c i r cu i t  boa rd  des igne rs  then  worked  w i th  the  pen
p lo ts  to  ob ta in  a  fu l1y  i n te rconnec ted  PCB.  The  marked -up  pen
plots were then returned to the CALMA support  group for input into
the  CALMA sys tem.  The  l as t  s tep  o f  t h i s  s tage  o f  PcB  deve lopmen t
involved running a computer progran on the CALMA systern to ver i fy



that the manual ly prepared interconnect ion data did not v iolate
physical  c learances and that i t  l ras consistent wi th the or iginal
Log ic  ne t l  i s t  .

The last  stage of PCB developnent started with the generat ion of  a
photo-plot ter numerical  control  tape of the CALMA ver i f ied inter-
connect ion data. Art lvork masters of  the eight PCB layers were
photo-ploted in-house using a Gerber Photo-plot ter i  a complete set
of  artwork f i lms required about 30 hours of  Photo-plot t ing t ime.
Final ly,  the PCB interconnect solut ion was transferred to DAS and a
var iety of  manufactur ing related docunents htere prepared including
par t s  I i s t s ,  con t i nu i t . y  and  func t i ona l  t es t  t apes  fo r  qua l i t y
assu rance  tes t i ng ,  and  asse rnb ly  i ns t ruc t i ons .



S IGNAL INTERCONNECTIONS

by Bevi t t  Norr is
S ta f f  Eng inee r

Pr in ted  c i r cu i t r y  i s  used  fo r  t he  ma jo r i t y  o f  s i gna l  i n te rconnec -
t i ons  i n  t he  45 /6  100  to  ob ta in  h ighes t  poss ib le  pe r fo rmance  and
pred ic tab i l i t y  o f  des  i gn  .

Fac to rs  to  be  cons ide red  and  bene f i t s  a t ta inab le  w i th  p r i n ted  c i r -
cu i t r y  a re :

1 . Control led Impedance

At  the  fas t  sw i t ch ing  t i nes  o f  t he  l og i c  f am i l y  and  ECLA used
in  the  A5 /6  100 ,  i n te rconnec t  i ons  l onger  than  a  few  inches  mus t
be  t rea ted  as  t ransmiss ion  l i nes ,  o r  uncon t ro l l ed  r i ng ing  due
to  m isna tched  impedances  v r i l l  p reven t  accu ra te  t im ing .  w i th
p r in ted  c i r cu i t r y ,  t he  w id th  o f  l - i nes  and  spac ing  to  the  s igna l
re tu rn  p lanes  can  be  accu ra te l y  con t ro l l ed  and  s ince  the
d ie l -ec t r i c  cons tan t  o f  t he  boa rd  na te r i a l  i s  un i fo rm,  the
impedance of al I  I ines can be nade the same. Then with the
f i ne  te rn ina ted  i n  i t s  cha rac te r i s t i c  i r npedance  '  t he re  i s  no
re f l ec t i on  to  cause  t roub le .

con t ro l l ed  i rnpedance  w i r i ng  i s  no t  on l y  l ess  suscep t i b le  to
ex te rna l  no i se  bu t  rn in in i zes  the  genera t i on  o f  no i se .  Th i s
becones  i nc reas ing l y  i npo r tan t  i n  l i gh t  o f  t he  new FCC regu la -
t i ons  on  e lec t romagne t i c  em iss ions .

Repea t  ab i  I  i t y

S ince  p r i n ted  c i r cu i t  boa rds  f rom sys tem to  sys ten  a re  i den -
t i ca l  ,  c i r cu i t  pe r fo rmance  w i l l  be  i den t i ca l  .  Th i s  has  obv ious
bene f i t s  i n  p roduc t i on  and  tes t .

Dens  i t y

Use  o f  p r i n ted  c i r cu i t r y  p rov ides  ex t reme ly  h igh  c i r cu i t  den -
s i t y  wh i l e  s t i l l  ma in ta in ing  i npedance  con t ro f .  The  p r i n ted
c i r cu i t  boa rds  i n  t he  A5 /6  100  con ta in  fou r  l aye rs  o f  con t ro l l ed
impedance  w i r i ng  i n  a  th i ckness  o f  . 093  i nch .  AL1  l aye rs  a re
separa ted  by  s igna l  re tu rn  p lanes  wh ich  a l so  d i s t r i bu te  DC
po$rer.

An  ave rage  l og i c  boa rd  con ta ins  abou t  2 ,000  i n te rconnec t  i ons  .

C ros  s  ta  1k

Bes ides  re f l ec t i ons  due  to  n i sma tched  impedances ,  one  o f  t he
mos t  se r i ous  p rob le rns  w i th  open  w i r i ng  i s  s igna l  c ross ta l k  and
the  va r iab i l i t y  o f  t h i s  f ron  sys tem to  sys ten .  Con t ro l l ed
impedance  w i r i ng  n in i rn i zes  th i s  t ype  o f  i n te r fe rence .



The  requ i remen t  f o r  h igh  c i r cu i t  dens i t y  w i th  a  s igna l  l i ne
spac ing  o f  . 025  i nch  and  cons ide ra t i ons  o f  c ross ta l k  and  va r i -
ab le  l oad ing  o f  s igna l  l i nes  de te rn ined  the  seLec t i on  o f  50
ohns  as  the  i npedance  l eve l  o f  t he  h igh  speed  s igna l  i n te rcon -
nec t  i ons  .

5.  l " la intenance (  MTTR)

Wi th  t roub leshoo t ing  ra i sed  f rom the  IC  l eve l  t o  t he  boa rd
Ieve l ,  Mean  T ime  To  Repa i r  w i l l  be  s ign i f i can t l y  reduced .

P r in ted  w i r i ng  i s  no t  con f i ned  to  the  p lug  i n  c i r cu i t  boa rds .  The
technique is carr ied through to the backplanes that interconnect
a l l  t he  boa rds .  Each  backp lane  con ta ins  s i x  l aye rs  o f  con t ro l l ed
impedance  p r i n ted  w i r i ng  and  fou r  s igna t  re tu rn  p lanes  tha t  he lp
d i s t r i bu te  po \ . r re r  '  a l l  w i th in  a  th i ckness  o f  1 , /8  i nch .

Much  o f  t he  s igna l  w i r i ng  i n  t he  backp lane  i s  s imp ly  a  con t i nua t i on
o f  a  50  ohn  con t ro l l ed  impedance  l i ne  f rom one  boa rd  to  ano the r .
However ,  t he  s igna l  busses  tha t  i n te rconnec t  a  number  o f  d i f f e ren t
boa rds  p resen ted  a  po ten t i a l l y  seve re  l oad ing  p rob lem tha t  cou l -d
lov re r  t he  impedance  o f  a  s imp le  50  ohm l i ne  to  an  unaccep tab le
1eve l .  Th i s  

-  
p rob lem has  been  ove rcone  by  i nc lud ing  one  s igna l

l aye r  w i th  an  un loaded  impedance  o f  100  ohns . Where bus
connec t i ons  to  the  backp lane  a re  c lose  toge the r ,  t he  backp lane
in te  r connec t  i ons  a re  made  us ing  the  100  ohn  l aye r .  The  a r t i f i c i a l
loading of  the stubs into the boards lowers the impedance of these
l i nes  to  50  ohns  w i th in  an  accep tab le  toLe rance .  where  boa rd
connec t i ons  a re  w ide l y  separa ted ,  backp lane  w i r i ng  o f  busses  i s  v ia
a  50  ohm laye r  and  the  d i sc re te  re f fec t i on  f rom one  boa rd  i s  w i th in
an  accep tab le  1eve1 .

In  sunmary ,  t he  use  o f  advanced  p r i nLed  c i r cu i t  t echno logy  p rov ides
ga ins  i n  l og i c  speed ,  des ign  p red i c tab i l i t y ,  cons i s tency ,  i n te r -
fe rence  suppress ion ,  l og i c  dens i t y ,  and  ease  o f  ma in tenance  and
r e p a i r .


