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Abstract:
The subject of this thesis is the design, development and construction of a low-cost 16-channel
communication multiplexor (MUX) used for interfacing from 1 to 16 teletypes, modems or other
bit-serial devices to a single I/O channel on a Hewlett Packard 2100 series computer.

This thesis discusses the following items: First, reasons for the project and the problems to be solved
are presented and discussed. Second, specifications of the hardware to be interfaced are presented,
along with a detailed description of the specifications for the MUX. Third, the logic design used to
realize the MUX is described. This section ends with a short summary of testing procedures used to
verify correct operation of the logic. In the fourth section the physical and mechanical design and
construction is presented. The thesis ends with an analysis and discussion of the overall performance
and success of the project. 
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ABSTRACT

v i i

The su b je c t  o f  t h i s  t h e s i s  i s  the  d e s ig n ,  development and con­
s t r u c t i o n  o f  a low-cos t  16-channel communication m u l t ip l ex o r  (MUX) 
used f o r  i n t e r f a c i n g  from I to  16 t e l e t y p e s ,  modems o r  o th e r  b i t -  
s e r i a l  devices  to  a s in g l e  I/O channel on a Hewlett Packard 2100 
s e r i e s  computer.

This t h e s i s  d i s cu s s e s  the  fo l lowing i tems: F i r s t ,  reasons f o r
the  p r o j e c t  and the  problems to  be solved a re  p resen ted  and d iscussed .  
Second, s p e c i f i c a t i o n s  o f  the  hardware to  be in t e r f a c e d  a re  p re sen ted ,  
along with a d e t a i l e d  d e s c r i p t i o n  o f  the  s p e c i f i c a t i o n s  f o r  the  MUX. 
Th i rd ,  the  lo g ic  design  used to  r e a l i z e  the  MUX i s  d e sc r ib ed .  This 
s ec t io n  ends with a sh o r t  summary o f  t e s t i n g  procedures  used to  
v e r i f y  c o r r e c t  o p e ra t ion  o f  the  l o g i c .  In the  f o u r th  s ec t io n  the  
physica l  and mechanical design and c o n s t r u c t io n  i s  p re sen ted .  The 
t h e s i s  ends with an a n a ly s i s  and d i s cu s s io n  o f  the  o v e ra l l  performance 
and success o f  the  p r o j e c t .



CHAPTER I

INTRODUCTION .

1.1 INTRODUCTION

This t h e s i s  d e sc r ib e s  the  s p e c i f i c a t i o n s , design and con­

s t r u c t i o n  o f  a 16-Channel Communication M ul t ip lexor .  The m u l t i ­

p lexor  (MUX) prov ides  a way o f  i n t e r f a c i n g  from I to  16 b i t  s e r i a l  

( t e l e t y p e )  da ta  channels  to  a Hewlett  Packard (HP) 2100 s e r i e s  

computer.

This t h e s i s  i s  organized in c h ap te r  form as desc r ibed  below. 

Chapter one provides  th e  i n t r o d u c t io n  and reasons f o r  the  p r o j e c t .  

Chapter two exp la in s  th e  computer i n t e r f a c e ,  m u l t ip l ex o r  and I/O 

device  s p e c i f i c a t i o n s .  Chapter t h r e e  d e sc r ib e s  the  design and t e s t i n g ,  

procedures  used in developing  the  MUX. Chapter four  d e sc r ib e s  the  

c o n s t r u c t io n  techn iques  and problems encountered in a c t u a l l y  bu i ld ing  

a working model. Chapter f i v e  d i s cu s se s  the  o v e ra l l  e f f e c t iv e n e s s  

o f  the  p r o j e c t  upon i t s  completion.  R e la t ive  c o s t ,  performance and 

r e l i a b i l i t y  a re  a l s o  d iscussed .

1.2 BACKGROUND AND PROJECT INTRODUCTION

This p r o j e c t  was s t a r t e d  when i t  became necessa ry  to  connect 

16 t e l e t y p e s  to  an HP 2116B computer f o r  use with Time-Share Basic.  

Also,  a l a rg e  number o f  s e r i a l  da ta  inpu t  channels were needed in da ta
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a c q u i s i t i o n  systems t h a t  were being developed. There were two 

p o s s ib le  ways to  do t h i s  i n t e r f a c i n g  before  the  MUX was cons t ruc ted  

and both were expensive and not very s a t i s f a c t o r y .

The f i r s t  c o n s i s t e d  o f  buying one t e l e t y p e  i n t e r f a c e  card f o r  

each channel to  be i n t e r f a c e d .  The c o s t  per  channel was high and each 

channel implemented re q u i re d  one in p u t - o u tp u t  (I /O) s l o t  in the  com­

p u te r .  There a re  only  19 I/O s l o t s  t o t a l  in the  2116B computer and 

two a re  used to  i n t e r f a c e  a d i sc  d r i v e ,  one i s  r equ i red  f o r  a clock 

and th r e e  more f o r  a high speed paper tape  r e a d e r , high speed paper- 

tape  punch and console  t e l e t y p e .  T he re fo re ,  only 13 s l o t s  were a v a i l ­

ab le  f o r  user  t e l e t y p e  channels .  Also the  2116B computer cannot 

supply enough c u r r e n t  to  t h a t  much I/O equipment so a power supply 

ex tende r  ( a lso  expensive) must be i n s t a l l e d .  T he re fo re ,  to  i n t e r f a c e  

only 13 user  channels  o f  Bas ic ,  requ i red  having 13 i n t e r f a c e  boards,  

a power supply ex tender  and using every a v a i l a b l e  I/O s l o t .

The o th e r  a l t e r n a t i v e  was to  buy another  e n t i r e  HP 2114 computer 

and the  HP software  m u l t ip l ex o r .  This uses only one 16 p a r a l l e l - b i t  

board which brought in the  16 t e l e t y p e  channe ls ,  one on each of  i t s  

16 inpu t  b i t s .  Then by sampling a t  a high f requency,  the  waveforms 

coming in on each l i n e  could be re c o n s t ru c te d  by the  computer. The. 

whole I/O process  comple te ly  t i e d  up one computer making the  cos t  f o r  

t h i s  s o lu t io n  very expens ive .  Also fo u r  16 b i t s - I / O  cards  were r e ­

quired  f o r  da ta  t r a n s f e r  between the  2114 I/O computer and the  21168
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processo r  computer.

During the  development o f  t h i s  p r o j e c t ,  HP rep laced  the  o lde r  

2116, 211.4 and 2115 s e r i e s  computers with the  HP2100A computer. This 

computer, which they  a re  s t i l l  p r e s e n t ly  s e l l i n g ,  has only 13 I/O 

s l o t s  t o t a l ,  l eav ing  only  7 f o r  t im e-sha re  Basic u s e r s .  With t h i s  

computer the  need f o r  a m u l t ip l exo r  f o r  t im e-share  u se r s  was g r e a t e r  

than ever .

The need f o r  a m u l t ip lex ing  dev ice  can now be c l e a r l y  seen.

What i s  needed i s  some "black box" t h a t  w i l l  connect to  16 s e r i a l  

da ta  channels  ( t e l e t y p e s )  and i n t e r f a c e  to  the  computer through only 

one I/O ch an n e l . This one i n t e r f a c e  to  the  computer,  however, must 

not keep th e  computer so completely  t i e d  up in I/O t h a t  i t  cannot do 

o th e r  o p e ra t io n s  as was one o f  the  problems with the  HP sof tware

MUX.



CHAPTER II

THE SPECIFICATIONS OF THE MULTIPLEXOR

2.1 INTERFACE SPECIFICATIONS

The f i r s t  s t ep  in des ign ing  the  m u l t ip lexo r  i s  d e f in in g  or 

s t a t i n g  in d e t a i l  the  s p e c i f i c a t i o n s  o f  the  computer i n t e r f a c e  and 

the  I/O equipment ( t e l e t y p e ,  modem o r  o th e r  b i t - s e r i a l  d e v i c e ) .

Figure 2.1 c o n ta in s  a block diagram o f  the  o v e ra l l  system showing 

computer,  MUX, and I/O device  i n t e rc o n n ec t io n s .

2.2 I/O COMPUTER INTERFACE SPECIFICATIONS.

The computer i n t e r f a c e  s e l e c ted  i s  a s tandard  HP 16 b i t ,  

p a r a l l e l  f u l l - d u p l e x  I/O card .  This g ives  two independent s torage  

r e g i s t e r s ,  one f o r  16 data  outpu t  b i t s  (from the  computer) and one 

f o r  16 da ta  inpu t  b i t s  ( to  the  computer) . Also a "Device Command" 

signal  i s  a v a i l a b l e  t h a t  can be used to  t e l l  an ex te rna l  device  to  

take  some a c t i o n .  Another l i n e ,  "Device Flag" can be used by the  

ex te rna l  device  to  s igna l  to  the  computer.

The ope ra t io n  o f  the  I/O i n t e r f a c e  board can then be summarized 

as fo l lows:  The computer can s to r e  16 b i t s  o f  in format ion  in the

da ta  ou tpu t  r e g i s t e r  with an OTA o r  OTB i n s t r u c t i o n .  The contents  

d o n ' t  change u n t i l  the  computer s t o r e s  ano ther  16 b i t s  in  the  r e g ­

i s t e r .  The "Device Flag" l i n e  i s  pulsed ( fo r  approximate ly  I y s e c ) ,
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USER I

USER 2

USER 16

I V I U X

CHANNEL 2 

LOGIC

COMMON LOGIC
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C H A N N E L  16

LOGIC

C O M P U T E R  I/O INTERFACE

FIGURE 2.1 MUX SYSTEM BLOCK DIAGRAM
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once every t ime a Se t Control  i n s t r u c t i o n  i s  ex ecu ted . Whatever 

da ta  i s  p r e s en t  on th e  16 da ta  inpu t  l i n e s  coming from the  ex te rna l  

device  w i l l  be loaded in to  t h e . d a t a  inpu t  r e g i s t e r  when the  "Device 

Flag" l i n e  i s  pu lsed .  This pulse  a l s o  s e t s  the  I/O channel f l a g  

i n d i c a t i n g  to  the  computer t h a t  new da ta  i s  a v a i l a b l e .  The Computer 

can then br ing  in the  da ta  s to red  in the  input  r e g i s t e r  (with an LIA 

or  LIB) and take  whatever a c t i o n  i t  may d e s i r e ,  depending on the  r e ­

s u l t s  o f  the  inpu t  da ta  word.

All s i g n a l s  desc r ibed  above a r e  generated  by s tandard  (7400 

s e r i e s )  TTL log ic  g a te s .  This means a log ic  0 = 0 to  .8 v o l t s ,  a 

lo g ic  I = 2 to  5 v o l t s  and vo l tage  o u t s id e  t h i s  range a f t e r  t r a n s i t i o n s  

a re  undefined. The c u r r e n t  t h a t  must be drawn from an inpu t  in the  

log ic  0 s t a t e  i s  1 .6  mA maximum and f o r  a log ic  I s t a t e  10 uA must be 

supp l ied .  The t r a n s i t i o n  t ime from one log ic  s t a t e  to  the  o th e r  i s  

t y p i c a l l y  5-50 ns .  Each log ic  ou tpu t  i s  capable  o f  d r iv in g  a t  l e a s t  

10 log ic  inpu ts  f o r  a f a n -o u t  o f  t e n .  The l i n e  d r i v e r s  (SN7416 and 

SN7417) a re  capable  o f  d r iv in g  20 ga te  in p u t s .  The MUX was cons t ruc ted  

using TTL lo g ic  f o r  co m p a tab i l i ty  with t h i s  computer i n t e r f a c e .

2 .3  SERIAL 1/0 DEVICE INTERFACE SPECIFICATIONS

At the  user  end o f  the  MUX, 16 channels o f  s e r i a l  data  a re  to  

be i n t e r f a c e d .  For each channel t h e r e  i s  one l i n e  coming from a 

te rmina l  and one going to  the  terminal over which the  da ta  i s  t r a n s -
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f e r r e d .  Figure  2 .2  con ta in s  the  t iming diagram showing the  s t r u c t u r e  

o f  the  s e r i a l  da ta  s i g n a l .

Al I da ta  s ig n a l s  wai t  in the  lo g ic  I or marking co n d i t io n .  When 

a c h a r a c t e r  i s  to  be s e n t ,  a s t a r t  pu lse  o f  one b i t  du ra t io n  i s  output  

in the  lo g ic  0 o r  space cond i t ion  followed by the  8 in format ion b i t s .

The c h a r a c t e r  i s  te rmina ted  by one o r  two (depending on the  device)  

s top  b i t s .  Charac te rs  a re  t r a n s m i t t e d  asynchronously with the  s t a r t  

and stop b i t s  d e f in in g  each c h a r a c t e r .

The MUX can a l s o  be in t e r f a c e d  d i r e c t l y  to  a modem f o r  da ta  

t ran sm iss io n  over te lephone l i n e s  to  remote u se r s .  In t h i s  case 

t h r e e  con t ro l  l i n e s ;  r in g in g  i n d i c a t o r ,  c a r r i e r  d e t e c t  and data  te rminal 

ready a re  necessa ry  on each channel f o r  contro l  o p e ra t io n s .

The r in g  i n d i c a t o r  l i n e  i s . u s e d  to  t e l l  the  computer when a 

channel i s  being c a l l e d .  The da ta  terminal ready l i n e  i s  used to 

al low the  modem to  answer o r  once answered can te rm ina te  a c a l l .  The 

c a r r i e r  d e t e c t  t e l l s  th e  computer whether o r  not the  customer has 

p rope r ly  connected h i s  modem f o r  da ta  t ransm iss ion .

There fo re ,  f o r  each channel two s e r i a l  data  l i n e s , a r in g  i n d i c a t o r  

l i n e ,  c a r r i e r  d e t e c t  l i n e  and da ta  te rminal ready a re  req u i red .

Modems and many b i t - s e r i a l  I/O devices  opera te  using EIA RS232 

s ignal l e v e l s .  These lo g ic  l e v e l s  r e q u i r e  a log ic  I to  be in the  

range o f  +3V to  +25V and a log ic  0 to  be in the  range o f  -3V to  -25V 

a l though OV to  -25V i s  o f ten  used f o r  a lo g ic  0. The TTL le v e l s  are
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SERIAL DATA FORMAT 

(GROUND TRUE TTL SIGNAL)

O I 2 3 4 5 6 7

START INFORMATION BITS STOP

STANDARD B IT  TIMES 

H O  B A U D -9 .09  m s /B IT  

3 0 0  B A U D -3.33  m s /B IT

FIGURE 2 . 2
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a l so  widely used so both s ignal  types  (EIA and TTL) a r e  made a v a i l ­

a b le .

2 .4  MULTIPLEXOR SPECIFICATIONS

The s p e c i f i c a t i o n  o f  the  MUX can now proceed and must mesh 

e f f e c t i v e l y  with the  ope ra t io n  o f  th e  computer i n t e r f a c e  board and 

the  da ta  t e rm in a ls  and modems. The f i r s t  s tep  wi l l  d e f in e  the  meanings 

and o p e ra t io n s  a s s o c ia t e d  with the  16 b i t  computer ou tpu t  word. Then 

the  16 b i t  computer da ta  inpu t  word suppl ied  by the  MUX must be 

de f in ed .  . ,

I t  i s  in th e se  s p e c i f i c a t i o n s  t h a t  the  o v e ra l l  e f f i c i e n c y  o f  the  

MUX wi l l  be determined. I f  they a re  awkward the  MUX w i l l  be hard to  

program and the  computer wi l l  spend la rg e  amounts o f  t ime process ing 

I/O. Remember the  design i s  to  be used with only one computer and 

16 u se r s  a l l  running timer-share Basic and the  time devoted to  exe­

c u t in g  programs must be maximized.. Also i n e f f i c i e n t  s p e c i f i c a t i o n s  

can lead to  more complex log ic  r e a l i z a t i o n s  fo r  a given job  and hence 

the  o v e ra l l  product w i l l  c o s t  more than necessary .

2.5 THE DATA OUTPUT WORD

The f i r s t  s t ep  in the  MUX s p e c i f i c a t i o n  i s  d e f in in g  the  computer 

ou tpu t  word. By o u tp u t t i n g  a s e r i e s  o f  th e se  words th e  computer 

c o n t r o l s  the  e n t i r e  ope ra t io n  o f  the  MUX.
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In Figure 2 .3  i t  can be seen t h a t  a l l  necessary  da ta  and 

in format ion  can be suppl ied  to  one MUX channel in one computer s tep  

o f  loading the  ou tpu t  r e g i s t e r  o f  the  I/O card .  The "Device Command" 

s igna l  i s  then pulsed  to  t e l l  the  MUX t h a t  t h e .d a t a  i s  c o r r e c t  arid 

can be accep ted .  Now from a programming p o in t  o f  view, the  opera t ion  

o f  o u tp u t t in g  informat ion  to  th e  MUX i s  a t h r e e - s t e p  p rocess .  F i r s t ,  

the  16 b i t  da ta  word i s  assembled in the  computer. Second, i t  i s  

s to re d  on the  I/O r e g i s t e r  card where the  s ig n a l s  a re  a c t u a l l y  

t r a n s f e r r e d  to  the  MUX. Then the  Set Control i n s t r u c t i o n  i s  executed 

which pu lses  "Device Command" causing th e  MUX t o  accep t  the  new d a ta .

2 .6  "MODE" CONTROL

There a re  two types  o f  ou tpu t  to  a channel as  i l l u s t r a t e d  in 

Figure 2 .3 .  The f i r s t  type s e t s  up the  "Mode" o f  th e  channel and i s  

determined by b i t  15 = I and b i t  0 = 0.

B i t s  8 through 11 determine th e  channel address  in the  following 

manner. I f  a l l  fou r  b i t s  = 0 then channel I i s  a ccessed .  Then 

by counting up in b in a ry ,  each channel i s  s e lec ted  in t u r n , according 

t o  i t s  b inary  r e p r e s e n t a t i o n .  With fo u r  b i t s ,  2^ = 16 combinations 

a re  p o s s i b l e ,  which i s  the  r equ i red  number. As an example,  an outpu t  

o f  0110 f o r  b i t s  11 through 8 would s e l e c t  channel 7.

When s e t t i n g  the  "mode", b i t s  1-7 a re  ignored by the  channe l . 

B i ts  12 through 14 determine the. "mode" o r  s t a t e  o f  a channel and
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OUTPUT CHARACTER 

( OHLY LOADED I F  1 5 = 0  AND 1 2 = 1 )

CHANNEL ADDRESS

1 5 = 0  CLEAR FLAGS

1 5= 1  AND O=O SET MODE

1 5 = 1  AND 0=1 CLEAR POWER UP FLAG

I F  B IT  1 5= 0

1 2 = 1  CLEARS "OUTPUT COMPLETE FLAG" 

1 3 = 1  CLEARS "CHARACTER RECEIVED

1 4 = 1  CLEARS "RING INDICATOR AND 

CARRIER DETECT FLAG'

FLAG"

I F  1 5 = 1  AND O=O 

1 2= 1  ENABLES CHARACTER OUTPUT 

1 3= 1  ENABLES CHARACTER ECHO 

1 4= 1  ENABLES CHARACTER INPUT 

1 2 = 1 3 = 1  ENABLES ECHO

DISABLES OUTPUT 

DISABLES DATA TERMINAL RDY

FIGURE 2.3 COMPUTER OUTPUT WORD BIT DEFINITION
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must de termine the  fo l lowing i tem s ;  the  s t a t e  o f  da ta  te rminal 

ready ,  the  enable  o r  d i s a b l e  o f  inputj,  the  enable  or  d i s a b l e  o f  

ou tpu t  and one o th e r  f e a t u r e  c a l l e d  echo. In the  echo-on mode, 

da ta  coming.in on the  s e r i a l  d a t a - i n  l i n e  i s  wrapped around and 

t r a n s m i t t e d  back ou t  on the  s e r i a l  d a t a - o u t  l i n e .  In t h i s  case  data  

should not  s imul taneous ly  be ou tpu t  by the  computer through the  

o u tp u t  r e g i s t e r  because an "oring" o f  th e  s ig n a l s  would r e s u l t .

The o th e r  p o s s i b i l i t y  i s  e ch o -o f f .  In t h i s  mode da ta  coming in on 

th e  s e r i a l  d a t a - i n  l i n e  i s  kept comple te ly  sepa ra te  from t h a t  being 

ou tpu t  by the  computer on th e  s e r i a l  d a t a - o u t  l i n e .  This independent 

t r a n s m i t t i n g  and r e c e iv in g  o f  da ta  i s  c a l l e d  Full -Duplex ope ra t ion .

The modes a re  determined by th e  b i t  p a t t e r n s  as shown in 

Figure 2 .3  and desc r ibed  below. Bi t  12 = I enables  ou tpu t  and b i t  

12 = 0 d i s a b l e s  ou tpu t .  B i t  13 = I enables  echo and b i t  13 = 0 

d i s a b l e s  echo. B i t  14 = I enables  inpu t  and b i t  14 = 0 d i s ab l e s  inpu t .  

One combination t h a t  should not be allowed as d iscussed  above i s  

ou tpu t  enabled and echo on. For t h i s  case  ( b i t  1 2 = 1 ,  b i t  1 3 = 1 )  

echo i s  enabled ou tpu t  i s  d isab led  and da ta  te rminal ready i s  f a l s e .  

This mode would not normally be used while a user i s  access ing  the  

system and provides  the  p e r f e c t  case  to  te rm ina te  a c a l l  by s e t t i n g  

da ta  te rminal ready f a l s e .  All o th e r  b i t  combinations s e t  data  t e r ­

minal ready t r u e .
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2 .7  CLEARING FLAGS AND STARTING OUTPUT

The second type o f  outpu t  to  a channel ,  a l so  shown in Figure 

2 .3 ,  i s  t h a t  o f  c l e a r i n g  f l a g s  and o u tp u t t i n g  c h a r a c t e r s .  This i s  

done by s e t t i n g  b i t  15 = 0. There a re  t h r e e  f l a g s  req u i red  which 

a re  s e t  as  fo l lows :  When inpu t  i s  complete the  " ch a ra c te r  received"

f l a g  i s  s e t ;  when ou tpu t  i s  complete th e  "output complete" f l a g  i s  

s e t ;  and when the  r in g in g  i n d i c a to r  o r  c a r r i e r  d e t e c t  s ig n a l s  change 

s t a t e ,  the  t h i r d  f l a g  i s  s e t .  Remember t h a t  the  data  coming in to  

o r  ou t  o f  a channel to  the  I/O device  o r  modem i s  in s e r i a l  form. 

T h e re fo re ,  each channel must perform a s e r i a l - t o - p a r a l l e l  o r  p a r a l l e l - 

t o - s e r i a l  b i t  convers ion .  This t a k e s ,  by computer r e f e r e n c e ,  a very 

long t ime and dur ing  a conversion th e  computer must be f r e e  to  do o th e r  

t a sk s  and then be t o l d  when the  va r ious  o p e ra t io n s  a re  complete.

To c l e a r  the  f l a g s  the  data  word i s  assembled in the  computer, 

ou tpu t  to  the  MUX through the  I/O card  and then a Set Control 

i n s t r u c t i o n  i s  executed as descr ibed  be fo re .  B i ts  8 through 11 

s e l e c t  the  channel.  Bit  14 = I c l e a r s  the  " ring i n d i c a t o r  and c a r r i e r  

d e t e c t  f l a g " ,  b i t  1 3 = 1  c l e a r s  the  "ch a ra c te r  rece ived  f l a g "  and 

b i t  12 = I c l e a r s  the  "output complete f l a g " .  When the  "output 

complete f l a g "  i s  c l e a r e d ,  the  ou tpu t  s h i f t  r e g i s t e r  i s  loaded with 

b i t s  0-7 and a new s e r i a l  ou tpu t  s t a r t e d  i f  a va l id  ou tpu t  mode was 

s e t  up ahead o f  t ime.
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2 .8  CLEARING THE POWER FAIL FLAG

I f ,  f o r  any rea so n ,  the  MUX should have a power f a i l u r e  o r ,  

power i s  i n i t i a l l y  tu rned  on, th e  power f a i l  f l a g  w i l l  s e t .  This 

causes  th e  computer to  load the  inpu t  s t a t u s  word informing the 

computer o f  th e  power f a i l u r e .  To c l e a r  the  f l a g  an ou tpu t  word 

o f  1XXXXXXXXXXXXXX1 ( b i t  15 and b i t  0 = I ,  a l l  o th e r s  = I or  0) 

i s  loaded followed by the  usual Set Control i n s t r u c t i o n .  A f te r  t h i s  

o pe ra t ion  the  MUX i s  ready f o r  normal, use.

2 .9  THE DATA INPUT WORD

The second p a r t  o f  the  MUX s p e c i f i c a t i o n  de f in e s  the  16 b i t  

computer inpu t  word. There i s  only one meaning a t ta ch ed  to  each 

b i t  o f  th e  inpu t  word and i s  diagrammed in Figure 2 .4 .

There i s  a design  problem s t i l l  to  be solved t h a t  must determine 

which channel s h a l l  be allowed to  inpu t  da ta  i f  th e re  should be a 

m u l t ip l e  re q u e s t  f o r  s e r v i c e .  But,  assuming one has been s e l e c t e d ,  

"Device Flag" can be pulsed  by the  MUX to  load the  da ta  in to  the  

computer.  The d e f i n i t i o n  o f  b i t  meaning i s  given in Figure  2.4 and 

desc r ibed  below.

Bi ts  8 -1 1 determine the  channel r eq u es t in g  s e r v ice  as descr ibed  

in the  l a s t  s e c t i o n .  B i t  12 i s  used to  in d i c a t e  the  completion of  a 

da ta  ou tpu t  ( p a r a l l e l - t o - s e r i a l  b i t - co n v e r s io n )  and b i t  13 the  com­

p l e t i o n  o f  a da ta  in p u t  ( s e r i a l - t o - p a r a l I e l ) o p e ra t io n .  I f  b i t  13
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IilPUT CHARACTER

1 5 = 0  NORMAL OPERATION 

1 5= 1  POWER JUST TURNED ON 

(IGNORE B ITS 0 - 1 4 )

CHANNEL ADDRESS

CHANNEL STATUS 

1 2= 1  OUTPUT COMPLETE 

1 3= 1  INPUT COMPLETE

(CHARACTER IN  B ITS 0 - 7 )  

1 4 = 1  CARRIER DETECT ON 

1 4 = 0  CARRIER DETECT OFF

FIGURE 2.4 COMPUTER DATA INPUT WORD BIT DEFINITION



i n d i c a t e s  input  comple te ,  the  c h a r a c t e r  i s  conta ined  in b i t s  0- 7 .

Once a f l a g  i s  s e t  i t  must be c lea re d  by the  computer as d iscussed  in 

Section 2 .7 .  This acknowledges t h a t  the  in format ion was received 

and enab les  o th e r  channels  t o  r e q u e s t  s e r v ic e .

The r in g  i n d i c a t o r  and c a r r i e r  d e t e c t  func t ions  a re  handled as 

fo l low s .  When e i t h e r  l i n e  changes s t a t e  (0 to  I or  I t o  0 t r a n s ­

i t i o n ) ,  a f l a g  i s  s e t  r eq u es t in g  s e r v i c e .  B i t  14 o f  th e  input  word, 

however, con ta ins  only  the  s t a t e  o f  c a r r i e r  d e t e c t .  T h e re fo re , i f  

a channel r e q u e s t s  s e r v ic e  and b i t s  12 and 13 a re  not s e t ,  the  t h i r d  

f l a g  s e t  by r in g  i n d i c a t o r  or  c a r r i e r  s t a t u s  must be assumed. I f  the  

s t a t e  o f  c a r r i e r  d e t e c t  has changed, then t h i s  f l a g  was s e t  by the  

c a r r i e r  d e t e c t  s i g n a l .  I f ,  however, the  c a r r i e r  d e t e c t  has not 

changed s t a t e ,  then the  opera t ion  of  the  r in g  i n d i c a t o r  l i n e  can be 

deduced.

I f  during any in p u t  opera t ion  b i t  1 5 = 1 ,  then the  MUX has had 

a power f a i l u r e .  Upon r e tu r n  o f  the  power, the  power f a i l  f l a g  i s  s e t .  

This r e s e t s  a l l  channels  to  a s t a r t  cond i t ion  and then pu lses  "Device 

Command" to  t e l l  the  computer o f  the  new s t a t u s .  The computer must 

then respond by c l e a r i n g  the  power f a i l  f l a g  as d iscussed  under the  

ou tpu t  word (Sec tion 2 .8 )  which enables  the  MUX f o r  normal ope ra t ion .

2.10 SERIAL DATA CONVERSION

As d iscussed  in Section 2 .3  any da ta  e n te r in g  o r  leav ing  a
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channel must be in th e  s e r i a l  da ta  format shown in Figure 2 .2 .  The 

d a ta  t r a n s m i t t e d  or  rece ived  by the  computer I/O i n t e r f a c e ,  however, 

i s  done in 16 p a r a l l e l  b i t  t r a n s f e r s  as d iscussed  in Sections  2 .4  - 

2 .9 .  Each channel t h e r e f o r e  r e q u i r e s  an ou tpu t  s h i f t  r e g i s t e r  t h a t  

can s to r e  the  computer ou tpu t  c h a r a c t e r  and s h i f t  th e  c h a r a c t e r  out 

s e r i a l l y  to  the  I/O dev ice .

When.entering s e r i a l  da ta  ano ther  s h i f t  r e g i s t e r  i s  necessary  to  

s h i f t  in and s to r e  inpu t  c h a r a c t e r s .  A f te r  conver t ing  the  input 

c h a r a c t e r  t o  p a r a l l e l  form, the  computer can load th e  c h a r a c t e r  in to  

the  I/O i n t e r f a c e  card as  d iscussed  in Section 2 .9 .

The c h a r a c t e r  inpu t  and ou tpu t  fu n c t io n s  a re  enab led ,  d isab led  

and i n i t i a t e d  as d iscussed  in Sec t ions  2 .4  -  2 .9 .

2.11 PRIORITY INTERRUPT SYSTEM

Whenever a channel r ece iv e s  a c h a r a c t e r ; completes a character-  

o u tp u t ,  o r  d e t e c t s  a change in c a r r i e r  d e t e c t  or  r i n g  i n d i c a t o r ,  

the  s t a t u s  informat ion def ined  in Sec t ion  2 .9  must be en te red  in to  

the  computer I/O i n t e r f a c e  f o r  p rocess ing .  In g e n e r a l ,  many channels 

w i l l  be ask ing  to  e n t e r  s t a t u s  s imul taneous ly  or before  o th e r  channels 

have completed loading  d a ta .

To p reven t  t h i s  problem a p r i o r i t y  scheme i s  incorpora ted  

in to  the  log ic  t h a t  pu lses  the  DF l i n e  p reven t ing  more than one channel 

from re q u e s t in g  s e r v ic e  and loading da ta  onto the  inpu t  bus simul-
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t aneous ly .  This lo g ic  works in the  fo llowing manner: The f i r s t

channel to  r e q u e s t  s e r v i c e  s e t s  a f l a g  preven t ing  any o th e r  channel 

from re q u e s t in g  s e r v i c e .  I f  two o r  more channels  s e t  t h e i r  reques t  

s e r v ic e  f l a g s  s im u l taneous ly ,  a da isy-cha ined  p r i o r i t y  l i n e  d i s a b l e s  

a l l  channels  o f  lower p r i o r i t y .  Then as each channel i s  processed 

the  next lower p r i o r i t y  channel i s  enabled to  req u es t  s e r v i c e .

Upon completion o f  process ing  a l l  channels  with r e q u e s t . s e r v i c e  f l a g s  

s e t ,  the  next  channel (or channels )  d e s i r i n g  s e r v ice  w i l l  be enabled 

and the  p rocess  r e p e a t s .

2.12 SUMMARY-

This concludes th e  s p e c i f i c a t i o n s  o f  the  MUX. The s p e c i f i c a t i o n s  

for .  the  equipment to  be i n t e r f a c e d  have been p resen ted  and the  con tro l  

o f  the  MUX was s p e c i f i e d  by g iv ing  each o f  the  16 ou tpu t  b i t s  (from 

the  computer) a sp ec ia l  j o b .  Next the  encoding o f  the  s t a t u s  of  

each channel o f  the  MUX was desc r ibed  in terms of  the  I S ^ b i t  computer 

inpu t  word, and ope ra t io n  o f  s e r i a l  da ta  conversion was d i s cu s sed ,  

along with t h e  r e q u e s t  f o r  s e r v ice  o p e ra t io n s .  The foundation has 

now been s e t  upon which th e  ac tua l  d e s ig n ,  d iscussed  in the  next 

c h a p te r ,  can be implemented.



CHAPTER III

THE HARDWARE DESIGN OF THE MULTIPLEXOR

3.1 INTRODUCTION

The s p e c i f i c a t i o n s  o f  the  l a s t  chap te r  provide the  informat ion 

f o r  implementing the  ac tua l  hardware lo g ic  design .  Section 3.4 -

3.5 d e sc r ib e  th e  f i n a l  lo g ic  r e a l i z a t i o n s  used to  implement those 

s p e c i f i c a t i o n s .  Section 3 .6  d e sc r ib e s  how the  design was t e s t e d  

and debugged.

3 .2  LOGIC DIVISIONS

As shown in Figure  2.1 the  log ic  c i r c u i t s  f o r  the  Multip lexor 

f a l l  i n to  two c a t e g o r i e s .  The f i r s t  a r e  those  lo g ic  func t ions  

common to  a l l  16 channels .  These inc lude  channel address  encoding 

and decoding, s ignal  b u f f e r in g  and o th e r  common s ignal  decoding and 

encoding fu n c t io n s .

The second group provides  the  lo g ic  func t ions  common only to 

one channel.  These inc lude  the  c h a r a c t e r  input and ou tpu t  l o g i c ,  

mode l a t c h e s  and a s s o c ia t e d  l o g i c , p r i o r i t y  and re q u e s t  se rv ice  l o g i c ,  

f l a g s , and b u f f e r in g  and i n t e r f a c i n g  lo g ic  f o r  the  u se r  s ig n a l s .

This second group o f  log ic  i s  i d e n t i c a l  f o r  each channel and i s  r e ­

peated once f o r  each channel implemented.
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3 .3  SIGNAL DEFINITIONS

All s ig n a l s  w i l l  be assumed p lus  t r u e ,  This means a. log ic  

I = 2V to  5V and a lo g ic  0 = OV to  . 8V f o r  TTL lo g i c .  For EIA 

level  s i g n a l s  a lo g ic  I = 3V to  25V and a log ic  0 = -3V to  -25V.

Al I s ignal  names a r e  from one to  t h r e e  c h a r a c t e r s  long. I f  

a s ignal  i s  ground true ,  a bar w i l l  be placed over the  s ignal name. 

As an example, a l l  16 b i t s  o f  the  da ta  ou tpu t  word coming from the  

computer i n t e r f a c e  board a re  ground t r u e  and have the  fo llowing 

names:

0 - ( b i t  zero o f  ou tpu t  word; O = OV to  . 8V when a t  a 
lo g ic  I )

T  - ( b i t  I o f  ou tpu t  word)

2" - ( b i t  2 o f  ou tpu t  word)

•

15 - ( b i t  15 o f  output  word)

Three o th e r  s ignal  name examples found in Figure 3.1 a re  the  

c l e a r  f l a g s ,  mode s e t  and power f a i l  c l e a r  s i g n a l s , def ined  as 

f o l l o w s :

MS’ -  ( " s e t  mode" i f  MS" = OV to  . 8V)

FC -  ( " c l e a r  f l a g s "  i f  FC = OV to  .SM)

PFC - ( c l e a r  power f a i l  f l a g  i s  PFC = OV to  . 8V)
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3.4  COMMON LOGIC FUNCTIONS

The common lo g ic  group, shown in Figure 3 .1 ,  handles the  fo l lowing 

o p e ra t io n s :  ( I )  The channel address  i s  decoded from the  computer o u t ­

put word and one o f  the  16 channels  i s  enabled ( CSO-CSl5) f o r  an 

o p e ra t io n .  (2) Two s i g n a l s ,  MS’ and FC", a re  decoded f o r  use by the  

channel lo g ic  f o r  s e t t i n g  the  mode o f  a channel and c l e a r i n g  f l a g s  

on th e  ch an n e l . (3) A s ignal  c a l l e d  PR i s  generated  when power i s

f i r s t  tu rned  on. This s ignal  r e s e t s  c e r t a i n  p o r t io n s  o f  the  logic  

on each channel board to  a s t a r t i n g  c o n d i t io n .  Also when the  power 

i s  f i r s t  tu rned  on, computer ou tpu t  b i t s  IT, T3, and 12" a re  forced 

to  a lo g ic  I to  r e s e t  f l a g s  and modes in each o f  the  channel logic  

groups.  (4) When a channel r e q u e s t s  s e r v ice  from th e  computer, 

device  f l a g  (DF) must be pulsed to  s e t  the  f l a g  on the  computer i n t e r ­

face  ca rd .  This s ignal  must a l so  be pulsed when power i s  turned on 

to  i n d i c a t e  to  th e  computer t h a t  the  MUX i s  ready f o r  op e ra t io n .

(5) When power i s  f i r s t  tu rned  on, b i t  15 o f  the  computer data  input 

word (151) must be made a lo g ic a l  I .  (6) The channel address  must 

be encoded in th e  computer inpu t  word by the  channel t h a t  i s  p r e s e n t ly  

re q u e s t in g  s e r v ic e  (RSI-RSl5) .  (7) S igna ls  (0T-15I) going to  the

computer i n t e r f a c e  must be buffered  with cable  l i n e  d r i v e s .

The implementation o f  these  seven func t ions  can be seen in 

Figure  3 .1 .  On the  l e f t  hand s ide  o f  the  drawing a re  th e  output 

l i n e  d r i v e r s  and inpu t  l i n e  r e c e iv e r s  on the  I/O i n t e r f a c e  card



FIGURE 3.1 COMMON LOGIC FUNCTIONS



23

lo ca ted  in. th e  computer.  The c e n te r  s ec t io n  shows the  common log ic  

fu n c t io n s  o f  th e  m u l t ip l ex o r .  . The r i g h t  hand s ide  o f  th e  drawing 

i l l u s t r a t e s  the  bussing to  each o f  the  s ix te en  channel log ic  groups. 

Next i s  a d e t a i l e d  d e s c r i p t i o n  o f  th e  o pe ra t ion  o f  the  common log ic  

us ing Figure  3.1 as  a r e f e r e n c e .

The ou tpu t  b i t s  8 -1 1 from the  computer ( s ig n a l s  Sf9 9,  TO9 
TT) are  decoded in IC51 and one o f  the  16 channel s e l e c t  l i n e s  

(CSXX) i s  enabled .  This IC (SN74154) enables  CSO i f  a b inary  address  

o f  0000 i s  en te red  on l i n e s  TT9 TO9 F9 and 8. CSl i s  enabled i f  a 

b ina ry  address  o f  0001 i s  e n te r ed .  This con t inues  with each CSXX 

l i n e  s e l e c t e d  in tu rn  when the  a p p ro p r i a t e  output  address  from b i t s  

TT9 TO9 F 9 and 8" a re  e n te r ed .

The o p e ra t ion  o f  the  c l e a r  f l a g  l i n e  (FCf) occurs  when the  

device  command (CD) i s  a t  a l o g ic a l  I (pulsed by a STC computer 

i n s t r u c t i o n )  and ou tpu t  b i t  15 (s igna l  15) i s  a t  a lo g ic  0. Then 

ga te  38 goes low g iv ing  a high leve l  ou t  o f  gate  44 which a c t i v a t e s  

FC" from l i n e  d r i v e r  50 (SN7416). A lso ,  FC" i s  a c t i v a t e d  when the  

power-fa i l  f l i p - f l o p  i s  being s e t  ( s igna l  PFS) by i n v e r t e r  40. This 

causes  the  f l a g s  to  be r e s e t  when power i s  i n i t i a l l y  ap p l i e d .

In a s i m i l a r  manner the  mode s e t  s ignal (Ms) i s  a c t i v a t e d  when 

ga te  37 goes low because ou tpu t  b i t  15 (TE) i s  a t  a l o g ic a l  I 9 

ou tpu t  b i t  0 i s  a t  a 0 (0) and the  dev ice  command s ignal  (DC) i s  

a c t i v a t e d .  This causes  a high level  from ga te  43 which a c t i v a t e s

i
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MS from l i n e  d r i v e r s  49. Again the  s e t t i n g  o f  the  power-fa i l  f l a g  

(PFS) a l s o  a c t i v a t e s  th e  MS’ s igna l  to  r e s e t  the  mode f l i p - f l o p s  

to  an i n i t i a l  s t a r t i n g  co nd i t ion  when power i s  tu rned  on.

The c i r c u i t  to  genera te  PFS op e ra te s  as fo l lows :  When power

i s  f i r s t  tu rned  on, r e s i s t o r  Rl and c a p a c i to r  Cl provide a .1 second, 

de lay  before  charging Cl s u f f i c i e n t l y  to  tu rn  t r a n s i s t o r  Ql "on" 

through the  3 v o l t  zener  diode CR2. CRl and. R3 a re  used to  d i s ­

charge Cl r a p i d l y  when th e  power i s  tu rned  o f f .  Hex i n v e r t e r  40 

provides  c o r r e c t  p o l a r i t y  and squar ing o f  the  output  from the  c o l l e c t o r  

o f  Ql and s e t s  the  power-fa i l  FF.

When s e t ,  the  ou tpu t  o f  the  power-fa i l  FF i s  used to  force  

14", T3 and TT to  a l o g ic a l  I through l i n e  d r i v e r s  46,  47 and 48 

which a re  "wire ored" with the  t h r e e  ou tpu ts  on the  computer i n t e r f a c e  

ca rd .  These t h r e e  l i n e s  must be a t  a l o g ic a l  I to  c l e a r  the  th ree  

f l a g s  on each channel when th e  FCT l i n e  i s  a c t i v a t e d .  ; Also t h i s  

fo r c e s  th e  mode o f  each channel i n to  " inpu t -on" ,  "echo-on",  "out­

p u t - o f f " ,  and da ta  te rminal ready f a l s e .  The PR l i n e  i s  enabled by 

l i n e  d r i v e r  45 which r e s e t s  c e r t a i n  p o r t io n s  o f  the  channel lo g ic  to  

a s t a r t i n g  c o n d i t io n .

B i t  15 (s igna l  151) o f  the  computer inpu t  word i s  a l so  s e t  to  

a l o g ic a l  I through d r i v e r  58 to  i n d i c a t e  t h a t  power has j u s t  been 

ap p l i e d .  Gate 39 causes  one shot 52 (SN74121) to  t r i g g e r  (one 

microsecond pu lse )  a t  the  e n d .o f  the  .1 sec power up de lay .  This s e t s
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t h e  f l a g  on the  I/O computer card  which s ig n a l s  to  the  computer 

to  load the  da ta  inpu t  word f o r  p rocess ing .

The power-fa i l  FF can then be c lea re d  by s ignal RFC, generated 

by gate  36 when s ig n a l s  DC9 15" and 0" a re  a l l  a t  a l o g ic a l  I .  Afte r  

the  power-fa i l  FF has been c lea red  the  MUX i s  ready f o r  ope ra t ion .

When the  MUX i s  ready to  e n t e r  da ta  in to  the  computer,  the  

HT s igna l  i s  a c t i v a t e d  by the  channel d e s i r i n g  s e r v i c e .  This t r i g g e r s  

one shot  52 which a c t i v a t e s  DF and s e t s  the  f l a g  on th e  computer I/O 

ca rd .  The channel re q u e s t in g  s e r v ic e  a l s o  a c t i v a t e s  an RSXX s i g n a l . 

RSl5 i s  a c t i v a t e d  by channel 16, RSl4 by channel 15,  e t c .  ending with 

channel 2 because channel I d o e s n ' t  a c t i v a t e  a l i n e ;  Gates 53, 54,

55 and 56 genera te  the  a p p ro p r i a t e  b inary  address  depending on which 

RSXX l i n e  i s  a c t i v a t e d .  By d e f a u l t  i f  no RSXX l i n e  i s  a c t i v a te d  

b inary  address  0 (channel I )  i s  genera ted .  The channel log ic  e n te r s  

th e  a p p ro p r i a t e  da ta  f o r  inpu t  b i t s  0 -7 ,  and 12-14 ( s ig n a l s  OT - 

TI, 121 - 141).  When th e  computer loads  the  inpu t  da ta  the  channel 

a d d r e s s , c h a r a c t e r  and f l a g s  a re  en te red  by l i n e  d r i v e r s  57 through 

73 which b u f f e r  the  inpu t  s ig n a l s  and d r iv e  the  cab le  going to  the  

computer I/O i n t e r f a c e  board.

3.5 CHANNEL LOGIC

The channel lo g ic  (Figure 3.2) con ta in s  a l l  l o g ic  needed to 

o pe ra te  one. s p e c i f i c  channel.  This lo g ic  uses the  s ig n a l s  generated
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by the  computer I/O i n t e r f a c e  and the  common log ic  group as p re ­

v io u s ly  d i s cu s sed .  I t  a l so  genera tes  the  La, RSXX and da ta  input 

b i t s  0-7 and 12-14.

The channel lo g ic  group must handle the  fo llowing t a s k s :

( I )  Four mode f l i p - f l o p s  loaded by the  MS"and CSXX s ig n a l s  determine 

the  "mode" o r  s t a t u s  o f  each channel.  (2) All the  user  input  and 

ou tpu t  s ig n a l s  a re  buffe red  with cab le  l i n e  r e c e iv e r s  and cable  

l i n e  d r i v e r s .  (3) The inpu t  da ta  i s  loaded in to  an inpu t  buffe r  

r e g i s t e r  with s e r i a l - t o - p a r a l I e l 5 b i t - co n v e rs io n  l o g i c .  (4) The 

ou tpu t  da ta  i s  t r a n s m i t t e d  with p a r a l l e l - t o - s e r i a l ,  b i t - co n v e rs io n  

lo g i c .  (5) When any o pe ra t ion  i s  completed ( c h a ra c te r  ou tp u t ,  

c h a r a c t e r  i n p u t ,  o r  a change in r in g  in d i c a t o r  or  c a r r i e r  d e t e c t ) , 

the  a p p ro p r i a t e  s t a t u s  f l a g s  a re  s e t .  (6) The s t a t u s  f l a g s  are  

c l ea re d  by the  FC and CSXX s ig n a l s  a f t e r  s e r v ic in g .  (7) The UO 

and RSXX s ig n a l s  a re  a c t i v a t e d  when any f l a g  ge ts  s e t  and no channels 

o f  h igher  p r i o r i t y  a re  r e q u e s t in g  s e r v i c e .  (8) When a channel 

a c t i v a t e s  t h e ,10" and RSXX s i g n a l s ,  da ta  b i t s  0-7 and 12-14 ( s ig n a ls  

UT-TT, 121-141) a re  loaded onto the  da ta  inpu t  bus. Refer to  

Figure 3.2 f o r  the  fo llowing d e t a i l e d  c i r c u i t s  d e s c r i p t i o n .

The channel "mode" i s  s to red  in f l i p  f lops  9-12 (SN7475).

When the  CSXX and MT s ig n a l s  a re  t r u e ,  gate  3 goes high and loads TZ 

(by i n v e r t e r  7) i n to  f l i p - f l o p  12, Tl" (by i n v e r t e r  6) i n to  f l i p -  

f lo p  11 and TT (by i n v e r t e r  5) i n to  f l i p - f l o p  10. F l i p - f l o p  9. i s
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s e t  f a l s e  (Q ou tpu t  ground t r u e )  i f  13" and Tz a re  both t r u e  (by gate  

4 ) ,  o therwise  the  ou tpu t  i s  s e t  t r u e .  F l i p - f l o p  12 enables  or d i s ­

a b le s  o u tp u t ,  f l i p - f l o p  11 enables  and d i s a b l e s  echo, f l i p - f l o p  9 

enab les  and the  user  s ignal  "data terminal ready" ,  and f l i p - f l o p  10 

enab les  and d i s a b l e s  inpu t .

The mode f l i p - f l o p s  a re  a l so  loaded when PR and Ms" a re  t r u e .  

This loads  the  i n i t i a l  s t a r t i n g  mode as d iscussed  in Section 3.4 

when power i s  f i r s t  tu rned  on.

User inpu t  da ta  i s  en te red  on e i t h e r  the  DI EIA or  DT TTL l in e  

depending on s ignal  l e v e l s .  IC61 (SN75154) conver ts  EIA l e v e l s  to  

TTL and b u f f e r s  62-64 wire "or" t i e  th e  EIA in pu ts  t o  the  TTL in p u ts .  

R e s i s to r s  R7-R12 a re  cab le  l i n e  impedance matching and b ia s  networks.  

Diodes CRl to  CR3 provide inpu t  ga te  i s o l a t i o n  by preven t ing  input 

vol tages,  g r e a t e r  than 5 v o l t s  on the  ga te  s ide  o f  the  d iodes .

The inpu t  da ta  i s  then sen t  to  ga te  35, D on f l i p - f l o p  29

(a l l  f l i p - f l o p s  a re  SN7474 except 9 ,  10,  11 and 12) and gate  23

through i n v e r t e r  25. I f  echo i s  enabled th e  da ta  a l s o  continues  

through ga te  24 and ou t  b u f f e r  27 as DO TTL and ou t  IC26 (SN75150)

as DO EIA. For t h i s  case  da ta  in has been "echoed" back out on the

da ta  ou tpu t  l i n e .

I f  in p u t  i s  enabled the  inpu t  FF s e t s  with the  s t a r t  pulse  from 

the  da ta  inpu t  word. I n i t i a l l y  the  8 b i t  s h i f t  r e g i s t e r  (SN74164) 71 

i s  c lea re d  along with f l i p - f l o p s  31 and 32. F l i p - f l o p  29, however.
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has been p r e s e t  to  a one. The ou tpu t  o f  gate  36 goes ground t ru e  

enab l ing  the  d i v i d e r  IC30 (SN7492). This IC d iv id e s  (by 12) the  

o s c i l l a t o r  ou tpu t  from i n v e r t e r  22 which i s  en tered  in to  A i f  B i s  

ground t r u e .  The ou tpu t  (C) i s  used to  s h i f t  in the  da ta  b i t s  through 

f l i p - f l o p  29 and s h i f t  r e g i s t e r  71.

When th e  one o r i g i n a l l y  s e t  in f l i p - f l o p  29, and the  s t a r t  pu lse  

reach f l i p - f l o p  31 and the  l a s t  s tage  o f  IC71 r e s p e c t i v e l y ,  gate  72 

goes t r u e  s e t t i n g  the  " c h a r a c t e r  rece ived"  f l a g  f l i p - f l o p  60. The 

Q" ou tpu t  o f  f l i p - f l o p  60 preven ts  th e  c h a r a c t e r  which i s  p r e s e n t ly  

conta ined  in f l i p - f l o p  29 and th e  lower 7 s tages  o f  IC71 from s h i f t i n g  

by d i s a b l in g  the  c lock  d r iv e  through ga te  33. The f l i p - f l o p s  31 and 

32 a re  clocked once more however, and t h i s  s h i f t s  the  o r ig i n a l  one 

o f  f l i p - f l o p  29 in to  f l i p - f l o p  32 which r e s e t s  the  in p u t  FF from o u t ­

put 32Q". A f te r  th e  " ch a ra c te r  rece ived"  f l i p - f l o p  (60) i s  c l e a re d ,  

f l i p - f l o p s  31,  32 and IC71 a re  c lea re d  by gate  34. F l i p - f l o p  29 i s  

p r e s e t  t o  an i n i t i a l  one s t a t e  and the  lo g ic  i s  prepared f o r  the  nex t  

c h a r a c t e r .  By c l e a r i n g  th e  inpu t  mode f l i p - f l o p  10 th e  inpu t  FF 

cannot be s e t  and hence no inpu t  c h a r a c t e r s  can be en te red  and input 

d i s a b l e d .  Also the  PR s i g n a l , when t r u e ,  c l e a r s  the  inpu t  FF through 

gate  8 thus  r e s e t t i n g  the  inpu t  c i r c u i t r y  i n i t i a l l y .

Charac te rs  a re  ou tpu t  by f i r s t  s e t t i n g  the  p rope r  "mode" to  

"output on" and "echo o f f " .  Then when CSXX and FC a re  t r u e  the  o u t ­

put o f  ga te  2 goes high.  Now i f  s ignal TH* i s  a t  a one,  gate  67 goes
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high pu ls ing  ga te  13 low s e t t i n g  the  ou tpu t  FF5 loading  output 

s ig n a l s  O' to  7  i n to  the  da ta  o u tp u t  r e g i s t e r  16 (IC SN74165) and 

s e t t i n g  the  s t a r t  pu lse  in to  f l i p - f l o p  18. The d iv ide  by 12 c i r c u i t  

17 (SN7492) i s  now enabled and c locks  the  c h a r a c t e r  out through ga tes  

24, 26 and 27. Counter 19 (a lso  SN7492) r e s e t s  the  ou tpu t  FF through 

ga te  20 a f t e r  counting  e i t h e r  10 or  11 c lock  pu lses  thus  te rm ina t ing  

th e  p a r a l l e l - t o - s e r i a l  convers ion .  A jumper option  ( J l )  determines 

whether a 10 o r  11 b i t  code i s  genera ted .  As the  ou tpu t  FF c l e a r s  

the  "output complete" f l a g  f l i p - f l o p  59 i s  s e t  i n d i c a t in g  the  cha rac ­

t e r  has been t r a n s m i t t e d .  The ou tpu t  FF and f l i p - f l o p  18 a re  c lea re d  

when power i s  i n i t i a l l y  turned on by PR through gate  8 ,  a l s o .  This 

r e s e t s  the  ou tpu t  lo g ic  to  th e  i n i t i a l  s t a r t i n g  co n d i t io n .

When e i t h e r  the  r in g  i n d i c a t o r  (RI) o r  c a r r i e r  d e t e c t  (CD) 

change s t a t e , one o f  the  f l a g  f l i p - f l o p s  57 or  58 s e t s  through ga tes  

64 or  65.

When any o f  the  f l i p - f l o p s  57-69 a re  s e t ,  channel information 

i s  ready to  be en te red  in to  the  computer. The informat ion can only be 

en te red  i f  no o th e r  channels  a re  p r e s e n t ly  loading t h e i r  informat ion .  

When any f l i p - f l o p  57-60 ge ts  s e t ,  ga te  55 goes t r u e .  Then i f  LO 

i s  not t r u e  (no o th e r  channel re q u e s t in g  se rv ice )  the  req u es t  s e rv ice  

FF i s  s e t  through ga te  54. This causes  HT to  go t r u e  preventing  any 

o th e r  channels  from re q u e s t in g  s e r v i c e .  I f  no o th e r  channel of  higher
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p r i o r i t y  a l so  wants s e r v i c e ,  PH i s  t r u e  and a c t i v a t e s  RSXX through 

ga te  51 and i n v e r t e r  49. Gate 51 a l s o  loads the  s t a t u s  o f  the  

" ch a ra c te r  rece ived  f l i p - f l o p " ,  "output complete FF" and the  s t a t u s  

o f  c a r r i e r  d e t e c t  through g a te s  38,  39 and 40 onto the  da ta  input 

bus b i t s  141, 131 and 121. I f  the  " ch a ra c te r  rece ived"  f l i p - f l o p  

i s  s e t ,  the  c h a r a c t e r  i s  loaded onto bus b i t s  OT-TT through ga tes  27 

and 41-48.

When the  re q u e s t  s e r v ic e  FF i s  s e t  PL goes f a l s e  through gate  

50. PL becomes PH o f  th e  nex t  lower channel and p reven ts  any channels  

o f  lower p r i o r i t y  from req u es t in g  s e r v i c e  u n t i l  the  p re s e n t  channel 

has been se rv iced  and a l l  f l a g  f l i p - f l o p s  (57-60) c l e a r e d .

F l i p - f l o p s  57-60 a re  c lea red  by the  s ig n a l s  CSXX, FC", and the  

a p p ro p r i a t e  ou tpu t  b i t  (12,  TT or T4).  TT c l e a r s  "change in RI or 

CD s t a t u s  f l i p - f l o p s "  (57-58) ,  TT c l e a r s  the  "ch a rac te r  received  

f l i p - f l o p "  (60) and 12 c l e a r s  the  "output complete FF" (59) .  Once 

these  f l i p - f l o p s  a re  c l e a r e d ,  ga te  55 goes f a l s e  c l e a r i n g  the  reques t  

s e r v ic e  f l i p - f l o p  and enab l ing  the  PL s ignal  through ga te  50.

3 .6  TESTING OF THE MULTIPLEXOR

The i n i t i a l  t e s t i n g  o f  the  log ic  was done by breadboarding 

small subgroups.  These groups were then t e s t e d  by e n t e r in g  input 

d a ta  with switches  and moni toring ou tpu ts  on an o s c i l l o s c o p e .  The 

p a r a l l e l - t o - s e r i a l  and s e r i a l - t o - p a r a l l e l  conver te r s  were t e s t e d  in
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t h i s  way. Various o s c i l l a t o r s  were b u i l t  up and t e s t e d  a l so  f o r  use 

with th e se  b i t  c o n v e r t e r s .  Temperature t e s t s  were run to  check the  

^ s t a b i l i t y  o f  the  o s c i l l a t o r s .

Next the  p r i o r i t y  log ic  was breadboarded and s im ula t ion  i n t e r ­

ru p t s  were en te red  with swi tches .  Again , the  ou tpu ts  were monitored 

with an o s c i l l o s c o p e .

The l a s t  c i r c u i t s  to  be breadboarded and t e s t e d  were t h e  power- 

f a i l  FF s e t  (PFS) g e n e ra to r  and the  f l a g  c l e a r  and mode s e t  common 

log ic  c i r c u i t s .

The e n t i r e  MUX was never t o t a l l y  t e s t e d  u n t i l  the  pro to type  was 

c o n s t r u c te d .  This was b u i l t  with p r in t e d  c i r c u i t  cards  and i n t e r ­

connected with  a hand wired backplane.  The log ic  was p a r t i t i o n e d  q u i t e  

d i f f e r e n t l y  on the  o r ig i n a l  p ro to ty p e ,  however. Those func t ions  shown 

in Figure  3.2 were a c t u a l l y  on th r e e  d i f f e r e n t  p r in t e d  c i r c u i t  ca rds .  

One card con ta ined  the  s e r i a l - t o - p a r a l l e l  and p a r a l l e l - t o - s e r i a l  b i t -  

co n v e r te r s  and the  o s c i l l a t o r .  Another board conta ined  the  f l a g s ,  

mode, i n t e r f a c e  and bussing  lo g i c .  S t i l l  a t h i r d  board contained 

a l l  th e  p r i o r i t y  lo g ic  common to  8 channe ls .

With the  lo g ic  p a r t i t i o n e d  in t h i s  manner only e i g h t  channels 

could be implemented in one card  f i l e .  Provis ions  were made to  connect 

to  ano ther  card  f i l e ,  however, t o  implement the  o th e r  8 channels .

The 8-channel MUX pro to type  was then connected to  the  computer 

and two simple programs were w r i t t e n  t o . t e s t  the  bas ic  ope ra t ion  o f
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the  MUX. A f te r  g e t t i n g  the  i n i t i a l  bugs out o f  the  system (cab le ,  

backplane and p r in t e d  c i r c u i t  w ir ing  e r r o r s )  the  system was ready, to  

be t e s t e d  with t ime^share  Basic.  These d r i v e r s  were w r i t t e n  according 

to  the  s p e c i f i c a t i o n s  o f  Chapter 2 and severa l  months were requ ired  

to  f i n i s h  debugging the  system.

Next a second 8-channel. MUX was c ons t ruc ted  having a l l  the  

c o r r e c t i o n s  o f  the  f i r s t  MUX and included a wire-wrap backplane.

L a te r ,  th e  16-channel MUX was b u i l t  and included the  combination o f  

a l l  channel lo g ic  on one p r i n t e d  c i r c u i t  c a rd .  Included with  t h i s  was 

some lo g ic  r educ t ion  and the  f i n a l  r e s u l t s  a re  shown in Figure 3 .2 .

The common lo g ic  could a l s o  be s im p l i f i e d  and i s  shown in Figure 3 .1 .

3.7 SUMMARY

This concludes the  d e s c r ip t i o n  o f  the  opera t ion  o f  the  MUX. 

F i r s t ,  s ignal  names, l e v e l s ,  c u r r e n t s  and t r a n s i t i o n  t imes were 

de f in ed .  Next the  ope ra t io n  o f  the  common and channel log ic  was 

desc r ibed  and f i n a l l y  t e s t i n g  proceedures  were p re sen ted .



CHAPTER IV

THE MECHANICAL DESIGN OF THE MUX

4.1 INTRODUCTION

This c h ap te r  d i s cu s s e s  the  phys ica l  and mechanical c o n s t ru c t io n  

o f  the  MUX. Various card  cages ,  p r in t e d  c i r c u i t  card  s i z e s , power 

s u p p l i e s ,  i n t e r c o n n ec t in g  cab le s  and cab le  connec tors  were t r i e d  

before  th e  f i n a l  c o n f ig u ra t io n  was decided upon. This ch ap te r  shows 

th e  e v o lu t io n ,  problems encountered and c o n s id e ra t io n s  made during 

c o n s t r u c t i o n .

4.2 CARD CAGES

The f i r s t  problem encountered was t r y i n g  to  f i n d  a s u i t a b l e  

housing or  c a b in e t  f o r  th e  l o g i c .  P r in ted  c i r c u i t  ca rds  were decided 

upon to  in t e r c o n n e c t  th e  log ic  and hence a cab in e t  capable  o f  housing 

many (19 in th e  f i n a l  c o n f ig u ra t io n )  cards  was d e s i r e d .

Cabinets  and card  cages come in s tandard  he igh ts  and widths 

f o r  mounting in r e l a y  racks  and o th e r  e n c lo su re s .  The most common 

width i s  19" which was accep tab le  f o r  t h i s  a p p l i c a t i o n .  With a width 

o f  19" an in s i d e  width o f  17" i s  o b ta in ed .  P r in ted  c i r c u i t  cards  can . 

be mounted 1/2" a p a r t  and hence approximate ly  32 cards  can be i n s t a l l e d  

in one card  cage.  This i s  more than enough space to  house the  MUX 

lo g ic  which r e q u i r e s  only  T6 channel log ic  boards ,  two common log ic
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boards and one plug board ( f o r  MUX connection to  the  computer) .

The f i r s t  card  cage selected! was a commercial v e r s io n .  The 

p ro to type  was c o n s t ru c ted  using t h i s  card  cage but ex ten s iv e  modi­

f i c a t i o n  was req u i red  because the  card  guides  were q u i t e  sh o r t  and 

the  maximum card  width (without m od i f ica t ion )  was 4 1 /2" .  Because 

o f  the  u n s a t i s f a c t o r y  r e s u l t s  obta ined  with the  commercial u n i t ,  a 

custom card  cage was designed and c o n s t ru c ted  using 1/8"  sheet 

aluminum. This r e s u l t e d  in a much more s a t i s f a c t o r y  c a b in e t  and i s  

shown in Figure 4 .1 .

4 .3  PRINTED CIRCUIT CARDS

At the  p re sen t  th e r e  a re  two common ways o f  in te rconnec t ing  

in t e g r a t e d  c i r c u i t s .  The f i r s t  and most r e l i a b l e  i s  with the  use o f  

p r in t e d  c i r c u i t  c a r d s .  The second i s  with a wire-wrap technique.

The wire-wrap technique  i s  somewhat cheaper f o r  low volume work and i s  

e a s i e s t  t o  c o r r e c t  i f  an in te rco n n ec t io n  e r r o r  i s  made.. However, i t  

i s  slower and more prone to  e r ro r s ,  once a p r in t ed  c i r c u i t  card i s  

c o r r e c t l y  l a i d  ou t .  Other problems inc lude  a l a rge  board spacing 

width and spec ia l  t o o l s  and IC socke ts  requ i red  f o r  c o n s t r u c t io n .

There fo re ,  p r in t e d  c i r c u i t  ca rds  were used f o r  mounting the  

l o g i c .  Double s ided  c i r c u i t s  on 1/8"  epoxy board were used with 

p la t e - th ro u g h  ho le s .  All boards a re  in te rconnec ted  with  44 pin edge 

connecto rs  t h a t  plug onto gold p la te d  f i n g e r s  f o r  high wear r e s i s t a n c e .
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These boards were l a i d  out on mylar with  black t a p e ,  twice ac tua l  

s i z e .  These were then reduced on n ega t ives  to  ac tua l  s i z e  f o r  use 

in f a b r i c a t i o n  o f  the  p r in t e d  c i r c u i t  c a rd s .  Figure 4.1 i l l u s t r a t e s  

th e  p r in t e d  c i r c u i t  card  sizes,  and l o c a t i o n s .

4 .4  CABLES, CONNECTORS AND BACKPLANE WIRING

J u s t  as t h e r e  a re  va r ious  techniques  f o r  in te rco n n ec t in g  

c i r c u i t s  on one b o a rd , th e r e  a re  a l s o  va r ious  techniques  fo r  i n t e r -  , 

connec ting  p r in t e d  c i r c u i t  cards  and c i r c u i t  modules.

The most convenient way to  connect to  a p r in t e d  c i r c u i t  card 

i s  with the  use o f  an edge connec tor .  T h e re fo re , the  p r in t e d  c i r c u i t  

card I/O i n t e r f a c e  in th e  computer i s  connected to  the  plug card  in 

the  MUX through a cab le  connected to  two edge connec to rs .  The cable  

i s  a 68 conductor ,  tw is ted  p a i r ,  low vo l tage  cab le  twelve f e e t  long. 

Twisted p a i r s  were s e l e c te d  with one l i n e  ca r ry in g  the  s ignal and the  

o th e r  ground. This minimizes c r o s s t a l k  and no ise  problems and provides  

enough conductors  f o r  th e  r e tu rn  ground c u r r e n t s .

The 16 users  and the  monitor t e l e t y p e  a re  s i m i l a r l y  i n t e r f a c ed  

us ing edge connecto rs  but  because l e s s  s ig n a l s  a re  invo lved ,  sh o r t e r  

edge connecto rs  were s e l e c te d  f o r  t h i s  a p p l i c a t i o n .  Also,  because 

o f  the  r e l a t i v e l y  slow s ignal swi tch ing  speeds tw is ted  p a i r  cable  i s  

not r e q u i r e d .

There a re  t h r e e  common ways to  in te rc o n n ec t  back plane connec tors .
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The f i r s t  i s  wire so ldered  to  pin t a b s ,  the  second i s  wire wrap and 

the  t h i r d  i s  with a mother board p r in t e d  c i r c u i t  ca rd .  The pro to type  

MUX was in te rconnec ted  using the  f i r s t  technique o f  so ld e r in g  wires 

between th e  a p p ro p r i a t e  connector t a b s .  The second MUX was b u i l t  

using th e  wire  wrap technique  but was not used again because i t  was 

slow and req u i red  sp ec ia l  t o o l s .  The next th re e  16-channel MUX 

u n i t s  were b u i l t  us ing th e  f i r s t  technique o f  so ldered  w i re ,  but the  

bussing  had been s im p l i f i e d  enough to  a llow the  use o f  bare bus wire 

in s u l a t e d  with t e f l o n  tub ing .

4 .5  POWER SUPPLY

The MUX r e q u i r e s  t h r e e  r e g u la ted  power supply vo l tages  of  +5V 

a t  4 amps, ( f o r  the  lo g ic )  +12V a t  I amp and -12V a t  I amp ( fo r  the  

EIA i n t e r f a c e  ! C s ) .  Ripple and r e g u la t i o n  must be l e s s  than 5% on 

these  t h r e e  power supply vo l tages  f o r  e r r o r  f r e e  o p e ra t io n .  A 

commercial power supply module meeting th e se  v o l t a g e ,  c u r r e n t  and 

r i p p l e  s p e c i f i c a t i o n s  was s e l e c ted  f o r  t h i s  a p p l i c a t i o n .

This module was mounted on a 3 1/2" x 19" f r o n t  panel and an 

o n -o f f  sw i tch ,  i n d i c a t o r  lamp and AC p ro te c t io n  fuse  i n s t a l l e d .

The MUX was then connected to  the  power supply with fo u r  16 gage 

conductors  connected to  a terminal s t r i p  mounted on th e  power supply.

The e n t i r e  MUX and power supply u n i t  t o g e th e r  occupy a t o t a l  

o f  10 1/2" o f  f r o n t  panel space in a s tandard  19" c a b in e t  and r e -
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q u i r e s  a maximum depth o f  12".

4 .6  SUMMARY

This concludes  th e  mechanical d e s c r ip t i o n  o f  th e  MUX. F i r s t ,  

the  c ab in e t  and p r in t e d  c i r c u i t  card assemblies  were d esc r ibed .

Then, p r in t e d  c i r c u i t  and module in te rco n n ec t io n  systems were d i s ­

cussed ,  and f i n a l l y  power supply s e l e c t i o n  and mounting was p r e s e n te d .



CHAPTER V

FINAL EVALUATION, PERFORMANCE AND CONCLUSION

5.1 INTRODUCTION

The MUX has now been thoroughly  t e s t e d  a f t e r  bu i ld in g  and 

ope ra t in g  two pro to types  and th r e e  production models.  The system 

o p e ra t ion  and performance can now be eva lua ted  by d i s cu s s in g  the  

fo l lowing i tems: ease  o f  c o n s t r u c t i o n ,  t e s t i n g  and t r o u b l e - s h o o t in g ,  

r e l i a b i l i t y ,  r e l a t i v e  c o s t  and performance (as r e l a t e d  to  the  s p ec i ­

f i c a t i o n s  and goals  s e t  f o r t h  in Chapters I and 2 ) .

5 .2  CONSTRUCTION, TESTING AND TROUBLE-SHOOTING

The ease  with which a product can be co ns t ruc ted  and t e s t e d  

d i r e c t l y  a f f e c t s  the  c o s t  o f  production and maintenance.  The p resen t  

MUX i s  c o n s t ru c ted  with 18 p r in t e d  c i r c u i t  cards  which a re  qu i te  

easy and f a s t  to  b u i ld .  The channel lo g ic  board,  which i s  the  most 

complex, c o n ta in s  only  26 in t e g r a t e d  c i r c u i t s ,  8 c a p a c i t o r s ,  3 diodes 

and 18 r e s i s t o r s .  I t  can be b u i l t  in l e s s  than two hours and computer 

checked in 5 minutes .  The o th e r  two common log ic  boards a re  even 

f a s t e r  and e a s i e r  to  bu i ld  and check.

Since a l l  the  e l e c t r o n i c s  a re  conta ined on p r in t e d  c i r c u i t  c a r d s ,  

t r o u b le - s h o o t in g  a MUX in th e  f i e l d  c o n s i s t s  o f  board swapping u n t i l  

th e  problem i s  so lved . Also a computer program d ia g n o s t i c  can be
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used which t e s t s  the  o p e ra t io n s  o f  the  computer i n t e r f a c e  board,  

common l o g i c ,  and each ind iv idua l  channel board to  help determine 

which p r in t e d  c i r c u i t  card  i s  m alfunc t ion ing .

The two time consuming c o n s t r u c t io n  s ec t io n s  o f  the  MUX a t  

p r e s e n t  a re  the  hand w ir ing  and checkout o f  the  backplane and i n t e r ­

connec ting  cab le  to  the  computer. Both a re  slow and prone to  m is takes ,  

though once completed and checked, a re  q u i t e  r e l i a b l e .  Below i s . a  

l i s t  o f  t y p ic a l  t imes  to  c o n s t r u c t  and t e s t  var ious  p a r t s  o f  the  

MUX:

Channel Board Construct ion  and Test  2 hours 
(one channel)

Common Logic Board Construct ion  and Test  4 hours 

Card Cage Mechanical Assembly 2 hours 

Card Cage Backplane Wiring 16 hours 

Computer I n t e r f a c e  Cable 8 hours 

Total  Construc t ion  Time 62 hours 

Final T e s t in g ,  Burn-in and Check-out 8 hours 

Total  - 70 hours

5 .3 .  COST

The c o s t  o f  the  16-channel MUX i s  about h a l f  the  c o s t  of  the  

two i n t e r f a c i n g  methods desc r ibed  in ch ap te r  one. This inc ludes  the  

c o s t  o f  th e  computer i n t e r f a c e  board and power supply requ i red  by the  

MUX. Also,  only as  many channels as d e s i r e d ,  need be implemented
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in the  MUX. I f  an e i g h t  channel system i s  needed only e ig h t  channel 

log ic  boards need t o .b e  i n s t a l l e d  thus  c u t t i n g  the  c o s t  from the  

16-channel system s u b s t a n t i a l l y .  By using t h i s  MUX, from 5 to  16 

channels  can be implemented more inexpens ive ly  than the  a l t e r n a t e  

i n t e r f a c i n g  s o l u t io n s  d iscussed  in ch ap te r  one. A d d i t io n a l ly  only one 

I/O s l o t  in the  computer i s  used,  thus  leav ing  the  r e s t  f r e e  f o r  o the r  

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

5 .4  RELIABILITY AND PERFORMANCE

The MUX has proven to  be a very  r e l i a b l e  p iece  o f  equipment. 

There has not been one f a i l u r e  in a MUX once i t  has been placed in 

o pe ra t ion  and the  o r ig i n a l  p ro to type  ran f o r  one y e a r .  I t  was then 

rep laced  by a 16-channel MUX, and again th e re  has been no down-time 

f o r  t h i s  MUX e i t h e r ,  during i t s  f i r s t  one year  per iod  o f  ope ra t ion .  

With only  two u n i t s  in o p e r a t io n ,  however, t r u e  r e l i a b i l i t y  i s  not 

very a c c u r a t e ly  determined. The r e l i a b i l i t y  o f  the  MUX i s  b a s i c a l l y  

determined by the  r e l i a b i l i t y  o f  the  i n t e g ra te d  c i r c u i t s .  I t  has been 

the  exper ience  o f  the  au thor  t h a t  t y p i c a l l y  not more than one IC in 

500 w i l l  f a i l  in a 12 month period a f t e r  i n i t i a l  b u rn - in .

Between 1% and 2% f a i l u r e  o f  I C s  during i n i t i a l  t e s t i n g  and 

burn- in  ( f i r s t  week) has been encounte red.  This i s  t y p ic a l  o f  semi­

conductor performance throughout th e  in d u s t ry  a t  the  p r e s e n t ,  but 

with the  use o f  a s u f f i c i e n t  burn- in  per iod  and computer check-out ,
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most problems can be e l im ina ted  before  p u t t in g  the  MUX in s e r v ic e .

No long term r e l i a b i l i t y  f i g u r e s  have been de te rm ined , e i t h e r ,  

because of  the  sh o r t  (2 year )  o p e ra t ion  t ime. The long term r e ­

l i a b i l i t y  o f  the  MUX, however, w i l l  be determined by the  l i f e  of 

the  ! C s .

5 .5  CONCLUSION

The MUX has met every requirement and s p e c i f i c a t i o n  s e t  f o r th  

in c h ap te r s  one and two. I t  i s  a very easy device  to  program, very 

r e l i a b l e  and i f  problems do occur i t  i s  easy to  s e r v ic e  and r e p a i r .

The p r o j e c t  was h ighly  success fu l  and because i t  was c a r r i e d  

from o r ig i n a l  design to  f i n a l  t e s t i n g  and manufactur ing,  a g re a t  deal 

about va r ious  a sp ec t s  o f  ac tua l  product engineer ing  was learned .
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