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ABSTRACT 

This report describes programming, word forinats, control 

s igna l s ,  voltage l e v e l s ,  connector layouts, ground i so la t ion ,  

input level-matching, and a theory of operation with a s i m -  

p l i f i e d  l o g i c  diagram for  the Four-Channel Priori ty  Multiplexer 

on the SEL 810B data acquisit ion computers a t  ORELA. 



1. INTRODUCTION 

The Four-Channel P r i o r i t y  ~ u l t i ~ l e x e r l  r 2  has a maximum da ta  r a t e  of 

25,000 events lsec  per channel (100,000 events lsec  i f  only one channel is  

opera t ing) .  Each channel t r a n s f e r s  two 16-bit words i n t o  the  computer 

memory v i a  a d i r e c t  memory access connection from the  mult iplexer.  The 

Oak Ridge Electron Linear Accelerator  (ORELA) Data Acquisi t ion Routines 

(ODAR), a subset  of the  ORELA Data Acquisi t ion Monitor S y ~ t e m , ~  and the  

'semirandom access f ixed head d isk2s4 (maximum access r a t e  is 11,140 

channels/sec on DAC 1 and 2 and 14,790 channelslsec on DAC 3) reduce the  

system event r a t e  t o  e i t h e r  5000 o r  8000 d i sk  s to rage  increments'  per 

second on DAC 1 and 2 o r  DAC 3 respect ive ly .  * 
A ground i s o l a t i o n  module5 (Dwg . No. 4-5036-25) provides i s o l a t i o n  

of iO1° S l  f o r  each of the  s i g n a l s  i n t o  (32) and out  of (3) a charinel 

of the'Four-Channel P r i o r i t y  Multiplexer. The four  ground i s o l a t i o n  

modules and the  mult iplexer chass i s  a r e  located  i n  the  Data Col lec t ion  

Equipment (DCE) Cabinet. See ORNL Instrumentat ion and Controls Division 

Dwg. No. 4-2928-2 f o r  the  DCE loca t ion  on the  computer equipment f l o o r  

plan. Note t h a t  a l l  cables from the  experimenters a r e  connected a t  a 

panel  i n  the  DCE on DAC 3. 

The information contained here in  is s u f f i c i e n t  f o r  the  user  t o  design 

an i n t e r f a c e  f o r  h i s  experimental equipment. It is  assumed t h a t  he has i3 

knowledge of e l e c t r o n i c s ,  d i g i t a l  con t ro l  l o g i c ,  and machine language pro- 

gramming6 f o r  SEL 810B computers. Further  l o g i c  d e t a i l s  can be  obtained 

from Drawing Ser i e s  4-5036 a s  l i s t e d  i n  Table 1 and Systems Engineering 

Laboratories ,  Inc.  (SEL) Technical Manual, Data Acquisition System, vol .  1, 

Publ ica t ion  No. 315-219100-000, pp. 3-1 through 3-7. Note t h a t  the  SEL TM 

does not  contain the  revis ions  f o r  dual-word input  on a l l  four channels of 

the  mult iplexer and t h a t  i t  references  SEL's obsole te  drawing s e r i e s  53320; 

however, the  sequence of opera t ion  is va l id .  The shee t  numbers correspond 

t o  the  Drawing Ser i e s  4-5036 dash numbers. 

- - pp * 
See Sect .  9 ,  Engineering Drawings, f o r  a l i s t  of Q-drawings pe r t inen t  t o  
the  top ics  discussed i n  t h i s  volume. These drawings a r e  a v a i l a b l e  from 
t h e  author.  



Table 1. Four-Channel P r i o r i t y  Multiplexer drawing list 

ORNL Drawing Ser i e s  4-5036 
SEL Drawing S e r i e s  53320 with r ev i s ions ,  d i g i t a l  MUX 

Number S u b t i t l e  

-2 ' 1 / 0  Sync Logic 

-3 Decode Unit 23 

-12 St robe  Register  

-13 P r i o r i t y  Pa r t  1 (word A,  B,  C ,  & D - Channels 0 & 1 )  

-14 P r i o r j  t y  Pa r t  2 (word E, F, G,  6 H - Channels 2 C 3) 

- 15 Input  Gates - A6B 

-16 Tnput Gates - C&D 
Input  Gates - E&F 

Inpuf Gates - G&H 

Strobe Generator 

DTC I n t e r f a c e  

Logic Diagram, Unit 1R2 

1 / 0  Bus B i t s  0-3 

I / O  BUO Bi te  '1-7 

110 BUS B i t s  8-11 

I /O Bun  its ii-iS 

SEL 810B Multiplexer I s o l a t i o n  

Ground I s o l a t o r s ,  Drivers and Receivers 

Cround Iciolators,  Front and Rear Panels 

Multiplexer Input Cround Iao la to ro ,  Drivers 
and Receivers 

Mult iplexer Input Ground I s o l a t o r s ,  Front 
and Rear Panels 

SEL 810B Multiplexer-Scaler Iso lae lon 

Assembly, Four-Wide Nuclear Instrument Module 
f o r  DEC A,K, RCM Ser i e s  Logic Cards 



2.  PROGRAMMING 

The mu l t i p l exe r ,  u n i t  '23,  is an inpu t  device  o p e r a t i n g  wi th  Block 

Transfer  Cont ro l  (BTC). The hardware does no t  con ta in  l o g i c  f o r  test  

i n s t r u c t i o n s  (TEU) o r  word t r a n s f e r  i npu t  i n s t r u c t i o n s  (AIP o r  MIP). 

Three ope ra t i ng  requirements  should be  followed: 

1. The BTC complete i n t e r r u p t  l e v e l  should be  enabled b e f o r e  t h e  BTC 

is  i n i t i a l i z e d ,  

2. The word count f o r  t h e  BTC must be  an even number; o the rwi se ,  t h e  

BTC complete g a t i n g  w i l l  always gene ra t e  a Mul t ip lexer  E r ro r  p r i o r i t y  

i n t e r r u p t .  The Mul t ip lexer  E r r o r  c i r c u i t  d e t e c t s  t h a t  an odd number 

of words have been t r a n s f e r r e d  t o  t h e  computer e i t h e r  dur ing  t h e  

middle o r  a t  t h e  end of a block t r a n s f e r .  

3. A second CEU '23  should no t  be executed u n t i l  t h e  BTC complete i n t e r r u p t  

is rece ived .  The second CEU '23 w i l l  s teal  t h e  mu l t i p l exe r  from t h e  

f i r s t  CEU '23 b e f o r e  t h e  f i r s t  CEU t e rmina t e s .  

CAUTION: Pulse  he igh t  d a t a  w i l l  no t  have a normal d i s t r i b u t i o n  i f  i t  is  

s e n t  t o  t h e  mu l t i p l exe r  wi th  t h e  same c lock  channel  ( e . g . ,  a c lock  channel  

s e l e c t e d  by a p u l s e r ) .  

2.1 CEU second Word Format 

The CEU second-word format6 f o r  t h e  m u l t i p l e x e r  is  

B i t  O 2 3 4 S 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  

li Transfer  CWA--1 
1 2 3  

L Enable channel X during i n i t i a l i z a t i o n  command. I f  the b i t  is  
a zero ,  t h e  channel w i l l  b e  d i s a b l e d .  

I n i t i a l i z e  BTC. 

A l l  o t h e r  b i t s  a r e  unassigned and should  be set  t o  zero  s o  t h a t  any f u t u r e  

modi f ica t ions  w i l l  n o t  r e q u i r e  a r e v i s i o n  of a l l  e x i s t i n g  programs. 



2.2 Mult iplexer Error  I n t e r r u p t  

The occurrence of  a Multiplexer Error  i n t e r r u p t  is used by ODAR~ t o  

increment a double p r e c i s i o n  counter and t o  reset the  mult iplexer by 

i s s u i n g  a CEU t o  i n i t i a l i z e  the  mult iplexer i n  the  7MLK rout ine  of ODAR. 

The e r r o r  r a t e  i s  about 2 x lo6  even t s l e r ro r  with th ree  independent ex- 

periments running, o r  50 x lo6 events /er ror  with two experiments. The 

a c t u a l  r a t e  is  dependent upon the  r e l a t i v e  da ta  r a t e s  and t h e i r  channel 

~uuignrnonLm. . 

2.3  Test  Program . 
A test program, 8MPT, t o  d isplay  the  input  da ta  i n  the  A and B . 

r e g i s t e r s  is  given i n  Fig.  1. The program can be used when no one is  

t ak ing  d a t a  on t h e  system. I f  poss ib le ,  the  da ta  rate o r  the  da ta  should 

be  ad jus ted  to  al low inspec t ion  of the  r e g i s t e r s .  See Sect .  8, Mainten- 

ance, f o r  a t e s t  program t h a t  can be  run dur ingTdata  acqu i s i t ion .  

3 .  DATA WOW FORMATS 

A Four-Channel P r i o r i t y  Multiplexer is  t h e  primary device f o r  the  

i n p u t  of experimental d a t a  t o  each SEL 810B da ta  a c q u i s i t i o n  computer. 

Each channel,  when a c t i v a t e d ,  con t ro l s  the  input  of two 16-bit computer 

words  t~ t h e  8 1 0 B  memory. Although most of t h e  b i t s  a r e  dedicated t o  da ta  

information,  t h r e e  a r e  dedicated t o  s p e c i f i c  t a sks  - two i d e n t i f i c a t i o n  

b i t s  and a System Tag b i t .  
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The format of the  f i r s t  word is 

Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

I I I MS B LS B 

Pulse height or time-of-flight 
tags 

1 System tag, bit 2. This tag is stored in a flip-flop. It is 
set by an experimenter-determined, delayed-start pulse 
from the accelerator and reset by the next Data Accepted 
pulse from the multiplexer to the experimenter. 

I Priority and identification. See Table 1. 

The. f a m a t  of the  second word is 

Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
MSH ~ s n  

Usual time-of-flight 

I n  these  formats, t h e  b i t s  labeled  MSB and LSB are t h e  most and lease 
. s i g n i f i c a n t  b i t s  respectively.. Typical ly,  the  second word contains time- 

o f - f l i g h t  d a t a  b i t s ,  whereas the  f i r s t  word contains e i t h e r  pulse-height o r  

t ime-of-f l ight  b i t s  i n  l o c a t i o n s  7 through 15. The d a t a  por t ion  of the  

f i r s t  word may extend t o  b i t  3 i f  no tagging is used. The a c t u a l  word 

Eornrats are defined f o r  each experiment wi th  t h e  l e a s t  s i g n i f i c a n t  b i t  of 

t h e  time-of-flight da ta  always occurring i n  b i t  15  of the  second word. 

4. CHANNEL IDENTIFICATION 

The channel nuiiiber, pPiority, I d e ~ ~ L l I i c a t i o n ,  and des ignat ion  of tho 

words w i t h i n  the  mul t ip lexer  a r e  given i n  Table 2 .  The ct~anilel number 

( p r i o r i t y )  t o  be used by an experimenter i s  determined by the  connection 

t o  the  mul t ip lexer .  I f  a level-matching (Sect .  7) o r  a cable  d r i v e  module 

is t o  be used, ehe channel nuuhel- can be ind ica ted  on t h e  f r o n t  panel by 

us ing t h e  wiring of Fig.  2. 
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Table 2. P r i o r i t y ,  i d e n t i f i c a t i o n ,  and word names 

Channel Number 0  1 2 3  

P r i o r i t y  0  1 2 3  

I d e n t i f i c a t i o n  
B i t  0  0  0  1 1 
B i t  1 0 1 0 1 

F i r s t  Word 

Second Word 

Connector 

5 .  SIGNALS 4 .  

The s i g n a l  l e v e l s  t o  and from the  mult iplexer v i a  the  ground iso-  

l a t i o n  module a r e  +3 V f o r  the  t r u e  condit ion and 0  V f o r  the  f a l s e  con- 

d i t i o n .  The input  apd output c i r c u i t s  t o  and from the  mult iplexer a r e  

shown i'n Figs. 3a and 3b ' r e spec t ive ly .  The l e v e l s  represent ing  the  da ta  

b i t s  i n t o  the  mult iplexer must remain a t  e i t h e r  l e v e l  from the  moment 

Data Ready becomes t r u e  (+3 V) u n t i l  the  Data Accepted pulse  is returned 

by the  mul t ip lexer ,  with the  exception of the  System Tag b i t .  It is 

s t o r e d  i n  a  f l ip - f lop  a s  a  r e s u l t  of the  negative-to-positive t r a n s i t i o n  

on the  leading edge of the  s i g n a l .  

5.1 Ground I s o l a t i o n  

The c i r c u i t s  f o r  inputs  t o  and outputs  from the  ground i s o l a t i o n  

system a r e  shown i n  Figs. 4a and 4b respect ive ly .  The ground i s o l a t i n g  

rece ive r  and d r i v e r  c i r c u i t  cards5 (Dwg. Nos. Q-5072-9B and 13B) , which 

connect t o  t h e  c i r c u i t s  of Figs. 3a and 3b, use an 1so-switch7 rated a t  

1 0 l 0  !il r e s i s t i v e  i s o l a t i o n .  Other parameters f o r  the  Iso-switch a r e  

couLained i n  Iso-switch Uata Sheets 869 and 870. The input  d r ive  s i g n a l  

t o  the  i s o l a t i o n  c i r c u i t  is not  r e s t r i c t e d  t o  the  s i g n a l  from a  TTL in te-  

gra ted  c i r c u i t .  A no-current condit ion on the  i s o l a t i o n  input  w i l l  produce 

a  p o s i t i v e  output volrage.  The Iso-switch requ i res  a  4.2-V p o s i t i v e  input  



ORNL-DWG 76-15907 

113 313 408 308 513. 
Fig.  2.  Channel ident i f i ca t ion  wiring. 

P W R  
+24 .G N D 

- 
DEC 4908 PANEL 
INDICATOR ASSEMBLY 
ORNL S/N 06-207-6705 

r T 

B B B B 

1 2 
A 

---  

A A 

4 



INPUT SIGNALS 

ORNL-DWG 76-1 5920 

4 SCALER READY INTERRUPT 
SCALER OVERFLOW INTERRUPT 
SCALER INPUT BUS, BlTS 0-1 5 
SCALER WOR,D 1, BITS 0-15 FROM SEL 

SCALER WORD 2, BlTS 0-1 5 DWG. 861 5 

c 3 v .  r 

OUTPUT SIGNALS 

t3 .6V SCALER DATA ACCEPTED , SCALER SELECT 1,2,4, 
GROUP NUMBER 0-3 

2N3904, SCALE PULSE 1-1 2 

(b) 

Fig. 3. ~ulti~lexer input/output: (a) cable terminator, (b) cable 
driver. 
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NIY NODULE 
, - - - - - - - - - . - - - - - -  

ETCHED CIRCUIT 1 

I r - - - - - - - -  1 I 

- I 

RCEIVER I 

I 
I 

PLEXER 
TWISTED PYR 

I I 
GROUND SYMBOLS I I 

EXPERIMENTER I I 5UYE 
- - - - - - - - 4  

CABLE I 
COMPUTER I I 

0-m3625 
1 ,,,,-,, ---, -,,, 

N l Y  IYOOULE 

I--- 
- - - - - ---- 

ETCHED CIRCUIT 
-1 

I I - - - - - - - - - #  
I . . 

I I 

I I -- I I I 

'DRI UER I 
I 4-m72-138 I 

I I Y ULTl- 

TWISTED PI lR I I 
I I 
I I 
I c - - - , , , - J  

I I 
1 -  

Fig. 4 .  Single i s a l a t i c n  for s ignals  [a) to and (bj. from the SEL 
813B Mkltiplexer . 



s i g n a l  a t  5 mA f o r  the  ON (ground output )  condi t ion .  The ground i s o l a t o r s  

a r e  assembled i n  a four-wide Nuclear Instrument Module (NIM) (Dwg. No. 

4-5036-29) per  Dwg. No. 4-5036-25. 

5.2 Connectors 

The connect ions t o  each channel (Table 3) a r e  i d e n t i c a l .  A l l  of t h e  

PIN- te rmina ls  on the  37-pair cab le  between t h e  mul t ip lexer  and t h e  ground 

i s o l a t i o n  module a r e  t i e d  t o  ground a t  both ends of t h e  cable  except f o r  

p in  408, which is used t o  c o n t r o l  a l i g h t .  P in  513 i s  t i e d  t o  t h e  cab le  

s h i e l d  a t  both ends of t h e  cab le .  See SEL 810B Mul t ip lexer ,  Ground 

I s o l a t o r s  Schematic (Dwg. No. 4-5036-25) f o r  t h e  wi r ing  i n  t h e  ground 

i s o l a t o r  module. A t  t h e  computer end, p i n  513 is  jumpered t o  p i n  113, 313, 

408, o r  308 i n  t h e  connectors  513, 14,  15, and 16 (channels  0 ,  1, 2, and 3 

r e s p e c t i v e l y )  t o  provide a r e t u r n  pa th  f o r  t h e  channel i n d i c a t o r  i n  both t h e  

experimenters level-matching module o r  equiva len t  and t h e  ground i s o l a t o r  

module. 

A t  t h e  experimenters end of t h e  cab le  t o  t h e  mul t ip l exe r ,  p ins  201, 

406, 407 (OUT- of Fig. 4b) ,  and 513 a r e  t i e d  t o  t h e  experimenters  ground 

whi le  p i n s  101, 306, and 307 are terminated per  Fig.  4b, OUT+. A l l  PIN+ 

p ins  except f o r  ou tpu t s  and channel i n d i c a t o r s  a r e  connected t o  a +5-V TTL 

power supply  per  F ig .  4a, IN+ .  The d a t a  b i t s  and c o n t r o l  s i g n a l s  a r e  on t h e  

PIN- p ins  i n  t h e  connector l abe l ed  I N -  on Fig.  4a. 

The cab le  and connector assemblies  between t h e  mul t ip l exe r  (P13, 14 ,  

15, o r  16)  and t h e  ground i s o l a t o r  (B201) and t h e  ground i s o l a t o r  (P202) 

and t h e  experimenter level-matching module (P203) a r e  s p e c i f i e d  on 

Dwg. No. 4-2928-11. 

5 .3  S igna l  Function 

The func t ions  of ' t h e  s ig i ld l s  i l l  Lht! multiplexer a r e  descr ibed  below. 

MPXR Contro l ,  when p o s i t i v e ,  i n d i c a t e s  t h a t  t h e  mul t ip l exe r  is ready 

t o  r ece ive  d a t a  on channel X. Four condi t ions  must be s a t i s f i e d  t o  a l low 

da ta  a c q u i s i t i o n  : 



Table 3. Multiplexer cable connections 

PIN- Function 

MPXR Control 
MPXR I n t e r r u p t  
System Tag, B i t  2 
F i r s t  Word, B i t  3 
F i r s t  Word, B i t  4 
F i r s t  Word, B i t  5 
F i r s t  Word, B i t  6 
F i r s t  Word, B i t  7 
F i r s t  Word, B i t  8 
F i r s t  Word, B i t  9 
F i r s t  Word, B i t  10 
First Wnrd, B i t  11 
Channel 0 Ind ica to r  
F i r s t  Word, B i t  12 
F i r s t  Word, B i t  1 3  
F i r s t  Word, B i t  14 
F i r s t  Word, B i t  15 
Data Ready 
Data Accepted 
Channel Busy 

PIN+ PIN- Function 

30 8 
408 

309 409 
310 410 
311 411 
312 412 . 
31 3 
501 601 
502 602 
503 603 
504 604 
505 605 
506 606 
507 - 6 0 7  
508 608 
509 609 
510 610 
511 611 
512 612 
513 (Shield) 

Channel 3 Indica tor  
Channel 2 Indica tor  
Second Word, B i t  0 
Second Word, B i t  1 
Second Word, B i t  2 
Second Word, B i t  3 
Channel 1 Indica tor  
Second Word, B i t  4 
Second Word, B i t  5 
Second Wutd, B i t  6 
Second Word, B i t .  7 
Second Word, B i t  8 
Second Word, B i t  9 
Second Word, B i t  10 
Second Word, B i t  11 
Second Word, B i t  12 
Second Word, B i t  1 3  
Second Word, B i t  14 
Second Word, B i t  15 
Cha~lr~el  Ind ica to r  CND 

a ~ u t p u t  from the  mul t ip lexer .  
b These inputs  a r e  used f o r  experimenter tags .  

1. The computer mainframe must be  executing i n s t r u c t i o n s ;  t h i s  is  

ind ica ted  by a RlN s i g n a l .  

2. The Block Transfer  Control (BTC) must have the  UNIT CONNECTED 

s i g n a l  present  a s  a r e s u l t  of I n i t i a l i z a t i o n  f o r  input  da ta  

trane'f ere. 

3.  The E n ~ b l c  Channel; X f l i p - f l a p  mils t :  be set during i n i t i a l i z a t i o n  

nf the mult ip lexer .  

4. The Data Ready switch on the  ground i s o l a t i o n  module must be i n  

the  ON (down) pos i t ion .  

An AND g a t e  i n  t h e  BTC c o n t r o l  combines the  f i r s t  th ree  s i g n a l s .  The 

, Data Ready switch s h o r t s  t h e  i s o l a t e d  output i n  the  OFF (up) pos i t ion .  

MPXR I n t e r r u p t  is a f u t u r e  p r i o r i t y  i n t e r r u p t  t o  the  SEL 810B 

mainframe. It has not  been implemented o r  used t o  da te .  

System tag ,  b i t  2 is  a s i g n a l  generated by the  experimenter 's equip- 

ment a t  t h e  beginning of each acce le ra to r  s t a r t  pulse (see Word Format). 



It i s  used by O D A R ~  t o  keep t r ack  of b u r s t s  of da ta  i n  a  Burst Used (BU) 

counter f o r  each experimenter. I f  da ta  cannot be used due t o  a  high da ta  

r a t e  o r  some other  cause, a  Burst Not Used (BNU) counter is incremented 

and a l l  da ta  from one System Tag t o  the  next i s .  included i n  the  da ta  t h a t  

is  thrown away. 

Experimenter t ags ,  i f  used, def ine  a  maximum of 16 s e t s  of da ta  t o  be 

accumulated by providing rout ing  information t o  the  program under the  

con t ro l  of e x t e r n a l  s t a t u s  s i g n a l s .  They a r e  used a s  required by the  

experimenter. 

F i r s t  word, b i t s  3  t o  15,  cons i s t s  of e i t h e r  the  t ag  b i t s  and pulse- 

he ight  da ta  o r  t ag  b i t s  and the  high-order time-of-flight b i t s  from an 

experiment. 

Second word, b i t s  0  t o  15,  conta ins  the  time-of-flight da ta  from the  

experiment. 

Data Ready i s  a  s i g n a l  t o  the  mul t ip lexer ,  preferably  a  p o s i t i v e  

1-psec-wide pulse ,  t h a t  s t a r t s  the  t r a n s f e r  of 30 b i t s  of da ta  through 

the  mult iplexer t o  the  SEL 810B memory. A p o s i t i v e  l e v e l  t h a t  is  t e r -  

minated by the  r e tu rn  of Data Accepted is a l s o  allowed. It s e t s  a  

Channel Busy f l ip - f lop  i n  the  mult iplexer chass i s .  

Data Accepted is a  p o s i t i v e  0.75-psec pulse from the  mult iplexer t o  

the  experimenter t h a t  occurs when the  30-bit double-word data  t r a n s f e r  

s t a r t e d  by Data Ready has been completed. It occurs a t  the  same time t h a t  

Channel Busy re tu rns  t o  the  not- true condition.. 

Channel Busy i s  a  s t a t u s  s i g n a l  from the  mult iplexer t h a t  i s  t r u e  

from Data Ready u n t i l  Data Accepted. The input  da ta  should not change 

during the  time Channel Busy is present .  

Channel ind ica to r  is a  set of four s i g n a l s  t h a t  i n d i c a t e  t o  which 

channel an experimenter is connected and which channels a r e  a c t i v e  a t  the  

SEL 810B Four-Channel P r i o r i t y  Multiplexer (Fig. 2 ) .  

6. THEORY OF OPERATION 

The channels a r e  asynchronously cont ro l led  by two s i g n a l s :  Data 

Ready, which ind ica tes  t h a t  the  da ta  is a t  the  input  t o  the  mult iplexer,  



and Data Accepted, which is  generated by the  mult iplexer con t ro l  when the  

second d a t a  word has been t r ans fe r red  t o  the  computer memory. A hardware 

p r i o r i t y  wi th in  the  mul t ip lexer  con t ro l s  the  en t ry  of da ta  words s o  t h a t  

the  f i r s t  word w i l l  always be entered before  the  second word. However, 

i f  an  odd number of words is  t r ans fe r red  between the  mult iplexer and the  

computer memory, the  Mult iplexer Odd-Word Error  l o g i c  de tec t s  the  trans-  

mission. This e r r o r  can occur when two Data Ready s i g n a l s  occur with a 

r e l a t i v e  timing of 100 t o  150 nsec. A Channel Busy s i g n a l  is brought out 

of t h e  mul t ip lexer  f o r  use i n  e x t e r n a l  equipment. A t y p i c a l  Channel Busy 

t i m e ,  when using an opera t ing  program, is 10 t o  14 psec f o r  %90% of the  

i n p u t ,  wi th  the femaining 10% less than 18 psec. A few events a r e  beyond 

18 p s e c .  

The opera t ion  of  one channel of the  mult iplexer is  explained with the  

use of a s impl i f i ed  l o g i c  diagram (Fig. 5) and a timing diagram (Fig. 6 ) .  

The t y p i c a l  con t ro l  f o r  each channel is wi th in  the  dot ted  l i n e s  a t  the  top 

cen te r  ( t h e  ground i s o l a t i o n  is  not  shown), and the  channel word con t ro l  

(two words per channel) is enclosed by a dashed l i n e  i n  t h e  cen te r  of 

Fig. 5. The c o n t r o l  s i g n a l s  common t o  a l l  channels a r e  heavy l i n e s ,  and 

t h e  da ta  path is a heavy dashed l i n e .  Experimenter-generated o r  -used 

s i g n a l s  begin wi th  t h e  word "data," and the  s i g n a l s  t o  and from the  com- 

p u t e r  a r e  underlined. All other  s i g n a l s  a r e  i n t e r n a l  t o  the  mult iplexer.  

It is  assumed t h a t  a Master Clear s i g n a l  from the  computer has occurred t o  

set the  con t ro l  f l i p - f l o p s  t o  an i n i t i a l  s t a t e :  Strobe 1 (STBEl) w i l l  be 

t r u e ,  S t robe  2 (STBE2) w i l l  be f a l s e ,  and Read Word Reset (RWRST) t o  the  

read l a t c h e s  w i l l  be f a l s e .  It is  assumed t h a t  the  BTC connected t o  the  

mul t ip lexer  has been i n i t i a l i z e d  and t h a t  the  da ta  e n t e r  i n t o  channel 1. 

When the  Data Ready s i g n a l  becomes p o s i t i v e  a t  the  input  t o  the  cable  

te rminator  (CT), the  negat ive  s i g n a l  a t  i t s  output  i s  strobed i n t o  t h e  

Data Channel 1 Busy (DCHlB) f l ip - f lop  by a clock s i g n a l  from the  computer 

i f  t h e  Channel Enable f l i p - f l o p  was set during BTC i n i t i a l i z a t i o n  by the  

7MUL package of ODAR. (The experimenter 's dispatch rou t ine  con t ro l s  the  

enabling and d i sab l ing  of h i s  channel v i a  7MUL.) The output of the  Channel 

Busy f l ip - f lop  i s  gated by STBEl i n  g a t e  1 t o  s e t  the  P r i o r i t y  f l ip - f lops  

f o r  words C and D.  The outputs  of t h e  C and D P r i o r i t y  f l ip - f lops  hold the  



Fig. 5 .  Four-Channel Priority Multiplexer simplified logic. 
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Fig. 6. Four-Channel Priority Multiplexer timing. 



I n h i b i t  l i n e  (INH2) t r u e ,  which removes the  STBEl s i g n a l  from ga te  1 v i a  

ga te  2 a f t e r  a  t y p i c a l  propagation time of 125 nsec from a t r u e  condit ion 

of Channel Busy. The I n h i b i t  s i g n a l  steers the  Strobe f l ip - f lop .  It is  

set by Clock pulses (CL5B-7) from the  mainframe v i a  the  110 Bus and r e s e t  

by Read Word Reset.  

The Clock pulse is derived i n  the  SEL 810B from a c r y s t a l  o s c i l l a t o r  

opera t ing  a t  2.6667 MHz, a  f l i p - f l o p ,  a  400-nsec tapped delay l i n e ,  and 

numerous gates .  The 750-nsec period out  of the  f lop-flop is divided i n t o  

25-nsec t i m e  increments by combining the  delay l i n e  outputs  i n  AND gates .  

The clock periods a r e  numbered CLlA, CLlB, CLZA, e t c . ,  t o  CL15A and 

CL15B (see  SEL Dwg. No. 130-810017-000, shee t s  16 and 29). CL5B-7 i s  a 

timing s i g n a l  on tKe computer 110 Bus which is  used t o  synchronize the  

pe r iphera l  devices t o  the  mainframe clock during da ta  t r a n s f e r .  

The STBE2 l i n e  becomes t r u e  200 nsec a f t e r  the  t r a i l i n g  edge of the  

f i r s t  Clock pulse following I n h i b i t .  ~ o t e  t h a t  ga tes  3 and 7 a r e  con t ro l l ed  

by i n h i b i t s  from the  'h igher-pr ior i ty  word inputs  (A and B i n  our example). 

I f  the re  is no i n h i b i t  present ,  t he  t r u e  s i g n a l  from gate  3 t o  the  Read 

Multiplexer Word C (RMWC) l a t c h  sets the  l a t c h  and generates a  S t a r t  s i g n a l '  

a t  STBE2 t i m e .  S t a r t  causes a  Data Transfer  Request t o  be s e n t  t o  the  

Block P r i o r i t y  Control (BPC) v i a  the  Block Transfer  Control (BTC) connected 

t o  the  mult iplexer.  (see SEL 81OB Technical Manual, pp. 3-22 through 3-24, 

o r  SEL 810B 1/0 Interface Manull, pp. 4-1 through 4-18, f o r  BTC operat ion.)  

When p r i o r i t y  is  granted f o r  use of the  memory and the  110 Bus, the  BPC 

w i l l  send a Gate Data Out (GDO) s i g n a l  t o  the  mult iplexer v i a  the  a t tached 

BTC. The response time w i l l  depend on which i n s t r u c t i o n  is being executed 

a t  the  t i m e  of t h e  Data Transfer  Request (DTR), A t y p i c a l  response time 

v a r i a t i o n  from the  t r u e  condit ion of Channel Busy t o  GDO is  2.4 t o  3.1 psec. 

GDO is gated with the  Unit Connect s i g n a l  from the  BTC i n t e r f a c e  t o  form 

the  s i g n a l  Block Transfer  Control Input (BTCIN). (The Unit Connect f l i p -  

f l o p  has been set by the  con t ro l  program upon execution of a  command ex- 

t e r n a l  u n i t  '23 (CEU '23),  with the  i n i t i a l i z a t i o n  b i t  s e t  i n  the  second 

word. ) 

The s i g n a l  BTCIN is  combined with the  output of the  RMWC l a t c h  i n  

ga te  4 t o  ga te  the  f i r s t  word of input  da ta  on channel 1 through the  
. 



mult ip lexer  onto the  I / O  Bus v i a  AND gates 5 and OR ga tes  6. The BTCIN 

s i g n a l  is  a l s o  routed t o  the  BTC a s  Unit Data Here (UDH). The presence of 

UDH i n  t h e  BTC-BPC w i l l  r e s u l t  i n  GDO and BTCIN becoming f a l s e  450 nsec 

a f t e r  Clock (CL1 t i m e  i n  the  computer). The t r a i l i n g  edge of BTCIN w i l l  set 

t h e  f i r s t  f l i p - f l o p  i n  a three-stage walking-1 r e g i s t e r .  

The t r a i l i n g  edge of Clock, 250 nsec a f t e r  the  end of BTCIN (BTCIN), 

ga tes  the  1 of t h e  f i r s t  s t a g e  t o  the  second s t age  of the  walking-1 r e g i s t e r .  

The output  s i g n a l  Reset Channel Busy.Register (RSTCBR) is not used during 

t h e  f i r s t  word t r a n s f e r .  The second Clock s i g n a l  a f t e r  BTCIN gates  a 1 t o  

t h e  t h i r d  s t age ,  Read Word Reset (RWRST), of the  walking-1 r e g i s t e r ,  the  

R W C  l a t c h .  and t h e  Strobe f l ip - f lop .  Removing STBE2 f r o m  g a t e  3 allows 

i t s  output  t o  go f a l s e .  P r i o r i t y  C f l i p - f l o p  resets, which removes the  

i n h i b i t  t o  ga te  7 on t h e  RMWD f l ip - f lop .  The t h i r d  Clock pulse  afcer 

BTCIN resets the  RWRST f l ip - f lop .  The four th  Clock pulse a f t e r  BTCIN s e t s  

t h e  St robe  f l ip- f lop .  

STBE2 then sets t h e  RMWD l a t c h  v i a  ga te  7 and generates a S t a r t  s i g n a l  

which causes a Date Transfer  Request, e t c .  This t i m e  the  f i r s t  Clock pulse 

a f t e r  BTCIN w i l l  r e s e t  the  DCHlB f l ip - f lop  v i a  ga tes  8 and 9 and generate 

t h e  Data Accepted s i g n a l .  The second Clock pulse  w i l l  remove KMWD and 

STBE2 v i a  R W T .  STBE2, becoming f a l s e ,  w i l l  reset the  P r i o r i t y  1, f l ip - f lop ,  

r e s u l t i n g  i n  I n h i b i t  becoming f a l s e .  STBEl w i l l  become t r u e  unless channel 

2 o r  3 is  busy and w i l l  g a t e  any channel Strobe s i g n a l  DCHOB, IICHJ.H,  DCHZB, 

and/or DCH3B i n t o  the  r e spec t ive  P r i o r i t y  f l ip - f lops :  A, B,  C ,  D ,  E ,  F, G,  

o r  H. The input  t r a n s f e r  sequence from the  mult iplexer w i l l  then repea t ,  

s t a r t i n g  with t h e  h ighes t  p r i o r i t y ,  word A, and proceeding t o  the  lowest ,  

. word H. 

The Mult iplexer Odd-Word Transfer  Error  l o g i c  shown i n  Fig. 7 was 

added t o  d e t e c t  poss ib le  t r a n s f e r  e r r o r s  caused by the  r e l a t i v e  timing of 

Data Ready, The s i g n a l  BTCIN from t h e  i n i t i a l i z a t i o n  of the  BTC through 

t h e  7MITL program sets the  MPXR Error  f l i p - f l o p  t o  the  no-error s t a t e .  A 

s i g n a l  from each word t r ans fe r red  (RMWX) toggles t h i s  f l ip - f lop ;  f o r  

example, RMWC would set i t  t o  the  e r r o r  condit ion and RMWD would set i t  t o  

no e r r o r .  Each time STBEl is  present  o r  a t  the  End of a Block (EOB) 

t r a n s f e r ,  the  MPXR Error  s t a t u s  is  gated t o  the  Multiplexer Error  i n t e r r u p t  
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Fig. 7. Multiplexer Odd-Word Transfer Error logic. 
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s i g n a l  l i n e  t o  inform ODAR when an e r r o r  condit ion exists. The usual r e s u l t  

is  a r e i n i t i a l i z a t i o n  of the  BTC log ic  and an e r r o r  ind ica to r  t o  each 

experimenter program. (See Sect .  2.2.) 

No s i n g l e  channel can block out  a l l  o ther  channels, even i f  the  

h ighes t  da ta- ra te  experiment operates on the  h ighes t -pr ior i ty  channel, be- 

cause of t h e  t r i p l e  ga t ing  from Data Channel Busy t o  P r i o r i t y  t o  Read 

Mult iplexer Word t o  Data Channel Not Busy under the  con t ro l  of the  s i g n a l s  

Data Ready, STBE1, STBE2, and RSTCBR. A poss ib le  random sequence of events 

f o r  four  experimenters is  shown i n  Fig. 8. Note t h a t  the  a c t u a l  t r a n s f e r s  

t o  memory are always A, B, C ,  eec.,. f o r  a l l  the  sctPva channels (Date Ready 

present)  bemeen Lwu 3TDEl pool t iva  l e v e l s .  

7. INPUT LEVEL MATCHING 

Three level-matching modules have been constructed f o r  i n t e r f a c i n g  

s e v e r a l  time-of-flight u n i t s  and analog-to-digital converters  i n t o  the  

mul t ip lexer .  They a r e  f o r  an Eldorado 5-nsec Clock (-3 V = "1," Dwg. No. 

Q-5110-l), a TMC TF 440-10 Clock with a series ND 2200 8192 ADC (-3 and 

+3 V = "1," Dwg. No. Q-5110-2) and an EGG TDC-100 Time n i g l t i z e r  with two 

S e r i e s  ND 2200 4096 ADCs (+3 V = "1," Dwg. No. 4-5110-3) . 
The assembly dtawing f u r  the level-matching modules I s  W g .  No. 

4-3079-5, with t h e  f r o n t  panels  numbered Q-5110-11, -12, and -13. The 

above u n i t s  were constructed i n  a two-wide N I M .  There is space f o r  e i g h t  

DEC modules using DEC M Ser ies ,  Logic Modules ;8 i n  p a r t i c u l a r ,  M100-Bus 

Data Tnterface (-310 t o  +3/0 f o r  15 s i g n a l s ) ,  M l O l  Bus Data In te r face  

(+3/0 t o  0/+3, 15  s i g n a l s ) ,  M502 High-Speed Negative Input Converter (01-3 

t o  +3/0, dual ) ,  and M652 Negative Output Converter (+3/0 t o  01-3, dua l ) .  

I n  add i t ion ,  t h e  M506 Medium Speed Negative Input Converter (01-3 t o  +3/0, 

t r i p l e )  and M650 Negative Output Converter (+3/0 t o  01-3, t r i p l e )  may be 

use fu l  f o r  some app l ica t ions .  

The Level-Matching, Input  Cable Connections a r e  given i n  Table 4. 

(Space has been allowed f o r  the  experimenter to  w r i t e  i n  h i s  b i t  

assignments .) 
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Fig. 8 .  Mord transfer timing for a random order of multiplexer 
input. The Data Ready (DRWX) s ignals  are numbered i n  order of t i m e  
of occurrence and are indicated as  pulses for channels 0, 1, and 2 and 
as  a l e v e l  for channel 3 .  



Table 4.  Mul t ip lexer  level-matching; 
i n p u t  c a b l e  connect ions (P204-5204) 

a FWBX - F i r s t  Word b i t  X; SWBX - Second Word b i t  X. 

b ~ x p e r i m e n r e r  t a g s  ( t y p i c a l )  . 

Pin  a 
Function 

301 SWBO 

30 2 SWBl 

30 3 SWB2 

30 4 SWB3 

30 5 S W B ~  

. 306 SWB5 

30 7 SWH6 

308 SWB7 

3051 SWB8 

310 SWB9 

311 SWBlO 

312 * SWBll 

31 3 SWB12 

401 SWB13 

402 SWB14 

40 3 sm15 

404 

405 

406 . 
40 7 

40 8 

409 Data Ready 

410 Data Accepted 

411 Channel Busy 

412 Ground 
--- 

P i n  a Funct ion 

1 0 1  MPXR Contro l  

102 MPXR I n t e r r u p t  

10 3 System Tag, B i t  2 

lobb 1 ~ 3 3  

losb ' m 4  

FWBI 106 

l 0 f '  1m)5 

108 F b 7  

109 EWB8 

110 FWB9 

111 F W B l O  

112 F W B l l  

113 FWB12 

201 FWB13 

202 FWB14 

20 3 FWB15 

20 4 

205 

206 

20 7 

208 

209 

210 

211 

212 Ground 
.,-. - 1 



The Eight-Stage Stacking Buffer Memory (Dwg. No. 4-5066) can be 

connected d i r e c t l y  t o  the  mult iplexer ground i s o l a t o r s .  The level -  

matching module, i f  requi red ,  would then d r i v e  the  inpu t s  t o  the  

Stacking Buffer Memory. 

8. MAINTENANCE 

* 
A mult iplexer test program, 7MPX , has been w r i t t e n  t o  opera te  wi th  

O D A R ~  and a Multiplexer-Scaler Tes ter  (Dwg . No. 4-5130) . It checks 

the  da ta  provided by the  tester f o r  pickups and dropouts i n  each of the  

30 data  b i t s  and types the  co r rec t  and incor rec t  da ta  a s  the  e r r o r s  occur. 

By repeat ing  t e s t  runs a f t e r  moving the  t e s t e r  l o g i c a l l y  and physica l ly  

c lose r  t o  the  mul t ip lexer ,  an i n t e r m i t t e n t  e r r o r  i n  a s t ack ing  buf fe r  

memory, i n  the  ground i s o l a t i o n  o r  i n  a channel of the  mul t ip lexer ,  may 

be i s o l a t e d  and then repai red .  

A test program, 8FlI.JP, uses the  Multiplexer-Scaler Tes ter .  It does 

not sha re  the  Four-Channel P r i o r i t y  Multiplexer with o the r  inputs .  A l l  

the  incoming mult iplexer d a t a  is  checked by 8MUP; the re fo re ,  any ext ra-  

neous inpu t s  from another channel w i l l  appear a s  an e r r o r .  Data can be 

displayed i n  the  A and B r e g i s t e r s  without checking, the  c o r r e c t  word 

can be displayed i n  the  B accumulator with t h e  e r r o r  word i n  the  A 

accumulator, and one e r r o r  per  block can be pr in ted .  The t e l e t y p e  h e l l  

r ings  f o r  each e r r o r .  Operating i n s t r u c t i o n s  f o r  8MUP a r e  included on 

a l i s t i n g  of the  program. 

A second test rou t ine ,  8MPX, is used f o r  checking mul t ip lexer  input  

from the  PDP-4 o r  PDP-9 Intercomputer Link. l l  see a l i s t i n g  of 8MPX f o r  

the  opera t ing  ins t ruc t ions .  

These programs a r e  a v a i l a b l e  from the  author.  

* 
Available from J. G. Craven, Computer Sciences Division.  



9. ENGINEERING DRAWINGS 

The fol lowing Q-drawings a r e . r e l a t e d  t o  the  top ics  discussed i n  

t h i s  volume. They a r e  no t  included he re  due t o  space l i m i t a t i o n s ,  

b u t  a r e  a v a i l a b l e  from the  author.  

4-2928-2 - ORELA Data Acquisi t ion,  Bldg. 6010, Centra l  Data 

Area, Computer Equipment Layout 

4-2928-11 - ORELA Data Acquisi t ion,  BTC, Mult iplexer,  and 

110 Bus o r  Scaler  Cable Connectors 

~23079-2 O I U U  D i g i t a l  Mul t ipL~xer ,  T.eve1 Matck ln~ .  DEC 

Connector Block N I M  Mounting Bar 

q-3079-5 - ORELA D i g i t a l  Mult iplexer,  Level Matching, Moldule 

Assembly and De ta i l s  



REFERENCES 

1. N.  A. Betz,  J .  W. Reynolds, and G.  G. S l augh te r ,  "Rapid Data 
Acquis i t ion  i n t o  More than  l o 5  Channels a t  ORELA," Proc. Skytop 
Conference on Computer'Systems i n  Experimental Nuclear Phpics ,  
CONF-690301 EANDC (US), pp. 218-25, October 1969. 

2. J. W ,  Reynolds, N .  A. Betz,  and D. A. McCully, "ORELA Data 
Acquis i t ion  i n t o  Grea ter  than  lo5  Channels Through a P r i o r i t y  
Mult iplexer  Operat ing on a Di rec t  Memory Access and a Program 
Cont ro l led  Device I n t e r f a c e , "  IEEE Trans. Nucl. Sc i .  NS 17(1 ) :  
38?-89 (1970) . 

3. N. A. Betz,  J. G. Craven, and D .  R .  Winkler,  The ORELA Data 
Acquisition Monitor System, unpublished i n t e r n a l  r e p o r t  ( a v a i l a b l e  
from J . G. Craven, ORNL) . 

4. J. W .  Reynolds, ORELA Data Acquisition System Harhare. VoZwne I .  
Introduction, ORNLITM-5638, Oak Ridge ~ a t i o n a l  Laboratory, 
Oak- Ridge, Tenn. , 19 76. 

5. J. W. Reynolds, ORELA Data Acquisition System Harhare. VoZwne 8. 
In s tmc t ion  ManuaZ for the Isolation Driver and Receiver Cards on 
the Quiet  Ground System a t  ORELA, ORNLITM-5645, Oak Ridge Nat iona l  
Laboratory,  Oak Ridge, Tenn., 1976. 

6. Systems Engineering Labora to r i e s ,  Reference Manual, SEL 810B 
CeneraZ Purpose Computer, November 1968. 

7. Iso-Switch Corporat ion,  Model 1513, 2955 Randolph S t r e e t ,  
Costa Mesa, C a l i f .  92626. 

8. D i g i t a l  Equipment Corporat ion,  Logic Handbook C-105, 1968 o r  
l a t e r  e d i t i o n s ,  

9. J. W .  Reynolds, ORELA Duta Acqu$sition System Hardware. VoZwne 6 .  
Eight-Stage Stacking Buffer Memory, ORNLITM-5643, Oak Ridge 
Nat iona l  Laboratory,  Oak Ridge, Tenn., 1976. 

10. J. W. Reynolds, ORELA Data Acquisition System Harhare. Vo Zwne 7 .  
Instruction Manua Z for the M u l t i p  Zexer Channel and Sca Zer Interface 
Tester, ORNLITM-5644, Oak Ridge National  Laboratory,  Oak Ridge, 
Tenn., 1976. 

11. J. W, Reynolds, ORELA DuCu Acquisxtion System Hardare. VoZwne 5.  
SEL 810B/PDP-4/PDP-9 Intercomputer Link, ORNLITM-5642, Oak Ridge 
National  Laboratory, Oak Ridge, Tenn., 1976. 



I n t e r n a l  Dis t r ibu t ion  

1. C.  J .  Borkowski 
2 .  J .  G. Craven 
3. J .  A. Harvey 
4. N. W .  H i l l  
5. R. W.  Ingle  
6. J. A. Keathley 
7. F. C. Maienschein 
8. F. W .  Manning 
9 ,  J ,  W, McConnel 

10.  E.  McDaniel 
11. R. W. Pee le  

J . W . Reynolds 
R. P. Rosenbaum 
J .  H. Todd 
H .  A. Todd 
J . W .  Woody 
ORELA Computer System F i l e ,  
Bldg. 6010 
Centra l  Research Library 
Laboratory Records Department 
Laboratory Records - ORNL R.C. 
ORNL Document Reference Sect ion  
ORNL Patent  Off i c e  

External  Dis t r ibu t ion  

47. Direc tor ,  Research and Technical Support Division ERDA-OR0 
48-74. Technical Information Center,  P.O. Box 62,  Oak Ridge, 

Tennessee 37830 




