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ABSTRACT and FOREWORD 

This r e p o r t  makes p r o v i s i o n  f o r  t h e  use o f  a u i i  1  i a r y  c o n t r o l l e r s  i n  a CAMAC 
c r a t e  t o  extend the  c a p a b i l i t i e s  and f i e l d s  o f  a p p l i c a t i o n  o f  the  CAMAC 
modular ins t rumenta t ion  and i n t e r f a c e  system o f  IEEE Standard 583-1975 (EUR 4100e). 
The ESONE document. corresponding t o  , t h i s  r e p o r t  document i s  EUR 6500e. 

.. . 

Auxi 1 i ary c o n t r o l l e r s ,  l oca ted  i n  several c ra tes  on a CAMAC Command Highway 
( P a r a l l e l  Branch o r  S e r i a l )  can prov ide  the  user w i t h  an extremely e f f e c t i v e  
d i s t r i b u t e d  processing c a p a b i l i t y .  Th i s  c a p a b i l i t y  i s  use fu l  i n  both data- 
acqui s i  ti on and automatic c o n t r o l  systems where para1 l e l  processing i s  desi r a b l  e. 
Auxi li ary c o n t r o l l e r s  can be o f  var ious  degrees o f  s o p h i s t i c a t i o n  and some may 
inc lude  processor elements f o r  increased autonomy from c e n t r a l  Computers. 

A f u r t h e r  extension o f  t he  AC-based ,CAMAC system may inc lude  a speci a1 comnuni - 
c a t i o n  channel d i r e c t  from an AC t o  another element i n  the  system. High speed 
b lock t r a n s f e r  o f , d a t a  can be e f f e c t e d l t o  and from the,AC i n  such a case. 

To pe rm i t  use of t he  auxi 1 i a r y  c o n t r o l l e r s  i n  CAMAC c ra tes ,  t h i s  r e p o r t  de f ines  
t h e  hardware and pro toco l  ' s o  as to :  

( 1 )  Provide means f o r  g ran t i ng  c o n t r o l  o f .  the  Dataway t o  a u x i l i a r y  
c o n t r o l l e r s  t h a t  request c o n t r o l  and t o  p rov ide  a p r i o r i t y  
s e l e c t i o n  scheme t o  a r b i t r a t e  i n  t he  case o f  simultaneous requests 
from. mu1 t i p l e  con t ro l l e rs . .  ' . 

. . 

( 2 )  Provide means f o r  the  a u x i l i a r y  c o n t r o l l e r  t o  address (a )  t h e  
dedicated module address 1 i nes and (b )  the  dedicated i n t e r r u p t  
request  LAM (~ook-at-Me) 1 ines,  a1 1 o f  which terminate on ly  a t  
t h e  c r a t e  c o n t r o l l e r  s t a t i o n  and a t  the module s t a t i o n s  t o  
which they are dedicated. 
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1. INTRODUCTION 

This standard def ines a  method f o r  incorporat ing more than one source o f  c o n t r o l  
i n t 0 . a .  CAMAC crate.  The s.tandard f u l l y  conforms t o  the  mechanical .and s igna l  
standards o f  t he  CAMAC system as described i n .  IEEE Std  583-1975. o r  EUR ,4100e. 

I n  order .  . to a1 low more than one Contro l  1  e r  t o  .access the Dataway o f  a  CAMAC 
Crate, an Auxi 1 i a r y  C o n t r o l l e r  Bus .(ACB 1,. and p r i o r i t y  a r b i t r a t i o n  pro toco l  a re  
f u l  l y  defined. Thi s  permi ts  .the use o f '  Auxi 1  i ary  Contro l  l e r s  ( AC's) i n  normal 
s t a t i o n s  i n  t he  crate:. ' The ACB c a r r i e s  encoded a.ddress i n fo rma t ion  from an 
AC t o  t h e  Crate C o n t r o l l e r  (CC) i n  t he  c o n t r o l  s t a t i o n  o f  a  CAMAC c ra te ,  and 
c a r r i e s  Look-at-Me s i  gna1.s from t h e  CC t o  . t h e  AC Is. . The ACB, connected between 
c o n t r o l l e r s ,  may a l so  be use.d t o  e s t a b l i s h  p r i o r i t y  f o r  c o n t r o l  o f  t he  CAMAC 
Dataway. 

  his standard i s  f u l l y  comp,ati b l  e  w i t h  the  CAMAC Se r i  a1 H i  ghway I n t e r f a c e  System 
(IEEE Std  595-1976 o r  EUR 6100e) and t h e  .CAMAC Para1 l e l  Highway, I n t e r f a c e  System 
(IEEE S td  596-1976 o r  EUR 4600e). It may a l so  be used i n  autonomous systems 
(systems w i t h  no ex te rna l  .highways) o r  i n  systems w i t h  Type U  Crate Control  l e r s  
(such as systems w i t h  a.computer 110 bus as the  highway). 

Sect ion A 1  o f  t he  Appendix t o  t h i s  standard de f ines  a  P a r a l l e l  Highway Crate 
Con t ro l l e r ,  Type A-2. Th i s  c o n t r o l l e r  i s  s i m i l a r  t o  Crate C o n t r o l l e r  Type A-1  
(as de f ined i n  Sect ion A 1  o f  t he  Appendix, t o  IEEE Standard 596-1976 o r  
EUR 4600e), except f o r  t he  ACB connector, and the  p r i o r i t y  a r b i t r a t i o n  pro to-  
co l .  When these two fea tu res  are n o t  requi red,  Crate C o n t r o l l e r s  Types A-1  and 
A-2 a re  t o t a l l y  interchangeable. 

2. INTERPRETATION 

Thi s standard i s  a  re ference t e x t  desc r ib ing  and spec i f y i ng  mu1 ti -source c o n t r o l  
w i t h i n  a  CAMAC crate.  It should be read i n  con junc t ion  w i th ,  and i s  supple- 
mentary t o ,  IEEE Stds 583-1975, 595-1976, and 596-1976 o r  EUR 4100e, EUR' 6100e, 
and EUR 4600e, respec t i ve l y .  

No p a r t  o f  t h i s  standard i s  in tended t o  supersede o r  modify t he  above-mentioned 
standards. 

I n  t h i s  standard the re  are  mandatory requirements, recommendations, and examples 
o f  pe rm i t t ed  p rac t i ce .  . . . . 

I Mandatory. c l  auses o f  t he  standard are  enclosed i n  a  box, as here, and 
usual l y  i n c l  ude ' t h e  word ,"must. " I 

D e f i n i t i o n s  o f  recommended p rac t i ces  ( those t o  be fo l lowed unless there  are  
sourid r-easorrs to . the c o n t r a r y )  i nc lude  the.,word "shoul d." 



Examples o f  permi t t e d  p r a c t i c e  genera l ly  i nc lude  the  word "may", and 1  eave freedom 
o f  choice t o  t h e  designer o r  user. . . 

I n  order t o  "conform" w i t h  t h e  s p e c i f i c a t i o n s  o f  t h i s  standard, an equipment 
o r  system must s a t i s f y  a1 1  t h e  mandatory requirements i n  t h i s  standard,' 

) excluding. t h e  Appendix. I f  const ruc ted as a  CAMAC p lug - in  u n i t ,  t h e  * " -  

- equipment must a l so  s a t i s f y  t h e  mandatory requirements o f  IEEE Std 583-1975 
o r  EUR 4100e. - 

Sect ion  A1 o f  t h i s  standard's ~ p p e n d i ' x  def ines the  Para1 1  e l  Crate Control  l e r  ' ' 

Type .A-2 i n  such a  way t h a t  Type A-2 Con t ro l l e rs  produced by d i f f e r e n t  manu- '. .' 
f a c t u r e r s  w i  11 be opera t i ona l l y  interchangeable. The main t e x t  t o .  t h i s .  standard 
conta ins  a  1  ess r e s t r i c t i v e  d e f i n i t i o n  o f  Control  l e r s  t h a t  are '  no t  necessari l y .  
i nterchangeabl e. See Sect ion ' A 1  o f  the  Appendix regarding conformi ty  w i t h  the  
s p e c i f i c a t i o n  o f  - the CAMAC Crate C o n t r o l l e r  Type A-2. 

, . 

I n  order t o  be "cornpati b l e "  w i t h  t h e  ACB, equipment need n o t  
s a t i s f y  a1 1  t h e  mandatory requirements, b u t  must no t  i n t e r f e r e  w i t h  
t h e  f u l l  opera t ion  o f  a l l  t he  fea tures  o f  Con t ro l l e rs  which "conform" 
t o  t h i s  standard. , 

No p a r t  o f  t h i s  standard i s  in tended t o  exclude the  use o f  equipment t h a t  i s  
compatible i n  t h e  preceding sense, even i f  i t  does no t  conform f u l  l y  t o  - t h i  s  
standard o r  i s  n o t  constructed as CAMAC p lug - in  un i t s .  

No 1  icense o r  permission i s  needed i n  order t o  use t h i s  standard. 

The standard CAMAC c ra te ,  described i n  I E E E  Std 583-1975 o r  EUR 4100e requ i res  
t h e  presence o f  a  C o n t r o l l e r  t o  con t ro l  and coordinate the  a c t i v i t i e s  o f  t he  
c ra te .  During a  Dataway addressed command operat ion, the  C o n t r o l l e r  es tab l ishes 
t h e  necessary s igna ls  on the  B, N, A, F, S1, and S2 l i n e s  t o  de f ine  the  comnand 
opera t ion  t o  be performed and t o  def ine  the  t i m i n g  o f  the  operat ion. During 
addressed command operat ions i n v o l v i n g  data, the  C o n t r o l l e r  t ransmi ts  o r  receives 
data v i a  the  W o r  R 1 ines, respect ive ly .  During unaddressed operat ions, t he  
Contro l  1  e r  es tab l ishes the  necessary s igna ls  on the  B, $1, S2 and C o r  Z 1 fnes. 
The C o n t r o l l e r  may e s t a b l i s h  the  s t a t e  o f  t h e  I signal  and may moni tor  t he  s t a t e  
o f  t h e  L, X, and Q s ignals.  

Each CAMAC c r a t e  has one con t ro l  s ta t i on ,  which i s  the  only s t a t i o n  p rov id ing  
access t o  the  N and L l i n e s .  The con t ro l  s t a t i o n  and a normal station together . 
p r o v i  de access t o  a l l  s igna l  l i n e s  needed by a  C o n t r o l l e r  t o  per form the 
operat ions described above. The Control  1  e r  which occupies t h e  con t ro l  s t a t i o n  



i s  deoi,gnated the Crate Con t ro l le r  (CC) o f  the  crate., Exampl~es, of CC'=s are - , . 
t he  Ser ia l  Highway Crate Con t ro l le r  Type L-2 (Section A1 a f ~  the Appendix of 
IEEE Std 595-1976 o r  EUR 6100e) and the Pa ra l l e l  Highway Crate Cont ro l le r  
Type A-2 (Section A1 o f  the ppendix o f  t h i s  document). t 
An addi ti anal source o f  cont ro l  w i t h i n  a CAMAC c ra te  can be provided by an , 

Aux i l i a r y  Cont ro l le r  (AC) , which occupies one o r  more normal stat ions. I n  order 
t o  accomnodate AC' s, two features are required: (1) access t o  the.  N and L. 1 ines 
a t  normal stat ions,  and (2)  p r i o r i t y  a r b i t r a t i o n  f o r  cont ro l  o f  the  Qataway- 
Access t o  the N l i n e s  i s  necessary t o  al low an AC t o  generate a complete . - 

addressed command operation. Access t o  the L l i n e s  i s  necessary i f  an AC i s  
t o  respond t o  Look-at-Me s i  gnal s from other modules and/or cont ro l  1 ers. P r i  o r i  ty  
a r b i t r a t i o n  protocol  insures t h a t  a t  any t ime only one Cont ro l le r  i s  permi t ted 
t o  have cont ro l  o f  the Crate. It also provides the means f o r  assigning 
cont ro l  o f  the  Dataway on the  basis o f  a prearranged p r i o r i t y .  - , 

Access t o  the N and L l i n e s  i s  provided by the ACB (see Sections 4.2 and 4.3) 
v i a  the CC. A Cont ro l le r  which conforms t o  t h i s  standard requires a connector 
on i t s  rear  panel f o r  connection t o  the ACB. A l l  l i n e s  on the ACB are bussed 
t o  each Control l e r  as i n  F i  g 1. 

When an AC performs an addressed conmand operation, i t  generates the 5 , b i t  . 
b inary code f o r  the s ta t i on  number associated w i t h  the command, and t ransmits 
i t  v i a  the Encoded-N 1 ines o f  the ACB. The CC receives t h i s  Sta t ion Number , 

Code, decodes it, and places a l o g i c  "1" on the appropriate Dataway N l i n e  
a t  the cont ro l  stat ion.  The CC receives the 24 L s ignals a t  the cont ro l  s t a t i on  
and passes these s ignals t o  the ACD connector. 

UXlLlARY CONTROLLER BUS 

NOTE: FRONT PANEL REQUEST r0 GRANT-IN CONNECTION MADE AT HIGHEST PRIORITY CONTROLLER USING RIG PROTOCOL 

Fig. 1 Mu l t i p l e  Cont ro l le rs  i n  a CAMAC Crate 



The m i n i m u m r i r e t  f o r  a CC which permits. the use o f  AC's  i s  t ha t  1.t 
1 inks the Dataway .t 1 ines t o  .the ACB ,and contains the N-decoder, the ACB. . 
connector, and pull-up current sources as i n  F i g  2. . . 

The arb i  trat i :&n cqnsi sts of  two 'modes: Reqhest/Grant ~ R / G )  and Auxi 1 i a r y  
Contro l ler  Lockout (ACL). The preferred a rb i t ra t i on  mode i s  the R/G profocol. - 

. . 

5 line to 
24 Ilr* 

Decoder --- 

Fig. 2 Crate Controller, Minimum Configuration 



Three signals 'are involved i n  t h i s  mode: (1) the 'REQUEST signal which i s  ' . 
, bussed t o  each Controller on the ACB and i s  accessible a t  a f ront  panel 

connector on each controller;  ( 2 )  the Grant signal which i s  daisy-chained, 
i .e. the Grant-Out of one Controller i s  connected t o  the Grant-In of another 
Controller by front panel connectors; and (3) the Request Inhibit  signal 
which i s  .also bussed 'on the ACB. 

The front panel Request signal output of the highest pr ior i ty  Controller 
will be connected t o  i t s  f ront  panel Grant-In signal input. The front  panel 
Grant-Out signal output from th i s  Controller i s  then connected t o  the front 
panel Grant-In signal input of the next..hi ghest pr ior i ty  Controller. The 
connection of Grant-Out to  Grant-In i s  continued from Controller t o  Controller 
unti 1 i t  reaches the lowest pr ior i ty  Controller, in the CAMAC crate.  

The sequence of signals for a Controller t o  gain control of the crate  i s  shown 
i n  Fig 3. A Controller f i r s t  generates a Request and waits until i t  receives 
a Grant-In. Each Controller not generating the Request signal generates a 
Grant-Out when i t  receives a Grant-I n. Ttie Control 1 e r  generating the Request 
signal does not generate a Grant-Out. The chaining of the Grant bus from 
Controller t o  Controller insures tha t  the Grant signal will propagate down- 
stream t o  the hi ghest , - prior i ty  + Control 1 e r  which i s  requesting control of the 
Dataway. 

When a Controller requesting control receives Grant-In, i t  generates and main- 
ta ins  Request Inhibit  t o  indicate tha t  i t  has control of the crate  and i t  removes 
i t s  Request si  gnal .. I n  response to  Request Inhibi t ,  any other. Control 1 e r s  a1 so 
remove the i r  Request signal outputs, thereby causing the Grant signals t o  be 
removed. When a Control 1 e r  has f i ni shed ' i t s  Dataway operations, i t  removes i t s  
Request Inhibit  and control of the. crate  w i  11 be given t o  the next Controller 
requesting i t .  A t  that  time i f  two! or more Controllers request control of the - 
crate  a t  the same time the highest pr ior i ty  Controller wil'l be determined by 
i t s  position on the Grant chain (Figure 1).  

AUXILIARY CONTROLLER BUS SIGNALS 

REQUEST I . ~ .  
GRANT-IN 

NOTE I 

REQUEST INHIBIT I 7 
I ,I 

AUXILIARY CONTROLLER 
LOCKOUT (ACL 

ENCODED- N (EN) 

DATAWAY SIGNALS 

STROBE SI 

STROBE S2 

WD- 3420-1 

J " 
DATAWAY ADDRESSED COMMAND OPERATION 

NOTES: 

I. ALL SIGNALS EXCEPT 
ACB GRANT-.IN AND 
DATAWAY N GENERATED 
BY AC. 

2. TIMING OF DATAWAY 
OPERATION IS IDENTICAL 
TO THAT OF FIGURE ,9 
OF IEEF STD 583-1975 
OR EUR 4100e EXCEPT 
FOR DIFFERENCES SHOWN. 
WHICH ARE TO ACCOMMOOATE 
N DECODER DELAY I N  CC. 

Fig. 3 Sequence of Signals for  an AC t o  Gain Control of 
Dataway for an Addressed Command 'Operati on 



Gain o f  cont.ro1 o f  t he  c r a t e  'by a  Contro l  1  e r  i s  delayed i f  the   dataw way i s ,  already- 
i n  use. If a Contro l  l e r  i s  connected' t o  an ex terna l  highway,, the  i n t e r f a c e  t o  . .. . 

r .. .',. , t he  highway i s  requ i red  t o  accommodate t h i s  delay. An example o f  a  h'ighway 
i n t e r f a c e  t h a t  can accommodate t h i s  delay i s  the  CAMAC P a r a l l e l  Highway (IEEE .;-;, 

S td  596-1976 o r  EUR 4600e). The R / G  mode i s  unsu i tab le  f o r  'a C o n t r o l l e r  .which . .: 
can n o t  accommodate. t h i s  delay.. An example i s  t h e  S e r i a l  Crate : ~ o n t r o l l e ' r , ~ ~ ~ e  . . i  
L-2 ( IEEE Std  595-1976 o'r EUR 6100e). When a  S e r i a l  Highway Crate ,Cont ro l le r  

, . I  : 

Type L-2 i s  addressed, by - . the S e r i a l  Hi ghway. i t  w i  11 prpceed w i t h  i t s ,  Dataway 
, . .: . . o p e r a t i  on independently o f  "the R / G  p ro toco l .  

The Auxi 1  i a r y  C o n t r o l l e r  Lockout (ACL) fea tu re  i s  prov ided t o  Accommodate a  
Contro l  1  e r  which cannot t o1  e ra te  the  del ay associated w i t h  the  R / G  p ro toco l .  
I n  a  g iven c ra te ,  o n l y  one C o n t r o l l e r  (which may be e i t h e r  an AC o r  t he  CC) 
i s  a1 lowed t o  use ACL t o  ga in  c o n t r o l  o f  the  crate.  The ACL s igna l  i s  bussed 
on t h e  ACB t o  a l l  o the r  C o n t r o l l e r s  i n  the  c ra te .  Upon r e c e i v i n g  t h i s  s igna l ,  
a C o n t r o l l e r  which has c o n t r o l  o f  t he  c r a t e  w i l l  e i t h e r  abor t  o r  complete i t s  
ope ra t i  on be fore  t h e  Cont ro l  1  e r  generat ing ACL s t a r t s  i t s  Dataway ope ra t i  on 
(see Sect ion 4.1.5). Examples o f  t hc  sequences o r  s igna ls  t h a t  may occur wi,th 
t he  ACL s igna l  are shown i n  F igures 4(a)  and 4(b). 

REQUEST I 
GRANT - IN  1 I 
REQUEST INHIBIT 'I 1 
AUXILIARY CONTROLLER 

I I 

LOCKOUT ACL 1 . . 

STROBE SI  . . 

ENCODED-N ( E N )  I 
DATAWAY SIGNALS 

STROBE S 2  
L L I, 

DATAWAY CYCLE BY AC DATAWAY EYCLE BY . , 110-3420-1 USING REQUESTlGRANT CONTROLLER USING ACL 

I 

i g. 4a Example o f  a  Sequence i n  which A u x i l i a r y  C o n t r o l l e r  Locknut. 
(ACL) Signal i s  Generated t o o  Late t o  Cause Abort ing o f  , . t 

Dataway Cycle Stfirhled by AC uslr ig Kequest Grant 

I 
8 BUSY 7- - 

AUXILIARY CONTROLLER BUS SIGNALS ' . . 
. I  . . , 

REQUEST I 
GRANT - IN I 
REQUEST INHIBIT 1' r . . - 
AUXILIARY CONTROLLER 

LOCKOUT (ACL) 

ENCODED-N ( E N )  r 
DATAITAf SIGNALS 

STROBE S I  

STROBE $2 
< J . 

no-3420-1 4BORTEO - .  BATAWAY , DATAWAY C ~ C L E  UY 
CYCLE CONTROLLER USING ACL, 

Fig. 4b Example o f  Sequence i n  which a  Dataway Cycle, . . 

s t a r t e d  by AC using.  Request/Grant, i s  caused- t o  
Abort  by ACL Signal Generated by another C o n t r o l l e r  



TKe necessary connect ions o f '  the  _ 'Request, - .  Grant, Request I n h i b i t  and ACL 1 i "es . . a re  i l l u s t r a t e d .  in , 'F ig '1. : . . 
: .  , 

, . . . 

The S e r i a l  C r a t e ' c o n t r o l l e r  ~ y p e  L-2, as described i n '  the  Appendix t o  IEEE S td  
595-1976 'and. EUR 6100e, does n o t  have an ACB connector. However, i t s  SGL-Encoder 
connector.may be used t o  connect t o  t he  ACB s ince the  s igna ls  on the  ACB are a 
subset o f  those on t h e  SGL-Encoder con'nector. With such an i n t e r f a c e ,  t h e  S e r i a l  
Crate C o n t r o l l e r  Type L-2 may thus be used as a CC compatible w i t h  t h i s  standard. 

The unaddressed operat ions, Dataway I n i t i a l i z e  Z and Dataway Clear  C ,  do no t  
r e q u i r e  use o f  ' the Encoded-N s igna ls  o f  the  ACB. However, t he  C o n t r o l l e r  s t i  11 
uses one o f  t he  p r i o r i t y  a r b i t r a t i o n  modes t o  ga in  c o n t r o l  o f  t he  c r a t e  before 
i s s u i n g  e i t h e r  o f - t h e s e  commands. Care.should be taken t h a t  a Dataway Z o r  C 
from one C o n t r o l l e r  does n o t  adversely a f f e c t  t he  operat ions o f  another Con t ro l l e r .  

The Dataway ~ n h i b i t  I i s  n o t  associated w i t h  Dataway operat ions and may be 
generated a t  any t ime  by e i t h e r  C o n t r o l l e r s  o r  o ther  p l u g - i n  u n i t s .  I n  c o n t r a s t  
t o  requirements" on o ther  p lug - in  u n i t s  (see Sect ion 5.5.2 o f  IEEE S td  583-1975 
o r  EUR 4100e), C o n t r o l l e r s  capable o f  generat ing and ma in ta in ing  Dataway I do 
n o t  respond t o  Z*S2 by generat ing and main ta in ing  Dataway I. 

4. USE OF THE LINES ON THE AUXILIARY CONTROLLER BUS AND ASSOCIATED SIGNALS 

Each 1 i n e  a t  t he  ACB connector and the  associated f r o n t  panel s igna l  
connectors must be' used i n  accordance w i t h  the  mandatory requirements 
d e t a i l e d  i n  t he  f o l l o w i n g  sect ions. Table 1 shows the  t i t l e s ,  t he  
standard designat ions, and the  sources of the  s igna ls  de f ined i n  t h i s  
s e c t i  on. 

i 

4.1 CONTROL SIGNALS 

I 

A Contro l  1  er,  . when used ' i n  ' a '  CAMAC c r a t e  having one o r  more o ther  
Con t ro l l e rs ,  must n o t  generate any Dataway s igna ls ,  w i t h  the  excep- 
t i o n  o f  t he  Dataway I and the  L ( s )  o f  t he  s t a t i o n ( s )  i t  occupies, 
unless it. has gained c o n t r o l  o f  t he  c r a t e  o r  i s  addressed as a module. 
A C o n t r o l l e r  must ga in  c o n t r o l  by generat ing Request i n  t he  R/G mode 
o r  ACL .iil t he  ACL mode. It should p r e f e r a h l y  ga in  c o n t r o l  by. t he  R/G 
mode unless the re  a r e ' s t r o n g  techn ica l  reasons t o  the  contrary.  . 
4.1.1 Request 

7 

I n  order  t o  ga in  c o n t r o l  o f  the  c r a t e  when us ing  the  R / G  p ro toco l ,  
a  C o n t r o l l e r  111ust f i r s t  generate a l o g i ~  "1" s igna l  on the Request 
s igna l  l i n e .  It must not, however, i n i t i a t e  the  0 4 1  t r a n s i t i o n  o f  the  
Request s igna l  unless Request I n h i b i t  and ACL are bo th  l o g i c  "0". I f  
i t  i s  generat ing, a Request, i t  must i n i t i a t e  the  1 4 0  t r a n s i t i o n  o f  
Request w i t h i n  50 ns upon r e c e i v i n g  e i t h e r  Request I n h i b i t  = 1 o r  
ACL = 1. 

i 



TABLE 1 . , , . .  -,, . I ; ,  :. . . .  . : .. I 

> <  ! .  
. . . . . . . . . . .  . . . . . . . . . . . . .  

SIGNALS LINES .,AT fkE AUXILIAR-~;." CONTROLLER' BUS: CONNECTOR ' ; '" : , ' . .  . : $ .  . 8 . :. 
AND ASSOCIATED FRONT PANEL CONNECTORS .,. : '. . . 

: ::..: , '. , I >  ;t-t; . . . . . .  .. , * 

. . . .  , : . _ . . .  . .  . . . ' 

T i t l e  " ~ o c a t i  on ~ 6 s i ~ n k i o n  ' ~ e n e r a t e d '  b i  ' ~ i  cjnil  - use. , ' . .. ' !. lines '!. . .  ..;;< . .  

. . , . . . .  ..: :, . ~ e ~ u b s t  . ACB' anb. ', - . '  . " , . .RQ,  . ' . , . ,  . CC Or A C '  -... . .'< . .. :1" ' ' . indi 'cate? requdst .. : ' 
f r o n t  panel ' . ' . . , , . '.. f o r  cont:rdl" 

. .  . . , :  I., 2:':. i ,. . 

Gran t - In  f r o n t  . .  panel , G I  
I 0 .  . . f : .',; A', ' . 

CC o r  AC 1' Ind ica tes  request  .- " .  r ' ' . I .  . . . ' . . :  I ,  - . i ; ; . .  '!.! 
. : . .: ' ,.i.s ''granted . i  

:'. . , . . . . .: f . . . I : . . .  I , .  . 1 . a L' . . 8. 3 .  ..'<;: ,..: 5 ;;. I . . .  6 ,s.! ;,*.;:> ., ' . . .  .T . ,  , 
Gran,t-Out . f r o n t ;  panel ' ' GO' '' ' ' ;  . . I . .  , I . ' . .  . . .  C C -  o r  .AC !; . I  :r.. ?,Issued. by'-con- 

. . . .  . . . . . . .  . .  . . . . . . . .  ' . , . ;* : ' .  , , . . ?....+, .-.tr.o Tier when. G $  i s  
. . .  . . .  ,. . recei-v.ed - b u t  -cdn- . . .  

, . .  , 

t r o l l e r  i s  no t  
. . . . . .  . .  . .  . I .  . - ! .  . ,  . , . . . . .  : . . .:, . . : .  . ,  . , -reques.ting .. ' 

. . , . . . * .s 

. . 
Request ACB R I CC o r  AC , 1' ' .  i n d i  batss' 'i*n.. 
I n h i b i t  . . , "  . . _ .  . . . . .  _. . . . . . .  t r o l l e r  has con t ro l  

. :. ' .. ; 4 . . . 
I % ,  . , .  , . i n '  Request/Grant 

, . _ .  . - -  7 . ' ,  ,',jiodk ;!, . . , , . . . . . . . . . . . . .  . . . . . . . .  . . .  . . .  i s - * ; '  ' . . . . .  . . . . . .  . - 
, .  . . . .  . . I  . ' ,- , 2 ,* - . . .  ! . 1  ' . . . . < .  

Auxi 1 i ary ACB , . . +. ACL . ' .  . . one,CC'orAC . ,l , ' -. . 1ndi '1 ockdut. 
I .: . . .  Cont ro l  1 e r  ..eont+(jl :;: : I : :  3 

, , 

Lock.out . , . . . . .  j. , __, . . _  , . . .  . . 

EncodedrN ~ AC B EN1,2,4,8,16 . AC . .  5 . Binary coded , ' ,  

, . .  
I .  :.!. ' .. : .. '.. 

. .  : . '  I . ' s tat ion-number 
r ! , >  .) ; .. ' I . 

~ u x i l i a r ~ '  ' RCB . 1 . , . ". AL1 - AL24'. 'CC . 24 . .  i.24 Look-at-Me . 
Look-at-Me . . . . .. . l i nes  ftom,modules $' . 

. . . . .  . . .  . . .  . . .  . .  - _ I  : . . '  . . !  . . ' . .  , ... . . . I .  1 
. . 

- .  . . .. "i ,; J 

. . . .  Condi t iona l  . ACB$'. . ' '. . - CC . . .  : . , . , .  . - ,l . : ,~Linerecomnk&ed 
. . .  Free 1 i n e  : , .  , * .  . . for  ~ y t e . . ~ l q c , ! i  i n  

CAMAC Se r i a l  
. . . * .  ' . .  , , . Highway systems 

3 '  ,'. " 3  , ' . . . . .  - . . . . 
 round . . . .  ACB.., . . -  .. :. OV 'CC ,or. AC , ' .. 7 ".' System ., .. Ground-; 



.. . 
4.1.2.  r rant-1n and Grant-Out Signals 

1 

. .  . 
I f  a  c o n t r o l l e r  re t ransmi t s  t h e  Grant s ignal ,  i t .  should do so w i t h  minimum delay. 

A C o n t r o l l e r  p a r t i c i p a t i n g  fn t he  R I G  modemust genera te  a  :, ' ' 

- . Grant-Out s i  gnal as f o l  1  ows: . " .  

. . 

. (1,) I t  must generate a  l o g i c ,  ,.). "0" . .. on Grant-Out whenever . . i t  receives 
. . a. l o g i c '  "0" on Grant-In. ' 

. 

. . .  . . 

( 2 )  I f  i t  i s  n o t  generat ing t h e -  Request s igna l  when i t  receives the  
0-1 t r a n s i t i o n  o f  Grant-In, i t  must re t ransmi t  on Grant-Out, ' the s igna l  
i t  rece ive$ on Grant-In. 

(3 , )  I f  i t  i s  generat ing t h e ' l e q u e s t  s i  gnal when i t  receives the  ' . 

0+1 t r a n s i t i o n  of Grant- In i t  must main ta in  a  l o g i c  "0" on Grant-Out 
-un.t i l -  i:t rece ives  the  nex t  0+1 t r a n s i t i o n  o f  t h e  Grant-In.:s.ignal and . .  . . '  . .  . 

i.t must generate Request I n h i b i t  t o  .es tab l  i sh c o n t r o l  o f  t he  crate.  

,4,.1.3 Request I n h i  b i t  
! ,  

. . 

. 

, + . . 
A C o n t r o l l e r  gains c o n t r o l  o f  the  c r a t e  by. i n i t i a t i n g  the  0-1 

t r a n s i t i o n  o f  Request I n h i  b i t  and i t main ta ins .  c o n t r o l  o f  t he  c r a t e  
. , u n t i l  i t  i n i t i a t e s  the  l+0 , t r a n s i t i o n  o f  Request I n h i b i t .  It must . < 

ma in ta in  c o n t r o l  o f  t h e  c r a t e  ' f o r  a  minimum o f  350 ns .unless i t  
rece ives  'ACL = 1. 

, , 

. . A t  any one time, t h e  generat ion o f  t he  ACL s igna l  must be reserved '  
t o  on ly  one C o n t r o l l e r  i .n. a  CAMAC c ra te .  The C o n t r o l l e r  generat ing the  

, ACL ' s i g n a l  should generate ACL o n l y '  a f t e r  i t  expects t o  i n i t i a t e  a  Dataway 
opera t ion  ( f o r  example, on the  recogn i t i on  , o f  t h e  Crate Address i .n a  CAMAC 
Command addressed t o  i t )  i n  order  .to .al low maximum 'use o f  the  -Dataway .by . '  . 
o the r  Con t ro l l e rs .  The AC.L s igna l  must be maintained u n t i l  t h e  Dataway 
ope ra t i  on i s  complete. . . 

. A  c o n t r o l  1  er. generat ing ACL must n o t  i n i  ti ate  i t s  Dataway ope ra t i  on 
u n t i l  (1). a.minimum o f  200 ns has elapsed s ince generat ing ACL, and ( 2 )  
i t  receives.  Request I n h i b i t  i n  a l o g i c  "0" state. - ..~ 

The generati.on o f  Request I n h i  b i ' t  by '  a  C o n t r o l l e r  w i l l  e,stabl i s h  i t s  c o n t r o l  o f  
' 

t h e  c ra te .  I f  t h e  C o n t r o l l e r  generates Request I n h i b i t  = 0  between command ' 
operat ions, then i t .  re leases i t s  con t ro l  a f t e r  each operat ion, thereby a1 l ow ing  
another C o n t r o l l e r  t o  ga in  (and poss ib l y  main ta in )  con t ro l .  I f, on t h e  o ther  '. 
hand, t h e  C o n t r o l l e r  mainta ins Request I n h i b i t  = 1 between comnand operat ions,  

' 

then t h e  C o n t r o l l e r ' w i l l  ma in ta in  c o n t r o l  o f  the  c ra te ,  thus allowi,ng, f o r  . 
example, t he  execut ion o f  a  'block t r a n s f e r  w i t h  minimum delay. . . 

. . .  . . 

4.1.4 Generati on o f  ACL Signal 

\ 

--- 



The S e r i a l  Highway Crate C o n t r o l l e r  Type L-2, w i l l  proceed w i t h  i t s  Dataway 
opera t ion  independently o f  t he  s t a t e  o f  t h e  Request I n h i b i t  s igna l .  A f te r  
r e c e i v i n g  t h e  f i r s t  by te  of a command addressed t o  it, i t  w i l l  generate ACL i n  
o rder  t o  ga in  c o n t r o l  o f  t h e  crate.. . A  Dataway opera t ion  may take p lace a f t e r  
4 a d d i t i o n a l  bytes have been received. The minimum elapsed t ime cou ld  be as 
s h o r t  as 800 ns f o r  a S e r i a l  Highway opera t ing  a t  i t s  maximum'data r a t e  o f  
5 x 1 0 ~  by tes  per  second i n  by te -se r ia l  mode. 
. - 

4.1.5 ~ e s ~ o n s e  t'o- ACL - ~ i  gnal 

A C o n t r o l l e r  must n o t  i n i t i a t e  a Dataway opera t ion  w h i l e  i t  i s  
recei.v ing the  ACL s igna l  i n  the. l og i c , . " l "  s tate.  A C o n t r o l l e r  must 
complete i t s  Dataway opera t ion  . i f  i t  receives ACL a t  l o g i c  "I" a f t e r  
i t  has generated s t robe S1. A C o n t r o l l e r  must re lease c o n t r o l  o f  . 
t h e  c r a t e  i n  response t o  an ACL s igna l  be fore  the  C o n t r o l l e r  
genera t ing  ACL begins i t s  Dataway operat ion. 

- 1 )  , - -  .- - 

. - 
A C o n t r o l l e r  re leascs  c o n t r o l  o f  the c r a t e  by e i t h e r  abo r t i ng  o r  complet ing the  
Dataway operat ion. When used w i t h  the  S e r i a l  Highway, a C o n t r o l l e r  may assume 
t h a t  t h e  S e r i a l  Highway i s  o p ~ r a t i n g  a t  maximum spccd, i n  which case 800 ns are 
a1 1 owed f o r  completion. A1 t e r n a t i  ve ly ,  the  byte c lock  i n fo rma t ion  (see Sect ion 
2.3 o f  I E E E  S t d  595-1976 o r  EUR 6100e), may be used t o  extend i t s  cont ro l .  
The l a t t e r  cou ld  pe rm i t  t h e  C o n t r o l l e r  t o  complete several  Dataway operat ions 
be fo re  re1 easi  ng con t ro l .  

4.2 Encoded-N . Signal s  

4.2.1 Generati on o f  Encoded-N S i  gnal s  

I n  o rder  t o  execute a Dataway command operat ion, an AC must generate 
t h e  b ina ry  coded s t a t i o n  number o f  t he  addressed s t a t i o n  on t h e  ' 

Encoded-N (EN1 - EN16) 1 i nes  o f  the  ACB. As w i t h  Dat-away s igna ls ,  an 
AC must n o t  generate the  EN s igna ls  unless i t  has gained c o n t r o l  o f  t h e  
c ra te .  I n  t h e  t i m i n g  o f  t he  Dataway command opera t ion  o f  an AC, t he  t ime 
between t o  and t l  (See F i g  9 o f  IEEE S td  583-1975 o r  EUR 4100e) must take 
i n t o  account delays caused by decoding o f  t he  EN s igna ls  i n  t he  CC. 

A 

4.2.2 Response t o  Encoded-N S i  gnal s  

A C C  must respond t o  the  b ina ry  coded s t a t i o n  numbers on the  EN 
l i n e s  whenever i t  does n o t  have c o n t r o l  o f  the crate,  Jn a CC,,cach 
o f  the Statiors Nuwber codes N (  1) through N(24) must be decoded t o  
produce a s igna l  on the  corresponding Dataway l i n e  N1 through N24 
w i t h  a delay o f  100 ns maximum. ' - 

b 



4.3 L0,OK-AT-ME SIGNALS . . . , 

. , I .  

The CC mus t - re t ransmi t  t he  Look-At-Me (L1  - L24) s i g n a l s  from t h e  
c o n t r o l  s t a t i o n  o f  t h e  Dataway to,  t h e  A u x i l i a r y  Look-At-Me (AL1 - AL24) 
con tac ts  o f  t h e  ACB connector. 

The Cond i t iona l  Free 1 i n e  i s  reserved for use as the  ~ y t e  Clock s lgna l  
i n  S e r i a l  Highway systems. 

TABLE 2 - CONTACT ASSIGNMENTS ON AUXILIARY CONTROLLER BUS CONNECTOR* ' ?. 

Contact Usage Contact Usage 

1 - Ground (OV) 2 Encoded-N E N 1  - 
3 Encoded-N EN2 4 Encoded-N EN4 
5 Encoded-N EN8 6 Encoded-N EN16 . 
7 Ground (OV) 8 AC L 
9 Ground (OV) 10 C o n d i t i o n a l l y  Free 

11 Ground (OV) ' 12 Request RQ 
13 Ground (OV) 14 Request I n h i b i t  R I  
15 Ground (OV) 16 AL1 
17 AL2 18 AL3 
19 A l  4 7(1 - A l  5 
2 1 AL6 22 AL7 
2 3 AL8 2 4 AL9 
2 5 ALlO 26 . A L l l  
2 7 AL 12 28 AL13 
29 AL14 30 AL15 
3 1 AL 16 32 AL 17 
33 AL 18 3 4 AL19 
3 5 AL20 3 6 AL21 
37 AL22 3 8 AL23 
3 9 AL24 40 Ground (OV) 

*Contact 2 i s  across from con tac t  1, con tac t  4 i s  across f rom c o n t a c t  3, e tc .  

r 
Each C o n t r o l l e r  must have a double row p o s t  header ACB connector w i t h  

40 0.64 mm by 0.64 mm p i n s  on 2.54 mm centers,  AMP No. 87272-1, AMP No. 
4-825457-0, 3M No. 3495-1002, o r  an equ i va len t  connector t h a t  i s  f u l l y  
mateable w i t h  AMP No. 86896-2, and 3M No. 3417-3000. The connector body 
must be mounted a t  t h e  r e a r  o f  t h e  C o n t r o l l e r ,  above t h e  Dataway 
connector. Contact 1 must be lower r i g h t  (when f a c i n g  the  t i p s  o f  t he  
p i n s )  and t h e r e  must be an i n d i c a t i o n  a t  t h e  r e a r  o f  t h e  c o n t r o l l e r  t h a t  

. t h i s  i s  so. Contact 1 must be l o c a t e d  130.4 mm t o  133.4 mm above the  
Dataway p l u g  h o r i z o n t a l  datum. Note however t h a t  (1 )  no p a r t  o f  t h e  con- 

' 

nec to r  s h a l l  extend beyond 188.6 mm above the  Dataway p l u g  h o r i z o n t a l  datum, 
and ( 2 )  any p o r t i o n  o f  t h e  connector be1 ow 126.6 mm from t h i s  datum must be 
conta ined w i t h i n  t h e  290 mm max h o r i z o n t a l  dimension o f  t he  p lug- in .  (See 
F i  g. 4 and F i  g. 5 o f  IEEE Std  583-1975 o r  EUR 4100e. ) The ass i  gnment o f  
t h e  s igna l  l i n e s  o f  t he  ACB i s  g iven i n  Table 2. 

b 



A C o n t r o l l e r  which uses' t h e  Request/Grant p ro toco l  t o  gain c o n t r o l  o f  
t h e  c r a t e  must have, i n - a d d i t i o n ,  t h ree -coax ia l  connectors Type 50CM 
(see IEEE S t d  583-1975 o r  s e c t i o n  4.1 o f  EUR 5100e) on the  f r o n t  panel. 
The th ree  connectors must be l abe led  and used as fo l l ows :  

( 1 )  There must be a  connector f o r  the  Request 's ignal  output. This  s igna l  
must be t h e  same a t  a l l  ' t imes as t h e  Request s igna l  on t h e  ACB. 

( 2 )  There must be a  connector f o r  the Grant- In s igna l  input .  

( 3 )  There must be a  connector f o r  t h e  Grant-Out s ignal  output.  
L 

6. SIGNAL STANDARDS 

Signal ou tpu ts  ' f rom C o n t r o l l e r s  onto a1 1  ACB 1  i nes  must be d e l i v e r e d  
through i n t r i n s i c  OR gates. Each l i n e  must be prov ided w i t h  an i n d i v i d u a l  
p u l l  -up c u r r e n t  source t o  r e s t o r e  the  1  i n e  ' t o  t he  "0" s t a t e  i n  the  absence 
o f  an appl i c d  "1" s igna l .  The r i s e  and f a l l  t imes a t  s igna l  outputs trust 
n o t  be l e s s  than 10 ns, i n  order  t h a t  cross-coup1 i n g  o f  s igna ls  i s  no t  
excessi ve. 

s i g n a l  outputs from C o n t r o l l e r s  onto a l l  Dataway l i n e s  must conform 
f u l l y  w i t h  t h e  mandatory requirements o f  IEEE Std  583-1975 o r  EUR 4100e. - 

6.1 SIGNAL STANDARDS ON THE ACB . . 

A1 1  s igna ls  on the  ACB must conform t o  the s igna l  vo l tage standards 
shown i n  Table 5  o f  IEEE Std 583-1975 o r  EUR. 4100e and the  standards 
f o r  pu l l - up  c u r r e n t  sou rces ' i n ,Tab le  3  o f  t h i s  standard. 

i A 

The standards f o r  p u l l - u p  c u r r e n t  sources on t h e  ACB are der ived f rom Table 6  
o f  IEEE Std  583-1975 o r  EUR 4100e and correspond w i t h  those f o r  compatible 
c u r r e n t  s i n k i n g  l o g i c  devices (e.g., standard TTL and DTL f o r  u n i t s  generat ing 
s i g n a l s  and low power Schottky TTL f o r  u n i t s  r e c e i v i n g  s igna ls ) .  They a1 so 
correspond w i t h  those o f  t h e  SGL-Encoder connector o f  Se r ia l  Crate C o n t r o l l e r s  
(see Sect ion 14 o f  IEEE S td  595-1976 o r  EUR 6100e). These standards impose an 
upper l i m i t  on the  number o f  AC's i n  a  s i n g l e  CAMAC crate.  This l i m i t  i s  8  AC's 
and i t  i s  der ived from the  c u r r e n t  s i n k i n g  c a p a b i l i t y  and l o a d  c u r r e n t  on the  
AL 1  ines. I f  an SGL-~ncoder  u n i t  i s  at tached t o  the  SGL-Encoder connector i t  
may impose a  more severe r e s t r i c t i o n  on the  number o f  AC's. I f  some AC's do 
n o t  rece i ve  the  AL s igna ls ,  then the  l i m i t  on the  number o f  AC's i s  imposed by 
t h e ,  l o a d  c u r r e n t  on the  Dataway (see. Sect ion 6.3). 



6.2 SIGNAL 'STANDARDS FOR THE ACB ASSOCIATED . .  FRO^^ PANEL SIGNALS 
' 

The Request, Grant-In, and Grant-Out . f ron t  panel s igna ls  must 
conform t o  the s igna l  vo l tage standards shown i n  Table 5 o f  IEEE 
S td  583-1975 o r  EUR 4100e and the  standards f o r  p u l l - u p  c u r r e n t  
sources i n  Table 3 o f  t h i s  standard. 

TABLE 3 

CURRENT SIGNAL STANDARDS AND PULL-UP CURRENT SOURCES 
FOR~THE .AUXILIARY CONTROLLER BUS CONNECTOR .. , 

AND ASSOCIATED FRONT PANEL CONNECTORS 

Sign'al standards a t  connector * Aux Cont Aux Request Encoded-N 
Lockout, LAM Grant-In/Out Cond Free 
Request 
~ n h i b i t  

L i n e  a t  "1" State' a t  i . 5  V o l t  For CC 
Minimum Current S ink ing  Capa- 6.4 mA 3.2 mA 16.0 mA 16.0 mA 
b i l i t y  ( c u r r e n t  drawn from For AC 
l i n e  by u n i t  generat ing the  16.0 mA 
s igna l  ) 

. . 

L ine  a t  "1" State a t  0.5 V o l t  0.4 mA 0.4 mA 
Maximum Load Current  ' . per  u n i t  per  u n i t  12.8 mA. 11.2 mA 
( c u r r e n t  f e d  i n t o  l i n e  by " n i t .  (6.4 mA (3.2 mA . 

r e c e i v i n g  the  s i  gnal ) max. ) max. ) 

L i n e  a t  "0" S ta te  a t  3.5 V o l t  . , . . . . 
(maximum c u r r e n t  drawn from 100 .JJA 100 JJA ' , ,  100 JJA 100 MA 
l i n e  by CC w i thou t  S ink ing .  . . . . 

P u l l  -Up) 
. . 

I .  

L ine  a t  "0"  State a t  3.5 V o l t  . ' 

(minimum c u r r e n t  f e d  i n t o  , , ..2.5 mA . . 2.5. mA . 2 . 5 n i ~  215 mA 
l i n e  by CC w i t h  S ink ing  . . 

P u l l  -Up) 

Locat ion o f  Puil-Up f o r  C C CC Grant- In C C  
cu r ren t ,  I p ,  a t  0.5 Vo l t :  
6 mA < I p  I 9.G mA 



6.3 SIGNAL STANDARDS FOR AC DATAWAY CONNECTIONS 

. . L 

A1 1 s igna l  s a t  t he  CAMAC Dataway-i n t e r f  ace t o  an AC must "c;nfonn t6 
Table 6 o f  IEEE S t d  583-1975 o r  EUR 4100e, w i t h  the  except ion o f  t he  
s igna l  s Q, R,  and X. The Q, R, and X s igna ls  must conform t o  standards::*, . 
conta ined i n  Table 4 o f  t h i s  standard. ' 

. . . , .. . 
. . 

I .  

The s igna l   standard.^ f o r  t h e  CAMAC ~ a t a w a i .  i n t e r f a c e  impose a l i m i t  o f  12. .>. 
AC's i n  a s i n g l e  CAMAC crate.  However, i f  o ther  u n i t s  f u l l y ' compa t ib l ' e  w i t h  , . ; 
IEEE S t d  583-1975 o r  EUR 4100e rece i ve  Q, R, o r  X s ignal  s from t h e  Dataway, 
then the  1 i m i  t on the  number o f  AC's may be 1 ower. Such a un i t ,  may. presen.t 
a c u r r e n t  l o a d  on t h e  Dataway . . as much . as . t h a t  o f  4 AC1s. ' .  . . . .  . 

. . 
,. .. . ..j.': . 

. . 
. .- 

. . 
TABLE 4 

< 

SIGNAL STANDARDS FOR Q, R, AND X 1 .  

AT THE AUXILIARY CONTROLLER DATAWAY CONNECTOR . c 8 '  

Condi ti on a t  Dataway Connection Absolute L i m i t  

L ine  i n  "1" s t a t e  a t  +0.5 V o l t  
(maximum c u r r e n t  f ed  i n t o  1 i n e  by 
AC r e c e i v i n g  s igna l  

-- 

L i n e  i n  "0" s t a t e  a t  +3.5 V o l t  
(maximum c u r r e n t  drawn from l i n e  by lna IIA 
each A C )  . , . . . . 



A l .  ' SPECIFICATION OF CAMAC CRATE CONTROLLER TYPE A-2 
> - 

A l . l  CAMAC CRATE CONTROLLER TYPE A-2 

I n  order  t o  conform w i t h  the  s p e c i f i c a t i o n s  f o r  CAMAC C o n t r o l l e r  
Type A-2, a  c r a t e  c o n t r o l l e r  must have a l l  t he  mandatory fea tu res  
de f ined i n  t h i s  Appendix. It must have no o ther  fea tures  t h a t  would 
a f f e c t  i t s  i n t e r c h a n g e a b i l i t y  w i t h  any o ther  Type A-2 Crate Control  - 
l e r s ,  t a k i n g  i n t o  account the  e f f e c t  o f  such in terchange on 'bo th  - 
hardware and software. It must be f u l l y  interchangeable w i t h  one 
conforming t o  F i g  A l - 1 ,  a l though i t  need n o t  have i d e n t i c a l  
s t ruc tu re ,  i n t e r n a l  s i gna ls  (shown w i thou t  t he  p r e f i x  B  i n  F i g  
Al -1)  o r  1  og i  ca l  expressions. 

.With respect  t o  the  comnunications pro toco l  v i a  the  Branch h i  ghway, Crate Con- 
t r o l l e r  Type A-2 (CCA-2) i s  interchangeable w i t h  Crate C o n t r o l l e r  Type A - 1  
(CCA-1) as de f ined i n  Sect ion A 1  o f  the  Appendix o f  I E E E  S td  596-1976 o r  
EUR 4600e. I n  p r a c t i c e  the. Branch Highway c y c l e  t imes may d i f f e r  because o f  
t he  p r i o r i t y  a r b i t r a t i o n  l o g i c  used by the  CCA-2.. 

I n  order  t o  accommodate the  use of A u x i l i a r y  Con t ro l l e rs ,  the  CCA-2 d i f f e r s  
from the  CCA-1  by having an A u x i l i a r y  C o n t r o l l e r  Bus connector, and i t s  associated 
fea tures  as described i n  DOE/EV-0007 o r  EUR 6500e (Sect ions 1-6 o f  t h i s  standard).  
D i f fe rences between t h i s  Appendix and Sect ion A 1  o f  the  Appendix o f  IEEE S td  
596-1976 o r  EUR 4600e are i n d i c a t e d  by a  v e r t i c a l  bar  i n  t he  l e f t  hand margin 
o f  t h i s  appendix. 

A1.2 Other Crate C o n t r o l l e r s  

It i s  recommended t h a t  o ther  c r a t e  c o n t r o l l e r s  sho.uld be Snterchangeable w i t h  
Crate C o n t r o l l e r  Type A-2 i n  respect  t o  those fea tu res  t h a t  they have i n  common, 
al though they need n o t  have a l l  the  mandatory fea tures  o f  Crate C o n t r o l l e r  Type 
A-2 'and may have a d d i t i o n a l  features.  

A l e  3. General Features 

The c r a t e  c o n t r o l l e r  must conform f u l l y  w i t h  the  mandat.ory requ i re -  
, ments o f  IEEE S t d  583-1975 o r  EUR 4100e, and IEEE Std 596-1976 o r  EUR 
4600e (Sect ions 1-7 o f  t h a t  standard). It i s  mandatory t h a t  a l l  s igna l  
i n p u t s  a t ' t h e  Branch Highway p o r t s  of Crate Con t ro l l e r .Type  A-2 must 

. s a t i s f y  t h e  lower i n p u t  c u r r e n t  standard (+0.3 - mA) shown i n  Table 8 , o f  
IEEE S td  596-1976 o r  EUR 4600e. 

Crate ~ o n t r o l l e r ~ ~ ~ e  A-2 must n o t  occupy more than th ree  s ta t i ons .  
It should p r e f e r a b l y  be a .  double-width u n i t  t h a t  engages w i t h  the  
Dataway a t  t he  c o n t r o l  s t a t i o n  and the  adjacent normal s ta t i on .  



I n  a d d i t i o n  t o  the  two f r o n t  panel connectors f o r  t he  Branch 
Highway p o r t s  (see. Sect ion-  A1.4), t he  c r a t e  c o n t r o l l e r  must have 

. " a rear-mounted connector. f o r  a 1 i n k  t o .  an o p t i  ona'l separate 
LAM-Grader u n i t  (see ,Sec t ion  A1.9). , . 

( 2  . f.. 

The c r a t e  c o n t r o l l e r  must conform f u l l y  w i t h  the  mandatory re -  
quirements o f  DOE/EV-0007 o r  EUR 6500e (Sect ions 1-6 o f  t h i s  
standard) . I n  addi t i  on t o  the  rear-mounted LAM-Grader connector, 
t h e  c r a t e  c o n t r o l l e r  must have a rear-mounted connector f o r  a 
l i n k  t o  the,ACB.. 

. . I .  , s 

. . . . .  . . ?  , ? 

- -  . . ". A1.4 FRONT- PANEL ' . '.. ' 
I ,  . . 

The crate ' c o n t r o l l e r  must have a l l  t he  . f o l l ow ing  f r o n t '  panel . ' .  

features,  and no o thers  t h a t  would a f f e c t  i n t e r c h a n g e a b i l i t y  ( f .or  . - . 
example, t h e  a d d i t i o n  o f  i n d i c a t o r s  f o r  t e s t  purposes i s  permitted).. 

( 1 )  There must be two connectors f o r  Rranch Highway ports;as ', f 

de f ined  i n  Sect ion 6 o f  IEEE S t d  596-1976 o r  EUR 4600e, mounted . 
w i t h  the  c o r r e c t  o r i e n t a t i o n  and w i t h  a l l  corresponding contac ts  
joined.. 

(23 There must be a means o f  i n d i c a t i n g  the  se lec ted  c r a t e  address 
(1-7). There may be l i m i t e d  access a t  o r  through the  f r o n t  panel t o  
t h e  means o f  changing the  c r a t e  address. 

' ( 3 )  There must be a means o f  s e l e c t i n g  o f f - l i n e  s ta tus  o f  t he  
c r a t e  c o n t r o l  l e r  (see Sect ion A1.lO). 

( 4 )  There must be a coax ia l  connector f o r  t h e  I n h i b i t  s ignal  input .  
The type o f  connector i s  as s p e c i f i e d  i n  Sect ion 4.2.5 o f  IEEE S td  
583-1975 o r  Sect ion 4.1 o f  EUR 5100e. The s ignal  standards are as 
s p e c i f i e d  i n  Sect ion 7.2.1 o f  IEEE S td  583-1975 o r  EUR 4100e. 

r I 

(5). There must be two push buttons, o r  equ iva len t  manual con t ro l s ,  
f o r  I n i  ti a1 f zek and Clear. These 'are on ly  ' e f f e c t i v e  i n  the  o f f - 1  i n e  . 
s ta te ,  and t h e  f r o n t  panel l a y o u t  o r  markings should i n d i c a t e  t h i s . ,  

( 6 )  There must be th ree  coax ia l  connectors f o r  t he  Request and Grant 
s igna l  s. These connectors must conform f u l  l y  w i t h  thetmandatory requ i re -  
ments o f  DOE/EV-0007 o r  EUR '6500e (Sect ion  5 o f  t h i s  standard). 

( 7 )  There m ~ ~ s t  be a means of i n d i c a t i n g  the  s t a t e  o f  t hc  RC/ACL , 

c o n t r o l  op t i on  (see Sect ion A1.7). There may be a 1 i m i t e d  access a t  o r  
through the  f r o n t  panel t o  t he  means o f  changing t h i s  c o n t r o l  opt ion.  



A1.5 DATAWAY SIGNALS 
" . .  

The Crate C o n t r o l l e r  Type A-2 must gain c o n t r o l  o f  the  c r a t e  
i n  accordance w i t h  t h e  mandatory requirements o f  Sect ion 4.1 o f  
t h i  s  standard. 

b d 

A1.5.1 Data Signals 

r 
When t h e ' c r a t e  c o n t r o l l e r  i s  on-l ine', addressed, and i n  c o n t r o l  o f  

t h e , c r a t e  dur ing '  a  Read command opera t ion  w i t h  a  s t a t i o n  number o the r  
than N(30), i t  must re t ransmi t  the  s igna ls  from the  twenty-four.Dataway 
Read 1  i n e s  through i n t r i n s i c  OR ou tpu ts  t o  the  BRW l i n e s .  Crate Con- 

. .  t r o l l e r  Type A-2 must have gates between the R and BRW l i n e s  so t h a t  
t h i s  t r a n s f e r  o f  Read 'data occurs on l y  when the  c r a t e  c o n t r o l l e r  i s  on- 
1  ine,  addressed, and i n  c o n t r o l  o f  t he  c ra te ,  f o r  example when 
B C R i  (BTA + BTBi ) =la 

Dur ing Wr i te  operat ions w i t h  s t a t i o n  number o ther  than N(30) . it must 
: re t ransmi t .  t h e  s igna ls  from the  twenty- four  BRW l i n e s  t o  t h e  Dataway 

Wr i te  1  i nes. Cr.ate Contro l  1  e r  Type A-2' must have gates between the .  BRW . 

and W l i n e s  so t h a t  t h i s  t r a n s f e r  o f  Wr i te  data occurs on l y  when t h e  
c r a t e  c o n t r o l l e r  i s  addressed, on- l ine,  and i n  c o n t r o l  o f  the  crate.  

( The gates between the  R and BRW l i n e s  and b e t e n s e  BRW and-W l i n e s  may f u r -  
t h e r  l i m i t  t he  t r a n s f e r s  t o  Read operat ions BF160BF8 = l and Wr i te  operat ions 
B'F16.BF8 = 1, respect ive ly .  However, t he  c ra te .  c o n t r o l  l e r  i s  pe rm i t t ed  t o  gener- 
a t e  s igna ls  on the  Dataway Wr i te  l i n e s  du r ing  any opera t ion  f o r  which i t  has I con t ro l ,  b u t  o ther  u n i t s  connected t o  t h e  Dataway can on l y  r e l y  on the  presence 
o f  such s igna l  s  du r ing  Dataway. Wr i te  operat ions. 

. . 

A1.5.2  ohman and Signal s. I 

The Branch Highway command s igna ls  BN, BA, and BF should be cond i t ioned i n  the  
c r a t e  c o n t r o l l e r ,  f o r .  example, by i n t e g r a t i o n  o r  by s t a t i c i z i n g  a t  a  t ime re- 
1 ated t o  BTA 0+1 ( t h e  0  t o  1 t r a n s i t i o n  o f  BTA) , , i n  order  t o  p r o t e c t  the  
Dataway command 1  i nes  f rom the  e f f e c t s  o f  c r o s s t a l k  i n t o  Branch Highway command 
1  ines.  

I 

I 

The subaddress and f u n c t i o n  s igna ls  from the  BA and BF l i n e s  must 
be re t ransmi t ted  by the  c r a t e  c o n t r o l l e r  on t h e  Dataway A and F  l i n e s  
du r ing  a l l  command mode operat ions when the  c o n t r o l l e r . i s . . o n - l i n e ,  
addressed, and i n ,  c o n t r o l  o f  t he  c ra te .  - 

I n  a double-width c r a t e  c o n t r o l l e r  each o f  t he  S t a t i o n  .Number c0de.s 
N(1) through N ( 2 3 )  must be decoded i n  the  c r a t e  c o n t r o l l e r  t o  produce, 
a  s igna l  on the  corresponding Dataway 1 i n e . N l  t o  N23. The S t a t i o n  



Number code must be- decoded from the  BN 1  ines  o f .  t he  Branch Hi ghway ' 

p o r t  connector whenever the  c r a t e  c o n t r o l l e r  i s  i n  con t ro l  o f  t h e  . 
c r a t e  i n  response t o  a  Branch Highway operat ion. A t  a l l  o ther  t imes 
t h e  S t a t i o n  Number codes must be decoded from the  EN l i n e s  o f  t h e  ACB 
connector. . 5 :  

S t a t i o n  Number codes N(26) through N(30) rece ived from t h e  Branch 
Hi ghway p o r t  connector ( b u t  n o t  necessari l y  t he  ACB connector) must 
be decoded t o  address i n t e r n a l  fea tures  o f  the  c r a t e  c o n t r o l l e r .  

Command operat ions w i t h  N(26) must generate Dataway s igna ls  on a1 1  
t h e  l i n e s  N1 through N23. Comnand operat ions w i t h  N(24) generate Dataway 
s i g n a l s  on 141 through N23 as determined by the  contents o f  23 b i t  
S t a t i o n  Number Regi s t e r  (SNR) . This r e g i  s t e r  i s  1  oaded from BRWl -BRW23 
by t h e  command N(30)-A(8)-F(16) .  The b i t  o f  t he  S t a t i o n  Number Reg is te r  
t h a t  i s  loaded from BRWl c o n t r o l s  t he  s t a t e  o f  N1, etc. The r e g i s t e r  i s  

1 n o t  r e s e t  by t h e  Uataway l n i  t i a  l i z e  s igna l  L. 

A tri p l  e-wi d th  c o n t r o l  1  e r  may a1 t q r n a t i  ve ly  have a  22 b i t  S t a t i o n  Number Register,  
decode bj( 1). through N(22), an'd generate signa1.s on Dataway l i n e s  N 1  through N22.: 

. .  . .  
A1.5.3 Common Contro l  S i  gnal s  : 

. * 

The Dataway I n i  ti a1 i ze s igna l  - Z must be generated i n  response t o  
t h e  command N(28)*A(8) -F(26)  and t o  t h e  Branch I n i t i a l i z e  s igna l  
(see Sect ion  4.5.1 o f  IEEE S td  596-1976 o r  EUR 4600e). It must a l so  

- b e  generated i n  response t o  the  manual I n i t i a l i z e  con t ro l ,  b u t  on l y  
when the  c r a t e  c o n t r o l l e r  i s  i n  the  o f f - l i n e  state.  

The Dataway C lear  s igna l  C must' be generated i n  .resp'onse t o  t h e  
command N(28)*A(g)-F(26) .  It must a l so  be generated i n  response t o  
t h e  manual Clear  c o n t r o l ,  b u t  on ly  when the, c r a t e  c o n t r o l l e r  i s  i n  
t h e  o f f - l i n e  state. 

The Dataway I n i t i a l i z e  Z and C lear  C s i gna ls  must n o t  be generated 
u n t i  1  the  c r a t e  c o n t r o l l e r  i s  i n  c o n t r o l  o f  t he  c r a t e  and must be 
generated w i t h  the  ti mf ng s p e c i f i e d  f o r  unaddressed operat ions i n  I EEE 
S t d  583-1975 o r  EUR 4100e, F i g  10. They must be associated w i t h  a  
sequence i n c l u d i n g  B and S2 s ignals,  a l so  w i t h  the  t ime s p e c i f i e d  i n  
IEEE S td  583-1975 o r  EUR 4100e, F i g  10. The sequence i s  pe rm i t t ed  t o  
i n c l u d e  S 1  b u t  t h i s  i s  no t  mandatory, and o ther  u n i t s  connected t o  the  
Dataway must n o t  r e l y  on the  generat ion o f  S1 w i t h  Z  and C. 

The Dataway I n i t i a l i z e  Z s igna l  'must be generated i n  response. t o  t he  
Branch I n i t i a l i z e  s igna l  on ly  when t h e  c r a t e  c o n t r o l l e r  i s  i n  c o n t r o l  
o f  t h e . c r a t e  and the  Branch I n i t i a l i z e  s igna l  i s  i n  t he  l o g i c  "1'' state.  

' 

(Note t h a t  Crate C o n t r o l l e r  Type A-2 cou ld  fai .1 t o  generate Dataway, 
I n i t i a l i z e  Z  i n  response t o  Branch I n i t i a l i z e  w h i l e  an a u x i l i a r y  con- 
t r o l  1  e r  i s p e r f  ormi ng cont inuous Dataway operat ions. ) 

, 

The Dataway I n h i b i t  s i  gna'l I must be i n i t i a t e d  when an on-1 i n e  c r a t e  
c o n t r o l  l .er generates Dataway I n i t i a l i z e  Z, and must reach a  maintained "1" 



s t a t e  n o t  l a t e r  than t ime  t 3  (see 1EE.E S t d  583-1975. o r  EUK 4100e, 
F i g  10). When some o the r  u n i t .  generates I n i  t i . a l  i z e  (accompanied o r  
n o t  by I n h i  b i t ) ,  an o n - l i n e  c r a t e  c o n t r o ' l l e r  must n o t  generate 
I n h i b i t '  i,n .response t o  Dataway Z gated by S2. .The I n h i b i t  s igna l  
must' be generated i n  response t o  t he  command N (30) *A(9  )*F(26) .  
I n  these cases t h e  I n h i b i t  s i gna l  must be mainta ined by the  c r a t e  
c o n t r o l l e r  u n t i l  r e s e t  by the  command N(30)*A(9)*F(24) .  It must a l so  
be generated w h i  1  e  t he  f r o n t  panel 1nh ib i  . .  t . s igna l  i s  -present .  

The c o k a n d  N(30 ) *A (9 ) *F (27 )  must produce a  Q = 1 response i f  
the re  i s  a  "1" s t a t e  s igna l  on t h e  Dataway I n h i b i t  1  ine. 

. . 

. A1.5.4 Patch Connections 

Crate c o n t r o l  l e i  Type A-2,must n o t  use the  patch p ins  o f  t he  
Dataway s t a t i o n s  t h a t  i t  occupies. . 

t - .  

) . ... ,'d1.5.5' A r b i t r a t i o n  Methods used by the  Crate C o n t r o l l e r  

Crate C o n t r o l l e r  Type A-2 must p rov ide  f o r  both t h e  Request/Grant 
- .  and A u x i l i a r y  C o n t r o l l e r  Lockout methods o f  ga in ing  c o n t r o l  o f  t h e  
. c ra te .  E i t h e r  t h e  A u x i l i a r y  C o n t r o l l e r  Lockout method o r  t h e  

Request/Grant method w i l l  be used depending on the  s t a t e  o f  t he  RG/ACL 
o p t i o n  c o n t r o l .  I f  the  s t a t e  o f  t h i s  c o n t r o l  i s  "1 "'the A u x i l i a r y  Con- 
t r o l l e r  Lockout method must be used. If the  s t a t e  o f  t he  c o n t r o l  i s  "0" 
t h e  Request/Grant method must be used. When the  c r a t e  c o n t r o l l e r  i s  
us ing  t h e  Request/Grant method, i t  must respond t o  an ACL s igna l  on the  
ACB (see Sec t ion  4.1.5 o f  t h i s  standard).  

A1.6 DEMAND HANDLING 

A1.6.1 Branch Demand 

The Branch Demand s igna l  BD must be der ived,  sub jec t  t o  t he  
f o l l  owing cond i t ions ,  f rom t h e  OR combinat ion o f  an Ex terna l  Demand 
s igna l  f rom con tac t  48 o f  t he  LAM-Grader connector and an I n t e r n a l  
Demand s igna l  which i s  t h e  OR o f  t h e  24 GL s igna l s  rece ived v i a  t h e  
LAM-Grader connector. 

The ou tpu t  o f  t h e  Branch Demand s igna l  t o  the  BD l i n e  must 'be 
d i sab led  by t h e  command N(30 ) *A ( lO) *F (24 )  o r  by t h e  Dataway I n i t i a l -  
i z e , s i g n a l  Z w i t h  S2 when generated by the  c r a t e  c o n t r o l l e r .  It must 

: be enabled by t h e  command N(30)-A( lO)*F ' (26) .  The command 
N(30);A(lO)*F(27) must g i v e  a BQ = 1 response i f  t h e  ou tpu t  o f  t he  .BD 
i s  enabled. The command N ( 3 0 ) * A ( l l ) - F ( 2 7 )  must g i v e  a  BQ = 1,response 
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$ - f  
1 ,; - 

i f  the OR of the  Internal  and External Demands i s  i n  the "1" - 4 . t  I, 

s t a t e ,  even i f  t he  output  of B D  i s  disabled. 

The Internal  Demand signal .must be inhibi ted  by the "1" s t a t e  , l x  . . 
of the  Inh ib i t  1ntern.al D 'signal from contact  51 of the  LAM-Grader 
connector .. 

In response t o  a Graded-L Request signal BG = 1, accompanied by 
BCRi = 1, the  c r a t e  con t ro l l e r  must gain control of the c ra te .  I t  ' *' 
must generate t he  Graded-L operation signal on contact  1 of the  
LAM-Grader connector. I t  must accept the Graded-L s igna l s  GL1-GL24 
frnm t h e  IAM-Grader connector and transmit them t o  the BRW l i n c s  
( G L 1  t o  BRW1, e t c ) .  

The c r a t e  control 1 e r  must a1 so accept. the Graded-L s igna l s  from. the 
LAM-Grader connector and transmit  t h e m  t o  the BRW l i n e s  i n  response t o  
command mode operations w i t h  N(30)*A(O-7)*F (0 )  ( see  Section A1.9.4). 

In both cases the GL information must be t rans fe r red  from the 
LAM-Grader t o  the  BRW 1 ines  w i t h  m i n i m u m  delay, and the  s igna l s  must not 
appear on the Dataway Read l ines .  I - 

A1.6.3 Pull Up f o r  6L and L Lines 

-- - --- - - 

Pull-up current  sources i n  accordance w i t h  IEEE Std 583-1975 o r  EUR 
4100e, Table 6,  must be provided on a l l  GL l i n e s  of the  LAM-Grader con- 
nector and a1 1 AL 1 ines  of the Auxiliary Controller  Bus connector i n  the 
c r a t e  con t ro l l e r .  The L l i n e s  of the  LAM-Grader connector must be 
i so la ted  from the  Dataway L 1 ines  and must not be provided w i t h  pull-up 
current  source.s, t h u s  a1 lowing a simple LAM Grader t o  form w i  red-OR com- 
binat ions  of L signal 's without af fect ing the AL 1 ines on the ACB. 

. 
~ 1 . 7 '  T I M I N G  REQUIREMENTS , 

The i n i t i a t i o n  of any operation by the c r a t e c o n t r o l  l e r  i s  determined by the ' '  

Branch Highway s igna l s  BCRi ' ,  BG, BZ,  and BTA and the  s igna l s  associated w i t h  
ACB * Request, Grant, ACL,  and Request I nh ib i t ) .  

r 

Before resporidi ng t o  any Uranch H i  gl~way 0pera.L.i oti, the c r a t e  con- 
t r o l l e r  must f i r s t  gain control of the c ra te .  I t  must i n i t i a t e  t he  
process of gaining control of the  c r a t e  when i t  de tec t s  BCRi  = 1. I t  
m u s t  maintain control of t he  c r a t e ,  by generating Request Inh ib i t  o r  
ACL,  u n t i  1 i t  de tec t s  BCRi  = 0. 



I f  t h e  Branch D r i v e r  generates B C R i  = 0  between comnand operat ions, the  c r a t e  
c o n t r o l  1  e r  w i  11 re1 ease the  c r a t e  a f t e r  each ope ra t i  on a1 1  owing auxi 1  i ary con- 
t r o l l e r s  t o  ga in  c o n t r o l  (and pos'si b l y  main ta in  contro l ' )  o f  the  crate..  I f  on 
t h e  o ther  hand, t h e  Branch D r i v e r  mainta ins B C R i  = 1 between comnand operat ions,  
then the  c r a t e  c o n t r o l l e r  w i l l  ma in ta in  con t ro l ,  thus a l low ing,  f o r  example, 
t he  execut ion o'f a  block t r a n s f e r  w i t h  minimum delay. . . 
. In coymand mode, operat ions w i t h  S t a t i o n  Nu.mber codes o ther  than-.N(30); the . ' c ie te  
c o n t r o l l e r  generates Dataway Strobe s igna ls  S 1  and S2 w i t h  t i m i n g  re.1 ated . to t h a t  
o f  t h e  Branch t i m i n g  s igna ls  BTA and. BTB as def ined i n  Sect ion A1.7 .l. 

Command operat ions w i t h  S t a t i o n  Number code N(30) do no t  generate S1, S2, o r  B 
s igna ls  on t h e  Dataway l i n e s  (see Sect ion A1.7.3). 

I n  Graded-L operat ions there  are no Datawaj Strobe o r  B Signals, and the t i m i n g  
must take i n t o  account t he  s ignal  delays i n  any non-Dataway connect ions t o  a  LAM- 
Grader u n i t .  These t i m i n g  requirements are de f ined , i n  Sect ions A1.7.2 and' A1.9.3. 

The i n t e r n a l  t i m i n g  generator o f  t h e  c r a t e  c o n t r o l l e r  must be p ro tec ted  1 aga ins t  .. . spurious s igna ls  on t h e  BTA and B C R  l i n e s .  ; 

One method o f  p ro tec t i on ,  shown i n  F i g  A l - 1 ,  i s  t o  c o n d i t i o n  the  incoming s igna ls  
f rom the  BTA l i n e  and the  se lec ted  BCR l i n e  by i n t e g r a t i o n  w i t h  a  t ime constant  o f  
100+50 ns. Another method i s  t o  c o n d i t i o n  the  i n t e r n a l  s i gna l  TA which c o n t r o l  s  
the-t iming generator. T rans i t i ons  o f  t h e  BTA and BCR s igna ls  are detected by the  
c r a t e  c o n t r o l l e r  a f t e r  a  delay (shown i n  F i g  3 and 4  o f  IEEE S td  596-1976 o r  
EUR 4600e) due t o  t h i s  p ro tec t i on .  

A1.7.1 Command Mode Operations w i t h  Dataway S1, S2, and B. 

The f o l l  ow'ing t i m i n g  cond i t i ons  must be s a t i s f i e d  when the  c ra te '  con t ro l  - 
1  e r  responds t o  a  comnand mode branch opera t ion  which requ i res  a  Dataway 
opera t ion  w i t h  s igna ls  S1, S2, and B. I n  t h i s  sec t i on  the  t imes to, t 3 ,  t 5 ,  
e tc ,  r e f e r  t o  t he  corresponding 'key p o i n t s  on F i g  9  o f  IEEE S td  583-1975 o r  
EUR 4100e. 

. . . . . . . . 

Dur ing Phase 1 o f  t he  operat ion, t he  Branch  river generates t h e  comnand 
s,i gnal s  BF, BA, and. BN a1 ong w i t h  the  s i  gnal s  B C R i  o f  'the addressed c r a t e  
c o n t r o l l e r s .  The c r a t e  c o n t r o l l e r  must i n i t i a t e  the  process o f  ga in ing  con- 
t r o l  o f  t h e  c r a t e  w i t h  minimum delay when i t  detects the .0+l  t r a n s i t i o n  o f  . . . 
B C R i  (see Sect ion 4  o f  t h i s  standard).  . . 

I n  Phase 2 o f  the  operati 'on, a f t e r  ac t ions  by .the Bra:nch D r i v e r  and the  
c r a t e  c o n t r o l  1  e r  du r ing  Phase 1, the.  c r a t e  c o n t r o l  1  e r  de tec ts  BTA .= 1, 
accompanied by BG = 0, B C R i  = 1, and the'  appropr iate cowand s ignals.  It 
must then i n i t i a t e  the  requ i red  Dataway N and' command ,signa?s, thus s t a r t i n g  

. ,  



t h e  Dataway opera t ion  a t  to, e i t h e r  when i t  detects BTA = 1 o r  a t  t he  
appropr ia te  t ime a f t e r  i t  has gained c o n t r o l  o f  the  c ra te ,  i f .  t h i s  
occurs 1  a t e r  (see Sect ion 4  o f  t h i s  standard. 

A t  t 3 ,  which i s  400(+200/-0) ns a f t e r  to, the  c r a t e  c o n t r o l l e r  must ,---- 

i n i t i a t e  t h e  0-1 t r a n s i t i o n  o f  t h e  Dataway Strobe S1, and t h e  Branch 
t i m i n g  s igna l  t r a n s i t i o n  BTBi 1+0. A t  t5 ,  w h i c h ' i s  200(+100/-0) ns a f t e r  
t 3 ,  t h e  l a 0  t r a n s i t i o n  o f  the Strobe S1 must be i n i t i a t e d .  

I n  Phase 4, t he  c r a t e  c o n t r o l l e r  i n i t i a t e s  t h e  0-1 t r a n s i t i o n  o f  
Strobe S2 a t  t 6 ,  which i s  e i t h e r  when i t  detects BTA = 0  o r  when the  
i n t e r v a l  t 5 - t 6  i s  100(+100/-0) ns, i f  t h i s  occurs l a t e r .  

A t  t 8  which i s  200(+100/-0) ns a f t e r  t6 ,  t he  1-0 t r a n s i t i o n  o f  S2 must 
be i n i t i a t e d .  

A t  t g ,  which i s  100(+100/-0) ns a f t e r  t g ,  t he  c r a t e  c o n t r o l l e r  must 
i n i t i a t e  t h e  1 4 0  t r a n s i t i o n s  o f  t h e  Dataway s igna ls  N and B, and must ' 

i s o l a t e  the  Dataway Q and R l i n e s  from t h e  Branch Highway BQ and BRW . 
l i n e s  respec t i ve l y .  It must then i n i t i a t e  t h e  Branch t i m i n g  s igna l  
t r a n s i t i o n  BTBi 0-1. When the  c r a t e  c o n t r o l l e r  detects BCRi = 0, i t  must 
i n i t i a t e  t h e  1-0 t r a n s i t i o n  o f  t h e  Request I n h i b i t  s igna l  o r  t h e  
A u x i l i a r y  C o n t r o l l e r  Lockout s igna l  i f  the  l a t t e r  i s  i n  use. 

. .. 
A1.7.2 Graded-L Operations : ~ . .  

.. ( 

The c r a t e  c o n t r o l  1  e r  must s a t i s f y  t he  f o l l o w i n g  t i m i n g  cond i t i ons  dur ing  
Graded-L opera t ions  w i t h  BG = 1 and BCRi = 1. I n  Phase 1 o f  t he  operat ion, 
t h e  Branch D r i v e r  generates t h e  command s igna l  BG along w i t h  the  s i g n a l s  
BCRi o f  the  addressed c r a t e  c o n t r o l l e r s .  The c r a t e  c o n t r o l l e r  must i n i t i a t e  
t h e  process o f  ga in ing  c o n t r o l  o f  t he  c r a t e  w i t h  minimum delay when i t  
de tec ts  the  0+1 t r a n s i t i o n  o f  B C R i .  I n  Phase 2  i t  must i n i t i a t e  Branch 
t i m i n g  s igna l  t r a n s i t i o n  BTBi 1+0 w i t h i n  400( +200/-0) ns a f t e r  de tec t i ng  
BTA = 1 o r  400(+200/-0) ns a f t e r  ga in ing  c o n t r o l  o f  t he  crate,  i f  t h i s  occurs 
l a t e r .  A t  t h e  same t ime  i t  must be present ing  t o  i t s  BRW outputs the  

* 

GL i nformat i  on r e c e i  ved v i a  t h e  LAM-Grader connector (see Sect i  on A1.9.3). 
I n  Phase 4 i t  must remove the GL in fo rma t ion  from i t s  BRW outputs w i t h  
minimum delay a f t e r  de tec t i ng  BTA = 0, and i n i t i a t e  the  s igna l  t r a n s i t i o n  
BTBi 0 4 .  The c r a t e  c o n t r o l  I e r  must main ta in  c o n t r o l  o f  the  c r a t e  ,un t i  1  
i t  detec ts  BCRi = 0  and i t  must then i n i t i a t e  the  1-0 t r a n s i t i o n  o f  the  
Request I n h i  b i t  s i gna l  o r  t h e  A u x i l i a r y  C o n t r o l l e r  Lockout s igna l  i f  the  
1  a t t e r  i s  i n  use. 

4 

A1.7.3 command Mode opera t ions  Without Dataway S1, 52, o r  B 

r .  

Command mode operat ions addressed t o  N (30) are concerned . w i  t h  i nternal.  
f ea tu res  o f  t he  c r a t e . c o n t r o l l e r  and w i t h  reading Graded-L i n fo rma t ion  v i a  
t h e  LAM-Grader connector. The c r a t e  c o n t r o l l e r  must n o t  generate s igna ls  
on t h e  Dataway S1, S2, B, o r  R l i nes .  



The t i m i n g  o f  these operat ions must fo l low the  requirements f o r  
command mode operat ions (see 'Sect ion A1.7.1) w i t h  the  except ion 
t h a t  the  S1, S2, and B s igna ls  are n o t  generated on the  Dataway 
1 i nes, a1 though the re  may be equi va len t  i nte rna l  s i  gnal s. 

I 

A1.8 COMMANDS IMPLEMENTED BY CRATE CONTROLLER TYPE A-2 

Crate C o n t r o l l e r  Type A-2 must recognize and implement the  commands 
summarized i n  Table A l - 1 ,  and must n o t  use any o ther  comnands. When 
addressed w i t h  any o f  these commands i t  must generate BX = 1. The f i v e  
Funct ion codes F(0, 16, 24, 26, 27) must be f u l l y  decoded i n  the c r a t e  
c o n t r o l  l e r .  

The c r a t e  c o n t r o l l e r  must generate BQ = 1 i n  response t o  a l l  commands 
t h a t  read from o r  w r i t e  t o  i t s  r e g i s t e r s ,  o r  t h e  LAM-Grader connector. 
I n  Crate C o n t r o l l e r  Type A-2 t h e  two comnands t o  which t h i s  app l ies  are 
N(30)*A(O-7)*F(O) and N(30) -A(8) -F(16) .  

A1.9.L'AM-GRADER CONNECTOR 

* 

The rear-mounted connector f o r  a l i n k  t o  an op t i ona l  separate 
LAM-Grader u n i t  must be a f i  f t y - two  contac t  Cannon Double-Densi t y  f i x e d  
member w i t h  p i n s  (Type 2DB52P), o r  equi val 'ent type f u l l y  mateabl e w i t h  
t h e  f r e e  member w i t h  sockets, Cannon Type.2DB52S. It must be mounted a t  
t h e  r e a r  o f  t he  c r a t e  c o n t r o l l e r  above the  Dataway connectors w i t h i n  the  
area f o r  f r e e  access (see IEEE Std  583-1975 o r  EUR 4100e, F i g  3),  w i t h ,  
Contact 1 lowermost. The f i f t y - t w o ,  contacts are assigned as shown i n  
Table A1-2. . .  . 

TABLE A l - 1  5 '  . . .  , 

BRANCH COMMANDS IMPLEMENTED BY CAMAC CRATE CONTROLLER TYPE A-2 
. . 

. . .  Command ' 
. . Ac t ion  ' N A F Response . . . . 

Generate Dataway Z 
Generate Dataway C 
Read GL 
Load SNR 
Remove Dataway I 
Set Dataway I 
Test Dataway I 
Disab le  BD ou tpu t  
Enable BD output  
Test BD output  enabled 
Test demands present  

BQ=O 
BQ=O 
BQ= 1 
BQ= 1 
BQ=O 
BQ=O 
BQ=l i f  1=1 
BQ=O 
BQzO 
BQ=l i f  BD enabled 
BQ=l i f  demands present  



. . 
The LAM Grader accepts L  s igna ls  from the  c r a t e  c o n t r o l l e r  v i a  the  LAM-Grader 
connector. It generates Graded-L GL s igna ls  and, o p t i o n a l l y ,  t he  External  
Demand s ignal .  It may i n c l u d e  gates, mask reg i s te rs ;  etc,  f o r  processing 
t h e  L  s igna ls ,  o r  may merely c o n s i s t  o f  passive in te rconnect ions  between t h e  
contac ts  o f  t h e  LAM-Grader connector. It may i n t e r a c t  w i t h  the  c r a t e  con- 
t r o l l e r  i n  the  f o l l o w i n g  ways: 

( 1 )  Branch Demand. Crate Contro l  l e r .  Type A-2 der ives  the  Branch 
Demand BD s igna l  from t h e  Graded-L s ignal  s  (and, o p t i o n a l l y ,  t he  Ex terna l  D 
s i g n a l )  which i t  rece ives  v i a  the  LAM-Grader connector. . 

(2 )  Graded-L Operations. ' The c r a t e  c o n t r o l  1  e r  generates t h e  Graded-L 
Operations sign'al on Contact 1 t o  i n d i c a t e  t h a t  i t  requ i res  Graded-L s ignals.  
1 

I f  t h e  LAM Grader responds t o  t h i s  s i g n a l  i t  must s a t i s f y  t h e  
t i m i n g  requirements o f  Sect ion A1.9.3. ' 

h 

( 3 )  Command Mode Operations. In response t o  Branch comn~ands w i t h  
N( 28) o r  N(30) t h e  c r a t e  c o n t r o l  1  e r  generates the  Contro l  1  e r  Addressed s i  gnal 
on Contact 50. Th is  a l lows t h e  LAM Grader t o  be t r e a t e d  a s - a  detached p a r t  o f  
t h e  c r a t e  c o n t r o l l e r  t h a t  can be addressed independently o f  i t s  l o c a t i o n  i n  the 
c ra te .  The presence o f  Dataway Busy B  d i s t i ngu i shes  opera t ions  w i t h  N(28) 
from those w i t h  N(30). The C ~ f l t ~ ~ l l e r  Addressed s igna l  w i t h  Dataway A(U-71, 
b u t  w i thout  5, i n d i c a t e s  t h a t  t he  c r a t e  c o n t r o l l e r  requ i res  Graded-L s ignals.  
I n  con junc t ion  w i t h  a  Dataway opera t ion  and B  the  C o n t r o l l e r  Addressed s igna l  
may be used, f o r  example, t o  access r e g i s t e r s  i n  t he  LAM Grader. 

I f  t h e  LAM Grader responds t o  the C o n t r o l l e r  Addressed s igna l  i t  
must s a t i s f y  t he  t i m i n g  requirements o f  Sect ion A1.9.4. 

The Graded-L Operat ion s igna l  on Contact 1 must be i n  the l o g i c  "1" 
s t a t e  when - the' c r a t e  c o n t r o l l e r  i s  on- l ine,  i n  c o n t r o l  o f  t he  c ra te ,  
and (BTA + BTBi ) *  BG*BCRi = 1. 

The C o n t r o l l e r  Addressed s igna l  on Contact 50,must be i n  the  "1" 
s t a t e  dur lng  command mode operat ions t o  N(28) o r  N(30) when the  c r a t e  
c o n t r o l l e r  1s on-1 ine, i n c o n t r o l  o f  t he  c ra te ,  and 
[N(28) + N(30)]*(BTA + B T B i ) * E  BCRi = 1. 

C . 
. Equivalent  cond i t i ons  f o r  t h e  generat ion o f  these two s ignals,  C o n t r o l l e r  

Addressed and Graded-L ope ra t i  on, are shown i n  F i g  A l - 1  i n  terms o f  t he  
i n t e r n a l  (nonmandatory) s igna l  s  o f  a  p a r t i c u l  a r  .imp1 ementation o f  Crate Con- 
t r o l  1  e r  Type A-2. 

A1 1  mandatory ti m i  ng requirements , re fe r  t o  s i  gnal cond i t i ons  a t  
t h e  LAM-Grader connector on the  c r a t e  cont .ro l l~r .  The i n t e r v a l  be- 
tween the  i n i t i a t i o n  o f  a  s igna l  by the  c r a t e  c o n t r o l l e r  and the 
r e c e i p t  of an es tab l i shed  response from the  ex te rna l  u n i t  thus  
inc ludes  delays due t o  bo th  the  ex terna l  u n i t  and i t s  l i n k i n g  cable. 



A1.9.1 S i  gnal Standards 

A1 1  s igna ls  v i a  the  LAM-Grader connector must s a t i s f y  Sect ion 
7.1 o f  .IEEE S td  583-1975 o r  EUR 4100e. The s igna l  standard f o r  N 
s igna ls  app l i es  t o  the  Graded-L opera t ion  s igna l  on Contact 1, 
and a l s o  t o  t h e  C o n t r o l l e r  Addressed s ignal  on .Contact 50. A l l  
o ther  s igna ls '  i n c l u d i n g  External  D .on Contact 48 and I n h i  b i t  
I n t e r n a l  D on Contact 51, f o l l o w  the  standard f o r  L  s ignals.  

A1.9.2 Timing - Branch Demand 
. . 

The maximum o v e r a l l  delay between the  t ime when an L s igna l  a t  
t he  c o n t r o l  s t a t i o n  o f  t h e  c r a t e  c o n t r o l  l e r .  reaches a  mainta ined 
"1" o r  "0" s t a t e  and the  t ime when the  BD s igna l  a t  t he  Branch 
Highway p o r t  o f  the  same c r a t e  c o n t r o l l e r  reaches a  corresponding 
maintained "1" o r  "0" s t a t e  i s  de f ined i n  Sect ion 4.4..1 o f  IEEE 
S td  596-1976 o r  EUR 4600e. When the  c r a t e . c o n t r o l l e r  i s  used i n  
con junc t ion  w i t h  an ex terna l  LAM Grader t h e  component o f  t h i s  delay 
due t o  the  c r a t e  c o n t r o l l e r  must n o t  exceed 250 ns. 

A1.9.3 Timing - Graded-L Operat ions. . . . 

The i n t e r v a l  between the  generat i  on o f  t h e  Graded-L ope ra t i  on 
s igna l  , accompanied by L  s i  gnal s, and' the  es tab l  i shment o f  cor re-  
spondirig Graded-L' s i  gnal s  must no t  exceed 350 ns, 

~1,.9.4 Timing - Command Mode Operat ions 

The i n t e r v a l  between the  generat i  on o f  t he  Contro lJ  e r  Addressed 
s igna l  (accompanied by L  s ignals,  and i n  con junc t ion  w i t h  Dataway . . 

s i gna l s  F(O), A(O-7);B = 0)  and t h e  establ ishment o f  corresponding ' 

Graded-L s igna ls  must n o t  exceed 350 ns. 

  he ex te rna l  u n i t  must p r e i e n t  'i de,nt ical  GL i n f o r m a t i o n  i n  response 
t o  t h e  Graded-L opera t ion  s igna l  and .t6 the Contro l ler i  Addressed s igna l  
w i t h  A(O),. F(O), and B. = 0. Subaddresses A(1-7)- may be used t o  access 
d i f f e r e n t  se lect ions '  o f  GL i nformati'on. 

I f  t h e .  ex terna l  u n i t  responds t o  command mode operat ions w i t h  
N(28)*A(O-15), B  = 1, and an F code, i t  must s a t i s f y  the  normal 
t i m i n g  reqirements o f  IEEE Std 583-1975 o r  EUR 4100e f o r  a  CAMAC 
module and i s  pe rm i t t ed  t o  make data t r a n s f e r s  v i a  the  Datawdy 
R and W l i n e s .  



A1.10 OFF-LINE STATE 

The o f f - l i n e  s t a t e  i s  se lec ted  by means o f  t he  o f f - l i n e  manual con- 
t r o l  on t h e  f r o n t  panel o f  t he  c r a t e  c o n t r o l l e r .  I n  t h i s  s t a t e  t h e  
c o n t r o l l e r  does n o t  respond t o  comand.or  Graded-L Request s igna ls  on 
t h e  Branch Highway, and does n o t  generate Branch t i m i n g  o r  demand 
s igna ls  on the  Highway. 

The f o l l o w i n g  minimum cond i t i ons  must be observed i n  t he  o f f - l i n e  
s ta te :  

( 1 )  The f r o n t  panel manual c o n t r o l s  f o r '  1n i  t i a l  i z e  and Clear  must , 

be e f f e c t i v e .  (They must be i n e f f e c t i v e  i n  t he  on - l i ne  s ta te ) .  

(2 )  The f r o n t  panel I n h i b i t  s igna l  ' i npu t  must cont inue t o  be . 
e f f e c t i v e .  Dataway I n h i b i t  must on ly  be generated i n  response t o  t h e  
f r o n t  panel I n h i  b i t  input .  

( 3 )  The c r a t e  c o n t r o l l e r  must n o t  respond t o  BTA = 1. It must n o t  
generate Dataway B, N, S 1  o r  S2 s igna ls  i n  response t o  BTA = 1 w i t h  
BG = 0, o r  access the  Graded-l i n fo rma t ion  i n  response-to BTA = 1 w i t h  
BG = 1. 

( 4 )  The c r a t e  c o n t r o l l e r  must n o t  generate "1" s t a t e  outputs t o  the  
BTB, BD, BRW, BQ, o r  BX l i n e s .  An o f f - l i n e  c r a t e  i s  thus prevented from 
i n t e r f e r i n g  w i t h  Branch operat ions. 

(5 )  The c r a t e  c o n t r o l l e r  must n o t  respond t o  BZ = 1. 

( 6 )  The c r a t e  c o n t r o l l e r  must n o t  t ake  any ac t i on  t h a t  would i n t e r f e r e  
w i t h  the  c o n t r o l  o r  use o f  t h e  Dataway by A u x i l i a r y  Cont ro l le rs .  

J 

The fo l l ow ing  a d d i t i o n a l  c o n d i t i o n  i s  recommended i n  the  o f f - 1  i n e  s ta te :  

( 7 )  I n  the  absence o f  power t o  the  c r a t e  c o n t r o l l e r ,  a l l  i npu ts  and . 
ou tpu ts  v i a  t h e  Branch Highway p o r t s  shou,ld be f r e e  t o  assume e i t h e r  the  "0.;' 
s t a t e  o r  t he  "1" s ta te ,  as requ i red  by o ther  u n i t s  connected t o  the  Branch, 
and should n o t  impose abnormal c u r r e n t  loadings. 

Al.11 DATAWAY INHIBIT I I N  OFF-LINE STATE 

I t i s  'mandatory i n  IEEE' 583-1975 o r  EUR 4100e (Sect ion 5.5.2) t h a t  u n i t s  
genera t ing  I n i t i a l i z e  Z must a l so  generate I. U n i t s  t h a t  can generate and 
ma in ta in  I must main ta in  I = 1 u n t i l  s p e c i f i c a l l y  reset .  See Sect ion 5.5.2 
o f  IEEE Std 583-1975 o r  EUR 4100e. Both these requirements are met by Crate 
Cont ro l  1  e r  Type A - 2  i n .  t h e  on-1 i ne state.  However, Scct ion A1.10(2) o f  t h i s  
standard s p e c i f i c a l  l y  p r o h i b i t s  t he  generat ion o f  I = 1 i n  the  o f f - 1  i r ie  
s t a t e  other .  than i n  response t o  the  f r o n t  panel I n h i  b i t  input .  The o f f - l i n e  

I s t a t e  has been def ined j n ' such  a  way t h a t  an A u x i l i a r y  C o n t r o l l e r  can c o n t r o l  
. . .-.the I n h i b i t  I signa l  w h i l e  t he  c r a t e  c o n t r o l l e r  i s  o f f  l i n e .  Sect ion Al.IO(2) 

i s  p r i m a r i  l y  in tended t o  prevent  t he  generat ion o f  mainta.ined. I = 1 by Crate 
I C o n t r o l l e r  Type,A-2 when i t  j s  i n  the  o f f - l i n e  state.  

. . . . , . --.--. 



To be consistent w i t h  t h i s  aim: 

( 1) Crate Cont ro l ler  Type A-2 should generate I as defined i n  Sections 
A1.5.3 and A1.10 (and as shown i n  F i g  Al-1). 

(2)  Any aux i l i a r y  means o f  generating I (other than Aux i l i a ry  Cont ro l lers)  
i n  an o f f -1  i n e  c ra te  should conform t o  Section 5.5.2 o f  IEEE Std 583-1975 o r  
EUR 4100e by generating I = 1 i n  response t o  ZeS2. It should preferably 
maintain I = 1 and provide a means o f  r ese t t i ng  it. 

I A1.12 AUXILIARY CONTROLLER BUS CONNECTOR 

Crate Cont ro l ler  Type A-2 must have a rear mounted ACB connector o f  the 
type defined i n  Section 5 o f  t h i s  standard and w i t h  the contact assignment 
o f  signal 1 ines given i n  Table A1-2 o f  t h i s  standard. 

TABLE A1-2 

CONTACT ASSIGNMENTS FOR LAM-GRADER CONNECTOR OF CRATE CONTROLLER TYPE A-2 

Contact Usage Contact Usage 

1 Graded-L operat i  on 
3 GL 1 
5 GL2 
7 GL3 
9 GL4 

11 G L5 
13 GL6 
15 G L7 
17 GL8 
19 ' GL9 
a . GLlO 
2 3 GL 11 
2 5 GL12 
27 GL1J 
29 GL14 
31 GL15 
33 . GL16 
3 5 GL17 
3 7 GL18 , 

39 GL19 
41 GL20 
43 GL21 
45 GL22 
47 GL23 
49 . GL24 
51 I n h i b i t  In te rna l  D 

L 1 
L 2 
13 
L 4 
15 
16 
17 
18 
19 
110 
t l l  
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
External D 
Control 1 e r  Addressed 
Ground ( O V )  
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