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Introduction 

Two years ago the Laboratory was faced 
with the problem of deciding what type of con- 
trol system hardware should be used in the 
Neutrino, Meson, and Proton experimental areas. 
Realizing that scientists from all over the 
world would be conducting experiments in these 
beam lines the Laboratory chose an internation- 
al standard, CAMAC, as its hardware interface 
to controlled devices. Because of long dis- 
tances between control stations a serial con- 
trol system was necessary. The first attempt 
at serializing CAMAC was done throughout the 
two mile long Neutrino beam line. A serial 
branch driver was designed to interface to com- 
mercially available CAMAC type A crate control- 
lers. Due to excessive costs and additional 
system requirements, another serial system was 
designed for the Meson and Proton experimental 
beam lines. The serial crate controller used 
in this system not only replaces the serial 
branch driver and type A controller but has 
two additional features, block transfer and 
multi-crate addressing capabilities. 

System Configuration 

A block diagram of the system using seri- 
al crate controllers is given in Figure 1. A 
maximum of four output data transfers from a 
mini-computer to the serial link controller 
are required to load a seventy bit serial word. 
The serial word is then transmitted thru data 
repeaters to all serial crate controllers with 
only the addressed controller returning a 
thirty-five bit word to the link controller. 
Transmission between control stations is via 
bipolar transfer-coupled 1 MHz pulses whereas 
nine balanced driver/receiver pairs are used 
for transmitting signals between "daisy-chain- 
ed" controllers. Each data repeater has three 
additional input and outpu; pairs of ports for 
"branching" to additional remote ccntrol sta- 
tions. 

Serial Crate Controller Specifications 

Read and write operations thru an addres- 
sed serial crate controller from or to a CAMAC 
module are performed as folloWs. The first 
tnirty-five bits of the serial wcrd contain 
the controller's address, the command to be 
porforrred, and odd parity, ccntrol, and timi.nq 
bl_tS. Bcca.Ase the system is synchronized to 
t:lc serial link controller's internal clock, 
tte :;erial word is always seventy bits lonq. 
9.e last thirty-five bits contain data during 
a write command and timing bits for five sta- 
tus return bits. The crate controller returns 
the transmitted data and status bits during a 
writ,-: operation rind read d<.lta ,:nd s tatus bi. t; 
during ;I rend operation. Neglecting cable 
propagation Aelays ,ind software overhead time, 
an oper~~tion to a crate controller requires 
sc;vt:Ity microseconds. 

If a parity error is detcctcd on the acl- 
drcs ii- commln:l portion of the incoming word, no 
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return word is transmitted. If during a write 
operation a parity error is detected on the 
data, a status bit in the return, word is set. 

The serial crate controller contains all 
the features of a CAMAC A-l crate controller 
makinq it compatible with commercially avail- 
able CAMAC modules. When power is applied to 
the serial controller a CX4AC "initialize" 
command is generated which sets the controller 
and all modules in the same crate tc a prede- 
fined initial state. 

Yulti-crate commands are performed by 
settinq a bit in the serial word allowing the 
serial system to address a ore-determined 
block of crates with one output transmission. 
Patching permits several different combina- 
tions of crates to be addressed by a series of 
multi-crate commands. 

An additional feature of the serial crate 
controller is its ability to qenerate block 
transfers. Such things as digitized analog 
data and scalers read using this mode of oper- 
ation result in less software overhead and 
time savings by factors of five to ten. Data- 
way cycles required for block transfer data 
occur only when a seventy bit word is not be- 
ing transmitted through a crate, thus this 
mode does not interfere with the operation of 
the normal serial system in any way. 

To initiate a block transfer a register 
in the crate controller is loaded with a CAMAC 
read function code (Fx), an initial slot (IJi), 
and a final slct (Nf). Datawav read cycles 
are then generated stirting with a command 
using the loaded function code, initial slot, 
and subaddress zero. Each read cycle results 
in the crate controller transmitting a twenty- 
nine bit 1 MHz serial word. The serial word 
contains twenty-four data bits, end zf module 
and end of block bits, and the Q or X response 
fro;; bLhc mmAT.l .,,..“&C I CrLe n=l+,-h&!e ontin? igcrp- LA- -_‘I - -- ---- 
ments the s-&address until either a no C(X) 
response is received from the addressed module 
or the maximum subaddress, Al5 is reached. 
The module slot is then incremented and the 
process repeated until the final slot is 
oaerated on. The other option "rolls ever" 
t!:e subaddress, not incrementing the slct 
until a no Q(X) is received. The command 
seyuences and returned status bits for the 
two modes of operaticn as described are q;ven 
on the following page. 

* Oncrated by Lni~;err;iti.cs Research Associa- 
tion! Inc., under contract with the U. S. 
Atomic Enerqy Commissicn. 
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65% for a seven crate local control station. 

three 
The serial crate controller consists of 

single width printed circuit board 
modules for easy testinq and maintenance in- 
terconnected thru rear connectors. 
the parallel branch highway system, 

Unlike 
inter- 

connections are minimized by transmitting 
the serial word thru each serial crate 
controller. 

Kormal Mode 

Q End of End of 
Command Response Module Bit Block Bit 
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The upper CAMAC crate in Fiqure 2 has 

serial crate controller in its three right- 
a 

most slots, 23 thru 25. The bottom connector 
of the module in slot 23 is used when "daisy- 
chaining" 
station. 

controllers at a local control 
The module's top connector is used 

to interconnect the controller with the 
normal data and block transfer data repeaters 
in slots 22 and 21 respectively. The bottom 
crate contains much of the equipment used in 
system maintenance and testing. 
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~11 block transfer data enters the compu- 
"_cr lTi;I its interrupt controlled fast access 
port. 

\y’::: ir. s 1 TT i R ‘IT.5 ? r :’ c . , r I- ,> y1 a ~i-iTi :,:ai:itcnance,‘~estin,. 

ilcqlectincj the casts of common hardware 
2 zest ccml.ariL;on between a system using ser- 
1,11 crate controllers and one using serl:ll 
!x-,lr.ci drivers , Typ;: ?. controllc rs , branch 
:erminaL_lor:; , etc. shows that the former 
re..;uits in s;ivinqs frcm 73% for n one crate to Figure 2. 
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