© 1973 |EEE. Personal use of this material is permitted. However, permission to reprint/republish this material
for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers
or lists, or to reuse any copyrighted component of thiswork in other works must be obtained from the IEEE.

CAMAC CRATE CONTROLLER FOR A SERIAL CONTROL SYSTEM

E. J.

Barsotti

National Accelerator Laboratory*

Batavia,

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 freom 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 contreclled 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 contrcl 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 outpuc pairs of ports for
"branching” to additional remote control sta-
rions.

Serial Crate Controller Specifications

rRead and write operations thru an addres-
ced serial crate controller from or to a CAMAC
module are performed as follows. The first
thirty-five bits of the scrial werd contain
the controller's address, the command to be
performed, and odd parity, centrol, and timing
bits. Because the system is synchronized to
the serial 1link controller's interral clock,
the serial word is always seventy bits long.
The 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
writs operation and read data and status bits
a read operation. Neglecting cable
propagation delays and software overhead time,
an operation to a crate controller reguires
seventy microseconds.

during

If a parity error is detected on the ad-
dress—command portion of the incoming word, no

631

Illincis

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-1 crate controller
making it compatible with commercially avail-
able CAMAC modules. When power is applied to
the serial controller a CAMAC "initialize"
command is generated which sets the controller
and all modules in the same crate tc a prede-
fined initial state.

Multi-crate commands are performed by
setting a bit in the serial word allowing the
serial system to address a pre-determined
block of crates with cne output transmission.
Patching permits several different combina-
tions of crates to be addressed by a series cf
multi-crate commands.

An additional feature of the serial crate
controller is its ability to generate 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 locaded with a CAMAC
read function code (Fyx), an initial slot (Nji),
and a final slot (Nf). Dataway read cycles
are then generated starting with a command
using the locaded 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 <f module
and end of block bits, and the  or X response
from tt One patchable option incre-
ments the subaddress until either a no ¢(X)
response is received from the addressed module
or the maximum subaddress, Al5 1s reached.

The module slot is then incremented and the
process repeated until the final slot is
operated on. The other option "rolls cver"
the subaddress, not incrementing the slct
until a no Q(X) is received. The command
seguences and returned status bits for the
two modes of operaticn as described are given
on the following page.
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Normal Mode

Q End of End of
Command Response Module Bit Block RBit
F_A N. 1 0 0
x CT i
F_OAXN, 1 0 0
X171
F_AN. 1 0 0
x 271
FxAlSNi 1 1 0
FPoNia 0
: . 1 0
FXAyN1+l 0
FxAONi+2 1 0
F A N 0 1 1
X'z f
Subaddress Rollover Mode
End of End of
Command Response Module Bit Block Bit
F_A_ N, 1 0 0
x 071
P A N. 1 0 0
X174
F_A_N. 1 0 0
X271
FXAISNi 1 0 0
F_A.N. 1 0 0
X071
kxAlNi 1 0 0
A N, 0 1
X W 1
RIS L 0
-
Px“yji¢l 0 1 0
FonNi+ 1 0 0
F AT 0 1 1
x'z f

#11 block transfer data enters the compu-
ter via its interrupt controllied fast access
port.

<
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it Savings and

ystem Maintcenance,/Testing

Heglecting the costs of common hardware
4 cCost comparison between a system using ser-
ial crate controllers and one using serial
brarch drivers, Type A centrollers, branch
terminators, etc. shows that the former
results in savings frem 73% for a one crate to
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65% for a seven crate local control station.

The serial crate controller consists of
three single width printed circuit board
Mcdules for easy testing and maintenance in-
terconnected thru rear connectors. Unlike
the parallel branch highway system, inter-
connections are minimized by transmitting
the serial word thru each serial crate
controller.

The upper CAMAC crate in Figure 2 has a
serial crate controller in its three right-
most slots, 23 thru 25. The bottom connector

of the module in slot 23 is used when "daisy-
chaining" controllers at a local control
station. 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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