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Summary

Microprocessors (uP) are finding a grow- Random access memory (RAM) is memory that
ing list of applications in accelerators and UP's can modify. RAM is used for temporary
associated equipment. UP's may be used as storage of data and program variables. Nearly
autonomous data loggers and process control- all RAM's provided for UP's are semiconductors,
lers and in distributed systems. which lose stored information if powered down.

In addition, UP's may be halted by external

A uP is essentially a computer CPU. Ap- strobes, allowing external devices, such as
plying u¥F, centers around two distinct prob- block storage devices, direct memory access
lems - completing the WP into a computer and (DMA) .
interfacing the computer to its environment.
The computer can be completed with standard Instruction sets of the UP's are at least
computer components. CAMAC was chosen to be compatible teo small minicomputers. The uyP
the interface to the environment. CAMAC has instruction set includes the standard logic
several advantages at Fermilab. It is widely and 2's complement arithmetic functions. 1In-
used, special function modules for accelera- structions are provided for I/0 and interrupt
tors have already been developed, and many functions. Flags are provided for sign, zero,
accelerator personnel are familiar with it. and carry. Branches, calls tc subroutines,
Also, it is becoming more widely accepted and returns may be made unconditionally or by
internationally. A brief description of the testing these flags.

CAMAC system is given.
Physically, UP's may come on one or

Components and Interfaces several IC's. The first generation, as In-

tel's 14004, UP's have a 4-bit accumulator
Micreprocessor and Systems Components and require three or four IC's. The second

generation, as the Intel 18080 and Motorola's

Typically, a WP contains an accumulator, MC6800, have 8-bit accumulators and are on

several scratch pad registers, a program count- one IC. There are others which are multiple
er, logic for vectored interrupts, instruction chip and expand the accumulator in 4-bit in-
decoder, and buffers for interfacing to ex- crements. Also, Digital Corp. offers a PDP-8
ternal components. The. U4P architecture is CPU on an IC. Figure 1 is supplied as a
fixed, but the designer has full freedom in reference point for size and chip counts in a
structuring the memory, I/0 and interrupts as basic UP computer.

required.

If the designer decides to have inter-
rupts, there are many choices. All the inter-
rupts may be "OR'ed" for one master interrupt.
Multiple priorities may be fixed or program-
mable. Each interrupt level may be separately
enabled or disabled.

The manufacturers of UP's provide sophis-
ticated integrated circuits (IC) for I/0 inter-
faces. These IC's will synchronize asychro-
nous data, transmit and receive bit or byte
serial data and generate clocking, stop-start
mits ard interrupts for received data.

Memory reguirements are determined by the
program size and amount of data to be collect-

ed and held at one time. Typically, rrogram
instructions are burned into programmable read
only memories (PROM). The prcgram becomes
part of the physical make up cf the PROM and R .
cannot be altered by the WP or loss of power. “Wﬁmrﬁ”{ﬂ‘Hz 53 
| . . i o +AGHERR, WA WAl
The UP, using PROM's, is ready to start the . .
program as soon as power is applied. This is
necessary if the uUP is imbedded in other Fig. 1 pP computer with IB0O&Z uP, 1K PROM,
equipment or is not provided with peripherals. 4¥X dyramic RAM, crystal oscillator
Some PROM's can be erased by ultraviolet light clock, and associated random logic.
and reused.
*Cperated by the Universities Research Asso- Microprocessors and CAMAC
ciatien, Tnc., under coentract with the U.S.
Energy Research and Development Admirnistra- Fermilab developed a Type-U crate con=
tion. troller which interfaces to an I8080 LF.
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The I8080 Type-U systemz'3 is a standard

cAMAC®+% interface except for a topological
change. The CAMAC crate, instead of being an
appendage to the computer, hosts the computer
on a CAMAC module. The block diagram in
Figure 2 shows different features of this
arrangement. The essential portion of inter-

face, 8080 module and Type-U occupy three
stations. The ensemble forms an inexpensive,
portable, twenty-two station CAMAC computer

system in a single crate.

The 8080 module uses the CAMAC crate
only for power and as an enclosure, it does
not connect to the dataway. The module con-

tains an I8080, uP, 4K of PROM, 4K of RAM,
I1/0 buffers, interrupt priority logic, and
drivers for an external memory bus (EMB). The

EMB is an extensien of the IB8080's address and
data lines. All memory locations not local

to the 8080 module are addressed to the EMB.
This in effect creates an expandable bus which
is used to interfzce to the environment.

CAMAC CRATE

8080
MODULE

CAMAC

rﬂ MODULE
=e— DATA WAY

X MEMORY BUS

L_ CAMAC

MODULE

MEMORY
MODULE

TYPE-U CRATE
CONTROLLER

DISPLAY WITH
MEMORY

TO ADDITIONAL =
CRATES AND TERMINATOR

8080 CAMAC
extensions

system which 1llus-
on the EMB.

Sample
trates
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Several examples of EMB devices are shown
in Figure 2. The Type-U crate controller is
a buffer between the EMB and the dataway. To
the dataway, the Type-U looks like an A-1 or
L-1 crate controller. To the 8080 module, the
Type-U looks like a sequence of memory loca-
tions. Several Type-U's may be used to form
multi-crate systems. Other examples of inter-
faces are the memory module which provides ad-
ditional memory for the IB080 and the display
which shares memory with the 8080 module and
is not in CAMAC format. The EMB also has pro-
visions for the external devices to cause in-
terrupts. The system may be interrupt driven.

Applications and System Architecture

Autonomous Systems

An 8080 CAMAC system, 8080 module and
Type-U controller is a standalene, autonomous
system. Two applications of this will be
shown. Figure 3 shows, as a first example,
an interrupt driven system for data acquisi-
tion in a beam line experiment on radiation
damage.s The target is a copper wire whose
resistivity at cryogenic temperatures in-
creases as 1t is bombarded. Data is gathered
after each interrupt. The interrupts are
generated by a special function module which
decodes the experimental clock for proton
burst times. The interrupts also cause the
system to examine support equipment to be sure
the data is valid. The resistivity measure-
ment data and support egquipment parameters are
processed in the NIM crate for scaling to
CAMAC A/D levels. A multipoint beam profile
is collected from a split wire ion chamber
(SWIC) . Once gathered, the data is formatted
and stored on a 9-~track magnetic tape for
later reduction and interpretation. The WP is
used only as a data switchyard which is strobed
by an external interrupt.

EXPERIMENTAL CLOCK
|
|

CAMAC CRATE 9 TRACK
WITH 8080 MAG TAPE
SYSTEM UNIT

L
J |
MULTIPLEXED w"‘m gs'{_‘gga
OvM AMPLIFIERS
W T
SWIC FOR TARG SUPPORT
BEAM PROFILE RGET EQUIPMENT

Fig. 3 Interrupt driven data acquisition

system for beam line experiment.

Another example is shown in Pigqure 4. In
this system, the I8080 WP not only logs moni-
tors and data, but it controls the process.
The experiment7 is a repetitive measurement
of low temperature thermal conductivity. The
CAMAC system controls the experiment by set-
ting reference voltages with D/A modules. The
data is collected from the NIM buffering and
processing electronics into CAMAC A/D modules.



Permanent storage is on paper tape. The se-
quence of the experiment is initiated by set-
ting the temperature controller to the experi-
mental temperature. A second heater is then
set to a proper temperature difference for the
measurement. The UP then monitors the temper-
ature variations versus a real time clock on

a CAMAC module. Wwhen the UP determines that
experiment is at thermal equilibrium, it logs,
reduces and outputs the data to the teletype.
Then the cycle begins again.

CAMAC CRATE TELETYPE WITH
WITH 8080 PAPER TAPE
SYSTEM FOR 1/0
TEMPERATURE P.S.FOR Tgm nggﬁ:_R

ATER .
CONROLLER 2nd HE o DINGS
1
DEWAR

Real time process controller for
laboratory equipment.

Fig. 4

Distributed Systems

A distributed computer system consists of
two or more distinct computers sharing compu-
tation and cperation of a common task. This
distribution of the operation and computation
may be made on several bases - physical sepa-
ration, division by logical blocks, and opti-
mizing the strengths of each computer.

A system divided by physical
blocks is shown in Figure 5. The
8080 system is ghgsically part of the power
supply ensemble” s (psl, Ps2, and PS3). The
8080 and auxiliary crates assume the monitoring
and control of supplies. Also, it performs
the logical function of collecting the local
keyboard data and operating the display.

and logical
multi-crate

The network computer {(not shown) is only
responsible for providing the four times for
the power supplies to pulse. This arrangement
relieves the network computer of any real time
responsibilities as checking interrupts before
each pulse, monitoring waveforms, or switching
loads and power supplies used on each different
pulse. Also, the network computer does not
have to collect data from the power supply
assembly just to return it to a local display.
The network computer controls the only param-
eters of interest to its system - pulse times.
This type of interface is implemented with a
pseudo module. A pseudo module behaves as any
special function CAMAC module from the view
point of the network computer, but transmits
the twenty-four bits of the dataway operation
to a receiving module in the 8080 system which
can read and use it as an input. This requires
no special software on the part of network
computer.
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Fig. 5 Two crate 8080 system as part of

power supply ensemble and distrib-
uted computer system.

The distributed system in Figure 6 is a
generalized primary computer to CAMAC inter-
face.'® The portability of software and
hardware between different models of primary
computers was emphasized. The communication
between computers occurs at two levels - I/0
and DMA. The primary computer and 8080 sys-
tem transfer information bi-directionally off
the primary computer's I/0 bus. High speed
commerical CAMAC modules are available to do
this. The 8080 system cannot distinguish one
computer from another at this level. The
primary computer can treat the CAMAC module
as a standard I/0 device. The bi-directional
DMA link is a little more specialized. It has
to be designed for a particular computer, but
it simple and inexpensive. The difference in
primary computer DMA channels is accounted for
in buffer module hardware and the I8080 never
sees the difference. The software in the pri-
mary computer now needs to know less about
CAMAC and the machine and retains a greater
computer independence.

PRIMARY
COMPUTER
DMA BUS 1/0 BUS
MEMORY BUS
8080 TYPE
MODULE DMA 170 u
DATAWAY AJ
Fig. 6 Generalized computer to intelligent

CAMAC crate interface.



The distribution of computation and opera-
tion is by optimization. The strength of the
primary computer lies in its computational
power and access to peripherals such as disk
and magnetic tape. The primary computer
reduce the data collected by CAMAC, compile
and assemble IBO80 programs and store them on
disk. The I8080 can respond as real time pro-
cess control taking care of all the small de-
tails that do not require a lot of computation.

can

Conclusion

Microprocessors are useful tools in
accelerator equipment. They can be used in
aprlications where the expense of mini-~-

computers cannot be justified or are not needed.

They can also be used to expand the capabili-
ties of existing computer systems.

The author would like to express his
appreciation to R. Winje and F. Nezrick for
their support and encouragement in developing
the CAMAC system and P. Livdahl for support
of continuing applications and J. Peterson
who assembled and tested the prototypes.
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