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CAMAPPLE: CAMAC INTERFACE TO THE APPLE COMPUTER * ~

Gerard J. Oxoby, Quang H. Trang and Stephen H. Williams
Stanford Linear Accelerator Center, Stanford, Califernia 94305
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The advent of the "personal™ microcompurer provides & mew teol for the
debugging, calibration and monitoring of small scale physics apparatus, €.g.,
a single detector being developed for a larger physics apparatus. With an
appropriate interface these microcomputer systems provide a low cost (1/3 the
cost of a parable mini er system}, convenlent, dedicated, portable
system which can be used in a fashion similar to that of portable oscilloscopes.
Here we describe an interface between the Apple computer and CAMAC which
is now being used te study the detector for a Cerenkov ring-imaging device.
The Apple is particularly well-suited to this application because of its ease
of use, hi-resclucion graphics, peripheral bus and documentation support.

L INTRODUCTION

An early nse of dedicated computers in high-energy physics experiments was that of an
IBM 1800 "minicooputer” in experiment E~11 ar SLAC in 1967/68B. This wmini (meaning 16 bit)
vecupied four six-foot racks plus a card reader and printer (which used up the equivalent

of three more rack spaces on the floor). Power ption was ed In muleiple KVA
and was sufficient to heat the recom in the mild California winters and cause air-
conditioning problems in summer. Cost, of course, reflected the newness of the idea of
non=central computers. Nevertheless this system was spoken of as a portable system.

Fortunately the machines available for dedicated use have evolved to the present range
of minicomputers from the powerful VAX's to the truly mini LSI's. These machines are wide-
spread in use at SLAC and conseguently are well supported by a software staff and shared
facilicles.

However even the smallest systems .ike the LSI with a terminal, dual floppy digks, <nd
printer can be considered portable only because then reside in 4 single rack and cun be
moved with a sinple small forkiift. Furthermore while excellent BASIC and FORTRAN language
support exists, the decumencation, while high in quality and detall, is scmewhat intimida-
ting by its thoroughness to the occasional computer user.

The emergence of the “pevsonal computer” has introduced a new lavel of portability and
applicability to small scale physics experiments and the support assoclated with larger ex-
periments. These systems are low in cost, suitcase-portable, and have simple documentacion
for highly developed lamguages that require no software support group, Peripherals such as
serial, parallel, ADC and DAC interfaces are available at a fraction of the cost of eimilar
devices for the big brother minis. While there ia no doubt that the ultimate power of the
ninis is greater chan the wicrocomputer-based personal camputers, the impact of the latter
will be felt where that power 1s unused. In those cases the power of the personal computer
is in its portability and ease of usc for the unsophisticated computer user.

The cost of a personal computer system is quite low compared to cthe curvent minicompu-—
ters. The Apple eystem used in this laboratory includes dual 5% inch floppy disks, 80 col-
umn thernal printer, and the Pascal Language system. Its cost was $46200. The cost o9f am
LS1 system with terminal, printer, and dval 8 inch floppy disks is curyently about $12,000.
This system does not have grochics capabilities which can be obtained at additiomal cost.
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Since CAMAC 48 the current strndard instrumentation buse for high-eunergy physics ex-
periments, the only peripheral not commercially avallable for these types of cowputers had
to be developed. This miasing 1ink would allow access to the CAMAC based data which is
generated in a test laboratory or test bench.

2. THE COMPUYER

The Apple computer has wost of the features common to the spectrum of personal compu-
ters: a well-developed BASIC called Applesoft, low resolution (40 by 48) color graphics,
high reseclution (280 by 192) graphics, analog fnput devices (game paddles), siople disk
operating system, Pascal and FORTRAN with graphics implementarion. In “wion to these
built-in features many intelligent peripherals are available fucludinag: 5ig .nch floppy
disks, a small thermal printer with graphics capabilities, RS232 serial interface, analog
to digital and digital to amslog interfaces. These features are summarized ir Table I.

TABLE I: Microcomputer Featurea

Meinframe Hardware and Software Specifications:

6502 microprocesdor
64K bytes address space
ROM Monitor with Disassembler
Low resclution: 40Hx 48V, 15 colers

Color graphics { 280H = 192V in black a
A nd white
High resolution:{y, oy x 192y in 6 colors

Soind generation
Cassette interface: 1500 bits per second

two 150K OHM resistive ADC’s
three TTL inputs, four TTL ountputs

Game I/0 interface: {
Integral keyboard
Memory mapped video text page: &OHx 24V characters/lines
Integer BASIC

Applesofe BASIC: floating point, trig functions, graphics
Pascal: UC5D version wirth Turtlegraphies

PORTRAN: compiles Pascal p-code

Peripheral slots: wmemory mapped with 2K PROM cspnbility

Periherals Avatlsble:
5k inch floppy diak with auto start DOS
RS5232 merial futerface
Patallel interface
Thersal B0 column printer with graphics
Graphice Tablet input device
Multichannel ADC*s and DAC's
8 inch floppy disk comtrollex
3 3/4 digical voltmeter Input device
Real-tim: clock

Documentscion ia simple as 1t is written for a nontechnical wmarket. A second level of

harduare and scoftware documentation exists for the more sophisticared nser.
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3. CAMAPPLE: THE INTERFACE

A oisple CAMAC Crate Controller’ is used ar SLAC. It permits the computer interface

(Branch Driver) to be adapted regardless of speed of execution and word lemgth. The main
objective was to have access to one or wore CAMAC crates of informatiow with s wimple intar—
face. Bowever with very little added ciremnitry this branch driver is very powerful.

e incerface uses two modules. One housed wichin the Apple computer is a gesneral

The other one is the Branch Driver, zalled CAMAFPLY, For conven~
iance and economy it is plugged into one of the CAMAC crates from which its jower is
supplied., Pigure ! is a photograph of the system.

purpose I/0 subsystem.

*a3e

Figure L. Photo of System Compoments

The 1/0 subsyatem is based om the 6522 Versarile Interface Ad
Cireuir.? 1ts block diagram is shown in figure 2.

p (VIA) Integrated

The cutput of the VIA drives a flat
riddon cable econnected to the CAMAPPLE which in turn, after sowe decoding, drives the SLAC
CAMAC erate controllers.
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Figure 2. 6522 Block Diagram

4., BYSTEM IMPLEMENTATION

As In any computer L/O system, CAMAC modules vequire the specification of an address
an2 funetion. The CAMAC address 2s the crate mumtr (C), the mcdile stztion (M) snd a
four»3it subaddress (A). The function (F) is 1itself made of five bits, a total of seven
teen bits. The sch choaen decoden the tuo leant eignificant birs of the VIA Qutput
Register B (ORB) end latches the F,C,N and A information before it is cransmitted to the
CAMAC bzanch. The most aignificant bit of ORB is used to start the CAMAC cycle when Bet
to ¢ logical one and end it when ceset to s logical zero. See Table 2.

Since only five tice ara available to specify F.C.N and A, this informacion is passed
to the lstohes with four transfers. The three remaining bits provide the following: 1) two
poveible interrupting sources to the Apple computer (front panel comnector or the CAMAC
1ine Look-At-Me (LAM), 2) a general interrupt mask, ani 3) a handshake mode b the
computer and the CAMAC system.

Data transfers to or from CAMAC are done via the VIA Input/Output Register A (IRA/ORA).
The IPA 1s used if the function is FO-F7 involving the cesd lines within the crate datauay,




TABLE 2. 6522 Registors Used

1) Reglster 0 "ORB" Output Register B

2)

3

&)

s)

6)

7}

OFFFFFO0: Latch CAMAC function F
0QICCCD1: Latch CAMAC crate C
I=0 + BNC interrupt
I=~] + LANM intervupt
Q=0 + ¥o handshake
Q=1 = Q handshake
ONNNNN10: Latch station N
OMAAAALL: Latch subaddress &
M=1 + magk ircarrupt
110000 : CAMAC cycls start
OXKKXKKX: CAMAC cycla stop
Register 1 “ORA/IRA" Output/Input Register A
Data to CAMAC 1f ¥ 15 F16-P13 (POKE)
Data from CAMAC if F is FO-F7 (PEEK)
Regiater ) “poRB” Data Pirection Register B
Alwanys FF(HEX)
Register 3 "DDRA" Data Dirsction Register A
0: Read from CAMAC
FF: W¥rite co CAMAC
Reginter C "PCR" Peripheral Control Reglster
10H11011: CAl positive edge
CA2 ypulse output
CBl positive edge interrupt
E~1 +» normally
BxD + if handshake set with ORB
Reginter D "IFR™ Interrupt Flag Register
TXXXOXNO: Test high bit for event
Or generata 6502 intorrupt
Register E "IER" Interrupt Enable Register
EXXX0XX0: E ensbles interrupt

9RA 18 used vhen the function is F16-F23 for & write to CAMAC command. Under software con-
trol the Baca Divection Register A (DDRA) muet be set proparly 50 that the VIA transcaivera
are pointed in the right direction accordingly to the CAMAC function, inwards for imput
(FO-F?) and outwards for data ocutput (F16-F23),

A block diagram of tha CAMAPPLE fnterface i¢ shown in figure 3.

"
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Figrre 3. CAMAPPLE Incer:ace Block Diagram

5. SOFTWARE SPECIFICATIONS
A. CAMAC Function and Address

The FCNA information must be prepared in advance before a function can be successfully
performed, The Data Direction Regleter B (DDRB) of the VIA, address COX2(HEX} where X cor-
responde to che Jocarien of the Apple based I1/0 board, must always be writien wirh “FF"({REX)
for this application. The set-up is done with four transfers to the VIA ORB. This data is
latched within the CAMAPPLE mndule when vriting to the I/0 addrees COX0(16). Bits 1 and O
specify which CAMAPPLE register is being loaded. This f4 summarized in Table 3.

TABLE 3. CAMAC Function Encoding Scheme

BITS 1 O COMMAND
Do Load bits 6~2 to function register (F)
01 Load bits 4~2 to crate ragister (C)
1 0 Load bite 6-2 to station register (N)
11 Load bits 5-2 to address register (A)

B. CAMAC Cyele

A CAMAC cyele is started vhen the most significant bit of ORB (0RB?) is chamged from a
Eero to one and 18 ended vhen ORB7 changes from ome to gero. Setting or yesetting GAB?
doss not affect the content of CAMAPPLE F,C,N and A registers regardlees of OBR1 and ORBO.
Their content is gated to the Branch Eighway when ORB? is sat.



€. OCMMAC Data Tranefers

Data between tha CAMAC eystem and the Apple computer ia trangferred vis the VIA Impue/
Qutput Register A (IRA/ORA) at the address COX1(l6). Therefore tha Data Direction Reglater
A (DDRA) must be properly progrommed. Yts content must be 00 if the function set in
CAMAFPLE is F0-F7, and to FF(16) if the function is F16~F23(10)., Up to thres data byte
transfera can cteke plage ia aither directiom.

For a read command the CAMAC cycle is started by eatting ORB7, then up to threes “PEEK"
iaacructions to IRA way be done to transfer & 24 bit CAMAC word in three successive bytes
bafore resetting ORB?. Similarly only one or two bytes cam be accessed if desired. The
first byte transferred ie aluays the least significant cne of the CAMAC word aftex ORB? has
bgen set to & oma.

In the cuse of a vrite command the process is reversed. Up to chras "POXE" inctruc-
tiops to ORA tmay be done. Oace the data has been traneferred to CAMAPFLE, ORB? is set to
seart the CAMAC cycle and reset to end ic.

D. Extarnal Interrupts

The interface can handle one of two interrupts, The softucre selects the interrupting
source with dit 5 of the CAMATPLE C register. Whem bit 5 4s zero ths interrupting sosrce
is from a LEMO comnector located on the front panel, when set to & ons the CAMAC Look-At-Ma
{LAM) signal may gencrate an interrupct. Bit 6 of the A register within the CAMAPPLE twwdule
ig aset to one. Thir bit acts es &n overall interrupt mask. When sat to & one the inter-
rupt raquedat is sent to the VIA.

E. Handahake Mode

Sevaral CAMAC functicne Tequire a handshake mode. Such as a Test LA (P8) or Test
Status (F17) coumand. When thase ds are p d to a CAMAC system, the addressed
module gensrates the appropriate Q response. It is thin necessary that the host computer

gnize the resp since no data transfer occurs. We have implemented thia with the
harndshake festure of the VIA and a control bit in CAMAPPLE C registor.

F. Interface Intelligence

A Programmable Read Only Memory (FROM) ia located on the I/0 board for usera defined
applications; 256 bytes gre accessible with an addregs ranging from {X00 to CXFF where
X ie the slot umber in which the 1/0 caxd is plugged-in.

A IX byte PRIM uas uped because of its availability ar SLAC. This permits four differ—
ent routines of 25¢ bytes each. They are selected by the Dual-In~Line switeh jack mounted
on the I/0 board.

The interface has been made intelligent by the addition of a PROM software which makes
it unnecesssry for the user to know anything about the interface except the ¢slling addcress.
The Appla peripheral slots each have a command assocfated with them which calls the lovest
address on the FROM. This command is "PR#n" where "n" is the periphrral slot number 0-7,

The CAMAPPLE PROM assumes the existemce of six BASIC variables: F, C, N, A, D m.3 IR.
F,CyN,A constitute the CAMAC function; D ip the 16=bit datum veasd to or from CAMAC depend-
ing on the funetion F; and IR im a poincer get by the PROM to point to the interrupt flag
rogister (for test/handshaka), These ic names allow the user to interract with the




CAMAG bues dirsctly or through a RBASIC program. For example, after power-on the only com-
mands necespary to execute a CAMAC instruction pra:

F=l

Cm2

n=15

Awd

mi3

PRINT D
which prints the contents of subaddress 4 at station 15 in crate 4. Repeated readings of
the same location esn be accomplished with PR3 : PRINT D, sinca the CAMAC insrructiun has
baen latched inte the & face.

6. APPLICATIONG

The following is a list of applications of CAMAFPLR at SLAC:

A. The CAMASPLE oystem was used to replace che readout funceion of a NOVA 1200 com-
puter which wae used to monitor and control a 200 kilowatt beam line wagnet system whilse
the NOVA was out for repaiis.

B, The CAMAPPLE eystem was used to provide loeal intelligence at a rvemote aite te
evaluate nev beam pesition mpnitors being installed in the SLAC linac me a part 5f a
ecomputerization of ths accelerator control.

C. The primary application of the system has been in a teat lab for the development
of a Carenkov ring-imaging detector.’ This detector must detect single photens and resord
their poeition in x and y coordinates. The high~resoliution graphics and 4ts case of appli-
carion cembined with the CAMAPPLE interface to the CAMAC data base mahe & versatile aystem.
Some typical displays from thie work are shown in figure 4.




7.

This sdds a new tool to the

Induced charge on 8 k8 pad arroy

b it
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- Cerenkov ring imoge anae

Figure 4. Use of CAMAPPLE and APPLE in Detector Devalopment

CONCLUSION

The CAMAPPLE juterface provides access to the CAMA® buss from the Apple computer,
of dedi d availabls for high-energy

L P

physics hardware development.
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