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Susmary

A modular wicroprocessor system is used to
control tuc Fermilab high voltape test facility,
Operationaily, the system has beea patterned after
typlcal Fermilab accelerator coatrol systems. The
operator can select pages of analog paramcters and
digital status to be displayed on an alphanumeric
screen; analog readings or settings may be displayed
efther in engineering units or in wolts; devices are
selected for on/off or analog control by cursor
position; an incremental shaft-encoder knobt adjusts
the value ¢f analog parameters and digital time de~
Yays, Settings of parameters can also be entered
from a 16-key keyboard and transmitted to the device.
Two microprocessor systems are used-——one in the high
voltage eguipment dom2 and one at zground potential.
Conmunfcation betwzen the processors is via two
serial, digital, fiber optic light links,

+ . Introduction

The Fermilab high voltage test facility is fn
the original Linac laboratory building lecated abou’:
3 piles from the accelerator, This facility is main-
tained to support the ion source and c¢oluan develop~
ment program. Because of its location, this system
could not be conveniently integrated into the Linac
control system, so other alternatives were consider-~
ed to fulfill the control requirexents including a
scaled down Xerox Sigma LI system, nminicomputers and
microprocessor systens. Any solution short of in-
stalling ‘a2 nearly duplicate Linac c~.trol system re~
quired a new software package. An analysis of the
system paranet2rs indicated that a microprocessor
could provide all the necessary control, monitoring
and display functicas. We chose to implement the
control of this facility with a microprocessor—-based
systea.

The Hardware

General Description

The control systeo for the preaccelerator in-
cludes functions to be performez both at the ground~
based bean transport line and operator's console,
end in the high-voltage terminal where the ion-
source electronic.s are located. At each location
al) the standard control system functions are needed:
analog inmput and output, digital sensing and control,
and generation of variable delay timing pulses. i

The system is Implemented as showm in Fig. 1
with two integrated microprocessor-1/0 systems con-
nected together by three fiher optic light links - a
timing 139k, and a data 2ink froz the ground station
*to the high voltage dome, and a return data link
fron the dome to the ground station. The dome sys-
tem contvols and moniters the source electronics;
the ground station controls and monitors the beam
transport line and the operator’s console. Each
Sstation fincludes a }2-bit, lé-channecl A/D converter,
*0oerated by Universities Research Association Iac.

urider contract with the Energy Research and
Development Administration.

several 12-bjt D/A converters, digital delay timers
#nd binary 1/0 cavrds,
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Block dlagram of the microprocessor-based
control system

Fig. 1

The preaccelerator control racks are showa in
Fig. 2. The systen is operated through the small
box on the console that contains several dedicated
buttons and switches, a l6-key keybosrd for data
entry and a shaft encoder knob for adjusting analog
and timing parameters. Figure 3 is a photograph of
this control box. Data are displayed for the oper-~
ator on #n 8-~line by 32 character Burroughs' Self
Scan panel.

The Microprocessor System

The microprocessor system itself has been de-

scribed elsewhere,1 so only a short description is
included here for coupletensss. This systea built
around the MSB0O CPU is designed as a bus-oriented
card file that accepts up to sixteen 4 1/2 in. x

6 1/2 in. printed circuit cards on ona-hali inch
centers. An operational system contains a CPU caxd,
a controller, enough memary cards to contain the
program for the application, and an assortment of
both analog and digital 1/0 cards to interface with
the external equipmient, These cards are accessed

by the CPU as though they are memory locations so
that a single instruction transfers data to and froo
registers on the I/0 card, The cards are designed
to wniformly interface with the printed card-file
backplane that carries the address, data and control
signals between individval cards and the CPU, Sig-
nals to external equipment are accessed by ribbon
cable connectors on the front ot the cards. The
card-file and its associated power supplies are
mounted in a chassi., that has interface connectors
on the back panel and a Iront panel that allows in-
spection of memory and loading memory locations
canualiy. The two microprocessor chasses are iden-
tical, and cach is connected to an “expansion
chassis" that provides space for future expansion

of Lhe spystem. Most of the interface cards needed
for the preaccelerator system are part of a family
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of compatible cards designed te work with the

O T T

e gy




U el L]

P NOD G poo
LY

R XIEEN o RO .
poeshl

~
A E Y
.-

Fhotopraph of the preaccelerator control console
Fig. 2

Photograph of the cperator's ccntrol box

Fig. 3

nicroprocessor system. Special purpose cards can be
fabricated usiag kluge cards that contain the inter-
face to the backplane bus. The relay I/0 cards were
implemented jin this way.

Figure & is a block diagram of the high voltage
terminal systea. This figure shows the interface
cards and the external equipment controlled by them.
The interface cards include Aual 12-bit D/A, asyn-
chronous communacation interface adapter, relay
isolated birary I/0, dval 16-bit preset timers and
TTL coapatible digital I/G. The TTL compatible 1/0
is from a Peripheral Interface Adapter (PILA), a
einglas 40-pin integrated circuit that has two B-bit
bytes of programmadble I/0 along with 4 control bits.
The direction (input or output) of the data bits and
the behavior of the control bits is determired by
the progran. The versatility of this device elimi-
nates nuch of the custom design previously associated
with interfacing a conmputer to a variety of external
equipnent. As an exacmple, a single binary interface
card coataining four PIA chips pesiticas the display
cursor, writes data to the display, controls and
reads the l6-channel A/D converter, rea's the con-
sole sense switches, the l6-key keyboard, the verti-
cal cursor position switch, and the 8-bit up-down
counter assocfated with the shaft ercoder knob.
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High voltage terminal system block diagram
Fig. 4

Datz Transmission and Timing

Data are transmitted serially betveen micro-
processors through fiber optic light links. An
asynchronous cormunication interface adapter (ACIA)
card provides the interface to TTL coapaiible light
link transmitters and receivers. The ACIA perforcs
the parallel-to-serial conversfon and generates the
parity bit for each data byte transmirted. It also
does the serial-to parallel conversioa and the data
overrun and framing error checks for each data byte
received.

Figure 5 shows the multipurpose timing systen.
A one megahertz crystal r'-ck is divided by two and
driven out to two clock receiver modules, one at
the ground station and one in the high voltage ter-
minal. This frequency is multiplied by a factor of
20 using a phase locked loop with a divide-by-20
scaler inside the loop, The resulting 10 MHz fre~
quency is the tice base for the delay timers., Two
other pieces of informetion are imserted ontc the
500 kHz pulse train by synchronously removing eitker
one pulse or four pulses. A single pulse is deleted
from the pulse train to mark the beginning of a
beam ¢ycle. It is used to reset the delay timers.
This “one gap" is inserted by every fourth pulse
from a line zero-crossing detector to produce a

Timing system diagram
. Fig. 5
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cycle rate of 25 Nz, ¥our pulses are deleted from
the pulse train to initiate a "Reser” for the micro-
processor in the dome. The missing pulses are de-
tected by the clock receiver modules. The gapped
500 kHz pulse train fs the input for the phase lock-
ed loop but 2a ungapped 500 kHz is ulso available at
the output of the divicde-by-20 scaler. This un-
gapped 500 kiiz is used for the external clock to
operate the #ClA circuits in a synchronous mode.
The synchronous mode incriases the baud rate from
50 kMz to 500 k%2, The 500 kuz frequency was chosen
to satisfy the {requency limits of the ACIA and
light links without requiring too large a multiply-
dcg factor in the phase~locked loop. The clock re-
ceivers at both stations are identical. All the
enalog and digiral data are transnitted to the
ground station each cycie. The transmission time
for 56 bytes is 5.3 ms including the ground station
software overhezd needed for error checking and
storing the data.

Tiners \

Variable delayed trigger pulses are generaterd
by dual-chznnel timer cards. Each channel is a 16-
bit scaler that counts either the 1 MHz CPU clock or
“an external clock. The count is coopared with a 16~
bit register lozded by the CPU and a pulse is gen~
erated when the counter equals the value iun the
register, The cycle is initiated by an external
pulse, a pulse from the CPU or the output of another
tizer. Using a 10 MHz time base a total delay of
6.5 ws with 100 ns resolution is possible. The
phase-locked-loop frequency multiplying technique
results in very small jatter between the two timing
systert. '

Operating Characteristics

General Features H

The organization and cperator interface to
this systen has been patterned after typical Fermi-

2ab control systcms.z The oparator can display an
fadex that lists the displays cnat are available. .
There are three types of displays: parazeter pages,
a bipnary status display and a memory dump. Examples
of these are showa in Fig. 6.

The Parameter Display

The majority of the capability of the system
is contained within the parameter display. From the
present tc:zl of 52 parameters, the operator may
group any eight togethter within one of the pages Pl
through P6. Each lin.. of the display contains a
description of the device, a six character number
field and a three character units field. A two digit
nunber entered =t the beginning of the line, follow-
ed by pressing "Keyboard Interrupt", places the de-
vice on the present line. Seirtings of controllablei
devices may be changed either by entering the de- !
sired setting in the nucber fieid and pressing Key-
board Interrupt or by turning the shaft encoder knob
vith the cursor positioned on that line. For some
of the devices in the dene, pressing ON or OFF will
initiate that action for the device on the cursot
line. The value displayed in the number field is
vsually the A/D reading averaged over 8 pulses,
scaled to display in engincering units and updated
every 0.8 sec. Togple switches on the console zan j
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Self-Scan panel displays
a. Index

b. Parameter display
¢. Binary status

d. Menory Dunp

Fig. 6

cause the oumber field to display either A/D or
vhere appropriate the D/A values, These can be
given in engineering units, volts, or bexadecimal.
Controllable devices are id-ntified by a dash at
the start of the line, A star following the nucber
field indicates that the devize is vff. Once the
operator arranges a page of parazeters, he can
‘leave the pzge and return to it at a later tize.

Status Display and Menorv Dump

The Status Display provides a neans of exam-
ining all the digital status of devices in the high
voltage terminal. ON/OFF commands can be sent teo
equipnent in the dome from this page. Such a page
is needad to show status of equipzent that has no
analog readout associated with it, or cquipzent
that has several bits of binary status.

The weaory dump page is a progran that dis-
plays 32 bytes of memory starting at any locatiom
selected by the operator. Two hytes of data may be
entered manually on the display and loaded into -
memdry by pressing the Keyboard interrupt. A con-
sole sense switch directs the program to display .
data from the "Upstairs" system (U) or the “Down~
stairs” system (D). Other sensc switches allow
‘changing the display to show the next 32 bytes, the
previous 32 bytes, or to display in A/D volts rather

;_iquq ygxgﬁgcigél._‘?hevdisplay is updated as
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required at 15 1z, This page §s a diognostic afd to
the eonpincer as well as the progracaer becauvso 1/0
1s uddressed as oeoory.

Propvan Preparat fon

The softeare for the entire systen was
writcen 1a the assesbly lapjuage of the H6809 Micro-
processor, assctbled by a cross~asseabler running on
the Linac 16-bit control conputer and programned in-
to 2703 UV-crascable PitOMz using a sinilar 6600 sys-
tea with a PROM prog. amaiag card.  Eecause the read-
only permorfes are organized as tejarate 1K byte
chips, it is natural to organize thc software ia
nmodules which fit in the separate chips. To facili-
tate cotaunicat fon between modules, the entry points
to subroutines vithin cach vodule are fcplesented as
a series of junp instructions placed at the begln-
ning of the module. Thus changes can be made by
asseabling ouly those prograa codules affected.

Ground Statfon Software

The ground station software is organized into
‘Bodules as showm in Fig. 7. The total progras®stor-
ege is BX bytes, prograsmnnd into 8 read-only pecory
chips. ‘he zodules include tables, disuplay progracs,
end coson subroutines.

The descriptor (ile cortains )6 bytes of in-
foroation for cach data charnel. This includes texe
to describe the device, engincaring units designa~
tion, full-scale in terns of those units, D/A con-
trol address and oaoff control address.

The hecartdect of rhis systea s the interrupt
signal that occurs at & [requency of 15 Hz, the
pulse repetition rate of the preaccelerator. Upon
reccipt of this interrupt the ground station sends
a vequest for data to the dozc sysdem. bWhile the
doae systea §s5 reading its data, the ground systen
reads its own &/D data, If a doze statfon raise/
lover request is included in the 26-word data pool
received, the appropriate setting 5 sent to the
doac statfon. (This nmethod of allowing local con-
trol in the donme was chosen so that ihe ground sta~
tion always kmows the curreat settin;s of all D/A's
and ticers). 1If the ground station Sfront panel {
interrupt latch s sct, one data wvord is sent to the
address speciffcd by the frunt panel switches (either
in the ground station o1 in the doze system as speci-
fied by a tepgle switch). All 15 H: interrupt ac- :
tivity 1s couplcred in adbour 8 os. '

The backgreund loop notices ihat a 15 M=
faterrupt has takea place auxd processes lé-key key-i
board activity to allov nuneric entry on the Self
Scan display, left-right curctor controi or rrquest
of a new display page. Next, lever-vheel activicy
is checked to allow cursor line positioning. The
knod processor watehes for changes im the knod up-
down countcr aad stores differences to be acted upon
by the current display program. Then the display !
program is called at the appropriate cntry polint as
described below. Upon coapletion of display proy
gran activity, the front panel 1§ updated and che
background loop waits for another interrupe.

Fach display progran provides four entry
.points via a jump table. These are used for the
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foftialization call when the page £s 175t called
up, the teroination call when a new page is re-
quested, the Leybdard intersup? entry when the key-
board interrupt button §s presscd, and 2 15 Mz
entry called if none of rhe other calls i5 pending.
A page tadle !ncludes for ecach page a pointer to
the digplay progras cniry point Ju=p table and a
pointer to private RAM storage that may be used,
for exanple, to rezezber vhich devices are dis-
played on each line of the display.

The {loatirg point package provides all the
subroutincs necessary for doing basic fleating
point cslculations. A floating point accuzulator
is maintained o hold onc of the para=eters and the
result. A four byte format is used for floating
point nuczbers, vhere the first three bytes are a
tou's-complezent signcd cantissa and the last byte
is a signed binary exponent. This corresponds to
sore than 6 decizal digits of precision and a range

2
of 10'3. Subroutines are provided to lead or store

the floating accusulator, add, sudbtract, cultiply, .
divide, convert betveen integer and floating point,

and convert betucen 6-character ascii forcat and

floating point. Typical tizes in os ure .4 for add

and subtract, 1.5 for multiply and divide, & for

encoding, and 10 for decoding ascii forzac. The

entire package resides in LK bytes of PROM and uses .
12 bytes of RAM for the floating acewsulator and '
temporary working storage.

Done_Station Software

The dome systca software is ouch sfopler than
the ground station since there is no operator's
console or display provided other than the front
panel hexadecimal 4-digie display, address and data |
hex switches, and toggle switches and binary leds.
‘Two raise/lower pushbutton switchies allow for local
\adjustrnent of D/A's and tizers in the dozme. The
'data switches are set to indicate a channel nusber

., it° be adjusted and an increnent to apply to the



current actiing. ¥ cither the valsc or lower
butten $5 depressed vhen the request for data concs
fron tho ground statlon, then the channc) pusber and
requested fncrement or decresent n farluded $p the
data poal returned,  Another front panc? swizeh
allous displaying tiesory data 1w decfnal volrs
asseaing the data da dn A/MD forrar {left-adjusted
sipned binary fraction of 10 vaoler).

The dome systen uses no intervupts but nevely
spends moet of {ta time updating $ts front pancl aad
vaiting for a conmand record to appear on the light
1ink.

‘The Toruat of dara recurds transnitted between
‘the tvo stations conrfsts of 8-Lft bytes Cramwnitied
via ACIA's as describod above. The Tizot byte in a
Tecord fx a header byte deseribing the type of data
to follow. The ncxt byte pives the vusher of 16-bit
data words in the record.  The data vord:r ate next,
followed by a checksun byte aad firal zere hyte,
Mhen the doxe station recaives & healer byte i2 firaz
checks a link cozmand table to sec Lf it &s 2 valid
header byte, ta get the address of the nenory buffer
tato which the data {5 to be read, and to get the
addresn of the coumand rouzine to be called upon
" succesnful transfer of the data. The nusbar of
wvords 15 checked to be sure it docsn’t exceed the
gize of the buffer. Then the data is read into the
buffer and the chocksun 1s verified. Finally the
commsand routine is called, Types of comnand facili-
ties provided are 1) recad all denc data and return
data pool; 2) make one~bdyte or tuvo-byte settingas; ))
sclcee one address for passing doze data wvord to
ground {ront pancl display; and, 4) read and retuen
aclccted block of wemory.

Pover-On and Reortare

Hany features have been fncluded in the toft-
ware to ninicize the chances of inadvertently is~
adjustlrg source paraseters. Ghen the microprogessor
As first pounred up, it sends secrings of zero to
all the D/A converters {n the gystexs. At this tice
the atranpenent of devices on the paraxmalesr pages £9
restored to groupings that are stored in the reond-
only nezory. U cfther wicreprocesser is reser, the
last recorded U/A values are transzitied to the
D/A's. The pround statfon differentiates betveen
these tvo cases by exasining g word {o 2 seoory lo-
catfon. 1f the appropriace value it found, nicro-
processor assudes i€ was & noraal reset, not &
‘power-on resez. In that casc the stored values are
consfdered valid and trancaitted to the H/A's. Yhen
the doae station $5 reset 1t dircets the ground cta-
‘tion to restore the D/A scttings in the dome using
sthe raise/lover faclility described above with a zero
Ancrezent.

Results ond Conclusicns '

Work began on the systen deseridbed above dur-~
ing Deceober of 1975 and the firsc use of the sys~ |
ten with bean occurred during March of 1976. All
the functions described here were avallable at that
tiae though the external equipment was not configured
to zzcept the remote ON-OFF capabilicy or the delay
tiners in the terminal. The system performed as
designed and provided the opeorator with the controls
and dispiays nceded to operate the test facilicy.

The najor probles with the systea haa been

[ CO—

cauned by the unu~ually nevete clectrfeal nolne
envitowrenl around the tent Facitity af the tin
of preacerlorator ate devnn,  Although thin wpari-
fng han cavsed 1itt)e danapge to the electronies, It
doen nortally sequite A dentart of the nynten
folloving A rajos arc-down.  Twe PIATL that drive
the opcrator'n conrale Iailed briore ve inproved
the ehiclding of the indesconnecl tng cablen, Worl
o In progrens ta duprove the shicldirg amd dvola-
tion of pipnals connceled to the nitropracessor
chatnla. A aimllar wynten van tented at the opee -
ating preacceicrator vhere the shiclding is tuch
better. This prototype systen did not roqulre a
veret following an arc~dawn,

The ute of a . sular alcropincewnot~1/0 oy~
ten preatly wimplified the hardusre construetion
ard checkout, allowved fov many cheelin on the valil-
ity of coumunicaticnn belaugan the tvd ayrtesn, and
provided Tlexibility for future cxpanzion. o plas
to add & I-characics Por second prinier to the
systen to produce hasdwcopy Jiatings of vperating
parazclers. A separale BDicFoprocceunsof-controlle |
coittance searuring systess 15 heéns ansupbled {0
the uweaative jon sourse developnont progian. With
the addi{tion of a liuk to the Linac control cou-
puter, thix enlire sysier Can act 26 3 sagellite
cozputer vhile walntalning the Jozal coatrel capa-
bility described above.

Acknovledynenta

The authars vould 1{ke te thank Phil Livda%l,
Don Young, Curt Owen and Cy Curtiz [or their ¢n-~
couraganant and support of thip vork, Yo wosld
also like to acknouvledpe the coutribulions of
Ellery Cool and Javahar Tickae who helped with the
fabrication and fnstallation of thc zystea.

Relerences

1. K. W. Gooduin, E. F. Kocanda and 4. F. Shea,
A Mathod for luplementing Microprocesear
Controlled Systena”, IREE Transz, Nucl. Sci.
N3-33, No. 1,292-300(i376). .

i. R K, Danfels, B, W, Sooduin, and M. R. Storn,
“The BAL Cozputer Control Syxiex®, 1EiL Traas.
73)

Mucl. Sci. K§-20, Xo. 3, 505-509(19

¢
H
&
g

e

. B




