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facility under constryction at Los Alamos;
Natfonal Laboratory for the study of in-|
ertial corfinement fusion. Fusion is the

basic energy source of the yniverse in-

cludinc the sun and the stars. 1t occurs:
when twn light elements, subjected to en-|
treme heat and pressure, combine to formi
3 heavier e'ement gnc¢, in the process, |
release eneray. In 1983, the 40 terra-:
watt laser will send a 1 ns, 40 kJ pulse

of laser gnergy to a tinv (several tenths

cf a millimeter diamater) glass micro- -
balloon tarqet cortairing f{sotopes of |
hvdroqen, Aeuterinym, and tratiym, The 1
target will he heatec and compressed by’

24 beare. A fysior reaction will occur
and enerqgy will Le released, (The energy
equivalent onf 300 qallons of gqasoline

could be produced by resdcting the natural
deuterium n one gallon of water).

2.0 BASIC ANTARES LASER OPERATION

The path of a sinanle beam through Antares .
fs depicted fn Figure 1.0. A low e¢neray

pulse aqenerated in an cscillator, pre-.
amplified by & pair of COp laser am.:
plifiers, 1is amplified by an electron.
beam-controlled driver amplifier {n thel
fFront End room on the lower level of An-

tares. Produced are two 90-J annylar -

ser heams with an outside diameter of 16-

cm. Fach of the 90.) beamy are directed

YWnrk pe-formed unoer
the VU.S.

the auspices of

Department of Energy.

v

L.

cm driver beam 1s split into 12 sectors.
Ouring the first pass through the power
amplifier the 12 beams expand in area by
a factor of 200 and are amplified from 2

to 250 J. The power amplifier reflects
the beams for a secund pass dincreasing
encrqy of each beam to 1670 J. Steering

of the beamsg
power amplifier

through both passes of the
{s accomplished vy alion.

ment <«tations under the control of the
Antzires computer network.

The center of the power amplifier, the
electron qun, gererates 12 beam s<ectors
with electron enerqgy of 500 kiloveo'ts and
current density of 50 mA/cm¢. The to-
ts) discharge current of B00 kA for each
power amplifier {s delivered by four 300-
kJ Marx generators that produce an open

circuit voltage of 1.2 MV, The simultas-
neous charqing and firing sequence of the
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u Abstract -
.Antares, a large, experimental laser fysion facility under con.-
struction at Los Alamos National Laboratory in New Mexico, {s con--
trolled bv a network of PDP-1] minicomputers and microprocessors.
The remote nodes of the Antares contro! network are based on an
LS1-11/2 microcomputer interfaced to an STD Bus. This “machine
interface* or "Ml" forms the intelligent process controller la..
ceted directly adjacent to the many diverse laser subsystem de-
vices, The €TD Bus, linked to the LSI-11/2 microcomputer, offer:
a standardized, cost effective means for the development of the
specralized interface “unctions required for the high energy laser
environment.
1.0 INTRODUCTION upward from the lower-leve! Ffront End
'  area through an LSI.1l microcomputer-
sauare foot corpro. 1s 8 22,0000 tron-miem controlied power umplifier.
exper imenta aser usion! As 1t enters the power amplifier, the 15

four Marx generators s execyted by a
dedicated section of the Antares control
network under the supervigion of the
beamlineg PDP-11/60 minicomputer.

follrwirq the second pass throuoh the
po: “plifier, the 12 sector, hiagh
energ, 2ams  leave the laser hall and
pass tn ugh underground evacuoted beam
tubes on their way to the target build-

ing.
ing

Entering a device called the turn.
chamber, the ]2 beam sectors are
split into 3 groups of 4 beams each by
an  array of mitrocompyuter-controlled
turning mirrors. Folding and fozusing
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Figure 1.0 Path of a single beam througii Antares.

mirr also

rs, under mirrocomputer c¢nn-
trol, allow the total of 24 beams to
uniformly illunminate the final desting-
tion, the target,

3.0 ANTAPES COMPUTER NETWORK MIZRARCHY
Operaticn of the Antares Laser farility
{s fuliv automated, and controlled en-
tirely from a central control area. The
Antares computer <control network hier.
archy 15 qeneralizec in Figure 2.0, The

PDP-11/70, threz of the four PDP-31/60"s,

and the POP.11/34 are located in the cen-
tral cortrd) area., One PDP-11/60 1s sit-
uated on the lower leve) of the facility
irn the Front End control rgom, LST.11/2
microcomputers are positioned thrauqhcut
the 3 major sections of the lascs
facility,
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Figure 2.0 Antarcs control system networa
hierarchy.

Hardware network interconnections between
the levels of the hierarchy are imple-
mented with full-duplex fiber optic com-
mynications l1inks.

The central, highest level computer in
the Antares computer network 1is a PDP-
11/70 minicomputer running under the UNIX
operating system, This supervisory PDP-
11/70 provides intergrated control of the
four PDP-11/60 minicomputers located at
the second level of the network hier-
archy.

Impiementation of the 4 PDr-11/60‘s cor-
responds to the four major subsystems of
the laser facility: the Front-fnJ, Align-
ment and Target, and each of the two main
beamlines. Fach of the four PDP-11/60's
supervise 8 aroup of LS1-11/2 bit micro-
computers which serve as the most remote
nodes in the control network. The UNIX
operating system {is also implemented on
each of the PDP-11/60's. The remote LS!-
11/2 microcomputers are downline loaded
with appYication software writien in the
C prougramming lanquage. Dynamic, inte-
gratec operation of the contro! network
is performed by TENNET, & networking
packade developed ‘i .house by the Antares
software group.

4.0 THE REMOTE MACHINE INTERFACE (MI])
The most remote node of the Antares com-
puter network i{s the LS!1-11/2 based ma-
chine interface (M1). Typically, as
shown {in Figure 3.0, {1t 135 located close
to the particular laser subsystem device
1t controls The machine i{nterface s
divided 1nto 2 major subsections: the
comnuter end and the laser end. At the
~cmputer end {5 the LS1-11/2 micro-com-
puter finterfaced to & 32 slot STD Bus.
The LS1-11/2 micrycomputer configuration
is standard throughout Antares. fFive
modules, the cpu, memory, serial 1/0,

paralle! 1/0, and power-fail make up the
Antares “universal" microcomputer, Ar:
optional sixth module, 8 Camac Crate con-
troller interface, {s implemerted as re-
quired. (onnection between the LSi-11/2
and the STD Bus is made through the DRV
qeneral purpose parallel interface, The
DRVI] peratlle! interface consists of 16
Tatehing outputs (OROUTBUF), 16 nonlatch-
fng TTL inputs (DRINBUF), end & YTL con-
trol/status bits (CSR). The application
of tiese three ORfv]] reqgisters for
Bus control Js shown in Figures 4.0,
and 4.2,

4.1,

STD




ORVI1 1illustrated in Fiqure 4.0,
the (51-11/2 to address and write data

to the ST) Rus. The basrc addressinag.
Scheme uyses 8 bits: 5 for the STD module

eddress, &nd 3 for the port addresses

within eacnh mndule. Such an srraraement

8llows 32 STD cards with 8 reqisters edch

to be addressed cirectly, If each reg-

fster ‘s 8 bitg wide, contrnl for a tota!

of 2048 elements on a single STD Bys is

possible (32 X B X 8).
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Figure 4.0 ORV1! output bufier bit assignments
for the STD Bus.
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roP CENTRAL CONTROL AREA DROYTBUS also contains the 8 bit wide
0P 110 (COMPUTIR Owvirneavli  data word for writing data to the 8 bit
uss . STD data bus. Since DROUTBUF is a read/
write register, both the address and data
written to the STD Bus by the DRVI1l can
be read back to the LSI-11/2 by simple
3&:&:? : interrogation of the DRVI1l register.
COMMUN I CATIONS
L > 1. | 4.2. DRINBUF register,
; ) i
L | DRINBUF, the parallel input register of_
r ‘—”7 MAR AStR suesvsTow ¢ the DRVI1,  §s  shown in  Figure 4.1,
| usin el—tm1 amDWATD aasiR pvieowaosy | DRINBUF permits 16 =it wide data words
{ | DNCLOSURE | to be read from the STD Bus in a single
P | | operation. This allows STD modules with -
. 10 or 12 bit analog-to-digital converters
o g ! . to be serviced with one parallel read
R SR ! i from the DRVII.
| S :
SHORT RUN F1BER OPTICS
~ lOm |
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Figure 3.0 Antares machine interface (MI). e oy
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4.1 DROUTBUF register.
ROUTBUF h gt
DROUTBUF. ~the output register of the Figure 4.1 DRVIY input buffer bit assignments

for the STD Bus.

4.3 (SR register.

Figure 4.2 1llustrates the implementa-

ttion of the DORV]] contro!

status register
Two bits of the

- (CSR) on the STD Bus.
"CSR regicter are utilized in the present
interface, Bit 00 permits read or write
operations on the STD Bus: 0  Read, 1 «
"Write. Bit 01 allows the basic B bit STD
"Bus addressing scheme to be expanded.
*This bit is interfaced to the 10EXP* (1/0
+Expansion) control line on the SYD Bus
“allowing & second group of 32 STD modules
to be addressed by tie same DRVI1. Two
132 slot STD Bus card racks are dafsy-
i¢hained 1in tpplications requiring more
rthan 32 slots. Address selection of the
-first or second STD Bus s accomplished
.with the I10EXP* control bit,

v
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Figure 4.2 DRY'] control/status register bit
assignments for the STD Bus.

5.0 THE STD BUS : !
1
The Std Bus standardizes the mechanical.
and electrical aspects of the Antares
control and instrumentation modules. The
basic mechanical dimensions for the STD
module are snown in Figure 5.0, The STO.
Bus motherboard approach allows any mod-
ule to operate in any slot; the modulei
address is set on-card and {s slot in-
dependent. Note that not all of the pins.
available on the STD Bus are utilized in
the current STD/LSI-11 interface., Figure
€.0 illustrates the actual 1interconnec-
tion between the [S}-11 and the STD BRus.
The functional relationship of the LS'-11
0-Bus and the STD Bus is shown in Figure
7.0.
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Figure 5.0 Basic STD Bus mechanical dimensions.
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6.0 ANTARES STD BUS MODULES
A1l connectiors between the MI STD bus
modules anc the Antares laser subsystem
devices are made with fiber optic tech-
nology. The severe EM] envirgnment cre-
ated by operation ot the Marx generators
and the Antares Power Amplifiers re-
stricts the use of metal conductor con-
trol connections. The basic function
therefcre, of the Antares STD Bus mod-:
ules, 1{s to transmit and receive some:
type of signal at optical levels. )

Wavelength of the transmitters and band-
width of the receivers depend upon the

particular applicationr, Trensmitters

presently implemented include incandes-
cert lamps, L.E.D.'s, and laser diodes.

P-T-N diodes and integrated photodiode-
preamplifier-schmitt detector circuits
are typical receivers, The two general

categories of Antares STD Bus modules are:
shown in Figure 8.0.

VAN

1 STD MODULES UNOER STD BUS CONTROL
1310 PON.S-OMY MODALS
's
H FIBER OVIIC
0 moownts
s 1 ] | UNDER
{0 apaus
L._____. DRv-1} —_— CONTROL
I l ! | o
N
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[—'——l—_ MODULLS O
! - CANAL UNDIR 3D BUS
CAMAT
y——‘ 3 Ri
v LwTra l chmt J Lf’m?@ln
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Figure 8.0 Two Lasic catejories of Antares
STD Bus modules.

The first categcry inciudes modules under
STD Bus control: those that communicate
with the LSI-11 throuqh the DRVI]l inter-
face. Cards that fimplement relatively
low speed binary and g¢nalog monitor-con-
trol functions are ‘ncluded in this tirst
cateqory. MHigh specd functions, such as
Camac waveform diqitizer fiber optic in-
terfaces, make up the second category,
Both categrries reside in the STD Bus;
the second category makes use of the
power connections only. Uutitization of

the same standardized STD Bus mechanical
dimensions for the second category elim-
inates the need for an additional, spe-
cfalized <chassis with separate power
supplies, development gquidelines, etc.
Even though the modules 1in the second
category do not use the STD Bus for ad-

dress, data, and control, the stanJjard-
tzed features of the STD Bus <chassis
offer a converient solution for 1location

of the interface functions.

6.1 AN ANTARES CATEGORY 1 STD BUS

HODULE.

Figure 8.1 15 a generalized block diagram

of an Antares 3TD Bus module under STD
Bus control. The {llustration represents
a low speed analog monitor interface
function.

A voltage divider network within an
Antares high voltage Marx generstor pro-
vides a WA current proportional to the O

to 60 kV Marx charge voltage. As the
Marx generator is charged, the uA refer-
ence current is converted at the laser
end to a 0 to 25.6 kHz square wave by 2
voltage-to-irequency converter circuit,
The output of the converter circuit pro-

vides drive current for a fiber optic
transmitter, The optical opulse train
leaving the laser-end circuit travels

over 3 10 meter fiber optic cable to tne
computer-end STD Bus module. Here, a
fiber optic detector converts the optical
level signal to a TTL pulse traiu., The
basic function of the computer-end STD
Bus module 1is to serve as & frequency
counter: the 0 to 25.6 kH*® signal g
gated, counted, and stored in a contin-
uous manner. New dats is available to
the (SI-11/2 via the STD Bus at 3 rate
of 50 times per second. Four complete
charnels of this interface function aie
implemented on a single STD Bus module,.
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Figure 8.1 An example nf Antaras STD Bus

module, category 1.
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6.2 AN ANTARES CATEGORY 2 STD BUS 7 -

MODULE . . .0 SUMMARY
. Antares, a das f ) il
fiqure 8.2 is a block diagram of an An- aser fusior facility under

tares STD Bus mogule not under STD Bus
control. The figure illustrates a3 high-

speed analog monitor function,

When the Antares Marx generators are dis-
charged into the power amplifier, the.
characteristics of the microsecond range
discharge wgveforms are relevant subsys-.
tem pertormance data. A transient-pro-.

tected fiber optic L.E.D. transmitter
Jocated within the Marx generator is
pcwered by current from the signal it

monitors,
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£igure 8.2 An example of Antares STO Bus
mocule, category 2.

When the Mary generator discharges, the
L.E.D. launches 1light into a fiber optic
cable at a level proportional to the in-
put signral. The opposite end of the
fiber {is connected to & high speed an2-
loq monitor module located In the STD,
kus. The primary function of tne module

is to convert the optical level pulse to

an analoq voltage. The converted pulse :
i¢ then sent directly to a waveform digi-
tizer in an adjacent Camac chassis. The
pulse waveform iy digitized and stored
by the Camac module. The LS1-11/2 reads
the gigitizer by means of the Camac con-
trotler interface module. In this ex-
ampole. tne STD module provides conversion
of a signal from optical levels to analog
voltage ‘levels. The only connection to
the ST0 BRus 15 for DC power requirements,
The S$TD Hus provides a modular approach
towards the implemen-ation of this luter-
face function,

4

constryction at Los Alamos National [lab-
oratory, provides a challenging environ-
ment in which to apply a computer-based
control network. The specialized re-.
Quirements of the many diverse laser sub-.
systems necessitates a modular, building-
block approach for instrumentation and
control functions, The STD Bus offers a
well defined, stancdardized set of mech-"—
anical and electrical specifications.
Engineering and development of special-
fzed interface functions 1is facilitated
by the standard framework within which
to work.




