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Abstract

The development and use of two optical fiber systems for the Antares 40 kJ (0 laser
is descraibed, In the Antares power ampiifier, eleciron gquns produce 3 discharge-
sustaining B kA bear of 500 kV electrons. Eigqht 300 kJ, 3 us Marx puylsers provide a
direct electrice) pumping discharge through the laser gqas. The electro-optic SyStems
developed allow the measurcment of pulsed analog waveforms and triggqer timina informaticn
within the laser and power systems by a computer based control and data acauisition
network.

Each fiher optic syster consists of a signal powered transmitter, a fiber optic cahle,
and an optical receiver that interfaces through a CAMAC module to the data acaquis:tior
netwnrh. The data channels are capatle of operatina with 1.7 MV of corron mode voltage in
the electromagnreti ¢ interference envirpnment, 500 kV/m and 50 kA/m, produced hy the Mara
pulsers.

The anaiong transmitters send 10 MM; bandwidth information to CAMAC waveform diqitizers
in tne cata acguisitinrn system, About 270N data channels monitor voltaae and current in

the pu'sers and current density 1n the laser power amplifiers, The laser trantsmitters
ser? ? mry resplution timing infarmation from each stage of the Mary trigaer amp'afacatiar
and  the Marry output to C(AMAC timp-trc-digital converters, Thecee 1720 charnele  of

information are procescad to provide prefire diragnostics for the enerqgy storaae systems,
Intrcduction

Antares 15 tne ‘qurth (0» laser syctem developed 2t Los Alamns to support laser fusyan
research, The Artar¢s power amplifrer mo<yle, the laraest bhuilt so far, 15 desrared to
Jeliver 2N k! n? nfrarer liqht encrgv 1n a pne nanpcsecond pulse, The prwer amp'itrer
reguires 1,7 M) ¢f plactrical! energy which comes from faive Marx power supplies,  The laser
timing, thp Marx trigaering, the currenty and voltages produce? by the Marx, and the
Aistrih tion ¢f current 1n the power ampl'i1frer anndes are all craitical parameterc of the
laser coperation, Fath power amplifier module has 187 data channel's assnc'atesd with theup
rritical parareters. Toe record anc analvze thyy data ard preovide the compley cnntrenl
functynns & corputer hacer oata And rontrol syctem was developed.

The chprt-pulese hiphocyrrert plectrica’ pumping Aischrarges produre hogh leve's ¢f hergal
hand plectrnmagnetic 1rtarfearence thyt cdicrupts the aperation of eletropicy ystpmre gnt
eomregtery, The derign ©f the Antares cnntrol system appliey faber oaptace for  all
measyrement  and contral  charnele, trgd allowing complete asnlatieon hetweer the [V
shaelded cortrrl gard data computers and the laser syst.m, Two hrab  spesd moanydar tag
Tinks, *the analcng marmitnr and the timire monitor, were developeo for the Antares qysterm,
"wr- hurnrred ard fifty of thesp fater cptic data channels hgve heer Lurlt, rstalleq, ar
nprrated 'n the lase- system, The crrtral system, with abput nhat'? nf trhe L3 (omputes
svvtem. operating, has haed nn norescinauced data or contenl errors  an hyngreay of
eperations eon the poawer amp'i¥ier, Thiy paperr will descrihe the design, developmert  angd
operdtinn of these fiher optic monitory,

Analns monitor

The analng maniter ig yeed to transemit ana'oq voltage waveformy from transducers 1n the

Marx power syupplies and powrr amplafier to the computer data acquisitron systen, In earh
Ma-x power supply the w00 kV output voltage, the 2?50 kA onutputl current, and the 2RN
trigarr vnltage are moritored, In the power amplifier ar array of J& sensorsy, mounted on

the anndey, measures the distribution of | MA of anpde current,

*worl performed ynaer the ayspices of the 11,S, Pepartment of [neragyv.



The fibers connected to the transmitters on the anode must withstand 1.2 MV peak anode
voltage during laser operation. These fibers must also be resistant to the 500 kV x-rays
and electrons generated by the power amplifier electron gun. Since the 150 analog
transmitters must be sealed in the laser gas in the amplifier shells, reliability and
ruggedness are design requirements. The use of temporary floating power sources, such as
batteries, are impractical. However, the signal 1s sufficiently 1large to power the
transmitter directly. Al1 of these monitor channels must faithfully transmit waveforms
with rise times less than 50 ns and with amplitude accuracy better than 5%,

Optical fiber selection

Samples of commercially available optical fibers were subjected to a dose of about 30 k-
rads to determine which fiber's optical attenuation properties were affected the least by
the electron gun radiation. The same test also exposed the fibers to dry, oxygen-free
laser gas in a laser power amplifier prototype. As part of the Marx power supply voltage
and current monitoring system, ihe fihers are immersed in transformer oil., A se-ies of
tests were conducted to analyze the effects of transformer noil on fiber optic cables. 1In
addition to the above condjtions, the fiber optic cable must be sufficiently rugged to
withstand installation hy constructior crews. The fiber selected for Antares was plastic
clad silica DuPont PIFAX S-120 type 30. The core material in the type 30 fiber 1s pure
synthetic silica, which 1s resistant to radiation damage, The cab'!e materials in S-120
show resistance to transformer pil, DuPont PIFAX S-120 cables have aramid members that
provide the refuired strength properties. A large numerical aperture and core diameter
simplify problems in coupling to emitlters and detectors.

Analog transmitter design

A circuit was developed (Fig. 1) that is powered hy the sigral and is totally contained
in an a‘uminur EM] shieldina housing (Fig. 2). The transmitter circuit contains transient
irput protection far {impuises up to 20 kW. Signal currcent through the light emitting
divde [LED) 1s sat by a precisinn film resistor at 200 ma for an input of 100 volts. The
transmitter LEN couples an optica) signal greater then B0 uW into the 200 um diameter
optical fiber core. Rise time is less than 20 ns, A survey of LEDs that are commercially
availatle produced a wide range of lineirity data (Fig. 3). The linearity error of the
46R9 LED was not worse than 4%,

In addition tu the shielding provided hy the transmitter housina, the use of ground
planes on printed circuit bonardc, and keeping signal leads as short as possible were
important aspects of the design., Interference tests conducted in 100 kA/m magnetic frelds
and 1.5 My/m electric fields showed no measurahle interference,
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Fiqure 1. Simplified schematic of Fiqure 7. Analoqg monitor in
analang monitor, E¥i ghield,

Anslog receiver design

The optica) sigral arrivina at the recetver must he coupled to a photodetector from the
optical fther with minimym signal Ipss, and allaw re-ronnecting without lose of system
calrhratron., Tn achisve thevy qoals, qnod alignment and proanimity of the fiher to the
detector surface are requirsd, The snlutinn was a specia) detector, the RCA (-30R0HT,
with the active area prittica close to the device window,



Except for the fresnel reflection, all 1ight

B C-30133 emitted from the fiber end s collected by the
A PR -4009 detector active surface. The detector s
® TAES-4TY / operated 1in the photocurrent _mode for the

requircd linearity and bandwidth. Voltage

amplification s provided by an integrated
circuit video amplifier. The output amplitude
is contrrlled by varying the amplifier gain
(Fig. 17. A signal-to-noise ratio of 40 dB is
required for the complete receiver. The
receiver nofse 1is dominated by the 592

POWER OUTPUT (uW)

- amplifier input noise, typically 12 V. The
amplifier gain required i1s about 200 for a
receiver input of 40 uW and an output of 0.6
volts. The output noise voltage is about 3 mv,
giving a signal-to-nofse ratio of 46 dB. Th-
receiver must be able to drive a meter ot 50
ohm cable, This is eaccomplished with a
standard current driver amplifier, For conven-
ience the receivers were packaged with four

INPUT VOLTAGE channels on a printed circuit card.

Fiqure 3. Linearity comparison of
LEDs for analeg transmitter,

Timing monitor

The timing monitor is used to transmit timing information from ten Marx power supplies
to the compute-r data system, C[Each Marx trigaer, the five trigger amplifier stages, and
the output of the Marx generator use timing monitor channels to detect and locate prefires
and te measure system performance. Timing monitors are also used to detect catle faults
in the 2?4 coaxial cables connecting the Marx power supplies to the power amplifier. The
prefire detection and location function requires a system resolution of 2 ns.

The characteristics of the triaqer sianais are differeat, ranging in current from 10 to
1000 2 and in pulse width from 50 ns te 5 us., As in the analoq monitoring system, each
timing monitor transmitter must be a sclf-contained unit which is powered directly hy the
vignal, Many cof the timing monitor transmitters are lucated inside the Marx pnwer
supplies where they are subjected to kilovelt electrical transients, electric fields of 7-
M\V/m, and maanetic fields nf 100 kA/m at 140 kHz, The timing system must provide reliahle
tining information in the presence nf these interfering transients and fields.

Timing traesnitter design

The mott important desiqn consideration for the signal-pcwered timing transmitter g
trlectinn ¢f the emitter, A qalluim argenide single heternjurction injection laser diodn
wAs splected fnr large sianal output and fast respnnse. The optica) power launched intp a
200 ym c¢nre fiher from the laser dinde s typically 20 mW. The nancosecord optical
risetime from the laser pravides the required timing system resolution,

Current pulses that are wider than 200 ns will cause deqradation or failure af irjection

laser diodes. A differentiating circuit was developed which effectively shortens & %
trigaer pulees to 100 ns, (Fig. 4). High power siqnals are clampet by dipndes capahle of
absorbing s {lowatts, The monitor tronsmitter circuits are housed in an egqa. shaped EM]

stield with rounded corners to prevent field enhancement in high-voltage applications
(Fia. &),

Idmrivy Zorefver design

The main criteria in the receiver deslian are high timing accuracy and the electrica’
interface tc the TNCs. High timing accuracy circuits require fast signal slew rates and
small nolse amplitudes. Since the laser diode transmitters produce larqe siqnals that are
very fast, stanal amplification at the recriver {5 not required, A fast photudetector,
followed hy o comparator, provides the required timing resnlution (Figq, 4°, Again the
(.APPORF PIN photodetertar was chosen for wide bandwidth and low depletion voltage. The
optical detector output s abnut a tenth of a vnlt or 300 ohms, Noise at the compa-ator
fnput 4% small, therehy encuring excellent receiver timing resolution, A voltage
tomparator converts the <iqnal into & logic format and an nutput qate drives the TNC
siqnal inputs,
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Fiqure 4, Simplified schematic of Figure 5. Timing transmitter installed
timina monitor. in trigger amplifier.

Prefire detection system

Prefires in the laser Marx generators are detected by a computer process running durina
the Marx charqe cvcle. When a prefire occurs, the prefirec current operates 8 fiber optic
timing monitor. The outputs of all timing monitors are "OR"ed into the start input and
separately connected tc each stop input of the CAMAC time-ton-diqgital converter (TDC).

The TPC measures the time Jinterval between the start and stop input, recording the
relative operating time of each trigger amplifier stage. TDC operation causes a look at
me (LAM) signal that is detected by the cemputer monitor. If the LAM signal occurs before
the laser is fired, the prefire monitor process halts laser charging and firing ard
compares the TD(C records to determine whith triaqer amplifier prefired. The gaps in tre
prefired svstem are purged, the system is recharged, and the charge and fire process is
automatically continued, Multiple prefires will abart the laser firing. After each
firing, the svystem operator can request the timing records to evaluate trigger system
variatione,

Conclusion

A fibe- optic analoa monitor was developed that transmits wide bandwidth waveform data
in the presence of radiation, severe EMI, and high cowmon mode voltages. The signal
powered firher optic timing monitor described allows reliable prefire detection and
autaomatic cantrol response to prefires in laser power systers, Installation of hundrecs
of channelgs nf these monitors have demonstrated a practical method of computer dat:y
acquisitinn in adverse envirponments.
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