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USE OF FIBER OPTICS TO ELIHINATE GROUNO LOOPS ANb SAINTAIN
SHIELDING iNTEGRITY ON A CONTROLLED FUSION EXPERIMENT

George Chandler, Armand Brouaseau, Rodger Hall, aR3 Rita Gribble
LOa AlamoO Scientific Laboratory

Loa Alamoe, tiew HOXiCO 87545

Abstract-.—

Fiber optic technology is being used to solve electromagnetic compatibility problems on
zT-4a. Dea ign and performance parameter
diacuaeed.

of four different types of optical links are

Introduction

The CTR Division of LOIS Alamos Scientific Laboratory ie engaged in research directed at
developing a power source utilizing ❑agnetically-confined fusion plaama. The moat recent
experiment being constructed is tha zT-40 Reversed Field Pinch. A significant feature of
thie type of device, from a symtema deeigner’a point of view, ia the potential for a large
amount of electromagnetic interference with control and data signals. The primary noise
eource iu in the form of a pulsed dipolar magnetic field. It iB neceesary to interconnect
the various ●lectrical submyateme in such a way that ground loops are eliminated or
mifiim:zed. It is alao necessary to house the data acquisition equipment in a shielded
enclosure, which should be protected from penetration by conductors exposed to the field.
Since the control ayatem and data acquiaitlon”myatem are connected to the same computer, a
conflict ariees becauae ths control system muet necessarily extend outside Lhe shield.

Deeign work on ZT-49 began in 1977, when the use of fiber optics to break ground 100pa
and penetrate ahielde was just beginning to be practical, and the new technology wae
adopted for theee purposee. Figure 1 is a sketch of the ZT-40 system showing the major
●ubsyatemm and interconnection, and indicating the problem loops and connections and the
pointe at which these are broken by some isolation device. The points marked with
asterisks are broken with the optical coupling hardware whiuh will be discussed in this
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Fig. 1. Sketch of interconnections amor.g ZT-40 ‘,ub-Pystem8.
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The target date for initial Or*ration of the ZT-4fl ■y8tem,
~%;”dsmcrihad h.re, in June 1979.

including the optical

I. OpticallY Coupled CAHAC Serial Highway

The coqutor interfac~ .::nd:;:mmcontrol, data acquisition and trigger subsystems is
accomplished via the CMAC Several CAMACcrates are located in
room, the control

the screen
center, ●nd an auxiliary mcreen room ummd for routine capacitor bank

diagnomticm. A byte-aerial CAMAChighway i- carried on optical links to tho externally
locatod cratas.

Ths b;t~-sarial highway conmimtn of 0 data lines ●nd one clock line carried in a loop
connecting tht CAHAC driver in the computer and ●ll the CAHAC crateo. ~hus lB optical
channelm ● ro raquired, 9 in ●ach direction. The CANiC standard roquirea differential
current-drivan pairm which operatm at ratem from QC to 5 Mbaud. To establish the
reliability r~quirod in tho ZT-40 oporatio -fb theme data communication channela should have
● n overall bit ● rror rat- of loaa than 10 . A survey of tha market in 1977 turned up
caveral rcaoonably priced candidate links, some of which were bouqht and tasted. All
shcwod probloma and WQ=O rejected. The decision wam then made to develop the necessary
hardwaro in-houac.

Tho circuit resulting from t>im ●ffort in a etandard configuration, ehown in Fig. 2.
The denign procedure wam ●omewhat am follows: bit error rata, noias lQVQ1, and provisions
for signal degradation, component and powr ●upply variation determine the nignal level
required ●t tho comparator input. ~is and the gain bandwidth product of available
●mplifiers ●nd the bit rate requirement detmrmine the optical power which ❑ust be incident
on the photo diode. That power, cable and connector loaoem and bit rate thmn providm
criteria for 8ol@cting the LE:J, fi~er, and connector. The LED c61ectad injects a minimum
of 150 UW ●t 020 nm into the fiber. At leant 40 uw ia detacted by the photodiode. Th ●

signal-noiso ratio at the comparator input i- ●bout 30.

Oome relaxation of gnal level requirement would be possible if provision wsra made
●t the comparator etaga . . ● om. nort of automatic thrmshold control to compsnaata for
signal amplituda variations. fiic feature ia difficult to implement in ● symtom which
operatem dwn to d.c., and 80 waa foregone. A bi-phaoe modulation ach~mo would make
implementation easier but at a coot of doubling the system bandwidth requirem@nt8.

~o ●plies indicat~d in the figure deaervea comment. We wanted to uae AMP plaatic
conn~ctors but ● 8Dlics with theme ham 10SSQS of 3-4 dB. We developad ● technique of
making spli:en b; leaving the polishing buohing on thm AMP conne~tor and aligning the
fibrs in an x-y positioner, than gluing the bumhings together. ~is produce- splices with
1-2 da loma.

● Manufactured by RCA, ❑odol +C3S133.
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Fig. 2. Block diagram of 5 14baud Opticdl link for byte-s,rial CAHAC highway.
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Nine copies of each circuit are produced on printed circuit boards and mour!ted in a card
file with necessary gwer supplies and wiring.

f’,
In tests, the completed byte serial highway

transmitted over 10 bits without error. The ZT-40 control system is connected with this
highway; a second is under construction to communicate with an auxiliary screen room tised
for bank diagnostic.

K* optically Coupled Fast Triq!ler Generators

The electrical energy to operate the experiment is stored in several large capacitor
banks. Each bank consists of capacitor-spark gap combinations all connected in parallel to
a load. All the gaps in a bank must be triggered simultaneously within a few nanoseconds
and timed with respect to other banks within a few tens of nanosecond.
requires low jitter,

Such a system
short risetime, high voltage trigger pulses, and is susceptible to

noise induced in intra- and inter-system graund loops. Decoupling the timing kyetem has
been a goal of experimenters at LASL for ❑any years.

A block diagram of one channel of the trigger generator ia shown in Fig. 3. (There are
24 channels available.) A computer genexated trigger starts a digital time delay. The
delayed output drives a laaer diode with a 40 amp pulse rising in about 5 nsec. The diode
output is about 12 watts peak at 904 nm. It is mounted in a modified AMP bulkhead
connector and coupled into a length of up to 100 m of Du Pent PFX-S120R PCS fiber. The
detector is an RCA C3L3808A photodiode also mounted in an AMP bulkhead connector.
current is amplified and

The photo
triggers a KN6-B krytron which produces the 5 kV output pulse.

Another circuit, not shown, detects the output
indication at another

pulse and produces an “output confirm”
chaasis located in the screen room. This signal is also optically

coupled.

The optical receiver elec~~gnics i:i:ounted in a shielded module which alao contains all
necessary power supplies an turbine-driven alternator. This unique feature
●liminate troublceome ground loops which often otherwige occur as a result of
to the AC power line.

connections
Even isolation transformers have enough capacitance (typically 300

pf) to complete the loops for the high frequency components of some waveforn,s.

III. Slow Analcmq Links

To break a ground looP in the vacuum and fill pressure monitoring section of the vacuum
control subsystem, a slow, precise analog optical link was required.
based on the Burt-Brown

The link design was
VFC 32 voltage-to-frequency converter. Figure 4 is a block

diagram. The input level of 0-10 volts DC is converted to light pulses varying in
frequency from 12 kHz to 21 kHz. The LED is a Fairchild FLV 104,
mountable display type

a low cost panel
with a plastic lens emitting at 660 nm. For this application and

others we mount the LED in an AMP bulkhead connector by first grinding off the plastic lene
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Fig. 4. Block diagram of slow analog optical link utilizing voltage-to-fr?aucncy converters.

and body to within a millimeter of the die, then polish the surface and glue it in place
with ●poxy cement. The fiber used is DuPont Crofon 1100, a low cost, high loss plastic
fiber suitable in this application for runs less than 10 meters.

The detector is a C30008A photodiode mounted in the AMP bulkhead connector and driving a
National LH0062CH in the transimpedance amplifier mode. The comparator and VFC32 comprise
the remainder of the circuit needed to produce the output voltage. Additional circuitry
adjusts for offset voltage and calibrates the overall fiystem gain. The circuit has a
natural bandwidth of 300 ?IZ. we have rolled it off at 20 Hz to reduce interference
problems. The linearity is close to 0.1S.

IV. Slow Digital Optical Link

The vacuum ;ystem also requires optical isolation in tha on-off control line for valves
and pumps, and the lines which monitor the positions of these valves. The link developed
for thin purpose is shown in Fig. 5. Input signals, ●ither contact closures or
collector TTL outputs operate an FLV-194 LED mounted as described previously.

open
Crofon 1100

fiber is used again here. The detector is a Fairchild FPT 100A photo transistor and a
current amplifier. The output device can be either a low-current relay solenoid, a
Monsanto FICA 255 photo-darlington isolator, or a Hewlett Packard HCPL 2601 optically
isolated TTL gate, as required by the application. Delay time is about 1 maec. About 160
channels of these links are installed on ZT-4D.

v. Availability of Commercial Linka

The availability, price and quality of some types of commercial links have changad
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Fig. 5. Blcck diagram of optical link for Mlow control anti iilonltor f~nctions.
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considerably in the two yeara since deaiqil work began, and if it were begun today
commercial links would be used in some areas. Ther* are still blank spots in the market
place, particularly in the areas covered by the links described in sections III and IV.

There are two isolation functions on ZT-40 which will be implemented by commercial
links: remote terminals will be connected to the computer on RS-232C links, the Burr-Brown
model 3712, and voice col,lmunications aro planned ta be done on commercial links which have
not yet been selected.

VI. Conclusions

The engineering staff responsible for the deeign of ZT-40 has invested htavily in
optical data communication. Host of the links installed have been designed afid built
locally, often with home-made components such as the connector mounted LEDS described in
Section 117.

The availability of fiber optics technology has made it possible for the decigners of
ZT-4L4 to eliminate problems which have plagued experimenters in this field for many years.
We are optimistic that continued develoDG.snts. Particularly in the area of hiqh sPeed
analog links, will make it possible that

1. IEEE Standards 595 and 596.

-.
more problems wiAl be solved in the near future.
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