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An automated data collection system as designed
. and built for the^ ORMAK Thomson scattering apparatus
is described here": The system uses both gated
photccuiltipliers and gated integrators; advantages
of this approach are discussed. Jour electron tem-
perature and electron density .measurements can be
isade during each plasma discharge, with measurements
spaced as closely as one millisecond apart. Data are
automatically digitized and stored in a compute? for
processing and display.

System Operation

A block diagram of the complete system is shot-ra.
in Figure 1. At the beginning of an experiment, the
ORMAK master clock triggers the laser firing timer.
The laser firing timer triggers each of four capaci-
tor banks at preset times during the plasma discharge
to energise a 10-joule, Q-switched ruby laser which
illuminates a point in the ORMAK plasma through a .
quartz optical system. One-half microsecond before
each laser pulse, the system photoinultipliers are
gated on. One photomultiplier measures light in the
laser housing to provide a relative power measure-
ment. Ten other photomultipliers measure scattered
light from the plasma. This scattered light is col-
lected by a fast lens system, analyzed into ten spec- •
tral regions spanning 69**3 A to 5500 A by a grating
spectrometer, and led through acrylic light guides,
to the ten photomultipliers. The photomultiplier
signals are stored in gated integrators, with one .
data integrator and one background integrator per
tube. A fast photodiode in the laser housing pro-
vides the signal to initiate the gate pulses for the
integrators. After each laser firing, an 8-bit analog-
to-digital convertor digitizes the information stored
in the 20 gated integrators, and an interface module
transfers this digitized information to a PDP-8/E
computer. (We plan to use the OBMAK PDP-12 after a . '
time.) The FDP-8/E stores all data for a plasma
discharge, processes it, and types out the results.
Cycle time for the system from laser firing through
data storage in the computer ia approximately 700
microseconds. This allows four plasma "measurements
in under four milliseconds.

Gated Photomultipliers

Detailed functioning of a Thomson scattered
apparatus depends a great deal on how photomulti-
plier gating is done. Gating is necessary because
the photo-multipliers must be protected during the
initial bright light flash as the plasma ionizes,
and mechanical shutters are neither fast enough or
reliable enough for the job. The data must be gated,
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System Operation

A block diagram of the complete system is
in Figure 1. At the beginning of an experiment, the
ORMAK master clock triggers the laser firing timer.
The laser firing timer triggers each of four capaci-
tor brinks at preset times auriHrj the plasma discharge
to energise a IG-joule, Q-switchcd ruby laser which
illuminates a point in the ORMAK plasma through a .
quartz optical syctera. One-hair srdcrosecend before
each laser pulse, the system photasultipliers are
gated on. One photoraultiplier measures light in the
laser housing to provide a relative power measure-
ment. Ten other photosiitltipliers measure scattered
light from the plasr-a. This scattered light is col-
lected by a fast ler.s system, analysed into ten spec-
tral regions spanning 69**3 A to 5500 A by a grating
spectrometer, and led through acrylic light guides,
to the ten pho<;o>aultipliers. The photoraultipiier
signals are stored in gated integrators, with one .
data integrator and one background integrator per
tube. A fast photodiode in She laser housing pro-
vides the signal to initiate the gate pulses for the
integrators. After each laser firing, an 8-bit analos
tc-digital convertor digitizes the information stored
in the 20 gated integrators, and an isitez'fsce r.cdule
transfers this digitized isfcraation to a ?2?-S/E
computer. (We plan to use the 02MAX PBP-22 after a. .
tisse.) The PDP-B^S stores all data for a pl&ssa
disch?iif«, processes it, and typos cut the results.
Cycle tisno for tho systcst frcsa laser firing thrca-h
data storage in the computer ia approximately 700
microseconds. This allows four plasma 'Kteasuressents
in under four milliseconds.

Gated Photoraultipliers

Detailed functionin.3 of a Thomson scattered
apparatus depends a great deal on how photonulti-
plier c&ting is done. Gating in necessary because
the photosiultiplicrs ir.unt be protected during the
initial liright lighb flash as the plaosta ionises,
and mechanical shutters are neither fast enough or
reliable enough for the Job. The data nutst be gated,
since otherwise the faint signal frora the light scat-
tered by the plans,:u would be lost in the integrated
background noise froai the pUobosiuliipiicrs.

Several methods of.photosrsltiplier g&ting have
been reported in the literature3. Those include
gating the p!;otocathode, the focus oloctrodc, or.e or
r.ore dynodes, and t!se tube signal itself. We four.d
that wi could obtain the highest on-to-eff ratio ay

dynodes of OUT 12-dynode l\Ch 03

err.er.t be

tubes. Figure 2 shows the circuit w* finally used.
With t%ny method we tried, switching transients com-
parable to or larger than the signal froa the scat-
tered laser light wore pr«ser.t in the photcaiultiplier
output. While it i3 true that the transients are
capacitively coupled to the HST output and should
integrate to zero provided tfea integrator has
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Islerit to die away and for the tube gain to
stabilize before any data are taken. By using /3aled
integrators, both the scattered light data and a hack-'
ground measurement can be acquired during a single
photomultiplier gating period. We are also able to
observe the photomultiplier signal on an oscilloscope,.
so that we have tvo independent measurements of tho
data in the oscilloscope picture and the digitized
data. Since our gate circuit is built up from TTL
circuits and normal switching transistors instead
of the usual delay-line pulse shaping network and
avalanche-node trigger- we h&ve the additional advan-
tages of smaller size, faster recovery time, and more
. reliable operation than with delay-li:ie gating.

rhotozaultiplior Housing

The ten gated photomultipliers are housed in a
steel box shielded with 0.5 inch lead and electrically
isolated from the spectrometer compartment. Each
photomultiplier has an individual magnetic shicifj,
and the steel bbx provides additional protection
against stray magnetic fields. The box also provides
electrostatic shielding, and the lead lining prevents
unwanted signals from x-rays generated by runaway .
electrons in OSMAX. This shielding has proven effec-
tive against most noise sources. Vfe still have cone
interference from the Q-switch thyratron, which Gene-
rates a very steep transient at the time *che laser
fires. While our data are useable now, we intend *oo
reduce the thyratroa interference by nors careful cable
routing, acre isolation in the photomultiplier gate
generator, and whatever else we .can think of.

Fast Gating

To keep signol-to-noiso rat io as high as p;i.:.-;ibie,
i t is essential to gaoe the integrators with as ;:hort
a gate t.i.v.2 as practical. ?ha laser pulse is typical-
ly 70 nanosecond.*; vide at the baseline, co we h've
chosen a 100 nanosecond integrator gate time to be
sure we inc3.udo "ill of the si~nol vithir. tho i:v.:.'i.
The integrator gate signals arc referenced c;irec:;ly
to the l&ser fi'fjng t.iTi-2 by usir.,-j a trip3*-~ r'':"-r-'-
frora a fa.it phofco'Viode in the iur;Gr ccMjs&rtKier.?1.. The
I.rancit ti'no of t.hc llr.ht p'^sc t;::*o«:gh the oiiLioal
t ra in , plti^rjia, piio'.o.T.ul{ Iy.ll.orc and si»r.al CP-M-.T. is
approx:i:.iafcely 30 r.anoscconOs longer thsn ti:-? tt-.-.sit,
time from the pho tod lode through the t r i ' ^ c r c-i-.Ic to
the fast discrijni.nr.tor i~ chs tri.-gor ge.rn.ra-tor module.
This time difference t?ilow5 us to c-dj:i:t tho iif-.i
gate pulse to bracket t!ie d&fea siennj. by art.iur.'.L:.?;
the length of a :;horb dfrlay line bcr<;v;etr. the iM.;crLrd-
nator ar.d the gate p;-.Ise fjcnoi'ator. Ai'ser a ?C;: r.s.r.0-
secor.d delay, the scccr,:: 3CO ntinosccond r.zlc o:.-.:»les
the 10 background integrators. (Cur final co.-.r,-^ra-
tion may use fewer beckgroima chanr.ols, since r-:;sulis
B-> Ttvr show 3. very ASV piov*ihxS.i-Siy fo r bis.ck.j;ro»:.-j
coun?is in a l l but two chc.nr.ois edjacsr.t to the ;:r

spectral line.) Our fast gating sicr.&is are &Xla

at low volta.^ levels, end the gate generators era
STL circuits with line crivers, so r.o spacifti prjbXe.zs

i in transient suppression or component selection.



Gated Integrators

The gated integrators are commercial nodules3,
vith Tov.r integrators housed in a two-wide NIM module.
?c-.ts indicate that the integrators perform very ade-
quately at the 100 nanorecor.d gating tirr.e we require.
Vc ;>:ive not yat had time to complete gain normaliza-
tion ci.nd pedestal adjustments under actual operating
conditions, since a vacuum problem stopped operation
of OT;.V_'\K after only a single day's operation of our,
complete syste:ni We have enough test and actual ex- •
pc-ri:;:?ntal data to be confident of the system's
successful operation, however.

The integrators have a Cyr.eziiic range of 5 volt*
nar.cseccr.ds, which r.eans that a 50 millivolt signal
vill drive the integrators full scale during our 100
nanosocend gate ti:r.e. This, put us in the startling -:

position of having to attenuate our experimental
Thomson-scattered signal during our first day's
operation;

Di.̂ itir.ir,.-; &r.& Sate Processing Electronics

After data from & laser shot are stored in the
{rate-I integrators, a ccni'.iercial interface and analog-
to-u!;;i!.p.l converter dif',.lti::o the 20 channels in
sequence, requiring approximately 35 microseconds
for each 8-bit conversion ar.d transfer. A second
interface transfers etcn d.ieitel word to a PDP-8/^
co:.ipuiez-. The tota3. conversion cycle is essentially
7C0 r.icroseconds long, so consecutive data points
closer together than one millisecond are possible.
This feature allows good time resolution of fast-
changing plasaa conditions, as are encountered ^ust
after initial ionisation or vken an instability
occurs.

Experimental Results

Duo to limited operating time on the actual
ORKPX experiment, we have been able to confirm that
the gating circuits, integrators, and.digital cir-
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Conclusion

The design, construction, and preliminary testing
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ted. The system can coke four density and tewperature
T5ess«re~.ents of plasma with an electron temperature
range from 50 eV to 2 J;eV with a tir.e resolution of
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successful operation, however.
The integrators have a dynamic range of 5 volt*

nanoseconds, which means that a 50 millivolt signal
vill drive the integrators full scale during our 100
nanosecond gate time. This, put us in the startling ••
position of having to attenuate our experimental
Thomson-scattered signal during our first day's
operation!

Digitizing and Lata Processing Electronics

Af l;er data fi-an a laser shot are stored in the
gated integrators, a commercial interface and analog- •
to-«?.i;/,il.al convcrtor digitise the 20 channels in
sequence, requiring approximately 35 microseconds
for each 8-bit conversion and transfer. A second
interface transfers each digital word to a PDP-8/3
compute!*. The total conversion cycle is essentially
700 microseconds .".ong, so consecutive data points
closer together than one millisecond are possible.
This feature allows good time resolution of fast-
changing plasma conditions, as are encountered Just
after initial ionisation or when an instability
occurs.

Experimental Results

Duo to limited operating time on the actual
ORMAK txper&nent, we have been able to confirm that
the gatlits circuit?., integrators, and.digital cir-
cuitry .runeiiiett.s aa planned; but we have not completed'
xiojsi&Llsation «SE& pedestal adjustments. Thus ve do
not have good^expsriKeiital digital data as this time,
aithoc'ii the oscilloscope pictures have yielded very •; •

scone'traces which show*the quality of signals from
the gated photomultipliers. These data indicate a
550 eV electron energy in the plasma. The oscilla-
tory baseline noise comes from the Q-swiich thyratron -
transient mentioned earlier. We are confident that •
we will be able ̂ io reduce this noise and complete
adjustment of the digital circuitry shortly.

Conclusion

The design, construction, and preliminary testing
of the Thomson scattering apparatus have been comple-
ted. The system can make four density and temperature
measurements of plasma with an electron temperature
r^nge from 50 eV to 2 keV with a time resolution of
less thsrk one millisecond. The system automatically •
digitizes, stores, and processes the data, and prints
out or displays the experimental results. Simultane--•
cus oscilloscope recordings can provide a checi on
digital data.
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Figure Legends

Fig. 1: Block diagrara of ORMAK Thomson scattering
data collection system.

Fig. 2: Schematic diagram of gated photomultiplier.
tube used in ORMAK Thomson scattering •
apparatus.

Fig. 3: Oscilloscope traces of channels 1 through .
6 of the Thomson scattering apparatus for
a 550 eV plasma.
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