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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not neccssarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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¥ - o o ABSTRACT

We have designed and builtba simple and inexpensive
‘analog gate‘which,whén.used in combination with an‘eiectrometer
and a high gainvpﬁotomultiplier{has a sensitivity of better than
1 phbtoeléctron/sec and a 1inear%ty_of bettgr than 10% over a.

dynamic range of 1000.
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Pulsed lasers are often used asllight'ééurces for Raman
scéttering; fluorescence, luminescence and absorption Studies.'
Since the duty cycle of tﬁese sbﬁrces is usually vé;y poor, - one
would like to design detection electronics which are sensitive for
.pnly a small time interval around the laser pulse,in order to
improve sigﬁal'to'noise.j'For éxample, if one uses a nitrogen-laser-
pumpéd=d&é-1aser,.its output might typiéally COnéist of 5 1ns
pulsés ét'a'repétition‘rate of 10 Hz. - The risetimes of’
typical-photomﬁltipliérs are a few nanésécpnds; ‘theréfore;
except at-ver& low 1ight levels (X1 photOeleétron/pUISe);one cannot
use photon cquh;ing techniques since the photoeiecfron_pulsés will,
in generals'ﬁile uﬁ; 1t is, thereforé,_hecessary to‘integraté'thé
gharge from the photohuitiplier. in the absence of a gating'scheme,
even a low ndiée,.high gain tube, such as an RCA 8575, contributes a
bagkgrouna nbise equivalent to about 1_04 photoelectrons/sec. it is
apparent that even a rather sldw gate will imprové things signifi—

cantly. For example, a 10 usec gate operating at 10 Hz will reduce

the background level to 1 photoelectron/sec.

We have designed and built a simple_hnd insxpensive

analog gate which is used in combination with'an‘electrometer

operating as a ratemeter. The output of the ratemeter is displayed

"on a chart recorder. This detection scheme has a sensitivity of better

than 1 photoelectron/sec and a linearity of better than 10% over a
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dynamic range of 103;‘ Also, since the eiectrenics ere'charge sensitive,
théy are rather iﬁsensitive to the large burst of r}f. ﬁeise generated
from the pulsed laser source. A schematic of fﬁe'gate is shown in
Fig. 1. The input signal is taken directly froh the unterminated
anode of a photomultiplier and‘the gate output is fed into an
electrometerLICThe heart of the gate ie a lew leakage SiliConix__
2N4117A FET wh1ch has a gate reverse current of <1 p1coamp 'Wheh
the gate is in its qu1escent state, the 2N4117A is non- conductlve
while the 2N5461 FET conducts any charge appearihg:on the input line -
to ground. When a gating pulse.pccursi(O to +S:TTL),the 7412i one
shot produces a 15 usec pulse. This pulée, after geing.through‘
appropriate.sheping cifcuitry,vturﬁs off.fhe 2N5461 FET and tdrnsieﬁ
the 2N4117A FET so'that'charge can pass to the electrometer. Unfor-
tunately,”the gating pulse is also capacitively eoﬁpled torthe input
line, allow1ng some spurious charge to reach the electrometer We
have been able to cancel this spurlous signal effect1ve1y by connect -
ing a 300 pf capacitor to the input line and applying an adJustable
voltage pulse to it. The zener_dlodes connected-to the input line
serVe'te protect the 2N4117A FET:from lafge input signals.

In Fig. 2 we'preeent a typicel.feeonance‘Ramaﬁ spectrum of
NOé taken using oﬁf gate and an E-H Research Labera#ories Model 215
electrometer. The electrometer time coﬁstant was 1 sec. The laser
used to obféih:this épectrum was a nitrogen—laser—pﬁmped»dye laser
with .2 mW of average power. The scattefed light paséed thru a

’ Jarreli Ash Double Monochromator and was detected by an RCA 8575




photdmul;iplei30ﬁefated atSZSOO'V. The most intense line in the spectrum
corresponds‘tova signal of about‘ldo photqeléctrons/sec and the back—
ground noise level is abbut + 2 photoelecfroné/séc.- The.signal to noise
in tﬁis specffum is excellent but it can be improved further by uéing
larger time constants. e

. In éonclusiGh;we have désigned and built an éhalog gate,
from parts costing épproximately twenty dollars,which has éxcelient
sensitiviﬁy, good dynamic range,and which operafes‘reliably,in a
highar.f;;nbise environment. It can be used for any experimentvwith

pulsed light sources in which one wants to measure a small pulsed

signal in the presence of a large D.C. photoelectron backgrbUnq.
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FIGURE CAPTIONS
Schematic of Analog Gate

Resonance'Raman Spectrum of NQ2 taken Qith our analog gate in
combination with an E-H Research Laboratory Model 215 electro-
meter and .an RCA 8575 photomultipliervoperaféd ét 2500 V. The
time constant of the electrometer wasvl sec and the d}e laser

average power was .2 mW.
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This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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