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- PERFORMANCE OF A PULSED-LIGHT FEEDBACK PREAMPLIFIER
~ - FOR SEMICONDUCTOR DETECTOR X-RAY SPECTROMETERS

- D. A. Landis, F. S. Goulding and J. M. Jaklevic

o Lawrence Radiation Laboratory

University of California -
Berkeley, California -

. ABSTRACT

Experimental results are reported for . the energy resolution
and counting-rate performance of an X-ray specttometer.using
pulséd-light feedback to restore thé.input Qf a charge-sensitive

pfeamplifier when required.
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INTRODUCTION

’A.cenVentional higb-resoidtion chatge;sensitive'preamplifier used
for y- and X-ray spectroscopy employs a dc detector connectlon to the
1nput FET gate and a hlgh-valued feedback re51stot shuntlng the
1ntegrat1ng feedback capac1tor. The re51stor prov1des dc feedback to
_malntaln the stage w1th1n its correct Operatlng range, and discharges
the feedback capacitor. | |

Gouldlng et al.l 2) have descrlbed a feedback method u51ng a llght-
emlttlng diode connected to the output of the stage, wlth the light
directed:dnto the FET, where the drain-gate junctioh behaves as a
- photodiode. This scheme offers the advantages of minimizdng'duav
extrabeous input capacity on the gatedof thefFET, and elimineting.the
feedbeckdresistor--a source of noise and other problems. Using an
optbelectronic_dc:feedback preémplifiet of thisltype, we have demon-
strated'en electronic energy resolutien,_with Si detector connected,
near 100‘ev. The counting?rate behavior of_these systems has been
poorer than desired for many purposes but the excellent energy resolu-
tionfhas led to them replacing resistor-feedback systems for many
appllcatlons. We recognize'thet the‘major cause‘of the poer counting-
rate. behav1or of optoelectronlc feedback systems is the non-llnear
characterlstlcs of llgnt-emlttlng diodes. Since the operatlng point
of the LED changes as a function of counting-rate, the effective time-

constant of the feedback circuit fluctuates and correct pole-zero
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cancellatlon for thls varlable t1me-constant cannot be achieved.
Addltlonal sources of resolutlon degradatlon at hlgh-countlng rates.
are nolse in the rate-dependent dc feedback current (i.e. in the
drain4gate diode of‘the FET),'and’base-line fluctuations hot'com-
pletely suppressed by the dc restorer preceedlng the pulse-helght
analyzer.‘

Kandlahs)

descrlbed a pulsed-llght feedback system where a LED
and photodlode were used to discharge the 1ntegrat1ng capacitor when
the OUtput level of the charge-sensitive stage;eiceeded a predetermihed
levei; :This scheme has the advantage that no voltage drOop‘occurs |
'across'the feedback capacitor between radiatioh-induced pulses--the
capac1tor discharge is compressed into a short dlscharge period, dur-
ing whlch the ampllfler and analysis system can be made 1noperat1ve.
' Radeka4) has reported the use of a pulsed feedback system where the
reset waveform feeds through the detector forward b1351ng the FET
gate to.source diode, which acts as a diode pump.
Weihave now combined the advantages-of Kandiah's pulsed system
and the optoelectronlc dc feedback system by u51ng the drain-gate

Junctlon as a photodiode with pulsed-light feedback to 1t5)

Flgure
1 1s‘a block diagram of the system.

| ‘Ihe;preamplifier front-end is the same as that of a conventional
optoelectronic unit, except that the light coupling between the LED
and FET is increased to facilitate rapid discharge of the feedback

Capacitor, The preamplifier contains a Schmitt‘trigger circuit used
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to sense'fhe two limits of the vbitage swing at. fhe output of the
charge-sen51t1ve stage and to control the LED accordlngly. The
de51gn, used for the tests ‘described here, permlts a two volt sw1ng
across the 0 ,15 pF feedback capac1tor, with a capac1tor dlscharge-
time of about 5 usec. When operating with detector 1eakage current
only flow1ng in the 1nput c1rcu1t the LED pulslng perlod is many
seconds | ”

Fhe reverse polarity tran51ent that occurs due to the rapid
discharge;pfsthe feedback capac1tor, would cause severe‘overload and
‘ recovery'nroblems'in a completely conventionalnamplifier}and pulse-
processing system. To remove this problem, the fifing‘ef the Schmitt
1 triggen;in the preamplifief'triggers a one-shot producing an inhibit
waveform starting just before the capacitor discharge pulse and con-
tinuing‘well past its end. This inhibit waveform controls a clamp
across the amplifier differentiator, and also inhibits action of the
dc reétefer.at‘the input to the analysis system,‘thefeby preventing_
dc restoration'on the spurious transients occuring at this time.

A_iithium-drifted silicon detector 0.5 cn'in diameter of 3 mm
thickness with capacity of 1 pF, exhibiting leakage current‘between
10 14 and 10 13A was used for our tests. The inpnt element was a
2N44;6‘EET whose temperature was adjusted fof optimum performance

(~ -130°C).
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RESULTS o

é)v Enetgy Resolution at Low Counting Rates and'Low Energies

Flgure 2 presents a spectrum obtalned at low counting rates w1th 
X-rays from magnesium, alumlnum and 5111con, together with a pulser
_to Lndlcate the electronic resolut1an. This experlment employed a
Gaussian pulse-shaper, peaking at 45 sec, approximated by a single RC
diffefentiator and fouf integrators all of 11 usec time constant. We
believe_that'this $pectrum is the first observation ever made of less
than lOOFéV electronic resolution in avsemiCOndnctor deféctor'system}
The sighifiCant difference in resolution-betwéen the pulser and the
X-rays is unexpiained; deiector charge-productioﬁ statistics can only-

be pértially responsible for it.

b) ;Countinijate'Behavior

Figufe 3 shows the change -in energy resolution, as a function of

55Fe source.

counting rate, for the 5.9 keV Mn K, X-rays produced by a
The Géussian pulse-shape used here is developed by a single RC dif-
férentiétor and three integrators of équal time éonstant. The peak-
ing tlme of the Gaussian-shaped pulse is indicated on the curves, and
pulser performance for the same peaking times is also shown

The high-rate behavior is consistent with the dc restorer failing

to clamp the baseline at high-counting rates. At rates where the

degraded performance is seen in Fig. 3, the amplifier output exhibits
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pulsevﬁiie-uﬁ of a1most=100%, and:virthally'ne time is available for
the reeﬁefer to establish a baseline, This is also illustrated in
.:Fig. 4"vﬁﬁere the counting rate in the peak'is5piofted agaihst the
total rate. Large counﬁing-losses:occuf at rates huch lower than
those where 51gn1f1cant degradatlon of energy resolutlon is observed
“in F1g.k3. It therefore seems that the counting- rate behav1or of
resolutlon is as good as is ever 11ke1y to be requlred for low-energy
X-rays. : | |

As an ‘indication of the effect of energy.on the countlng rate
performance measurements were also ‘carried out u51ng a 241Am source -
w1th a sultable absorber to absorb most of the 1ow-energy Np X- rays,
leav1ng nearly all the events in the 60 keV Y- ray peak. The counting
rate behav1or, when using an 8 usec peak-time Gau551an shaper, is
shownﬁin:Fig, S;, This figure also shows the Beheyior of a low-rate

241

pulser peak counted at the same time as the Am source--the indicated

B rate on- the axis is that of the y- rays alone.
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CONCLUSION

'I'he use of a pulsed-llght feedback system prov1des excellent
comtmg-rate behavmr. Further 1mprovements 1n perfomance depend
on obtammg smaller values of serles noise 1n FET's thereby per-
mlttlng operatlon with shorter pulse shaplng tlmes. We note that
}the results glven here were achieved with only mmor changes to an

ex1st1ng Spectrosc0py system._
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FIGURE CAPTIONS

1 Block and t1m1ng dlagram of pulsed~11ght feedback

ampllfler system.

2,_.Energy spectrum of magnesium, aluminum,jand silicon

3taken‘at low rate with a pulser included. =

‘3Q"Plot of energy resolution as a function of counting. .
ixi'a't_fe':in 5.9 keV X-ray peak for different Gaussian. shaper
jpeéking times. Pulser resolutions were taken at the same

ftime'as X-rays.

4 Plot of output countlng rate in peak as a functlon of

'vtotal 1nput counting rate of the 5.9 keV X-rays for different
Gau551an shaper peaking times. Counts 1ost_from peak are

-due‘to‘pile up}

5. .Plot of energy resolﬁtion as a function of counting rate

~in the 60 keV gamma-rays peak using a GaQSsian shaper with
8.us peaking time. Pulser'resolution'wés¥takén at the same

‘time as gamma-rays.
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