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;qbstract

This paper describes an empirically
derived algorithm to compensate for
charge trapping in CdTe, CdZnTe,
and other planar semiconductor
detectors. The method is
demonstrated to be an :
improvement over available systems
and application to experimental data
is shown.

. INTRODUCTION

Small CdTe and CdZnTe detectors
‘are utilized for gamma-ray
spectroscopy in high activity
environments where the space is
limited, cooling is inconvenient, and
a rugged detector is desirable.

Charges are often trapped within
these high Z semiconductor
detectors following a gamma-ray
interaction. This resulits in an event
pulse with an amplitude that is

smaller than events that occur
without charge trapping. The
overall result is severe photopeak
tailing in the gamma-ray energy
spectrum.

The event pulse risetime can be
used as a measure of the charge

, ‘trapping that occurs within the

detector. An event with a large
degree of charge trapping will have
an output pulse with a long risetime.
Events with less charge trapping
have shorter risetimes.

Pulse shape discrimination (PSD) is -

- a technique in which only those

pulses that lie within a narrow range
of risetimes are accepted for
counting. It has been shown that
the resulting spectrum has greatly
improved resolution at the expense
of rejecting a large fraction of the
events'”. Fig. 1 depicts the
electronic configuration of a PSD

- system.’

" Author to whom correspondance should be directed.
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CdTe
Detector

Preamplifier

Delay Line
Amplifier
' Pulse Shape
Analyzer

TAC with
Integral SCA

Gated Integrating
Ampilifier

Pulse Amplitude Pulse Risetime

MCA=Muitichannel Analyzer
SCA=Single Channel Analyzer
TAC=Time to Amplitude Converter

Figure 1. Block Electronics.

Fig. 2 depicts a typical risetime
distribution of a gamma-ray source
illuminating a CdTe detector.
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Figure 2. Typical risetime
distribution. The highlighted
regions depict the range of
pulses accepted for counting in
acquiring the spectra for Figs. 3
and 4.

Fig. 3 depicts a Cs-137 gamma
energy spectrum in which the pulses
- from region #1 in Fig. 2 are
accepted for counting. The
increased spectral resolution with

PSD is clearly shown. The shoulder
on the low energy side (left) of the
peak in the PSD spectra are the Cd
and Te x-ray escape peaks. By
narrowing the acceptance window
spectral resolution can be improved
at the cost of rejecting a larger
portion of the pulses.
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Figure 3. Cs' spectra which

depict improved resolution and
loss of efficiency from the use of
pulse shape discrimination (PSD).
Pulses were accepted from
risetime region #1 from Fig. 2.

Any narrow region of the risetime
distribution selected for counting
results in a gamma-ray spectrum
with distinct photopeaks. Fig. 4
shows gamma-ray photopeaks from
the different risetime regions
indicated in Fig. 2. Pulses that are
selected from longer risetimes are
shifted to lower channel due to
increased charge trapping.
Acceptance regions at longer
risetimes also produce photopeaks

-of relative lower intensity. This can

be seen in Fig. 4 with the region 1 -
photopeak area over five times
those from regions 2-4.
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Figure 4. Cs " 'photopeaks in
spectra that result from
correspondingly numbered
risetime regions in Fig. 2.

Alternatively, pulse risetime
compensation' (PRC) is a
technique by which the amplitude of
each pulse is adjusted by an
amount dependent upon the pulse
risetime, so that the effects of
charge trapping are partiaily
overcome'*’. The technique counts
every event while maintaining
resolution that is satisfactory for
most applications.

An EG&G ORTEC instrument,
model #675, based on the works of
Goulding and Landis®, and the work
of Simpson et.al.’, has been used
routinely at Westinghouse Hanford
Company’. The instrument
effectively multiplies the pulse
amplitude by a function of the
risetime squared. The method is
sometimes combined with a PSD
system to reject some of the longer
rising pulses. Gamma-ray spectra
taken with the instrument are a large
improvement over an
uncompensated spectrum, even
though ideally shaped gaussian
photopeaks are not obtained. Some

photopeak tailing is still observed
and it is believed that these
shortcomings arise because the
instrument was designed for coaxial
detectors, not planar detectors.

Other commercially available
electronic modules have been

- developed for planar semiconductor

detectors that produce an output
pulse that is a function of both the
input pulse risetime and amplitude.
Unfortunately, application
experience with these instruments
modules was not successful.

A more accurate method to
compensate for charge trapping is
presented below. The developed
algorithm compensates all pulses to
a hypothetical zero risetime
corresponding to zero charge -

trapping. ”

ll. DEVELOPMENT OF PRC
ALGORITHM

The method was developed
experimentally from gamma-ray
sources illuminating a 2x2x2 mm
CdTe detector using the PSD
instrumentation depicted in Fig. 1.
Co® and Ra**® sources were
counted in a manner similar to the
development of Fig. 4.

Fig. 5 is a plot of pulse risetime
versus resulting photopeak centroid
for the some of the major
photopeaks.
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Figure 5. Pulse Risetime vs.
resulting photopeak centroid. E.,,
and mg are the y-intercept and the
slope of each line, respectively.

As shown in Fig. 5 data can be well
fit by a straight line with a different
slope for each gamma energy. The
linear equation for the graphs in Fig.
5is:

Edet = mETdet + Ecor. ’ (1)

Eqet is the amplitude of the detector
output voltage measured as MCA #1
channel numbers. mg is the slope of
each line in Fig. 5. Tqe is the
risetime of the detector output
measured as MCA #2 channel
numbers, and E., is a channel
number corresponding to the y-
intercept of each line. The
corrected pulse energy, E., is the
desired pulse amplitude for an
~incident photon. E. is the result of
adjusting Ege to an idealized point

of zero risetime with no
corresponding charge trapping.

" The slopé of each line in Fig. 5, mg,

is a linear function of the gamma-ray
energy. Fig. 6 represents a plot of
the gamma-ray energy versus me.

The equation of the fitted line is:
Mg = I(1Egamm.:=\ + k2 - (2)
where kK, is the slope in Fig. 6, k; is

the intercept constant, and Egamma IS
the incident gamma-ray energy.
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Figure 6. Gamma-ray energy vs.
me. The slope = -4.94E-04 and y-
intercept = -5.21E-03, which are
the constants, k; and k.,
respectively.

The ideal output pulse, E. in Fig.
5, is also related to the energy of
the incident gamma-ray, Egamma
through the energy calibration of the
system. Fig. 7 is a plot of gamma-
ray energy versus E.
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Figure 7. Gamma-ray energy
versus E.,. The slope = 0.5609
and y-intercept = 1.301, are the
constants k; and k., respectively.

The equation of the fitted line is:

Ecor = kSEgamma + k4 (3)
where Kj is a constant with units of
channels/photon energy
representing the overall system
gain, and k4 is a constant with units

of channels representing the zero
offset.

The combination of equations 2 and
3 yields:

Mg = k1(Ecor - k4)/k3 + l'(2 (4)
re-arranging and simplifying yields:
mE = AECOI’ + B (5)

whére A and B are combination
constants.

The combination of equations 1 and
5 yields:

Edet = Tdet(AEcor + B) + Ecor (6)

Re-arranging and solving for E.,
yields:

Ecor = (Edet - BTdet)/(1 + ATdet) (7)

Equation 7 represents an algorithm
for which pulses originating from
planar semiconductor detectors may
be adjusted on the basis of both
their amplitude and risetime to
produce a pulse which is

- compensated for the effects due to

charge trapping.

For example, the detector depicted
in Figs. 5-7 has the constants with
the values: A= -8.807E-04; and B =
6.25E-03. Thus, if a single pulse
has an amplitude of Ey4 = channel
346 and with a risetime of Tyt =
channel 80, then the overall
corrected pulse would have a value
of channel 371.7.

In summary, a corrected gamma-ray
energy, E.., can be determined
utilizing the detector pulse
amplitude, Eq4e, pulse risetime, Tget,
and two empirically determined
constants, Aand B. AandB are
detector specific and independent of
gamma-ray energy.

lil. PRC METHOD VALIDATION
AND RESULTS

To support the validity of the model,
additional gamma-ray sources were
counted repetitively. Using the
described PSD system, a narrow
window of risetimes was accepted
for counting in each spectrum. The
window was moved across the
entire risetime spectrum, so that
each successive gamma-ray energy
spectrum came from a successively




longer risetime. A simple sum of all
spectra would be equivalent to a
single spectrum that was derived
from all risetimes. Spectral data
was manipulated in a spreadsheet
using the described model to
generate a PRC enhanced specitra.

Fig. 8 shows the effect of PRC on a
Cs™ spectrum. Only the longest
rising pulses (less than 5%) were
rejected and not analyzed in order
to improve the spectral quality.
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Figure 8. Cs' spectra using

pulse risetime compensation
(PRC). Note that alignment of all
pulses based on the risetime
improves the peak resolution and
correspondingly increases the
peak height.

A Eu'™ source was counted and
manipulated in the same manner.
Fig. 9 is the resulting spectrum
showing the model was successful
at improving spectral photopeaks

over a large range of energies. The

slight amount of low energy tailing
that remains may be due to the
large width of the risetime window

that was used in acquiring the

individual spectra that comprise the

overall spectrum.
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Figure 9. Eu'™ spectrum showing
the effect of compensation over a
large range of energies.

IV. CONCLUSIONS

In summary, a new PRC algorithm
has been developed to compensate
for charge trapping in planar
semiconductor detector;

E_cor = (Edet - BTdet)/(1 + ATdet)~

The corrected gamma-ray energy,
E.., can be determined with the
detector pulse amplitude; Eq pulse
risetime, Tqe, and two empirically
determined constants, Aand B. A
and B are optimized for each
detector and valid over the entire
spectral range. .

It has been shown that PRC can
approach PSD in specitral resolution
without discarding the majority of
the pulses. PRC can be performed
in real-time with analog electronic
modules or after data collection. No
electronic modules using the PRC
method discussed in this paper are




presently available. However,
development of a system utilizing
the PRC algorithm described herein
would allow relatively high
resolution spectra to be efficiently
collected from small, inexpensive,
room temperature, high Z planar

- semiconductor detectors.
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