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The transport, trapping, and subsequent detrapping of charge in single
crystals of semi-insulating cadmium zinc telluride (CdZnTe) has been ana-
lyzed using multiple-scale perturbation techniques. This method has the
advantage of not only treating impulse charge generation typical in spectro-
scopic analysis, but also a large class of continuous generation sources more
relevant to high-flux x-ray imaging applications. We first demonstrate that
the multiple-scale solutions obtained for small-current transients induced by
an impulse generation of charge are consistent with well-known exact solu-
tions. Further, we use the multiple-scale solutions to derive an analytic gen-
eralization of the Hecht equation that incorporates detrapping over times
much longer than the carrier transit time (i.e., delayed signal components).
The method is then applied to a continuous charge generation source that
approximates that of an x-ray source. The space—time solutions obtained are
relevant to detector design in high-flux x-ray imaging applications.
Throughout this work the multiple-scale solutions are compared with exact
solutions as well as full numerical solutions of the fundamental charge con-

servation equations.

Key words: CdZnTe, CZT, semiconductor radiation detectors, room
temperature, spectroscopy, x-ray imaging

INTRODUCTION

High-efficiency high-resolution room-temperature
radiation detectors based on semi-insulating cad-
mium zinc telluride (CdZnTe) are currently being
used in a wide variety of medical, industrial, secu-
rity, safeguards, and scientific x- and y-ray imaging
and spectroscopic applications. Single crystals of
CdZnTe, like many high-resistivity semiconductors,
have localized traps within the energy band gap
that significantly affect the transport of excess free
charge through the detector. While the trapping
dynamics induced by these defect states often
degrade the performance of CdZnTe detectors in
low-flux spectroscopic applications (<10° photons
mm~* s7'), they may completely paralyze a detector
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under high-flux conditions (:>10° photons mm 2 s %)
often encountered in x-ray imaging applications.
Paramount to the successful design of semiconduc-
tor radiation detectors in such a wide range of
applications is an understanding of how the space—
time carrier dynamics depend on a rather large set
of variables that include, for example, material
parameters (e.g., electron and hole lifetime-mobility
products y.t. and pyt,), detector geometry (e.g.,
surface area and thickness), and operating condi-
tions (e.g., bhias voltage, temperature, and source
energy spectrum).

The transient response of both insulators and
semiconductors has been extensively studied in the
limit of small impulse signals. Though neglecting
the detrapping of carriers, and only considering
times less than the transit time, the transient signal
analysis of Hecht' is widely used today to determine
material properties of high-resistivity materials.
Analysis by Blakney and Grunwald? includes the



