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B.  Charge Trapping

Electrons and holes are created in ionization events caused by radiation.  In order
to be detected they have to traverse the detector crystal all the way to their
respective electrodes.  On the way they encounter impurities, some of which are
charged.  Trapping and release from such ionized impurities is described as
follows:

emission rate e (per level) of a carrier to the nearest band:

e = "  <v> Nband exp (-E/kBT)

with
"  = carrier capture cross-section (cm2)

<v> = average thermal velocity = (3kT/m*)1/2

Nband = effective density of states

= 2 (2" m*kT/h2)3/2

kB = 8.65 ! 10-5 eV/K

E = binding energy of a particular level
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¥ excellent charge transport (no trapping, complete collection)

¥ no free mobile charges in the absence of radiation (i.e., low leakage
current)

¥ linearity between the energy of the incident radiation and the number of
e/h pairs

¥ maximum number of e/h pairs per unit energy

¥ high detection efÞciency (large Z, large volume)

¥ short charge collection time (fast timing)

¥ convenient operating temperature

¥ position information (for some applications)

¥ inexpensive

Requirements for the Ideal
Solid State Ionization Chamber
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Properties of Compound
Semicondu ctors

[Courtesy M.R. Squillante
et al., MRS Proc. Vol.
302, 326 (1993)]
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The ÒFrisch GridÓ: An Old Idea
with Great Relevance and Promise

¥ Gas ionization chambers suffer from the same problem as many 
semiconductor detectors: µ$ of one charge species (ions) is signiÞcantly
lower than of the other charge species (electrons).

¥ Solution:  the "Frisch Grid" (FG)
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Reincarnation of the Frisch Grid as two
sets of interdigitated contacts A and B
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Operational Circuit for a
Coplanar-Grid Detector

Courtesy P.N. Luke, LBNL

CdZnTe coplanar-grid detector
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Coplanar-grid CdZnTe detector

Volume: 1cm
3

Detector bias: -3000 V
Grid bias: 150 V
Shaping time: 2 µs
Temperature: - 20¡C

662 keV gamma:
FWHM: 6.20 keV ( 0.94 % )
Peak/Compton: 14.4 
Peak/valley: 150 

Pulser:
FWHM: 4.04 keV

137
Cs spectrum LBNL 7/23/05

Recent Record

Courtesy P. N. Luke, LBNL
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Conclusions

¥ The ideal semiconductor materials for all radiation detection applications does
not exist but they can be approached closely.

¥ Certain material property requirements and application requirements are
incompatible (e.g. bandgap: large for low leakage current but small  for small
energy per e/h pair).

¥ Si & Ge are the high resolution spectrometer materials.  Detectors exhibit
excellent stability, good efÞciency, timing, etc.

¥ Thin epitaxial Þlms (100-150 µm) of high-purity GaAs (|NA-ND| < 1012 cm-3) have
been grown by the LPE technique and early spectrometer results look promising.
In contrast, semi-insulating (SI) GaAs deliberately contains very large
concentrations of deep traps which make the material highly resistive and lead to
extreme charge trapping.
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Conclusions, cont.

¥ CdTe, CdZnTe & HgI2 are room temperature materials.  Low energy X rays can
be detected with good resolution.  Medium and high energy photons (*+ rays)
still pose problems (after over 40 years of R&D!).  Trapping and poor hole
transport seem to be fundamental and/or related to material inhomogeneities
and defects.

¥ Single-polarity charge sensing using coplanar electrodes (an analog of the
Frisch grid in gas proportional counters) looks very promising for
semiconductors with good collection of  at least one type of charge carrier
(typically electrons; see:  P.N. Luke, Appl. Phys. Lett. 65, 2884 (1994) and more
recent publications).

¥ The search for new semiconductor detector materials should remain realistic,
balancing advantages and disadvantages (i.e., picking a good bandgap and a
high Z is only part of the story!).  The µ$ product for electrons and for holes
dominates charge collection.


