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| Abstract

CdZnTe (CZT) nuclear detectors have been widely
utilized as X-ray and 7Y-ray detectors, and imaging
instruments for its high detecting efficiency and good energy
resolution, and it has become a choice for many applications
as a material in the field of national security, nuclear
detecting, nuclear control, astrdphysical research and
medical imaging etc. However, the poor transport of holes
will degrade the spectral performance of the conventional
metal-semiconductor-metal planar CZT detectors. The
coplanar-grid detection technique can overcome the hole
collection problem and improve the collection efficiency and
energy resolution of CZT detectors. The performance of
CZT coplanar-grid detectors are greatly influenced by the
fabrication processes, and thus the main purpose of this paper
is to study the key fabrication processes including the
optimized design of grid patterns, surface passivation and
contact fabrication, to design the read out circuit for the
device, and finally to assemble the device together with the
circuit in order to form a detector. The main results obtained
in this paper are as follows:

The weighting potential profiles and the charge induction
characteristics of CZT coplanar-grid detectors with different

1<+



2006 F bR
B2 |

grid pattern design have been calculated by finite element
method software ANSYS. It is demonstrated that smaller grid
width and grid pitch within the permission of technique can
help to get higher efficiency and larger detecting volume, and
thus improve the energy resolution. The impact of the edge
effect on the detector response could be effectively eliminated
by widening the strip next to the edge grid strip of the
detector. The errors of charge induced efficiency resulting
from the electron trapping effect can be corrected by
adjusting the relative gain(G) of the two grid signals prior to
subtraction. The grid patterns have been designed according
to the simulation result.

A novel passivation process, which is called as two-step
passivation technics, is presented for the first time, .in which
the CZT sample is first etched by KOH - KCl agent and then
passivated by the NH,;F/H;O, agent. The results of AES
show that the novel passivation process forms an oxide layer
on the CZT surface and leaves a nearly stoichiometric
interface layer between the oxide layer and the CZT
substrate. I -V characteristics show that the surface leakage
current of the CZT detectors passivated by the novel process
is reduced obviously in comparison with those either by
KOH - KCl or NH,F/H,0, process.

The thickness of the passivation films prepared by the
two-step passivation technics was measured by Infrared
Spectroscopic Ellipsometry. It is found that the thickness of
the passivation films increases with the increase of the
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passivation time. The thickness of the passivation films on
CZT, which has been passivated for 10 minutes, is about
17 nm, less than the estimated values by SiO, peel-off rate. To
the author’s knowledge, it hasn’t been reported that Infrared
Spectroscopic Ellipsometry was applied to measure the CZT
passivated film thickness.

The I - V characteristics and adhesion strength of
different contacts including evaperated Au, Electroless
deposited Au, sputtering Au and evaporated Au/Cr have been
investigated. It is found that the best ohm contact on the CZT
surface can be got by Electroless deposited Au, but the
Electroless deposited Au is not suitable for photolithography
technology because of its poor adhesion strength. Sputtering
Au electrode has the largest adherion strength but no ideal
ohm contact characteristic.

The evaporated Au/Cr has been chosen as the electrode
of the coplanar-grid detector because the vacuum evaporation
technique can ~ be easily compatible with the
photolithography, and the evaporated Au/Cr electrode has
good ohm contact and considerable adhesion strength to the
CZT crystal.

The parameters of pre-amplifier for the CZT coplanar
grid detector have been proposed, according to the
characteristic of the CZT coplanar grid detector. The signal
readout circuits have been fabricated. The magnification and
the signal-to-noise ratio of the circuits reached 2 X 102 V/C
and 5 * 1, respectively. '
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A CZT coplanar-grid detector device has been fabricated
with two grid anodes and one cathode. The devices’ energy
spectra were measured and compared with that measured in
the MSM structure model when they were connected with the
pre-amplifier. Results show that the coplanar grid structure
has a FHWM of 5.83 keV at 59.4 keV, 8% higher than that
of the MSM structure.

Key words  CdZnTe, Finite Element, weighting potential
profiles, CZT surface passivation, electrode contact, Coplanar
Grid Detector,signal readout circuit
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