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Abstract—In this paper, we discussed the fabrication and characterization of bulk type CdZnTe
detector for pocket surveymeter. The resistivity of CdZnTe single crystal grown by the High
Pressure Bridgman method is in the mid of 10% ochm-cm. The detector structure is Au/CdZnTe/Au
and gold electrode is formed by electroless deposition method. Resolutions of 4.8keV and 2.2
keV were observed at 22.2 keV line of 199Cd and §9.6 keV line of 2¢!Am at room temperature,
;espectively. We also constructed the small size pocket surveymeter using home made CdZnTe
detector. It shows the good linearity over a range from 1mR/hr to 10R/hr with deviation less
than 5%. The sensitivity of the surveymeter developed is 2.2X10% cps/Rad hr™! for the 662
keV of 137Cs y-ray,
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INTRODUCTION

CdTe and CdZnTe were attractive and unique
candidate materials for X-ray and low energy ga-
mma ray detector, especially where compact size
and room temperature operation are important
{1~3]. Because of the high atomic number of
CdTe and CdZnTe compared to the other two
most common semiconductor detector materials,
Si and Ge, the absorption coefficient of CdTe and
CdZnTe shown to be roughly 20 times that of
Si and Ge at below 100keV. The detector size
is, however, limited by mobility-life time product
(v, 1), i.e. electron and hole mobility-life time pro-
ducts are very small compared with Si and Ge.
As a result of it, the high energy gamma ray dete-
ction response of CdTe and CdZnTe detector is
poor. Nevertheless the detection efficiency of
CdTe and CdZnTe detector is superior to that
of Si and Ge in the X-ray and low energy gamma
ray. A way to overcome the need for large volume
detectors is to replace air filled ionization cham-
bers, GM tube, by solid state detector, such as
CdZnTe detector[4]. As so, there are so many
application fields of CdTe and CdZnTe detector,
such as personal dosimetry, nondestructive tes-
ting, transmission computed tomography and me-
dical purposel5, 6]. Specially, CdZnTe and CdTe
gamma ray detector seem attractive for use in
portable personnel dosimeter.

In this paper, we discuss the fabrication and
characterization of the CdZnTe X-ray and low
energy gamma ray detector with planar structure.
We also report the properties of the personal poc-
ket surveymeter using a home-made CdZnTe det-
ector.

EXPERIMENTS

Detector fabrication
We used the CdZnTe(Zn=20%) single crystal
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{Aurora Co.) which was grown by HPB(High Pres-
sure Bridgman method) for the detector material
(7). The wafer orientation is (111) and it's size
is -10x10x2mm3. The resistivity of CdZnTe single
crystal was up to 10% Ohm-cm and etch pit density
was less than 10%/cm2. Nuclear radiation detectors
were prepared in the forms of plate about 2X2X2
mm3 whose faces were etched by Br-methanol so-
lution. To fabricate a CdZnTe detector with metal-
semiconductor-metal structure, we formed the Au
electrode to use the AuCls solution by the electro-
less deposition method. For the formation of Gold
electrode, the CdZnTe wafer was dipped in the
solution which was prepared by dissolving AuCl
3 * Hy0 in deionized water for 30min. The conce-
ntration of gold chloride solution was 0.03g/cm3.
From the RBS(Rutherford Backscattering Spectro-
scopy), the thickness of the gold film on CdZnTe ‘
detector chip was meassured to be 184nm. And
we also observed the heavily Gold dopped layer.

Measurement

After formed the electrodes, the I/V and C/V
properties of detector were tested to use the se-
miconductor parameter analyzer(HP 4145B) and
1MHz capacitance meter (HP 4280A). The CdZ-
nTe detector chip encapsulated in Al shielding
case with very thin Al foil window, it is connected
to a charge sensitive preamplifier(Tennelec TC
170) with short BNC connector. The output signal
of preamplifier is amplified(Tennelec, research
amplifier) and shaped pulse output is sent to a
PC-based multichannel analyzer(PCA, Tennelec).

Pocket surveymeter

We constructed the small size pocket survey-
meter using a home-made CdZnTe detector. For
this purpose, we constructed the CdZnTe detector
using TO-5 transistor case and mounted it on the
analog PCB board. The preamplifier was designed
to match the characteristics of the CdZnTe detec-
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tor.

To reduce the dead time from electronics gnd
to .obtain the higher count rate, we used the fxgid
effect transistor for the impedance matching Bet-
ween detector and preamplifier with a several ?&u-
ndred nsec shappmg time. Semlcondugtor detecfor
can be operated much lower blas vpltage(9V Al-
kaline) compared to GM tube l;pase su,gveymeter
All circuit cgg@on'eﬁtsﬂ’«’in
num case.

"m a thick alumi-

RESULT AND. DISCUSIONS

Gold contact

Formmg the ohmic contact for nuclear radiation
detector is necessary, in order to avoid the dnstor-
tion of the detection signal and to obtain the more
large size of detection volume than the pn junction
or ‘Schottky type detector. But it is véry hard to
get the ohmic contact using the vacuum evapora-
tion and the'sputtering‘ metal deposition in 'o-type
CdTe and CdZnTe, because there is none of the
available metals which have a large enough work
function compared to that of CdTe and CdZnTel8,
9]. Electroless deposition of gold has been the
most widely used method to produce ohmic conta-
cts on p-CdTe and CdZnTe(10, 11]. In Fig. 1,
the current dependence of the applied voltage for
Au/CdZnTe/Au detector chip of thlckness 2mm
is shown. For an applied voltage in range of -5
to 5kV/cm, the I/V charactenstlc is lmear and sy-
mmetric below -1 to lKV/cm ThlS Ohmlc beha-
V1or is attrlbuted to an enhanced current flow by
‘tunnellng of carrlers’between the gold electrodes

and the gold doped zones. The calculated resisti--

vities are in the mid of 10° ohm-cm range which
represents the bulk plus interface .resistivity.

Radiation detector characteristics
CdTe and CdZnTe detector are useful as an
X-ray and low energy gamma ray detector. The
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Fig. 1. Current-voltage characteristic :at room te-
mperature for electroless deposition ‘technique
(Detector area 4mm?2, thickness 2mm).

absorption coefficency is quite large at small pho-
ton energies. Fig. 2 shows the X-ray spectrum“ of
109Cd with CdZnTe detector at room temperature
The resolution of 22.2 keV K peak is 4.8keV. The
X-ray and gamma ray spectra of 21Am are displa-
yed Fig. 3. The 59.5 keV photo peak is well reeol-
ved with a FWHM of 2.2keV. The 59.5keV peak
shows tailing because charge >Colleétion of heles
was incomplete[ 12T+ We-obsérved that-Np Lx(13.9
keV), Np'L (17.8 keV) and 264 keV gamma ray
peaks were well resolved. We .also obtairied the
spectrum of - 137Cs :with the .CdZnTe detector.
While the spectrum was significantly more degra-
ded by incomplete charge collection than X-ray
and low ‘énergy gamma ray spectrum. THe 662
keV ‘line of photo peak was not clearly resolved.
Fig. 4 shows the gamma ray spectrum of low ene-
rgy part of mixed source(125Sb 155Eu) The 274
keV peak is from 12°Sb and 42.8 keV, 865 keV,
1053 keV peaks are from 13Eu. The all photo
peaks well resolved.
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Fig. 2. 199Cd spectrum detected with CdZnTe
detector with Au/CdZnTe/Au structure at room
temperature. Detector bias is 200V and lysec sha-
pping time.
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Fig. 3. Spectra of X-ray and gamma ray due to
241Am obtained by Au/CdZnTe/Au detector. Dete-
ctor bias is 200V and 1 psec shapping time.

Mobility-Life time product

The result of good detector operation is from
the quick and complete transport of charge car-
riers toward the electrical contacts. Therefore, the
semiconductor detector material should have a hi-
gher value of electron and hole’s mobility-life time
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Fig. 4. Spectra of the mixed gamma ray source
(155Eu and 125Sb) obtained by Au/CdZnTe/Au de-
tector. Detector bias is 200V and lusec shapping
time.

products[13, 14]. The mean free path of charge
carriers should be long compared to the detector
thickness to achieve good charge carrier collection
efficiency. The mean free path of charge carrier
of semiconductor detectors is expressed by :

A= V )

The u denotes the mobility of charge carrier, ©
is life time of charge carrier and V is applied
bias voltage. In laboratory, the applied bias voltage
is a few KV/cm and the detector thickness is a
few mm in CdTe and CdZnTe detector. At this

" case, in order to obtain the good charge carrier

collection efficiency, the value should be more
than 10"%cm/Vsec. From the charge collection effi-
ciency curve, the mobility-life time product of ma-
jority charge carrier of CdZnTe detector is 0.8X
103cm?2/V. This value means that the CdZnTe cr-
ystal which is grown by HPB is superior to the
other crystals which is grown by Bridgman me-
thod or THM[15]. Fig. 5. shows the temperature
dependence of CdZnTe gamma ray detector.
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Fig. 5. The temperature dependence of Au/CdZ-
nTe/Au gamma ray detector.
The gamma ray energy is 59.5keV from 241Am.

When we applied the low bias voltage, the count
rate rapidly decreased rather than the others. It
implies that the mean free path of charge carrier
is very sensitive about the variation of bias vol-
tage. When the low bias voltage was applied to
the detector, the charge carrier did not collect
fully by the electrode. Also we checked the effect
of very high gamma dose with ¥Co radiation sou-
rce and there was no significent variation of dete-
ction response until 106 Rad.

System performance

The counting rate vs. dose rate relation of poc-
ket surveymeter using a home-made CdZnTe de-
tector for 137Cs source is shown in Fig. 6. It shows
the good linearity over a range from 1mR/hr to
10R/hr with deviation less than 5%. When we
changed the gamma ray source(137Cs—60Co, it
means to change the gamma ray energy.) We still
observed only 4% deviation of the counting respo-
nse. The sensitivity of it is 2.2X103 cps/R hrl.
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Fig. 6. The dose rate response of pocket survey-
meter using a home-made CdZnTe gamma ray
detector. The response deviation is less than 5%.
The gamma ray energy is 59.5keV from 137Cs.
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Fig. 7. The counting response of angle variance
of pocket surveymeter. The response deviation is
less than 20%.

Fig. 7 shows the counting rate vs. angle variation.
Because of it’s planar structure, the counting res-

ponse deviation is less than 10%.
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CONCLUSION

In this paper, we report the fabrication and cha-
racteristics of low energy CdZnTe gamma ray de-
tector and pocket surveymeter. We used the elet-
roless deposition method using AuClz solution for
ohmic contacts for the both sides of CdZnTe dete-
ctor. The thickness of gold film which was measu-
red by RBS is 184nm. The current-voltage depen-
dence of detector is ohmic in the range of -1 to
1 KV/cm. Resolutions of 4.8 keV and 2.6 keV were
observed at 22.2 keV line of 199Cd and 59.6 keV
line of 2#1Am at room temperature. From the cha-
rge collection efficiency curve, the mobility-life
time product is 0.8X 103cm?/V. It implies that the
crystal which grown by HPB is superior to the
other crystals. We also construct and test the poc-
ket surveymeter using a home-made CdZnTe de-
tector. It shows the good linearity over a range
from ImR/hr to 10R/hr with deviation less than
5%. The sensitivity of it is 2.2X 103cps/mRad hrl
for the 662 keV 137Cs y-ray. In summary, the Cd-
ZnTe detector can be applied to the various field,
such as personal dosimetry, computed tomograph,
low energy gamma ray spectroscopy and space
science, etc.
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