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CdTe radiation detectors were fabricated usingian design and a significant improvement in the
spectral properties was obtained during room temperature operation. An iodinerd@pEre layer

was grown on the Te faces of tligl11) oriented high resistivity CdTe crystals at the low substrate
temperature of 150 °C. An aluminum electrode was evaporated on-t@Te side for then-type
contact, while a gold electrode on the opposite side acted gty contact. Very low leakage
currents, typically 60 pA/mf were attained at room temperat2 °C) for an applied reverse bias

of 250 V. Detectors exhibited excellent spectral responses with an energy resolution of 1.42, 1.7,
and 4.2 keV FWHM at 59.5, 122, and 662 ke\peaks, respectively. €999 American Institute

of Physics[S0003-695(99)03141-1

CdTe has been known as a material useg-nay detec- approach offers high energy resolution, stability, and good
tors for a long time because of its high stopping power andlevice reproducibility.
considerably large band gap. Along with the recent advances The substrates used in this study were
in crystal growth technology, the performance of CdTe de-5 mmx5 mmx0.5 mm(111) oriented Cl-doped single crystal
tectors has significantly improved. Nevertheless, limitationsCdTe wafers with a resistivity on the order of 1@ cm.
of the CdTe nuclear detector technology have been primarilirhey were obtained from ACROTEC, Japan Energy Corpo-
due to the poor charge collection efficiency and junction for-ration. The wafers were first cleaned in organic solvents and
mation technique to produce good device reproducibilfty. etched in 1% Br—methanol solution for 90 s. About a 400 nm
The charge collection efficiency and, hence, the energy resahick iodine-doped-CdTe layer was homoepitaxially grown
lution of the detector, can be improved by operating it at aon the Te face of the crystal using the hydrogen plasma-
high applied bias. However, the large leakage current of aadical-assisted metalorganic chemical vapor deposition
CdTe detector in the usual metal-semiconductor—-metakchnique at a rather low substrate temperature of
(MSM) configuration imposes a limitation on its operation at150 °C>'%!|odine is a suitable-type dopant for CdTe be-
high biases. Leakage currents can be suppressed by procesause of its low diffusivity in the host lattice and also be-
ing the CdTe detector into p-i-n structure?® Two meth-  cause of its similar size and electronegativity with respect to
ods are commonly used to fabricate fé-n detectors. The the tellurium atont? iodine resides on the tellurium site and
first one employs indium diffusion on one side of the crystalsits impact on the host lattice is small. The Hall measurement
for then layer and a gold or platinum electrode on the otherat room temperature showed a donor concentration of 1.12
side is used for thep-type contact:® This is a kind of % 107cm2 and an electron mobility of 296 GiV's in this
Schottky barrier device. In the second approach, as reportgddine-doped layer. An aluminum contact was placed on the
by Shin and co-workers} p- and ntype heteroepitaxial n-CdTe side and a gold electrode was placed on the other
HgCdTe layers are grown on opposite sides of the crystakide at a low pressure in a physical vapor deposition system
These approaches are effective for reducing the leakage cufithout heating the crystal to make tjpei-n detector. Prior
rent compared to that of MSM detectors, producing goodyg the gold deposition, the crystals were treated in an aque-
spectrometric performance, and have been widely adoptegys H,0, solution for few tens of seconds. Proper protection
However, the limitations of these methods are primarily thewas done for the aluminum electrode deposited side. Finally,
high temperature processing of the crystals and the difficultyjetectors were cut into 2 mr2 mmx0.5mm pieces and
in achieving good device reproducibility. their performances were examined using a high voltage

We have fabricateg-i-n CdTe detectors in a different cyrrent—voltagel(-V) measurement and the radiation detec-
approach which employs iodine-dopedCdTe layers fol-  tion tests at room temperature were done using Am-241,
lowed by aluminum metallization on one side of the crystalsco-57, and Cs-137 radioisotopes.
as then layer while a thin gold layer on the other side actsas  The p-i-n CdTe detectors showed good diode character-
the p-type contact. This is a low temperature process and thigstics, as expected, with a well saturated reverse bias current
(leakage current The typical leakage current of the detector
3Electronic mail: N2741010@rie.shizuoka.ac.jp has been plotted in Fig. 1. A leakage current as low as 60
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FIG. 1. Typical leakage current characteristicmfi-n CdTe detector at @) [ 1.34 keV FWHM
25 °C. The detector has the dimensions of 2 ¥@mmx0.5 mm. The in- 200 escape peaks .
sert shows thé—-V curve of the same detector where forward current in- 136 keV E
creases steeply with the applied bias. 0 W
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pA/mn? was observed at room temperature for the
2 mmx2 mmx0.5 mm detector at an applied reverse bias of 100 :
250 V. The forward current of the detector increases steeply
with the applied forward bias and has also been plotted in , %0 Cs-137 -
Fig. L(insey. The low value of the leakage current indicates g eof J
that thep andn layers are acting as efficient blocking con- 3 662keV
: o . 40 } 42 keV FWHM J
tacts. The equivalent resistivity of the detector in the reverse Compton edge
direction is 9<10' Q) cm to about 200 V negative bias, 20
which is nearly three orders higher than the resistivity of the 0
intrinsic crystal used. The leakage current has a square-root 0 1000 2000
dependence on the applied voltage up to 100 V, but the de- ©)
pendence then increases to the 0.6 power of the applied volt- Channel number

age(up to the voltage range investigajedhis indicates the fG o B (2) Am-241. (b) Co-57. and©) Cs-137 radi
: . G, 2. ENergy spectrum o(a) AM- y 0-o/, anac S- radio-
leakage current generated from the depletlon layer is prom isotopes detected by the 4 rArf.5 mm thick CdTep-i-n detector at 25 °C.

nent in the low voltage region, whereas the surface leakagehe shaping time constant was:2 in all cases. A reverse bias of 440, 480,
current is also taken into account at the higher biases. Furthend 470 V was applied ita), (b), and(c), respectively, while collecting the

optimization of the device fabrication process should Sup_spectra. No charge loss correction electronics were applied in the spectra.
press the surface leakage current, which is currently under
investigation. applying a bias voltage of 470 V, a shaping time constant of
The radiation detection test of the detectors was per2 us. The result is shown in Fig.(@. Here, the 662 keV
formed next. The spectra were taken with a charge sensitivghotopeak could be clearly detected with a FWHM value of
preamplifiert® amplifier shaper and a multichannel 4.2 keV. Very good energy resolution and photopeak effi-
analyzer:* All spectra were taken at room temperature with-ciency could be obtained with our device, which is clearly
out the use of any rise-time discriminator or pulse heightseen in the energy spectra. The photopeaks are almost sym-
correction electronicsy rays from each radioactive source metric, indicating that complete charge collection is possible
irradiated the device through the negatively biased gold eledn our 0.5 mm thickp-i-n detector at room temperature with
trode. Figure 2 shows the spectra of the various radioisotopes bias voltage of 400—-500 V. There are no significant trap-
obtained by the detector. The maximum possible bias voltagpings and recombinations in the bulk crystal as well as at the
was applied to create a high electric field inside the detectojunctions. This indicates the grown homoepilayers are of
for the efficient charge collection and to obtain the best engood quality, which can also be justified by the high mobility
ergy spectrum. The FWHM value of the 59.5 keV photopeakvalue in these layers, and the-i-n junctions are well
of Am-241 is 1.42 ke\[see Fig. 2a)]. The time constant of formed. Moreover, good device reproducibility was also
the shaping amplifier was s, while the detector was biased achieved. These detectors have a better energy resolution
at 440 V. Figure ) shows the energy spectrum of Co-57 than our previous detectors which had an indium electrode
obtained with the detector under the same operating condinstead of aluminum and were 1 mm thitRhis improved
tions, but with a bias voltage of 480 V. Here, the 6.4 and 14resolution can be attributed to the better crystal quality and
keV lines are also clearly observed. The FWHM value of thealso advances in our detector fabrication technology which
14 keV line is 1.34 keV and that of the 122 keV line is 1.7 gave a negligibly low leakage current so that we were able to
keV. In order to examine the performance of the detector irapply a higher electric field on the detector.

the high energy region, Cs-137 radiation was detected by The degradation of peak height with time is an existing
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