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A method is proposed for side surface passivation of spectrometric detectors based on
Cd,_,Zn,Te solid solution. The influence of photostimulated passivation treatment on
electrical and spectrometric properties of the detectors has been established. Considered
are the processes occurring on the crystal surface at the treatment and causing changes in

the surface phase composition.

IIpennosken cmocob maccuBanuu OGOKOBOII ITOBEPXHOCTHU CIIEKTPOMETPUUECKUX NETEKTODPOB
Ha ocHOBe TBepjoro pacrtsopa Cd,_ Zn Te. YcraHoBieHO BiIMAHHE (POTOCTHMYJIMPOBAHHOM
IacCUBUPYIOIIell 00paboTKU Ha dJIEKTPUUYECKHEe U CIEKTPOMETPUUEeCKUe CBOMCTBa JETEKTO-
poB. McciemoBanbl mpoliecchl, MPOUCXOAAININE HA ITOBEPXHOCTU KPUCTAJIJIOB IPU UX 06padorT-
Ke U IPUBOAANINE K M3MeHeHUIO (Da30BOT'0 COCTaBa IOBEPXHOCTHU.

The performance characteristics of radia-
tion spectrometric detectors based on
CdZnTe are influenced essentially by the
state of the semiconductor crystal surface
[1]. The main factors which define this
state include the change of the surface com-
position under machining and contamina-
tion of this layer with various impurities
reducing the surface electrical resistance.

CdZnTe samples of 5x5x4 mm3 size were
made from the crystals grown by the Bridg-
man method under high inert gas pressure
[2]. The thickness of the layer damaged at
mechanical treatment of the sample surface
was estimated by microhardness measure-
ments [3]. To that end, the dependence of
microhardness values obtained at different
loads on the indenter penetration depth into
the samples was plotted. The measurements
were realized according to the standard pro-
cedure on PMT-38 microhardness tester with
Vickers diamond pyramid used as the in-
denter; the indentation load being 0.0098 to
1.96 N. The indenter penetration depth (k)
was calculated from the relation 2 =d/7,
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where d is the indentation diagonal [4]. The
damaged layer thickness was assumed to be
equal to the indenter penetration depth at
which the values of microhardness at the
machined surface were similar to those for
the surface free of damaged layer. The ex-
perimental results have shown that me-
chanical treatment caused an insignificant
strengthening of the surface; the depth of
the damaged surface layer for different
samples did not exceed 8 to 10 pum.

The damaged layer can be removed by
chemical etching; however, such a proce-
dure results in formation of the chemically
unbonded tellurium phase on the sample
surface [5, 6]. Crystalline Te is charac-
terized by low electrical resistivity. This
causes formation of current leakage chan-
nels within the near-surface layer of the
semiconductor crystal; as a result, the de-
tector becomes disabled. The existing meth-
ods of Te removal include the formation of
tellurium compounds such as TeO, or tellu-
rium sulfides [7, 8]. Ion-beam and plasma
treatment of the crystals in oxygen are la-
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Fig. 1. Block diagram of the unit for photo-
stimulated passivation of the surface of
CdZnTe crystals: 1, 2, DRT-1000 mercury
lamps; 3, 4, photo-receivers for lamp radia-
tion control, 5, the sample; 6, thermocouple;
7, sample-computer interface; 8, computer.

borious and require special equipment [9].
Chemical polishing usually implies the con-
tact of the sample with water, which may
cause contamination of the crystal surface
and reduction of the surface electrical resis-
tance. Therefore, the development of sur-
face passivation methods is a topical prob-
lem for CdZnTe detectors.

Before, we have developed the photother-
mal oxidation (PhTO) method for crystalline
AIBVI samples in oxygen-containing atmos-
phere [10]. This method was used to obtain
0.1 to 10 um thick oxide films on the crys-
tal surface at temperatures of about 400°C
[11, 12]. In this work, the PhTO has been
used to passivate the side surface of
CdZnTe detectors at lower temperatures.
The temperature restriction is explained by
the fact that at heating up to temperatures
exceeding 115°C, the detector quality dete-
riorates sharply [13]. The block diagram of
the unit employed for surface passivation is
shown in Fig. 1. For photo-stimulated passi-
vation (PhSP) of the sample surface in oxy-
gen-containing medium, the UV radiation of
DRT-1000 mercury lamps was used. The ra-
diation power density was varied from
10 kW/m? to 20 kW/m2, and this provided:
(i) high concentration of ozone in the gase-
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Fig. 2. Spectrometric characteristics of
CdZnTe radiation detector: 1, the initial spec-
trum; 2, the spectrum measured immediately
after PhSP treatment; 3, the spectrum of the
same sample measured 1 month later.

ous medium, (ii) photo-stimulating (non-
thermal) effect of UV radiation [14], and
(iii) heating of the samples by absorbed UV
radiation of the lamps up to temperatures
not exceeding 115°C. It is not expedient to
use lower optical radiation intensities, since
in this case passivation is insufficient; the
upper limit is defined by radiation over-
heating of the samples.

The results of the dark electrical resis-
tance measurements for CdZnTe detectors
performed before and after PhSP are pre-
sented in Table. As is seen, The proposed
treatment method is seen to result in the
increase of the surface electrical resistance
of the detectors at ¢<115°C; this causes a
drop of leakage currents over the detector
side surfaces. Fig. 2 shows the spectromet-
ric characteristics of CdZnTe detectors
measured before and after the treatment.
These characteristics were determined using
a special setup where the detector was irra-
diated using a standard 661.65 keV gamma-
radiation source Cs'37,

Table. Influence of PhSP treatment tem-
perature on the dark electrical resistance
of CdZnTe detectors (R, and R, are the
resistances before and after PhSP, respec-
tively).

T, °C R, Q R,, Q
90 1.4-1010 101!
115 1010 1.5.1011
115 4.1010 1.4.10M1
130 8.10° 5.2:109
140 21010 2108
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Fig. 3. Distribution of tellurium and its compounds in the near-surface layer of a CdZnTe crystal
before (a) and after (b) PhSP treatment (I — Te, 2 — TeO,, 3 — CdZnTe).

It should be noted that PhSP treatment
made it possible to raise essentially the
maximal working voltage applied to CdZnTe
detectors (e.g. from 850 V up to 650 V for
the detector characterized by the spectrum
shown in Fig. 2). For a number of samples,
the maximal working voltage was increased
more than by 4 times (from 400 V up to
1650 V), and this permitted to use such de-
tectors not only as counters but alsoc as
spectrometers.

The changes in the surface composition
of CdZnTe crystals caused by PhSP treat-
ment were established by X-ray phase analy-
sis and X-ray photoelectron spectroscopy
(XPS). Fig. 3 presents the distribution pro-
files of tellurium and its compounds in the
near-surface layer of CdZnTe crystals meas-
ured by XPS prior to and after PhSP treat-
ment. The layer-by-layer analysis of the sur-
face composition of CdZnTe samples has
shown that the thickness of tellurium and
cadmium oxides layers increased approxi-
mately by an order of magnitude. According
to the obtained data, PhSP treatment of
CdZnTe crystals resulted in the formation
of surface TeO, film with a thickness up to
50 nm.

Thus, the developed method of photo-
stimulated passivation of the CdZnTe crys-
tal surface in oxygen-containing atmosphere
is shown to increase essentially the surface
electrical resistance of the samples and to
reduce the leakage currents of CdZnTe de-
tectors. This provides the possibility to use
the crystals not only as counters but also as
spectrometers. The said changes in the elec-
trical properties are caused by oxidation of
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the near-surface layer of CdZnTe crystals
with subsequent formation of high-resis-
tance passivating oxide layers with a thick-
ness of ~50 nm on the detector surface.
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dorocTUMyJIbOBAHA NMacHBaIiA
cuekTpomerpuunux CdZnTe merexkTopis

I0.A.3az0pyiixo, H.O.Kosanenko, 0.0.®dedopenko,
B.K.Komap, C.B.Cynruma, M.B./Jobpomeopcvrka, I.C.Tep3in

3anporoHoBaHO cmoci® macuBallii 60KOBOI ITOBEPXHi CIIEKTPOMETPUUHUX HETEKTOPiB Ha
ocHOBi TBepporo posuuny Cd,_ Zn Te. BecranoBieHO BIIUB (POTOCTUMYJILOBAHOI IIACHBYBATh-
HOI 00pPOOKU Ha eJIeKTPUYHi Ta CIEKTPOMETPUUHI BJIACTUBOCTI AeTeKTopiB. [locaigskeHo mpo-
mecu, AKi BiZOyBalOThCcA Ha NHOBEPXHI KPUCTAJIB Ipu ix oOpoOIi i mpusBOATH X0 3MiHU
(hasoBOroO CKJIAAY ITOBEPXHIi.
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