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Proposed is a new technology of passivation of Cd,_Zn Te crystals which comprises
preliminary treatment of their surface by laser ablation aimed at removal of the disturbed
surface-adjacent layer arising due to mechanical treatment (cutting, grinding, polishing)
of the samples. Degradation of the spectrometric characteristics of the detectors after
chemical etching is compared with their degradation caused by the proposed passivation
method.

IIpeanosxer HOBEII TEXHOJOIMYHBIN crocob maccusanuu kpucramios Cd,_7Zn Te, Briro-
YAIMUN IIPeIBAPUTENbHYI0 00paboTKy IIOBEPXHOCTH KPHCTAJJIOB C IIOMOINBIO JIa3epPHOU ab-
JANUN C IeJbI0 YIAJEHUs HAPYIIEHHOr0 IPUIOBEPXHOCTHOTO CJIOS, BOSHUKAIIIETO IMOCIe
9TAIIOB MeXaHuvYecKolli obpabGoTkmu (mopeska, miandoBKa, DOJUPOBKA) oOpasiosB. ayueHa
Jerpaganua CHEeKTPOMETPHUUYECKHUX XAPAKTEPHUCTUK IETEKTOPOB IIocie O0paboTKU XuUMUYec-
KM TpaBJI€EHUEeM B CPaBHEHHHU C Jgerpajamnueil mocje oO0paboTKU HPEIJIOKEHHBIM METOHLOM
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aCcCHBAIUH.

1. Introduction

Nowadays Cd,_,Zn,Te (0<x<0.1) semicon-
ductor solid solution is considered to be
one of the most promising materials for the
making of X- and y-ray detectors and spec-
trometers [1-5]. The manufacturing process
of detectors includes the step of mechanical
treatment (cutting, grinding, polishing) of
semiconductor crystals gives rise to the for-
mation of disturbed surface-adjacent layer
which is usually removed by chemical etch-
ing [6-8].

A large number of aqueous solutions of
chemical etchants [7-10] and many-stage
(containing 2-5 steps) processes of chemical
treatment of Cd,_.Zn,Te [9, 10] surface are
described in the literature. The next stage
of the making of Cd,;_,Zn,Te detectors is
passivation of their surface which allows to
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reduce leakage currents and to prevent deg-
radation of the spectrometric characteristics
of the detectors.

There exist chemical and physical meth-
ods of passivation, as well as their combina-
tions. Most widely used are the chemical
methods resulting in the formation of pro-
tective sulfide or oxide films on CdZnTe
surface. The physical passivation methods
comprise ion beam and plasma sputtering of
passivating protective film by means of vac-
uum setups using electric arc, oxidation in
low- and high-energy oxygen atoms fluxes,
etc. [11-18]. The chemical methods imply
contact of the samples with water which is
a potential source of contamination of the
crystal surface and a factor reducing the
surface electrical resistance.

Though "dry” physical passivation meth-
ods reduce surface leakage currents more
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Fig. 1. Energy spectra of Cd,_,Zn,Te detector
with chemically etched surfaces obtained imme-
diately after etching (1) and 90 days later (2).

effectively than “wet” chemical methods,
they are laborious and require complex
equipment [14].

However, it should be noted that both
physical and chemical passivation methods
cannot provide complete removal of the so-
called crystallization water which pene-
trates the surface-adjacent layer of the sam-
ples in the process of mechanical treat-
ment [15]. This is evident from
nonlinearity of the I-V characteristics of
Cd,_,Zn,Te detectors [16—18]. The influence
of the chemical methods of surface passiva-
tion manifests itself in subsequent degrada-
tion of the spectrometric characteristics of
the detectors [16—-19].

Fig. 1 points to degradation of the spec-
trometric characteristics of Cd,_,Zn,Te de-
tector with contacts formed on chemically

etched surface, since in 90 days the FWHM
of the energy spectrum of 241Am essentially
increased.

In view of the above-said, development of
new effective methods for passivation of the
surface of Cd,_,Zn,Te detectors is a topical
problem.

Earlier we have proposed dry methods of
photostimulated passivation (PhSP) and
photo-electrostimulated passivation (PhESP)
of Cd,_,Zn,Te [7, 8] which provide an effec-
tive reduction of leakage currents due to
the obtaining of a high-resistance oxide
layer on the sample surface. In the present
work we propose a new method of dry pas-
sivation. In this method the disturbed sur-
face layer is removed by laser ablation (LA)
with subsequent passivation of the surface
using PhSP or PhESP.

2. Experimental

The disturbed layer was removed from
the side surface of the samples in the proc-
ess of their irradiation by successive laser
radiation pulses. Fig. 2 presents the scheme
of the setup for laser ablation of the dis-
turbed layer from the side surface of crys-
talline Cd;_,Zn,Te samples and subsequent
obtaining of a high-resistance protective
layer on this surface by the method of
PhSP. YAG:Nd-laser radiation at the funda-
mental frequency (with A =1064 nm) was
converted into the radiation at the second
harmonic frequency with A = 582 nm.

Ablation of Cd,_,Zn,Te surface was real-
ized using 10 ns laser radiation pulses with
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Fig. 2. Scheme of the experimental

setup for the obtaining of oxide coatings on the surface of

semiconductor substrates by the method of PhSP (PhESP) and laser ablation: I— He-Ne laser; 2-
YAG:Nd laser; 3,4,11 — translucent plates; 5,13 — diode photoreceivers; 6,14 — calorimetric power
meters; 7 — rotating crystal holder; 8 — power supply for PhESP; 9 — thermocouple and unit for
treatment of its signals; 10—electrical engine; 12 — light filter; 15,16 — mercury lamps; 17 —
KDP-based converter of the second harmonic of YAG:Nd laser (A=532 nm); 18 — light filter; 19 —

focusing lens, 20 — crystalline sample.
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Fig. 3. Dependence of the ratio of the crystal
resistances after the treatment (R,) by
LA+PhSP to the initial resistance (R,).

an average power density of
10...70 MWt/cm2. The irradiation dose was
0.25...3.0 J/cm?2.

The duration of the laser ablation proc-
ess (0.5...5.0 min) was determined experi-
mentally depending on the dimensions of
the samples, the velocity of their rotation in
the crystal holder and the period of laser
pulses repetition. The power density provid-
ing effective removal of the disturbed layer
and the laser irradiation dose were deter-
mined experimentally, too.

At laser irradiation doses lower than
0.25 J/cm? the disturbed layer was not re-
moved completely. The use of the doses
higher than 8.0 J/cm2 did not lead to a
noticeable improvement of the spectrometric
and electrical characteristics of the detectors.

In the course of our investigations we
established the dependence of the ratio of

001 nonablated

the crystal resistances after the treatment
to the initial resistance on the intensity of
incident laser radiation (Fig. 3).

The obtained results (Fig. 3) may be ex-
plained as follows. The rise of the resistance
ratio on the initial segment of the curve
(up to 10 MWt/em?) is caused by photo-
stimulated passivation of the crystal (with-
out laser irradiation). The said intensity is
the lowest one used in the present investiga-
tion. The second segment where the resis-
tance ratio smoothly inereases corresponds
to near-threshold intensity of laser radia-
tion. Insignificant rise of the dependence in
this region may be connected with burning
out of different organic impurities caused
by the growth of laser radiation intensity
and removal of water vapors from the sur-
face and thin surface-adjacent layer of the
sample. As a consequence, the efficiency of
photostimulated passivation increases.

Fig. 4 presents the microphotographs of the
surface of crystalline Cd,_Zn,Te sample ob-
tained using an electron microscope JSM-820
before (a) and after (b) laser ablation. The
power density of laser ablation was equal to
57 MWt/cm?2 (A = 532 nm, the pulse duration
was 10 ns). As is seen, laser ablation leads to
clearing of the treated sample surface.

Fig. 5 illustrates the behavior of the
electrical resistance of crystalline
Cd,_Zn,Te samples under the influence of
different methods of passivation of their
surface: the proposed method (LA + PhSP,
curve 1), chemical etching + PhESP (curve 2)
and chemical etching + PhSP (curve 3), de-
pending on the intensity of UV irradiation.

As seen from the presented graphs, the
proposed method (LA + PhSP, curve 1) makes
it possible to essentially increase the surface
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Fig. 4. Electron microphotographs of the surface of Cd,_Zn,Te crystals before (a) and after (b)

laser ablation.
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Fig. 5. Behavior of the electrical resistance of
Cd,_,Zn,Te detectors depending on the inten-
sity of UV-radiation at different passivation
methods: 1 — LA+PhSP, 2 — chemical etch-
ing + PhESP, 3 — chemical etching + PhSP.
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electrical resistance of Cd,;_.Zn,Te detectors
and to diminish leakage currents on their side
surfaces. Such an effect is achieved due to
the formation of a thick oxide TeO, layer
followed by a sharp (practically down to zero)
diminution of the concentration of free Te in
the surface-adjacent layer of the samples. This
is confirmed by the results of the study of the
sample surface composition by the method of
X-ray photoelectron spectroscopy (Fig. 6).

The data presented in Fig. 6 were ob-
tained by the method of X-ray photoelec-
tron spectroscopy on a spectrometer XPS-
800 Kratos (1078 Torr vacuum, MgK, — ra-
diation, hAy=1253.6 eV, 15 kV x 20 mA
X-ray tube power). The kinetic energy of
electrons was analyzed by a semispherical
electrostatic analyzer. The resolution of the
spectrometer was 1leV, the accuracy of
bonding energy determination equaled
0.3 eV. Layer-by-layer etching was realized
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Fig. 6. Profiles of Te distribution between the formed compounds TeO,, CdTe and free Te after the
treatment of the sample by the methods of LA (a) and LA + PhSP (b): 1 — TeO, 2 — CdTe, 3 — free Te.
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Fig. 7. Degradation of the energy spectra of
Cd,Zn Te detector after the treatment by
the method of LA+PhSP.
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using an electron gun (Ar*, E = 2 keV), the
etching rate being ~ 0.6 nm/min.

The sample surface composition was es-
tablished from the ratio of the areas of the
lines C1s, O1s, Mg2p, Zn3p, Se3d (skeleton
shells) and ZnLMM (Auger line) taking into ac-
count the coefficients of element sensitivity. The
thickness of the analyzed layer was ~ 5 nm.

Fig. 7 presents the energy spectra of
241 Am isotope for Cd,_,Zn,Te detector meas-
ured immediately after the treatment by the
method of laser ablation and photostimu-
lated passivation (curve 1) and 90 days
later (curve 2).

This figure testifies to minimization of deg-
radation of the spectrometric characteristics
for Cd,_,Zn,Te detectors treated by the method
of LA+PhSP in comparison with such a degra-
dation after chemical etching (Fig. 1).
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3. Conclusions

The proposed passivation method
(LA+PSP) provides the obtaining of thick
homogeneous high-resistance oxide films,
that essentially diminishes leakage currents
on the side surface of Cd,_,Zn,Te detectors.
The method is reproducible and allows to
exclude the use of highly toxic chemical
components for the making of spectrometric
detectors based on Cd,_,Zn,Te. Such a
method of passivation allows to minimize
degradation of the spectrometric charac-
teristics of the detectors.
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JlagepHa a0aania ta (poToCTUMYJIhOBAHA IACHBAIIA
kpucraxis Cds_,Zn,Te

I0.A. 3azopyiirxo, 0.0. Pedopenrko, B.A. Xpucmbovan,
H.O. Kosanenxo, I1.B.Mameiiuenko,
M.B. lobpomeopcwvka, 0.0. Ilony6oapoé

3aIpoIIOHOBAHO HOBUM TeXHOJOTiUHMEN cmoci6 macusamii Kpucrauis

Cd,_Zn,Te, mpo

BKJIIOUAE IIOIIEePeIHI0 00pPOOKY IMOBEPXHI KpHCTANiB 3a MOIMOMOroio JiazepHoi abuasamii 3 Mmeroro
BUIAJIEHHA IIOPYIIEHOr0 IIPH IIOBEPXHEBOTO IIApy, AKHI BUHUKAE IIiCAA eTaliB MexaHiuHOI
00pobru (mopiska, moaipoBra, murioska) spaskis. Busueno merpajariiro ClIeKTPOMETPUUYHUX
XapaKTEePUCTHUK IETeKTOPiB micjasa oOpoOKM 3aIpPOIIOHOBAHMM METOAOM IIacHBAIlii.
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