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To purify CdogsMnoosTe ingots a modified travelling heater method (called «dry zone») was applied.
Even one pass of the zone decreased essentially Te inclusions (size and density) in the ingot. The p-type
conductivity and others electrical characteristics of the material almost didn’t change, however the concen-
tration of shallow (ea= 0.05eV) acceptors reduced and the compensation degree of deeper acceptors
(ea= 0.17 eV) increased. Such transformation of a defect-impurity system was manifested in decreasing of
the ionized centers’ concentration and in reducing of impurities absorption coefficients both at 0.1-0.5 eV

and near the edge of fundamental band.
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1. INTRODUCTION

The potential ability of CdTe crystals and Cd(Zn)Te,
Cd(Mn)Te (CMT) solid solutions for X-ray detectors
application at room temperature is significantly limited
by the presence of high content both own and foreign
point defects as well as structural defects, including Te
inclusions. A post-growth thermal treatment in tem-
perature gradient for a reduction of the inclusions den-
sity is applied [1-6]. One of the thermal treatment mod-
ifications is traveling heater method. In our case the
heater temperature was considerably less than the
melting point of the crystal, but it slightly exceeded the
Te melting point. This modification was called the
method of «dry zone» (MDZ). The application of the
MDZ to CdTe crystals [7] led to considerably reduction
of Te inclusions and also to the transformation in point
defects system. In particular, the common concentra-
tion of ionized centers decreased that led to conductivi-
ty type change. Therefore we supposed that application
of the MDZ have to be reasonable to Cd(Mn)Te crystal
purification.

2. EXPERIMENTAL PROCEDURE

The CdogosMnoosTe ingot with a Te excess
(~5108cm-3) was grown by the vertical Bridgman
method, using elementary components Cd, Te (6N) and
Mn (6N) (crystal's code — CMT-348). The parts
(~ 15 mm) of the both ends of the ingot were used for
the preparation of control samples (hereinafter — the
samples before the MDZ). Further, the central part of
the ingot was inserted in evacuated quartz container
inside the set up, where a narrow heater was slowly
moved along the ingot. The temperature of the hot zone
was ~ 785 K, temperature gradient — 70 K/cm, growth
rate — 0.2 mm/h.
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The presence of Te inclusions before and after the
MDZ was evaluated using IR microscopy. In general,
CdixMnxTe crystals were transparent in infrared
range; instead, the inclusions were opaque. As a result,
the infrared images showed the shape, size and loca-
tion of inclusions and their distribution within the
crystal. Infrared image of crystal’s volume we obtained
by a microscope Leitz, equipped with infrared camera
Pixelink PL-A741.

Electro-physical measurements were carried out on
rectangular samples (12-2:1.5 mm3) with two pairs of
potential contacts in DC mode. I-V curves were sym-
metrical and linear in the 85-350 K temperature range
(applied voltage — 15 V/cm). Temperature dependencies
(TD) of conductivity o, Hall coefficient Ru and the Hall
carrier mobility = oRg were investigated. The sample
position in the ingot characterized by a coordinate
g = s/l, where x — distance from a beginning of the crys-
tal, and / — a length of the crystal.

The transmission spectra of the samples before and
after the MDZ were obtained using both infrared spec-
trophotometer IRS-29 (2.4-25 pm) and automated facil-
ity, based on the monochromator MDR-2 (0.80-
0.95 um).

3. RESULTS AND DISCUSSION

In the Fig. 1 are represented the IR images of two
samples, cut from the beginning (Fig. 1) and the end of
the ingot (Fig. 2) before and after applying the MDZ. It
can be seen the effectiveness of this method, since there
is a significant reduction in the size of large
(> 20 microns) inclusions and removal of small ones.
Based on a series of infrared images we built a 3D
model (Fig. 3) of inclusion distribution in the crystal
volume (~ 5 mm?3). As the situation observed in Fig. 1b
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Fig. 1- IR images of samples, cut from the CMT-348 ingot
beginning, before (a) and after (b) purification by the MDZ

Fig. 2 - IR images of samples, cut from the CMT-348 ingot
end, before (a) and after (b) purification by the MDZ

and 2b was a typical for crystal after the MDZ, thus 3D
model after the MDZ was not necessary

Samples, fabricated from the initial crystal (before
the MDZ) and from the crystal after the MDZ, possessed

Fig. 3 — 3D model of inclusions in a sample, cut from CMT-
348 ingot end, before purification (2,7x2,3x1,0 mm3)

a hole conductivity. Electrical parameters of samples
(resistivity p and hole mobility — z) at 300 K (Table 1)
didn’t indicate on the effect of the MDZ. Ionization
energy of acceptors Az (ea=0.16-0.17 eV), determined
by TD of Rum (Fig. 4), also remained unchanged. The
concentration of these acceptors, determined from the
analysis of the Ry TD, using a model of partly compen-
sated centers, was practically unchanged through the
MDZ application (Table 1). However, it was observed a
decreasing of fully compensated shallow acceptors A:
concentration. This conclusion was based on the analy-
sis of the Hall data TD for hole mobility (Fig. 5).
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~a-cryst.169
—o—cryst.168
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Fig. 4 - Temperature dependencies of Hall coeficient Ru for
the samples before (165, 167) and after MDZ (168, 169)

At first sight the values of mobility were similar in
all four samples, especially at low temperatures, which
would indicate the proximity of the concentration of
ionized scattering centers N1. However, a monotonous
pp increase (without maximum) simultaneously with
temperature decreasing indicated that a concentration
of N1 didn’t exceed 3x1017cm —3. Then at 300 K can be
expected 1 values not lower than 72 cm?/(Vxs), taking
into account the two main mechanisms of carrier scat-
tering: on optical vibrations of crystal lattice and on
ionized centers. As shown in Table 1, the experimental
values of mobility are significantly lower than expected
ones. So we need to involve the third scattering mecha-
nism, namely, scattering on the space charge region
(SCR), which do not overlap with mobility s [9]. For
the further analysis we selected two samples (167 and
168), which were situated side by side in the ingot. The
ionization energy of acceptors was almost the same for
the two samples and hence the composition, but the
first (167) did not subject to the MDZ, while the second
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(168) was after the MDZ applying. At first, optimal
values s at 300 K were set: 260 cm?2/(Vxs) for the sam-
ple 167 and 170 cm?/(Vxs) for the sample 168. Then the
TD of wus was calculated [9]. Afterwards, using the
Mattisen rule and based on the experimental data
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(Fig. 5), we have established the mobility, conditioned
by a total scattering only on optical vibrations of the
crystal lattice and on ionized centers (uor). TD of s is
represented in Fig. 6.

Table 1 - Electro-physical characteristics of the samples from the CMT-348 ingot before and after the MDZ

No SczaZizﬁf Sample’ position T=300K
crys- (bef%re or the in the ingot D, m A, [A2]x10-16 | Nix10-16 | [A1]x10-16,
tal after MDZ) ®) (Ohmxcm) | cm?/(Vxs) | eV cm-3 cm-3 cm-3
165 before ~0.2 19 57 0,16 3.7 — -
169 after ~0.25 19 60 0,17 2.8 — -
167 before ~0.9 23 55 0,17 3.3 20 7,7
168 after ~0.8 24 50 0,17 2.7 9 2,3
25 region it is clearly visible two areas: A — an impurity
absorption and B — the absorption on free carriers
23 + (Fig. 7).
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Fig. 5 —- Temperature dependencies of hole mobility for the 02
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Fig. 6 — Temperature dependency of the calculated carrier
mobility (u1) in the samples: 1 — before the MDZ, 2 — after the
MDZ (x0 — holes mobility, limited by optical vibrations of the
crystal lattice)

Using the Mattisen rule and Brooks-Herring formu-
la for carrier mobility, limited by scattering on ionized
centers, we calculated the concentrations of ionized
scattering centers N1 (Table 1). It is evident that the
MDZ procedure reduced N1 value (> 2 times). Since the
concentration of acceptors Az didn’t change practically,
so we conclude that the concentration of the fully
compensated more shallow acceptors A: decreased:
[A1-]=[A1] =0,6N1—[A2-] as well as compensating
donors. Note that a similar situation occurred in p-
CdTe crystal [10] at a self-purification during a vacuum
heat treatment.

In the absorption spectra for (0.05-0.5) eV photons

hv, eV

Fig. 7 - Infrared absorption spectra (a; in Table 2) of the
samples of CMT-348 ingot: 1, 2 — after the MDZ (the end and
beginning of the ingot, respectively), 3 — before the MDZ

Although it was difficult to separate reliable these
bands, it could be argued that the position of long-wave
edge of the impurity band correlated well with the
ionization energy of acceptors As. Then, the absorption
process could be described by the reaction:

A0+ (hv)1— A2~ + ht. (1)

So, it was advisable to compare the value of
impurity absorption coefficients a1 with calculated

acceptor concentrations A20 in the samples before and
after the MDZ (Table 2).

Table 2 - Impurity  absorption  coefficients and  the
concentration of correspondingly acceptors in the samples of
the CMT-348 crystal

Sample [A20], o, [A1-], o2,cm 1
cm-3 cm-! cm-3 (1.53 eV)
167 1.1-1016 2.15 7.7-1016 44
168 0.5-1016 1.15 2.3:1016 15

Acceptors A1 were also involved in the processes of
light absorption in correspondence with the reaction:

A1+ (hv)2— A0+ e-. 2)

As acceptors A1 were shallow (ga1= 0.05 eV), then
the absorption band was adjacent to the fundamental
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band (Fig. 8). To evaluate the absorption coefficient it
was selected hv=1.53 eV, which was slightly higher
than the energy threshold of the reaction (2): Eg—

&1~ 1.51 V.

50
40 |
=3
1
v 30 F | »2
= 30
7
s
20
10
e
0
1,45 1,48 151 154

hv, eV

Fig. 8. — The spectral dependence (e in Table 2) of absorption
coefficient in the samples of CMT-348 ingot: 1, 2 — after the
MDZ (beginning and end of the ingot, respectively), 3 — before
the MDZ

Indeed, as can be seen from the Table 2, for the both of
impurity bands is a decent correlation between the
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absorption coefficient and corresponding acceptor con-
centrations in the respective charge states.

As was shown in Fig. 7 (particularly, curve 3) the A
band is a superposition of two bands that overlap.
Thus, in the formation of the A band are involved two
acceptors, which are located energetically similarly. So
the ionization energy value determined from the elec-
trical measurements (Table 1) is slightly overestimat-
ed. Indeed, for CdixMnxTe with x=0.05 the formula
&1 =0.12(1 + 5,5x) eV [8] gives a value of 0.15 eV, that
is less (0.02 eV) than the experimental one.

4. CONCLUSIONS

The modified method of heater moving («dry zone»
method) applied to the Cd(Mn)Te crystal provided the
following effects:

— significant reduction of tellurium inclusion density in
the bulk;

— reduction of shallow acceptors Ai (g4 = 0.05 eV) con-
centration, which lead to reduction of light absorption
coefficient near the edge of fundamental band;

— increase in the compensation degree of acceptors As
(ea=0.17eV), which reduces the coefficient of light
absorption in the infrared region (0.15-0.5) eV.

Ouucrra kpucrannos Cd(Mn)Te nnsa 1eTeKTOPOB PEHTITE€HOBCKOI0 U3JIyYeHUs
CrienmnaJIbHBIM OTKHUIOM

3.1. Baxapyx!, C.I'. dpemmomxenko!, C.B. Comomuu!, E.C. Huronwox?, B.I1. Pyaeik2, O.B. Komaul,
A.C. Onanacmoxk3, [1.M. @ouyxk!

1 Yeprosuurull HQUUOHALbHBLIL YHUSepcumem umenu FOpus @edvrosuua, yni. Kouoburnckozo, 2, 58012 eprosupt,
Yrpauna
2. HauuonaibHbill YHUu8epcumem 800H020 X034LCmea U npupodononivaosarus, yu. Cobopras, 11, 33028 Posro, Vrpauna
3 Cymcruli 2ocyoapecmeenubiil yHusepcumem, yni. Pumcrozo-Kopcarosa, 2, 40007 Cymwt, Yipauna

C wmesbo ounctru cauTKOB Cdo,gsMnoesTe ObLT mprMeHeH MOAMDUIIMPOBAHHBIN METOJ, IIOJBHKHOIO
HarpeBaTeJis (Ha3BaHHBIN «cyxas 30Ha»). Jlaske oguH IPOX0[d 30HBI CYIIECTBEHHO YMeHbIIAI BKIOUeHus Te
(paaMep ¥ KOHIIEHTPALMIO) B ciauTKe. [IpoBoquMOCTE p-THIIA M APYTHeE 9JIEKTPUIECKUE XapAKTEPUCTUKY Ma-
TepuaJia IOYTH He M3MEHUJINCH, OJJHAKO KOHIIEHTpaIusa MeJKuX &4 ~ 0,05 aB) axiientopoB ymeHbIIHIACH, a
cTelleHb KOMIIeHcaruu Oosiee TryboKmx akrienTopoB (& ~ 0,17 aB) ysemmuwmmacs. Takoe mpeobpasoBanme
edeKTHO-IPIMECHOH CHCTeMBI IPOSBUJIOCH B YMEHBIIEHUN KOHIIEHTPAIINN HOHU30BAHHEBIX IIEHTPOB U B
CHUKeHUHN K0d(dPUIIMeHTOB norsomenus npumeceil kaxk upu 0,1-0,5 9B, Tak m BOim3u kpas dbyHmaMeH-

TaJIbHOU 30HBI.

Kinrouessie cioea: Tsepasie pactBopsr Cdi - .Mn,Te, Ouncrra, Dierrpudeckue xapakrepucturu, Quruye-

ckre uaMepeHusi, Briouenus, Tepmudeckass 06paboTka.

Ouucrka kpucraiais Cd(Mn)Te miia merekTopiB peHTreHiBCbKOro BUIIPOMIiHIOBAHHS
creniajJgbHUM BinmajaoMm
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3 metoro ounrenns 3auTkiB Cdo,gsMnoosTe 3actocoBanmit MonrdikOBaHUI METO/] PyXOMOTO HATPIBHUKA
(HasBaHW «cyxa 3oHa»). HaBITh OMH IPOXiJT 30HU CYTTEBO 3MEHINYBAB BKpArIeHHs Te (po3Mip 1 KOHIIEHT-
pario) B 3muTKy. [[poBIIHICTE p-THITY Ta 1HII €JIeKTPUIHI XapaAKTePUCTUKYN MaTepiasy Maike He 3MIHUIN-
cs, OMHAK KOHIEHTparisa MUTKuX (& ~ 0,05 eB) akmenTopiB 3meHmImimacs, a CTYIIHb KOMIIEHCAIN] OLIBIIT
rmbokux akienTopis (g4 ~ 0,17 eB) s36inbmuses. Take mepeTBopeHHs Te(EeKTHO-TOMIIIKOBOI CHCTEMH IIPO-
SIBIJIOCH Y 3MEHIIIeHHI KOHIIEHTPAIli]l 10HI30BAHUX I[EHTPIB 1 Y 3HUKEHH] KOeMIII€HTIB IO TJIMHAHHS JOMIIIOK
six ipm 0,1-0,5 eB, Tak 1 mobu3y kpato QpyHIaMeHTaIBHOI 30HH.

Knrouosi cnosa: Tsepmi posumuu, Cdi-MnTe, Ouncrra, EmexTpuuni xapakrepucrurku, OnruyHi BUMI-

poBauHsa, Bkpamrenns, Tepmiuaa 06po0Oka.
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