Functional Materials 12, No.4 (2005)

Si as dopant impurity in CdTe
P.M.Fochuk, O.E.Panchuk

Chernivtsi National University, 2 Kotziubinsky St.,
58012 Chernivtsi, Ukraine

CdTe<Si> single crystals have been investigated by high-temperature Hall effect meas-
urements under Cd vapor pressure in 200—900°C temperature range. Basing on the experi-
mental results, the Si solubility in CdTe at 500-600°C has been supposed to be lower than

~8:1016 at/cm3. The Si segregation coefficient in CdTe is exceeds unity (k% > 1). This

segr
peculiarity of Si behavior in CdTe differs it from other IVA group elements. At high Si
content in CdTe (~1017 at/cm3), it is mainly contained in precipitates. Their dissolution
starts at T ~ 500°C and the subsequent cooling does not reduce the concentration of

electrically active Si form. The dominating Si point defect is Sify, although a certain

fraction of this impurity forms associates (SiEdV%_d)’.

Momnoxkpucrannsr CdTe<Si> 6w11u uccsesoBansl mytem usmepenusamu adhdexra Xoama mof
pasrerueM napa Cd B maTepBane temneparyp 200-900°C. Ha ocHOBAHMH 3KCIEPHMEHTAJBHBIX

DeayJIbTATOB [IPEIIOJNOMKEHO, YTO pacTopuMoctb Si mpu 500—-600°C menbite, yem ~3-1016 ar/cmS.
*
segr

npyrux synemenToB IVA moarpynmsi. Ilpu BeicOKOM comepskanun Si (>1 ar/cm3) Gonbiras
ero vyacTb HaxOQuUTCsa B mpenunurarax. VUx pacrsopenue HaumHaercs unpu ~500°C u mocuae-
OyIOlee OXJasKIeHNe He YMEeHLITaeT KOHIEHTPAIIUIO DJIeKTPUYEeCKU AKTUBHON (GopMbr Si.

Kooddpumuenr pacupegenenuss Si 8 CdTe Gonbire exuuuner (k > 1), 4TO OTJIMYAET €ro OT

017

OMHUHUPYIOIUM TOUEUHLIM Te(eKTOM ABJAeTCA Sik XOTs HEKOoTopas ero 4acTh o0pasyer
Cd’
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Cadmium telluride is among II-VI semi-
conductors of good prospects that can be
used to produce X-ray detectors, active ele-
ments for non-linear and IR optics, solar
cells, as well as substrates for HJCdTe and
CdZnTe epitaxial layers. The level of our
knowledge on the structure of intrinsic and
extrinsic point defects, which define the
main CdTe properties, is insufficient to
allow us to make use of all CdTe advan-
tages. Silicon is one of the impurities pre-
sent always in ingots grown by Bridgman
techniques. It is necessary to know its influ-
ence on CdTe properties, because Si concen-
tration ([Si]) is rather high and sometimes
exceeds the content of all other impurities
(in as-grown Bridgman crystals, [Si] some-
times runs up to 1017 at/em3 [1, 2]). The
reason is that CdTe single crystals are
grown in quartz ampoules at high tempera-
tures and the silicon atoms can migrate
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from quartz into the crystal lattice. There-
fore, it is very important to know the type
of main existing Si point defects and their
influence on CdTe properties.

Very scarce information about Si behav-
ior in CdTe is available. The only work
where the results of different investigations
in CdTe<Si> crystals are presented is the
paper [3]. He studied heavily-doped crystals
grown by THM with Si content in the melt
([Si] = 9-1018 at/em3). The Si distribution
along the ingot was more or less homogene-
ous and its concentration did not exceed
100 ppm. But the authors note a large data
scatter and poor reproducibility. Cathodolu-
minescence (CL) study of CdTe samples has
shown a strong difference of these CL spec-
tra from as-grown or annealed in Te vapor
CdTe<Si> samples [4]. In [5], a possible am-
photeric behavior of Si was observed in
high-temperature Hall effect measurements.
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Fig. 1. Temperature dependence of electron
mobility in CdTe<Si> crystals under Pgy
(sample Si11Cd).

These experiments were carried out under
well-defined Te vapor pressure in intention-
ally undoped CdTe samples purified by ex-
traction in Cd + CdTe melt [5]. IR absorp-
tion on localized modes in CdTe doped si-
multaneously with Li and IVA group
elements (Si, Ge and Sn) has been studied
in [6-7]. It was established that these ele-
ments enter the Cd sublattice producing as-
sociates. But there was found no evidence of
their possibility to substitute Te atoms. Per-
haps the used method was insensitive or SiTe
was present in a very low concentration. The
purpose of this work was to investigate elec-
trical properties of CdTe<Si> single crystals
under well-defined Cd vapor pressure (Pgy) at
low and high temperatures. CdTe<Si> crystals
were grown by Bridgman technique from Cd,
Te and Si of 6N purity. The silicon concentra-
tion in the melt was about 2-1018 at/cm3. The
samples (2.5x2.5x15 mm3) were cut out from
the bottom (Si11Cd sample), the middle
(Si10Cd) and the top (Si9Cd) of grown in-
gots in order to obtain samples with variuos
Si content. Then the samples were polished
and etched. The high-temperature Hall ef-
fect measurements were carried out under
well-defined Py pressure in the 200 to
900°C temperature range using direct cur-
rent. The samples were placed in sealed
quartz ampoules and 6 clamped graphite or
welded tungsten contacts were used. It was
impossible to estimate Si concentration in
the samples, because its segregation coeffi-

cient (kg in CdTe is unknown. But some

literature sources [8] and our own experi-
mental results allow us to suppose that its
value exceeds 1. Therefore, a higher Si con-
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Fig. 2. Cd vapor pressure dependence of elec-
tron concentration in sample Si11Cd.

1 -500°C, 2 - 600 °C, 3 - 700 °C, 4 — 800 °C,
5 — 900 °C.

tent can be expected in the CdTe ingot part
crystallized first. Thus, the Si9Cd sample
was expected to contain a smaller amount of
that impurity than Si11Cd. So, it is the
electrical properties of just those sample
that can be anticipated top be influenced by
Si dopant to highest extent.

At the initial stage of measurements
(T = 200-400°C), both Si9Cd and Si10Cd
samples possessed the p-type conductivity,
like the common undoped CdTe crystals.
But Si11Cd demonstrated only the n-type
conductivity from the very outset and to
the very end of investigations, what is not
ordinary for such crystals. The electron mo-
bility changed from p -~ 570 em?2/Vs at
200°C to u ~ 100 em?2/Vs at 900°C (Fig. 1).
The high-temperature investigation results
of the Si11Cd sample are shown in Fig. 2
and 3 as Cd vapour pressure and tempera-
ture dependence of [e”], respectively. At
500°C, [e"] depends weakly on Cd vapour
pressure (line slope y =~ 0.15) (Fig. 2). This
evidences an essential role of electrons gen-
erated by the dopant. At higher tempera-
tures (600—900°C), the situation is similar
to undoped CdTe under Pcy. The line slopes
of Cd vapor pressure dependences grow up
to 1/3, what is typical in these conditions.
The approximated electroneutrality equa-
tion is:

[e] = 2[Cd?]. (1)
The influence of Si impurity on CdTe
electrical properties is negligible.

The electrical properties of samples cut
off from the ingot middle and the top were
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Fig. 3. Temperature dependence of [e”] for
sample Si11Cd.

very close to those of undoped CdTe, too:
p-type conductivity, u ~ 40-50 cm2/V-s and
6 ~1073-10"%Q-cm) ! at RT. At high tem-
peratures, their properties also did not dif-
fer from common CdTe. However, after
sample heating up to 900°C, the [e¢7] grew
more than by 2 orders (up 3:1016 cm3),
which was observed in post-cooling process.
The electron density stabilization at 300—
500°C is due to Si-controlled conductivity at
relatively low level of intrinsic acceptor
point defects (Fig. 8). An analogous effect
was also observed in the Si10Cd sample: [e7]
increased to 2.5-1016 cm™3 after high-tem-
perature measurements. That is why the Si
solubility can be concluded to do not exceed
81016 at/ecm3. Such changes in [e”] after
heating can be explained by Si solubility
increase. Since the Si content in CdTe crys-
tals reaches about 1017 at/ecm3, the most
part of this impurity can be supposed to be
located in precipitates (as the Si solubility
does not exceed 31016 at/em3). At the be-
ginning of the measurements, the concen-
tration of electrically active Si part is about
3-1013 at/ecm3 at 250°C (Fig. 3) and heating
to 400°C results in the increase of this
value up to 1019 at/em3. The increase of
magnitude by several orders is observed due
to Si solubility increase caused by heating
(impurity being dissolved from precipi-
tates). The temperature dependences at con-
stant Cd vapor pressure (Fig. 4) had the
following line slopes (as determined from
Arrhenius equation): 0.84 eV (1 atm.),
0.75 eV (0.1 atm.), 0.74 eV (0.01 atm.),
0. 65 eV (0.001 atm.). These values are
very close to those typical of the intention-
ally undoped CdTe.
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Fig. 4. Temperature dependence of electron
concentration (sample Si11) under Py
1 atm. (I); 0.5 atm. (2); 0.1 atm. (3);
0.01 atm (4).

The increase of electrically active frac-
tion of Si dopant can be described by the
next equations:

Si(s) + Vg «— Sigy, (2)

S|8d <> S|Jéd +e. (3)

The following ionization is possible at
very high temperatures:

Sigg «— Sigy + e (4)
As well as the associate decay process:
(SiggVEy~ + Cd(g) «— Sigy + Cdgy + 2¢.(5)

But at dopant content <107 ¢m™3, the
associate concentration in CdTe is low and
Eq.4 does not play any essential role.

Basing on the experimental results, it is
possible to assume a low Si solubility in
CdTe, which does not exceed 8-1016 at/cm3
at 500-600°C. Since the differences in elec-
trical properties between samples with dif-
ferent Si content were found only in those
cut out from the initial part of the ingot,
the Si segregation coefficient can be sup-
posed to exceed unity (k;egr > 1). This peculiar-
ity of Si behavior in CdTe, which differs from
the other IVA group elements, can be caused by
the small Si atomic radius. When Si content in
CdTe is high enough ( > 1017 at/cm?3), it is
contained mainly in precipitates. Their dissolu-
tion begins at T ~ 500°C and the following
cooling does not reduce the concentration of
electrically active Si forms. The dominating

Si point defect is Sigy, although some part of
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this impurity ecan form  associates
(SiEdV%a)*_ But the achievement of sufficient

self-compensation degree is hindered due to
the small Si solubility in CdTe.
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Si ax geryrwua momimka y CdTe

II.M.®Douyxr, O.E.Ilanuyk

Morokpucramn CdTe<Si> pocaimxeno BumipoBaHHEAMH edeKTy XoJaa I TUCKOM Iapy
Cd B iurepsani remmneparyp 200—900°C. Ha ocHOBi eKcliepuMeHTAJLHUX AaHUX IPUIYIIEHO,
mo posumuHicTs Si Menma sa ~3-10!6 ar/ecm® at 500-600°C. Koedinienr posmoginy Si y

*

CdTe 6Ginpmmil 3a OXMHUIIO (kserg

> 1), mo Bigpisuse #oro Bixg immux eaemenTtis IVA

migrpymu enementie. Ilpu Bucoromy Bmicti Si (~1017 ar/cm®) nepeasxua ioro Ginpmiicrs
3HAXOAWTHCA y Mpenumitatax. Ix posunnenua nounHaetsesa npu ~500°C i macrymue oxomon-
JKEeHHS He 3MEHIIYE KOHICHTPAIII0 eJeKTPUYHO aKTUuBHOI popmu Si. JToMiHYyIOUMM TOYKOBUM

neextom € Sify, x0ua JedKa YACTMHA HOro yTBODPIOE acomiaru (SiEdV%a)’.
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