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The processes of the charge carrier scattering on the short-range potential caused by
interaction with polar and nonpolar optical phonons, piezoelectric and acoustic phonons,
static strain, neutral and ionized impurities in Zn,Cd,_,Te (0<x<l) and ZnHg, Te
(x = 0.15) are considered. The temperature dependence of the charge carrier mobility in

temperature range 50-360 K are calculated.

Paccmorpensl mporieccbl paccesiHHs HOCHUTENS 3apsga Ha OJM3KO-IeliCTBYIOIEeM IIOTeH-
uaie, BLI3BBAHHOM B3aMMOAEHCTBMEM C IOJAPHBIM ¥ HEIOJSPHBIM OINTHYECKUMU (POHOHAMU,
IbE30AJIEKTPUUYECKUMHU ¥ aKyCTUYeCKuMu (POHOHAMM, CTATHYECKOU medopmarineil, HeHTPaIb-
HBIMH ¥ HOHM3MPOBAHHBIMHM mpumecamu B Zn,Cd,  Te (0<x<l) m Zn,Hg,  Te (x = 0.15).
PaccunTaHbl TeMIlepaTypHble 3aBUCHMOCTU IIOABHUKHOCTH HOCHUTEJNS 3apAfa B HHTepBaje

Temmnepatyp 50-360 K.

The solid solution Zn,Cd,_,Te is regarded
as one of the most promising materials for
radiation detectors operated at room tem-
perature [1]. However, as far as we know,
the dominant scattering mechanisms for
carrier transport and their temperature de-
pendences are not well known for CdZnTe
system [2—5]. Moreover, the solid solution
Zn,Hg,_,Te is considered as a potentially su-
perior infrared detector material due to its
better stability as compared to HgCdTe alloy
[6-10]. The common feature of the trans-
port phenomena description in these solu-
tions is the use of the long-range charge
carrier scattering models. In such models, it
is supposed that either charge carrier inter-
acts with the whole crystal (electron-phonon
interaction) or it interacts with the impu-
rity defect potential having the action ra-
dius of ~50-100ay (ay is the lattice con-
stant). However, such an assumption con-
tradicts the special relativity theory
according to which the charge -carrier
should interact only with the neighbouring
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crystal region. Besides, for defects with in-
teraction energy U~1/r" (n=1,2) on dis-
tances ~10a,, the potential becomes the
magnitude of the second order infinitesi-
mal, while all theories mentioned above are
considered under the first (Born) approxi-
mation. On the other side, the short-range
models of electron scattering in Cd,Hg,_Te
and Cd,Hg,_,Se were proposed [11, 12] free
of the above drawbacks. There it has been
supposed that the carrier interact with the
defect potential only within one unit cell.
The purpose of this work is to use this ap-
proach to describe the carrier scattering proc-
esses on the various types of crystal defects
in CdZnTe and ZnHgTe solid solutions.

For the charge carrier scattering on the
nonpolar optical (NPO) and acoustic (AC)
phonons, static strain (SS) centers, disorder
(DIS) potentials and neutral (NI) defects,
the interaction radius of the short-range po-
tential was limited by one unit cell. For the
carrier scattering on the ionized impurities
(II), polar optical (PO) and piezoelectric
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Fig. 1. Temperature dependencerr of heavy-hole mobility in Zn,Cd,_,Te crystals. Solid line, mixed
scattering mode; 1, 2, 3, 4, 5, 6, 7, 8, 9, AC, II, NPO, PAC, PO, POP, NEU, DIS, SS scattering
mode, respectively. Experimental data from [2, 15, 16].

(piezoacoustic (PAC) and piezooptic (POP))
phonons, the interaction radius of the
short-range potential was found in a form
R =va (a is the lattice constant; y, the re-
spective adjustable parameter). It is to nite
that the heavy power dependence of parame-
ters Ypo, Ypz» Yir limits sharply the choice
opportunities of their numerical values. The
respective charge carrier transition prob-
ability from state k to state &' caused by the
interaction with defect potential was deter-
mined according to [11, 12]. To describe the
charge carrier scattering on a disorder
potential, the respective transition prob-
ability determined in [13] was used.

The calculation of the conductivity ten-
sor components were calculated basing on
the formalism of the exact solution of the
stationary Boltzmann equation [14]. Using
this formalism, an additional adjustable pa-
rameter yggNgg for SS-scattering mode can
be obtained.
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The theoretical temperature dependences
of the heavy-hole mobility were compared
with the experimental data presented in [2,
15, 16] for Zn,Cd,_,Te crystals with compo-
sitions x = 0 (sample A-71 [15]), x = 0.16,
0.90, and x =1 (Ag — doped sample [16]).
For 0<x<1, the Fermi level was obtained
from the electroneutrality equation:

—1
Es-Ef
PRNy2expl——F——|+1]| ,

where E, is the acceptor ionization energy
determined in [2]; N4, the acceptor concen-
tration obtained from the composition de-
pendence of hole concentration at 300 K
(see Fig. 4 in [2]). For x = 0, the neutrality
equation looks like:
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Ep—Ep
prNy2exp—F—F—|+1| - Np,

where E,4, Ny, NIVD (NIVD is the donor
concentration) determined in [15]. For x =1,
the Fermi level was obtained from equation

p=N}=1/eR, R being the experimental

Hall coefficient value determined in [16].

The theoretical W(T') curves for Zn,Cd,_Te
are presented in Fig. la—d. The solid lines
represent the curves calculated basing on
the short-range models within the frame-
work of the exact solution of the Boltzmann
equation. The obtained scattering parame-
ters for different scattering modes are
listed in Table. It is seen that the theoreti-
cal curves agree well with experimental
data in the whole investigated temperature
range. To estimate the role of the different
scattering mechanisms, the appropriate de-
pendences are presented in Fig. la—d by the
dotted lines.

It is seen that at the Cd-rich side, the
main scattering mechanisms are static
strain, polar optical, acoustic and piezoa-
coustic scattering. The low contribution of
SS-scattering for x = 0 can be explained by
an improved quality of the crystal as com-
pared to the case x > 0. In the low tempera-
ture region, the different slope of the theo-
retical curve and the experimental data is
observed. It can be explained by the incom-
pleteness of the SS-scattering model where
the angular dependence of interaction po-
tential must be taken into account.

At the Zn-rich side, the polar optical,
acoustic, and piezoacoustic mechanisms are
the dominant scattering mechanisms, too.
In this case, the influence of the SS-scatter-
ing is less substantial. Other scattering
mechanisms such as ionized and neutral im-

Table. Parameters y for different scatter-
ing modes

x Ypo Rhii Ypz | Vss Nggx107H4,
cm ™3
ZnCdTe
0.00 | 0.44 1.0 0.34 0.50
0.16 | 0.45 1.0 0.33 40.0
0.80 | 0.40 1.0 0.37 0.10
1.00 | 0.39 1.0 0.35 0.10
ZnHgTe
0.15 ‘ 0.70 ‘ 1.0 ‘ 0.55 ‘ 70.0
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Fig. 2. Temperature dependences of the elec-
tron mobility in Zn,Hg,  Te crystal. Curve
notations the same as in Fig. 1. Experimental
data are taken from [6].

purity scattering, piezooptic and nonpolar
optical phonon scattering, disorder scatter-
ing give negligibly small contributions.

For Zn,Hg,_,Te (x = 0.15) crystal a com-
parison of the theoretical temperature de-
pendences of the electron mobility was made
with the experimental data presented in [6].
The Fermi level was obtained from equation
n =1/eR, R being the experimental value of
the Hall coefficient determined in [6]. It is
seen from Fig. 2 that the static strain, the
piezoacoustic and the polar optical mecha-
nisms are the dominant scattering mecha-
nisms in all investigated temperature range.
Other scattering mechanisms give negligibly
small contributions. A difference between
the theoretical curve and experimental data
is observed in the low temperature region,
too. The probable cause is the same as in
the case of ZnCdTe.

To conclude, the charge carrier scatter-
ing processes on various lattice defects in
the Zn,Cd,_,Te and ZnHg,_Te solid solu-
tions have been considered basing on the
short-range principle. A rather well agree-
ment between the theory and experimental
data within the investigated temperature
range has been established.
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JlokaapHA B3a€MOIidg HOciag 3apany 3 medeKTaMu
rpateu y tBepaux po3umHax ZnCdTe ta ZnHgTe

O.I1. Manuk

PosriaryTro mporecu poscifHHA Hocid 3apany Ha OJUSHLKOLIIOUOMY IOTeHIIiasi, BUKJIUKA-
HOMY B3aE€MOJI€I0 3 MOJAPHUM Ta HENOJAPHUM ONTUUYHUMU (DOHOHAMU, II'€30€JEeKTPUUHUMU
Ta aKyCTUUHUMU (DOHOHAMU, CTATUUYHOIO HAedopmaliiero, HeHTpaJbHUMH Ta iOHi3OBaHUMU
mpomimkamu B Zn,Cd,_ Te (0<x<l) ta Zn,Hg,  Te (x = 0.15). PospaxoBaHo TemmnepaTypHi
3AJIEIKHOCTL PYXJAMBOCTL HOCis 3apaAny B iHTepBaai Temmeparyp 50-360 K.
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