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High temperature mobility of CdTe

J. Franc,® R. Grill, L. Turjanska, P. Hoschl, E. Belas, and P. Moravec
Institute of Physics, Charles University, Ke Karlovu 5, CZ-121 16 Prague 2, Czech Republic

(Received 1 March 2000; accepted for publication 6 September)2000

The Hall mobility of electrong:y is measured in CdTe in the temperature interval 450—1050 °C and
defined Cd overpressure in near-intrinsic conditions. The strong decreasg above 600 °C is
reported. The effect is explained within a model of multivalley conduction where both electrons in
I'1. minimum and inL ;. minima participate. The theoretical description is based on the solution of
the Boltzmann transport equation within the relaxation time approximation including the polar and
acoustic phonon intravalley and intervalley scatterings. The to L. separationAE=0.29
—10 T (eV) for the effective mass in thevalley m_ =0.35m, is found to best fit the experimental
data. SuchAE is about four times smaller than it is predicted by first-principle calculations.
© 2001 American Institute of Physic§DOI: 10.1063/1.1321774

The recent progress in high technology brings a renewedf the drift electron mobility » at temperatureg500—
interest to the research of the basic properties of CdTA000°Q is the determination of scattering mechanisms,
(CT).}2 The purpose of this communication is a study ofwhich participate in scattering of current carriers. A number
high temperature near intrinsic mobility evaluated fram of detailed experimental measurements of mobility were per-
situ measurements of Hall coefficieRf,; and conductivityg. ~ formed at low temperature$0-300 K, which can be ex-

In our method the content of Cd in the sample changegplained well by scattering of electrons on ionized impurities
due to the sublimation from the free surface. The equilibriumand polar optical phonorisThe influence of ionized impuri-
is controlled here by a proper Cd overpressure which is edies on scattering above 400 K is negligible in pure samples
tablished in the two-zone furnace by a temperature of the Cdnd the dominating scattering on longitudinal optical
source. The advantage of this arrangement is the possibilitphonons is expected describipgin the form
of measuring properties of CT in the phaBe-T diagram

both in intrinsic conditions and under Cd or Te overpressure. expﬁﬂ -1
The measurement ®®y and o is performed depending on _ 320t /”kBT €s€opt kg T
the pressure and temperature of Cd when the equilibrium 3em 2m es—&opt o
concentration of electrically active defects is established by %
. . . (O] Eg
diffusion processes. Experimental data show as expected, X G ﬁ)K(ﬁ) (1)
B B

that R, and o depend both on pressure of Cd and tempera-

ture, but the,LLH is near intrinsic conditions praCtica”y inde- where the effective mass= 0096110’ the |ongitudina| op-
pendent of Cd pressutecy. It implies that there is no im-  tical phonon energyiwy=21.0 meV, and the optical and
portant impurity scattering in this case. Figure 1 shows thestatic dielectric constants,,= 7.1 ande=10.3 are material
phaseP-T diagram for CT with a marked region of stability parameters. The dimensionless functi@ris calculated ac-
of CT, where our measurements were perfornt€d-rich  cording to Ref. 4 and describes the correction to nonpara-
area of the phase diagram bolic conduction band within the Kane modeThe mobility

The measurement was performed on samples frons only slightly dependent om, at highT.
single crystals prepared by vertical cooling in the tempera- The data of measurements at high temperaturBs (
ture gradient. The high temperature measurements were done500 °C) published so f& however, exhibit substantially
in a quartz ampoule with a diameter 17 mm located in astronger decrease gfy which reaches above 900 °C less
furnace between poles of an electromagnet. It was possible than one half of its theoretical predictirzurthermore val-
keep the sample temperature with the precision of about 1 °Ges from Ref. 7 are=20% lower than those of Ref. 6. The
and to change the gas pressure of one of the compofiants verification of the experimental data and the explanations of
our case CHin the interval 2<10 %—2 atm. The sample the effect is the main topic of this communication.
with tungsten or molybdenum spring contacts in the van der  Our measurements of Hall coefficieRy; and electric
Pauw configuration was placed in a quartz holder togethegonductivity o confirm the reliability of values published in
with the Pt—PtRh thermocouple. Ref. 7 (see Fig. 2

In this communication we shall concentrate on electrons  There are two recommendations found in the literature to
because the influence of holes is weak and can be included #xplain the fast decrease @f,;. The first oné expects a
a simple, standard way. The basic problem at the evaluatiostrong temperature dependence of material parameters, par-
ticularly the static dielectric constant. In agreement with Ref.

dAuthor to whom correspondence should be addressed; electronic maig we do not approve such a_n explanation. In view Ofﬂﬁ].
franc@karlov.mff.cuni.cz and the values of the material parametersyould have to
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FIG. 1. TheP—T phase diagram of CdTe with the marked afeatted at FIG. 2. Experimentgl and theoretical_data of Hall mobiliti_es in CdTe. The
which the measurements were performed, P¢, andP plot the solidus, ~ 'OW temperature point§O) are according to Ref. 3. Our high temperature
gasus, and liquidus stoichiometry condition, respectivefyis the Cd par- experimen{(®) is shown together with previous measuremdits (Ref. .
tial pressure over pure Cd. and(+) (Ref. 7. Our dat_al coqflrm the measure_zmepts qf Ref. 7. The full line

draws the best theoretical fit. The dashed line is without effect ofL.the
valley. The dotted line is for temperature independéfi=0.19 eV. The
inset plots the scheme of the model band structure.

increase twice within the temperature interval 300—1000 °C.

Such behavior ot is not observed in semiconductors. Also

in case ofe o, andm their temperature evolution act probably formed by the singld™ and four L valleys, as well. The

more to the higher than to the lowgr, . intervalley deformation potential is not known in CT, thus
The second model explanation is based on an assumpze yse the intravalley valug,=4 eV* This is also the

tion of multivalley conduction which comprises boffy;  reason why we do not involve other types of scattering in the

minimum and fourL;. minima of the Brillouin zon€. The  cajculations. Compared to the uncertainty of the material pa-

heavier electrons in thie minima reduceu,, compared tQur  rameters used such an effort would not provide credible im-

of pureI'-valley electrons. The similarity to the same effect provement of the results. The functi@in Eq. (2) expresses

in GaAs suggests that tHe,. to L, separatiomAE may be  the correction to inelastic PO scattering. It also allawg to

much less than-1 eV, which is obtained by band structure pe ysed at lower a temperature whigd ~% w,. However,

calculations'®! Although the idea has been known for a such o produces at lowl only an approximate Hall factor

long time, there is no concrete calculation of the high-r  The intravalleyrpo can be completed by the intervalley
temperature transport in CT except the numerical modeling o scattering terms

of the Gunn effect and hot-electron phenom&n&.In this
communication we attempt to complete the knowledge about o r(E)= D )
CT in this respect, calculating the electron mobility in the POT 4D (E)’
I'yc.-valley ur andL.-valleysu, , as well as the total Hall
mobility u at high temperature including tHe;.+ L, in-
tervalley scattering and multivalley conduction.

Our treatment is based on the solution of the Boltzmann
transport equation within the relaxation time approximation. o= 7
The polar opticalPO) phonon and acousti®C) phonon as 4e*kgTa? s~ Eopt

dominant intravalley and intervalley scatteriffgare used. which yield the relaxation time comparable withe. The

Due to the intention of studying transport at high this . qhace intervalley separation is involved through lattice

approach can be also applied for the optical phonon scatteg,nstanm=6.48 A. The total relaxation time for all valleys
ing. To reduce the amount of unknown parameters all valleygg given as

are assumed spherical. The corresponding relaxation times

, E . ZTD
7oL ()= 55 (E)+3D,(E)"

®)

3meph  esEopt

Tpo for polar scattering anet,c for acoustic scattering read 7,1:2 - 1 ®)
ﬁ(x)o !
2meg  EsEopt ekaBT -1 hwg where 7; label all relevant scatterind€qs. (2)—(5)] which
el B) = — s > (k T+ @  yield theT and L mobilities. The Hall mobilityy, is then
s opt 0 B . .
ezﬁ obtained in the form
e +rouin — rpuﬁp
hey My= T n : (7)
Tac(BE)= —————, (3) prnp+ N+ pupp
7TETkgTD(E)

whererp, r, andr, are the Hall factor¢r?)/(7)? andnr,
where Ak expresses the single valley dispersian=7 n_, andp are, respectively, electron and hole concentrations,
X 10'° Nm™? is the longitudinal elastic constalftand D  which are obtained in an obvious way. We found that the fit
=D +4D_ is the total conduction band density of statesquality is not influenced significantly by a choicerof . We
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usem; =0.35m, in this communication. This value was suc- 10* 15

cessfully used in numerical simulations of the Gunn efféct.
The valley separatioAE is fit to the experimental data.

We analyze temperature depende&E=AEy+ aT which

results to the best fit in the form
AE=0.29-10 *T(K) (eV). (8)

The results of the calculations together with experimental

data are presented in Fig. 2. We see that Bj.describes

experimental data quite well. For an estimation of the influ-

ence ofAE to uy, the theoretical data for a constahiE

=0.19 eV are shown by the dotted line in Fig. 2. If we 0 200 400 600 T(?((;o 1000 1200 1400

consider possible deviations of material parameters and ex-

perimental errors, we estimate the precision of our fil&f, FIG. 3. The Hall mobilities within different types of scattering includsdt

to ~0.05 eV. TheT-independentAE produces a worse fit a_x_is, full) a_nd the conduction band Ha_II factasght aX|s dash_The mo-
. _ . - bility wr without effect of theL valley (line @. The mobility ur including

with a deviation Trom the experiment abpgt three tllmesthe intervalley scatteringine b). The total Hall electron mobilitfline ).

greater than the fit witfT-dependentAE. Within the esti-  The mobility 2, (line d). ry (ine T), r, (line L).

mated experimental precision we cannot, however, confirm

a<0 definitely. Theaw=0 produces the fit that expresses the

basic character ofty(T) as well. On the other hand;,>0

results in the fit with significant deviations from the experi- _High temperaturan situ measurements of mobility in
ment. CdTe are reported. The theoretical description of the experi-

For comparisonguy with the L valley excluded is also mental dat_a is bgsgd on the solgtion.of the Boltz_marm trans-
plotted in Fig. 2. In Ref. 7, the drift mobility obtained from POrt equation within the relaxation time approximation in-
the Hall mobility using the acoustic—phonon Hall factor cluding the polar and acoustic phonon intravalley and
377/8 was obtained. In view of our Hall mobility presentation intervalley scatterings. The strong decreaseugf above
we multiplied the data of Ref. 7 by that value to returntg ~ 600°C s explained based on a model of multivalley conduc-
here. Numerical simulation of the Gunn effécvas per- tion where both electrons i’y minimum and in L.
formed with AE=0.51 eV andm,_=0.35m,. This AE is, Minima of the Brillouin zone participate.
however, too high to explain our transport data. For a com-
par|sonAEfO.3 eV andm, =0.22m, are us_ed in GaAs. The ministry for schools, youth and education, Grant No. VS
value of @ in Eq. (8) looks reasonable with respect to the 97113, and the grant agency of the Czech Republic under

energy gafy Contracts Nos. 202/97/8P072, 202/99/4646, and 102/99/
Ec=1.622-3.5x10 *T—1.1X10 'T? (eV). (9)  0953.
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