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MOBILITY OF ELECTRONS LIMITED
BY SCATTERING ON AN IMPURITY-ION
POTENTIAL WITH A SPATIALLY VARIABLE
DIELECTRIC FUNCTION

. HRIVNAK'), M. KEDRQ"), Bratislava

The model potential V(r)=(e/4meoe ) [1+(e.—1) exp (—Br)] for charged
centres examined in [1] is used for the evaluation of electron mobility. The temperature
dependence of electron mobility for various values of the parameter B, related to the
jonization energy of the centre, is found. At a given concentration of centres the mobility
decreases with increasing ionization energy (decreasing B) and its temperature depend-
ence becomes less expressive.

NOABMXHOCTE 3NEKTPOHOB, OTPAHIMEHHAS PACCEAHHMEM
HA MOHHBIX NPMMECHX, ONVICHIBAEMBIX [TOTEHIIMAJIOM
C E.on:i:aﬁio:m—.mzﬁnio& AMINEKTPUYECKON
SYHKIMEN

B pa6oTe Anst BUYUCTICHHA MOABIKHOCTH 37eKTPOHOB HCTIONBL30BAH JUIS JAPAKCHHBIX
UEHTPOB MOJENEHBIA MOTCHLMAN V(r) = (eldm €0 €s- r){1+(e,—1)exp (=B,
KOTOpHI Gbl PaccMOTPeH B pa6ote [1]. Onpenenexa TeMMepaTypHas 3aBHCHMOCTH
HOJBMXKHOCTH 3JICKTPOHOB A Pa3iHIHbIX sxavenuit TapameTpa f, KOTOpBIH Xapak-
Tepu3yeT JHEPTHIO HOHHIALAH UCHTPA. TIpu naHHO# KOHUEHTPALHK UEHTPOB HOABHX-
HOCTL 3REKTPOHOB C TOBBIUICHHEM 3JHEPTHH vonmsauwn (manenwe B) najaet M WX
TeMiepaTypHaR 3aBHCHMOCTb CTRHOBUTCH MeHbIIE 0XH[IaeMO#.

1. INTRODUCTION

The problem of electron scattering by ionized impurities in semiconductors,
recently reviewed by Chattopadhyay and Queisser [2], is still topical from
various viewpoints. The most elaborated are the theories of scattering on shallow
impurities with Coulombic or screened Coulombic (Yukawa) potentials. However,
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such potentials are not adequate for deeper electron trapping centres. In paper 1]
the potential

e
4T E0EST

V()= [1+(e.—1) exp (—Br)] (1)
was used for charged centres, which leads to larger ionization energies than those of
hydrogen-like donor (when B— ). In[1] the dependence of the ionization energy
of centres with potential (1) on the parameter Pa, was found (a1 =4 €0 € Hm*e
is the Bohr radius of a hydrogen-like centre in the crystal with static relative
permittivity €, and electron effective mass m*). In the numerical calculation the
values of €, and m* corresponding to GaAs were used (€, =13, m*=0.067m).
The dependence of the ionization energy on pa; calculated in [1] is shown in Fig. 1.
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Fig. 1. The ionization energy — E, of a centre with potential (1) as a function of the parameter fa
calculated in [1] with €, =13, m*=0.067mo. ’

Furthermore, in [1] also the photoionization cross-section and ionization energy .

lowering due to the applied electric field were calculated for various values of the
parameter fBa; for centres with potential (1). This potential is derived from the
potential introduced by Csavinszky [3] providing that the screenirig by carriers
and ijonized impurities themselves can be neglected. It can be interpreted as
a consequence of a spatially variable dielectric function. o

The scattering of electrons by an impurity-ion potential characterized by
a spatially variable dielectric function was investigated by various authors [4, 5, 6];

however, the corresponding increase of the binding energy of the impurity has not

been found.

" The aim of this paper is to complete the results obtained in [1] by the formula for’

electron mobility corresponding to the scattering on centres with potential (1) and,
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consequently, fo find how the deeper impurities or electron traps can influence the
electronic transport in semiconductors. .

11. THE ELECTRON MOBILITY

The formula for drift electron mobility will be derived analogically to the case of
scattering on Coulombic (Conwell—Weisskopf) or Yukawa (Brooks—Herring)
potentials, respectively, because the potential (1) is a superposition of these. The
method of derivation is desribed, e. g., in [2].

Let us express the relaxation time for the scattering as

mnim; " (1-2)P(k, kK™ dk' d 2
L2 [ [ a-or et ar s @
where € is the crystal volume and
27 Ne’ ,
Pk, k)="F o | V(g)I*8(E’ — E) 3)

denotes the probability of transition of an electron from the state k to the state k'
per unit time at an elastic scattering on the centre with potential V(r) and

V(g)=J V(r) exp (—ig- ) dr, @)
N is the concentration of the scattering centres, qg=k'—k, z=cos 3 k- k'=
= kk' cos &, E=h>k*/2m*, 8(E' — E) is the Dirac delta function which indicates
the energy conservation law at scattering, thus yielding
q*=2k"(1-2). ‘ )
Substituting (1) into (4) we have

2
e q
= + s
V@l=t [+ (e 7] ©)
and the relation for the relaxation time can be written as
1 z«.m&\u 1 dz 1-2
—-= = 1+(e;—1 7
e L e e ¢
T am*E

Applying the same approximation for resolving the divergence of the integral
',dz/(1—z) as Conwell and Weisskopf did (c. f. [2]) we obtain

1 Ne*E™? AamemhmVN
al3<~§*amwmw7= AH+A &N v+ )

+(e2-1)In :+SAT|:J|J~”|L.
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Fig. 2. Electron drift mobility as a functien of - Fig. 3. Electron drift mobility at 300 K as a func-
temperature calculated according to the formula  tion of the parameter mh_. calculated according to
(9) with e,=13, m*=0.067mo, N=102m", the formula (9) with €,=13, m*=0.067mo, for

for various values of the parameter Bar. various values of concentration N of the centres.

*
where b Hmmhuluum =4 mm q .mw % Eo= h*/(2m*a}) being the ionization energy of
0 1

a shallow hydrogen-like centre. . .
Using Eq. (8) and assuming a parabolic dispersion law and the Maxwell-
—_Boltzmann distribution function, the electron drift mobility can be expressed as

o

x*e™* dx
p=ar" | ——p T =, )
o B 2 2 _ — — s 2 —_—
s _=A_+®wx vi@ 1) _=A_+®Nxv (e~1F g *
. ) 1 +,|w X
@#(Nuﬂmwmu\ﬁﬂu 1/3 \2
where A= wﬂ:*:uﬁuw N x=E/ksT, @—"an /47, @N.ﬂﬂuﬁ—v mc\Av\nu. m.o-.

©6,— o the formula (9) is identical with the formula of Conwell and Weisskopf.

M. NUMERICAL RESULTS AND DISCUSSION

The numerical calculation of mobility from Eq. (9) was performed using €= 13,
m*=0.067mo, and various values of fa:, concentrations of centres N, and
temperatures T.
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Fig. 2 shows that at a given concentration N of the scattering centres with
potential (1) the mobility decreases with the decreasing value of the parameter fa
(increasing ionization energy of centres). The dependence of mobility on tempera-
ture also varies with different Ba, values. Within the temperature range 200 K to
400 K itis p~ T", where n has values between 0.5 (Ba; =10) and 1.2 (fai— ).

Further, Fig. 2 exhibits also the calculated electron drift mobility of pure
(intrinsic) GaAs (lattice limited mobility) g, according to Rode and Knight[7]. It
is evident that the deeper centres (the lower Pa, value) will shift the maximum of
the total electron drift mobility to higher temperatures as compared with the
shallow impurities with the same concentration.

In Fig. 3 we illustrate the electron mobility limited by scattering on centres with
potential (1)as a function of Ba, at 300 K and various values of the concentration
of centres.

Although we have not yet experimentally verified the conclusions which follow
from the use of the model potential (1) for charged centres in semiconductors, we
consider the search for adequate potentials for non-hydrogen-like centres to be an
actual problem especially in semiinsulating materials where such centres are very
important. Without the knowledge of the potentials of non-shallow centres the
characterization of semiinsulating materials remains quastionable. Therefore, the
analysis of consequences of various reasonable potentials would be very useful.
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