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ABSTRACT

A theory is developed of the electron density of states (DOS) in slightly com-
pensated heavily doped semiconductors which undergo a thermal treatment. The cal-
culation is carried out within the semiclassical approach to the random impurity field,
taking adequately into account high-temperature correlation among the impurities and
low-temperature screening due to the free carriers as well. Then, a simple analytic ex-
pression for the DOS is obtained which exhibits the same energy depedence as in the case
of a random impurity deistribution, but now with some correlation-induced changes in
the coefficients. A numerical estimation on non-compensated n-type sample of GaAs at
a doping level of 5 x 10!8cm~3 shows that in the tail region the correlated DOS turns out
to be somewhat larger and cut off less sharply than the random one.
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I. INTRODUCTION

The impurity-band tail in heavily doped semiconductors has been intensively inves-

tigated for many years in view of the fact that such materials are widely employed in

modern semiconductor technology.1 It is well known that having useful expressions for

the DOS, especially in the tail region, is of fundamental importance in analyzing a lot of

phenomena occurring in the sample , e.g. tunneling, optical absorption, luminescence,

conductivity, and Auger recombination.

So far, a number of theories have been developed in order to understand the elec-

tronic energy spectrum in heavily doped systems, based on various models and offering

the relevant methods of calculation such as semiclassical,2"4 wave mechanical,5 optimal

fluctuation, S~T path integral,8 field-theoretical,9 replica,10 and diagram technique.11'12

These models13 have been found to be capable of explaining many observable properties

of the materials in question.

Nevertheless, it should be remarked that most of the above-quoted theories were es-

tablished by assuming that the impurities are spaced absolutely independently through-

out the sample, ignoring their Coulomb interaction in the preparation of it.14 In fact,

the assumption of the random distribution of the impurities may be correct at low dop-

ing levels, in particular when they have been inserted into the sample by irradiation at

low temperatures. It is well known that this simplification becomes unsatisfied at high

doping levels, in particular when the sample has been subjected to a high-temperature

treatment during whose course the impurities could move freely and interact to each

other. This results in some correlation in realization of a given configuration of the

impurities which is frozen out at lower temperatures. The high-temperature ionic

correlation has been pointed out to be able to considerably change characteristics of

the impurity field such as the magnitude of its potential fluctuations, the correla-

tion lenght,4'15 and leads correspondingly to significant modification in the electron

DOS, especially in the tail region.I6~19 This has been demonstrated to be essential for

quantitative interpretation of experimental data on the observable properties of heav-

ily doped substances, e.g. optical properties*'15'16'20 and transport phenomena.17'21'22

Moreover, the impurity correlation has been found to be of some importance in Auger
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recombination occurring in highly impure materials.23'2'1 Thus, the problem of impu-

rity correlation has been raised periodically in the literature; but altogether, it, has not

received much detailed attention.1

The goai of the present paper is to examine, in combination with the low- tem-

perature electronic screening, the effect due to impurity correlation on the electronic

energy spectrum, especially in the tail region, in slightly compensated heavily doped

semiconductors which are obtained by thermal preparation.

It should be noted that the impurity correlation has already been shown, in earlier

theories,lfi'18'19 to be essential in describing the DOS in the deep-tail region in heavily

doped samples of low compensation degree. However, these considerations turn out to

be partly unsatisfactory in view of the fact that while allowing for the ionic correlation,

they have neglected entirely161'8 or taken incorrectly into account19 the role of free

charge carriers, which is proved below to be important in fixation of the ionic correlation

itself.

In Sec.II, the formulae to be used for calculating the DOS for the electron moving

in a Gaussian impurity field are gathered, taking adequately account of the high-

temperature ionic correlation and low-temperature electronic screening as well. Eval-

uation of the DOS of interest proceeds in Sec.Ill within the semiclassical model. Plots

illustrating the theory and conclusions are contained in Sec.IV. Finally, a helpful math-

ematical formula is derived in Appendix.

II. BASIC FORMULATION

A. Path-integral representation of the DOS

It is well known that the Feynman path integral has proved to be a powerful tool

for investigation of various physical systems. For the description of disordered systems,

the method was first introduced by Edwards25'26 and then applied to heavily doped ma-

terials by Bonch-Bruevich27'28 basing on the semiclassical model, and by Sa-yakanit8p2fl

using Feynman's polaron theory.

Because the characteristic energies that determine the fall-off of the DOS in the

band gap of the sample are, as usual, much smaller than its width, the theory may

be formulated within the one-band effective-mass approximation. Hereafter, we will

focus attention primarily on the effect due to the statistical fluctuations in impurity

concentrations, which is referred to as the band-tail problem, and treat it in one-electron

picture, ignoring the many-body aspect. In addition, it is supposed for simplicity that

the carrier energy is isotropic and quadratic with an effective mass m. Thus, the

retarded Green function describing the electron moving in the random field U(r)

created by an impurity configuration can be written in terms of a Feynman path

integral as30

r';0, (i)

G(r,r';0 =
,3/2

2TTihiJ i \JZdr¥{T) -L
with 8(t) being the Heaviside step function: S(t) = 1 if t > 0 and 0(t) = 0 if t < 0.

Here Vr{r) denotes the path integral with boundary conditions f(Q) = fand f(t) = f',

fif is the normalizing factor, given by

It is clearly seen from the form of the exponential in Eq.(2) that the energy is reckoned

from the shifted continuum band edge.

The DOS per unit volume can be then represented in terms of the Fourier transform

of the averaged Green function as

p(E) = 4rlm /°° dtexp[{i/h)Et]9{t) < G{r,r-t) >,
TTft J-oo

(4)

where the angular brackets stand for the averaging over all the impurity configurations.

It was indicated17 that under the condition of heavy doping the random field U(f)

obeys Gaussian statistics irrespective of whether the impurity distribution is random

or correlated. As a consequence, we get25"38



<G(r,r;t) > =

Jf / W) exp {j [f *^(r) + ± { * ( dr'^r) - ,>')]]} , (5)

where W(r — f ) is the binary correlator of the impurity potential:

W(r-r')=<U(r)U(r')>. (6)

Equations (4), (5) are our starting point for study of the influence of impurity cor-

relation on the electronic energy spectrum.

B. Impurity potential correlator

For further evaluation of the DOS, we need an explicit form of the potential cor-

relator W(f), which depends, by definition (6), on the probability distribution of the

potential fluctuations and their possible shape as well. To determine these factors,

let us discuss in detail the role played by all the charged particles of different kinds

present in the sample, imagining an experiment on a heavily doped semiconductor in

two stops:

(i) Sample, preparation. Suppose that a heavily doped semiconductor is obtained by

pulling from the melt or undergoes a preliminary thermal treatment . Then, prior to

solidification of the sample it may be viewed as a plasma consisting of following charged

particles: ionized donors and acceptors of average concentrations Nj and Na, intrinsic

electrons and holes of equal density n, due to thermal excitation, and, at last, extrin-

sic carriers of density ne — \Ni - Na\ arising from doping. In the high-temperature

plasma the particles just mentioned are free and screen each other via Coulomb inter-

actions, which can idently exert a noticeable influence on the probability for a given

ionized impurity to occupy some site and, therefore, on that for realization of a given

configuration of the impurities. This leads, in general, to a significant decrease of the

probability for large fluctuations in the impurity concentrations and, hence, in the im-

purity potential as well.15 Since the impurity diffusion coefficient decreases very sharply

with temperature and the sample cools sufficiently rapidly, it is reasonably assumed

that the probability distribution of the impurity configurations at low temperatures is

a "snapshot" of that in the equilibrium plasma gas existing at a certain temperature

To corresponding to the quenching of the diffusion.

(ii) Measurement. After the solidification, at lower temperatures when the anal-

ysis of some observable property of the sample proceeds, the intrinsic carriers tend

to recombine, whereas the extrinsic carriers still exist, determine the property under

consideration and, at the same time, screen the potential for an electron moving in an

impurity configuration. This means that the low-temperature electronic screening fixes

the shape of the potential fluctuations. For the case of slight compensation, the linear

screening approximation with the use of a screened Coulomb one-impurity potential is

justified.13'31

It should be emphasized that the correlation among impurities gives rise to a par-

ticular screening of the probability for formation of some configuration of them, i.e. the

one for their distribution in space rather than the field due to this configuration, which

hereafter we refer to as the statistical screening. As to the free carriers, they play a

double role: on one hand, the carriers cause the low-temperature screening of the field

due to an impurity configuration, on the other hand, they take part in the statistical

screening of this configuration, which leads as seen later to a noticeable reduction of

the impurity correlation.

Upon combining the above-stated underlying ideas about the screening of a random

impurity field, we may deduce the following Fourier representation of the potential

correlator :23

dk

-~
in which

w(k) = r-^- + fi (8)

Here JV, = Nd + Na is the total impurity concentration, £i is the low-temperature static

dielectric constant. The qe, and qv and qc stand for the inverse of the electronic screening

radius, and the statistical ones owing to the impurities and carriers, respectively.



The inverse electronic screening radius qt is, as quoted previously, associated mainly

with the extrinsic carriers of high enough density nc, which participate in physical

processes occurring in the sample at some low temperature T. It was demonstrated13'33

that within the semiclassical approach invoked for the derivation of the DOS in Sec.Ill

below, we may adopt

as a good approximation. Here EF denotes the Fermi level located inside the energy

band occupied by the extrinsic carriers

(10)
2m '

with kp = (3ir2n,)i/'3 being the Fermi wavenumber.

The inverse screening radii <;, and qc are connected respectively with the impurity

and carrier subsystems, which existed in the sample at the freezing-out temperature

7'o for the impurity diffusion. They were shown to be given by the Debye-Hu'ckel

expression a.*1''31

<?. =

and

(11)

eh. being the high-temperature static dielectric constant. Here n< now is the non-

degenerate density of intrinsic electrons at To given by

) •
(13)

in which Es is the band gap at To, mc and mv the effective masses for the conduction

a id valence bands, respectively.

It should be observed that the Fourier transform of the potential correlator pro-

vided by Fq.(S) is, in accordance with the foregoing analysis, factorized into two factors.

The first one is readily seen just to be the Fourier transform of the potential corre-

lator in the case of the random distribution of the impurities and takes into account

: m »«»>•« m

merely the low-temperature electronic screening of the field due to a given configura-

tion of them.Sl8l2T~M Therefore, the second factor obviously describes the influence of

the high-temperature ionic correlation on the potential correlator and goes to unity

when neglecting this {q, —* 0).

Furthermore, it is worthy to remark that for heavily doped samples of high com-

pensation degree, the following equation was derived for the Fourier transform of the

impurity potential correlator17*3'

For the case of slight compensation, which we are dealing with, an attempt at incor-

porating the ionic-correlation and electronic-screening effects in the theory has been

made by assuming19'21 that the relevant Fourier transform is also to be taken in the

form (14) with a little modification : simply replacing the inverse of the carrier sta-

tistical screening radius gc by that of the electronic one qe. This procedure is easily

found to be logically unsatisfactory in view of the following arguments. First, the sec-

ond factor on the right-hand side of Eq.(I4) is, as indicated earlier, to describe the

impurity correiation effect and is thus related to the charged particles making up the

high-temperature plasma existing prior to solidification of the sample, and, hence, can

not involve qei which is a characteristic of the carriers at low temperatures. Second,

an expression like (14) exhibits a strong divergence at small wavevector (k —> 0) so

that a cut-off in wavevector space is, of course, indispensable in evaluation of integral

quantities like that figuring in Eq.(7). Finally, the equations thus obtained19'21 cannot

reproduce the well-known results for the case of non-correlated impurity distribution

by setting q, —* 0. With reference to this, the theory of the electron mobility based on

the above prescription turned out to be incapable of explaining experimental data at

the highest doping levels.21'33

Now, let us turn to discussion of the influence of the correlation among impurities

on the characteristics of their field seen by electrons moving in the sample.

First, we consider the rms impurity potential -y, defined by

(15)



Upon making use of Eqs.(7),(8), we may readily obtain the result23

7 = (16)

Here -jT is the well-known correlationless value8'13'27 29

t7 faN,

The 6 denotes a dimensionless parameter, which may be regarded as a measure of the

impurity correlation effect, given by

-fU:)1
where

i ' / 2

1P [£kkBTa\

is the inverse Debye-Hiickel radius for the whole plasma of concentration

Np = Ni + nc + 2m.

(18)

(19)

(20)

Equations (!6)-(18) mean that the correlation among impurities is, as expected, to

diminish the magnitude of their potential fluctuations (7 < -)T). Moreover, these also

reveal a dual effect due to free carriers on the impurity field, namely they weaken the

field via the electronic screening (decreasing 7,. with elevating n€), on the other hand,

they reduce the degree of correlation via the statistical screening (increasing S with

elevating », and n,), which is equivalent to some strengthening of the field. It follows

from Eq.(lS) that we may ignore the role of the carriers under the conditions

qt, qc (21)

which imply an extremely strong impurity correlation (6 -C 1) and involve the case

of closely compensated samples with large band gap only.23 Thus, in contrast to the

earlier investigations,16'18 a satisfactory theory of slightly compensated heavily doped

semiconductors should incorporate adequately both the ionic correlation and electronic

screening as well, which is the aim of the present paper.

Next, we examine the correlation length of the impurity field. It is quite clear

that the values of the random potential at any two points are correlated if they stem

from correlated parts of the impurity configurations. In the case of random impurity

distribution when the ionic interaction is absent, the correlated potential values must be

related at least to one and the same ionized impurity. As a consequence, the correlation

length is found to be of the order of the electronic screening radius (rr — l /^)8 '1 3 '2 7"2 9

LT ~ rE. (22)

In the presence of the ionic interaction, the correlated potential values can, however,

arise from different impurities provided that they interact to each other, i.e. their

spatial separation must be smaller than the statistical screening radius for the whole

plasma (rp = l/qF) so that the correlation length becomes generally larger. As a rough

estimation, it holds23

L ~ max{re ,rp}. (23)

To summarize, we may draw a conclusion that the impurity correlation tends to

smooth out the random field, reducing its rms potential and enlarging its correlation

length. This is obviously in accordance with the leaning towards a uniform distribution

of the impurities owing to their Coulomb interaction.

III. CALCULATION OF THE DOS

A. Configuration-averaged Green's function

In this section we will dwell on the derivation of the DOS in slightly compen-

sated heavily doped semiconductors by applying Eqs.(4),(5),(7) and (8). To start

with, we have to calculate the configuration-averaged Green function. For this pur-

pose, we shall make use of the semiclassical approach proposed by Kane,2 Bonch-

Bruevich,3 and Keldysh,4 which looks highly suitable, covering the high-concentration

10



limit exactly,13'18'29-32 The approach assumes basically one approximation: the impu-

rity field varies so slowly that it changes little over the electron wavelength. Further,

the mode! is proved to be intimately linked with long-range potential correlations.34

Therefore, corresponding to what was said at the end of the preceding section, this is

evidently applicable to the case when the impurity correlation is allowed for.

It is well known that within the semiclassical model the main contribution to the

DOS integral (4) is provided from the region of small t (short-time case), As a conse-

quence, we may obtain the following approximate expansion for the averaged Green

function:'2728

G(r-,r;t) > = ( 2 4 )

in which "; is as before the rms potential, Go(O ' s the free-particle Green function

I
GotO =

and

(25)

(26)

(For convenience, we have employed here units such that h = rn = 1.) In addition,

it is to be noted that the first and second 1erms in the curiy brackets on the right-

hand side of Eq.(24) are responsible for the classical DOS and its quantum corrections,

respectively.

Now, we must evaluate the function J(t) entering Eq.(24). The scheme for per-

forming the integrals appearing in Eq.(26) is as follows.

First of all, the impurity potential correlator in Eq.(26) is replaced by its Fourier

transform according to Eq.(7). Then, the path integration presents no difficulty,

yielding28

(2x)V3 fdT f <Vr Jo h
(27)

11

with/?= | r - r ' | / t .

Next, the integration over T and r' is straightforward by introducing a new variable

£ = 2|T - r'\/t - 1. The result reads

-(£) 7 (28)

$(x) being the error function.35 In the last step of the derivation, it is taken into account

that the Fourier transform of the potential correlator is isotropic in wavevector space:

Now, we need to do the resulting ^-integral. Upon putting Eq.(8) instead of W(k)

in (28) and then using Eqs.(16), (17), we are in a position to cast the function J(t)

into the form

•y2a /2sit3\U2

where Hn(q;t) with n = 1, 2 and q = q€, qp are Functions of ( such that

exp - - — * . - — - .

For further calculation, the following mathematical relation is helpful

\k} + q2jn (n - 1)! Jo

which enables the Ar-integral in Eq.(30) to be easily done by means of35

(29)

(30)

(31)

Jo

giving

The last integration is straightforward with the aid of3

dx-

> -Re/32, Re/i > 0], (32)

(33)

(34)

12



T(x) and T(Q,X) being the gamma and incomplete gamma functions , yielding

(35)

For n — !, 2 the incomplete gamma functions of interest can be written in terms of

the error function as35

-,,1 ,

(36)
i V-

It is readily seen from Eqs.(4), (24) that the main contribution to the semiclassical

DOS results from such a region of t that -yl < 1. This implies an estimate of the upper

limits of the variables present in the error function: q\/t < q/^/~y, (q = qc, qp), which

are assumed hereafter to be small, i.e. (in the conventional units)

h1 ~ , ,. .. .. -.
/ m 7

(37)

Then, inserting Eq.(35) with n = 1, 2 into (29) and employing subsequently Eq.(36)

with a Taylor series for the error function truncated after the second order, we are able

to get for J(t) an expansion up to the third-order terms in small t as

(38)

where d and A stand for dimcnsionless parameters: 6 given as before by Eq.(18) and X

being such that

A = l
1 -P

(39)

Finally, substi'"ting J(t) from Eq.(38) into (24) we may arrive at the following

averaged Green function describing the motion of an electron in the impurity field

13

It is to be borne in mind that Eq.(40) is, as seen from its derivation, useful simply

for the short-time case, which is sufficient for the DOS calculation within the semiclas-

sical approximation because the contribution from the large-( region was demonstrated

to be negligibly small.27'28

B. Semiclassica! DOS

Now, let us return to the calculation of the DOS in question. Observing that cor-

responding to Eqs.(25), (40) the averaged Green function contains the time variable

merely through the combination it, we are able to rewrite Eq.(4) in the form

p(E) = —. r dtexp{iEt)e{t) < G(r,r;t)

with

8(0 = W + 0(-t),

which is identically equal to unity, except for t = 0.

Next, putt ing Eqs.(25),(40) Instead of < G(r,r,t) > in (41) leads to

1

(41)

(42)

(43)

(44)

which can be, as shown in Appendix, given in terms of the parabolic cylinder function

Dv{x).

Upon making use of Eq.(Al) we may find out the following expression for the

electron DOS in a slightly compensated heavily doped semiconductor with correlated

impurity distribution (in the conventional units)

where we have introduced the function

dt

p(E) = ' -3 /2

(45)

14
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This is the centra! result of the present paper. Thus, within the semiclassical

approach the DOS can be, aa expected, represented by an expansion with respect to

the small quantity hqt/^Fj . It is clear that the first term in the curly brackets on

the right-hand side of Eq.(45) refers to the classical DOS, while the second and third

ones to the linear and quadratic quantum corrections, respectively.

In our theory, the effect of impurity correlation on the DOS is seen to be determined

by three quantities: the correlated rms potential 7 entering all the DOS components

and the two dimensionless parameters 6, A affecting the quantum corrections only. It

follows immediately from Eqs.(16), (18) and (39) that when the correlation is ignored

(q, —» 0), we have the limiting

1 , A —v 1- ( 4 6 )

This means that Eq.(45) then reproduces exactly the well-known results obtained by

Kane,3 Efros11 and Bonch-Bruevich2''28 for the case of random impurity distribution.

This also implies that the correlated DOS exhibits the same energy dependence as the

random one does, but now with the correlation-modified coefficients.

From Eq.(45), which covers all energies, it is possible to give the DOS in the two

regions of interest in terms of simple functions.

(i) Vicinity of the continuum band edge. Let \E\ < 7 (E > 0 or E < 0). Then

f ) [ (\) E
T f 73 1 r~

\ V71"
^ \ E 2'/T(a)A / kg, V rr(i) +

(47)

(ii) Tail asymptotics. Let £ < 0 and }E\ > 7. Then

p(E) = exP - ^ U —

-3/2

v^ f kg. \ \E\+_A_ /_»*_y / w 2 i (48)

15
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It is evident that the correlated DOS has also a Gaussian tail in accordance with a

long-range potential correlation,34'36 and the correlation effect reduces simply to a de-

formation of it - changes in the coefficients both in the exponent and the pre-exponential

factor.

IV. NUMERICAL RESULTS AND CONCUI IONS

In order to illustrate the theory developed in the preceding sections, we have carried

out numerical calculations of the DOS in slightly compensated heavily doped semicon-

ductors by choosing as a test substance non-compensated n-type GaAs, whose material

parameters are compiled in Table I.37 The density of intrinsic electrons n; is estimated

corresponding to Eq.(13), where mv now is the effective DOS mass for the valence band

TnJ = tn^ 4- ui[ , (49)

rrth and mi being the effective masses for the heavy and light, hole batids, respectively.

In addition, the temperature dependence of the band gap is taken into account by38

T2

Eg = El0) - akn—— (50)

with E^ being its zero-temperature value, a and 7\ as a material parameters.

Figure 1 displays the ratio 6 between the correlated and random rms impurity

potentials given by Eq.(18) as a function of the donor concentration at zero and room

temperatures. It is seen that the impurity correlation effect increases when raising the

doping level. The correlation parameter ranges from 8 =a 0.97 at jV, = 1017cm~3 to

8 ~ 0.84 at JV; — 5xl019cm~3. This means, in the case in question, a moderate impurity

correlation, which is connected with the carrier-induced reduction of the correlation

degree (qc, qc ~ q,) as already indicated in Sec.IIB. Further, in accordance with the weak

temperature dependence of the electronic screening radius,32 the correlation effect and,

hence, the DOS depend only weakly on the sample temperature, particularly at high

doping levels (TV; > 5 x 1018cm~3) they become almost independent of temperature.

This seems to be in contrast to the case of low-temperature impurity correlat'on.39

In Fig.2, the DOS p{E) is plotted versus the energy according to Eq,(45) for a doping

level of 5 x 1018cm~3 at zero temperature. From the curves obtained there we may

16



draw a conclusion that the impurity correlation is found to cause some modification

in the DOS, especially increasing it in the tail region. This seems to be in qualitative

agreement with experiment in view of the fact that the DOS tails provided by most

of the existing theories assuming random impurity distribution are often smaller than

those measured.12'4"

It is interesting to recall that the theory of the electron mobility based on our con-

cepts of the impurity correlation modeled by Eq.(8) has been proved to be in very good

quantitative fitting with experimental data, especially at the highest doping levels.41

In addition, it follows from the foregoing discussion that the correlated DOS exposes

a dependence on the freezing-out temperature, i.e on the impurity species of the same

valence with respect to a given host crystal. This might be believed to offer a possi-

bility of explaining an observed dependence of the electron mobility on the impurity

species.1*'"

To conclude, it should be emphasized that everywhere in the present paper we have

ignored the many-body aspect in the DOS calculation, which was proved to be of im-

portance at high doping levels.13'32 Nevertheless, once the consideration is restricted to

the classical DOS it is possible to combine the effects due to both the electron medium

and the correlated impurity system by applying the generalized semiclassical model

proposed by Van Mieghem, Borghs and Mertens.13'32 Moreover, owing to short-range

fluctuations in the impurity potential the semiclassical model was demonstrated to be

inapplicable in the energy region where the DOS is exponentially small, and it will only

describe the majority carriers well. For the very-deep DOS tail, where the contribution

from the largc-i region to the DOS integral becomes essential we may evaluate the

averaged Green function in the presence of impurity correlation by employing the

technique developed by Sa-yakanit.8'29 The result will be published in a forthcoming

paper.
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APPENDIX

We shall deduce that the function YU(E) entering the semiclassica] DOS can be

written in terms of the parabolic cylinder function:

(Al)

Indeed, for v > — 1 the integral (44) obviously convergent when i —+ 0 so that we

may extend the identity 0(0) = 1 to all (, including ( = 0. Then Eq.(Al) is a direct

result of the application of the following formula35

£.) D . (A2)

However, for v < - 1 the integral (44) is apparently divergent when t —> 0, which

renders the above prescription inapplicable. It was shown43'44 that such an apparent

divergence may be removed by utilizing Hadamard's integration. For variety of the

calculation, we will suggest here a simple trick with the aid of the Fourier transforms

of generalized functions. To this end, we rewrite the function Y^E) in the form

YU(E) = Y (A3)

vhich

= / dtexp(iEt — -)2t2/2)(it)"0(±t). (A4)
J-ao

Making use of the Fourier transform of the generalized function (x - *G)A| 45

(U) — l\t) — -———rr—t v\l), \**d)

we are able to cast the function Kj+I(£) in a more tractable form

• / <Lj dt - - iO)- ( w + 1 ) . (A6)

18



The (-integration is now straightforward, giving

Since e + 1 < 0, the ui-integral presents no divergence and easily done by an usual

manner, yielding

Next, inserting Eq.(A8) into (A3) and noting that

.ve obtain

(A9)

-exp -

which leads to (Al) by means of3

sin irz
(All)
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TABLE I. Material parameters of GaAs used

Band gap at zero temperature

Temperature dependence of

the band gap:

£<°>(eV)

7\(K)

1.522

0.673

300.000

Effective masses:

Electron

Heavy hole

Light hole mi(me

0.067

0.450

0.082

Figure captions

FIG.l. Ratio between the rms impurity potentials corresponding to the correlated

and random distributions of the impurities in non-compensated n-type GaAs against

donor concentration at different temperatures: T = OK (solid curve) and T = 300K

(doted one).

FIG.2. Density of states in non-compensated n-type GaAs versus energy at doping

level N, - 5 x 1018cirT3 and temperature T = OK for ...rious impurity distributions:

random (solid curve) and correlated (doted one).

Static dielectric constant at:

Low temperature

High temperature

12.530

13.450

Freezing-out temperature22 UK) 1000.000
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