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THE SECOND ACCEPTOR LEVEL OF ARGENTUM IN SOLID SOLUTIONS Ge-Si
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The investigation results of second acceptor level of argentum in solid solution Ge-Si, containing 18 at.%Si are given in the paper. The
monocrystals are obtained by the withdrawal from the melt with the application of feeding ingot. The second acceptor level of argentum is in
the upper half of forbidden band. That’s why for its revealing it is necessary to doubly dope crystals by Ag and Sb impurities with such
calculation, that the first acceptor level of argentum can be doped totally, and the second one can be doped partly. Sb is introduced in crystals
in the monocrystal growth process through gas phase, and Ag is introduced by diffusion method.

The argentum depth of occurrence is defined by the investigation of temperature dependence of Hall coefficient and by the comparison
of experimental data with results of equation solution of electrical neutrality crystal. The depth of occurrence of argentum second level,

counted from depth of conduction band, is equal to 0,41 eV.

The revealing of the second acceptor level of argentum in
solid solution Ge-Si, containing 18at% Si and definition of its
activation energy is the aim of the present paper. At the given
composition of Ge-Si system the argentum in it acts as
amphoteric impurity and reveals the multiplet character. In
Ge the argentum creates three acceptor and one donor levels,
and in Si creates probably one acceptor and one donor levels.

The second level of argentum is in upper half of
forbidden band in the composition considered by us. For its
revealing it is also necessary the presence of small donor
acceptors in crystal. The stibium (Sb) is used in one’s
capacity of donor impurity. The monocrystals of Ge-Si alloys
are obtained by the withdrawal from the melt with the
application of feeding ingot. The stibium is introduced into
melt from its gas state through small vent, made on crucible
bottom. The argentum is introduced into crystals by the
diffusion method.

It is necessary to chose by such way for revealing and
investigation of second acceptor level of argentum in Ge-Si
crystals of Ag(N,,) and Sb(Ng,) concentrations, that the
following relation should be filfilled:

(N, +N,)< Ny, <2N, +N, (1)

Here the concentration of having small acceptors in
crystal is designated through N, and it is accepted, that
concentrations of all levels of argentum are equal each other.
At carrying out of the condition (1) Sb donor centers, being
near the bottom of conduction band in forbidden band, send
their fifth valency electrons and totally fill the small acceptor
states and first acceptor centers of argentum, and second
acceptor state fills either totally, or partly. At that both small
acceptor state and first acceptor state of argentum are in
passive state and practically don’t give the contribution in crystal
conductivity (donor state of argentum also doesn’t reveal itself as
below it there aren’t empty acceptor centers). The centers of
the second acceptor state of argentum at Ng, = 2N+ N, are
filled by electrons totally, and at Nag+N,< Ngp< 2N +N, are
filled partly.

In both cases electrons from the second state with
temperature increase transit into conduction band, i.e. it acts
as donor state (“pseudo-donor state”). The temperature
dependence of Hall coefficient (R) of the one of the samples
of m-type, in which impurity concentrations satisfy the
relation (1) is given on the fig.1. As it is seen from the figure,
R practically linearly depends on the temperature in low-
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temperature region in semi-logarithmic scale. The slow
dependence of R on T in high-temperature region connects
with the fact that second acceptor state of argentum gradually
fails, wasting its electrons with the temperature increase.

The saturation absence in low-temperature region shows,
that there aren’t residual (non-compensated) stibium centers
after the compensation of acceptor centers. Besides, the
change of R on T more, than on two orders allows one to
define the depths of occurrence of the second acceptor sate of
argentum &’ 4¢ to enough high accuracy.
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Fig.1.

In the given case the equation of crystal electrical
neutrality has the following form:
1 1 _
n+ N, + N\ +(N% —n,)= Ny, . @
Here 7 is concentration of free electrons and first acceptor
state of argentum correspondingly, n, is concentration of the

centers of second acceptor state of argentum, captured by
electrons. n and n, are expressed by the following known

formulae:
F
n=N_.exp| — | 3
c p(ij 3)
3
2nm kT \?
N, =2 = )



THE SECOND ACCEPTOR LEVEL OF ARGENTUM IN SOLID SOLUTIONS Ge-Si

NH,
ny = — - (5)
iex TEag T8
p +1
Y2 kT

where F is Fermi level, é”Ag is depth of occurrence of the
second acceptor state of argentum, counted out the bottom of
conduction band. N 4g 18 concentration of compensated part
of the centers of second acceptor state of argentum, £ is
Boltzmann constant, /4 is Planck’s constant, 7 is Kelvin
temperature, 7, is statistical weight of the second acceptor
state of argentum, mn* is effective mass of electron state
density. Let’s designate the required unknown by the
following method:
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Substituting (3), (5), (6) into (2), we obtain after vanilla
n

calculations:
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Let’s write the solution of equation (7):
SII
Ag
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Here we eliminate the negative root as it hasn’t the
physical meaning. In the temperature interval, when the
condition is:
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the solution (8) is simplified and has the following form:
1
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The relations (10) and (2) allow one to find the
temperature dependence of the concentration of free
electrons:
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or
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here:
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is constant value.
Multiplying both sides of (12) on 7" and finding the
logarithm, we obtain:

lg(nT_%) —1gC—

(14) is the line equation, from the angular coefficient of
which it is possible to define &’ 4¢ - Taking into consideration
the relation of the concentrations (n) with Hall coefficient
(R ), it is possible to define ,sHAg from inclination of R
temperature dependence. The dependence of lg(kTw on
1000

T
calculated value of activation energy of second acceptor state
on inclination angle of this (R) dependence is equal 0,41eV
(the calculation is done from the bottom of conduction band).
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, calculated from the curve 1 is presented on fig.2. The

lg[RTI]‘
I

8_

6 -
T T T -
3 5 7 10
T

Fig. 2.

The obtained results quit good agree with data of papers
[2-4], where the impurity states of argentum for other
compositions of Ge-Si solid solutions have been investigated.
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7.9. Agamaliyev
Ge-Si BORK MOHLULLARINDA GUMUSUN IKiNCi AKSEPTOR SOVIYYOSI

Isdo giimiisiin ikinci akseptor saviyyosi torkibinds 18 at.% Si olan Ge-Si bark mohlulunda Holl amsalimin temperatur asililigina
osason todqiq edilmisdir. Bunun iiglin monokristallarda movcud ola bilon dayaz akseptor morkozlori vo giimiisiin birinci akseptor
soviyyasi stibium donor agsqarmin komokliyi ilo konpensasiya edilmisdir. Holl amsalinin tocriibadon alinan temperatur asililigs
kristalin neytralliq tonliyinin halli ilo miiqayiss edilorak giimiisiin ikinci akseptor saviyyasinin aktivlosmo enerjisi (0,41 eV) tapilmisdir.

3.A. AramaiueB

BTOPOM AKIIEIITOPHBbI YPOBEHb CEPEBPA B TBEP/IbIX PACTBOPAX Ge-Si

B craTbe mpuBeneHbl pe3ysbTaThl UCCIENOBAHUI BTOPOro aKLENTOPHOrO YPOBHs cepebpa B TBepaoM pactBope Ge-Si, cogepxaliem
18ar.% Si, MoHOKpHCTa/UIBl TTOMYYEHbI BHITATUBAHMEM M3 paciulaBa ¢ NMPUMEHEHHEM IIOANHTHIBAIOMIETO CIUTKA. BTOpoil akmenTopHSIit
YPOBeHb Ag HaXOJQWTCS B BEpXHEH IIOJIOBHHE 3alpelieHHON 30HBI. [103TOMy il €ro BBIABIEHHS HPHXOAWIOCH KPHCTAUIBI JABYKPAaTHO
JIETHPOBATh NpUMecsiIMA Ag 1 Sb ¢ TaKMM pacdeToM, YTOOBI IIePBBIi aKIENTOPHEBIH YPOBEHb Ag KOMIIEHCHPOBATh OJHOCTBIO, @ BTOPOH — He
MOJIHOCTBIO. Sb BBOAMIIOCH B KPUCTAJLIBI B IIPOLIECCE POCTa MOHOKPHCTAILIOB Yepe3 ra3oBylo dasy, a Ag — meronoM nuddys3uu.

I'nyOuna 3amerannsi Ag omnpenensuiack HCCIEIOBaHMEM TEMIICpaTypHOW 3aBHCUMOCTH Kodd¢uuueHTa Xomia M CpaBHEHHEM
9KCHEPUMEHTAIBHBIX JAHHBIX C PE3yJbTaTaAMH PELICHHS YPaBHEHHs AJICKTPHYECKOW HEHTpalbHOCTH Kpucraimia. ['nyOuHa 3aneraHus

BTOPOT'O YPOBHS Ag , OTCUUTBIBaeMasi OT THA 30HbI IPOBOAMMOCTH, paBHa 0,41 3B.
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