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MoJtobIX uccienonatene (mpoekt 3.1.2, [ICP PI'TIY um. A. U. I'epriena)

Zinc Impurity Atoms in GaP, GaAs, and GaSb
Examined with Mossbauer Spectroscopy

Méssbauer spectra of ' Ga(*Zn) and " Cu(*’Zn) impurity atoms in the bulk of GaP
GaAs, and GaSb samples correspond to isolated zinc centers at Ga sites. The observed shift of
the spectral centers of gravity to higher positive velocities at the transition from p- to n-type
samples corresponds to the recharging of a shallow zinc impurity center. Mossbauer spectra of
67 2SN . i

Cu(6 Zn) impurities at the surface of samples represent a superposition of spectra correspond-
ing to isolated zinc centers at gallium sites with those corresponding to zinc associates with an
arsenic vacancy.

Keywords: Mdssbauer spectroscopy, impurity atoms, zinc.

A. B. Hukonaeea

IMPUMECHBIE ATOMBI IUHKA B GaP, GaAs U GaSb,
U3YUYEHHBIE METOJIOM MECCBAY2POBCKOM CIEKTPOCKOIIUU

Meccbaysposckue cnekmpuvl NPUMECHBIX AMoMos 67Ga(6 7Zn) u 67Cu(6 7Zn) 6 0bveMHOU
yacmu obpazyos GaP, GaAs u GaSh omeeuarom uzonUpPOBAHHLIM YEHMPAM YUHKA 8 V3IaX 2ajl-
aus. Habniodaemcesa cosuz yenmpa mssicecmu cnekmpog 8 obiacms NONOACUMETbHBIX CKOPO-
cmetl npu nepexooe om ObIPOUHLIX K INEKMPOHHBIM 00pa3yam, U 3Mo Coomeemcmeayem nepesa-
PSIOKe MENK020 NPUMECHO020 YeHmpa yuhuka. MeccOayspogckue cnekmpbl NPUMECHBIX AMOMO8
7CuZn) 6 npunosepxnocmuoii obnacmu o6pasyos npedcmasnsiom ool CYnepnOUYUIO
CHEeKmpo8, OMEeYaroWux U30IUPOBAHHbIM YEHMPAM YUHKA 8 Y3NaAX 2ailus, U CNeKmpos, omae-
YAIOWUX ACCOYUAMAaM YUHKA C BAKAHCUEU MbIUbSIKA.

KunroueBble ciioBa: MeccOayIpoBCKast CIIEKTPOCKOIHS, IPUMECHBIEC aTOMBI, IIMHK.

It is well known that a zinc impurity in III-V compounds forms shallow acceptor levels
(0.02—0.04 eV above the valence band edge) [6]. A study of zinc impurity atoms in GaP, GaAs,
and GaSb using emission Mdssbauer spectroscopy of the *’Ga(®’Zn) isotope opens the way to re-
vealing the effect of electrical activity of “daughter” atoms (with the evident inactivity of “par-
ent” atoms) on the Mdssbauer spectral parameters of the ®’Zn probe, whereas the relevant spectra
of the ®’Cu(*’Zn) isotope make possible the study of a similar effect for both daughter and parent
atoms [1-5; 7]. According to [6], a copper impurity forms shallow donor levels in III-V com-
pounds (in GaAs, they lie at ~ 0.07 eV below the conduction band edge) and deep two-electron
acceptor levels (~ 0.14 and 0.44 eV above the valence band edge in GaAs).
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Zinc Impurity Atoms in GaP, GaAs, and GaSh Examined with Méssbauer Spectroscopy

The samples under study were single-crystal GaP (n =2 x 10"® sm™, p=3 x 10" sm™),
GaAs (n=10"sm >, p=5 x 10" sm™), and GaSb (n=8 x 10" sm™>, p=15 x 10'® sm™). The
samples were doped with the radioactive isotopes “’Ga and ’Cu through diffusion annealing in
vacuum for 5 h, at temperatures 100°C lower than the melting temperature of the respective com-
pound. To prevent the evaporation of volatile components, a powder of the corresponding com-
pound was introduced into an ampule. The maximum Zn concentration that formed after the ra-
dioactive decay of parent *’Ga and *’Cu atoms did not exceed 10" sm (i.e., the Fermi level po-
sition in all the samples was determined by the background dopant). The spectra were recorded
either without the preliminary treatment of the sample surface (these spectra were associated with
the impurity atoms located in the surface region) or an ~50-um-thick layer was removed from the
sample surface prior to the recording of spectra, and these spectra were assigned to impurity at-
oms in the sample bulk.

677n Mbssbauer spectra were recorded using a commercial spectrometer with a modified
driving system [4; 5]. A PZT-ceramics piezoelectric converter served as a modulator. The spectra
were recorded at 4.2 K using a “’ZnS absorber, which served as a reference for all the experimen-
tal spectra. The spectra typical of the bulk and surface regions are shown in Figs. 1, 2, 3 and 4,
and the results of data processing for the bulk samples are presented in the table.

7Ga(®’Zn) spectra recorded from the bulk of samples are single lines with a full width at
half-maximum (FWHM) close to the instrumental broadening 2.6(3) um/s, and their position
(center of gravity) shifts steadily to higher velocities at the transition from GaP to GaSb. The line
position slightly depends on the type of sample conduction: it shifts to a lower velocity at the
transition from electron to hole conduction, and this effect is most evident in wide-gap materials.
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Fig. 1. Emission Mdssbauer spectra of ®’Ga(*’Zn) Fig. 2. Emission Mdssbauer spectra of *’Ga(*’Zn)
impurity atoms for n-type and p-type samples GaP impurity atoms for n-type and p-type samples GaAs
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The center of gravity position in the Modssbauer spectrum depends on two factors: the elec-
tron density at the nucleus of ®’Zn under study, and the second-order Doppler shift defined by the
Debye temperature of a crystal [1-3; 7]. Since the Debye temperature is independent of the con-
duction type, we conclude that the recharging of a shallow impurity level influences the electron
density near a *’Zn nucleus: the electron density increases at the transition from p- to n-type sam-
ples, which corresponds to the transition [Zn’] — [Zn®"]. “’Ga(®’Zn) Méssbauer spectra should be
related to isolated Zn impurity centers at Ga sites, whereas the positive shift of the spectral cen-
troid along the series GaP-GaAs-GaSb reflects the variation of the chemical bond ionicity of zinc
atoms with respect to the atoms in the first coordination sphere of a zinc atom.

Relative count rate

%" Ga(*"Zn), 4.2 K

-45 30 -15 0 15
Velocity, pim/s
Fig. 3. Emission Mdssbauer spectra of *’Ga(®’Zn)

30 45

Relative count rate

S7Cu(67Zn), 4.2 K
bulk

$7Cu(%7Zn), 4.2 K

surface

-45 -30 -15 0 15 30 45

Velocity, pm/s

Fig. 4. Emission Mdssbauer spectra of ®’Cu(*’Zn)
impurity atoms in bulk and surface region

impurity atoms for n-type and p-type samples GaSb

of p-type GaAs

Parameters of 67Ga(67Zn) and 67Cu(67Zn) Mossbauer spectra in GaP, GaAs, and GaSb at 4.2

Compound 67Ga(672n) spectra 67Cu(67Zn) spectra
centroid of the spectrum, | FWHM, | centroid of the spectrum, | FWHM,
um/s um/s um/s um/s
n-GaP 16.0(4) 2.8(3) 18.0(4) 3.1(3)
p-GaP 13.5(4) 2.7(3) 15.6(4) 2.8(3)
n-GaAs 24.9(4) 2.7(3) 26.3(4) 3.0(3)
p-GaAs 22.6(4) 2.6(3) 24.0(4) 3.03)
n-GaSb 31.5(4) 2.8(3) 33.2(4) 3.003)
p-GaSb 30.8(4) 2.6(3) 32.5(4) 2.7(3)
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Zinc Impurity Atoms in GaP, GaAs, and GaSh Examined with Méssbauer Spectroscopy

The spectra of “’Cu(®’Zn) impurity atoms in the bulk of the samples are also single lines
corresponding to isolated Zn centers at Ga sites. Similarly to ®’Ga(®’Zn) spectra, the center of
gravity shifts to positive velocities at the transition from p- to n-type samples (this shift is associ-
ated with the transition [Zn’] — [Zn® ).

As in the case of ©’Ga(®’Zn) spectra the center of gravity of “’Cu(®’Zn) spectra is in the re-
gion of positive velocities for GaP-GaAs-GaSb compounds. It is possible that this shift is due not
only to changes in ionicity of bond of zinc impurity atoms with atoms in its local environment,
but metallization of these bonds. In particular, in Fig. 5 shows the dependence of the central shift
on the band gap of used semiconductors and extrapolation of this dependence on the zero band
gap gives the value of the central shift 38.5(9) mm/s, which is typical of ®’Zn intermetallic
compounds of zinc.

The electrical activity of copper impurity atoms does not affect the fine structure of spectra
for the bulk of the samples. In the surface region, the spectra of “’Cu(®’Zn) impurity atoms dem-
onstrate a superposition of the above-described single lines related to isolated Zn atoms at Ga
sites and a quadrupole triplet (GaAs: spectrum center of gravity 30(1) um/s, quadrupole coupling
constant 0.92(3) MHz, line width 3.0(3) um/s). The last spectrum is presumably related to the
associates of zinc impurity centers with As vacancies (these associates were identified in the
study of photoluminescence in GaAs:Cu [6]).

35 r
30
Fig. 5. The dependence
of the gravity center S of “’Cu(*’Zn) 25 |
(1, 2) and ’Ga(*"zn) (3, 4) P
on the band gap E, of n-type (1, 3) E_
and p-type (2, 4) semiconductors Ao L
15
o
10 1 1
0,5 1 1,5 2

Eg, eV
Thus, the Mssbauer spectra of “’Ga(*’Zn) and ®’Cu(®’Zn) impurity atoms in the bulk of
GaP, GaAs, and GaSb samples are related to isolated zinc centers at Ga sites, and the recharging
of Zn impurity centers is observed. Mdssbauer spectra of ®’Cu(®’Zn) impurities at the surface of
samples are related to isolated zinc centers as well as zinc associates with arsenic vacancies.
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K. Gridnev, V. Danilenko, A. Kondratyev

Quasiparticles, Spectral Functions, and Kinetic Equation
in Quantum Fermi Liquid Theory

Green’s function method in Kadanoff-Baym version is used to analyze different ways of
determining of quasiparticle energies in a normal quantum system of interacting fermions and
to derive equations which determine these energies. The appearing differences for the micro-
scopic and phenomenological approaches to the Fermi liquid theory are discussed. The validity
of the Landau-Silin kinetic equation for the quasiparticle distribution function at finite tempera-
ture is proved on the basis of a proper approximation to the spectral function.

Keywords: Fermi liquid, Green’s function, spectral function, quasiparticle, kinetic equa-
tion.
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