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Abstract. The results of piezospectroscopic studies of broad photoluminescence bands with the

maximum near 1.18 eV for the Vg,Teas, VGuSnga, VgaSigs and Vg,Sas complexes in n-GaAs

doped with Te, Sn, Si or S are presented. It has been found that in the emitting state the Vg,Te,
VGuaSngs and Vg,Sig, complexes have an additional (Jahn-Teller) distortion along one of the

equivalent < 11 l) directions. This distortion is a reorientable one and may become aligned under

external uniaxial pressure at a temperature as low а5 2 K. In the case of GaAs:S no reorientable

distortion was observed. It is shown that the complexes related to a broad photoluminescence band

with the maximum near 0.95 eV in GaAs doped with the same donors have reorientable distortions,

too.

Key words: polarization of photoluminescence, Jahn-Teller effect, distortions of complexes,
reorientation, alignment.

Complexes containing vacancies (V) are very common defects 10

semiconductors. These are generated during the growth, doping and
thermal treatment of crystals or under irradiation. One type of such

complexes — the ones containing a vacancy and a shallow donor (D? in

adjacent sites of the crystal lattice — has been found in AIIBVL AIBY
semiconductors and Si long ago. The electron and space structures of these

pairs in Si have been studied thoroughly by means of ESR and

ENDOR [l'3]. It has been found that in a neutral state the initial trigonal
symmetry of (VsiDsi)O is lowered to a monoclinic one (C;;) due to the

Jahn-Teller effect. The lowering of the initjal symmetry of similar defects

in ATBVT has also been observed (V. Cl. complex in ZnS [4]). Recent

investigations of CdTe ] by means oanOIšMR, however, havg shown no

distortion of the initial point group of the symmetry for V. ,Cl. (trigonal
symmetry) and V.,In~, (monoclinic symmetry). The reasons for the
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absence of this common manifestation of the Jahn-Teller effect in these

complexes have not been discussed.

Vacancy-shallow donor complexes (VGaTeas» VGaSAs» VGaSfiGa» VGaSiGa»
etc.) have also been identified [6' 7] in n-GaAs through their intensive wide

photoluminescence (PL) bands with the maximum at the photon energy

(hAw) near I.lBeV (at temperatures (7) of 2-77 K). However, the

problems concerning the existence of the Jahn—Teller distortions in these

complexes as well as the phenomena related to their reorientation have not

been solved experimentally. The situation is complicated due to the lack of
ESR signals from these complexes in n-GaAs. The first investigation of

PL polarization diagrams for Vs,Sng, and Vg,Tes in n-GaAs led the

authors of [B] to a conclusion that both of these complexes in the absorbing
as well asin the emitting states have trigonal symmetry. However, it seems

that the measurements [*] were carried out with relatively large
experimental errors which could make the observing of the symmetrly
lowering impossible. Similar measurements performed by us later *4
have shown that complex symmetry is monoclinic or lower.

In this paper, we are presenting the results on distortions of these

complexes in n-GaAs doped with Te, Sn, Si or S, which have been

obtained from the investigations of the piezospectroscopic behaviour of

their PL bands. In addition, we report the results on distortions in other

vacancy complexes giving rise to a PL band with the maximum near

0.95 eV in n-GaAs.

The low-temperature spectra of PL bands near 1.18 eV for n-GaAs

doped with Te, Sn, Si or S are shown in Fig. 1. The techniques of doping
and the concentrations of uncompensated shallow donors are given in the

Table. PL. was generated by interband excitation.

Fig. 1. Spectra of photoluminescence related to Ga vacancy-donor complexes in GaAs:Te(/),

GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). T=2 K.



214

These bands for all types of shallow donors under investigation have

nearly the same form and energy position. We have supposedz[_l '] that фе

emi&t_ing+and the ground state of these complexes are (V 5 D ) апа

(УсаР ) 2 respectively. As already noted earlier [°], the PL peak
energy for GaAs doped with group IV elements is by approximately
20 meV lower than for the one doped with group VI elements. This is due

to the difference in the distance between the donor and the vacancy in

VGaDAs and VGaDGa complexes.
In an attempt to observe the Jahn-Teller distortions of the complexes

we studied the behaviour of their PL bands under uniaxial pressures (P) up
to ~10 kbar at the temperatures of 2 and 77 K. In all instances uniaxial

compression produced a shift of PL bands to higher photon energies and

an insignificant change of their forms. The linear polarization of the

radiation arisen under deformation depended on A@. Spectral distributions

of the polarization ratio (r), i.e. the ratio of luminescence intensities with

the electric field vector oriented parallel and perpendicular to the pressure
axis, are shown in Fig. 2.

Fig. 2. Spectral dependences of the polarization ratio in the 1.18 eV-band of photoluminescence
under uniaxial pressure for GaAs:Te (/), GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). Т= 2 К.

a, Pl [loo] ;5, Pl [lll] .P: la, 2a, 3a, 4a, 4b -8 kbar; Ib, 2b, 3b— 10 kbar.

Shallow Electron concentration
Technique of dopin

donor at 300 K, cm™ q ping

Te ~1x10!8 Doping of the melt during the process of growth by the

Czochralski technique

Sn ~1.5x10'8 Doping of the melt during the process of growth by the

Czochralski technique

Si ~1.5x10'8 Doping of the melt during the process of growth by the

directed crystallization technique

S ~7x10'7 Diffusion from the vapour phase at 900°C in an

evacuated ampoule

Characterization of the samples under investigation
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Figure 3 presents the dependences of r at i = 1.18 eV on the value of

pressure when P|| [lll] or P}l [loo] and T=2 or 77 K. In the case of
Pl [llo] the r(P) dependences were qualitatively similar to those at

Pl [lll]. The dependences in Fig. 3 do not differ practically from the

pressure dependences of the polarization ratio for the whole PL band

(integrated polarization ratio r*). The last one is governed by changes of

the electron wave functions of the PL centres and/or of occupancy of their

electron or configurational states due to uniaxial deformation.

First of all, it must be noted that the dependences for GaAs:Te,
GaAs:Sn, and GaAs:Si in Fig. 3 are similar in the region of low P

(P<4kbar). At P|l [lll] they are characterized by a stepwise increase

оЁ / with the increasing of P near P =0 at T=2 K and by the lack of this

feature at 7= 77 K. In the case of P || [loo] no such step is observed and

the pressure dependences of r at 2 K coincide closely with those at 77 K.

These peculiarities allow one to make the following conclusions:

1) Since at Pl [lll] r(P) dependences at 2 and 77 K differ, the stepwise
increase of r near P=o arises from the change of occupancy of split

Fig. 3. Dependences of the polarization ratio at iw = 1.18 eV on the applicd pressure for GaAs:Te

(1), GaAs:S (2), GaAs:Sn (3) and GaAs:Si (4). a,c, P Il [loo] ; 6.4, Pl [lll] . T(K): a, b, 2;

с, а, 77.
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electron sublevels or of space configurations of a complex in the emitting
state which are equivalent at P=o. This implies an alignment of some

distortions of the complex.
2) Close coincidence of r(P) dependences at 2 and 77 K in the case of
Pl [loo] implies the lack of such occupancy changes. It seems likely
that the smooth increase of r in this case is mainly related to the change of

the electron wave functions of PL centres due to external deformation.

3) A strongly anisotropic piezospectroscopic behaviour of PL of the

complex implies that the stepwise change of PL polarization observed at

Pl [lll] (and Pl [110]) is related not to the change of the occupancy
of electron sublevels, but to the alignment of the complex configurations
oriented differently in the crystal.

The last conclusion correlates well with low complex symmetry. For

the VgaSig, and VcaSnga complexes such a low symmetry results from

the initial location of their components. For the Vg,Teas and VGaSnGa
complexes it was derived from their polarization diagrams [>-!11. (Due to

the low symmetry only accidental degeneracy of electron states can exist

in these complexes).
Since transitions of complex components from one lattice site to

another are impossible at low temperatures, the observed alignment is

related to the alignment of additional distortions (arisen from the Jahn-

Teller or the pseudo-Jahn-Teller effect) in some groups of complexes with

definite orientation of the axis of a V,—D pair relative to the pressure
direction. The lack of such alignment at P|| [loo] allows one to suggest
that the additional distortion can be similar to the deformation along one of

(111) axes (the axis of the additional distortion is one of ( 111) axes).
For a reorientation of this distortion to take place a few equivalent

directions of this axis must exist in a complex at P = 0. For example, in the

case of the VGaDAs complex this direction may coincide with one of three

(111) axes, which is not the axis of the Vg,—Dy pair. In the case of the

VGaDga complex it may coincide with one of two (111) axes which are

perpendicular to the axis оё №е Уса-Оса ран [° !'].
Calculations of piezospectroscopic behaviour of such PL, centres have

been carried out in a simple model [!% 111. These suggest that the initial

wave functions of the emitting and the ground state of the centre are those

of p- and s-type, respectively. The lowering of the centre symmetry due to

complex formation (fixed distortion) and Jahn-Teller distortions

(reorientable distortions) have been described as uniaxial deformations.

This has given a qualitative agreement with experiment at reasonable

values of the parameters describing distortions and the effect of uniaxial

pressure (see, e.g., Fig. 4).
It should be noted that the additional distortion directed along one of

the (111) axes may also explain the second step of the pressure
dependence of the polarization ratio observed at P|| [lll] and 7=2 K

for Vg,Sng, (Fig.3) ['2]. It may be supposed that the complex
configuration with the direction of the Jahn-Teller distortion not

perpendicular to the pair axis is possible, in principle, but is unstable

because it has higher total energy as shown 10 Fig. sc,d. At P|| [lll] for
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the complexes with the pair axis normal to the pressure direction the total

energy of one of the configurations existing at P = 0 decreases (Fig. sc),
making possible the alignment of additional distortions in such group of

complexes. It gives rise to a stepwise increase of polarization near P = 0.

For the complexes with the pair axis lying in the [llo] plane passing
through the pressure direction, two configurations realizable at P=o

remain equivalent at the increase of P, but their total energy increases

(Fig. sd). At the same time, for these complexes the energy of one of the

two configurations unstable at P = 0 decreases (Fig. sd). When the value

of pressure is higher than some P, value, the total energy of this

configuration becomes the lowest one. It gives rise to the alignment of

distortions in this group of complexes and to the second step in the r(P)

dependence (Fig. 3). As this takes place, the symmetry of this group of

complexes improves from triclinic to monoclinic. The lack of the second

step in the r(P) dependence for Ше УсаТед; сотр!ехеs ир to 10 kbar in

this model is explained by a stronger effect of the donor on the state of

VGa (by the higher value of the splitting due to the fixed distortion for this

complex).

Fig. 4. Calculated dependences of the integrated polarization ratio on the applied pressure for

VGaDas (@, b) and Vg,Dg, (. d). а, с, Р || B[loo] ‚Б а, Р|| [lll] . Т(К): / -6, 2 -77.
Values ofparameters: deformation potential constants: B = —O.B ¢V, D = —2 eV; spin-orbit splitting:
150 meV; splitting of initial p state due to fixed distortion: -38 meV for Vg,Das, —23 meV for

VGaDga; splitting of initial p state due to reorienting distortion: 150 meV.
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Hence, the data presented above show that the centres giving rise to a

broad PL band with the maximum at 200 =l.lß eV in n-GaAs doped with

Te, Sn or Si (VgaTeas, VGaSnga VGaSiga complexes) have an additional

distortion in the emitting state. This distortion may have a few equivalent
directions in a single complex. It is able to reorient itself at ~2 K, at least

under the conditions of PL observation, and to become,aligned under

uniaxial pressure along [lll] or [llo] axis. Since in the Vg,D complex
electroag occupy vacancy-like orbitals, we suppose that the distortionszgf
the (VGaD )~ complexes arise from the distortion of the isolated V

which binds one hole.

Another complex involving vacancies in n-GaAs seems to be a defect

responsible for a broad PL band at @ c0.95 eV (1316, Inthe ofystals
with a moderate concentration of shallow donors (N, <lO ст ") this

PL gives rise to an isolated band with the peak near -—B% eV,whereas in

the crystals with a high donor concentration (N, 210 ст ) this PL

manifests itself as a shoulder on the long-wave eche of the 1.18 eV-band

(see, e.g., ['7]). Proceeding from the PL intensity dependences of this and

other PL bands on the conditions of the crystal growth, heat treatment and

doping, several possible structures of this defect have been proposed. In

particular, the authors of ['3-15] have claimed this complex to be a

Fig. 5. Characteristic orientations of a Vg,Dg, complex under the external pressure, directed along
the [lll] axis (a, &) and the calculated changes in the energies (E) of the emitting state for different

complex configurations (c, d). The arrows 14 identify the directions of the reorientable distortion,
related to adiabatic potential minima 1-4, shown schematically in 5¢ and 54 for P=o and

P = 10 kbar. For the calculation ofE(P) for a V,Dg, complex the values of complex parameters of

Fig. 4 have been used.
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divacancy (Vg,Vas)- In a more recent paper ['®] it has been related to a

divacancy and a shallow substitutional donor.

We have found that the piezospectroscopic behaviour of the 0.95 eV-

band is different in crystals with different concentrations and/or types of

shallow donors. The r(P) dependences for the samples with a high donor

concentration listed in the Table are shown in Fig. 6. As illustrated in the

figure, these dependences for the crystals doped with different donors

differ qualitatively. Consequently, the PL centres under investigation in n-

GaAs doped with Te, Sn, Si or S are not isolated divacancies but involve

different defects which are most likely the main shallow donors. It seems

that in the crystals with different main donors these complexes differ in the

space structure. Like in the case of a vacancy-donor complex, the

occurrence of a stepwise increase of polarization with the increase of

pressure near P =0 at T=2 K (in the cases of n-GaAs doped with Te, Si,

S) points to the reorientation of additional distortions.

For the complexes in n-GaAs:Te these distortions appear tobe similar

юю those of the V,Tes, complexes, because their alignment at P || [loo]

has not been observed (Fig. 6) ['7]. For the complexes in n-GaAs:Sn a

Fig. 6. Dependences of the polarization ratio at #® = (.95 ¢V on the applicd pressure for GaAs:Te

(1), GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). a,c, P || [loo] ; 6.4, Pl [lll] . T(K): a5, 2;

c, d, 17.
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similar distortion directed along ( 111) axis is apparently not reorientable
at P =O, but it may become reorientable at P = P, ['] (Fig. 6). For the

complexes in n-GaAs:S and n-GaAs:Si the experimental results are

complicated due to the existence of a stepwise increase of polarization
near Pc oat P|| [loo] (see Fig. 6). However, this does not seem to rule
out the presence of similar reorientable distortions.

Thus, the piezospectroscopic study of the broad PL bands related to the

complexes involving vacancies and donors in n-GaAs, doped with Te, Sn,
Si or S shows that most of these complexes in emitting states have an

additional distortion. This distortion for the Vg,Teas, Vg,Sng,, and

VGaSiga complexes appears to arise from the Jahn-Teller (or pseudo-
Jahn-Teller) effect and has several equivalent orientations. It is similar to

the deformation along one of the (111) axes. It is reorientable at liquid
helium temperature and can be aligned under uniaxial pressures.
Analogous reorientable distortions occur in the emitting states of the

complexes related 10 а broad PL band at A < 0.95 eV in n-GaAs doped
with some group IV and group VI elements.
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VAKANTSKOMPLEKSIDE MOONUTUSED n-GaAs-s JA NENDE
UMBERORIENTEERUMINE UHESUUNALISE ROHU MOJUL

Andrei GUTKIN, Mihhail RESTSIKOV, Vladimir SEDOV,
Valeri SOSNOVSKI

Piesospektroskoopiliselt on uuritud komplekside Vg,Teas, VGaSnga
VGaSiGa ja VgaSas fotoluminestsentsi laiu ribasid maksimumiga 1,18 eV
ldheduses n—-GaAs-s, mida legeerivad Te, Sn, Si ja S. On leitud, et komp-
lekside Vg, Teas, VGaSng, ja VgaSiga Jahni-Telleri moonutused ergas-
tatud seisundis on suunatud iihte ekvivalentsetest (111)-suundadest. On

voimalik moonutuste iimberorienteerumine; iihesuunaline rohk tempe-
ratuuril 2 K korrastab nende orientatsioonid. GaAs:S puhul moonutuse

iimberorientatsiooni ei tiheldatud. On niidatud, et nimetatud doonoritega
legeeritud n—-GaAs-kompleksidel, mille fotoluminestsentsi lai riba on

0,95 eV liheduses, on samuti olemas iimberorienteeruvad moonutused.

ДИСТОРСИИ ВАКАНСИОННЫХ КОМПЛЕКСОВ В п-СаА5 И

ИХ ПЕРЕОРИЕНТАЦИЯ ПРИ ОДНООСНОМДАВЛЕНИИ

Андрей ГУТКИН, Михаил РЕЩИКОВ, Владимир СЕДОВ,

Валерий СОСНОВСКИЙ

Представлены результаты пьезоспектроскопических исследований

широких полос фотолюминесценции с максимумом вблизи 1,18 эВ,
связанных с комплексами УсаГедо УсаЭПса» УсСа”!Са И УсаЭд; В П-

СаА, легированном Те, ssп, $1 или $. Обнаружено, что комплексы

VGaTe4s, VGaSGa ИЛИ УсаЭ!са В Излучающем состоянии имеют

дополнительное (ян-теллеровское) искажение вдоль одного из экви-

валентных направлений (111). Это искажение меняет ориентацию

и может выстраиваться под влиянием одноосных давлений при

температуре 2 К. В случае СаАs:s никакой переориентирующейся
дисторсии не наблюдалось. Показано, что комплексы, вызывающие

широкую полосу фотолюминесценции с максимумом вблизи 0,95 эВ

в п-СаАs, легированном указанными выше донорами, также имеют

переориентирующиеся дисторсии.
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	Fig. 2. Spectral dependences of the polarization ratio in the 1.18 eV-band of photoluminescence under uniaxial pressure for GaAs:Te (/), GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). Т= 2 К. a, Pl [loo] ;5, Pl [lll] .P: la, 2a, 3a, 4a, 4b -8 kbar; Ib, 2b, 3b — 10 kbar.
	Untitled
	Fig. 3. Dependences of the polarization ratio at iw = 1.18 eV on the applicd pressure for GaAs:Te (1), GaAs:S (2), GaAs:Sn (3) and GaAs:Si (4). a,c, P Il [loo] ; 6.4, Pl [lll] . T(K): a, b, 2; с, а, 77.
	Untitled
	Fig. 4. Calculated dependences of the integrated polarization ratio on the applied pressure for VGaDas (@, b) and Vg,Dg, (. d). а, с, Р || B[loo] ‚Б а, Р|| [lll] . Т(К): / -6, 2 – 77. Values of parameters: deformation potential constants: B = —O.B ¢V, D = —2 eV; spin-orbit splitting: 150 meV; splitting of initial p state due to fixed distortion: -38 meV for Vg,Das, —23 meV for VGaDga; splitting of initial p state due to reorienting distortion: 150 meV.
	Untitled
	Untitled
	Fig. 5. Characteristic orientations of a Vg,Dg, complex under the external pressure, directed along the [lll] axis (a, &) and the calculated changes in the energies (E) of the emitting state for different complex configurations (c, d). The arrows 14 identify the directions of the reorientable distortion, related to adiabatic potential minima 1-4, shown schematically in 5¢ and 54 for P=o and P = 10 kbar. For the calculation of E(P) for a V,Dg, complex the values of complex parameters of Fig. 4 have been used.
	Fig. 6. Dependences of the polarization ratio at #® = (.95 ¢V on the applicd pressure for GaAs:Te (1), GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). a,c, P || [loo] ; 6.4, Pl [lll] . T(K): a 5, 2; c, d, 17.
	Characterization of the samples under investigation

	PHOTOINDUCED INSTABILITY OF MnO4 MOLECULARDEFECTS IN POTASSIUM IODIDE
	Fig. 1. Unpolarized first-order resonant Raman spectrum of KI:MnO, at 5 K excited at &. = 2.4093 eV, showing intramolecular and localized vibrations. The weak structures at 32.5, 99.9, and 120.8 meV (not labelled) are due to higher-order scattering processes (2vloc, 2vs, Vi + Vioc).
	Fig. 2. Time dependence of the vy Raman scattering intensity at different temperatures. The excitation photon energy £, = 2.4093 eV. The cxcitation power was 20 mW before and after bleaching and 400 mW during bleaching. All intensities are normalized to the incident lascr power (see the text).
	Fig. 3. Time dependence of the vi Raman scattering intensity at different bleaching powers. 7° = 50 K. The intensities are normalized to the incident power which was 20 mW before and after bleaching and otherwise as indicated.
	Fig. 4. Optical absorption of KI:MnO; around the zero-vibrational transition N = 0 at 50 K before (a) and after (b) bleaching together with the differences curve (c). The sample thickness is 2.5 mm. The bleaching was accomplished at 7 = 50 K with 300 mW from a dye laser (Er, = 2.040 eV), the absorption was measured with 0.3 mW. The inset shows the 'A; — 'T, absorption band of KI:MnO7 at 5 К over a larger spectral range.

	INVESTIGATION OF VIBRONIC INTERACTION OF Cu(II) lONS IN CsMgCl3 SINGLE CRYSTAL
	Fig. 1. Orientations of the Z-axes of {g} tensor (at low temperature)
	Fig. 2. Experimental spectra of CsMgCl3:Cu2*.
	Fig. 3. Dependences of simulated spectra (SLE model) on the frequency of random jumps v (Hz) : a, 107; b, 108; c, 10%2; a, 1084; e, 1085; f, 1088; g. 10%; A, 10'9; ;, 101
	Fig. 4. Dependences of two low-ficld hyperfine lines on 31°/A valuce

	DYNAMICS OF JAHN-TELLER IONS IN LAYERED OXIDES
	Fig. 1. Concentration dependence of LaSrAl,_,Cu,O4 lattice constants.
	Fig. 2. EPR spectrum of LaSrAlgggNig 1004, T=293 K, v=35.6 GHz: a, experimental spectrum; b, simulated spectrum.
	Fig. 3. EPR spectrum of LaSrAlo 9gNig.0204, v =9.32 GHz. a, b, experimental spectra at T=2so K and T=7o K, respectively; c, d, the corresponding simulated spectra.
	Fig. 4. Adiabatic potential of NiOg complexes in the case of a tetragonally extended octahedron for the following values of lz“el/ (2B) : a, 5.5; b, 7.5; c, 12.5.
	Fig. 5. EPR spectra of LaSrAl,_,Cu,O4, T=293K; v =35.14 GHz. a, x=0.02; b, х = 0.10.
	Fig. 6. EPR spectra of LaSrAlg.99oCuo. 1004 v =9.48 GHz. Solid lines — experimental; dashed lines ---- theoretical. a, T=293 K, Kı =0.40; b, T=3OK, K;=0.39; c, T=4.2 K, Kır = 0.09.
	Fig. 7. Adiabatic potential of CuOg complexes in the cases of (a) a tetragonally extended octahedron, (b) an octahedron deformed by the hole delocalized on four-plane oxygen ions, and (c) distortions of the complex at the corresponding minima of the adiabatic potential.
	Fig. 8. Structure of a ferromagnetic cluster in a CuO, layer.

	ORIGIN OF GAP ANISOTROPY AND PHONON RENORMALIZATION
	Fig. 1. Gap function at T' = 0 for Eg. (3) with W = —0.19, V 2 = —0.34, 4’ = —2.22. Energies are in meV. Equipotentials are shown in the (k,, ky) plane.
	Fig. 2. Gap function at T' = 0 for Eg. (3) with V; = —0.29, V 2 = —0.52, w = —1.35. Energies are in meV.
	Fig. 3. Gap function at T' = 0 for Eq. (13) with V. = —0.46, w = —1.35 and « = 0.3. Energies are in meV.
	Fig. 4. Gap function at T' = 0 for Eq. (13) with V. = —0.29, u’ = —2.22 and x = 0.3. Energies are in meV.
	Fig. 5. Real part of dw,o at T = O for an isotropic s-wave (solid line), an anisotropic s-wave (dashed line), and the anisotropic d-wave (short-dashed line) case. The respective parameters are (@) Vo = —0.248, Vi = 0, (b) Vo = V) = —0.15 with u' ~ —2.22,and (c) Vo = 0, V| = —0.299 with 4’ = —1.35. Amaux = 17.6meV in each case.
	Fig. 6. The imaginary part of Šww at T = 0 corresponding to the three situations of Fig. 5

	TWO-BAND ELECTRON-PHONON INTERACTION IN FULLERENE IN THE BOND-CHARGE MODEL
	Untitled
	Fig. 1. The stretching vibrational frequencies (cxpressed in wavenumbers; A) and the electronic levels (C) of Ce calculated with a four-parameter stretching BCM and a four-parameter LCMO tight-binding model, respectively. The present approximated levels are compared with the vibrational levels calculated by Onida and Benedck (B; ['°]) апа Ше п ¢clectronic levels by Troullicr and Martins (D; ['2]), respectively. Note that there are 90 stretching vibrational modes (A) as compared 10 the 180 modes of the whole spectrum (B; here 37 modes below 496 cm™' arc not shown). л

	DYNAMICS OF PHASE SEPARATION IN La2CuO4+, PROBED BY MAGNETIC SUSCEPTIBILITY EXPERIMENTS
	Fig. 1. Magnetization of an ’as-prepared’ La2Cu044.5 samplc as a function of temperature. The starting temperatures T, to which the sample was quenched from room temperature are indicated. The uppermost curve was obtained after quenching the sample to 5K and slowly heating it to room temperature. Beginning from the lowest data sct cach curve was shifted upwards by a valuc of 5х 1077 ети в' сотрагей 10 Шс preceding onc. The measuring field was 90 G, the arrows indicatc the direction of the temperature change during the measurcment.
	Fig. 2. Dependence of the diamagnetic signal of an ’as-preparcd’ La2CuO44s sample ( z 0.01) on the temperature 7., at which the sample was cquilibrated aficr having been quenched from room temperature to T.,. The diamagnetic signal was probed at the indicated temperatures, 7'y . Equilibration time intervals (i.e. the period for which the sample was held at T.,), At, at 7., were 10 min (a) and 1 h (b).
	Fig. 3. Recovery of magnetization at TmMm=sK of a La2CuO44s ( z 0.04) sample probed in an isochronal annealing experiment at Tan = 170 K and 220 K. Magnetization (e) was measured at 100 G. The full line is a fit with an exponential law with the time constants 7(170 K)=37oos and 7(220K)=1805.
	Fig. 4. The time constants 7(7an) as a function of the anncaling temperature at which the samples were repeatedly annealed as derived from the isochronal anncaling experiments (cf. cxamples in Fig. 3). Differcnt symbols rcfer to different samples: x, B ’as – prepared’ (6 = 0.01); o loaded with cxcess oxygen at 600 °C in a 700 bar oxygen atmosphere 6 = 0.04.
	Fig. 5. The difference AM of the diamagnetic signals measured at Ty = 5 K after equilibration at T.q for 1 h and 10min, i.e. the difference of the lowermost curves of Fig.2 (M(At = 1h- At = 10 min, T,4). The solid line is a fit with the difference of two exponentials as described in the text.

	MAGNETIC EXCITATIONS IN LOW-DOPED CuO2 LAYERS
	Fig. 1. A schematic sketch of the smallest magnetic polaron formed in the AF-ordered CuO; planc via doping with an additional hole. The arrows indicate the main direction of spins only.
	Fig. 2. The measured magnetic susceptibility xg versus temperature for various doping concentrations according to [7].
	Fig. 3. Localized dispersionless states that split up from the AF magnon band (hatched region) for an external magnetic field of Ho/Jo = 0.01 and an anisotropic field H 4/Jy = 0.3. The figure is drawn about different values of the magnetic impurity exchange coupling, Js. The relevant part is the region for Js/Jy > 1.5 (see the text).
	Fig. 4. The calculated magnetic susceptibility for the uperturbed AF as a usual quadratic increase towards the Neel temperature. The perturbed part (dotted line) is the average of nine lattice sites around perturbation.
	Fig. 5. Total calculated magnetic susceptibility for different doping concentrations. Notc that with the exceplion of some temperalure-independent background susceptibility the exact lineshape of the cxperimental data (sce Fig. 2) was obtained.

	POLARONS IN THE TWO-DIMENSIONAL HOLSTEIN-t-J MODEL
	Fig. 1. The lowest energy E of bound hole-magnon-phonon states (solid lines, left scale) and the number of escorting phonons N, (dashed lines, right scale) for k =k, (e) and k= 0 (D). J//t = 0.3, O/t = 0.15. The hole—phonon continuum edge is shown by the dotted linc.
	Fig. 2. Coexistence of self-trapped (O) and free-hole states (o) for J/t=o.l and Q/1=0.15.
	Fig. 3. Dependence of the ground-state energy E on S for different values of J/t.

	DIFFERENCES BETWEEN ONE- AND MULTIBAND HUBBARD MODELS
	Fig. 1. a) Stabilization process for a spin fluctuation in a single-band quantum antiferromagnet. b) Walk on a square when no fluctuation is initially present.
	Fig. 2. Hopping process of a spin cluster. The first action of (32) on state (1) restores as an intermediate step the AF order which has a k boson with the hole. The second action ends up with state (3) where the cluster has been shifted by two sites compared with (1).

	RENORMALIZATION OF ELEMENTARY EXCITATIONS OF THE t-J MODEL WITH DOPING
	Fig. 1. The hole spectral function A(kw). Curves 1 to 3 correspond to z = 0.005, 0.058, and 0.252 (u = —2.6, —2.4, and —1.7, respectively); k = (0,7), J = 0.2, n = 0.015. The dotted lines indicate the zero levels of the spectral function, the scale is arbitrary.
	Fig. 2. Energy bands at z = 0.252. The horizontal dotted line shows the position of the chemical potential.
	Fig. 3. The magnon spectral function B(kw). k = (0, 7/10); curves 1 to 4 correspondto z = 0.01, 0.022, 0.045 (u = —2.52, —2.47, —2.45), and 0.252, respectively.
	Fig. 4. The hole density of states. Curves 1 to 4 correspondto z = 0.005, 0.045, 0.11 (д = —2.25), and 0.252, respectively. The dotted lines indicate the zero levels. The arrows show the positions of the chemical potential.

	EFFECTS OF VIBRONIC COUPLING IN LOW-DIMENSIONAL SYSTEMS
	Fig. 1. Calculated transition energies (shown by continuous curves) of the Isg [(0, 0, 0)] to the (3, 1,0) and (4, 1,0) metastable states including the full effects of polaron interaction and band nonparabolicity for the complete field range are shown. The resonant polaron effect is clearly seen to lead to avoided crossings of the (3, 1,0) and (4, 1,0) metastable states with the states I‘l’l s q) , and |‘l‘2p ,q) . The experimental points are shown by A. The calculated transition energies excluding the polaron effect are also shown (by dashed curves).
	Fig. 2. The calculated polaron correction for the Is, 2p,, and 2p_ energy levels at selected values of the magnetic field for a GaAs/GaAlAs MQW in the nonresonant region in which both the wells and barriers have a width of 150 A.

	ТНЕ Н h2 JAHN-TELLER EFFECT IN ICOSAHEDRAL SYMMETRY
	MULTIMODE JAHN-TELLER EFFECTS IN STRONGLY-COUPLED VIBRONIC SYSTEMS
	Fig. 1. Energies relative to the T, ground state for n =O.l and @, = @, = 0 with the key: T 1 = solid lines, T 7 = short dashes, E states and their accidentally chenerate T 1 states = medium dash, A 9 = long dash.
	Fig. 2. Energies as in Fig. 1 but with n =0.6.
	Fig. 3. Energies as in Fig. 1 but with n =0.9.
	Fig. 4. Energies asin Fig. 1 but with n = 0.6, o =0 and o, = 0.8 о.

	HAWKING PROCESS IN A VIBRONIC SYSTEM: RELAXATION OF STRONG VIBRATION
	QUANTUM EMISSION CAUSED BY OPTICAL NUTATION
	ON A CLASS OF SQUEEZED EXCITED STATES IN EXCITON-PHONON AND JAHN-TELLER SYSTEMS (’EXOTIC STATES’)
	Fig. 1. Eigenfunctions of FG equation (5) for p=-1, D= 15, T=so. All functions below n = 54 display an odd number of nodes, whereas the eigenfunctions n = 54 and n = 57 display an cven number of nodes. For p = +1 the situation is reversed.
	Fig. 2. Contrast in the functional forms of the lowest conventional state (dashed line) and the lowest nonconventional state (’exotic’, solid line), represented by optimized trial wave function (10), which practically coincides with the numerically exact result. Parameter set: p =-1, D = 15, T = 50.
	Fig. 3. Energy uncertainty of variational ansatz (10), the approximate wave function deduced by the Fröhlich-type transformation and adiabatic wave function (15) for p = —l. Solid line: T= 15, dashed line: T= 50.
	Fig. 4. Adiabatic potentials Vfd (@) and v:" (Q) (see Eg. (22)) for fixed transfer T= 50 апа фе coupling constants D = 0 (long dashes), D = 10 (short dashes), D = 20 (solid line). For finite D the upper adiabatic potential approximately corresponds to a squeezed parabola and its squeezed eigenstates are connected with nonconventional states.

	COHERENCE EFFECTS IN REDOX CHEMICAL REACTIONS
	EESTI FÜÜSIKA SELTSI AASTAPREEMIA
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	Fig. 1. The structure of a KDP crystal.
	Fig. 2. The oxygen 6 AOs participating in the A-O bonds (a) and 6 MOs scheme for the AO, tetrahedron (b).
	Fig. 3. The layer structure in the H,SQ crystal (low-temperature phase)
	Fig. 1. Shift of layers such that h stacking is converted into hc stacking. This shift belongs to a wave at the A point (q = 0,0,7/c) with respect to the h lattice.
	Fig. 2. The cooperative Jahn-Teller ordering in CsCußr3. Also the superexchange path of -Cu(b)- Cu(4)-Cl(a)-Cu(3)-C1(b)-Cu(1)-Cl(a)-Cu(2)- with successively acute and almost straight angles is shown.
	Fig. 1. The parent hexagonal perovskite lattice.
	Fig. 2. The exchange spectrum of the CsMg,_,Cu,Cl3 crystal for T=4.2 K, Vl =9.3 GHz. The orientation of B is close to Cs.
	Fig. 3. The low-field (a) and high-field (b) parts of the exchange spectrum of the CsMg,_,Cu,Cl, crystal for T=42K, v, = 37.2 GHz. The orientation of Bis arbitrary.
	Fig. 4. Projections of two face-sharing octahedra (common face is shown by a broken line) on the ab plane. All possible variants of the orientations of long axes in two octahedra are shown. When going from the first octahedron to the second one, the orientation of the long bond is rotated by 60° clockwise (a) and anti-clockwise (b).
	Fig. 1. Dependences of the extremum energies of the adiabatic potential for a defect with one trapped electron in the initial t, state оп the yammcte f nonlinear elastic forces = k /40b", n = 05. 1, W; 2, W; 3, Wš„'p .4, wäz„)o.
	Fig. 2. The same as in Fig. 1, for two electrons in the initial t, state. The vertical line corresponds to t=o.3.
	Fig. 3. The same as in Figs. 1 and 2, for three electrons in the initial t, state
	Absorption spectrum, T=lOK. SrF,:Ag*, plate of 2,2 mm thickness. Spectral decomposition into elementary gaussian bands (---- experimental, — fitted spectrum). Insert: absorption spectrum of a SrF,:Ag* plate (3.2 mm) at T =3OO, 90 K.
	Fig. 1. Spectra of photoluminescence related to Ga vacancy-donor complexes in GaAs:Te (/), GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). T=2 K.
	Fig. 2. Spectral dependences of the polarization ratio in the 1.18 eV-band of photoluminescence under uniaxial pressure for GaAs:Te (/), GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). Т= 2 К. a, Pl [loo] ;5, Pl [lll] .P: la, 2a, 3a, 4a, 4b -8 kbar; Ib, 2b, 3b — 10 kbar.
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	Fig. 3. Dependences of the polarization ratio at iw = 1.18 eV on the applicd pressure for GaAs:Te (1), GaAs:S (2), GaAs:Sn (3) and GaAs:Si (4). a,c, P Il [loo] ; 6.4, Pl [lll] . T(K): a, b, 2; с, а, 77.
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	Fig. 4. Calculated dependences of the integrated polarization ratio on the applied pressure for VGaDas (@, b) and Vg,Dg, (. d). а, с, Р || B[loo] ‚Б а, Р|| [lll] . Т(К): / -6, 2 – 77. Values of parameters: deformation potential constants: B = —O.B ¢V, D = —2 eV; spin-orbit splitting: 150 meV; splitting of initial p state due to fixed distortion: -38 meV for Vg,Das, —23 meV for VGaDga; splitting of initial p state due to reorienting distortion: 150 meV.
	Untitled
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	Fig. 5. Characteristic orientations of a Vg,Dg, complex under the external pressure, directed along the [lll] axis (a, &) and the calculated changes in the energies (E) of the emitting state for different complex configurations (c, d). The arrows 14 identify the directions of the reorientable distortion, related to adiabatic potential minima 1-4, shown schematically in 5¢ and 54 for P=o and P = 10 kbar. For the calculation of E(P) for a V,Dg, complex the values of complex parameters of Fig. 4 have been used.
	Fig. 6. Dependences of the polarization ratio at #® = (.95 ¢V on the applicd pressure for GaAs:Te (1), GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). a,c, P || [loo] ; 6.4, Pl [lll] . T(K): a 5, 2; c, d, 17.
	Fig. 1. Unpolarized first-order resonant Raman spectrum of KI:MnO, at 5 K excited at &. = 2.4093 eV, showing intramolecular and localized vibrations. The weak structures at 32.5, 99.9, and 120.8 meV (not labelled) are due to higher-order scattering processes (2vloc, 2vs, Vi + Vioc).
	Fig. 2. Time dependence of the vy Raman scattering intensity at different temperatures. The excitation photon energy £, = 2.4093 eV. The cxcitation power was 20 mW before and after bleaching and 400 mW during bleaching. All intensities are normalized to the incident lascr power (see the text).
	Fig. 3. Time dependence of the vi Raman scattering intensity at different bleaching powers. 7° = 50 K. The intensities are normalized to the incident power which was 20 mW before and after bleaching and otherwise as indicated.
	Fig. 4. Optical absorption of KI:MnO; around the zero-vibrational transition N = 0 at 50 K before (a) and after (b) bleaching together with the differences curve (c). The sample thickness is 2.5 mm. The bleaching was accomplished at 7 = 50 K with 300 mW from a dye laser (Er, = 2.040 eV), the absorption was measured with 0.3 mW. The inset shows the 'A; — 'T, absorption band of KI:MnO7 at 5 К over a larger spectral range.
	Fig. 1. Orientations of the Z-axes of {g} tensor (at low temperature)
	Fig. 2. Experimental spectra of CsMgCl3:Cu2*.
	Fig. 3. Dependences of simulated spectra (SLE model) on the frequency of random jumps v (Hz) : a, 107; b, 108; c, 10%2; a, 1084; e, 1085; f, 1088; g. 10%; A, 10'9; ;, 101
	Fig. 4. Dependences of two low-ficld hyperfine lines on 31°/A valuce
	Fig. 1. Concentration dependence of LaSrAl,_,Cu,O4 lattice constants.
	Fig. 2. EPR spectrum of LaSrAlgggNig 1004, T=293 K, v=35.6 GHz: a, experimental spectrum; b, simulated spectrum.
	Fig. 3. EPR spectrum of LaSrAlo 9gNig.0204, v =9.32 GHz. a, b, experimental spectra at T=2so K and T=7o K, respectively; c, d, the corresponding simulated spectra.
	Fig. 4. Adiabatic potential of NiOg complexes in the case of a tetragonally extended octahedron for the following values of lz“el/ (2B) : a, 5.5; b, 7.5; c, 12.5.
	Fig. 5. EPR spectra of LaSrAl,_,Cu,O4, T=293K; v =35.14 GHz. a, x=0.02; b, х = 0.10.
	Fig. 6. EPR spectra of LaSrAlg.99oCuo. 1004 v =9.48 GHz. Solid lines — experimental; dashed lines ---- theoretical. a, T=293 K, Kı =0.40; b, T=3OK, K;=0.39; c, T=4.2 K, Kır = 0.09.
	Fig. 7. Adiabatic potential of CuOg complexes in the cases of (a) a tetragonally extended octahedron, (b) an octahedron deformed by the hole delocalized on four-plane oxygen ions, and (c) distortions of the complex at the corresponding minima of the adiabatic potential.
	Fig. 8. Structure of a ferromagnetic cluster in a CuO, layer.
	Fig. 1. Gap function at T' = 0 for Eg. (3) with W = —0.19, V 2 = —0.34, 4’ = —2.22. Energies are in meV. Equipotentials are shown in the (k,, ky) plane.
	Fig. 2. Gap function at T' = 0 for Eg. (3) with V; = —0.29, V 2 = —0.52, w = —1.35. Energies are in meV.
	Fig. 3. Gap function at T' = 0 for Eq. (13) with V. = —0.46, w = —1.35 and « = 0.3. Energies are in meV.
	Fig. 4. Gap function at T' = 0 for Eq. (13) with V. = —0.29, u’ = —2.22 and x = 0.3. Energies are in meV.
	Fig. 5. Real part of dw,o at T = O for an isotropic s-wave (solid line), an anisotropic s-wave (dashed line), and the anisotropic d-wave (short-dashed line) case. The respective parameters are (@) Vo = —0.248, Vi = 0, (b) Vo = V) = —0.15 with u' ~ —2.22,and (c) Vo = 0, V| = —0.299 with 4’ = —1.35. Amaux = 17.6meV in each case.
	Fig. 6. The imaginary part of Šww at T = 0 corresponding to the three situations of Fig. 5
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	Fig. 1. The stretching vibrational frequencies (cxpressed in wavenumbers; A) and the electronic levels (C) of Ce calculated with a four-parameter stretching BCM and a four-parameter LCMO tight-binding model, respectively. The present approximated levels are compared with the vibrational levels calculated by Onida and Benedck (B; ['°]) апа Ше п ¢clectronic levels by Troullicr and Martins (D; ['2]), respectively. Note that there are 90 stretching vibrational modes (A) as compared 10 the 180 modes of the whole spectrum (B; here 37 modes below 496 cm™' arc not shown). л
	Fig. 1. Magnetization of an ’as-prepared’ La2Cu044.5 samplc as a function of temperature. The starting temperatures T, to which the sample was quenched from room temperature are indicated. The uppermost curve was obtained after quenching the sample to 5K and slowly heating it to room temperature. Beginning from the lowest data sct cach curve was shifted upwards by a valuc of 5х 1077 ети в' сотрагей 10 Шс preceding onc. The measuring field was 90 G, the arrows indicatc the direction of the temperature change during the measurcment.
	Fig. 2. Dependence of the diamagnetic signal of an ’as-preparcd’ La2CuO44s sample ( z 0.01) on the temperature 7., at which the sample was cquilibrated aficr having been quenched from room temperature to T.,. The diamagnetic signal was probed at the indicated temperatures, 7'y . Equilibration time intervals (i.e. the period for which the sample was held at T.,), At, at 7., were 10 min (a) and 1 h (b).
	Fig. 3. Recovery of magnetization at TmMm=sK of a La2CuO44s ( z 0.04) sample probed in an isochronal annealing experiment at Tan = 170 K and 220 K. Magnetization (e) was measured at 100 G. The full line is a fit with an exponential law with the time constants 7(170 K)=37oos and 7(220K)=1805.
	Fig. 4. The time constants 7(7an) as a function of the anncaling temperature at which the samples were repeatedly annealed as derived from the isochronal anncaling experiments (cf. cxamples in Fig. 3). Differcnt symbols rcfer to different samples: x, B ’as – prepared’ (6 = 0.01); o loaded with cxcess oxygen at 600 °C in a 700 bar oxygen atmosphere 6 = 0.04.
	Fig. 5. The difference AM of the diamagnetic signals measured at Ty = 5 K after equilibration at T.q for 1 h and 10min, i.e. the difference of the lowermost curves of Fig.2 (M(At = 1h- At = 10 min, T,4). The solid line is a fit with the difference of two exponentials as described in the text.
	Fig. 1. A schematic sketch of the smallest magnetic polaron formed in the AF-ordered CuO; planc via doping with an additional hole. The arrows indicate the main direction of spins only.
	Fig. 2. The measured magnetic susceptibility xg versus temperature for various doping concentrations according to [7].
	Fig. 3. Localized dispersionless states that split up from the AF magnon band (hatched region) for an external magnetic field of Ho/Jo = 0.01 and an anisotropic field H 4/Jy = 0.3. The figure is drawn about different values of the magnetic impurity exchange coupling, Js. The relevant part is the region for Js/Jy > 1.5 (see the text).
	Fig. 4. The calculated magnetic susceptibility for the uperturbed AF as a usual quadratic increase towards the Neel temperature. The perturbed part (dotted line) is the average of nine lattice sites around perturbation.
	Fig. 5. Total calculated magnetic susceptibility for different doping concentrations. Notc that with the exceplion of some temperalure-independent background susceptibility the exact lineshape of the cxperimental data (sce Fig. 2) was obtained.
	Fig. 1. The lowest energy E of bound hole-magnon-phonon states (solid lines, left scale) and the number of escorting phonons N, (dashed lines, right scale) for k =k, (e) and k= 0 (D). J//t = 0.3, O/t = 0.15. The hole—phonon continuum edge is shown by the dotted linc.
	Fig. 2. Coexistence of self-trapped (O) and free-hole states (o) for J/t=o.l and Q/1=0.15.
	Fig. 3. Dependence of the ground-state energy E on S for different values of J/t.
	Fig. 1. a) Stabilization process for a spin fluctuation in a single-band quantum antiferromagnet. b) Walk on a square when no fluctuation is initially present.
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