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The paper theoretically investigates the photogalvanic effect in optic transitions between spin subzones
of Landau levels within ultraquantum limit. A geometry is considered when polarization is perpendic-
ular and the electric current is directed along the magnetic field. The effect is caused by cubic terms
in the Hamiltonian function, which exist due to the absence of an inversion center. The considered
magnetic field relation is of resonance character, the said relation having both odd and even field con-
tributions. Such an effect character is related to the resonance in the intermediate state and interfer-
ence of second order transition amplitudes in relativistic contributions in the Hamiltonian function.
Keywords: photogalvanic effect, optic transitions, magnetic field, inversion center, polarization, rela-
tivistic contributions, Hamiltonian function, resonance.

®OTOIAJbBAHUYECKHUHN YPPEKT CIIMHOBOI'O PE3OHAHCA B
KBAHTOBAHHOM MATI'HUTHOM ITOJIE
H.H. Yepusimon, H.U. Caunyenxo, A.M. HumbGan, K.T. Ymapos, B.JI. Jlykbauenko

B crarbe uccnenoBana Teopus oToranbBaHHYECKoro aphexkta B ONTHUECKUX MEPEX0oaax Mexay
CNUHaMH BOKpYT ypoBHeii Jlanaay B npeqenax yasTpakBaHTOBOro npeaena. PaccMatpuBaetcs reo-
METpPHS, KOTAA NMOJIA pU3aLIUs NEPEeHANKYJIAPHA U SIEKTPUUECKHI TOK HAarpaB/ieH BAOJIb MATHUTHOTO
nosist. P ¢exT BbI3BaH B COOTBETCTBUH ¢ KyOHUYECKHMHU YJIEHAMH B FAMUJILTOHHAHE, KOTOPbIE CYLIECT-
BYIOT U3-3a OTCYTCTBHS LIEHTPA UHBEPCHH. PaccMoTpeHHOe ypaBHEHHE MArHUTHOTO MO UMEET Xa-
pakTep pe3oHaHca W MMEeT JIBa YETHbIX U HEHUEeTHbIX noneBblX BkJaaa. Takoi xapakrep addekra
CBA3aH C PE30HAHCOM B MPOMEXYTOUHOM COCTOSSHHH U MUCIMOJIb30BAHUH BTOPbIX aMIUTHTY/ Nepexoa
Nops/IKa B PENSTHBUCTCKUX BIJIAfaX B raMHUIbTOHHAHE.

KitioueBsle c1oBa: GOTOralibBaHH4YECKH I 3 PeKT, ONTHYECKHE NEPEXO/Ibl, MArHHTHOE NOJIE, LIEHTP
MHBEPCHH, MOAPHU3ALUA, PENSTHBUCTCKHE BIUIa/ibl, FAMHIbTOHHAH, PE30HAHC.

®OTOTAJBBAHIYHUH E®EKT CIIIHOBOI'O PE3OHAHCY B
KBAHTOBAHOMY MATI'HITHOMY ITIOJII
M.M. Yepunwon, M.I. Cninuenxo, O.M. Oumban, K.T. Ymapos, B.JI. Jlyk’anenko

V crarti pocnimkeHa teopis GOTOrasibBaHiHHONO €EKTy B ONTHHHHUX MEPEXoax MixK CrliHaMH HaBKOJIO
piBHiB JlaHnay B Mexax ynsTpakBaHTOBOT Mexi. Po3rnsaaerbes reomMerpis, konu noaspusauis nep-
NEHAMUKY/ISIPHA Ta €JIEKTPUYHHIA CTPYM CipAMOBaHUH Y3108 MarHiTHoro noss. Edexr Buknukanuii
BiZANOBIAHO 10 KyOIUHUX WIEHIB y raMijibTOHIaHi, Ki iCHYIOTb Yepe3 BiACYTHICTb LIEHTPY iHBepcCii.
Po3rnsgHyTe piBHSHHA MarHiTHOrO NoJist Ma€ XapakTep pe30HAHCY Ta Ma€ /1Ba NapHi i HermapHi MosboBi
BHeckH. Takuii xapakrep edekTy NoB’s3aHHi 3 pE30HAHCOM Y MPOMIXKHOMY CTaHi Ta BHKOPUCTaHHI
APYrHX aMIUIiTY] nepexoay NOpsAAKY B peaSTHUBICTCbKMX BHECKAX Y FraMiIbTOHIaHI.

Knwouosi cnoBa: ¢portoranbBaHiuHuii edekT, ONTHUHI NePexoid, MarHiTHe none, UeHTP iHBepcii,
MoAAPHU3aLis, PENATHBICTCbKI BHECKH, FraMiJIbTOHIaH, PE30OHAHC.

INTRODUCTION

The paper compares theory with experiment. Since
the publication of the work by Rashbaand [1], the
phenomenon of combined resonance (light absorp-
tion at the expense of the electric component of elec-
tromagnetic wave that is conditioned by electronic
transitions with a spin flip) has remained in the sphere
of solid-state physics interests. Thus, the phenome-
non of interference of magnetic dipole and electric

dipole resonances in the Vogt configuration in crys-
tals without inversion center has been found and stud-
ied. The research of the photo-galvanic effect
(PGVE) has been of particular interest in this case
as both light absorption and PGVE are defined by
non-center inversion state of a medium. The depen-
dence on light polarization and crystal orientation
helps to single it out among other photoelectric ef-
fects. The PGVE in a magnetic field was studied in
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a number of works [2 —4], but the case of quantiz-
ing field has not been considered prior to our paper.
The aim of the paper is to investigate the PGVE
within spin resonance as well as construction of
mathematical model for calculating zone parame-
ters, as the same components in the Hamiltonian can
result both electric dipole transitions and PGVE
current. The problems which are solving in the pa-
per describe observed polarization relations in the
considered magnetic field orientations related to
crystallographic directions. The comparison of the-
oretical and experimental values of signals for an
even resonance contribution to the PGVE allows to
determine the parameters. The values of these pa-
rameters are in good agreement with their values
calculated in Kane’s model. The theoretical value
of the contribution that is odd in A is almost by three
orders of magnitude greater than the experimentally
observed one. Partially it may be due to the fact
that the nonuniformity of the magnetic field in the
volume, occupied by a sample leads to the suppres-
sion of alternating signal and has a slight effect on
the value of constant sign contribution. Other con-
tributions are possible which are not taken into ac-
count by theory and which describe a peak, even in
A. The impurity pears shown in Fig. 1 behave al-
most in the same way as the peak of spin resonance
on free carriers does. According to the rules of
choice only intracenter transitions between bound
states are allowed. Therefore free electrons emerge
at the expense of autoionization processes in such
transitions.

DISTRIBUTION OF ELECTRIC CURRENT
We will consider an electric current flowing along
the direction of a magnetic field H at spreading
light along the same direction (Faraday geometry).
Light polarization and orientation /A with respect
to crystallographic axes are considered random. As-
sume that the conditions are fulfilled which confirm
to the superquantum limit: o >>7; o > £, where
o, =|q|u,H—is energy of a spin transition, £, —is
the Fermi level counted from the lower spin subzone,
q —q is — factor, p, —is Bohr’s magneton, 2= 1.
A, A(f) =Rede™ — be vector potentials of a mag-
netostatic homogeneous field and electromagnetic
wave, respectively

U(r)=Zu(r—r;) (1)

— is the potential energy of interaction of electrons
with chaotically distributed impurities (r, ~ is a co-
ordinate of r-th impurity center).

The Hamiltonian function of the considered sys-
tem has the form

H=H+H+H+H, +U+F, (2)

where H, is the Hamiltonian of a free electronin a
parabolic approximation

H —k—2+l Ho;;
= 2‘]“’3 iOis
3
k=p+£A0. @
C

The components H|, H,, H,, correspond to three
possible mechanisms with a spin flip [3 —4]. The
component H, = § c®Q - is related with the ab-
sence of the center of inversion in the main axes of
the crystal

Q= k2klk2 -—k3k,k3;
Q,= k3k2k3 —klkzkl;
Q, = kk;k, - k2k3k2.

H, =gp,, {(Hk)(ck) +(ck)(HR)}, (4)

with the function of g-factor of a pulse, and the com-
ponent

H,=o([VU, k]o) (5
— is a spin-orbital interaction of an electron with
impurities. The terms in the Hamiltonian denoted by
the letter /' define the interaction of electrons with
an electromagnetic wave, at that

F=F,+F +F,+F,+F,+U+F, (6)
where
Fy = (e/me) (kA);
F =i(e8y/c)(cQ)rd;
F, =2q(e/c)p,(cA)Hk; (7
F, =a,(e/c)(c[VUA)).

FUNCTION OFALONGITUDINAL PULSE
The existence of a current along the field H direc-
tion requires the probability imparity of a transition
as the function of a longitudinal pulse p . It is evident
that it appears if the probability is calculated in an
non-zero order defining the non-center inversion
state. We will stem from of the quantum kinetic equa-
tion of the form the solution [5]

If+G,=0, (8)
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where f - isan addition to the equilibrium distrilen-
tion function, / — is an integral of collisions of an
electron with impurities, G - is the generation pro-
bability, i = (n, p, ) — are a set of quantum num-
bers characteristic of the eigenstates of the Hamil-
tonian function H, in the gage of 4, = (0, Hx, 0),
p=@, py) —is an electron pulse, 17 —is the level
number, ¢ ==x1 (we will use the signs “+” and “-”
to denote a projected spin). As we are interested in
electron transitions within the Landau level n =0,
in what follows we will omit this index in all the quan-
tities.

The part of the distribution function that is po-
tentially uneven in pulse and that makes an attribute
to the current can appear as a result of the uneven-
ness of the function of generalization and scattering
probability. When neglecting the interaction with
impurities in perturbation theory the asymmetric part
of a transition probability can occur due to the in-
terference of contributions /', and F,

T
0)5[[}) ZERG[(F;)p,(Fz)p,], 9
where i=p,+,p=p. -,

_ \/EeEoSo

(F;)ﬂ‘ - i(l)(lz € (azpf —(1/2))6[7[)" (10)

Here E ~ is the field amplitude of an electromag-
netic wave, ¢ — is a polarization vector,

a=+Jch/eH — the function of the direction of a
magnetic field with reference to crystallographic axes
lie in the coefficients B, (P —azimuth and © — po-
lar angles with the axis (100))

( ' )
B, =c0s2dcos 2®—ésin 2Pcos@(3cos” O—1);

B, =-—§2£ sin 2dsin Osin 26;

1 ez =e By, +e By;

(e tie)
e, =—J_——.
| 2

ODDNESSES OF SCATTERING PROBA-
BILITY FUNCTION

The paper analyzes the components arising thanks
to the oddness of the scattering probability on the
basis of impurities in pulse. It was found that in the
superquantum limit, unlike the case of the absence
of a magnetic field, these components do not result

NEss

Fig. 1. Calculation of intensity of an electric field.

in a photovoltaic effect. Besides there is no odd-
ness of generation function in the parabolic approx-
imation for the spectrum of electrons. Taking into
account the nonparabolic spectrum character we
have calculated the space distribution of the current
density (fig. 2).

3¢~ 2 p2

1y _ € dyqugkym dn 7O 4+ 0 :
=B \dp. —(1_,+V°)x
na’ Iqlsqmz Ip_f,r 6m( o V)

xp.(@pl= Y P8, (8). (1)

Here P =Re(e_e,B,,,), n(A) = (m/n)(A2 +n?) —is
the 8-function that is fuzzy in extension A= w® —
— resonance component [6].
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Fig. 2. Calculation of density of an electric current.
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Besides the considered contribution to the cur-
rent there may be components depending on the in-
teraction of electrons and impurities, the spin of elec-
trons changing.

CONCLUSION

The scientific novelty of the work consists in the
model of photovoltaic and increasing eftect showed
on spin transitions in GaAs. The analysis of calcula-
tions showed that the distribution of electric current
density does not depend on the angle between the
vector of linear polarization and crystallographic di-
rections. It was made a conclusion, that at the op-
posite directions of wave vector ¢ light component
photovoltaic effect does not depend on the sign of
wave vector of the radiation. It was considered a
symmetric combination of signals received at the
opposite direction of light distribution. The practical
significance of work consists in the obtained depen-
dences of parameters of photovoltaic effect from
magnetic field of circular polarizations. The change
of the sign of the magnetic field does not influence

the value of this parameter received from an even
contribution to the orientations H| [001]. It’s pos-
sible to get the parameter value of the electromotive
force for an odd contribution.

REFERENCE

1. BlohM.D., Magarill L.I. Teoriya fotogal’vaniche-
skogo ‘effekta na svobodnyh nositelyah v mag-
nitrnom pole//FTT. - 1980. - Vol. 22, Ne 8. - S.
2279-2284.

2. Rashba ‘E.L., Sheka V.I//FTT. - 1961. — Vol. 3.
—-S. 1735-1743.

3. Chern Y.F., Dobrovolska M., et al. Interference
of electric-dipole and magnetic-dipole interactions
in conduction-electron-spin resonance in InSb//
Phys. Rev. B. — 1985. — Vol. 32. — P. 890-902.

4. Sheka V.1., Hazan L.S. Zavisimost’ intensivnosti
spinovogo rezonansa ‘elektrona ot impul’sa fotona
//Pis’mav Zh‘ETF. - 1985. - Vol. 41.~S. 61-63.

5. Ivchenko E.L., Pikus G.E., Rasulov R.Ya.//FTP.
- 1984. - Vol. 18. - S. 93,

6. Ivchenko E.L., Pikus Yu.B., Rasulov R.Ya.//FTT.
—1988. - Vol. 30. - S. 99.

430

DI OUIPSE, 2013, 1. 11; Ne4, vol. 11, No. 4





