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OPTICAL SPECTROSCOPY OF TYPE I AND TYPE I SUPERLATTICES

E.L Ivchenko, A F.Ioffe Physico-Technical Institute, St.Petersburg, Russia

. Principles of Optical Orientation

. Suppression of Free-Carrier Spin Relaxation in Classical
Magnetic Fields (in Type I SLs)

. Optical Orientation of Excitons in Type Il GaAs/AlAs SLs
in Longitudinal Magnetic Fields

. Mystery of Anisotropic Exchange Splitting of the Radiative
Excitonic Doublet in Type II GaAs/AlAs SLs

. T'X Mixing of Electron States in (GaAs)N(AlAs)n SLs

. Spin-Flip Raman Scattering from Holes Bound to Acceptors
in GaAs/Al,Gaj.xAs MQWs



OPTICAL SPECTROSCOPY OF TYPE I AND TYPE II SLs (references)
E L Ivchenko
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1989)

- Exciton Oscillator Strength in Magnetic Field Induced Spin SLs CdTe/(Cd,Mn)Te (with
Kavokin, Kochereshko, Pozina, Uraltsev, Yakovlev, Bichnell-Tassius, Waag, and Landwehr,
Phys.Rev. BA6, 7713, 1992)

- Excitonic Polaritons in Periodic QW Structures (Sov.Phys.Solid State 33, 1344, 1991)
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Absorption

-Absorption Coefficient in Type-II GaAs/AlAs Short-Period SLs (with Voliotis, Grousson,
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-Electron Minibands in (GaAs)N(AlAs)yf SLs for Even and Odd M (with Aleiner,
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Photoluminescence

- Exciton Parameters and Electron Miniband Structure of GaAs/AlGaAs (with Uraltsev,
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- Magnetic-Field-Effects on Photoluminescence Polarization in Type II GaAs/AlAs SLs (with
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Kiselev, Zou, and Willander, Sov.Phys.Semicond., 1993, to be published)

Spin-Flip Raman Scattering

- Spin-Flip Raman Scattering in GaAs/AlyGaj_yAs MQWs (with Sapega, Cardona, Ploog, and
Mirlin, Phys.Rev. B45, 4320, 1992)

- Exchange Interaction and Light Scattering Due to Spin-Flip of Holes Bound to Acceptors in
QW Structures {Sov.Phys.Solid State 34, 254, 1992)

Nonlinear Optics and Photogalvanic Effects

- Reflectivity and Photoreflectivity in SLs and QWs (with Kochereshko, Uraltsev, and
Yakovlev, Phys.Stat.Sol. () 161, 217, 1990)

- Current of Thermalized Spin-Oriented Photocarriers (with Lyanda-Geller and Pikus,

Sov.Phys. JETP 71, 1155, 1990)



PRINCIPLES OF OPTICAL ORIENTATION
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Prfncip?es of OP%Lcae Ovientation-2
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SUPPRESSION OF FREE-CARRIER SPIN RELAXAT ION
IN LONGITUQINAL MAGNETIC FIELDS

Zﬁe o%gafonov-/oeref S/Dc}z refaxaﬁ‘m a/ae é)
E-c/e/aena/enZL S/oﬁz[z[mdo 0/ electron S/D[lz szla?."es

Bulk Gals
W= Y[ ke - 2)+ 0 Ry (2~ + 02 R, (R R))

GahAs/Al,Ga,  As (004)
SQW or SL

#,,=y<kz) (- b+ oy ky) |

wheze -
iy=5p@ () p@dz
T i
Lo a§QW  Hectro suslpe

Y }] Tna SL, pe+d) =@
v,

In (001) beterostructures
Q= 2y k> ke

Rz, = 2 x>k
b= £

. = .2‘%-(553 7)
Fffective Larmor feeguency

The value and direction 0/5525 a/e,oeha/s on Z’




FREE-CARRIER SPIN RELAXATION -2
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FREE-CARRIER SPIN RELAXATION-3
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g NATURE OF THE LOWEST ELECTRON
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OPTICAL ORIENTATION OF EXCITONS [N

TYPE Il GaAs/AlAs SLs IN LONGITUDINAL
MAGNETIC FIELDS
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OPTICAL ORIENTATION OF EXCITONS-R
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ANISOTROPIC EXCHANGE SPLITTING
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ANISOTROPIC EXCHANGE SPLITTING-2
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< ANISOTROPIC EXCHANGE SPLITTING-3
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X Mixing of Efectron States in
(GaAs), (ALAs)y Sls
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[ A mixing
ELECTRON TRANSMISSION SPECTRA

THROUGH A SINGLE-BARRIER STRUCTURE
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40 f-Xmixing—Z

clectron Miniband @isperséon
Ln(GaAs)N(AfAS)M SLs near the Transition

from Type I To Typell
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Fig.2. Absorption in the parallel polarization, PLE and PL spectra of SL1 at low temperature.
a) the beld solid line represents the absolute absorption curve. The excitonic transition, labelled
HH1-X, lies at 1.954 eV. b) PLE spectrum. ¢) PL spectrum. The zero-phonon line is shifted
by 11 meV from the absorption excitonic peak and two phonon replicas appear at 1.908 and
1.894 eV. The detection energy was set at 1.894 eV and the scanned energy range was between

1.989 and 2.17 eV.
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Spin-flip Raman scattering in GaAs/Al, Ga,_, As multiple quantum wells
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FIG. 2. Raman spectra measured in {¢~,0 ") (upper spec- FIG. 3. Dependence of Raman shift on tnagnetic field
trum) and (o¥,0”) (lower) configurations in a magnetic field strength: (1), SFRS from Be-doped MQW 46/110 (spin flip of
B =10 T and for excitation energiss fiw=1.628 «V. H labels hole bound on acceptor). (2), SFRS from undoped MQwW
the hole spin-fiip Raman line, LE the localized exciton angujar 29/101 (angular momenta flip of localized exciton).

momentum flip line. Sample 46/110.
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FIG. 1. Resonance profile of the SFRS cfficiency for the
z(o”,0% +07)7 configuration in a magnetic fild B=10 T
{dashed line, fuill dots). Photoluminescence spectrum of the
MQW 46/110 also for B=10 T and excitation at fiw=1.7 eV
(solid line). The circles and dashed-dotted line show the depen-
dence of the circular polarization p, on excitation energy
lp.=[Ho™ g }\—ile ", e "))/ Ie", 07 )+Ila",07)}], where
I{e",07Yand I{o~,07) are the intensities of the Raman lines
measured in {o 7,0 ") and (¢ 7, *) configurations),
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SPIN-FLIP RAMAN SCATTERING
FROM HOLES BOUND TO ACCEPTORS
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SPIN-FLIP RAMAN SCATTERING-2
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TABLE 1. Parameters of the GaAs/Al, Ga,_,As MQW samples and the measured g factors of excitons and holes.
Exciton Hole

Weil-barrier Doping
width {A) x x10'* cm™* Periods g factor g factor
46/110 0.33 7 100 “1.1(1) 231
72/110 0.33 3 100 2.1{1)
102/110 0.33 5 100 2.0(1)
29/101 0.34 150 1.5(1)
71/104 0.33 70 1.0(1)
98/103 0.35 40 0.8(1)
198/103 0.35 25
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Fig.2 Dependence of the -3/2 — 3/2
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