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BAND STRUCTURE OF lilI-V SEMICONDUCTORS
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Spin-orbit coupling gives rise to both optical orientation and spin relaxation




SPIN-ORBIT SPLITTING OF CONDUCTION BAND
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D’YAKONOV-PEREL’' MECHANISM

Spin precession in the effective field  Effective fields in (001)-grown QWs
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- exponential decay of electron spin polarization
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OSCILLATORY REGIME OF SPIN DEPHASING, Q7 >1
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HANLE EFFECT

Depolarization of luminescence in transverse magnetic field, W. Hanle, Z. Phys. (1924)

Experimental geometry Master equation for total spin

d—S+S><.QL =G 3
dt

S

Q = guyB/% isthe Larmor frequency

G is the spin generation rate
T, is the spin relaxation time

Steady-state spin components 10 <
S,(0) ‘
S (B)=—-+= ~
+(B) 1+ QT2 S
s S,
%)
s(B)="hh
1+ Q7 T,
0.0 - -
0 1 2 3

Magnetic field @ T_



HANLE EFFECT: MICROSCOPIC THEORY
Kinetic equation for the spin density matrix
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HANLE CURVES

(a) Collision-dominated regime, Q7 <<1
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MICROSCOPIC MODEL OF ANOMALOUS HANLE EFFECT

Spin precession in the total magnetic field (external field + spin-orbit field)
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HANLE EFFECT ANISOTROPY
Quantum wells with both Rashba and Dresselhaus contributions

Experimental geometry
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2D STRUCTURES WITH ANISOTROPIC SCATTERERS
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SCATTERING ASYMMETRY IN 2D SYSTEMS

A
K . ..
y The integral of collisions

-
—"
-
-
—

/“ , k> ¢ B 1 i , , , do’
. \( X t[f]—Eof[W(cp,cp)f(cp)—W(cp,cp)f(cp)] @
k!

Expansion of the scattering rate in angular harmonics

AN ine+imao’
0.5~ Y et
nm

The properties of elastic scattering

the reality of rate w(e, ") isreal Winn =W _m-n

“optical theorem” fomw(qo,(p’) do'= foznw((p,(p')d(p =const | Wop, =Wno=0 (n#0)

time inversion sym. w(p, @) =wm+¢',m+ @) Winn = (D™ wy,




SPIN DYNAMICS IN ANYSOTROPIC STRUCTURES

Quantum equation for the Spin density matrix
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COLLISION-DOMINATED REGIME

- intensive scattering, small rotation angles between collisions, 72, < 1
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DEPHASING RATES IN (001) QUANTUM WELLS
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OSCILLATORY REGIME
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KINETIC ANISOTROPY OF SPIN RELAXATION
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SPIN DEPHASING IN (110) QUANTUM WELLS
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SUPPRESSION OF SPIN DEPHASING IN SYMMETRIC QWS
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LIGHT INTENSITY DEPENDENCE

Hanle signal (normalized)
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SPIN DEPHASING IN (110) QUANTUM WELLS
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SPIN DIFFUSION IN THE PRESENCE OF HOLES

MOKE experiment with high space resolution
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SPIN SPLITTING IN ASYMMETRIC (110) QWS
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SPIN DEPHASING. COLLISION-DOMINATED REGIME
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PRINCIPLE AXES OF SPIN-RELAXATION-RATE TENSOR
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SPIN DECAY AFTER PULSE EXCITATION

Relaxation of S,

Is described by two lifetimes and
leads to the appearance of S,
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RELAXATION OF ELECTRON SPIN
INITIALLY ORIENTED ALONG THE GROWTH DIRECTION
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SUPPRESSION OF SPIN DEPHASING BY DRESSELHAUS FIELD

Dependence on the Dresselhaus field
CW optical pumping
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OPTICAL ORIENTATION IN SEMICONDUCTORS
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OPTICAL ORIENTATION BY LINEARLY POLARIZED LIGHT
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EXCITATION BY LINEARLY POLARIZED PULSE

Pump pulse
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OPTICAL ORIENTATION AND SPIN DEPHASING
IN HIGH-MOBILITY QUANTUM WELLS

Summary

« Spin dynamics of optically oriented electrons in quantum wells drastically
depends on crystallographic orientation of the structure, electron gas
mobility, details of scattering, and intensity of optical pumping.

» The absorption of linearly polarized light in quantum wells leads to the
spin orientation of photoexcited electrons.



