Chinese Physical Society
M!l H Acta Physica Sinica .

€D Institute of Physics, CAS

BZFFRMERT (110) RIEAE K GaAs/AlGaAs B FH e F B HEst % s RS
Al BB

Effect of doping symmetry on electron spin relaxation dynamics in (110) GaAs/AlGaAs quantum wells
Teng Li-Hua Mu Li-Jun
5| 5 & Citation: Acta Physica Sinica, 66, 046802 (2017) DOI: 10.7498/aps.66.046802

1E 28171 View online:  http://dx.doi.org/10.7498/aps.66.046802
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/14

B RERSLBME M E

Artlcles you may be interested in

R TSR G R P N A R B O3 B
Signal-to-noise ratio of spin noise spectroscopy in rubidium vapor
PP 2EH%.2017, 66(1): 017201  http://dx.doi.org/10.7498/aps.66.017201

H e AL X GaAs & 1B IR S AN 08 5 80T 525 80 11 2 IR S WAL RIE 5

Effects of spin polarization on absorption saturation and recombination dynamics of carriers in (001)GaAs
quantum wells

YE % 4.2015, 64(15): 157201  http://dx.doi.org/10.7498/aps.64.157201


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.046802
http://dx.doi.org/10.7498/aps.66.046802
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I4
http://wulixb.iphy.ac.cn/CN/abstract/abstract69155.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69155.shtml
http://dx.doi.org/10.7498/aps.66.017201
http://wulixb.iphy.ac.cn/CN/abstract/abstract64823.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64823.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64823.shtml
http://dx.doi.org/10.7498/aps.64.157201

38 % 4R Acta Phys. Sin.

Vol. 66, No. 4 (2017) 046802

\)

B AXTFRMEXT (110) BEE K GaAs/AlGaAs

E 7B EEN N FRNE

A

EWAE

(FBFBRFWEAR, IWREFADCEM B SRR TR S, ¥ 266061)

(201641 A 1 Hig®; 2016 4 10 A 10 HIYZ R &8 )

K FH B TE] 23 7% 5 O 41 6 4t a2 2R D 1S, W& T (110) & A AR K ) 3T L FR AN 5E 4 R X R 45 Ak
GaAs/AlGaAs & T B i i1 B BEsh R, & PR & 7 BIERORE (1) v 7 B 5 st TR 1) 8 30 1 B
HOR 38 B0 S KGN R E HIL AR S 44 GaAs & B A 1 B B e st e TR) B B K T s A X
MBETHE HWERM, 78 (110) FHAKE GaAs 7P 338 R @ # A K Bir-Aronov-Pikus (BAP)
HLEERAE L, TR IR E X Ik, P9 & TP+ D'yakonov-Perel’ (DP) HLE L £ SAEH, Bkt FikE X
I BAP HUEA DP FLEREGEE /R, S8 AR AR B2 & 7 PE o DP HLEL 92 T IT PO AR5 44 & 1 P

KR B RIROCEAERBOLNE, By B enTE, SA0TEME, GaAs/AlGaAs &1 B

PACS: 68.65.Fg, 72.25.Fe, 72.25.Rb

1 5 =

AT B e B B eSS & A R
BEAT AR B0 B e i 7 s RN N R R YR
F AR R I B T R S A 2 SR
XL N I HR RIS AN R B e st B A A (K 3RS, L
H RGO 4% B e & 1 2R i 7 B AR A gt
B RS, M5 S AF kS S W ZER B etk e fr
FERRT )RS B0 o Stk B B e 430 7
L REAT RIS BB S R DL A B 55 DR A (22
PHIF T — L — MR ER A 70 45k =2

AT BTBT 7C /) B e HL 7 SE AR R, DR T B
R 1 7 57 25 540 DL AE B e B 7 3 AR
{10 2 B N AN T 46 52 k3. RN, FEASIEAN
n BRI TV R SR E TP T B st
¥ 32 ZEALEL R DP ALEE 59101 by 45 440 1) 2% ] J= 358
FEXSFR BT 5 B Rashba 2800 A% 1) 2% ) e s A
SR AT 5 B Dresselhaus RN 51 2 54 B 725 14

DOI: 10.7498/aps.66.046802

H OS2, U E Y T AR A A AE — DA AL
W37y, M 51 R A0S BT (1 E BE st 7 101 1
&5 ) 1) 23 1A S R GaAs BT BF 1, Dresselhaus
RO SRR, & T B K 7 M (001)
B (111) dh n), A ARG £ & PPN, w7 RLS|
e =R a U Y TN RN SRRl = N S D)
T (110) M AKWE 7B, G0 EE T 271
Bit -1, P17 Dresselhaus R4 %) 2 B T & 1 B
T 77 [e f4 BT H e st $R  ok. 50 Rashba
2B AE 45 4 2 8] I FR GaAs & T B LT AR
2 AE A, 1@ % W\ A D'yakonov-Perel’ (DP) #LEE 7E
(110) & IA) A K & - BF R A AN A F, T,
== Ui T SN N AR =N Sl E e
K 1101, Ohno %5 "2 FEAIGIR T IS n A48 2% (110) #
AR K GaAs &7 B LT B EShTE T 7E 1 ns
feda, B IR FE IS B e sth TR (R E G, #5 H
T B BE IR T EHLEDN BT - U SR
BAP HLH; Eldrige 2 1735 F (110) a4k
K AAE GaAs &1 B o HL 1 B Jie st 7 [R) 8 i

 ERERREEES (I S 11504104, 11274189) A5 8 T SR REIT 7 1 5 H 7465150 (38 2 14-2-4-101-jch) W BHIRAE.

T B E/E#E. E-mail: tenglihua80@163.com
© 2017 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

046802-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.046802
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 66, No. 4 (2017) 046802

1 ns; Volkl 25 M 043 5384 % (110) & A A K 1)
n 8 GaAs &1 A B B B it RS R 5 ) DLk
116 ns, Z HTHIATEFL4EE RN A (110) d A
) GaAs &1BF o B B BE st 74 ) 3 21 2 2 Bir-
Aronov-Pikus (BAP) HLHL 1214, £, Han % [19]
G318 R R 7 T SR R AT E X AR (001)
2R K n W35 2% GaAs &1 B A BT 11 B e sth 74
], < I E T AR X5 FR & 7 B b A7 CE 5058 1Y) Rashba
RRONE, B O™ A TR THT N A 5 S 2 s FL - 1) B g
sFR. X (110) & AR K 1) GaAs & T Bt R A7
TESANRIRE, B2 25 4 1) 2% 18] S 38 AE X FR (110)
A AR GaAs BB B B e st IR P 1
3582 BAP WL £ FAEH? B 1 B it
BAFEDP HLEE A BAP HLEAH BS54 LR IR
NHFFE (110) & i A2 K 1) GaAs &7 B L7946
H e sth #8712, BEA IR 2 Sk B g f 1224
HEAR TR E, R ARE FHRARENT
BN, ASGEE S TR B R AL E
SXof AR A T 5073 3 ) P 2 1] g i xof AR A R 3% e 245 1)
(IR RRAE, TR T 95 2% o B IR AR R A 578 42 X AR
(110) & M A K 1) GaAs &7 BF P 0 7 H e it 1%
I ), BRI T P X3 DP HLEE S = AR,
TR TR FE X I BAP HLELAT DP AL #S AR H
SEAAEXT R AR (1 & 1 BF o DP LB 5 T3 AR AR
BaRETHE

2 EBHRER

SEE RO MR S AT R, BE A
B WA (110) & ) A4 K 104 J B 8
GaAs/Aly 3Gag 7 As = T-BHA L, BNAR2ENE
HaMESiflBRE. Hb, FERARE 1IN E
THELAN, BoR RO E R T H R I E T
BEXTRR, #F ik B SiB AR JE B AL E Ok T 10 4N A 3
[ B BEAS 2 JE X RR I, A S AFIB 45 2
FIRE AN 2.5 x 10 em™2 F11.6 x 10 em—2,
B AR5 Je i B DL K 35 B 2 R0 35 22 )2 1Y) )5 2 dn
Kl 1.

HH H BB AR 5 A oG a8 K B8 100 fs,
DK 850 nm, FE A 82 MHz [ ik v 41 id it
— AN [ s R 2 B DO g ks R
MsREE 9 5/1, fEE e E— AN 1728, 4
R s O RS R R AT AR AR 2 R

BETTEEE 1/4 9% B 43 7= A= TR Jie ) A s g ) [ i
FHIEFERI . Hhig APt — A £EFE N 50 mm
(3% B2 S AR TRE M IRl — b, R ERY
930 pm. 7 IR R IE R R R ' 1) 5 B AR A B
R R g FL, SR B BOR AR AN, — i
SRR O F TR AR OG5 B SRk
BT B B, S8 R ONGT BRE S iz 6 T
REFHITE 1—18 mW Z[0]. Ff 5 R BOR i1
W NGB AR (1-R)Ea/ (hvS) 5 P b R
H v 53 ) 9 SO EERRISCLE B i St 1 B fik v
BE&, ho NG TRER, S ONHIZ JeBEim .
AlGaAs Gads

T /\\l\ - /\\,})pg];\\r’/
&:

! :/(S-Si doping
A

'
|¢—— L
¢ —> >

15 nm

92.5 nm N ?O nmj 92.5 nm ‘15 nm 92.5 nm i
» 1 1

l 9 l

B —
Growth direction

AlGaAV\

-Si doping

1 6-Si doping
E 7165 nm ‘15 mx‘x 20 nm
' T T

L

X 10

1 BB AR BRHAREKMBAMLE
Fig. 1. Diagram of potential energy and doping posi-

tion in quantum wells A and B.
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Fig. 2. (color online) Normalized transmission changes
in approximate symmetrical (a) and completely asym-
metrical (b) doping quantum wells. The red and
black solid lines are taken from co-helicity pump-probe
beams and cross-helicity pump—probe beams, respec-
tively. The green solid lines are the fittings with the-
oretical model. Different y-axis offsets are added to
each set of curves for clarity except the curves with

carrier density of 1.26 x 1012 cm—2.
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Fig. 3. (color online) Photocreated carrier density de-
pendence of electron spin relaxation time in quantum

wells A, B and C.
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Abstract

Considerable interest has been aroused in the study of the spin dynamics in semiconductors due to its potential
applications in spintronics and quantum computation. In this paper, time-resolved circularly polarized pump-probe
spectroscopy is used to study the carrier density dependences on the electron spin relaxation in approximately symmetrical
and completely asymmetrical doping (110) GaAs/AlGaAs quantum wells. With the increase of the carrier density, the
spin relaxation time first increases and then decrease obviously in both of the quantum wells, and the measured spin
relaxation time of the approximately symmetrical doping quantum wells is always longer than that of the asymmetrical
doping one. By analysis, we find that the spin relaxation is not dominated only by the Bir-Aronov-Pikus (BAP)
mechanism in (110) GaAs quantum wells, that though the Dresselhaus spin-orbit coupling does not lead to any spin
relaxation, the asymmetry of the doping position contributes to the asymmetry of potential energy structure, thus
the built-in electric field which can induce the Rashba spin-orbit coupling to appear, and that the effective magnetic
field induced by the Rashba spin-orbit coupling normal to the growth direction can lead to spin relaxation along the
growth direction. Therefore, the D'yakonov-Perel’ (DP) mechanism plays an important role in asymmetrical doping
(110) GaAs/AlGaAs quantum wells. In the approximately symmetrical and completely asymmetrical doping (110)
GaAs/AlGaAs quantum wells, the DP mechanism dominates the spin relaxation at low carrier density, thus the spin
relaxation time increases with carrier density increasing due to the strengthening of the electron-electron scattering and
the decreasing of the momentum relaxation time. However, at high carrier density, BAP mechanism plays an important
role, thus the spin relaxation time decreases obviously with carrier density increrasing, but the decay rates in both of
the quantum wells are slower than that in the casethat only BAP mechanism dominates, because both the DP and
BAP mechanism play an important role. The strength of the Rashba spin-orbit coupling depends on the symmetry of
the quantum well. The DP mechanism in a completely asymmetrical doping quantum well is stronger than that in an
approximately symmetrical doping quantum wells, thus the decay rate in a completely asymmetrical doping quantum
wells is always slower than that in an approximately symmetrical doping quantum wells, and the spin relaxation time in
a completely asymmetrical doping quantum wells is shorter than that in an approximately symmetrical doping quantum

wells.

Keywords: circularly polarized pump-probe spectroscopy, electron spin relaxation, doping symmetry,
GaAs/AlGaAs quantum wells
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