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JEPETE 2 37.5 pm; FELFEEDT GaN /K&, Liu 456
DU FHHA R 19 B B E RS & X FR 1, 78 InGaN/
GaN & 7BFhssl 135 T Ik 311 ps 1Y F st
B (AH LU ARAPEHE T T 1 A8 4R), JFrlidE
AR JT A TA RO . 3K SEFEAN [ A A 2 ak
DSEBL . XF H e A A Smis K BRI 5 &
iR, SLEATF A EET ABE A M ERHIEE S
Pttt B85E T Y BEALR.

R, ASCREFM-ViEERE a1
ZER, Wi T —4Ef TS (two-dimensional electron
gas, 2DEG) 5 —. 475 9UA (two-dimensional hole
gas, 2DHG) 1K F i, FI AT 37 5 0 1845 B e
BRGSOt AL BT . SCRRE5 G I ] 3 B
W CGTE 5 WG iz I A5 S 0 T B, BIBT A R i
it. #1755 W J1 %) Rashba 5 Dresselhaus % H)
DA EE . LA b, SRR T INEEET GaAs
S5 GaN L7 g EAE EK T SU(2)
H e I 1 22 AL BB A X T INEEE™ GaAs
i Bk, T8 U0 fn] 38 1 25 A 15 T K H 3 R A
Rashba 55 Dresselhaus 3 & A 21167, I E E A
B35 77 15 LASE B PSH; A TLFRR GaN 1A R,
W45 7~ H A Rashba 5 Dresselhaus 5 KSR H4&
AR DR T 2K, 382 L3 Sy ) A S A AL
W W LR 5 &M SUQ2) mF8. X—MN
“Gy gl B < B YR S, ARk
R A5 A5 20 B 5 B Rk R [R5 SR A T4
BHVE 5 A BT R AL T UK.

2 II-Vik+FHE_EBETEMT B
18 155

R SR TP I B T I Bl ) 2 32 AR
PR R 2 o). AR Kramers i€ FR, 7£ 8] B 2 25
(] 5 5 [R] S JBOG FR P ) #A h HL B RS RE A
Jf. ST 2400 7 Az R A TR s 1] 332 8] S 6 PR
P T AL N ) AN FE S RN S A
MG T A AR ZE A AR By il = St rpos . SX RS RR T Y
iR B AR IRAE fL R B i 1Y H B R A I
H A P ERALEDE: B AEAEXT ARSI s
RSz NI, TEHE RS IR TPiZ i 5 AL
AR, SHEF AL AEMEEAERH, WSS
MAAS AE A B . -V GRS Y5145
e, ABEPUERE S R = BT e,

AT Z AL B e [ P B35 45 S A
FR (structure inversion asymmetry, SIA) i 5 )
Rashba J B33 FCo8 BE 7] 58 3 A1 oL 3 sl AR X FR 2
FAEA TR, DABGIR T AR SE P AR B R R R ke
FIAR S A X FR (bulk inversion asymmetry, BIA)
Fr 5|2 Rashba I B3 5 Dresselhaus 3 36-38], 3¢
AR EE(IEESRE N R E ot = SR 7Lt
Bty AR TP AE K T S 85 S
B, AT H EUE RN A STBR A SR TR
J7 1) L8 R AR AU SO EHEIE, A6l DP 4t
Bad R, K A BE A W, SMInHZ % Rashba
RO Y LRI RE T, A aE R S A e R AR
PSR T EA).

HA GaAs B FHHAR Y, 2DEG Hjigsh 112
TRz 5. [110] B ) & FBF i, Dresselhaus
WA RUHE F 2R ARy ), AR 0T AR Ak
HERCH HIEFLERN A ASER, I RAFE A TiE
T 19245, [111] B4 B B B, Rashba 5
Dresselhaus P4 14 BT R T X 2 18 P 20 540 B
H, #e L WP DP sthig 2628390 7¢ [001] H e
1K Z . 24 Rashba 5 Dresselhaus 5% & ik 21K #ff
ST, T A — B S XA R T ——
PSHUOM SRS, R IGH It HATREIR SU(2)
KRR, W5 2 [Hoo, S] = 0, WA HEHLER S A S
S A e, HAMIEZ5IA Rashba Hitk 5 1T
e SU(2) xRk, MITSE B B BEsh A JOR .
I, SU(2) L FA 2 —Fh e ATy siE 2 L
PRAEE e R 1A R AR B2

X T INFER 4548 [001] J7 ) &2 5B, Dressel-
haus W4 25T & 7E o/ /[1-10], y//[110] 2645 2 F [
fai A et 3= T B L 1490

Hpia = —p <k§> (ouky + 0ykz)

.
+ D oyke = ook (2~ KD, (1)

Horpyp 4 BHH JE Dresselhaus 4L, o; Ay i Fl
FEFE. WO EF, o 1T ITE kp BUEHIMEZR T,
fdF Lowdin Y] 34 A 10 sl Sl 53 10 #4711
L AEMARAR T, W ] 3Rk

Hgia = Bk(oysinf + o, cos6)

+ Bsk? (0, sin 30 — o, cos 36), (2)

Hdr 0 AR kI, B = B1 — B3 N Dresselhaus
FE, A

080705-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 75, No. 8 (2026)

080705

pr=—(kZ), Bs=—p- k*/4 (3)
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72 A1) Rashba B2 i 7E LR Ak FR R T H LT
NG
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)‘07y
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ZUf) Rashba HIEPEME G, HEEAE, fELFH
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S k2SIl AT AIRIRTRRYE (761 1(b)), B4 SU(2)
LA AR M2 MR ) | TR A5 2k B AR AL
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1) 2DEG, £ [ e B RS e % A (5) =X
iR, G 3wi By, (k) M
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k
9 Yy
7[0[}2 + ae + 70 <k§> - 275'7"3] ( —ky ) , (8)
1B 0

Hodra//[1120], y//[1100], z//[0001], og J5FH
il SIA, HAR/NS W By BE H ar < B,
e R T EE0™ GaN Z5F X FRM: ) 1250038 4
PR A AL A8 S T8 AN KPR BLEF BT 45 1 S AN X PR
Y Rashba . J5-T 1A+ ¥ GaN f¥) Dresselhaus i
v(0k2 — k7)) 52 2 B 5 5 45 v i - IR 2500 A9 52

STl E"JKE%'J/T\#F—F—IUJE{J%ZI b (k2) — 2myny,
Horf v 11 b J& 5 Dresselhaus A 56 18 5 £ 74748,
X EFRE Gl > A rpopl R R M B RT RE S
1) SU(2) FFAMBIR, RO A EZEe TR
TR, 2010 45, Wang % ) 33t kp 7 ikEEE
TR T 440 454 AIN, InN B9 [ e85 246, B
TAHEMX A SU2) FASRAELE, B [001) 77
AR AT EE S5 R BF T Y SU(2) FARRERS
A RANT A B e A iig. BES, 78 2011 4,
Harmon 5§ PO B FUI | £F 60 SR & 7Bl oh
SU2) B FAERA B AT, 7545 1 2F
BEWT AIN H SU(2) HLFAS I iesth g il [ =1 T
Kk 0.5 ps. XL R ELS W, 8 T GaN
S T A5 7E SCBURE S SU(2) L F 2407 T i
L AR S

(b) k., [0001} & | Pump light ot

GENN
&*‘ ,’}

Wurtzite QWS =0

B 1 (a) PSH LABLM A BEBMTER L, th B EAE k4877, (b) 76 [0 0 0 1) B A K A £ GaN SE i T Bk, A 200G 3 1 i

Sh o fE UG 2R O 2 1

Fig. 1. (a) Apperance of the PSH as unidirectional spin wave indicated by blue arrows; (b) the out-of-plane component of effective

magnetic fields is always zero in [0 0 0 1]-grown wurtzite-based quantum well (QW)P!.
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3 M-Vik¢Fh—EBTEMT HIE
L Sh 7

it B A8 AR A A A A [l AP A A
WAL B R, S REAR R U Y 2 WA B o1 A
GaAs, GaN % 11- Vg Sk, DP HLHE F %
1 F et i T8 2 — P25 FEiZ LSl B FE
TE W5 IR 3l i WU 22 18] [l 58 3L 9 B, () #E 35
M T3 iU S 808 F IR B ARB LA 1L,
A RS2 B 09 RURE3 J5 1) R R /R SRk T
A5 K A TR AL . 21 Bl i B, e
2 (k) -7 < VERHLS S50, - AE#ES) 1 rad B
O YRR, ARG 2 B E-Y, oA is
sh7Efb, IITTHIE] A e L. BLrt [ et 5 i i -
S U IR 7 U M, HBE AR R A

Iy= (@0 = (05027 — (22) 5 (9)
Ak, EY (Elliott-Yafet) #Lii 5 BAP(Bir-Aronov-
Pikus) AL -0 7647 E S5 08 T 83520 A e sh 4.
EY HLi$8 1, 7Er T30 o | i3 18 2 & U
R, fATE—E B HERIAE R, AL b A et
BINFA] 7 5 Bl WU I R 7, BOE L, BT 7E B
BB RS (W4 B Em B K) LU 7E
R 9 E BERUE RS AR P S 6 P BAP
AL 2 6 B 25 XY e s 350 a8, HAZ O I H
T3 A BAE B9, SCLE p AR AR E R
WOR AT IU Ay H e P,

T b 4 T[] g S A [ T ith 75 R 1 O B
S8, SN RGBTSR B WIIRE 1/e FriT
fR IS 8], S AR X — 2%, I (8] 43 B 5 2R e £
(time-resolved Kerr rotation, TRKR) Y5 i (7]
DHEEPE#4ff (time-resolved Faraday rotation,
TRFR) SGi% C BB A b A g sh 122 i
B TBr. YR BRI S G RE b T
AN AT ARG, A2 m BRI DG AE AT ] 4E
RITE] At JE 4RI A g ik, TRKR OGIGHEE T #DE
SR ABONE, 0 B 5 I O A B T e e AR (B
IRAR), 20 BE T L TR i 3R Y 18 e AR Ak % R
TRER i W TR 588500, 7635 S48 i
PRI B T8 B ek (AP AA). X MR 25
NS5 5532 5 £ BE S RN T 8 - B 7.

TE AL - V G AR, D60k A etk ik

BRI H SRS M T 1Y BT R BS99, X1
IRNEE 45K 2 SR (T GaAs), W TRAE I
I E 2R /GHE (HH, J, = £3/2) FAIRZ/0GH (LH,
J,=£1/2) # B AR A B ST 1E OGS kB
EN], ZEFEmIRG (et ) &R, N HH 45 LH
WOR BT R ERIE A O 301, X — [ A AR
TETR B AR RE v B i i 6 1) e K I e
ARG IR T 50%. XS FLFEa 254 Ak (dn
GaN), HH TS s 25 5 20 AR R AL,
SIAT B EW A7 (crystal-field splitting).
TEMmIR B LS ATEER G L FEERT, il
00 i) e % 187 -1 50 2 FR B, (LA 7E 1 a5 32
M A(HH-like), B(LH-like) fl C(CH-like)3 4~fE &
BT AR RSO, EHA S
fREER N (A7) 25 P BRIE LR, w] B ke L
BRI 0. R, 7ELFEE GaN Hr, JeAE 3k
L1 A BER AL FR SR BR AT 3k 100% 0061,

e de s, EIRBEAT R S T B
T A 6263, ¥E GaAs —4EZE Ry b B TRR
filffEkR 1 HH 5 LH A7 6 JF; 78 GaN 4454,
HFREE KT A, B, C FHrlalGERT. KL, i@
RGOS, TR BRI R R m AR
i (GaAs o HH 47, GaN i A 47) 2. 3t
T UL RS BRAE Y e B e B, #e A A R ARt
AT SEELEE 100% IRIGG A etk Ab. X Fhid it fety
TRESCHLE R A TEEARE S, J& 4 L5 7E
T HL 22 W ) s e 2 —.

4 W-V+FHE_EBETEMT B
i 7 B 15

4.1 ZHBEFSBERMHEE
411 e HiAE

FIFH A1 n e i R 25 F e B0 E RS G, R S
2DEG H Jie & sh #4520 F B, (B Y LS|
T B B e bE. RS I R i R A
AR T o AR ST S 37 AN 6 B R e T
Rashba &0, PAH S #PEHN ELAY Dresselhaus ik
BT SRR HL S A5k AR AN A
b2 30 Aok e A A 1) e B A 5 B sl ARk B )
2FRAS, XT Dresselhaus 00 M 5 By A e LB &
Ty A AR R R 08 PRk, R SRR A B
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—ZRR ST IE Y, T JEXF Rashba 45 Dresselhaus
S ATRPUER G i 2 A Y A . X R 241
FEA LI BE ARG B0 S B SU(2) XFRRMEHT SRk T Hk AL,
WA R I B e P AL T HLE
R T SEEN E BEPUERR G RRE R, T

Se K SR BENS %€ i 4125 Rashba 4§ Dresselhaus 244
(250 1. A XTINBED GaAs[001] J7 1) PSH 7,
Walser %5 8] J J&& 1 — B I FH 1] N #3750 8
Rashba 5 Dresselhaus Z S50 J7 5. 3013t fin
T HT PSHIER MW B (B 2(a)), 7IES
PSH S5 1 DA v, A%
dﬁ _ ghys
dt  2m*(a+ 5 —
U\ﬁﬁ*iﬁﬁ?)r" e ol B —

1T TR ) Bex,y , 18
E Vgt

- Bex z- (10)

l/y:

B3)
53 ZECZ A dE T i~
T 0 L S B P A A7 TR

dxl -
dar Qm*(—a + 51 — ﬁ?,) (11)

fE s B — B REZ 2. NEAHE B,
Walser %5 8 5| AT AEH A 7, HiEEAZ g

ghps

Vg =

: Bex,ya

(a)
Bo=0 4

.
4 .
No precession

100 dqw =15 nm, V= —=5.0 V

100

dow =25 nm, V;= —4.4V

I o — (81 — Bs) TR PR

71N

Ts

A7 SIS
B15 Bs.
K || = |8] BV SR IE PSH ZHI%
i, R Y S TR 32 B o P A AR S
AEXTRR I 45 22 S5 4. Walser 25 18] @ i 4F
X Si JHHl #8242 7E 12 nm GaAs/AlGaAs 1B
| ANEEH Y, %7 Rashba 24 o T I
ERISET 81 — Bs . BRI RS T o 5 B —
FIAE S350 R (1.6—2.3) x 10713 eV-m il (1.9—2.6) x
10713 evem, R SU2) XK. 5Z A,
Kunihashi %5 P J@7R T 5 22 1% B R 4 5 k.
% TAELE 25 nm GaAs/AlGaAs & 1B i i 10
W RV, (] 2(b)), 38 2 el 2% B b A S LA
Y, Mk B H A #2 Rashba 250 o . H A H A
MK 3l B ISR iz, I o I 1 A2 1) Y
H g s FE Xo o 5 Ao,y KA A BERERE G R
SEEANTRW, 7 V, = 428 VIE, o5 8¥K

2
2D,5 383 + (a — By + o)’
Y SHIFACR, B ESA o

(12)

(b) 300 pm

Ohmic
contact

250 pm

y [ [110]

=] [0011£—> :

V,= Vy= 3 - Vy=
200 mV . 200 mV . 9 > %‘ﬁvg&lﬁgo] 200 mV .
50} £ 50 N 50}
g £ or 4 0
p: D L g 1) T e LY
- = S of S
or = 0 ‘ _3 A . 0t ‘ _3 .
0 50 100 0 50 100
d/ym d/pm
30 30 30
g g g
g of ‘.‘ 111 g of LR g 0r @i
Diffusion | V, = 200 mV Diffusion | V, = 200 mV Diffusion | V, = 200 mV
—30 . . . —-30 : . . —30 . X ¥
—-30 O 30 0 50 100 —-30 O 30 0 50 100 —-30 O 30 0 50 100
z/pm z/pm z/pm
Bl 2 (a) FIUHANBEE G BAE PSH 4 R R K, BT AE ks BN R T I35 3005 (b) B OO IR B 8L (c) 2EAS AL B

JE(Vy=-5.0V, 44V, 428 V)~ & T B Pt i S A5 in i 9 /s 3 0 19 TRKR [ 45 20

Fig. 2. (a) Schematic concept of PSH manipulation by means of external magnetic fields with the resulting magnetic field illus-

trated in k-space; (b) schematic of top view of the samples; (¢) TRKR image of spins with/without in-plane electric fields in QW at

Vy=-50V,—4.4V,-4.28 VI,
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(0.9940.02) meV-A, FERZEWEIN—3K (E 2(c)).
S5 RAUE MR I 2 AT A |of = | 8] BT e
B BE 1 B B ORAE, O 27 4% PSH 25 Kt fk
F e is SRt T SL s
{Eﬁ@%ﬁ@%, SETHT A L3 AN B Bl 1 g
B3l 7], st IO B IE H e
AR S R, U\ﬁ'ﬁﬁ U A i€ 5 /177474 . Kunihashi
S PU R SEAF ST A, SR N HL xR B0 A et B
K Moz 5 Noy BEEER I B E B4k, LR AT R
Jo ik HbR e A T I F8-9 8 (spin drift-diffusion,
SDD) #1641 g fe. SRyitt, flfiT4e s 1 ik
i (electron heating model): 5 [f P HL 37538 1 A2
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Fig. 3. (a) TRKR signals at an excitation energy of 3.513 eV, corresponding to the spin relaxation of 2DEG in the GaN QWI®)

(b) normalized TRKR signals under different excitation energies%.
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Fig. 4. (a) Optical transition processes and photoexcited carrier dynamics; (b) bias-dependent spin relaxation time and Rashba coef-
ficient of the 2DEG??; (c) variation of individual spin-orbit coupling (SOC) components as functions of 2DEG density; (d) schema-
tic illustration of the band structure evolution in the AlGaN/GaN heterostructure under different gate voltages. As the gate voltage
increases, the quantum confinement of the triangular well strengthens, accompanied by an increase in the internal electric field.

Consequently, the effective fields (cones and dashed arrows) of Rashba (red) and Dresselhaus (blue) SOC, which share the same

spin configuration, both increase in magnitude but with opposite signs, resulting in a reduced total SOC (purple) 3.
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Fig. 5. (a) The TRKR results of InGaN/GaN MQWs and bulk GaN without external strain; (b) the TRKR signals of InGaN/GaN
MQWs under external strains; (c) the extracted 75of InGaN/GaN MQWs under various strains; (d) the extracted ratios aq/yw

vary as a function of the external strain and polarization electric field, and the red line shows the linear fittingl*!l.
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Fig. 6. (a) TRKR traces for different applied gate voltages, measured with an in-plane field of 6 T; (b) Kerr rotation amplitude of

electron-spin precession at a fixed time delay as a function of the applied gate voltage; (c) electron-spin lifetime as a function of the

applied gate voltage!™..
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SPECIAL TOPIC — Semiconductor physics and devices

Spin relaxation of carriers in two-dimensional quantum
structures of III-V semiconductors”
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Abstract

With mature fabrication technologies and tunable spin relaxation, III-V semiconductor two-dimensional
quantum structures serve as a preferred material system for developing spintronic devices. This paper reviews
the progress in manipulating spin-orbit coupling and spin relaxation in two-dimensional electron gas and two-
dimensional hole gas systems via structural design, electric fields, and strain. By combining time-resolved magneto-
optical spectroscopy with magneto-transport measurements, we analyze the synergistic modulation of Rashba
and Dresselhaus effects to optimize the spin lifetime and highlight the distinct physical pathways for
constructing long-lived SU(2) spin states in zinc-blende GaAs and wurtzite GaN heterostructures. For zinc-
blende GaAs quantum wells, we discuss the realization of the persistent spin helix state by balancing the
Rashba and Dresselhaus effects through structural design and electric field control. In contrast, for wurtzite
GaN systems, we reveal that the Rashba and
Dresselhaus effects inherently share the same symmetry
form, allowing for the direct cancellation of effective
magnetic fields to achieve a robust SU(2) electronic
state. Ultimately, this comprehensive physical picture

provides a scientific basis for material selection and

architecture design in  future high-performance

spintronic devices.
Keywords: spin dynamics, III-V semiconductors, spin-orbit coupling, spin manipulation
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