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Optical properties and spin manipulation in dynamic quantum nanostructures formed by
surface acoustic waves
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We investigated optical properties of dynamic quantum nanostructures formed by surface acoustic
waves (SAWSs) in GaAs/AlAs quantum wells. We clarified the effects of the SAW piezoelectric potential
as well as those of the strain-induced band-gap modulation on spatially- and time-resolved
photoluminescence intensity and its polarization anisotropy. We also constructed a spatially- and
time-resolved Kerr rotation measurement system to detect electron spin dynamics during transport over
a distance of 100 um. The technique enabled us to determine the strength of spin-orbit interaction, which
is essential for the electrical spin manipulation in semiconductors.

SN DR FE R
(BREHAT - 1)
[ERESEH ESE & &t
2007 F 1 6, 300, 000 1,890, 000 8, 190, 000
2008 F 5, 400, 000 1,620, 000 1,020, 000
2009 2,200, 000 660, 000 2, 860, 000
FHE
R
oGl 13, 900, 000 4,170, 000 18,070, 000
WHFEIT B« LA I
B EDOSF - MEB - T -~ A 7 R T REER

F—U—F: BT, BFHCAD, REMHER, Avrzrr bo=7 %, etk




1. WFIERHAA S D1 5

GaAs 72 E D v WE TIL SAW M358V E
TYEREFLTDH D, FEEK, R
s AEE COBEFREZHIETL L
ZHE & LR Ds 90 I R
AV, AFX VAR EEZFLIATORLTETWY
B, KT, SAW O VRN E A7 1T O
Ny FEEEIE LD LEEFEAZM
Ml L%+ U7 &gk x5 2 & (M. ]. Hokins
et al., Appl. Phys. Lett. 41, 332 (1982)), &1
FMbDT7 4 MRy AZHRNIZ
Wt Tx%5Z L (C. Rocke et al., Phys. Rev.
Lett. 78, 4099 (19977)) 1%, St rhethz#5 b
THEREATHDH, o, BXEERMEIC
B LTI, SAW 12 L % —RelzE R o 8L
(J. M. Shilton et al., J. Phys. Condens. Matter 8,
531 (1996)) —IKILE AT A DT ¥ RV E
WC SAW (2 K D H—E Tk O FERE, B X
NhT w7 LEETEETE Y MCHWS
Z & O$2% (C. H. W. Barnes et al., Phys. Rev. B
62,8410 (2000)) 72 ENe SN TN 5D,

—77, FHEEET Ry MEEOEIL I
FTITEAIATD, B—ET Ry Nowk
L RESERLCEED, k0BT R
v MERTIETIE, A XL EKMaD%
H7p EOER EOARFRERENWVE IS
ZFRENTEY, &1 Ny NEFESI L
B Ny MMyt - fidnie E~ORBIZBLR T
ITEE LWL TTH B,

2. WO HB

AL, e R 2 O R R T
HFPEEDZERN RN FiEELERZ2ER
BN BERIET S 2 Sk v, EYRIChE
SNE¥—RET Ry N7 L—72 FOE
il &) 2 fEEZ TR L, ek EREIC
K28Ry b BEFMBREIIRRDNF
1 - BRFEZ BN T2 2 E 2 HNET 5,

3. BrgED ik
AWFFETIZILLTFD 3 >OMEICHITL T
v e,

(OB HIEE 7 /& ICBIT 2B 7L
ADNER SAW IZ LD RT v v VAT DZE
MEMZELS 5L BEFHUADT RILX
—WHERTHZEIZEBL, &V SAW HEE
BXOmEKREELZERTHZ sickD,
PL - PLE FPEIC B W CTHEBE R & T2V RO
AEE HEET,

(2) SAW IZ X 5% v U 7 A2 DL
SAW (2 X » TE T A B &2 22k L, i
THZEEZHIET, SAW IZ L5817 - |BE
BRI, BLXOMBIES BRI ZHR5 2

L 12 X o T Dresselhaus 25 + Rashba Zh5-D
EEM72F 21T 9,

CIERAE T Ry b SAW 12 X 5 EikEE
b RO ET Ry b7 4 b=y 7 LR
BOF A AEREETO D Z LA WFL, &
Q74 h=v 7 HERICET Ny h2HD
IANTEHES Z2 TV, SAW (2 X 0SB HERT 2 il
WEsZlickrd T~y FE—EF
NVAFEEE BRT,

4. WFIERRE

(1) BhAHIEE )/ #EE O KX 25 80,
SAW 234 7= 5930 RIS, Hrk &
O GET D2 & Th b, ERTIT,
MBE £ TE#L L 7= GaAs/AlGaAs & 137
BroEmiz Al OFT LT 4o H—H KT
AT a—P—% L SAW #R/EXED Z
LIV EALA T I T I YREAT Iy
7 Ry FEEA LT, FOLFEORIEICIT
SAW (2[RI U 7= L A e YR 2 F U, 221
SRR KON R0 iR L 7= A OV
ExfTol2e M1IFEAATIv 7 Ny M 2
EFEET DI RT VYV Ry - E Ry b
TN DR & AR 2 - EBRFE R T
b5, BIHREDOERMENITIE =Y RT v

PL at 1.623 eV (6.3 nm)

[lower-energy side of PL peak]

X (um) [010]

PL anisotropy (6.3 nm)
[from 1.619 to 1.640 eV]

[y
TE

2 4

T T
0

[ 0.10
— 0.05

- ..
T
6 8

[ -0.05
-0.10

X (um) [010]

1 X 6.3 nm OETHTIC SAW ZHEIL
7= & & D PL (a)F & O'PL R (b) D ZE R /0 A1



Y VELIZ BT 5E T - ELOX A F I v
I ABIONY RX v v T EACITHBUEL 72 i
EFOXAFI v ACEORED, &E5IT,
RNT X VB CiIAOEIE O 2L U 58
ARG ITPEL BRI L, SAW o< A=y
KTy AVEFICEID2F YU THUAD
DOBRICIFAFFICAE LD EBIC K DN SR
bR R 7 b EsBV R EE A T
SHEDHZEEHALMNI LT,

itsMN IR D S DI & TET
5ﬁ W%#PLﬁtfﬁﬁMtLTM
J% @ﬁf%é &L - ERRIIC
wto — BN f@@E%#ﬁ%MEL
t%L%%W R[] - 22 M ORSE PL 2>
DR SR 2 RIICHA L N L, &6
(2, B EBALA[110] & [1-10] THRF 51T 72
HHEEZFIH L, SAW THZ LT- PL OfR:%
ERMCHIETE 5 Z & b L7,
(2) SAW | ié#%)?%%fi BT - IE
LOSTHEC B ALY RN A E<
f%ékw9x8y®ﬁmiﬁukﬁﬁ%
B0, LxLIERD PLIZ X 2 3HITlx SAW
RT3 VA O 4 B AR S I E AR
FRELE D Z &, B FHEREE OB A
v UAREMZR EOMBESNH T, T T, &
F - IEALBEIREE A LS TUCEI T & 5 %2
i« RERD R 7 — IR E R 2 EEE L, faik
SNDHEFAE U ZIEBETHRIET S &
B LT, K2 ICllEE Y R 7w 7 L SR
FERART, A B TR TR IR A s
SN, OISO PP LT AE D

(a) probe
pump

saw 666-‘ %6}\ )
- - - [110] [010]
saw 107

6, (arb. units)

[ |
-1 0 1

—
O
~

w
o

N
o

S
-
ki

-
o

Pump-probe distance (um)
=

At (ns)

2 (@ WEEY N7 v 7. (b) I—EHRE
T OZER - SR~ vy T

f@%@@h(o.szHZ)ziéﬁiﬁu S, AE HLERE
HAEHORET 2 lie L Uiz, F72, SAW
EEE PR IEFIRICER TG 2D &
SRR L7z,

(3) B - FRVET Ny ORI EDO XTI,
KON SAW IZ X D0E-A Ky oV E— Kl
BA~OIGHZ BIEZ, F0 Ky Ot Fsr
P A MREERIBENCE B LKA T 72,
) R MT GaAs/AlGaAs &1 FH 5 O F
DL TAHELDES Ry bEAW, frEk
T DI ORISR ATE & BN RE LT,
X 3123 EEREE R & B & & i
HZ LWL, TNFETERFELSRTH-
e FEREBICIN 2, BEORED X v
BOE & 3B OBUR 2 fRH L 7-,

T2, R UENLICHIE S i 1 o
SAW KFMEICHE B L7 EBR LT - 7=,
MOCVD TClF L& #k LT SAW
BRE AR LT < &, PLSREEIZAGD BN L,
T OHRBBITHAR Uiz, HRIE5 Y SAW T
t PL DSYHRT D EMERE L TR DIRED
FENTH D, Z0O PL HEMESIL, Ryl
AT SRR, BT RS iR
ThHo-iE 1%, SAWERVIMEHL, H
HEE 22 (b S 0sE2L N5, &
ORI Ry FRIZBITDF v UTHEAN - 5]
ZHLICHAT 72 SAW OFZMEZ R HR T
»H5,

100 1000

!

CRCRC T —
I 11 N [ ]
S 1655 gl |8 Al E ]
3 L XO N & XO e L i
S Pe—— 110 |
< ] 4Bl ]

[) I
: >l !
—1 1650 o ] [ —
& SX 17 X 1

(E) Iy
o, 000V B 025V R
4 2 0 2 44 2 0 2 44 2 0 2 4
B (T)

B3 NATA0,025 030 VOLEDOHE &
T Ry b 6D PL AT N VORGSR,
X0, XUZIELERHENT, A-D IZBIEEHENT > & DR,



5. FrRREIRLE
(BFFEfEeE . Wi K ONEEARF TR 12
XA

CMERERmSC) (BE 9 1)

€] T. Sogawa, H. Sanada, H. Gotoh,
H. Yamaguchi, S. Miyashita, P. V. Santos,
“Spatial and  temporal = modulation  of

photoluminescence properties in GaAs/AlAs
dynamic quantum dots formed by surface
acoustic waves”, Physical Review B 80, 075304
(2009) , #FeAT.

(2) G. Zhang, K. Tateno, H. Sanada, T. Tawara,
H. Gotoh, H. Nakano, “Synthesis of GaAs
nanowires with very small diameters and their
optical properties with the radial
quantum-confinement effect” Applied Physics
Letters 95, 123104 (2009), ##cA.

3) T. Sogawa, H. Sanada, H. Gotoh,
H. Yamaguchi, S. Miyashita, and P. V. Santos,
“Photoluminescence dynamics in GaAs/AlAs
quantum wells modulated by one-dimensional

standing surface acoustic waves”, Applied
Physics Letters 94, 131912 (2009), # ¢ 47 .

(4) H. Okamoto, D. Ito, K. Onomitsu, T. Sogawa,
and H. Yamaguchi, “Controlling Quality Factor
in Micromechanical Resonators by Carrier
excitation”, Applied Physics Express 2, 035001
(2009), # i

(5) H.Sanada, T. Sogawa, H. Gotoh, Y. Tokura,
H. Yamaguchi, H.Nakano, and H.Kamada,
“Magneto-optical spectroscopy of excitons and

trions in charge-tunable quantum dots”, Physical
Review B 79, 121303 (2009), & &iH.

(6) H. Sanada, T. Sogawa, H. Gotoh, H. Kamada,
H. Yamaguchi, and H. Nakano, “Spin selective
optical excitation in charge-tunable GaAs
quantum dots®, Physica status solidi (c) 5, 2904
(2008) , #ae .

(7) H.Okamoto, D.Ito, K.Onomitsu, and
H. Yamaguchi, “Thermoelastic damping in GaAs
micromechanical resonators” Physica status
solidi (c) 5, 2920 (2008) , A HiH.

®) T. Sogawa, H. Gotoh, Y. Hirayama,
P. V. Santos, and K. H.Ploog, “Dimensional
oscillation in GaAs/AlAs quantum wells by
two-dimensional standing surface acoustic
waves” , Applied Physics Letters 91,
141917 (2007), i A.

) T. Sogawa, H. Sanada, H. Gotoh,
H. Yamaguchi, S. Miyashita, and P. V. Santos,
“Photoluminescence Dynamics of GaAs/AlAs
Quantum Wells Modulated by Surface Acoustic
Waves”, Japanese Journal of Applied Physics 46,
L758-L760 (2007) , i A

() (29 1F)
(1) H.Sanada, H.Gotoh, M. Kohda, J. Nitta,
K. Onomitsu, H. Yamaguchi, T. Sogawa,
“Dynamics of highly-polarized traveling spins
measured using magneto-optic Kerr effect”, 30th
International Conference on the Physics of
Semiconductors (ICPS 2010), 2010 47 H 27 H

(P , wE Yo

2 H. Gotoh, H. Sanada, H. Kamada,
H. Yamaguchi, H. Nakano, “Spin initialization by
polarization-resolved two-color optical pumping
in quantum dots without static magnetic fields” ,
37th International Symposium on Compound
Semiconductors (ISCS2010), 201046 A 4 H,

Ak,

3) T. Tawara, H. Kamada, S. Hughes,
H. Okamoto, M. Notomi, H. Gotoh, “Role of
Background Photons in a Strongly-Coupled
Quantum Dot - Nanocavity System” , 37th
International ~ Symposium on  Compound
Semiconductors (ISCS2010), 201046 A 3 H,

k.

(4) B HIBH, BERFH, 4 Bk, 5 HEE,
ANERREETR, L OS], TR, 2w
Wik EHENT-CaAsEBTFHATD
XX VT AEUR 75T RN TF D —%D
) 5 57 [BIS HEL - BAMRE A R 2, 2010
3 A 17 H, BRI X v XA

(5) %“EFH L, EHIGE, Skmz, Loy
A, HEHE BT RNy NORERME 1%
W B R Y IO, 5 57 [
I PR BRfREL G R  2010 4F 3 H 17
H, BRI v > /3R

(6) #3Z, SkMIZ, S. Hughes, AN,
TSR, PRERFS R, < HL b T — e T IRAS
AIRRE Db RN 55 57 [Bls e
PRI A RS, 2010 £ 3 H 17 B, HER
ES TR SR VAP

(7) WAV, ERZ, BEEHM, SiHTEE, “Bi
H—7 577 % MEHAWE In(Ga)As &1 R
> @ MOVPE Al & 54l 11, %5 57 [BlSH
YR BRI AR 2, 2010423 A 17 H, B
R v 3R




(8) H. Okamoto, D. Ito, K. Onomitsu, H. Sanada,
H. Gotoh, T. Sogawa, H. Yamaguchi,
“Carrier-induced dynamic backaction in GaAs
micromechanical resonators”, 2009 International
Conference on Solid State Devices and Materials
(SSDM2009), 2009 4510 A 8 H, {liHEEEAT
Jb

9) WAL, EEE, BIESE, SkHEE,
FINFE, “Bi Y—7 77 & a0k
In(Ga)As &1 K~ ks ® MOVPE i}d= & 74 117,
55 70 [B1)S AW B2 TR 2, 2009 479 H
10 B, &LKRY

(10) #EEH, BEHIGH, SfHZEE, Loy
), FHHE CuinlcBir o8+ Ry b
M OMEMLE -2 AW HE—-EFAE D
WL, 5 70 B AR RS I EE S,
2009 429 H 8 H, HILK*

(11) 52, $kHIEZ, S. Hughes, A,
E R, FINETR, Bl Tick T 5
i1 — LIRS AR DO RERE, 5 70 18]
S AR S, 2009 4F9 H 8 A, &
LR

(12) G. Zhang, K. Tateno, H. Sanada, T. Tawara,
H. Gotoh, H. Nakano, “Photoluminescence study
of bare freestanding gallium arsenide nanowires
grown by vapor-liquid-solid method”,
CLEO/Pacific Rim 2009, 2009 4= 9 H 1 H,
Shanghai International Convention Center

(13) MARWE, EFE, BEHE, Skmiz,
E)HE, “Bi y—7 727 ¥ FaHW-#E
FREMET Fy bokR LFHE 2, EF
TEE(E 2 E 5 - MEMFITS, 2009 4F
8 A 11 A, JLRTKRF

(14) H. Sanada, T. Sogawa, H. Gotoh, Y. Tokura,
H. Yamaguchi, H. Nakano, “Excited-state
spectroscopy of charged quantum dots in
magnetic field”, 14th International Conference on
Modulated Semiconductor structures (MSS-14),
20094 7 A 21 H, fFar~Xria oty
& —

(15) T. Sogawa, H. Sanada, H. Gotoh,
H. Yamaguchi, S. Miyashita, P. V. Santos,

“Polarization anisotropy of dynamic quantum
wires formed by surface acoustic waves”, 14th
International ~ Conference  on  Modulated
Semiconductor structures (MSS-14), 2009 4% 7 A
20H, fE o Ry gk H—

(16) H. Yamaguchi “Heterostructure-based
Micro/Nanomechanical Systems” (fAfFifiE) ,

18th International Conference on Electronic
Properties of  Two-Dimensional  Systems
(EP2DS18), 2009 4£ 7 A 20 H, fhjF =~
varkboH—

(17) EHGRE, Sfm3eE, BIEE, %iES
B, #RAHEL, LOVEE, RS

W TR 2 EMGIHE T Ry hox=x
L — IS &R EER, B 56 [N LY
BEFRIE AT, 2009 45 3 A 31 H, HE K%

(18) H.Okamoto, D.Itoh, K. Onomitsu,
H. Sanada, H. Gotoh, T. Sogawa, and
H. Yamaguchi, “Vibration control in GaAs
micromechanical resonators by optically induced
piezoelectric backaction”, International
Symposium on Nanoscale Transport and
Technology (ISNTT2009), 2009 4 1 H 20 H,
NTT EARMZERI & 2 &

(19) H. Yamaguchi, “Novel Functionalities in
Semiconductor-based Micro/Nanomechanical
Systems”, 21st International Microprocesses and
Nanotechnology Conference (MNC2008), 2008
10 7 29 H, &6

(20) T. Sogawa, H. Sanada, H. Gotoh,
H. Yamaguchi, S. Miyashita, and P. V. Santos,
“Optical Properties of GaAs/AlAs Dynamic
Quantum Wires Formed by One-Dimensional
Standing Surface Acoustic Waves”, The IEEE
Nanotechnology =~ Materials and  Devices
Conference 2008(NMDC 2008), 2008 410 A 20
H, 5K

(21) H. Yamaguchi, I. Mahboob, H. Okamoto,
and K. Onomitsu, “Micro/Nanomechanical
Systems Based on Semiconductor
Heterostructures”, 35th International Symposium
on Compound Semiconductors (ISCS2008), 2008
HF9H2H, RKA4Y AL

(22) EHIGH, SkmE, BIIEE, B
ft, AR EESL, hpEsE], PEHE,

= Ky MBI A RrEME O HEE - mik
HEN IS DRGSR, 85 69 [l i HE S
IR E, 2008 429 A 4 H, FEERT: (F
HHx ¥/ R)

(23) AR, GrEERIT, /NEFTE —, EHIA
B, %S, EIFE, LoEE, <y Y
TR L B B v F L AA—DIEENHIE, 5
69 [l AR 22 ATl S, 2008 4E 9 A 4
H, R BHIFEF v /IX)

T. Sogawa, H. Gotoh,
and H. Nakano,

24) H. Sanada,
H. Kamada, H. Yamaguchi,




“Spin characterization of excited trion in GaAs
quantum dot”, The 5th International Conference
on Physics and Applications of Spin-related
Phenomena in Semiconductors (PASPS V), 2008
E8HSH, 779UV ATT A

(25) AR, FHERIr, /NEptE —, I
B, Ay, v U TRhiEic L b5GaAs
T F L= QIEfIE & BRI, 2008
FFRZ 555 BSHYEFRIREA TS,
2008 =3 H 28 H HT

(26) H. Sanada, T. Sogawa, H. Gotoh,
H. Kamada, H. Yamaguchi, and H. Nakano,
“Spin selective excitation in charge tunable GaAs
qunatum  dots”, The 34th International
Symposium on Compound Semiconductors
(ISCS 2007), 2007 4= 10 H 16 H, RHESK

27) )R, EHIAE, %BESE, L0
T, B FE, P Santos, “FHMHIEKIZ L 5E)
I GaAs &1 K> ROPLIRNESY A >
7 A7, 2007 FFKZE 5 68 RIS B2
ekiss, 200749 H 6 A, dbyEE TR

(28) EHIGME, Z)IFTE, ZEEHMA, Simst
E, WOEE], HEHR, Bl GaAs =
TRy MBI DD 7+ Py Ry
R, 2007 FEKZE 68 BlS R ES
AR S, 20074£9 H 6 A, db¥EE LK

29) T. Sogawa, H. Sanada, H. Gotoh,
H. Yamaguchi, S. Miyashita, and P. V. Santos,
“Dynamic polarization anisotropy of moving dots
formed by surface acoustic waves”, The 13th
International ~ Conference  on  Modulated
Semiconductor structures (MSS-13),2007 4+ 7 A
19HAZVT Y= N

(P 2 PEAE)

OHRREL G 3 14)

(1)

LB RERE A Y UEMESER L OEE
FFE - BEESE, EHRE, IR
HEFIZE © B REEEERST
FHYE : FFaHE

F5 . KFRE 2010-107252
HEEEH A 201045 A 7 H
EWNs DR [EHN

2

LHF A RS v U TARE T LR
v AR v U 7 AR T 1A

O . BEEVAE, BIEESE, HEE, HTH
=1E

HERFE © AAREREERRSHL, ENLRHE

ARAL K

FHYE : FFaHE

F 5 ¢ KFRE 2009-222259
HFEEH B 200949 A 28 H
EINF DRI - [EN

(3)

LR A= HIVEF

U MAR], LnigE, FIINE, /N
i TH

HERFE © B ARE(E Btk st
FHYE : R HE

5 ¢ KFRE 2008-069928
HFEAEH B 2008 4E 3 A 18 H
ENF DR - [EN

(Z DAil)
WFERSIZ BT 5 Web ~~—2
http://www.brl.ntt.co.jp/

6. WF7TAHGk
(HbFZERFEE
E M 754 (SANADA HARUKI) (2007-2009)
AABIG Bkt NTT SRl g
WFIERT - B JCPERFIEES - ARS8 E(T
FE# &S 50417094

E ) B E
(2007-2007)

A AEEEFRASIE NTT YR
WRSERT « B CPERFZEES - LErifsE B
&5 70211993

(SOGAWA TETSUOMI)

O Earie
%% FHt (GOTOH HIDEKI)
AABIEEFE RS NTT Ry L
WRSERT « B EVERFZEES - LEpAfsE B
9535 : 10393795

# %= (TAWARA TAKEHIKO)
HAEEEFER RS NTT YRl
WFZERT « BT YePERFZEER - HFIE 1T
WFotE R 40393798

(A 7% (YAMAGUCHI HIROSHI)

A ABIEEHE MRS NTT YR L
WRSEFT « BB IERFEES - BFEEE
Fge &&=« 60374071

QGEE s
B



