#e=L C-19
HEMREHBEHRRRBEE

VR 2 146 H 4 HHILE

RiER - EBHME (B)

22 AR - 2007 ~2008

EEEXS: 19360146

HRZFEL (F1X) EFFY b/ BEICKILHEFRRERELT VTORR

HZCEERE4 (3}X) Development of Broad-Band Polarization-Independent Optical
Amplifier using Quantum Dot Nanostructures
HERERE
EZ [ (KITA TAKASHI)
MPKE - KERIFEMRER - Hig
MEEEZES: 10221186

WHIERCR O

TR EHE LIMBEORT By FEFIHT S 2 LIS & W IRBEERF 2B 2 ER L,
JEEE DR by 7 EOMNZ Bfs U THME 2 2 Lo, APFZETIIRET Ry MR OFE
MLz CcE 227 2 KOREF Py MIER L, 2747 8T Fy MIBERz LS
BLHZETES Py FORRO A7 MO ZBLECHIBITE 2720, RO RMEZ
[FIRFICHIEATRE T D, ZOMEOT 7'm—FIC LV BE IO & R R E & Ry
([ZFH LT, 100nm Z 2 2 KM CERRIISET 207 » TR 2 I THEIEL T, &5
IZF Y BT 4 —EEZATL2ET Ny FONAL v F T 2OREZITV, Bt/ L A
DICFAEPHEREZ B 2029 5 & &b, BEEASaamISE 241 LT 30 Gb/s 14 D42
WAL v F o TEMEEMERT 22 LN TE, ZxiB LT, FEHNREEEE L 2E 5
PR T A 2 L TORPMEEZH LN D LR TE T,

AR
(HHHAL - 1)
[ERESES A2 & &t

2007 fFAE 8,100, 000 2, 430, 000 10, 530, 000
2008 A 6, 100, 000 1, 830, 000 7,930, 000

FRE

FRE

FE
ik 14, 200, 00 4,260, 000 18, 460, 000

Mg - L5
BHFEOSE - B : BEXRE 1LY - BT - EXMETLH
F—U—R:EBFFy b, BT U7 RIREEE, e, G@E



1. WFZEBAE S WD 5

BE, REZENXEETIE Er K—7 - 7
7 A AN EEZR(EDFA RS W S D08, H
A< (F 30nm) [EHE STV T EEIR
D= LI TWVRNZ &0, FIBDRE
FE 3 ms CELSERT ¥ o2& A
T I REHTBETE 2N EDKRE
NHO ., RO xRy T —7 TIIWT R
AR ZTL 5,
bhbho /) —7cifEgsr o7
ke ry NU—ZEBEZHEL T, A
TR AR FE TR EESET D=
TRy hOERZBERELEMWEEZIT> TX
TW5h, ZNFETICT VX X3 v LR
B L CHRE T Ky FOERN TS
20 (K1), Ry b7 AT FHOEE L
(4 2) 12 & 0 R R A7 e oL RIFS Rt & 52
WTErZaWHLMNI L, ZHICKY R
JFEIZ TE A3 23558 < HEE S k0 &+
FEAREAET o TOR MLy U EY
R LTz, 2, &7 Ny MEEiiArte~< b
U 7 AR BB O fii i 7HC L - TR
DF a—=2 7 L AR KT % FIKEFEEL T
XL EBHLNITR> TET,

InAs island
(0.7 ML)

GaAs —‘ x8
intermediate _
GaAs ~ layer (3 ML)

= Wetting
layer

InAs island
(1.8 ML)

1 TRy hoJF s IR
HH Koo

T)de—) %
TE

X 2 FEHIREF Ny PHNOEE)
BEEH A & i BEARAPOL 2K

kK~ Ky

2. WEOHB

AWFTRDORA > NI, WEEEF 28T R
> b OIE LR ST D B & e ST
L. Aoz b a2 L EfEEaE L CLimEs
BN AN—TFTHZLTHY, Zhizk-T
SIS 8k C R AR AT BRI S A kL
MG B AT N A AEMEE EIET D 2
ETHD, LU, BT Ry hoOREHEE.
ERAE, BEd o BRI E L e DT R
— X EAEEICHIE T 2 Al iR e T, D
EHLIC ii%F/F®EK%F/F%WD

FTe~ b YU v 7 AEE S SO T MERRE N
RA[RTH D, AFFETIXLLFITRT 320
w1 Ky MEREWICZ +—0 A L7=5E
FHEHE LT -
Q@ EFLEDR D InAs 27 A& T
Ry hOREE L. o 72 EE TRk EERE:
B A BT 5,
@InGaAs < ~ U v 7 ARPEHEELOHIE, =
2 & DINE W R & KT %,
@B E v U TEMERH L Tl &
PNV AZKT DAL v FRMEEZ I S 0T
T 5,
:@iihbf%ﬁ#éﬂﬁ@f/ﬁ%
HIEET Ry ML - TOERIEEMEIC (1)
ﬁ&ﬁ@ﬁ%ﬁﬁt(mlmmn%ﬁzéf
WIS A RIRFICEBLT 5 2 E Tl n
FLVEEREA AEA T E bl TRy b
B o @A S f s A E 2R H LT
(3) Mm%z T, Frlo, BE
HINEIZ %LTi%%@#%WtT/7T
&i“%kJ7#€”fﬂ%%ﬁ®ﬁK%V
MIRE D712 Gbls NEED[ERTH -
72M, B+ Ry T4 13T H 97 “%
¥ U THEFN TIRE D, BhERENL DX ¥
U THEFIIE 1ps Rlii~% ps ThHH7=8, @
7 A BN HIFE TR B,

Quantum Dots

® o |Filledwith
T ® ./ Electrons
o

Signal

3 FIEEITFN O &y ) THRE R

3. Wik

AKFETHW 3T AFETF Ry MEE
X 1R T, £9 GaAs(00D) EA4R FiZ GaAs
Ny 7 7 JE(400nm). AlGaAs 7 T v K&
(50nm). GaAs JE (100nm)DNEICKET 5,
%L 7TInAs &1 Fv % 1.8ML K E7T %,
Z D% GaAs T [EE(BML) & InAs JE(0.7ML)
ERHICRELEEICES Ry 2B S
o, ZHICKVEROET Ry Rk S
N5, &% GaAs(50nm), AlGaAs (50nm),
GaAs (100nm) Tx ¥ v 7L TW\W5, 27 A
TEFNy NOBEREZZEZHZ LITL-
TRy bOESHHOY A XEHIET 2
EMHEKD, ZOXIICLTER L2 T A



TETF Ny FOBEEN 1~14 B OEHI B
WTC VSL % TSR SR R 2 1
iE LTc, VSLIETIEE L EZ A b7 A 7RI
BRI T 5, ZLTEDARNTA T
Mg 22 b S, BUBRRIE D D BN S 7= %88
ZHEL., BLEBEDZ T A FEEE
RHEFETH D, I Art L —F—D
488nm = HWERR TRIEEIT -T2, —F. &
FRIE & RN RIZ O T HE AT
-7z,

—J ., mEbE EB T 5 0lcE T Ry
FNOREHRLDEEEHREL, Bozhbx%
BEERE L, BEOEF Ry FEVHE
HEATHREEE D701 InGaAs EAFEM
BAE AL, InGaAs EAEME 2 8 A4
525729 InGaAs 82T % In ML Z
RET DO OB ZER L7z, In DAL
DNEECARTUE, BE7Z InAs &7 Ry b
DREZEITH T ENTER, AT T,
InxGaixAs ® In fifktt & LT, InAs &+ K
v MEEERNC x=0.1 & x=0.2 ® InxGai<As
buffer J& ZiE A L7 B 2 /ERL L 7=,

B Ky MBI 50 8Fn I 2 FH L
o EHEICEREEZ A O T 520, &
TRy FaEXrYET A NICHAL, ZOJIG
B RBERAR 7 e T u— I LY N,
JEhEE VG 1E 100fs DSV ANE 2 AT 2 e 0 IR
L 80MHz ® Ti: Sapphire L —¥ &M L.
EILTOIEAA v F R,

4. WFIERE

4-1 27 2 ET Ky b EFH L7 REK
1R

X412 VSLIETHIE LI2fERE2E LD,
FIG DR SR TR 5 L » T L,
S BRI DOREE CIRIEIR RN TE TV
DREREET-, TDELED ASE A7 kL
IIBhEEHEN &2 G e AT F ALV 2IKIZ b -
TIAHIR TR B FENME< Iz 5Ty
LT ERDND,

R4 RS O RE S e A &
ASE A7 kv

L LA RO IEAFFIFITHRLLE AL
HOTHY, FIFLHEREZFITHENTE
R, FZTHEEK (BINRE) 1o T

LMl T A0 ERH D, K 3IZFDRER%E E
LTz, WEB IR ESE N R T
HIEDRDhoTm, ZNIE=T A TEF RNy
I D3 FE g A R B 798 3 ) & <
5, DEVNFTBENNELS 2D72DTH
0. ORBOEILEFIE LRV, — ., TM
E— FOREREWMBEELE KL TETO
FAPHZ BT TM T — RONERHELN TE £
—RDOLOEY HERELS o Te, SHIT, F
BOH PERICEERTHEB KRG (Z{bo
FREE) BDRELRDZENbhoT=Z, ZDZ
EE, FERCRB O CIIRE IR I L D e
DIAMZ 8 1 5 RIS O JRUK B AFTE
THZLEATRBRLTWS, LEORKRREIZL -
T, SOA T /31 AEFHT H 7= > TIEL T MFI#
WEELRDEEERELTILERD D Z
EEHLMNI ST,

- -
B 4
E » ™ ]
)
- '
- a TE T
Crabssion
. . 1 . .
nof LT ] 006 o & L] %

X5 SES & TllE Ltk ok
P

4-2 &1 Ny N OREIC K DA T /S
A A DFME

5IZIER L7 FH 4 A 4 — K (LED) ®
AEHME S 2 77, KT n-typeGaAs(001) T
bo, HEErZEhEh i, p MoOETRET
e Z AT T N~TatgiEs o T 5,
wmoM B 1 1% NormalQD
QD/Ino.1Gao.sAs(2nm) .
Ino.1GaosAs(5nm)/QD/ InoiGao.sAs(2nm) D
S OET Ny MNaafEE LIoMEsx & o
TWb, FERE EEO Ry Mok 2 R0on
I % e /NRICE 2 K 9 IS R L F—
INEWEGE R DR EMOIIZ T D
% 1 B B IZ NormalQD, % 2 & H
QD/Ino1GaosAs(2nm) , % 3 J§ H IZ
Ino.1GaosAs(5nm)/QD/ Ino.i1GaosAs(2nm) &
LTW5,

Active layer design

p-electrode (AuZn)

pr-Gaas layer;150nm I REIPRY|
H Ino 1Ga0 sdis buffer |
p-Aly 3Gay 2As layer: 1 um 150nmI GaAs 2nm |

Active layer: 500 nm 150 nm I GaAs =
nm

100""‘1 Sans In0 1GansAs buffer
2nm

n-Al, sGa, pAs layer: 1 pm

n'-GaAs layer: 150 nm

n*-GaAs(001) sub.
n-electrode (NiAuGe)

6 mfTEEE T N b LED f$iE




v EL BIER 2 VT3 20E L
7o WMIEIXEAEBROMEZ 50mA 5
1000mA F T&fL&H, |RITBWTITo 7,

— 1000 mA

— 200mA
— 100mA
50 mA

EL Intensity (arb.units)

1000 1100 1200 1300

Wavelength (nm)
¥ 7 LED S8tk 0 A BRI A

900

7 X0 EAER 1000mA I BV TIHEH
DR 1130nm, FAEITA 241nm O#)A
W72 AT MR ELRTZ, 20X )75
HRR I 2 E TS N A2 <, Mo
THEHERMATH S,

4-3 A R

R B R TR R T e T R
v NRRT T ERBESHAL TS ETHE
BRREThDH, AR TITET Ry N
EHIGE & X D 7202, RIS O @& v
VT sEmMAERIB LI AA v F o T3z
AEERAT, BT Ry MITCICEEL T
XA MY RIEO KX 7%
It WINEREZ TR T2 OIS A A v FCEIET
HWEEBINT HVEND D, TDDITAR
M2 TIXET Ny MEMEREO ETICT7 7 >
TIT7—RELTEFy BT ¢ G2 1ER
L7z BEFFy MBI 2R v B
T A REEICRIT D ERRE L L o)
X8 Thd,

Laser excitation

Cavity reflection

PL intensity (a.u.)

Reflectivity

QD emission i

1 L
1200 1300

Wavelength(nm)

8 Fv T 4 MEIC & DI REEIR

1100 1400

HFMTRLEF Y ET 4 I AT h L
1% 1200~1300nm (ZA b v 7230 RAREN

TEBY, RELH0VoERTETWHEE
Z6Nb, —H, ARy TN RHRBHEY
RN T ¢ v 7RHIERETH
be ZOHIRKEDHDOHNES Ry b EFH
HEHTE %, 2F 0, WERERL-Z LI
b, Y ET A EEDOY A XEFZH L TE
T Ry FOREIRIE(GS) & i ke [ES) %
BIRL T, Ry Fu—7EIc k> TEHI
LA RN 9 Th 5, FIFSAFD 0 - EHdk
REZbic L0 . IKERNPEL L TWVD Z &R
TIND, FElo, ERED A A v T v TERE
TITHERE~OZ XL —EMLAEL D
721, BEERETOIRE X &b LT
5D ENND, 32ps 13ME BALH I AT (Z A
FHuX, K 30GHz IZFY L, +oml7e
A wF U THRPBFELNLTND EHF X T
W5,

0.0 T T
0 3(

T 1
100 150

)
Time (ps)
49 OIS A R

— ., @b L& T Ky MRS T 5
Wi, AA T2 F IR OBG Y 2Rl 23
AIRTHDH, AFETIE, A v F 7R
ZHIEIT D DI D ANRNAEEZEZ D Z
& T, 30nm FRERIETE S Z L AFEREL
77 FOREREZE 10 27T, AKAREELE
2D ET, WREEBINEHFRELE(L
THRY . 40GHz B2 DAL v TF v 7 MHEE
EHTX T,

A L 50
32 “-* ------ Simulation - @y
A side i O
- o -1_4‘ Guide to the eye / A :
= Y o/ 2
(3] . . 2]
g 5 Yo o {02
£ 28t A & 2
z 9/:3::‘- 20 2
5 2 ES peak position /‘9./ - -3
= T g o
z L o a J0 2
tn 24}f “ s " .
—a - o © .‘l
ey) L . e Y
210 1220 1230 1240
Wavelength (nm)
410 JEASA I K 2 IR



5. ERIEIGm L
(WFFEREA . WHFE 0 B3 e ORI 728 12
(=S

CEsEamsr) (B 13 14)
@S. Kitayama, T. Kita, M. Kawamura, O.
Wada, Y. Chigi, Y. Kasai, T. Nishimoto, H.

Tanaka, and M. Kobayashi “Narrowband
ultraviolet field-emission device using
Gd—doped AIN” (IoP

Conf. Series:MaterialsScienceandEngineer
ing Vol. 1, 012001, 2009) ZHidH Y

@E% BHRTEER N—7 GaAs & iz
Jih L - PR AR 35 O A & e IR M T R

B (SHME, Vol. 78, No. 4, pp. 355-359,

2009) &HH Y

@T. Inoue, T. Kita, 0. Wada, M. Kamino,
T. Yaguchi, and T. Kamino ”“Electron
Tomography of Embedded Semiconductor
Quantum Dot” (Appl. Phys. Lett., Vol. 92,
031902, 2008) #wid v

(@H. Nakatani, T. Kita, 0. Kojima, 0. Wada,
K. Akahane, and M. Tsuchiya
“Photoluminescence Dynamics of Coupled
Quantum Dots” (Journal of Luminescence,
Vol. 128, pp. 975-977, 2008) #FHidH v
®T. Kita, Y. Harada, and 0. Wada “Fine
Structure Splitting of Isoelectronic
Bound Excitons in Nitrogen—Doped GaAs”
(Phys. Rev. B, Vol. 77, 193102, 2008) #t
H)h&)n

®T. Kita, M. Yamada, and 0. Wada “Dual
Chopped Photoreflectance Spectroscopy for
Nondestructive Characterization of
Semiconductors and Semiconductor
Nanostructures” (Rev. Sci. Instrum., Vol.
79, 046110, 2008) A #Hid V

(@0. Kojima, H. Nakatani, T. Kita, 0. Wada,

K. Akahane, and M. Tsuchiya
“Photoluminescence Characteristics of
Quantum Dots with Electronic States

Interconnected along Growth Direction” (J.

Appl. Phys. Vol. 103, 113504, 2008) #t#i
HY

®M. Kawamura, Y. Tanaka, T. Kita, 0. Wada,
H. Nakamura, H. Yanagi, A. Magario, and T.
Noguchi ”“Flexible Field Emission Device
Using Carbon Nanofiber Nanocomposite
Sheet”  (Appl. Phys. Express. Vol. 1,
074004, 2008) FHdH Y

©Y. Harada, T. Kita, 0. Wada, H. Ando, H.
Mariette “Anisotropic Magneto—Optical
Effects in CdTe/CdMnTe Quantum Wire
Structure”
2008). &EFHiH Y

AQT. Kudo, T. Inoue, T. Kita, and 0. Wada
“"Real Time Analysis of Self—Assembled

(Phys. Rev. B, Vol. 78, 073304,

InAs/GaAs Quantum Dot Growth by Probing
Reflection High-Energy Electron
Diffraction Chevron Image” (J. Appl. Phys.
Vol. 104, 074305, 2008) #FHid Y

0. Kojima, A. Miyagawa, T. Kita, 0. Wada,
and T. Isu “Ultrafast All-Optical Control
of Excitons Confined in GaAs Thin Films”

(Appl. Phys. Express. Vol. 1, 112401,
2008) HHEdH Y
@T. Inoue, M. Mamizuka, H. Mizuno, O.

Kojima, T. Kita, and 0. Wada “Effects of
indium segregation on optical properties
of nitrogen—doped InAs/GaAs quantum dots”
(J. Appl. Phys. Vol. 104, 103532, 2008) #&
Eto)

@7T. Kita, S. Kitayama, M. Kawamura, O.
Wada, Y. Chigi, Y. Kasai, T. Nishimoto, H.
Tanaka, and M. Kobayashi “Narrow-band
deep—ultraviolet light emitting device
using Al11-xGdxN” (Appl. Phys. Lett., Vol.
93, 211901, 2008) #atd» Y

(%K) GHa7h)

EREE (16 #F)

DT. Inoue, H. Mizuno, M. Mamizuka, O.
Kojima, T. Kita and 0. Wada “Tailor-Made
Optical Properties of InAs Quantum Dots by
Controlling Indium Segregation” (Abstr.
International Conference on Physics of
Light-Matter Coupling in Nanostructures,
Tokyo, April 7-11, 2008)

@20. Kojima, A. Miygawa, T. Kita, 0. Wada,
T. Isu “Optical Cancellation of Exciton
Population in GaAs Thin Films” (Abstr. 3rd
International Laser, Light-Wave and
Microwave Conference 2008, Yokohama,
April 23-25, 2008)

@Y. Harada, T. Kita, and 0. Wada “Exciton
Fine Structure of Nitrogen Isoelectronic
Center” (Proc. 20th  International
Conference on Indium Phosphide and Related
Materials, Paris, May 26-29, 2008)

@0. Kojima, A. Miyagawa, T. Kita, 0. Wada,
and T. Isu “Optical Control of Residual
Excitons for Ultrafast Nonlinear Response
in  GaAs Thin Films” (Abstr. 8th
International Conference on Excitonic
Process in Condensed Matter, Kyoto, June
22-27, 2008)

(®)Y. Harada, T. Kita, 0. Wada, K. Matsuda,
Y. Kanemitsu, H. Ando, and H. Mariette
"Near-Field Photoluminescence of Exciton
Magnetic Polarons in CdTe/Cd0. 75Mn0. 25Te
Quantum Wires” (Abstr. 8th International
Conference on Excitonic Process in
Condensed Matter, Kyoto, June 22-27, 2008)




®T. Kita, Y. Harada, and 0. Wada “Fine
structure of bound excitons in
nitrogen—doped GaAs” (Abstr. The 15th
International Conference on Luminescence
and Optical Spectroscopy of Condenced
Matter, Lyon, July 7-11, 2008)

@Y. Harada, T. Kita, 0. Wada, H. Ando, and
H. Mariette “Anisotropic Linear
Polarization Luminescence in CdTe/CdMnTe
Quantum  Wires” (Abstr. The  15th
International Conference on Luminescence
and Optical Spectroscopy of Condenced
Matter, Lyon, July 7-11, 2008) (Keynote
Lecture)

®0. Kojima, H. Nakatani, T. Kita, 0. Wada,
K. Akahane, M. Tsuchiya “Lengthening of
Exciton Lifetime owing to Expansion of
Electron Envelope Functions in Stacked
Quantum Dots” (Abstr. Third International
Conference on Optical, Optoelectronic
Materials and Applications, Edmonton,
July 20-25, 2008) Best Poster Award

©S. Watanabe, 0. Kojima, T. Kita, 0. Wada,
and M. Tsuchiya “Transient Response in
Negative Time Delay due to Pulse
Propagation in GaAs Thin Films” (Abstr.
Third International Conference on Optical,
Optoelectronic Materials and Applications,
Edmonton, July 20-25, 2008)

AOM. Mamizuka, 0. Kojima, T. Inoue, T. Kita,
and 0. Wada, “Exciton Response Controlled
by Introducing a Spacer Layer in Nitrided
InAs  Quantum Dots”  (Abstr.  Third
International Conference on Optical,
Optoelectronic Materials and Applications,
Edmonton, July 20-25, 2008)

@T. Inoue, H. Mizuno, M. Mamizuka, O.
Kojima, T. Kita, 0. Wada “Influence of
Indium Segregation on Optical Properties
in InAs/GaAs Quantum Dots” (Abstr. 15th
International Conference on Molecular
Beam Epitaxy, Vancouver, Aug. 3-8, 2008)
@§S. Kido, T. Inoue, T. Kita, 0. Wada
“Selective Impurity Doping into InAs
Quantum  Dots by  Controlling the
Self-Assembled Process” (Abstr. 15th
International Conference on Molecular
Beam Epitaxy, Vancouver, Aug. 3-8, 2008)

[ 3 1]

EWNSE (32 4F)

(DT. Inoue, K. Kishimoto, 0. Kojima, T.
Kita and 0. Wada “Growth and
Characterization of Double-Stacked InAs
Self-Assembled Quantum Dots for
Polarization Control of Edge Emission”
(Proc. 27th  Electronic Materials

Symposium, Shyuzennji, July 9-11, 2008)
@S. Watanabe, 0. Kojima, T. Kita, 0. Wada,
and T. Isu “Propagation effect to
exciton—polaritons in GaAs thin films”
(Proc. 27th  Electronic Materials
Symposium, Shyuzennji, July 9-11, 2008)
@EZME “GaAs ~OAHEFIRM L /T
WA (FE4lETT M I F— X
WIE R, 2008, 7.23)
DEZPE “GaAs % R A HEL 7- OIS &
OFIE LT (5B 69 Bl A SRS
WS, VARV U LA TERIRINEE R
DwANVAN—2 EHIRE B,
2008. 9. 2-5)
O/NEBE, PRIER, E22F., fHE. R
H—. LEBIL “BREETF Ny MIBIT 5
EFRERE T D EFRIGE SR 8
69 Bl HPE PR . 4p-ZQ-18,
2008. 9. 2-5)
©wimi, DR, HIBRSE, 240, il
&, RPFE—"E7 Ny MROIALmE LR
iz W clEE et A A v T (5F 56
S e S BRI G FE s, 31p-ZF -1,
2009. 3. 30-4. 2)

[l 26 7]

6. WFFERHRK

(1) WFgefss

#4% P& (KITA TAKASHI)

FF RS « REFERE T2EFIERE - %
MEEHES: 10221186

(2) Wrge /i
fnE & (WADA OSAMU)

RS« REFBE LA ZER - %
MEEHES: 90335422
/NG B (KOJIMA OSAMU)
R« REFBE TAHF9ER - Bh#L
WgeE®ks 00415845

(3) HHEMFIEE

L



