LB LR FIFs=E
Quantum Optodevice Laboratory

EEOER P R (TR
HIRAYAMA, Hideki (Dr. Eng.)

[ B A&FEK]

X—kUTUR

1. UA ¥y v 7EYLEEOK SRR BT OB
2. TRERSILED. FEEKL—F DR

8. TINNYEBFHAT— FL—F DR

F—U—F:
BT NHT AR, BFEFT AR, L—FFAF—F, BT A —F, BEARNEEF. T~V
YEFRT. FEAHRRE, S8, PEEKBET

R E R

GRS (B2 E 200-350nm) <07 7~V (THz) B ECR O -8R L—3 LED 72 &, T E TEEN
HE L 2> o T R B EI BRI O 8RR T T3, BRSO, S ELRLER, BRI Ak erE
¥ LT, SREIEME - BHBA R CIREBEICDIE DTS B ~ORBENYE SN, Tb
@%%ﬁﬁ<ﬁb%h1wéo%H%%fﬁ\%ﬁ¥%%ﬁﬂ@%&&§&ﬁ@%%\ﬁgwm\ﬁ%-
T A — N TH S Ve N TAEEIC L D ET - SEHBEEIR OB AN/ LI2 X0 . REE REERELR T
&E@%ﬁ%&%%%ﬁfé*%%%t*%%iﬁﬁéﬁm%ﬁofwéo:hif\74F¥kyf
BRI B RIEDB R L 2 R s W E G O FEBL & T a AW TR RO REER M EL0,
HLWEHCESS BF~T ol - 74 b=v 7 F 7 EEDE AR SICLY, FHEPEL WL E ST
X TR OEESN LED, THz -8R L — 2 EBL L, S HIZZ N0 ORFMEREDEB R Z{T-> TE T,
KEEW BRFR ORI L 20 OEMERRILIZ XD kA RIS HSE R0 DL, 5% OEEDRE~DK
X EMRBHFFS D,

osTREIEME
SN (DUV-LED-LD)  (TH2-CCLOBRMEN huvcos s e
. s )¢ eaSb/l/nAs;F ((THz QCL)) ?ﬁ‘ﬂf@ﬁf”’ 1 Wﬂ
§ “InAsSb/INPX (THz-QCL)  .4mmmEFME Fieken
KRR REEERET I ADOHREE et R i S T L st
Frecuency (THz) ‘/ -j = |
R e STRCEORN, T (EEERmAZG () e
avelengtl m, by
o1 05 1 gnr s 50 100 500 L o & -3D7ab=y oA
T T s LR | —_r—— (ﬁ?ﬂlﬂﬂl:"‘ EVTiE) 9. KA (#REA{E - @HAMELD)
el — Ry S|&:Mg Mo&0%E)
ZHR < FRMHLD -LED( 220-350nm)

- Il AGainP % QCL (Quantum Cascade Laser) QCL ﬂ *THz-QCL  (0.5-30THz)
AlGalnAsT « - “-#-12LD (530-580nm) iy O I IXRTHR
A ende T g -EZZ9HMLED (<200mm)

SEEFRE(MOB,

InGaAsP% LOZ#/>#E, :
mREN IGenAISh R s eHABRL LN ANDELORR Al f,,:::f: : J:)
R HL (WA DA R
W 3SELD-LED
:200-340nm *DETAS(Droplet Eliminated =
'Es” <200nm by Thermal Annealing) }—*-5' -
BJ 1. YR L — oS8 Rk & B B B 2. REARBERIEET A AFEBDOT-
L LT D RBA R DITHEA LT D FrH 8 R H i

AlGaN-MQB



1. UA RV R¥ ¥ v 7EYLEEORE BB OB L IRESNLEDORRRE (Fl. I, AiH)
WED 220-350nm OFESESN LED » -8R L— W%, B, &H - oK, @mBELRek, WP, 41k
PR, LT, AEVE OGRS S, BIEONSETORANE Z B, T OFEBNKREICHIF
ENTW5D, Lanl, Fﬁ%%%%%%ﬁéfﬁﬁ"éhfﬁi%ﬁ%iﬁ AlGaN RiR&hFEMARIL, FEdh D KMEH
% < FENNBRMRE L KT 572 & LED FFOBRITH L) o7,
ARFFETIE, FmdnE AlGaN RIRA 5RO f AR B O BIHE 2 BT B TV R R R D =i 2h 38
O LED 2Bl LTz, [7 U =T7 VAL B RIE ) E WO LRk RIEE B R L, i
EinE AIN fEfROFEBL, Ehad O TR AR OB SGE (100 f5E) 2@k L7z, £72. In
FHRK S SRS~ DT - T»—/l/@)%

TERN R Z VT 80%FEE DIEH 12
W R 3= b EBL L 7=, é%

NGaNFRENLEDOBAS (k&R222-351nm) |

Ni/Au pfB48 p-GaN;Mg

4 ERTIEMQBE MV ET) e R e (R
— 7 HIEEIC L B TEASEOM E, orsuis o S AGaNOW
JEHY) H LA SROSGER EE1TH 2 W Bl DUV LEDs |
LT RS R IR 220-280nm O o) e = 222~261nm |
B LED ZfEFUISEERIT THRILL  |owaakerem /) o & 1
7o SO RES LED 133, 1= AL Gl o;l_, INAIGaN-QW |
eI 72 2123500 C R L~ 0 E‘:.’.‘:m:i wl DUV LED

L L L il 282~351nm
) GfedEn /E T 30mW L E) &4 immm # |
TSR L TH D . — AL LAt E ]
Rl 72 &~ DB R O AHEME & RV s es .‘.".:l o SR
mmto S5, il A S BICRES MEsesunE | i

56 LED Lo i g

ﬁ\ﬁ%v~%&4ﬁp‘ (LD) » 3. F2H L7z AlGaN R-EARTEERS LED (B 5 222-351nm)
FHL, HZ24EA LED 72 U~ RN DI L EIEA~T bov

Wrrsin s,

2. GaAs XU GaN R¥EERERANWET FANVYEFUIRr— RU—FOBRRE (B, F&. K, Ex

)

& B O O JEPEE I AL E T D T T~ I,

B OFEIE

fRrRE 2 E T OME & i 2 TV D 7o A TEIFAEE - %’Fﬁ*ﬂéﬁ?‘aﬁ&%ﬁb\ﬁﬁﬁ par dte

nNTnWs, 77~ WY EFHAr—RKL—4% (THz-QCL) |
T TR E L TEDOEBNRHIFINATHD, Ll THz-QCL IXEEBA S & B
[RoTERY, FARIEEME LG 50T, ARBFE CTIEREEE O &R sl R B

0% 1-5THz 12

\ /J\fFU

RN, KA

ML, O FNLT S Pm
BT S
m. BRI, 22l
ZHY . wEE

Bl L GaAs R MO GaN %k QCL S A2 FEHR L, TOEEIEICRSHNTHREZ Y — FLTWD, [A#E

AR RS ZRAT A Z L Ic kv, K& QCL Ick
LO 7 v X —BNEE AW RIEREEEBIC LR A TS, Fm,
FENRAREL S TW5 5-12THz @ QCL OEH A HIE L., Hi-i
BHADORLIEDTEY . HHRY D GaN %3 RNER THz 556 081

THz-QCLORSE (3.7THz. i

EHL, &HIC

X 4.

=SE{ERRE150K)
GaAs/Al, sGa, gsAs THz QCLs

— 4K
) — 20K
Lasing at | — a0k
3.7THz | — &

80K

] ——100K
— 120K
1 —143K

Intensity [a.u.]

Intensity [a.u.]

Max Op.Temp. :143K

1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800
Current density [A/cm’]

GaAs BT T~V B A — R L —Y ORI & B IREERE

AR R mENEIRE (1.89 THz, 160K) %

HUAE

GaN R85k % vz QCL 03
BRI LTV D,

YRR 26 AEBE



[English]
Key Sentence :
1. Development of crystal growth technique for wide-bandgap nitride semiconductors
2. Development of deep-UV LEDs and laser diodes

3. development of terahertz quantum cascade lasers

Key Word : Quantum optodevice, Quantum electronic device, Laser diode, Light-emitting diode,
Deep-ultraviolet emitting device, Terahertz quantum device, Semiconductor crystal growth, Nitride

semiconductor, Semiconductor superlattice

Purpose of Research

The development of new-frequency semiconductor light sources, such as deep-ultraviolet (DUV)
light-emitting diodes (LEDs) and laser diodes (LDs), or terahertz quantum-cascade lasers
(THz-QCLs) is one of the most important subjects, because they are required for a wide variety of
potential applications, 1. e., sterilization, water and air purification, medicine and biochemistry, light
sources for high density optical recording, white light illumination or non-destructive seeing-through
examinations. Quantum Optodevice Laboratory is studying to stand at the forefront of optics and
nanotechnology, e.g. in creating innovative optical device including undeveloped frequency
semiconductor emitters, and develop a new research field through merging advanced optical/laser
science, atomic/nano-scale material fabrication technology, and novel semiconductor crystal growth
technologies and so forth. Through the introduction of the novel crystal growth technology for
wide-gap semiconductors, we have achieved innovative emitting devices such as highly-efficient
DUV-LEDs with shortest wavelength regime (220-350nm), or THz-QCLs. We have also investigated
the performance-limit of these devices by introducing innovative quantum heterostructures and/or
photonic nano-structures. Through the creation of the applicable field of these new emitting devices,
we aim for contributing to the realization of rich human being society.
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1. Development of AlGaN-based semiconductor crystal growth techniques and realization of deep-UV
LEDs (Hirayama, Fujikawa, Maeda)

Deep-ultraviolet light-emitting diodes (DUV-LEDs) and laser diodes (LLDs) are in strong demand
for various applications including sterilization, water purification, medicine and biochemistry, light
sources for high-density optical recording, and so on. 220-350 nm-band DUV-LEDs have been
achieved by developing novel crystal growth techniques for wide-bandgap AIN and AlGaN-based
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semiconductors. An epitaxial growth technique using pulsed-gas feeding has been introduced, and a
dramatic reduction in the threading-dislocation density (TDD) of AIN has been realized. Significant
increases in internal quantum efficacy (IQE) have been achieved for AlGaN quantum-well (QW)
DUV emissions by using low TDD AIN templates. The IQE of the DUV emission from AlGaN-QWs
were enhanced by approximately two orders of magnitude by reducing TDD of AIN templates. We
have observed quite high IQE value (>80%) by introducing In-segregation effects in AlIGaN alloy. The
electron injection efficiency (EIE) of the LEDs was also significantly increased by introducing a

multi-quantum barrier (MQB) as
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expanding them to a wide range of applications.

2. Development of terahertz quantum-cascade lasers (THz-QCLs) (Hirayama, Terashima, Lin)

Terahertz quantum-cascade laser (THz-QCL) is promising as an advanced THz laser source, since
THz-QCL has a lot of advantages, i.e., the size is quite small, continuous wave, high-power and
high-efficiency operation is possible, the lasing line-width is quite sharp, and it is maintenance free
(long-lifetime). However, there are still major problems preventing the THz-QCL from practical use,
i.e., the lasing is obtained only at low temperature and the frequency range is limited. Therefore, our
subjects for the THz-QCLs are to achieve room temperature (RT) lasing and to expand the lasing
wavelength both to 5-12 THz and 0.5-1.2 THz-band. We have developed 3 THz-band QCLs with
GaAs/AlGaAs semiconductor. We fabricated QCL superlattices (SLs) structures with
one-atomic-layer accuracy flat

hetero-interfaces by using a AlGaAs-based THz-QCL (3.7THz, Op. Temp.150K) ‘

molecular beam epitaxy (MBE).
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