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The purpose of this research project is to improve performance of terahertz
guantum cascade lasers which are expected as compact coherent light sources in the terahertz region. We
have numerically investigated both active-region structures to create higher gain and waveguide
structures to improve thermal and optical properties. As a result, we have proposed an optimum
active-region structure and a new waveguide design for improving the performance of the terahertz quantum
cascade lasers. Furthermore, we have investigated lasing characteristics experimentally by optical
injection method to gain insights into dynamics in the terahertz quantum cascade lasers.



1611 (2007).
[2] ‘

THz ” 2006-181502
THz
THz
190K
THz THz
Cw THz
THz
THz Quantum Cascade Laser
THz
[1] THz
[2]
THz THz
THz
THz
THz 100p m
1
e.g.
100y m 10y m

[1] I. Hosako et al., Proc. of the IEEE 95,




THz
THz

THz

THz

THz

THz

THz

THz

SISP - MM

MM

GaAs -

spacer

metal\ [ AR H B - - 10 um
eta . w h

—

AR w
d GaAs h

100y m
10p m d w h
thermo-electrical coupling

GaAs/AlGaAs

)
)

(a

(b

(@)2 (b)
(@) 2
AT
60K
AT ~ 84K 20K
AlGaAs
GaAs

(a)

(b)

(2)2 (b)



4(a) GaAs

r 2
I'~0.88
THz
Figure
of Merit: FOM
r I'xP
FOM = = in (1)
AT/Rn AT
(1) r
Pn=1xV
h
h=0 FOM
h=0
r AT
1.0 ' ' ' Isingle (é3.3)
—o— 2-stripe AR | 80
~o09} o3 145
bS]
o -
Sosl™ g
g {65 &
£
go7r 160
5
(&} 155
0.6+
150
0 5 1 1 1 1 ! 45

o
N
N
»
o]
-
o

Spacer width, d (um)

r AT
d
T d
d
GaAs
r AT
do ~ 4
pm d<
do
d>do
d

AT
FOM
ol T T T ::: é_stripe 'IA\R_
4
—e—5
09+ i
=
2
0.8 i
0.7 i
06 1 1 1 1 1
0 2 4 6 8 10
Spacer width, d (um)
FOM
d < do AT
d>do T d~
do FOM
GaAs
THz
GaAs AlGaAs
THz

upper laser-state lower laser-state

3 AE

. i
e-extraction—w: =
state

THz QCL
resonant-phonon depopulation



€))

fu @
Tul
Tio T/
(€)
AE
3
3
4THz Al 0.3
Eqp = 22kV/cm
10.8/9.4 nm
2 I, m
[fu. (tu/To), AE]
fij AE (meV) T I/TLO
5% -7
275 —_
7Y -
@ ) 62
~ 75 s E
7 9 t’
o
SN =
O :
o

barrier (1) (ML)
[fu. (tu/w0). AE]

diagonality
6~7 monolayer (ML)
3 ML
>50
cm™
GaAs 10 20 cmt
200K

60 T T T T T T T
40 | iy
e
(&)
= 20| E
‘©
O
oL A
W T=30K
Fop =22 kV/cm
-20 barrier (I): 7 ML 7
| . | parrierl(m): 3.ML |
8 12 16 20
Energy (meV)
THz
THz
SISP
Fabry-Pérot (
~3.3THz 200 pm
3 mm, ~20 pm)
(A=800nm 150 fs ) QCL
TMOm
" 62
2015 3 11
" 75
2015 9 18

Y. Sakasegawa, S. Saito, N. Sekine, A.



Kasamatsu, M. Ashida, and 1. Hosako, “ A
novel analytical model for optical
injection iIn terahertz quantum cascade
lasers” , 24th  IEEE  International
Semiconductor Laser Conference (1SLC2014),
9/9/2014, Palma de Mallorca (Italy).

N. Sekine and 1. Hosako, “ The effect of

structural parameters on terahertz
qguantum cascade lasers” , the 35th
Progress in Electromagnetics Research
Symposium (PIERS2014), 26/8/2014,

Guangzhou (China).

N. Sekine, A. Kasamatsu, and I. Hosako,
“ Waveguide structure in THz quantum
cascade lasers for high-performance
operation” , International Symposium on
Frontier of Terahertz Science, 5/8/2014,
Okinawa Institute of Science and
Technology (Okinawa, Onna-son).

17

2014 1 21

Y. Sakasegawa, N. Sekine, S. Saito, M.
Asida, and 1. Hosako, *“ Influence of
ultra-short- infrared optical pulse
injection into terahertz quantum cascade
laser” , 21th International Conference on
Applied Electromagnetics and
Communications (1CECom 2013), 16/10/2013,
Dubrovnik (Croatia). [invited]

"
74 2013 9
16

N. Sekine and 1. Hosako, “ Design of
waveguide structure in terahertz quantum

cascade lasers for higher operation
temperature” , the 34th Progress in
Electromagnetics  Research  Symposium
(PIERS2013), 14/8/2013, Stockholm
(Sweden).

Y. Sakasegawa, S. Saito, N. Sekine, M.
Ashida, and 1. Hosako,“ Near-infrared
Pulse [Induced Modulation of Quantum

Cascade Lasers” , the 10th Conference on
Lasers and Electro-Optics Pacific Rim, and
the 18th OptoElectronics and
Communications Conference/ Photonics in
Switching 2013 (CLEO-PR & OECC/PS 2013),
3/7/2013, Kyoto International Conference
Center (Kyoto, Kyoto).

Y. Sakasegawa, S. Saito, N. Sekine, M.
Ashida, and 1. Hosako,“ Near-Infrared
Laser Pulse Induced Amplitude Modulation
of Terahertz Quantum Cascade Lasers” ,
Conference on Lasers and Electro-Optics
(CLE02013), 13/6/2013, San Jose (U.S.A.).

Y. Sakasegawa, S. Saito, N. Sekine, M.
Ashida, and I. Hosako, “ Near-infrared
femtosecond-pulse injection in terahertz
qguantum cascade lasers” , International
Workshop on Optical Terahertz Science and
Technology 2013 (0TST2013), 2/4/2013,
Kyoto Terrsa (Kyoto, Kyoto).

Y. Sakasegawa, N. Sekine, S. Saito, M.
Ashida, and 1. Hosako “Intensity
Modulation of THz-Quantum Cascade Lasers
by NIR Optical Pulse Injection”, 3rd
International Symposium on Terahertz
Nanoscience (TeraNano 111), 10/12/2012,
Hawaii (U.S.A.). [invited]

2013-085435
2013 4 16

¢y

Norihiko Sekine

@

®



