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Realization of High-Performance and Farinfrared/Teraherz Quantum
Cascade Lasers through Electron-Scattering Control
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Control of electron scattering is a key to achieve high-performance and
farinfrared/terahertz quantum cascade lasers (QCLs) which are expected as light sources
applicable to environmental gas monitoring and life science. Information on the electron
scattering can be obtained by investigating the line enhancement factor «and relative
intensity noise (RIN) of QCLs. Measurement of « provided us the knowledge of the non
parabolicity of subbands in the conduction band and the Bloch gain. We could gain
information on nonradiative relaxation time through the measurement of RIN dependence
on optical output power and temperatures. We also analyzed a diagonal transition miniband
structure for realizing farinfrared/terahertz QCLs. Since electron-electron scattering
is proportional to the fourth power and optical transition the square of the overlap of
wave functions, it is possible to reduce electron-electron scattering by using the
diagonal transition.
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LO
States Scattering rate [s] States Scattering rate [5]
<i-f> Emission / Absorption <ij-f.g>
44 | 33x102 / 15x10° 4444 | 2.6x101
4-3 | 15x10% / 4.8x108 4343 | 2.3x10%
4-2 2.4x10' / 8.5x108 33-33 2.6x1013
4-1 8.4x10%0 / 3.1x108 _32-32_ 2.2x1013
3-3 | 2.6x1012 / 1.2x10%0 44-41 2.2x10%°
2-1 2.7x10%2 / 2.9x10° 44-33 8.7x108
1-1 | 3.3x10%? / 1.5x10%0 43-33 6.4x108
7 LO
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6
M. Ishihara T. Morimoto S.
Furuta K. Kasahara N. Akikusa K.
Fujita and T. Edamura
Linewidth Enhancement Factor of
Quantum Cascade Lasers with a Single

Phonon Resonance-Continuum
Depopulation Structure on a Peltier
Cooler Electron. Lett.
45 2009
1168-1169
109 2009
41-44

: N. Kumazaki Y. Takagi M.
Ishihara K. Kasahara N. Akikusa and
T. Edamura First Direct
Observation of the Small Linewidth
Enhancement Factor of a Fabry-Perot
Quantum Cascade Laser Jpn. J.

Appl. Phys. 47
2008 1606-1608
N. Kumazaki Y. Takagi
M_Ishihara K. Kasahara A. Sugiyama
N. Akikusa and T. Edamura
Detuning Characteristics of the
Linewidth Enhancement Factor of a
Mid-infrared Quantum Cascade Laser
Appl. Phys. Lett.
92 2008 21104-1-3
Y. Takagi, N. Kumazaki
M.Ishihara K. Kasahara A. Sugiyama
N. Akikusa and T. Edamura
Relative Intensity Noise Properties
between a 5.2 ym Quantum Cascade Laser
and a 1.55 gm Interband Semiconductor

laser Electron. Lett.
44, 2008 860-861
36 2008
45-48
10
23
2011 3 26
( )

T. Kataoka K. Kasahara N
Akikusa K Fujita and T Edamura
Photon noise of peltier-cooled
6.1-um quantum cascade lasers with a
single phonon resonance-continuum
depopulation structure

Photon 10 2010 8 25
Southampton(UK)
22
2010 9 17
22
, 2010



€Y)

3 19 (
)
M. Ishihara T. Morimoto
S. Furuta K. Kasahara N. Akikusa
K. Fujita and T. Edamura
Linewidth Enhancement Factor of 6.1-m
Quantum Cascade Laser at Near

Room-Temperature, CLEO
Pacific Rim 2009 2009
9 1
6.1pam
21
2009 9 11
« )
21
2009 4 2
DFB
21
2009 4
2

N. Kumazaki Y. Takagi M.

Ishihara K. Kasahara A. Sugiyama
N. Akikusa and T. Edamura

Detuning Characteristics of the

Linewidth Enhancement Factor of a

Mid-infrared Quantum Cascade Laser,

Conf. on Laser and

Electrooptics 2008 5
8 San Jose  USA
, 20
2008 9 2
( )

KASAHARA KENICHI

70367994



