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Interband Impact Ionization and Nonlinear Absorption of Terahertz Radiation
in Semiconductor Heterostructures
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created a surface-emitting indium gallium nitiide (In3aN)-based blue-viclet laser diode. Eree Subscri
Surface-emitling lasers, common in the red and infrared wavelengths in the form of
WCSELs, are far easier to fabricate than edge emitlers because they dont have to be e-Newsletters
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Terahertz QWIP responds at 42 pm
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below the optical phonon energy of gallium arsenide (Gafs) has been develo
asararriuar-atiiehiali nea FleararrinSm o S st s peglen
Feadbry-oFStivaeestSarngfall Ehiliaf Fedbesd; sbzorpiban By Gafs oplif

the 35-um and lgnoer (9-TH and below) reaior

spectrum inaccessible to QWIPs.

The aluminum (Al) content of the 40-nm AlGass bamiers was kepl to no greater
e e T l-'l-\.l.n. F r--ru BT AR A TR ot a-lg_qi A




THz

}‘ Gads/AlGass THz QWIR, T=8K 10

V267 THz QWIP absorption at room temperature

Fal -
s FrFr 1 &1 1717 T T T T
= L
I S \ 2 b, 4 Deacion sesponsa gt 8K |
o ' " . ' b -_," 08} Transmission (p/s )
» II.F @ 1 Experiment | | Absorption (p/s)
I.’ g | “! [4] [ Theoretical calculation: = = Lorenzfitof Abs. 4
-/ & | | J ||,r 1 = 0.6 EHWHM ~ 1.9meV, N, =3x10em”, «=0.16% per well J
. |"I . | §1:' - L | — |. . e ‘l:':‘ © 23 wells, waveguide d=300um, L=1.5mm, 4 pass
ol | = EE T "1 5 s B Fotal absoprtion ~ 15%
____, -I;;‘?:l_ aﬂm-:'.::rl; I- i —|_44~"l_\1 :‘ ] 8 04} Lorentz fit: -
[ . _ 2 Lk L J, o T | w peak=125cm’”’ ~ 15.5meV
B | ion @Dz 30 40 50 60 70 BO I FWHW=30cm” ~ 3.8meV’ |
= , T 02L peak absoption ~15% |
& Photo enargy (meY)
|-'-H\--\--H-\-——|_\_
R P " T 00K --"=2
- N __ 3 . 4n... SO, BN, J0_. 8D

240 200 160 120 80

Wavenumber (cm’1)

Photo energy (meV)

GaAs THzQWP

GaAs
THZOWP
34 36meV 2Q

Superlattices and Microstructures 40, 119 (2006).
Infrared Physics & Technology 50, 191 (2007).



THzQWP

Appl. Phys. Lett. 94, 201101 (2009)
Hartree 30%

:E I:
E!ElEE

|: ||:
|1
| R




30% 2> 5%

ppl. Phys. Lett. 94, 201101 (2009)

Applied Physics Letters

Terms of Use

1-.-’1:t|u1'me:|:| Page.fﬂdinle::l

Permissions

APL Home | About APL | Authors | Librarians

Top 20 Most Downloaded Articles

Applied Physics Letters -- May 2009 A P L (M ay 2009)

The 20 research articles with the most full-text downloads during the month, in descending order

[Frevious Month ] [ListIndex]

20

] Many-body effects on terahertz quantum well detectors
K.G Guo, £ Y. Tan, J. C. Cao, and H. C. Liu

Appl. Phys, Lett. 94, 201101 (2009) (2 pages)

Abstract Full Text: [HTML Sectioned HTML  PDF (99 KB) ] Order



THz

THz



THz

10 THz  (2002)

Kohler et al, NATURE 417, 156 (2002)



THzQCL

* THzQCL MC

THzQCL
- Phys. Rev. Lett. 90, 077402 (2003)
- Appl. Phys. Lett. 88, 061119 (2006)
- J. Appl. Phys. 104, 043101 (2008)

4 THzQCL

- Appl. Phys. Lett. 90, 041112 (2007)
- Appl. Phys. Lett. 92 221105 (2008)
- J. Appl. Phys. 103, 103113 (2008)

* THzQCL

- Semicond. Sci. Technol. 23, 125040 (2008)
- Semicond. Sci. Technol. 24, 065012 (2009)
J. Phys. D: Appl. Phys. 42, 025101 (2009)



Roadmap of THzQCL

v' The first THzQCL - Kdéhler et.al, Nature 2002 (Pisa,

Italy)

Chirped-superlattice

Semi-insulating surface plasmon waveguide
Lasing at 4.4 THz

Maximum operating temperature of 50 K

J. Faist, APL 2002

Q. Hu, APL 2003

H. C. Liu, NRC, APL 87, 141102 (2005)

J. C. Cao’s Group, SIMIT, Shanghai, 2007
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Progress of THzQCL
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Up to date, the best device performances are:
e maximum operating temperature

186 K (pulsed); 117 K (cw)

* highest output power

* |lowest lasing frequency

250 mW

1.2 THz
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Monte Carlo Method

- Used to solve mathematical problems
oy random-number technology

- Using random numbers in an essential
way to simulate scattering processes

- The differential-integral equations

usually include high-order numerical
Integrations



MC solution of Boltzmann equation

The semi-classical BE for transport of Bloch electrons:

frkt 1 F f
( t ):—%VKE(k)'vrf_%.ka+_t|C0”’

Where —];|CO.. can be replaced by collision integral:

_::COII Jdk{f (r k0@ (rkt) o~ kL= (K1) o}
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Appl. Phys. Lett., 89, 211115 (2006)

J. Appl. Phys. 103, 103113 (2008)
J. Appl. Phys. 104, 043101 (2008)

Appl. Phys. Lettt. 92, 221105 (2008)
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Appl. Phys. Lett. 92, 221105 (2008).
Semicond. Sci. Technol. 23, 125040 (2008)
Semicond. Sci. Technol. 24, 065012 (2009)

DUT: Three-well resonant-phonon THz QCL
We have simulated the effects of three parameters, i.e., doping

concentration, injection and extraction barrier width, and phonon
extraction level separation on the device performance.
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3.2 THz QCL
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Lasing at 3.2 THz in pulsed mode
Pulse width: 3 u s, repetition rate: 1 kHz;
Measured at 10 K
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TEITCCTOUZTTIIY, O MO PSS, 290U 2500 .0 VIT 12
- IEEE 802.11a, 54 Mbps, 5150-5350 MHz, 5470-5725 MHz, 5725-5825 MHz

- [IEEE 802.11n, 100 Mbps, optional bis zu 600 Mbps, Freq. like 802.11a
- WIGWAM Project, up to 1 Gbps, 5, 17, 24, 60 GHz, MIMO

«  WPAN (Wireless Personal Area Networks)
- Bluetooth, IEEE 802.15.1a, 1 Mbps, 2400-2483.5 MHz
- High-rate WPANSs, IEEE 802.15.3a, realized 500 Mbps, planned 1.3 Gbps @
several meters, UWB based, 3.1-10.6 GHz
- High data rate WPANS, IEEE 802.15.3c, planned 2 Gbps @ several meters, mm-
Wave, 60 GHz band (57-64 GHz)
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Nature Photon. Vol. 1, 97 (2007)

2015 THz
100 Gbps 40 Gbps
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