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VOLUME 91, NUMBER 23

Interband Impact Ionization and Nonlinear Absorption of Terahertz Radiation
in Semiconductor Heterostructures

1 Cal @ 0.64 THz with !l @i J e o o o
i N 1 for Informatics, Shanghai Institute of Microsystem and Information Technology,
-___'__M\Exp. @ 0.64 THz{ 5 Changning Road, S{Imrg hai 200050, People’s Republic of China
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Newsbreaks

InGaN-based surface-emitting laser has a horizontal cavity

Although it's not a VCSEL (verlical-cavity surface-emilling laser), researchers al NTT
{Alsugl, Japan) and the University of Electro-Communications {Chofu, Japan) have
created a surface-emitting indium gallium nitiide (InGaM)-based blue-viclet laser diode.
Surface-emitting 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
cleaved. Ongoing efforts to create an InGaN-based VCSEL have not yet borne fruil. The
Japanese researchers sidestepped the problem by fabricating a horizontal-cavity InGaiN
laser along with an angled mirror just beyond the end of the cavity.

The angled output rmirror and the vertical cavity mirror are created by dry etching and
selective regrowth of a magnesium-doped GaM layer; the mirrors are very smooth with
little angular misalignment. The roem-temperature, electically pumped laser emits 0.3-
us pulses at 405 nm and a 1-kHz repetition rate. The output mirror Bes at a crystal plane
58° from the vertical, so the beam is not vertical, but ks emitted at an angle of 28°  from
the surface normal. The method enables waler-scale fabrication of blee-emitting
samiconductor lasers. Contact Telsuya Akasaka at akasaka@will_brl.ntt.co_jp.

Terahertz QWIP responds at 42 pm

A terahenz quanturm-well infrared photodetector (OVWAP) with a response that extends
below the optical phonon energy of galium arsenide (Gafs) has been developed by
researchers at the National Research Coundl (Ottawa, Ont., Canada) and the Chinese
Academy of Sclences (Shanghal, China). Previously, absorplion by Gahs optical
phonens contributed to making the 36-pum and longer (3-THz and below) region of the
spectrum inaccessible to QWIPs.

The aluminurm {&I) content of the 40-nm AlGafis barriers was kept to no greater than
5% 50 12-nm-hick Gahs quantum wells completed the structure. Although the device
still did not respond 1o a wavelength band between 34 and 38 pm, it did exhibil response
at longer wavelengths, peaking at 42 um. Bul, although theoretically the device should
have reached background-Emited infrared performance (BLIP) as its temperature was
lowsered to about 15 K, it did not; instead, at about 15 K the dark current stopped
decreasing—an effect most likely the result of tunneling. The researchers will test wider
and less-impure barmers 1o suppress the tunneling current. Terahertz QWIPS for even-
longer wavelengths are in the works. Contact Hul Chun Liu at h.e iu@nre.ca.
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] Many-body effects on terahertz quantum well detectors
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KFET THzZQCL MCHERIUREFF, Wit T 2Ttk
FTREGT M THZQCL. BT T iotassh /1%
- Phys. Rev. Lett. 90, 077402 (2003)
Appl. Phys. Lett. 88, 061119 (2006)
J. Appl. Phys. 104, 043101 (2008)

5B T THZQCLATEHER . #3FHI1E
Appl. Phys. Lett. 90, 041112 (2007)

Appl. Phys. Lett. 92 221105 (2008)
J. Appl. Phys. 103, 103113 (2008)

4k T THZQC LA 11
- 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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e maximum operating temperature
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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:

ot (r,k,t) :_EVKE(k)'Vrf _E'ka +@|00“’
p” , 7 ot

f L
Where %t'“"” can be replaced by collision integral:

8f

E ol = Jdk{f (r.k )@ f (r, k)G, —f(r,k )@ f (k' 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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Energy (eV)

THzQCLZE AL

Appl. Phys. Lett. 92, 221105 (2008).
Semicond. Sci. Technol. 23, 125040 (2008)
Semicond. Sci. Technol. 24, 065012 (2009)
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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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Gain dependence on extraction barrier width
Appl. Phys. Lett. 92, 221105 (2008)
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The optimized extraction barrier width for
maximal gain is 36 A, which are in good
agreement with the measured results.
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J. Phys. D: Appl. Phys. 42, 205102 (2009)
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- 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)

Outdoor
communications

10 Gbps — 40 Gbps BS/network 100 Gbps BS/network

Indoor 1 Gbps

communications 10 Gbps 40-100 Gbps

Security

screening Imaging 5 Explosive Mobile
Drug detection Fastimaging  — Mail-inspection system - Domestic
Biometrics Biometrics imaging Important security information for terminals — Airport, public home security
——

Ty
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100 Gbps #140 Gbps LA _ERIEFHEE

Medical Cancer imaging On-site diagnosis —— Fibre coupled

Semiconductor

wafer inspection Raster scan Wafer inspection ——— CCD type ———  High performance

Semiconductor
LSl inspection

LTEM —  LSlinspection Next generation

Air pollution Gas sensor —  Pollution analysis Air-pollution observation
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