International
Quantum Cascade Lasers

School & Workshop
Policoro, Italy, 7-14 September 2014




Various Barrier Materials for Terahertz Quantum Cascade
Lasers

Tl Yederhuer' | Don Muckarland?, Michael Krall?, Hermann Detz?, Aaron Muxwell Aadrews?, Werner
Scheenk!, Karl Unterrainer?, und Gottfeied Strusser?

'('rnlrrﬁar Micnsand Manoatreciires, FO Wien, [N Wien, Auatrio
tustisute Jor Sotid Stawe Elecirmics, 11 Wien, 140 Wien, Austera
Vinstisste Jisr Phodowics, FlE Wiea, HW0 Wiee Avoria
Taoldar, ederhawere winien.ar o0

1 Introduction

Sitee thetr invention in 1994, quantum cascade lasers (QC1LS) ave proven 1o be reliable and highly cosomizable
coherent light sources, which alluw Tor the design of devices emittiog in the mid-infrared (MIR), as well as in the
teruhertz (THz) regine, Duspite their great suceess in the MIR regime, QCLs operating at THz Freguencres sull reguire
vryogenic cooling techniques, Advanced buod strucwre design recently pushed the maximum operation temperiture
o THz QCEs w0 200K} 1], Moreover, thie ise ol syminetric active regions bas shown the potential 1o measure the
eifects of both interface roughness and dopant migration on the performaney ul this deviees{2)[ 31, Room waperitune
operation, however, is still out o reach o this date,

A second approsch qo further imtprove the perfarmance of THz QCLs is 1 use otler matecial systems. While the
highest pulsed operation lemperature so Far has been measured from devices Tubricated in the GaAsAIGaAs materal
system, there is evidence that the use ol well materials with a lower eifective mass can improve the performance[41.
Candidates for well materials [eatring an eifective nass lower ta that of GaAs are InCGaAxs Jatuce ntaghed jo Inb, as
well as InAs. Recently THz electroluminescence Traom devices using InAs as & well aed AlAsSh as 4 hiwrier manerizl
was shown[ 5], despite L very bow efTective miss, e laser operation wis reported.

In the group of materiaks Jatice matched 1o 10, laser operation in the THz regine has been shown {or three
different materini combination xa far. The two wernary malerials AHnAs and (GaAsSb have shown THz laser operation
up o 145K and 143K respectively[6]. The quaternary AlGalnAs material, being the most recently developed une
among then, showed operation up o [30K[7), The fact that many different materdais, all having unigue fentures,
can be used as a barrier materiat with the same well material makes this group of materials incresting 1w gauge the
influence o the barrier materist on the performanee of THz QCLSs.

2 Resulty

In this work, we show our finst results of TH2 QCLs uxiog the quaternary AlGalnAs matecial and report on ver latest
findings when comparing them to devives uxing different materials. The lasers have been grown in a Yeeco Muod Gen
1l MBE system on [nl? substeates. Aluminum mol fractions of 15% and 18% have been used, The lsers have been
privessed into ridges using double-meta] waveguoides,

Both designs showed laser emission at 5.6 THa, a maximun operation wimpeeaure of [HOK and o threshold current
demsily of 800 Acm 2,
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Figure 13 Band structure of » Aby wGalnAs/InGiaAs THz QCL aLa hias of 10kYem :
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IFigure 2: LIV ol a Al igGalnds inGaAs THz QCL. AL S K a threshold eument density of 800 Acm ? whs found.
Operation was possible up to 110K



