UNIVERSITY OF LEEDS

This is a repository copy of THz quantum cascade lasers with output power over 1 W.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/83312/

Version: Accepted Version

Proceedings Paper:

Li, LH, Chen, L, Zhu, JX et al. (5 more authors) THz quantum cascade lasers with output
power over 1 W. In: UNSPECIFIED IQCLSW2014 International Quantum Cascade Lasers
School and Workshop, 7-12 Sept 2014, Policoro, Italy. . (Unpublished)

Reuse

Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White
Rose Research Online record for this item. Where records identify the publisher as the copyright holder,
users can verify any specific terms of use on the publisher’s website.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

| university consortium eprints@whiterose.ac.uk
WA Universities of Leeds, Sheffield & York https://eprints.whiterose.ac.uk/


mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

THz quantum cascade laser s with output power over 1 W

L.H.Li, L.Chen,J. X.Zhu,J. Freeman, P. Dean, A. Valavanis, A. G. Davies, and E. H. Linfield

School of Electronic and Electrical Engineering, University of Leeds, Leeds LS2 9JT, United Kingdom
E-mail: |.h.li @leeds.ac.uk

1. Introduction

Terahertz (THz) frequency radiation has many potential applications, ranging from imaging and chesiicgl se
through to telecommunications. However, one of the principal challenges is to develop compactt, leffiaiest

THz sources. In this respect, the development of the THz quantum cascade laser (QCL) has provided a potential
solid-state solution [1]. Nonetheless, for many remote sensing and imaging applications, high THz powers are
desirable, in part owing to the significant attenuation of THz radiation by water vapour in the atmosphere. THz
QCLs have been demonstrated with peak pulsed output powess ¢gPup to 470 mW per facet [2], using a direct
wafer-bonding technique to stack two separate THz QCLs together. This approach, however, requires the QCL to
have a symmetric active region, limiting widespread applicability of the technique. In general, increased output
powersin semiconductor lasers can be obtained by using longer and/or broader area cavities [3]. Indeed, in long-
cavity 4.7-THz QCLs, a R of up to 875 W (from both facets) was recently achieved. [4] Here, we demonstrate
THz QCLs with a B.ac0f 1.01 W from a single facet at 10 K by using broader area device. The devices operate in
pulsed mode with an emission frequency of around 3.4 THz. To the best of our knowledge, this is the first
demonstration of THz QCLs with,Rcexceeding 1 W. [5]

2. Experimental details

The QCL active region design and complete structure used here are very similar to those reported in [6]. The active
region consists of an MGa g/As/GaAs heterostructure with a layer sequencg24f03/17/107.586/88/39.5/172

(starting from the injector barrier) where the thicknesses are in A{3%,g/As barriers are in bold, and the Si

doped layer (3xT6 cm™) is underlined. The whole QCL structure was grown by solid-source molecular beam
epitaxy on a semi-insulating GaAs substrate. After growth, the QCL wafer was processed into surface-plasmon ridge
waveguide structures using standard photolithography and wet chemical etching techniques. The substrate was then
thinned to ~18Qum by wet chemical etching. For characterization, the devices were cleaved and indium-soldered to
copper submounts. They were driven by a pulsed current source, with a repetition rate of 10 kHz and a dfity cycle o
2%, in a liquid-helium continuous-flow cryostat. The radiation was collected from a single facet avertge

power was measured using an absolute terahertz power meter (Thomas Keating), which was butted against the

cryostat window. Racwas then calculated from the measured average power and duty cycle.
3. Results

Fig. 1 shows the LIV curves of the as-cleaved devices with different ridge widths but a fixed cavity length of
1.5mm at 10 K. The Rx scales linearly with ridge width, similar to the observations in [3]. The scaling factor,

dL/dw ~ 0.98 mWum, whereL is the emitted power. Similarly, the emitted power scales with the cavity length.



However, there is a trade-off betweep,Pand device heat-dissipation owing to the increase in cavity length/width.

At a certain size it became difficult to further increagg®y simply scaling cavity length/width. We noticed that a
PpeakOf Up to ~780 mW could be obtained from an as-cleaved device with a 3-mm-long cavity andra-#&te

ridge. To further increase the emitted power, we coated the rear facet of selected devices with
SiO,(150 Nnm)/Ti(10 nm)/Au(150 nm)/SKR00 nm). Fig. 2 shows the output power as a function of current density
from a 425pm-wide, 4.2-mm-long, facet-coated device. f Pof ~1.01 W (at 10 K) is obtained from the front

facet, at a frequency of ~ 3.4 THz (inset). It should be noted that this lasing frequency is ~0.5 THz and 1.3 THz
lower than the THz QCLs reported in [2, 4], respectively. A decrease in the emitted power would have been
expected if the QCL design was scaled to lower frequencies [7], owing to the increased free-carrier losses and the
reduction in optical confinement within the single-metal waveguide. In contrast to this expectation, the single-facet
output power from this device is approximately two times higher than that reported in [2, 4]. The responsible
mechanism will be discussed in detail. With increasing current, the lasing spectra show multimode behavior, and
both broaden significantly and shift to higher frequencies. Owing to the wide ridges, lateral modes are also present

in the lasing spectra.
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Fig. 1 LIV curves of the as-cleaved devices with different ridge
widths but a fixed cavity length of 1.5 mm at 10 K. The light was
collected from one facet.
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Fig. 2 Output power as a function of current from a reartface
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