UNIVERSITY OF LEEDS

This is a repository copy of GeSn lasers for monolithic integration on Si.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/97146/

Version: Accepted Version

Proceedings Paper:

Buca, D, Stange, D, Schulte-Braucks, C et al. (11 more authors) (2015) GeSn lasers for
monolithic integration on Si. In: 2015 IEEE Summer Topicals Meeting Series, SUM 2015.
Summer Topicals Meeting Series (SUM), 2015, 13-15 Jul 2015, Nassau, Bahamas. IEEE ,
pp. 57-58. ISBN 9781479974689

https://doi.org/10.1109/PHOSST.2015.7248191

(c) 2015 IEEE. Personal use of this material is permitted. Permission from IEEE must be
obtained for all other users, including reprinting/ republishing this material for advertising or
promotional purposes, creating new collective works for resale or redistribution to servers
or lists, or reuse of any copyrighted components of this work in other works.

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.

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



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

GeSn ases for monolithic integration o8l

D. Buca, D. Stange, C. Schulte-Braucks, S. Wirths,
N. von den Driesch, S. Mantl, D. Gritzmacher
Peter Gruenberg Institute 9, Forschungszentrum Juelich
Juelich, Germany
|d.m.buca@fz-juelich.de

R. Geiger*, T. Zabel, H.Sigg
Laboratory for Micro- and Nanotechnology (LMN)
Paul Scherer Institute Villingen, Switzerland
* |Institute for Quantum Electronics, ETH Zlrich
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suspended GeSn microdisks fabricated on a Ge virtual substrate
with alasing threshold below 1 mW at 20K.

Keywords—GeSn; group IV photonics, microdisk lasers, group
1V lasers, Si photonics, monolithic integration

R. Marzaban and J. Witzens

Institute for Integrated Photonics, RWTH Aachen,
Aachen, Germany

Z. lkonic

Institute of Microwaves and Photonics, Univ. of Leeds,
Leeds, UK

J.M. Hartmann

CEA, LETI Minatec Campus and Univ. Grenoble Alpes,
Grenoble, France

design which offers an uniform distribution of precursor gases
over the wafer surface [4Partially strain relaxed GeSn layers
with low residual compressive strain and relatively high Sn
contents were used in order to indaodirect bandgap [2JAn
increase of the Sn content also leads to a decrease of the GeSn
bandgap. This is illustrated in Fig. bg reflectance spectra of

partially relaxed GeSn layers with Sn contents between 8.5 and
|. INTRODUCTION 14 at.%. The spectrunf the Ge-VS is shown for comparison.
Intensive research has been carried out in the last years Band structure calculations and experimental data indicate that

novel materials for the integration of advanced optoelectroni@l Investigated GesSn layers are fundamental direct bandgap
and photonic systems on silicon motivated by the prospect gEmiconductors [2]. The temperature dependence of the PL
cost-effectiveness  resulting from  compatibility  with SPectrum of @800 nm thick GeSn layer with a Sn content of
complementary metal-oxide-semiconductor (CMOS) circuits8-5% is shown in Fig. 1b. THevalley luminescence increases
To allow compatibility with silicon IC manufacturing facilities towards lower temperatures and shifts to higher energies, as
group IV elements and their alloys have attracted speci&xPected for direct bandgap semiconductors.

attention as active materials [1]. GeSn is one of the most
promising group IV alloys for laser applications due to the
transition to a direct bandgap under tensile strain and/or
sufficiently high Sn alloy content [2]. Moreover, the smaller
bandgap energy of GeSn alloys enables laser operation at the
higher end of the near-IR range / lower end of the mid-IR 08
wavelength range, enabling new sensing and bio-photonics
applications.
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Two types or resonators are mainly considered forgoe

monolithic integration ora Si platform: waveguide structures %
and microdisk resonators (MDRs)lasing was recently
demonstrated using waveguide structures T2ese may also
serve as waveguide photodetectors in which the long cavity 0.4
(absorption length) allows the efficient collection of photons
[3]. Laser cavities based on whispering gallery mode (WGM)

such as MDRs, have been intensely investighiexduse of
their simple device structure, high quality factor and relative

ease of integration. Fig. 1: (a)room temperature reflectance spectra ob t801pum thick GeSr

L alloys with different Sn concentrations. (b) Tempemtegpendent PL spectr
Here WQ present the fabrication on MDRs . based OBt a 800 nm thick GeSn alloy containing 8.5 at.% Bme spectra are shifte:
GeSn/GelSi heterostructures grown by chemical vapQfertically for better readability.

deposition (CVD) and investigate their suitability as lasers
cavities. Optically pumped lasing is demonstrated.
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MDRs with large diameters betwe&®pm and 40 pm
were dry etched int@00 nm thick Gey.9155mb.0s5 and 560 nm
thick Geyg7sSm.125 layers using standard Si processing via e-
1. beam lithography and reactive ion etching (RIE). Subselyuent
The GeSn layers were grown o@G€&Si(001) virtual to this anisotropic mesa etch, the discs were isotropically under
substrates (Ge-VS) using a 200 mm wafer AIXTRONetchedby an inductively couple€F, plasma that offers a high
TRICENT reduced-pressure CVD reactor with showerheagétching selectivity between GeSn and Ge.
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Mode calculations (Fig 2) indicate thd@iEo and TMy  emission from other resonances at 1 mW is a further indication
ground modes are fully confined in the suspended disk regidor lasing. At higher pumping power the lasing spectrum
for undercuts larger thanm The modes are unperturbed by broad@s due to multi-mode operation in a higher number of
the Ge pillar at the center of the structure and the effectiv&/GMs with a free spectral range of 6.2 mehbhis FSR $
index is identical to that of a structure with a vanishing pillarlarger than expected from the calculated group indices of the
GeSn microdisks with underetching of approx. 3 um (see SENIE, and TMWy, ground modes, leading to the hypothesis that
image in Fig. Pare presented here. higher order WGMs with larger radial numbers and lower

- o 4 index are being excited. This could be due to a lower overlap
with surface roughness of the etched MDR circumference and
is currently under investigation. The spontaneous emission is
| 2 also increased for higher pumping, which may be related to the
central region of the disk being spatially separated from the
J lasing circumference.
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Fig 2: Mode calculations for Yd.5 umand () 2 um undercut g os] Tota'gw";-
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Strain  mapping measurements using micro-Rama< *
spectroscopy indicate complete strain relaxation over a lar¢ (a) M 7 P e S e o 8

portion of the under-etched region and even slight tensile stra 9% 03 St°-5{° . 025 0% Energy (eV)
at the microdisk edges. A reduction of the compressive strau oD 6
in the GeSn active region translates into an increased enerjy. 4 (a) Calculated electron fraction occupying Thealley at 100K and 295k
separation between the and L valleys, which leads toan or a total electron concentration of 1X1@m? (b) PL spectra at 20K as i
increased electron population of the of thealley as well as a function of optical excitation. The linewidth nawimg above the lasing threshol

. . o - is shown in the inset
suppression of - to L-valley carrier transfer. This is shown in

Fig. 4a. The bandgap of the alloy is modified by the biaxial | 55er emission of the micro-disk resonators is in excellent
strain of the thm_ film; therefore, an increased relaxgtlon alsagreement with the recently demonstrated lasing with a
leads toa reduction of the bandgap energy. The shift of thewaveguide resonator geometry [2]. Furthermore, lasing in

laser emission towards lower energies relative to the residuglesn” microdisks with different GeSn layer thicknesses, Sn
PL background presumably originating from the non-conents and diameters will be discussed as well as the
suspended central region of the microdisk is consistent with tr{@mperature dependence of the laser emission. The MDR

mode confinement in the periphery of the MDR (whisperingsir,ctures investigated here will serve as aisbaswards
gallery mode) further investigation of electrically pumped structures.
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