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Abstract—In this paper we review some of the recent results that
were obtained with electrically pumped InP microdisk lasers
heterogeneously integrated onto SOI. We also discuss some ideas
for performance enhancement.

Keywords: microdisk lasers, heterogeneous integration

I INTRODUCTION

Silicon photonics has been the focus of a lot of research
since well over a decade as it is possible to fabricate very
compact optical waveguide circuits in large volumes using
CMOS equipment and tools. However, since silicon is an
indirect bandgap material, it is so far impossible to use the
material for the fabrication of electrically pumped light
sources. Considerable research has therefore been directed
towards the heterogeneous integration of III-V light sources
on silicon-on-insulator (SOI) passive waveguide circuits.

One of the first demonstrated electrically pumped laser
diodes, heterogeneously integrated on SOI, was the microdisk
laser {1]. With a disk diameter of 7.5 um and a threshold
current below 0.5mA, it is still one of the electrically pumped
laser diodes with lowest footprint and power consumption. In
this paper, we report on some recent progress with microdisk
lasers, both concerning their fabrication and their use in all-
optical processing.

II.  FABRICATION

The microdisk lasers are fabricated by bonding an InP die
(or wafer) to a SOI die (or wafer), either using molecular or
adhesive bonding. Adhesive bonding (using a BCB polymer)
has some advantages such as relaxed requirements on surface
cleanliness or roughness. Alumina or silica is deposited on the
InP die prior to bonding. This leads to very high bonding
yields, allows to control the bonding layer thickness and the
oxide also helps with heat sinking.

After bonding, the further processing can be done using
contact, e-beam or Deep UV lithography. E-beam lithography
allows to accurately control the disk diameters, and lasing
wavelength variations as small as a few nm have been
demonstrated for nominally identical microdisks. In addition,
processing of microdisk lasers has also been done in a CMOS
fab using DUV lithography .
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Figure 1. Schematic of a heterogeneously integrated microdisk laser.

Most microdisk lasers fabricated so far made use of InP
membranes containing tunnel junctions, to avoid excessive
losses associated with highly p-doped contact layers.
Simulations indicate that also membranes without tunnel
junctions would be possible, provided that the p-contact layers
are etched away near the edges of the disk, just above the
whispering gallery modes.

IIIl. NEW APPLICATIONS AND CONCEPTS BASED
ON MICRODISK LASERS

In the past years, the microdisk lasers have moreover been
demonstrated as all-optical flip-flops [2], gates, wavelength
converters, modulators and resonant photodetectors, all with
minimal power consumption. Recently, optical signal
regeneration has been demonstrated at 10 Gbit/s [3].

Coupled to a Bragg grating, they can also operate in a
predefined unidirectional mode. In this case they are rather
insensitive to external reflections, as the reflections couple
back into the nonlasing mode, and could be used without
isolator.

Microdisk lasers are therefore very versatile devices with
very low power consumption.

REFERENCES

[1] J. Van Campenhout, et al.. “Electrically pumped InP-based microdisk
lasers integrated with a nanophotonic silicon-on-insulator waveguide
circuit”, Opt. Express 15, 6744-6749 2007.

[2] L.Liu, etal, An ultra-small, low-power all-optica! flip-flop memory on
a silicon chip, Nature Photonics, 2010.

[3]1 P.Méchet, et al,, to be published.




Invited Speakers
Hans Agren (Royal Institute of Technology, Sweden)
Chih-Ming Chen (National Chung Hsing University, Taiwan)
Ya Cheng (Shanghai Institute of Optics and Fine Mechanics, China)
Yiping Cui (Southeast University, China)
Zhenchao Dong (University of Science and Technology of China, China)
Shinji Hayashi (Kobe University, Japan)
Fei Huang (South China University of Technology, China)
Hajime Ishihara (Osaka Prefecture University, Japan)
Satoshi Iwamoto (Tokyo University, Japan)
Yoshihiko Kanemitsu (Kyoto University, Japan)
Wakana Kubo (RIKEN, Japan)
Philippe Lalanne (Insitue of Optics, France)
Andrei Lavrinenko (Danmarks Tekniske Universitet, Denmark)
Laura M. I.echuga (Research Center on Nanoscience and Nanotechnology (CIN2: CSIC-
ICN), Spain)
Olivier J.F. Martin (Swiss Federal Institute of Technology, Switzerland)
Masayuki Matsumoto (Osaka University, Japan)
Ting Mei (South China Normal University, China)
Amo Mussot (Universite Lillel, France)
Adriana Passaseo (Istituto Nanoscienze, Italy)
Marek Samoc (Wroclaw University of Technology, Poland)
Perry Ping Shum (Nanyang Technological University, Singapore)
Yong-Won Song (Korea Institute of Science and Technology, Korea)
Takuo Tanaka (RIKEN, Japan)
Limin Tong (Zhejiang University, China)
Din Pin Tsai (Taiwan University, Taiwan)
Igore Tsukerman (University of Akron, USA)
Noritaka Usami (Tohoku University, japan)
Sameer Walavalkar (California Institute of Technology, USA)
Zhiming Wang (University of Electronic Science and Technology of China, China)
Zhuyuan Wang (Southeast University, China)
Wu Xiaojun (University of Science and Technology of China, China)
Qing-Hua Xu (National University of Singapore, Singapore)
Jiangeng Xue (University of Florida, USA)
Lianshan Yann (Southwest Jiatong University, China)
Chunhui Yang (Harbin Institute of Technology, China)
Ken-Tye Yong (Nanyang Technological University, Singapore)
Larry Xiaocong Yuan (Nankai University, China)
Anatoly Zayats (King’s College, London, UK)
Changhe Zhou (Shanghai Institute of Optics and Fine Mechanics, China)
Lei Zhou (Fudan University, China)
Kurt Busch (Humboldt-Universitit zu Berlin)
Geert Morthier (University of Ghent, Belgium)
Aleksandra Djurisic (The University of Hong Kong, China)
Daniel Lau (The Hong Kong Polytechnic University, China)
Edwin Pun (City University of Hong Kong, China)
Kam Sing Wong (The Hong Kong University of Science and Technology, China)
Kin Hung Fung (The Hong Kong Polytechnic University, China)
Daniel Ong (The Chinese University of Hong Kong, China)
Kevin Tsia (The University of Hong Kong, China)
Calvin C K Chan (The Chinese University of Hong Kong, China)
Zhu Furong (Hong Kong Baptist University, China)
Yan Feng (The Hong Kong Polytechnic University, China)

vii

. '|



ICNP/AOM 2013 Joint Conference

The 7th International Conference on Nanophotonics (ICNP)/
The 3rd Conference on Advances in Optoelectronics and
Micro/Nano Optics (AOM)

19 - 23 May
The Hong Kong Polytechnic University
Hong Kong, China

na bt Al i - Sl g
tMissve : . S e "3!1____ :5-:‘:_ " o~
50 Al . Tpe—
i“ HERL .
- . - — - - e = » X -! -
' = . " e el
(2 ikl 7
o, % o i b
e i e 1 el
.ai“' {1 ;ﬁ 4 ) i
b gt A TN g
o - e — — = e e
\ 1ot
o i U s ¥
ol 574 .
: :'.' e ’;.
.'. - :} -
iy e EAL:
]

- i
-:‘.;-_-""1_ :
+
-



