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We report ony work on the heterogeneous integration of GaSh-based EPUAXY on silicon-
on-insulator (SO ) waveguide CUrcnirs for s'/m/‘m'(11’(’»1'14/)‘(1/‘(/(/ Sensing applications. We
demonstrate the integration of p-i-nn GaSh Photoderector o1 SO waveguides. We nse
an . cvanescent coupling approach 1o couple lighy Jrom the $O1 wavegiide 1o
Photodetecio The integration of active materia) onlo - SOIis based on (/i('~/()—n'((f'()/'
adhesiye bonding using DVS-BCR as the bonding agent. Here, e present desien,
simutlation results and Jabrication details. The measurement resuly gy also discussed

Introduction
Spcclroscopy is a well-known technique to Cxamine composition angd concentration of
the substances by Mmeasuring and analyzing the lransmission/absmplion spectra. Severyl
sensing applications in environment and biomedical field are realized by using this
technique, where the system used o detecy bio-molecules or gases with their
characteristic absorption  lines N near ang mid-infrared wavelength region.
Nevertheless. such a sysiem consists of souree, detector ang passive components that
are bulky. expensive and unsuitable for many applications €.2. implantable sensors,
Photonic integration offers  un attractive  cconomie solution  with significant
miniaturization,

Photonic integrated circuits with siIicon—on-insulalor (SON) platform provide compact
and cost effecjve solution due to (he access to CMOS fabrication technology, which has
Steadily matured over the last decades, Hence, high quality SOI bassive circuits cap be
casily designed ang fabricated jn waler scale, Morcover, iy high omni-direction
refractive index contrast allows realization of (e Miniaturized photonic integrated
circuits, Although S0 have scvery] advantages, light generation s difficult due 10 jiq
indirce( bandgap transition, Heterogencous integration of active devices and SOl
Integrated circuit s therefore needed o realize fully functiong] integrated circuit and
speed up the development process. There are severy techniques for integration, such as
molecular bonding. metq) bonding ang adhesive bonding, Ip our work, we employ
adhesive bonding technigue using diviny]siloxunc—benmcyclohulcnc (DVS-BCBy a5 1
bonding agent [1]. This technique provides several advantages, For cxample, it does nog
require an ultra cleap surface unlike the molecular bonding technique, Moreover, the
DVS-BCB Maintaing good adhesion with some topography on hoth cpitaxy and SOf
wafer.
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Heterogeneous integration of GaSb based photodetector on Silicon-on Insu%tor .

In this paper, we present our work on heterogeneous integration of p-i-n GaSb p-i-n
photodetector on SOI waveguide circuit. The design of the device and fabrication
process is described. The measurement results are also presented.

Device designs

Figure la shows schematic of the integrated device. It consists of SOI waveguide and
photodetector on top of the SOI waveguide. Light from SOl waveguide is evanescently
coupled into photodetector waveguide when the phase matching occurs. Figure 1b
shows simulation results of absorbed power dependence on the intrinsic region
thickness of the photodiode. Clearly, the absorption efficiency 1s strongly dependent on
the bonding thickness, i.e. on the phase matching condition. The simulation is done via
CAMFR [2] which is based on frequency-domain eigenmode expansion techniques.
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Figure 1: a) Schematic of the device b) Simulation results of the device where the absorbed power

depends on intrintic region thinkness and BCB thickness.

Fabrication process
The fabrication process starts with cleaning of both SOI and GaSb epitaxy. SOI is
cleaned with standard clean-1 solution containing NH,OH:H,0,:H,0. GaSh expitaxy is
cleaned with acetone and IPA. For the heterogeneous integration, DVS-BCB is first
diluted with mesitylene in 2:3 v/v. The SOI substrate then is spin-coated with DVS-
BCB diluted solution at 3 krpm for 40s to obtain ~200nm bonded thickness. The sample
is then baked at 150°C on a hotplate for 3 minutes to let mesitylene evaporate before
transferring the GaSb die onto the SOI substrate. Bonding is performed at the same
Yemperature, after which the sample is cured at 250°C for 1 hour. After the bonding
process, the complete GaSb substrate is removed by using the combination of
mechanical grinding and chemical etching using a mixture of CrOs, HF and HyO in
1:1:3 v/v at room temperature. InAsSb is used as an etch stop layer. This layer is later
removed by selective wet etching with a 2:1 v/v citric acid and hydrogen peroxide
mixture. The etching rate is ~100nm/minute {3]. The photodiode mesa s formed by
using ICP-RIE (inductively coupled plasma reactive ion etching) with CHy and H> gas
mixture. The etch rate is ~3.6 nm/minute. Figure 2 shows etching results of a dummy
gample (GaSb substrate) with Ti as a hard mask. The sidewall roughness is relatively
high, as seen in Fig. 2a. The etching profile is also shown in Fig. 2b. The slope is
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estimated to be 101 degree. Ti/Au and NiGe/Au ¢ i
tmate : Au are used to form ohmic cont
g)n tartarig/pseoﬁ}lztiii};)], zfas;ﬂec‘tw'ely. The photodiode island is defined by using \icett (f):lt]cll:iolfh
Dyanatie solution darl_(: dCld/HCl{HzOz{HzO) with 0.5pm/minute etching rate [3]g
S DID s used I rh evice passivation. Figure 3a shows cross section diagram of the:
reatized devic the detec‘tor on top of the SOI waveguide. Figure 3b is the S
ion image of the fabricated device .The etching profile is found to be; sirflila}rsﬁ

that of the dummy sample (Fi i i
that of the do ple (Figure 2a). The bonding thickness of the device is estimated

(a) o

Figure 2 SEM image of dumm
Ly y sample (GaSb substrate) (a) showing side wall roughness (b) showing

Ti/Au Ti/Au

| | .
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Fi e .
igure 3 a) Cross section diagram of the realized device b) SEM image of the devic
e
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Measurement Results ‘
Figure 4 shows V-I characteristic measured at room temp;l:ralure}.1 Th: g:]g};h]eea[l:]i%z
i i i i Its in high roughnes S
t is attributed to ICP etching which resu . ‘

(s:iliir::‘alllsLight with varied input powers at wavelength 1.§7prcrll is Igoul)z'le?h ;n;zvtilclz
oot i S hotoresponse. As depicted in Fig. 3,

device via grating coupler to measure p : ‘

ilT:strates g%)od photoresponse (~0.4A/W) as a function of the applied voltage.
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Figure 4 V-1 characteristic of the device at different light input powers. The power level indicate P

power from tunable laser.

i i -i- n SOI
In conclusion, we demonstrate the first generation of mtc(ejgrz]i(ted p 1tnC S]as;)o(l))tamed
i ’ S1vi f ~0.4A/W. Lower dark curren
veguide. It shows good responsivity o ) c cun ined
l\)va ostimizing the fabrication process such as chemical passivation. Thef suﬁgssred
dZmonstration of this device yields significant step toward shortwave-

integrated circuit.
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Lateral arrangements of size and number controlled Inds quantum dots (ODs) on
Iruncated InP (100) nanopyramids grown by selective areq metalorganic vapor-phase
epitaxy (MOVPE) are reported. The ODs nucleate on high-index Jacets on pyramids top
allowing precise position and distribution control. The size and shape of QDs are
related to As/P exchange determined by the growrh femperature, as demonstrated Jor
circular-based pyramids. The OD number is controlled by both the size of the high-
index facets (governed by pyramids top area) and As/P exchange (governed by growth
lemperature). Sharp emission peaks from individual ODs are observed around 1.55 .

Introduction

Self-assembled semiconductor quantum dots (QDs) represent a particularly intriguing
and challenging class of quantum nanostructures for novel optoelectronic device

defined nucleation on truncated nanopyramids formed by selective area epitaxy [3, 4].

Here, we report the lateral arrangements of size and number controlled InAs QDs on
truncated InP (100) nanopyramids grown by selective area metalorganic vapor-phase
epitaxy (MOVPE). The QDs nucleate on high-index facets on the pyramids top

pyramids top area) and As/P exchange (governed by the growth temperature). The sharp
emission peaks from individual QDs are observed around 1.55 pm,

Experimental procedure

A 100 nm thick SiNx mask layer was deposited on the semi-insulating InpP (100)
substrates, 2° misorientated towards (110), by plasma-enhanced chemical-vapor
deposition (PECVD). The openings in the SiNx layer were created by electron beam
lithography (EBL) and reactive ion etching (RIE). Figure 1 (a) shows the scheme of the
SiNx mask patterns for various pyramid base shapes: (1) diamond, (1) square, {m
circular, and (1V) elliptical. The openings were arranged in a square lattice with center-
to-center distance of 10 um. The side lengths or diameters of the openings were varied
between 500 nm and 1.5 pm. Figure 1 (b) depicts the scheme of a square-based InP
nanopyramid containing InAs QDs grown by selective area MOVPE. Trimethyl-indium
(TMI), trimethyl-gallium (TMGQG), tertiarybutyl-phosphine (TBP), and tertiarybutyl-
arsine (TBA), diluted in Ha, were used as source materials. The InP nanopyramids were
grown at 610 °C with a growth rate of 18.39 nm/min in unmasked areas [4]. Three
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