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Abstract : A novel bonding method usng slicate gel as bonding medium is developed. High reflective SO,/ S mirrors de-
posted on dlicon substrates by e beam depostion are bonded to the active layers at a low temperature of 350  without

any gecid treatment on bonding surfaces. The reflectivities of the mirrors can be as high as 99. 9 %. A S-based narrow
band regponse InGaAsphotodetector is success ully fabricated ,with a quantum eficiency of 22. 6 % at the peak wavelength
of 1.541 m,and afull width at haf maximum of about 27nm. This method has agreat potentia for industry processes.
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1 Introduction

The increasng demand for bandwidth of
telecommunication has greatly promoted the develop-
ment of optica fiber communications. One of the
promisng technologies is wavelength-divison multi-
plexing (WDM) . In the early dxties,sngle channd
communication was not able to meet the explodingly
incread ng demand of information ,while resonant cav-
ity enhanced (RCE) photodectors with the ability of
wavelength sdlectivity ,have become a promisng can-
didate ,and have attracted much attention in the past
few years due to their potentia of circumventing the
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tradeoff
peed* *. In addition, compared with wave guide

between quantum eficiency and high

photodectors they are easer to couple with fibers™!.
A lot of work about the desgn and optimization
of RCE photodetectors have been conducted!® ©!.
However ,how to fabricate long wavelength RCE pho-
todetectors with high-reflectivity distribute bragg re-
flectors(DBR) and high absorption layers is dill a
problem ,and how to fabricate S-based high-efficiency
long-wavelength RCE photodectors at 1. 5% m for fi-
breoptic communication is even more difficult!®!.
Traditionaly ,one-stop epitaxy techrnology is used for
fabrication of high quantum efficiency narrow band
repponsee RCE photodetectors ,and for such technology
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the difficulties can be summed up into following:the
difficulty for growing high-reflectivity DBR mirrors
by molecular beam epitaxy (MBE) or chemica vapor
deposdtion (CVD) systems,due to their small refrac
tiveness differencel’® , and the one for growing a
high-quality active layer with the peak absorbing
wavelength at about 1.5% mi™ 2,
bonding technology has been developed to dleviate
the difficulty!™!
ty , pecid treatments such as chemica-mechanica

Direct wédfer
. However ,for a high bonding quali-

polishing and wet etching are required to ensure flat
and clean surfaces of the wefers to be bonded togeth-
er. Bonding media such as Au, AuCGeNiCr are a9
used for aleviating the bonding requirement!* 5!,
However ,it is difficult to depost aflat meta layer on
the epitaxy layer. Moreover , metal used as bonding
medium would absorb most of long-waveength inci-
dent light , which makes it impossble to integrate
with opticcomponents verticaly. Other technologies
such as air-gap!™®! are reported , but the fabrication
processes are complicated. In this work a novel bond-
ing method udng dlicate gd as bonding medium was
developed to fabricate InGaAs narrow band-regponse
RCE photodetectors on a dlicon substrate. The mir-
rors were deposted on dlicon substrates by plasma
enhanced chemica vapour depostion (PECVD) and
the bonding was performed at a low temperature of
350 without any specid treatment on bonding sur-
faces. Thus,the cost is decreased. The reflectivity of
the mirrors can be as high as 99. 9 % without dgnifi-
cantly increasng cost. Slicate gel is prepared by the
acid catalyzed hydrolysisof tetraethylorthoslicate!*’!
and converted into dlicon oxide ater annealing ,which
is trangarent for long wavelength light. It makes
practicable to integrate photodetectors with other op-
ticcomponents verti-caly.

2 Experiment and results

A schematic diagram of the device is shown in
Fig.1. A 1.4 m thick InGaAsP active layer of pho-
todetector was grown on a (100) InP substrate by
metal organic chemica vapour deposition (MOCVD)

with the Ing s3 Gag 47 As absorbing layer of 200nm
thick. The asgrown wafer was cut into a typica sze
of 0.8cm x 1cm ,and was then coated with a 300nm
thick PECVD SO, layer at 340 . A 3.5 periods
S0,/ 9 bottom DBR was deposited on a slicon sub-
drate by ebeam evgporation. Prebonding surface
cleaning ,including olvent cleaning ,D1 water rindng ,
and standard RCA1 ,was performed on both waers.
The wafers were then blow-dried in N, ,and coated
with dlicate gel ,after which the wéfers were immedi-
ately brought together. The bonded InP/ S pair was
annealed at 350
axia pressure to increase the bonding strength. After
annealing, the dlicate gl was converted into glass,
which was proved to have little absorption at the op-
eration waveengths by other experiments. After
bonding, the InP substrate was removed by HC

H3PO, =1 1 chemica etching solution with the epi-

for 4h in alow vacuum under uni-

taxy layer fully trandered onto the dlicon subgrate.
The bonding strength was strong enough to endure
the following processes ,including ultrasonic cleaning.
Standard photolithography and chemica etching were
used to define the photodetector mesa. A 400nm thick
S0, ,deposted by PECVD at 340 ,was used for
passvating layer. Finally a 2.5 periods 90,/ S top
DBR was deposited on the top device by PECVD to
complete the RCE photodector structure.

Incident light

i 1 l Top mirror

_p'InGaAsP
i-InGaAs
n*InGaAsP

Electrode

J Bonding surface
Bottom

Si substrate

Fg.1 Shematic diagram of the InGaAs RCE pho-
todetector

The dark current of the RCE photodetector was mea
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sured by HP 4140B amperemeter. The dark current
densty is 16. W A/ cm® at 5V reverse hias.

Figure 2 shows the experimental photocurrent
gectra repponse of the S-based InGaAs RCE pho-
todetector. A monochrometer with 1nm reslution
was used to sect the excitation wavelength from a
chopped tungsten light source. The sgna was mea
sured by a lock-in amplifier. The gectrad regponse
was measured under zero reverse bias. The reonant
peak vaue is about 1.54 m,with the quantum effi-
ciency of 22.6 %. From the figure ,a 3 fold improve
ment on the quantum efficiency of the RCE photode-
tector due to the reonant cavity enhancement is ob-
Frved.
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Fig.2 Measured photocurrent reponse of the sanple un-

der zero reverse bias

However , compared with the smulation result of
about 20nm ,a larger FWHM of about 27nm may be
caused by mirror undulation and unflat bonding sur-
faces™®!. Alo the small refractive index of 2.7 of si-
ioon grown by low temperature PECVD is contributed
to the wider FWHM . Assuming an internal quantum
dficiency of 100 %,the externd quantum eficiency
for the RCE photodetectors can be expressed as®!

1+ R
x
1- 2JRyRoe"00s(BL +P1+YP,) + Ry Re ¢
(1- R)(1- €% (1)

where R;, Ry are the power reflectivity of the top and
bottom mirrors regectively , d isthe tota thicknessof
the aborption layer ,L isthe totd length of the cavi-
ty W, .y, are the phase shiftsat the mirrors. Snce the

2 ngfTt

propagation constant3 = A (whereA isthe vac-

uum wavelength and ng; is the effective refractive in-
dex) iswavelength dependent 1 isaperiodic function
of theinverse of wavelength. When the cosne termin
the denominator reaches maximum ,the peak quantum
eficiency can be express as'>’

A 1+ Re"d »
M= 1. [rRReyy (1~ R)@-e

(2)
When the reflectivities of top and bottom mirrors
match the relation
R1 = Re 2¢ (3
the quantum efficiency reaches maximum.

Due to their Fabry-Parot cavity configurations,
RCE photodectors have intrinsc wavelength sdlectivi-
ty ,which may be usful in some wavelength divison
multiplexing applications. The reation of the FWHM
AA 1/,) of the gectral reponse with the sdectivity
of photodetectors can be expressed as®!

A2 1- JRyRe*¢

= X
AT Nt L g 4 Rlee-udl2

(4)

where L« isthe efective opticd cavity length.

In order to decrease the FWHM of photodetec
tors,the thickness of absrption layer should be re-
duced and the reflectivitiesof the mirrors must be in-
creaxed. Figure 3 shows the smulated quantum effi-
ciency of the optimized RCE photodetector by the
trander matrix method ,in which the thickness of ab-
orption layer is decreased to 45nm. The improved
structure of the RCE p-i- n photodetector is asfollow-
ing:an active layer is sandwiched by two mirrors,a
top mirror of 2.5 periods of SO,/ S and a bottom
mirror of 5 periodsof SO,/ S ,and the active layer in-
cluding a 45nm thick Ing s3 Gay.47AS,a 930nm thick
upper acer layer ,and an 1085nm thick lower gacer
layer. A narrower FWHM of about 4. 5nm can be ob-
tained. In theoreticd caculation, an even narrower
FWHM of about 0. 8nm can be obtained ,if the thick-
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ness of the INnGaAs absrption layer is decreased to
about 12nm ,and a 3.5 periods top DBR is used. Of
course ,the difficulty of fabrication a9 increases.
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Fg.3 Smulated quantum eficiency of an optimized S-
based RCE InGaAs photodetector

3 Conclusion

In conclusion ,a novel method has been developed
to fabricate high quantunrefficiency InGaAs RCE
photodetectorson slicon substrates,employing bond-
ing technology at the low temperatureof 350  with-
out any soecid treatment on bonding surfaces,and a
S-based narrow band reponse InGaAs photodetector
wasfirst success ully fabricated ,with a quantum effi-
ciency of 22.6 % at the peak wavelength of 1. 54 m,
and a FWHM of about 27nm. In theoretical cacula
tion ,with the thicknessof absrption layers decreased
to 45nm ,a narrower FWHM of about 4. 5nm can be
obtained. The fabrication process of S-based InGaAs
narrow band regponse RCE photodetectors can be
performed more smply and eadly to thereby con-
tribute to the improved quality ,cost-effective fabrica
tion and increased yields of the semiconductor de
vices.
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