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RCE photodiodes at wavelength band of 1.06 ym
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Resonant cavity enhancement (RCE) typed optical detector and modulator which operating at wavelength
band of 1.06 pm is reported. The peak quantum efficiency of detector is reasonably high as 50% without
bias, and the photocurrent contrast ratio of modulator is 3.6 times at —3.5 V as compared to 0 V. The
incident angle dependence of RCE device’s photoelectric response is investigated carefully.

OCIS codes: 120.2230, 230.5160, 230.4110.

The study on 1.06 ym photonic devices has been paid at-
tention for being applied widely in the field such as radar
guide and space laser communications. It also allows low-
loss penetration through Si optical mounts or circuitry for
free-space multiple-chip module interconnects!*. Com-
pact semiconductor lasers with high beam quality emis-
sion have potential applications currently dominated by
Nd:YAG lasers!?l. There is ample motivation to the
needs of optical detector and modulator operating at
wavelength band of 1.06 ym. By placing MQW inside a
Fabry-Perot cavity, the resonant-cavity enhanced (RCE)
devices function largely as beforel®). The RCE photode-
tectors have the properties such as wavelength-selectivity,
high quantum efficiency, and high-speed responsel%. The
RCE optical modulators require fewer quantum wells, so
they are capable of reduced voltage operation!®). The
RCE devices are also highly suitable for integrated emit-
ters and detectors with logic application and in commu-
nication networks. The study on 1.06 gm RCE photodi-
odes needs to settle such question on how to ensure high
quality active region.

In this paper, we have grown Ings;Gap7As/GaAs
strained QW by molecular beam epitaxy (MBE) as an
absorption layer which is sandwiched between two high-
reflectivity mirrors. Using the structure wafer, RCE pho-
todetector and modulator operating at wavelength band
of 1.06 pm were fabricated. Their photoelectric per-
formances depending on electric field and incident angle
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Fig. 1. The epitaxial structure.
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were investigated theoretically and experimentally.

As shown in Fig. 1, the epitaxial structure mainly con-
tains: 14 periods of P-doped GaAs/AlAs DBR, 22 pe-
riods of N-doped GaAs/AlAs DBR, and a Ay optical
cavity consisting of three undoped 6.5-nm Ing 3Gag 7 As
QW with 18-nm GaAs barriers and GaAs confined lay-
ers. The resonant mode of structure was designed at 1064
ni.

Using micro-spot spectrum analyzing system, the
wafer’s reflectivity and transmissivity were measured
carefully, as shown in Fig. 2. The variation of resonant
mode is caused mainly by deviation of layer thickness
while growing structure. Though the deviation does not
affect active region so much as it affects resonant cavity,
the mode absorption is varied with deviation. Accord-
ing to conservation law of the sum of reflectance, trans-
mittance and absorption, for the structure having small
transmissivity and high reflectivity at Amode, there must
be strong mode absorption; for the structure having clear
transmission at Amode, there must be weak mode absorp-
tion. We chose the former structure material to make
RCE photodetector, and chose the latter to make RCE
modulator.

As shown in Fig. 3, with the amplitude of bias on RCE
detector being increased, the resonant photocurrent had
a slightly variation and the reflectivity had no variation
nearly. Because MQW is placed inside resonant cav-
ity with high reflectivity, incident light is sent passing
through absorption region back and forth many times to
make the total absorption increase greatly. The photo-
electric response of RCE detector can be reasonably high
even without bias. The peak quantum efficiency 7, and
optical bandwidth A\, are given byl3!
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As shown in Fig. 4, there exists optimizing relation-
ship between quantum efficiency and structure parame-
ters. By precisely chemical etching, we altered the pe-
riod of top DBR of structure to optimize input mirror’s
reflectivity!®l. The 1, of RCE detector high as 50% was
achieved.
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Fig. 2. Measured reflectivity R and transmissivity 7.
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Fig. 4. Calculated 5, and A\, varying with Rin.
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Fig. 3. Measured reflectivity R (a) and photocurrent (b) of
RCE detector at biases.
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For the case of RCE modulator shown in Fig. 5, with
the amplitude of negative voltage being increased steply,
the resonant photocurrent was largely increased and the
reflectivity had variation simultaneously. While MQW
being placed in reverse electric field, its exciton peak of
absorption spectrum red shifts and absorption decreases
in magnitude. It is called quantum confined stark effect
(QCSE). Because the resonant mode was situated in
wavelength region slightly broader than exciton peak at
0 V, the mode absorption would be increased for QCSE,
and reflectivity and photocurrent were changed greatly.
In Fig. 5, the reflectivity at Amode fell from 86% at 0
V to 81% at —3.5 V, meanwhile the peak photocurrent
increased over 3.6 times. The resonant wavelength had
a slightly blue shift, due to the slight variation of refrac-
tion index caused by electric field. The contrast ratio of
device was mainly confined by high reflectivity of input
mirrorl?.

RCE photodiodes not only have great wavelength se-
lectivity, but also have interesting space selectivity sub-
jected to the resonance effect. Experimental results for
the RCE photodiode with Apogde at 1084 nm to normal
incidence are shown in Fig. 6. While the incidence angle
being changed from 0° to 60°, the resonant wavelength
blue shifts about 40 nm totally. The variation patterns
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Fig. 5. Measured reflectivity R (a) and photocurrent (b) of
RCE modulator at biases.
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Fig. 6. Measured photocurrent of RCE photodiode with
different angle incidence.

of peak quantum efficiency and linewidth were relevant
closely to the variation of absorption at different mode.
The convenient tuning of peak quantum efficiency wave-
length in a certain range will be helpful to relax the strict
constraint of RCE photodiodes to light source with nar-
row emitting spectrum, particularly in the application of
space communications and interconnects.
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In summary, we grew the structure that using
Ing 3Gag rAs/GaAs strained MQW as active region and
measured the wafer’s micro-spot optical characteristics.
We fabricated RCE typed photodetector and modulator
operating at wavelength band of 1.06 ym. By optimizing
top DBR’s reflectivity using precisely etching technique,
the RCE photodetector had 7, as high as 50%. The pho-
tocurrent of RCE modulator increased 3.6 times at —3.5
V as compared to the value at 0 V. The wavelength tran-
sition of RCE photodiode depending on angle incidence
was analyzed. The property can be used in spectrum
meter and wavelength demultiplexing, etc.
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