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High Bandwidth Metal-semiconductor-Metal Photodiodes
with Integrated Fabry-Perot Resonator for wDM Receivers

Wolfgang KOWALSKY and Ulrich PRANK

Department of Optoelectronics, University of UIrn
D-7900 UIn, Federal Republic of Germany

Metal-semiconductor-metal photodetectors operating at light
incidence normal to the surface are reported. Wavelengtndemultiplexing of closely spaced channels is attained byintegration of a Fabry-Perot resonator. The optical bandwidth
of L nm at a contrast ratio exceeding LO: L is prornising forapplication in wDM receivers. Frequency linits -exceeding 

35GHz are observed by illumination with HF sinusoidally
modulated fight. From the dark current of less than 30 pA
results a high receiver sensitivity.

L. Introduction

The integration of a planar metal-
semiconductor-metal (MSM) structure
with a monolithically integrated
Fabry-Perot resonator combines the
advantages of these both concepts:
Iow device capacitance, Iow dark cur-
rent, process compatibility with
MESFETs, operation at incidence nor-
mal to the surface and extension to
two-dimensional arrays L). Because of
the remarkable features of planar MSM
devices they have attained con-
siderable importance for photodetec-
lion 2) and electrooptical modulation
3 ) in multigigrabit 6ptical transmis-
sion systems. Monolithica'l integra-
tion of multilayer reflectors and
Fa.bry-perot ( FP ) resonators epi-
taxially glrown by MBE opens up new
concepts of surface operating opto-
electronic devices such as vertical
cavity lasers +), modulators 3), fi1-
ters, and wavelength selective photo-
detectors.

2. Device Structures

Monolithically integrated FP struc-
tures can be fabricated by solid
source MBE in the AlGaAs/GaAs system
for near infrared applications at gOO

nm and in the InGaAlAs/InP system for
L. 3 pm and l- . 55 pm vravelengtli 5 ) .
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Fig. L: Design of wavelength
selective MSM photodetector
with integrated Fabry-Perot
resonator.

Fig. l- shows an AIGaAs/GaAs MSM
photodetector. It consists of two in-
tegrated Bragg reflectors (DBR) sepa-
rated by an AIGaAs absorption layer.
Its bandgap wavelength is adjusted to
the the test wavelength to obtain op-
timum absorption and to avoid reflec-
tions into the system.

The bottom DBR is composed of 20
periods of AIAs and A1O. L4GaO. g6As
quarterwavelength layers whereas the
number of periods in the top DBR is
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varied from 4 to L2. The absorPtion
of the DBR layers is negligible. The
top reflector has to be removed
underneath the Pt Schottky electrodes
before contact deposition because the
heterointerfaces drastically increase
the resistance and reduce the
f requency l irnit .
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Fig. 2z Current-voltage charac-
teristics at different optical
po$ter levels .

The current-voltage characteristics
at optical power levels from 0 to L0
pW are shown in Fig. 2. A bias vol-
tage of about 5 v is necessary to
extend the depletion region into the
optical focus. Beyond 20 V strong
carrier rnultipl ication is observed .
The dark current at a bias voltagre of
LO V is less than 30 pA resulting ig
a dark current density J ( L0 v ) <l-0-o
A/cm2 . This result is promising for
high receiver sensitivities.

3. Ifavelengrth Demultiplexing

As indicated in Fig. L and mentioned
in the introduction the integrated FP
resonator is composed of two mono-
lithically integrated DBRs. The re-
f lectivities of rnultilayer structures
composed of 20 to 30 periods surpass
gg'Z facing air 5). whereas a number
of 20 periods in the bottom DBR is
chosen, the number of periods is
reduced in the top DBR (4 to L2 Pe-
riods) to adjust finesse and optical
bandwidth (2 nm to O.2 nm) of the FP
resonator to the channel sPacing.

As an example the current-wavelength
characteristics of a device with 7
periods in the top reflector and 20
periods in the bottom DBR is shown in

Fig. 3 . A resonator bandwidth of l- - 0

nm and a contrast ratio of more than
L0 : l- are achieved. Bandwidth and
contrast ratio easily can be adjusted
by a variation of the number of Pe-
riods in the DBRs. For experimental
investigation we have prepared and
characterized photodetectors which
have 4 to L2 Periods in the toP re-
flector. As shown in Fig- 4 the
experimentally determined bandwidths
(o) are in good aqreement with the
calculated curve (-) .
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Fig. 3: Photocurrent-wavelength
characteristics of a wavelength
selective MSM photodetector (toP
DBR: 7 periods, bottom DBR: 2O

periods).
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-1'Fig. 4z Resonance width in de-
pendence on the number of pe-
riods in the top DBR, €XP. (o)
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results .

4. Frequency Characteristics

For high frequency operation the MsM
photodetectors are mounted onto 2.4
nm flanges and partially are provided
with fiber pigtails. The frequency
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characteristics of the devices is de-
rived by illunination with HF
sinusoidally modulated light. Modula-
tion of the output po$rer of a commer-
cial laser diode by current modula-
tion hardly exceeds 20 GHz. In our
experiments HF modulation of the
incident test light is attained by
beam superposition of two external
cavity semiconductor lasers. A
wavelength of about 830 nm close to
the gap wavelength is used. Microwave
spectra are free of jitter at a line-
width of about 20 l,{IIz. Because of the
nearly unlinrited tuning range of this
HF source investigations of frequency
characteristics are Iimited by the
microwave spectrum analyzer only.
Ver1y low power levels can be detec-
ted since no crosstalk of a microwave
generator is Iimiting these ex-
periments. The frequency lirnit, in-
dicated in Fig. 5, exceeds 35 GHz and
is predominantly caused by parasitic
inductance of the detector package.
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5. Summary

In conclusion r w€ reported design
considerations and experimental in-
vestigations of wavelength selectice
MSM photodetectors with monolithi-
calIy integrated Fabry-perot resona-
tor. The optical bandwidth is ad-justed by the design of the distri-
buted bragg reflectors of the Fabry-
Perot resonator. Using 20 periods in
the bottom reflector and Z periods

in the top reflector results in an
optical bandwidth of i_ nm. The
contrast ratio exceeds L0: i_. The fre-
quency limit of MSM devices mounted
onto 2.4 mm flanges is about 35 GHz.
This result is confirmed by detection
of short optical pulses generated by
a mode locked laser. The high sensi-
tivity, the promising frequency char-
acteristics, and the process compa-
tibility to electronic circuits are
remarkable features for applications
in WDM transmission systems
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Fig. 5 : Frequency
of a resonant MSM
mounted onto a 2.4
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