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Abstract: Based on the concept of resonant-cavity-enhanced (RCE) photodetector with
a single-cavity configuration, we proposed and developed multi-cavity resonance-
enhanced wavelength-demultiplexing photodetectors with two-subcavity and three-
subcavity configurations for high-speed WDM applications. A linewidth as narrow as
1.4nm and a quantum efficiency larger than 50% have been achieved simultaneously.
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1. INTRODUCTION

More and more attention has been paid in recent years to a new variety of pho-
todetectors, i.e. the resonant cavity enhanced (RCE) photodetectors!*!. However, most
of them are featuring single resonant cavity configuration and wide response linewidth.
To make this kind of devices suitable for WDM system applications, we proposed and
developed a series of multi-cavity resonant enhanced wavelength de-multiplexing
photodetectors, including two-subcavity™!® and three-subcavity conf-igurations. The
latter featuring three cavities, i.e. the filtering cavity, the spacer cavity and the
absorption cavity. By adopting this structure, high quantum efficien-cy, high speed and
narrow spectral linewidth can be obtained simultane-ously. Bas-ed on intensive
theoretical investigations, such a three-cavity photodet-ector has been actually
fabricated and characterized. A linewidth as narrow as 1.4nm (FW-HM) and a quantum
efficiency larger than 50% have been achieved. Theoret-ically predicted linewidth and
quantum efficiency are still better and could be less than 1nm and up to 90%,
respectively. Such devices are very promising for wavelength division multiplexing
(WDM) applications. The theory and experiments will be described in the following
sections.

2. THEORY

A. Device Structure

The proposed device structure is illustrated in Fig. 1. It features four mirrors that
may be made of quarter-wave stacks of semiconductor compounds or dielectric
materials. The top mirror (mirror 1) and the upper middle mirror (mirror M1) form the
filtering cavity. The absorption layer is sandwiched between the lower middle mirror
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(mirror M2) and the bottom mirror (mirror 2), and they together form the absorption
cavity. Between the two middle mirrors M1 and M2 is the spacer cavity, which plays
an important role for the performance optimization.

B. Analysis Model

An analysis model is given in Fig. 2. The reflectivities of mirror 1, mirror M1,
mirror M2, and mirror 2 are R1, RM1, RM2 and R2 respectively. For the convenie-nce
of comparison with normal RCE photodetectors, in Fig. 2, the multi-layer stru-cture
from mirror 1 to mirror M2 can be equivalently represented by mirror 1’ and the
corresponding reflectivity by R1’.

According to Fig. 2 and the reference!®, the relationship between (EiR, EiL) and
(EoR, EoL), (EbR, EbL) can be determined with the following formulas:
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mirror M1 and mirror M2 respectively, SFC is the transfer-matrix of filtering cavity,
SAC the transfer-matrix of the absorption cavity. Un (n= SC, a, b, ¢) is the phase-
matrix representing the light traveling through the corresponding region. An-d Wn,
n+l (n=a, b; n+1= b, c) is the matrix corresponding to the interface between region n
and region n+1.

C. Quantum Efficiency
To calculate the quantum efficiency of the quantum efficiency, the following

formula is assumed:
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Then the electric field of the lightwave in the absorption layer can be derived

from formula (1) and (2) as:
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The power absorbed in the absorption layer can thus be written as

I:)absorption = (PbR + I:)bL) X (1 - eXp(_ab X Ib)) (4)
where
n 2 ' n C2
P :%x|EbR| ’ P :%x‘EbL‘ (5)

Finally, the quantum efficiency of the photodetector is calculated from formu-Ila
(4) and (5) as:
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D. Mirror Reflectivity
The reflectivities of all the mirrors in this structure can be derived from their
transfer-matrixes:
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To calculate the reflectivity of Mirror 1’ in Fig. 3, we assume the following
transfer-matrix:
S1"=Sec We BByirrorm 2 (7)

Then R;’ is obtained as:
Ry =(1(S17)21/(S17)14l)? (8)

3. DESIGN AND EXPERIMENTAL RESULTS

The device was grown by MOCVD on a GaAs substrate. Its bottom mirror was
grown after the deposition of one n-type 0.5um-thick GaAs buffer layer. The DBR was
n-doped and consisted of 20-periods of alternating A/4 thick n-type Al.1Ga.9-As and
AlAs (A =0.85um). Following the deposition of the bottom mirror, a PIN photodetector
structure was grown. It was composed of one 0.12um thick n-type AlAs spacer layer,
one 0.05um thick i-type Al.1Ga.9As spacer layer, one 0.135um thick i-type GaAs
absorption layer, one 0.05um thick i-type Al.1Ga.9As spacer la-yer and one 0.12um p-
type AlAs spacer layer. And then, the top mirror of the abso-rption cavity was grown.
It was constructed by 6 pairs of alternating A/4 thick p-type Al.1Ga.9As and AlAs layer.
Afterward, a p-type AlAs layer with a thickness of 71nm was grown as the spacer
cavity. The filtering cavity was defined by two DBRs. The bottom DBR and the top
DBR were formed by 11-periods and 12-perio-ds of alternating A/4 thick p-type
Al.1Ga.9As and AlAs layer, respectively. Betwe-en the two DBRs is a p-type AlAs
layer with thickness of A/2. Finally, one p+doped GaAs contact-layer with thickness of
0.042um was grown.

The spectral response of the new three-cavity photodetector made in our
laboratory is shown in Fig. 3. It is found that, the peak response wavelength locates at
861.4nm. Without reverse bias, its linewidth (FWHM) is about 0.95nm and its peak
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external quantum efficiency 17.7%. When a reverse bias voltage of 15.8V is applied,
its FWHM is 1.47nm and the external quantum efficiency increases to 54.3%.
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Fig.3 Quantum efficiency spectrum
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