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Abstract—We report on a novel monolithic distributed traveling ~ with parallel optical feed has previously been demonstrated
wave photodetector with parallel optical feed to an array of in- ysing a quasi-transmission line [9] and through multibeam
dividual photodiodes using an integrated multimode interference excitation [10]. We present here, a monolithic device consisting
(MMI) coupler to attain high saturation current. The parallel op- . . T
tical feed reduces the maximum photocurrent and photocurrent 9f distributed detectors with an integrated MMI COUP'er fab-
density seen by any Sing|e photodiode’ thus increasing the max- ricated on an InP substrate. The parallel fed tl’avellng wave
imum linear photocurrent of the detector. We have successfully photodetector thus has uniform distribution of photocurrents
fabricated a device with a maximum linear photocurrentof 20mA  in the individual photodiodes, and can potentially achieve an
and a responsivity of 0.13 A/W. N-fold increase in maximum linear photocurrent.

Index Terms—High-power devices, integrated optics, multimode
interference, MSM photodiodes, photodetectors, traveling wave. Il. DESIGN & FABRICATION

In the schematic of the parallel fed MMI-VMDP shown in
I. INTRODUCTION Fig. 1, the individual detectors in the device were chosen to

IGH-POWER high-speed photodetectors are essentialifi Metal-semiconductor-metal (MSM) photodiodes operating
H high performance radio-frequency (RF) photonic link&t @ wavelength ofl.55 um. The device was fabricated on a

to reduce RF insertion loss, increase spurious free dynanfigfer based on the InGaAs—InAlAs—InP materials grown by
range and to increase signal-to-noise ratio [1]. One of the maJgplecular beam epitaxy (MBE). The epitaxial layers consist of a
factors limiting the performance of current RF photonic linkS-3#m-thick Ino.52Al0.1sGa.3As core layer, bound b§.2 um

is the maximum linear photocurrent of the photodetector [ INo.52Al0.57Ga.11As lower cladding and an upper cladding
Conventional high-speed detectors have a small absorptf@{1Sisting 0f0.2um of Ing.52Alo.37G&.11As and0.2 um of -
volume and consequently cannot achieve high saturatitiiy->2Alo.isAsforthe passive optical waveguide. The absorbing
power and high bandwidth simultaneously. Several approacfggion for the detectors istal5-ym-thick Iy 53 Ga.47As layer
have been proposed to increase the saturation power of pRBOVE the upper cladding. The absorbing region is capped by a
todetectors [3]-[7]. Previously, velocity matched distributeﬁGO'A'th'Ck graded superlattice, Schottky barrier enhancement

photodetectors (VMDP) have demonstrated high bandwidYe'- The_ co_nfinement factor in_the abspr_bing layer of the de-
and high saturation current [3], [4]. Due to the exponentié‘f‘:tor regionis 1% and the coup_llng coefflmgnt between the pas-
decay of photons in the waveguide, the first photodiode h3¥€ Waveguide and the photodiode region is 98.6% for two-di-
highest photocurrent density. As a result, the maximum linegensional slab waveguide modes. The length of the individual
photocurrents of the VMDP's are usually limited by eitheMSM diodes iss0 zum. _ _

catastrophic failure [8] or saturation of the first photodiode. e chose an MMI power splitter [11] to implement the par-
Higher linear photocurrent has been obtained in Waveguiagel o_ptlcal feeq b(-_zcause of its ease of fabrication, low losses
photodetectors through uniform distribution of the total ph@nd higher fabrication tolerances compared to a Mach-Zender
tocurrent [6] or by increasing carrier transit times [7]. or Y-branch based splitters. The input and output waveguides

In this letter, we propose to reduce the peak photocurrefitth® MMI section ares um wide. The output waveguides of
density of VMDP by evenly distributing the input light & the splitter are separated by:m to reduce crosstalk. Detectors

photodiodes with a multimode interference (MMI) coupIeY"ith 1x 4_and1 X 8_sp|itters were fabri_cated. The MMI sections
(Fig. 1). The outputs of thes¥ photodiodes are still collected 'ere designed using beam propagation methods. The MMI sec-
in phase by a separate microwave transmission line to maintff? Of thel x 4 splitter is40 m wide and 0.905 mm long while

the high bandwidth. Velocity matching of discrete photodiodd8€1 * 8 splitter is80 zm wide and 1.805 mm long. A coplanar
strip (CPS) microwave transmission line with €2 impedance
is used to collect the photocurrents in phase. The microwave ve-
Manuscript received December 6, 1999; revised February 28, 2000. Thacity has been matched to the optical velocity to increase the
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Fig. 1. Schematic of the parallel feed integrated MMI-VMDP.
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Fig. 3. Photocurrent measurements showing maximum linear photocurrent of
the detectors.

for each type of detector. The response of the detector with
the 1 x 4 splitter saturates at a current of 13.6 mA (for a 1
dB decrease from the linear photocurrent value). The detector
with the 1 x 8 splitter, however, remains linear until it fails at a
current of 20.1 mA. The benefits of parallel distribution of light
to the detectors can be seen from the fact that the detector with
the 1 x 4 splitter saturates at a lower current value compared
to the detector with the X 8 splitter. The maximum linear
photocurrent can be further increased with optimization of the

i s e e S Bl design.
(b) Other device parameters are similar for both types of detec-
Fig. 2. (a) SEM photograph of the fabricated devices and (b) metal fingerst&rs and the measureme_nt results are Summa'jlzed below. The
the MSM diodes. photoresponse of the devices was measured using a Photonetics

tunable external cavity semiconductor laser and a HP4145B
§emiconductor Parameter Analyzer. The devices typically
Llﬂw a responsivity ranging from 0.1-0.13 A/W. The best
ponsivity obtained was 0.15 A/W. The device bandwidth

0.4 m deep. A 2000-A-thick silicon nitride passivation laye
was used to increase the breakdown voltage. The Schottky mé

contacts for the MSM detectors were fabricated by evaporati ) : .
200 A/300 A/2000 A of Ti-Pt-Au. The finger width Is:m and 'a detector with a 1< 4 MM spiter, measured using

i o . ; HP8510C network analyzer, a 40-GHz GGB Industries
the f & um. Fig. 2 shows th lectrorf" "
m?crgng%zgﬁgazglg%/ll) oLf”:;]e fgbrithgt\ij eviec es SC anning electro picoprobe and an HP83420A Lightwave test set, was found to

be 7.2 GHz (Fig. 4) at a bias voltage of 5V and a dc current
of 2 mA. The device bandwidth was similar for detectors with
1 x 8 splitters. We did not observe any significant variation in
High-power DC-photocurrent measurements are shown bandwidth with variation in detector current from 0.5 to 2 mA.
Fig. 3. The device with the highest linear photocurrent is showrhe photocurrent was limited to 2 mA in these measurements

I1l. M EASUREMENTS ANDDISCUSSION
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The low responsivity is due to variation in the MMI dimen-
sions due to nonuniformity in the wet etch process. The respon-
sivity can be improved by using a dry-etch process for MMI
splitter definition. The bandwidth is limited by thezm MSM
finger spacing and absorption in the low-field regions of the
MSM structure. The bandwidth can be increased either through
e-beam lithography or through vertical transport p-i-n/Schottky
diodes.

IV. CONCLUSION

We have proposed and successfully demonstrated a novel
parallel-fed distributed photodetector with an integrated MMI
power splitter to increase the power handling capability of
traveling wave photodetectors. A maximum linear photocurrent

Fig. 4. Bandwidth measurement of the MMI-VMDP at a bias voltage of 5 @f 20 mMA was achieved along with a responsivity of 0.13 A/W

and a dc current of 2 mA.
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Fig. 5. Intensity profile of the output of thext 4 MMI splitter. IR picture of
the facet is shown in the inset. [5]

to avoid damaging the devices. The dark current of the devices
varied from less than 50 nA td A at 5 V dc bias. The  [6]
breakdown voltage of the devices was typically around 7 V.
The responsivity of the detectors varied less than 6% in the
wavelength range 1530-1570 nm. The devices show maximuni/]
photocurrent for TE polarization and the photocurrent reduces
by 3.5 dB for TM polarization.

To investigate the excess loss of the MMI splitter, the output at[8l
the cleaved facet of the MMI power splitter was photographed
using a Hamamatsu C2741 IR camera. The IR picture of the9]
facet (inset) and the intensity profile of the spots are shown in
Fig. 5. The large variation in the intensity of one of the outputy o)
spots shown in Fig. 5 is due to that output waveguide having
a residual portion of the absorbing region of the detector Wh”T |
cleaving the splitter from the detectors. The output shows a vari-
ation of less than 1.25 dB across the four output waveguides (in-
cluding the waveguide with absorbing region). The excess logé2]
of the 1 x 4 MMI splitter shown in Fig. 5 was measured to be
1.5 dB.

in a detector with an integratddx 8 MMI spilitter.
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