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Abstract

A GaAs-based amplifier has been
designed and integrated with a large area,
high efficiency, thin film InP-based metal-
semionductormetal photocetecor. Thin
film integration is a hybrid integation
scheme that minimizes the parasitics
between the InP detector and the GaAs
circuit to the order of integted circuits.
The GaAs integrated circuits are fabricated
using a commercial TriQuint Senoieductor
foundry process, demonating the use of
standard GaAs-based foundry circuits for
long wawelength, highly integrated, high

speed, low cost photeceivers. Utilizing
thin  film integration to  minimize
interconnect  parasitics, al1l.55 pum

[1,2]. However, thdack of a commercially
available foundry process for InP-based
circuits indicate cost and access limitations
for the widespread tilization of this
technology.

For high speed optical transmission
systems in the tens of GB/s, vebroad
bandwidth amplifiers are required. To
achieve these wide bandwidths, traveling
wave amplifiers, TWAs, based upon the
theory of artiicial transmission lines have
been demonstrated as a suitablgotogy [3-

4]. Because the design of the amplifier is
sensitive to the parasiticnductance and
capacitances of the circuit, added parasitics
and variations in inteannects between the
circuit and detector can be detrimental to

wavelength receiver has been demonstrated performance.

at 1 GB/s, and initial result®r a 10 GB/s
receiverunder fabication are presented.

Introduction

A key component in any tipal
communication system is théront end
photoeceiver.  Future filreoptic based
communication systems and distribution
networks expcting to take advantage of 1.3
pm and 1.55um wavelengths for low
dispersion fiber communication require the
use of InP-based materialsfor the
photocetecbr. Mondithic OEIC receivers
in InP-based materials have beemared

Flip chip bonding is one hybrid
technology that has been used for OEIC
applications[5-6]. Another process is thin
film device bonding where only the
epilayers of thbonded deice are used and
the bondingmetallization is on therder of
the contact thickness, rather than the thicker
solder bumps. The thin filprocess enables
the ability to utilize novel structures to
improve oveall circuit peformance, such as
in this case, removal of the InP substrate for
higher responsivity etectors. An inverted
MSM structure (I-MSM) has shown to
provide alignment tolerance foredector to

0-7803-4471-5/98/$10.00 (c) 1998 IEEE



fiber connections relaxing the stringency on
the packaging requirements.

MMIC Amplifier Design and Integration

The MMIC was fabricated in
TriQuint’'s HA2 process. This process is a
GaAs implanted MESFET process utilizing
depletion mode MESFETs with cutoff
frequencies of pproxmately 20 GHz. The
distributed amplifier has been used
successfully for MMIC broad bandwidth
amplifiers, but one of the limitations to the

bandwidth is due to the losses of the gate and HP8510C network analyzer

drain lines. Cascoding a pair of transistors
provides loss compeaon to achieve wider
bandwidths [4]. In this investagion, the
TWA incorpolates a cascode pair to extend
the bandwidth to the limit imposed by the
device’s cubff frequency.

One approach to reduce this cost of
the receiver is to design alignment tolerant
optoelectonic systems. The MSM, with
the electodes on the bottom of the des,
overcomes this responsivity disadvantage by
eliminating the shadowing effect of the
electodes [7] thus ielding high
responsivity, high speed, large aresattors
for high cata rate, alignment tolerant OEICs.
Metal strips (Ti/Au) are deposited on the
circuit, the substrate is removdtbm the
epilayer of interest, and the thin film I-
MSMs arealigned and bonded to these strips
using a transfer diaphragm [5]. The process
is diagrammed in lgure 1 and the reking
OEIC is shown in Figure 2(a).

Results

The optical to electrical transfer
curve is etermined with a H®703A
lightwave network analyzer of an inteded
detector and amplifier is shown in Fig 3(a).
The optical signal is fed by a single mode
fiber to the detector andn-wafer coplanar

digital operaton. A 1.55um single mode
laser source directly odulated with a
pattern generator sends an optical
pseudorandomada streanfup to ') to the
receiver whichproduces the 1 GB/s eye
diagram shown in Fig 3(b).

Work is underway to produce a 10
GB/s receiver using a TWA to achieve the
wide bandwidths necessary for the high data
rate. As shown by Bure 4(a), the TWA has
a measured bandwidth of 18 GHz and
approxmately 7 dB of gain with an
and CPW
probes. The return loss up to 18 GHz is
below 10 dB at the input and output. The
amplifier is driven by a single 3 V power
supply and the power consumption of the
amplifier is 45 mW. A 10 GB/s electrical
eye diagram of the TWA is shown in Figure
4(b).

Conclusion

In this paper, we demonstrafer the
first time, the operation of anhybrid
integrated OEIC receiver using a standard
GaAs MMIC foundry circuit and a 5Qm
diameter thin film InGaAsphotocktector.
The OEIC operates at 1 GB/s, matching the
SONET OC-48 speed spification. A wide
bandwidth amplifier for 10 GB/s opeion
demonstrates a measured RF bandwidth of
18 GHz and an open electrical eye diagram.
These results demonstrate the feasibility of
the thin film hybrid integation of standard,
GaAs-based MMIC circuits with high quality
thin film detectorsfor low cost, alignment

tolerant, high speed, long waength
OEICs.
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Figure 1. Diagram of thinilim integration
technique: (a) Fabricate devicés) Etch
away substrate of detect leaving only the
active layers (c) Flip theMSM so that
contacts are on the bottofd) Hace onto
GaAs MMIC so that pads on I-MSM and
MMIC align, anreal to secure metal to metal
bond

0-7803-4471-5/98/$10.00 (c) 1998 IEEE



(b)
Figure 3: (a) Opcal to electrical gain of
receiver in dB(b) Eye diagram of the OEIC
at 1 GB/s
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