Flip-Chip Photodetector for High-Speed
Communications Instrumentation

Tun S. Tan A family of 7-GHz-bandwidth optical receivers and a nine-channel optical

David M. Braun receiver with a gigabit-per-second data rate per channel have been

Tim L. Bagwell developed for multigigabit lightwave test systems for long-haul fiber-optic

Christopher P. Kocot telecommunications links and gigabit optical interconnects for computer

Joseph Straznicky systems. A new micro-flip-chip process, featuring liftoff-based small-diameter

Susan R. Sloan solder bumps, is incorporated with HP high-speed InP p-i-n photodetectors to

minimize parasitic capacitance and inductance and enhance responsivity.
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Ultrahigh-performance optical receivers to convert optical signals into
electrical impulses require very careful packaging of photodetector and
electronic amplifier ICs. Very high-performance photodetector and amplifier
ICs can be individually fabricated, but when packaged by conventional
methods that employ wire bonds, the system performance falls short of

the desired goal. This is a result of parasitic capacitance and inductance
introduced by large bonding pads and long bond wires. A 7-GHz-bandwidth
optical receiver composed of a 26-GHz InP photodetector and a 12-GHz GaAs
amplifier requires package-related parasitic capacitance and inductance of
less than 50 fF and 10 pH, respectively. To minimize the parasitic components
introduced by packaging, we have developed a hybrid flip-chip integration
approach that bonds a photodetector directly onto a GaAs or Si receiver IC

by means of very small-diameter solder bumps.

The packaging of high-speed optoelectronic components requires coupling

of light into a small photosensitive area of the photodetectors, 10 to 15 um in
diameter. This is usually accomplished by precise alignment of the optical
fiber or the transmitter (laser) to the photosensitive area of the detector. The
flip-chip die attachment technique allows precise placement of the detector
and the transmitter on the prealigned and prefabricated solder bump pads. To

further ease the alignment tolerance and reduce the packaging cost, we have
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We have designed and fabricated a nine-channel silicon bipolar receiver IC that has nine sets of solder bump pads with
nine photodetectors flip-chip bonded on them as shown in Figure 11 . The electrical performance of each channel is
tested by supplying a 1-Gbit/s NRZ pseudorandom optical input signal. The electrical output, as represented by the eye
diagram shown in Figure 12 , indicates 1-Gbit/s performance per channel.

Figure 11 Figure 12

Nine-channel optical receiver. Output eye diagram of one channel of the nine-channel
‘ optical receiver with a 1-Gbit/s input signal.

1 1 L
Cch. 1 = 12.00 mvolts/div Offset = 72.00 mv¥olts
Timebase = 500 ps/div Delay = 16.5600 ns

Conclusion

We have successfully incorporated a micro-flip-chip technology with our optoelectronic components. In the flip-chip die
attached form, a p-i-n photodetector with an i-layer thickness of 0.75 um has an average responsivity of 0.8A/W at 1300
nm and a dark current of less than 1 nA. A 7-um-diameter flip-chip photodetector has a — 3-dB electrical bandwidth in
excess of 50 GHz. The flip-chip optical receiver with a 15-um detector has a measured — 3-dB electrical bandwidth of

7 GHz while a wire-bonded version has a — 3-dB bandwidth of 3.9 GHz. The self-aligning feature of the flip-chip die
attachment is very useful in the assembly of a nine-channel optical receiver that operates at speeds in excess of 1 Gbhit/s
per channel. The same flip-chip technology can be easily combined with a vertical-cavity surface emitting laser (VCSEL)
transmitter to realize a flip-chip optical transceiver.
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