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Abstract
  We successfully developed state of the art InP HEMT dis-
tributed amplifiers by using inverted microstrip line tech-
nology. For one, we achieved a gain of 14.5 dB and a 94-
GHz 3-dB bandwidth resulting in a gain-bandwidth pro-
duct of 500 GHz, and for the other we achieved a gain of
7.5 dB and a 3-dB bandwidth of over 110 GHz. This tech-
nology also demonstrates the capability of fabricating ul-
tra-broadband packaged IC’s with flip-chip assembly for
operation up to the W-band. To our knowledge, these re-
sults represent the highest gain bandwidth product and the
widest bandwidth for distributed amplifiers reported to
date.
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INTRODUCTION
  Distributed baseband amplifiers are key components for
optical fiber communication systems. Kimura et al. reported
a 0-90-GHz amplifier with a 10-dB gain by using InP
HEMTs [1]. Baeyens et al. demonstrated a 70-GHz band-
width amplifier with a gain of 17 dB, resulting in a gain
bandwidth product (GBW) of 495 GHz by using InP HBTs
[2]. However, when employing these IC’s for future sys-
tems beyond 40 Gbit/s, chip assembly is a big challenge
because the parasitic wire inductance affects ICs’ perfor-
mance significantly due to short signal wavelength. Flip-
chip bonding (FCB) is a most important technique since it
can be used to connect a chip and an assembly substrate
with a much shorter length than can be achieved with rib-
bon or wire bonding. When designing FCB circuits with
coplanar waveguides (CPWs), however, the proximity ef-
fect between chips and substrates seriously influences their
face down circuit performance because it changes transmis-
sion line parameters, such as characteristic impedance,
compared with those before and after FCB [3]. Therefore,
designing FCB IC’s precisely is difficult, and determining a
good die before FCB by performing an RF on-wafer meas-
urement is also difficult. To overcome these challenges, we

developed distributed amplifiers based on inverted micro-
strip line (IMSL) technology. In addition, we examined the
technology’s capability for accurate design of broadband
FCB ICs and easy assembly on substrates of chips designed
for operation at up to 110 GHz.

CIRCUIT DESIGN
  Figure 1 shows a schematic cross section of the FCB
multi-layer IC’s structure. The chip is mounted on the as-

Figure 1. Schematic cross section of FCB multi-layer
transmission line structure.
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Figure 2. Comparison of schematic layout of distrib-
uted amplifiers designed with CPW and IMSL.
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