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ABSTRACT

We report distributed amplifiers with 80 GHz
bandwidth, 6.7 dB gain and ~70 GHz band-
width, 7.7 dB gain. These amplifiers were fab-
ricated in the transferred-substrate heterojunc-
tion bipolar transistor integrated circuit technol-
ogy. Transferred-substrate HBT's have very high
fmaz (>400 GHz) and have yielded distributed
amplifiers with record gain-bandwidth product.

INTRODUCTION

Traveling-wave amplifiers (TWAs) are very
broadband circuits with applications in instru-
mentation and wide-band radar receivers. TWAs
based on several different HBT and HEMT tech-
nologies have been demonstrated [1, 2, 3, 4]. In
TWAs, the amplifier gain-bandwidth product de-
pends critically on the transistor f,,... To date,
TWAs based on HEMTs [1] have demonstrated
considerably higher bandwidths than those based
on HBTs [4], primarily due to the higher f,,q.
of HEMTs. Transferred-substrate HBTs have
demonstrated >400 GHz fp,4, [5], comparable
to that of high-performance InGaAs/InAlAs/InP
HEMTsS, and, should thus also yield TWAs with
very high bandwidths. Here, we report first re-
sults with TWAs fabricated in the transferred-
substrate HBT technology.

HBT TWA design differs considerably from
that using HEMTs. The HBT transconductance

- hence input capacitance (Cpe =~ ¢n/27f7) -
per unit HBT emitter area is large. To obtain
the desired Bragg frequency, either very small
HBTs must be used, or input capacitive division
[6, 7, 3] must be employed. The higher HBT
input resistance compared to that of HEMTSs
(rop vS. Tgate) favors the use of very high ca-
pacitive division ratios. TWA bandwidth is also
strongly influenced by the frequency-dependent
transmission line losses, which become dominant
at high frequencies. The transferred-substrate
HBT IC process incorporates low-loss microstrip
lines on a Benzocyclobutene (BCB, € = 2.7) sub-
strate. These low-loss transmission lines make
high bandwidths feasible. With these design and
technological improvements, we have fabricated
TWAs with 6.7 dB gain and 80 GHz 0-dB band-
width. The 3-dB bandwidth is 85 GHz. This
is the highest gain-bandwidth product reported
for a HBT distributed amplifier. At a different
bias condition, the amplifier exhibits 7.7 dB gain
and ~70 GHz 0-dB bandwidth and 76 GHz 3-dB
bandwidth.

CIRCUIT DESIGN AND
FABRICATION

Fig. 1 shows a schematic circuit diagram of the
distributed amplifier. The base and collector
lines are composed of 75 Q microstrip line sec-
tions. Cascode connected HBTs are used to re-
duce collector line losses. Cgy;, is the division ca-
pacitor at the input of the common-emitter tran-
sistor Q1. A short length of microstrip is used at
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Figure 1: Schematic circuit diagram of the

transferred-substrate HBT distributed amplifier.

the output of the cascode cell to improve veloc-
ity matching between the input and output lines.
The microstrip lines, together with the division
capacitor and the cascode stage synthesize 50 2
input and output lines. Rpterm, is the 50 Q base-
line termination resistor. Reierm, the collector-
line termination resistor is off-chip to sustain the
high bias current, and is connected through a mi-
crowave probe. Rpp is a large resistor to bias
the input of Q1. The base of the common-base
transistor Q2 is biased through an independent
supply. AC ground at this node is provided by
large bypass capacitors. Rpy provides decoupling
between the multiple cells and helps prevent os-
cillations from bias probe inductance. The col-
lector bias is through a bias tee at the output
of the chip. Amplifiers with 3 cascode cells were
fabricated. Fig. 2 shows a photomicrograph of
the fabricated chip. The die size is about 1.4 mm
x 0.6 mm.

The transferred-substrate HBT IC fabrication
procedure has been described in detail in [8]. De-
vices with emitter dimensions of 0.75 x 30 pm?
and collector dimensions of about 1.8 x 34 pm?

Figure 2: Photomicrograph of the fabricated am-
plifier IC.
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Figure 3: DC common-emitter characteristics of

transferred-substrate HBT's.

were used in the amplifiers reported here. Fig.
3 shows typical DC common-emitter characteris-
tics of devices on the current wafer. RF charac-
teristics are shown in fig. 4. The extrapolated
fmaz and f, are 370 GHz and 160 GHz respec-
tively, at the bias conditions shown. The am-
plifier is designed to operate close to these bias
conditions.

RESULTS

The amplifiers were tested on-wafer using com-
mercial network analyzers from DC-50 GHz and
75-110 GHz. Fig. 5 shows the forward gain of
the amplifier under two different bias conditions.
The solid curve shows a mid-band gain of about
6.7 dB. The 0-dB bandwidth (where the gain goes
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Figure 4: RF characteristics of transferred-

substrate HBTs.
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Figure 5: Measured forward gain s2; of the am-
plifier.
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Figure 6: Measured return losses and reverse iso-
lation of the amplifier.

below the mid-band gain) is 80 GHz. The 3-dB
bandwidth is 85 GHz. The dashed curve shows
the gain at a higher current density bias. The
mid-band is 7.7 dB, the 0-dB bandwidth is ~70
GHz and the 3-dB bandwidth is 76 GHz.

From this curve, we can also observe gain peak-
ing at high frequencies. The gain-frequency re-
sponse of TWAs is strongly impacted by device
fmaz and the designed Bragg frequency. Dur-
ing design, a conservative HBT model with a
200 GHz f,,.. was assumed. HBTs on the cur-
rent wafer have 370 GHz f,,q. which results
in the observed gain peaking. Given the 370
GHz fpq2, redesigning the amplifier would per-
mit bandwidths greater than 70-80 GHz. The
low frequency cut-off is about 2 GHz and is de-
termined by the transistor f./3. Fig. 6 shows
the input and output return losses and the re-

verse isolation. The amplifier output return loss
S92 1s poor at high frequencies because of the
off-chip collector-line termination. The chip con-
sumes about 250 mW of DC power.

CONCLUSIONS

We have designed and fabricated distributed am-
plifiers with 80 GHz bandwidth, 6.7 dB gain and
~70 GHz bandwidth, 7.7 dB gain. These am-
plifiers have the highest gain-bandwidth prod-
uct reported for a distributed HBT amplifier.
The ICs demonstrate the potential of transferred-
substrate HBTs for producing very high speed
integrated circuits. Further improvements in the
design of the amplifier, as well as in the intrinsic
device technology will lead to wider bandwidth
circuits.
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