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Abstract- E-band wireless communications will become im-
portant as the microwave backhaul for high-speed data transmis-
sion. One of the most critical components is the front-end power
amplifier in this system. The paper analyzes different technologies
with potential in the E-band frequency range and present a power
amplifier design satisfying the E-band system specifications. The
designed power amplifier achieves a maximum output power of
> 20 dBm with a state-of-the-art power-added efficiency of 15%.
The power is realized using InP DHBT technology. To the best
of our knowledge it is the highest output power and efficiency
reported for an InP HBT power amplifier in this frequency
range. The predicted power-added efficiency is higher than that
of power amplifiers based on SiGe HBT and GaAs pHEMT
technologies. The design shows the capabilities of InP DHBT for
power amplifier applications as an alternative to HEMT based
technologies in the millimeter-wave frequency range.

I. INTRODUCTION

Power generation at millimeter-wave frequencies is still
an open problem and a subject of intense research [1]-[18].
Signal power generation and amplification is required in com-
munications, imaging, and radar systems, which means that
practically all millimeter-wave systems suffer from low power
levels and poor efficiency for power generation. Millimeter-
wave communication systems planned in the near future will
operate at E-band frequencies around 70-90 GHz and require
power amplifiers to boost the transmitted signal over distances
of 1-2 km.

There are only few solutions available today for the power
generation in this frequency range, most of these involving
HEMT device technologies. However, HBT devices offer a
good alternative for power amplification due to the very high
power densities and the large breakdown voltage.

The specifications for a power amplifier at E-band are:
Pout > 20 dBm, power-added efficiency of r1 > 10%, low
harmonic and intermodulation distortion to facilitate higher-
order modulation schemes, and a frequency of operation of
71-86 GHz, eventually in two bands. The paper presents an E-
band power amplifier design delivering Pout > 20 dBm output
power with a record power-added efficiency of r = 15%,
operating at 71 -76 GHz. We discuss the details of the design
approach as well as the motivation for the choice of the InP
DHBT technology. This amplifier will deliver record output
power, power-added efficiency, and will be the first 2 stage
design in this technology.

II. TECHNOLOGY COMPARISON

The choice of the InP DHBT technology is based on a de-
tailed analysis of the capabilities of the following technologies:
SiGe HBT, InP HEMT, GaAs mHEMT, GaAs pHEMT, and
GaAs HBT. The focus of the analysis was on the performance
achieved in the frequency range around E-band frequencies of
71-76 GHz and 81-86 GHz. The motivation for investigating
InP DHBT technology is based on the high power densities
reported for these devices in the frequency range of interest,
as indicated in fig. 1. It can be depicted from the figure
that InP DHBT devices exhibit very high power densities
outperforming HEMT and SiGe HBT devices over the whole
frequency range beyond 100 GHz. However, at the same time
the periphery of InP DHBT based amplifiers is relatively
small as can be depicted in fig. 2. When larger peripheries
are considered HEMT devices clearly outperform HBT type
technologies. One of the reasons for the small periphery for
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Fig. 1. Power density versus frequency for different device technologies.

the InP DHBT technology is the focus on optoelectronic high-
speed circuit rather than analog circuit applications. On the
other hand, power-added efficiency of InP DHBT can compete
with that of HEMT devices as is demonstrated in fig. 3. It
should be noted that the results for SiGe HBT are at lower
frequencies compared to most of the results on InP HBT and
HEMT technologies. From the figure it can be concluded that
with an output power of around 100 mW and power-added
efficiencies of around 'qadd > 15% InP DHBT technology
would be comparable to the InP HEMT technology, which
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Fig. 2. Power density versus periphery for different device technologies. The
data contains results in the frequency range between 50 - 100 GHz.

represents state-of-the-art
frequency range.

can be viewed from the data available on the bias voltage
for the respective technology. In fig. 4 we show the available
data on the bias voltage versus frequency. It can be depicted
that InP DHBT technology operates at highest voltages in the
millimeter-wave range and has an intrinsic advantage when
scaling to even higher frequencies, as demonstrated by the
data beyond 100 GHz operating frequency.

9 0 GaAs pHEMT

8 A InP HEMT

Vbias - f 043 GaAs mHEMT
7

0 \ * GaAs HBT
6 0 -InPHBT

O- 00X

5 a SiGeHBT

AX3

2 a A 3

0 ,

U)

m

10 20 50 100 200

Frequency (GHz)

500

performance until today for this
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between 50 - 100 GHz. Note that the results for SiGe HBT are for the
frequency range 50 < f < 77 GHz.

Another import parameter is the breakdown voltage and the
according bias conditions for the amplifier. A high breakdown
voltage facilitates power-added efficiency and improves the
matching design. In principle, the same arguments apply at
millimeter-wave frequencies as those at microwave frequencies
with regards to the advantages of GaN technology. Also at
millimeter-wave frequency the technology with a high break-
down voltage will have a fundamental advantage in power

amplifier design. The implication of the breakdown voltage

From the above discussion it is clear that a demonstration
of a power amplifier in InP DHBT technology will provide a

power amplifier with state-of-the-art performance in terms of
power-added efficiency and output power.

III. POWER AMPLIFIER DESIGN

The design of the power amplifier is based on InP DHBT
technology provided by Alcatel-Thales III-V laboratory, which
is the same as the one employed by the authors in an earlier
publication on design of VCO for this frequency range [19].
The active device models have been developed earlier and
presented in [20]. The simplified schematic is shown in fig. 5.

The devices have a gain of G = 6.3dB at 73GHz and operate
at a bias point of Vbias = 2.4V and 'bias = 2OmA. This
operating conditions gives sufficient safe-operating margin and
linear operation as required in communications systems.
As depicted in the figure the amplifier is based on a driver

stage and a high power stage. Each stage is constructed using
8 emitter fingers, which provides a driver circuit saturating at
high power levels and improves the linear performance.
The optimum load impedance for the power stage devices

is ZL = (48 + j38)Q. The interstage matching transforms the
optimum large-signal input impedance of the power stage into
the optimum load impedance of the driver stage. The input
of the driver stage is matched using small-signal impedance
levels for minimum small-signal reflections. All networks are

additionally simulated using EM simulation tools. The layout
of the amplifier is presented in fig. 7

Great care has been put on the stabilization of the amplifier.
In fact, the amplifier circuit is unstable when matched for
maximum power, and the base resistance is used for both
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Fig. 5. Principal circuit diagram of the power amplifier.

electrical and thermal stabilization of each amplifier stage. We
have achieved a Rollet constant of above 2.5 over the overall
frequency range.

Another stability test is performed such that the two parallel
transistor-cells are excited in odd mode and oscillations are
observed. If the oscillations decrease with time and vanish,
the circuit is regarded to be stable to this mode. The results
of such a study are presented in fig. 6, where the time
waveforms for two different conditions are shown as a function
of time. It can be seen that without the stabilizing resistors,
an odd mode excitation is potentially excited and will lead to
strong oscillations. Introducing a IOQ resistor eliminates the
instability problem.
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Fig. 6. Time evolution of an odd mode excitation to test the stability of the
amplifier. The lower time waveform represents results for a circuit containing
a IOQ stabilizing resistor.

IV. POWER AMPLIFIER PERFORMANCE

The power amplifier circuit described above achieves an
output power in excess of 20 dBm. The 1dB compression point
power level is just below the 20 dBm resulting in PldB =

19.6 dBm. The output power versus input power is illustrated
in fig. 8 together with the power-added efficiency and gain
characteristics. It can be concluded from the figure that the
power-added efficiency peaks at around r = 15% around the

Fig. 7. Layout of the power amplifier

saturation point and is r1 > 10% at 1dB compression point.
The associated gain is around G = 8.5 dB. The achieved 1dB-
bandwidth is 63.5 - 75.5 GHz, which is equivalent to 12%
relative bandwidth, with a stability constant value of K = 3.2.
The output periphery for the amplifier is 160 ,um2 and the

Power performance

-30 -20 -10 0 10 20

Input power [dBm]

Fig. 8. Output power, power-added efficiency and gain as a function of
available input power for the E-band power amplifier.

total current consumption is 330 mA. In the frequency range
of operation the return loss is RL > 12dB for both the input
and output of the amplifier.

V. CONCLUSIONS

We have presented an E-band amplifier based on InP DHBT
technology exhibiting a record saturated output power greater
than lOOmW and 1 dB output power around 95mW. The
power-added efficiency predicted from simulations is 15% at
saturated power. The circuit design is based on an HBT model
developed earlier by the authors. The stability of the overall
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