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Abstract

A 44 GHz doubler was designed and fabri-
cated using 100x 0.15 um InGaAs HEMT and
MIC circuit. The doubler shows a minimum
conversion loss of 1.4 dB with 0.4 dBm
output power, and 1.6 dBm maximum output
power with 3.4 dB conversion loss. A 44 GHz
InGaAs HEMT doubler/amplifier chain was
also fabricated, demonstrating 10 dBm
power, 7 dB overall gain, and 2 GHz band-
width at the output frequency.

Introduction

GaAs MESFETs have been used extensively
for frequency doubling at microwave and
millimeter (mm) wave freguencies [1-7].
Good output power has been reported on
these MESFET doublers. Due to its superior
material properties, the InGaAs HEMT has
demonstrated better power-added efficiency
and output power than a MESFET or GaAs HEMT
with comparable size at mm wave frequency.
The possibility of using InGaAs HEMT for
high frequency doubler application has not
been explored. This paper describes the
computed and measured performance of a low
conversion loss 44 GHz doubler using InGaAs
HEMT device and MIC circuit. To our knowl-
edge, this is the first reported 44 GHz
HEMT doubler. To demonstrate the feasibil-
ity of using this doubler as the LO source
or frequency translator in future Q-band
satellite communication systems, we will
also show the performance of a wideband
doubler/amplifier chain fabricated using
the doubler and a Q-band three-stage
InGaAs HEMT amplifier. A HEMT-based dou-
bler/amplifier chain is amenable to mono-
lithic implementation for further size
reduction and integration with other compo-
nents (e.g., HEMT LNA/mixer).

Device Selection and Circuit Design

Pseudomorphic Indium Gallium Arsenide
(InGaAs) HEMTs with 0.15 um gate length and
80 or 100 um gate widths were employed in
both the doubler and the three-stage
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amplifier fabrication. The AlGaAs/InGaAs
heterostructure of our device was grown by
MBE and the 0.15 pm gate was patterned by
electron beam lithography. To achieve
higher breakdown voltage for higher power
handling capabilities, the AlGaAs region
was undoped except in a thin layer near the
AlGaAs/InGaAs interface which is doped
heavily with Si.

Figure 1 shows the circuit configuration
of the 22/44 GHz HEMT doubler. The doubler

input port was matched to receive maximum
power at the fundamental frequency 22 GHz.
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Figure 1. Circuit Configuration Of The 44 GHz HEMT Doubler

The output was matched to deliver maximum
power at second harmonic frequency 44 GHz.
Quarter-wavelength stub was used to reject
the second harmonic frequencies at drain.
To gain some insight into the doubler oper-
ation, we have constructed a nonlinear
model for our InGaAs HEMT devices using the
Curtice-Ettenberg model [8]. The modelling
parameters were derived from the device
small signal equivalent circuit and mea-
sured DC characteristics. The small signal
equivalent circuit was in turn derived from
measured 2-26 GHz S-parameters. The doubler
performance was calculated using this HEMT
nonlinear model in conjunction with a non-
linear circuit analysis program (EESOF
LIBRA). Figure 2 shows the calculated sec-
ond harmonic output power vs. gate bias at
22 GHz fundamental frequency and 4 dBm in-—
put power. As expected, it indicates that
the HEMT device should be biased near
pinch-off to generate the most second
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Figure 2 Calculated second harmonic

output power vs. gate bias of 100x0.15um
InGaAs HEMT at 22 GHz fundamental
frequency. Input power = 4 dBm.

harmonic power. Figure 3 illustrates the
calculated drain current waveform for one
cycle at 22 GHz fundamental frequency of a
HEMT doubler biased near pinchoff. Second
harmonic content in the drain current wave-
form becomes much more significant at 4 dBm
input power than at -10 dBm drive. The
calculated output power of the doubler is
compared with the measured data below.
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Figure 3 Calculated drain current
waveform for one cycle at 22 GHz
fundamental frequency of a 100x0.15um
InGaAs HEMT biased near pinchoff.

Experimental Results
Roubler

The doubler circuit was fabricated on 10
mil quartz substrate using 100x0.15 Hm
InGaAs HEMT. A K-connector and a finline
waveguide~to-microstrip transition were
used at the input and output ports, respec-
tively. Figure 4 shows the measured conver-
sion loss and 44 GHz output power as a
function of input power at 22 GHz. The dou-
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Figure 4 Measured conversion loss and 44

GHz output power of the doubler as a

function of input power at 22 GHz. The

measured and calculated 44 GHz power out-

put are also compared.

bler shows a minimum conversion loss of

1.4 dB with 0.4 dBm output power and 1.6
dBm maximum output power with 3.4 dB con-
version loss. The DC drain current and
hence the total dc power consumption vary
with the input power, but in no case the DC
power is over 50 mW. Figure 4 also compares
the measured and calculated 44 GHz power
output as a function of input RF power. The
calculated power is lower than the measure-
ment by 0.5 to 1 dBm. a good agreement is
achieved in the saturated output power. To
achieve a good agreement, we found that it
is essential to include the higher order
(3rd to 6th) harmonics and the bias depen-
dence of pinchoff voltage in the simula-
tion. Figure 5 shows the output power vs.
output frequency. It has 2 GHz bandwidth
centered at 44.5 GHz for output power
higher than 0.5 dBm.
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Figure 5 The output power vs. output fre-
quency of the doubler. Input power = 4 dBm.



Ihree-Stage InGaAs HEMT Amplifier

A MIC three stage amplifier was designed
and fabricated using 80x0.15 Uum InGaAs HEMT
devices to amplify the output of the dou-
bler to 10 dBm level. Figure 6 shows a

photo of this amplifier. Figure 7 shows the

measured gain and input return loss from 43
to 46 GHz at -20, -5, and 0 dBm input
power. The linear gain is 16 dB. Total DC
power consumption is less than 170 mW for
all three stages. The 1-dB compression
input and the saturated output power is

-10 dBm and 10 dBm, respectively. All these
data include about 1 dB waveguide-to-
microstrip finline transition loss.
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Figure 6 Photo of the three-stage InGaAs
HEMT MIC amplifier.
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Figure 7 Measured amplifier gain and
input return loss from 43 to 46 GHz at
-20, -5, and 0 dBm input power.

Doubler/Amplifier Chai

A 44 GHz microstrip bandpass filter
was used following the doubler to prevent
saturation and spurious signal generation
in the amplifier. This three section, edge-
coupled bandpass filter was fabricated on
10 mil quartz substrate and showed less
than 3 dB insertion loss with 4 GHz band-
width. It has better than 40 dB rejection
at 22 GHz. Figure 8 is a photo of the
assembled 44 GHz doubler and the microstrip
bandpass filter.

The doubler/filter assembly and the
three-stage amplifier were cascaded
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Figure 8
doubler and the microstrip bandpass filter.

Photo of the assembled 44 GHz

together and tested without further tuning.
Figure 9 shows the measured output power
and gain of this doubler/amplifier chain.
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Figure 9 Measured output power and gain
of the 44 GHz doubler/amplifier chain as a
function of input power at 22 GHz.

It is capable of delivering 10 dBm power
at 44 GHz with 6 dB associated gain. The
maximum gain is 7.5 dB with 8.5 dBm output
These results include the 0.25 dB
connector loss and 0.5 dB waveguide-to-
microstrip transition loss. The measured
output power as function of the output fre-
quency is shown in Figure 10, It has 2 GHz
bandwidth for output power over 10 dBm.

Conclusion

A low conversion loss 44 GHz MIC doubler
was designed and fabricated using 100x0.15
Mm InGaAs HEMT device. The doubler shows a
minimum conversion loss of 1.4 dB with 0.4
dBm output power and 1.6 dBm maximum output
power with 3.4 dB conversion loss. The dou-
bler large signal performance was calcu-
lated using harmonic balance technique and
a nonlinear HEMT model. The calculated and
measured results showed reasonable agree-
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power as a fun-
of the 44 GHz
Input power =

ment. A doubler/amplifier chain was also
fabricated, demonstrating 10 dBm output
power, 7 dB overall 22/44 GHz power gain,
and 2 GHz bandwidth at the output fre-
quency. The results presented in this paper
demonstrate the feasibility of a HEMT-based
doubler/amplifier chain for use as the LO
source or frequency translator in future
Q0-band satellite communication systems.
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