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A Broadband PHEMT MMIC Distributed Doubler
Using High-Pass Drain Line Topology

Yu Lung Tang, Po-Yo Chen, and Huei Wang

Abstract—A broadband frequency doubler, based on dis-
tributed amplifier techniques, has been designed to operate from
11 to 21 GHz. In order to reject the fundamental signal over a
broadband frequency range, the conventional low-pass drain line
structure was replaced with the high-pass structure. This topology
can suppress fundamental signals over broadband without any
balanced structure so that the chip size can be more compact.
Measured conversion losses of better than 10 dB from 11 to
21 GHz input frequencies are achieved with fundamental signal
rejection better than 12 dB. To the best of our knowledge, this is
the first demonstration of distributed doubler using the high-pass
drain line topology.

Index Terms—Broadband, distributed doubler, frequency dou-
bler, MMIC, PHEMT.

I. INTRODUCTION

I N WIRELESS communication systems, millimeter-wave
(MMW) sources can be implemented either using funda-

mental oscillators or frequency doublers with lower frequency
oscillators. Broadband doublers are useful in broadband
communication systems or broadband measurement systems.
Most of the broadband doublers are implemented either with
field effect transistors(FETs), high electron mobility transistors
(HEMTs), or diodes [1]–[8]. Implementations using diodes to
form nonlinear transmission lines (NLTL) usually require more
input power to drive diodes into nonlinear regions. Therefore,
FET devices are chosen in this paper to implement broadband
doublers. There were a number of broadband FET/PHEMT
MMIC doublers reported and Table I summarizes the features
of the reported results.

As can be observed in Table I, broadband doublers can be
realized using single-ended configuration [1]. For broader
bandwidth operation, a few doublers were implemented using
balun structures, as reported in [2]–[4]. Distributed approaches
were also applied to design broadband doublers [5], [6]. Due to
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TABLE I
COMPARISON OF PUBLISHED BROADBAND

FET/HEMT MMIC DOUBLERS

the wide-bandwidth characteristics of the distributed topology,
both the fundamental and the second harmonic signals will
pass through the circuit. As a consequence, the fundamental
signals could not be rejected over the band of operation of the
doubler. Therefore, some distributed doublers were designed
either using common-source/common-drain FET configuration
[5] or simply including an 180 hybrid [6] to implement
balanced doublers so as to achieve broadband fundamental
signal rejection and the second harmonic conversion.

In this paper, a broadband 11–21 GHz PHEMT frequency
doubler, based on distributed amplifier topology, is described.
To achieve broadband fundamental signal rejection, the con-
cept of high-pass drain line is utilized [9]. By substituting the
low-pass drain line by a high-pass drain line, this doubler can
pass the second harmonic signal with the suppression of the fun-
damental signal. Since the broadband fundamental signal rejec-
tion is obtained without a balun, our new design approach is
easier to implement with a more compact chip size. According
to this concept, a distributed doubler using the high-pass drain
line was implemented. Measured conversion loss of better than
10 dB from 11 to 21 GHz input frequencies are achieved with
fundamental signal rejection better than 12 dB. To the best of
our knowledge, this is the first demonstration of distributed dou-
blers using the high-pass drain line topology.

II. DEVICE CHARACTERISTICS AND MMIC FABRICATION

The MMIC 11–21 GHz distributed doubler was fabricated
using GaAs-based pseudormorphic HEMT (PHEMT) MMIC
foundry process provided by TRW (now Northrop Grumman).
The active device is 0.15- m gate-length PHEMT with
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Fig. 1. Schematic diagram of a distributed amplifier.

Fig. 2. Schematic diagram of a distributed doubler using high-pass drain line.

unit current gain frequency and maximum oscillation
frequency of 81 and 120 GHz. The peak of transcon-
ductance and drain current at peak transconductance are
400 mS/mm and 200 mA/mm, respectively. The passive com-
ponents included GaAs thin film resistor, metal-insulator-metal
(MIM) capacitor, inductor, and via hole through 100- m GaAs
substrate. The entire chip was also protected by silicon-nitride
passivation for reliability concern.

III. CIRCUIT DESIGN

The 11–21 GHz distributed doubler was modified from the
distributed amplifier topology. In a conventional distributed
doubler, both the gate and drain lines are low-pass structures.
As shown in the block diagram of a distributed amplifier in
Fig. 1, the low-pass gate line is composed of the gate-source
capacitors and the high impedance lines, which are used to
replace the series inductors. Similarly, the low-pass drain line is
composed of drain-source capacitors and high impedance
lines.

Fig. 2 presents the schematic diagram of the new doubler de-
sign using high-pass drain line. When the input fundamental sig-
nals were fed into each gate terminals along the gate line with
high enough power level, the harmonic signals would be gener-
ated via the nonlinearity of each transistor. Both the fundamental
and harmonic signals would pass the drain terminals and get to
the output port through the drain line. In a doubler design, it is
desired to keep the second harmonic signals and suppress the
fundamental signals. A drain line with the high-pass filtering
characteristics can suppress fundamental signals and achieve a
good doubler function with fundamental rejection. Therefore,

Fig. 3. Chip photograph of the 12–21 GHz distributed doubler.

Fig. 4. Measured conversion loss vs. input power of the distributed doubler
with input frequency at 15 GHz.

we proposed to use this concept to design the distributed dou-
bler.

As shown in Fig. 2, the high-pass drain line of the distributed
doubler consisted of series capacitors and shunt short stubs. The
series capacitors were implemented by MIM capacitors. The
shunt microstrip lines were short-circuited to ground and equiv-
alent to shunt inductors. From circuit simulation, the high-pass
cut-off frequency is about 22 GHz. As for the gate line, the
cut-off frequency is estimated to be 26 GHz. Therefore, the input
signals from 11 to 21 GHz can pass through the gate line (cut-off
frequency of 26 GHz), then be suppressed by the drain line due
to the 22-GHz high-pass cut-off frequency.

In this design, four 120- m PHEMT devices were biased at
the near pinch-off region. The gate voltages were fed through
1-k thin film resistors, while the drain voltages were fed
through shunt short stubs via bypass capacitors. Fig. 3 is the
photograph of the MMIC broadband distributed doubler with a
chip size of 2 1 mm . As can be observed,the lengths of the
input and output 50- microstrip lines may be reduced to make
a more compact chip size.

IV. CIRCUIT PERFORMANCE

The circuit was measured via on-wafer probing. In the mea-
surement of the 11–21 GHz distributed doubler, the transis-
tors were all biased near the pinch-off region. The conversion
loss versus input power from 6 to 14 dBm was measured at
15-GHz input frequency and plotted in Fig. 4 with V,

V. In Fig. 5, the conversion loss and fundamental
signal rejection were plotted versus input frequency at the input
power of 13 dBm. From 11 to 21 GHz, the conversion loss was
greater than 10 dB, with a minimum conversion loss of 2 dB
at 19 GHz. Across the same frequency range, the fundamental
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Fig. 5. Measured conversion loss and fundamental signal rejection of the
11–21 GHz distributed doubler.

signal rejection was better than 12 dB. In most of the input fre-
quency range, more than 20-dB rejection was achieved. Com-
pared with other reported broadband FET/HEMT MMIC de-
signs in Table I, this design achieves modest conversion loss
and fundamental rejection over about one-octave bandwidth.

V. CONCLUSION

A new broadband 11–21 GHz distributed doubler design
using a high-pass drain line has been presented in this paper.
This modified drain line of high-pass filtering characteristics
can suppress fundamental signals over the broadband fre-
quency range instead of using the conventional phase canceling
schemes, i.e., balanced structures or 180 hybrids. Over the

11–21 GHz input frequencies, the conversion loss is better than
10 dB with the fundamental rejection better than 12 dB.
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