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Abstract (Keywords : Millimeter-wave, HEMT,
MMIC, amplifier, mixer)

The goal of this three-year project is to
develop monolithic millimeter-wave (MMW)
components using the GaAs MMIC process
technologies (e.g. 0.15-um gate-length HEMT).
The MMIC components include power amplifiers,
mixers and linearization circuits.

The power amplifier and up-converter at
40-48GHz has been demonstrated in the first year.
This research utilized 0.15-pum gate-length HEMT
MMIC process. Furthermore we proposed a
low-loss built-in linearizer to improve the linearity
of the MMW power amplifier In the second year
of this project, we have already combined the
power amplifier and linearizer. Using these NTU
designed ICs, several NTU designed MMW
modules are fabricated and applied in the MMW
system integration and test.

In the third year, we have integrated and
tested the system modules, and improved the
circuit design, which includes broadband amplifier,
power amplifier and mixer. All these MMICs have
been measured and achieved good results.

During this three-year project, we have
published eight journal papers [16]-[21], [30]-[31]
and nine conference papers [22]-[29], [32].
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Wireless communication makes life more
flexible, and improves the working efficiency.
However, the power consumption will limit the
usage of the wireless communication product. In
the wireless communication system, power
amplifier is the most power-wasted component.
This project will use linearization technique to
reduce the power consumption of the power
amplifier, and achieve the linearity and reliability
of wideband communication.

The traditional linearization techniques have
focused on the distortion of amplifier, but less on
the up-convert mixer. If we do the whole
transmitter linearization, we can reduce the
nonlinear of the mixer, driver amplifier, and
power amplifier. Besides, we also can directly
map the nonlinear distortion to the base-band
signal.

Higher MMW bands, like 60-GHz WPAN,
have the bandwidth more than 1GHz, but due to
the high path loss in MMW frequency, the power
amplifier with large output power is very difficult
to be realized. If we can apply the linearization
technique to the power amplifier, we can keep it in
the best power added efficiency (PAE) region, and
also has the best linearization. Therefore, we will
apply the transmitter linearization technique in the
micro/millimeter wave band transmitter, and
minimized the distortion of the broadband digital
microwave communication.
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In this research, the design flow of MMW
transmitter is presented as follows.

(1) Core circuit design: the millimeter-wave
power amplifier.

(2) Core circuit design: the Sub-Harmonic
resistive mixer.

(3) The linearization
amplifier.

(4) The relationship between ACPR and IM3R
of millimeter wave broadband signal.

(5) The circuit topology and circuit design of
millimeter wave power amplifier and
up-convert mixer.

(6) The research of the millimeter

circuit for power

wave

transmission and modulator linearization.

The results of this project are described as
follow.

Power Amplifier

Fig. 1 shows the circuit topology and Fig. 2 shows
the chip photo of the power Amplifier. In order to
get higher gain in high frequency, we use 8504 in
the last stage, and we use 2f126 in the first stage
to driver second stage. In the circuit design, all the
transistors are biasing in class A in order to get
higher output power and better linearity. We
achieve broadband design by using multi-stage
transmission line.

From measurement result, this circuit demonstrate
small signal gain of better than 18-dB in
41-48GHz, the output power achieve 20dBm.

Sub-Harmonic Diode Mixer

Fig. 3 shows the topology of the mixer, and Fig. 4
shows the chip photo of the sub-harmonic mixer.
The core of the mixer is the anti-parallel diode.
When the local oscillator signal pumped into
diode, due to the nonlinearity of the diode, it will
generate higher order harmonics of the local
oscillator. The anti-parallel diode will only keep
even harmonics of the local oscillator and the
mixed mode of the radio frequency remained. By
using the characteristic of the diode, we can
generate sub-harmonic mixed mode signal.

In the circuit design, we use A/4 transmission line
to do the isolation, and we also use quasi-lumped
equivalent circuit to replace long the transmission
line in order to decrease the area of the chip.

According to the measurement results, this mixer
demonstrates conversion loss around 14 dB+2 dB
in 38-48 GHz, the isolation between LO to IF
around 17 dB.

Linearization of Power Amplifier

The linearity of transmitter mainly is decided by
the power amplifier in the front end, so we focus
on the linearity of the power amplifier improve
the whole transmitter linearity.

Fig. 5 shows the circuit topology of the power
amplifier with a low-loss built-in linearizer. We
can improve the linearity of the power amplifier
by adding a cold mode HEMT in the input. The



benefit of the topology is that we can bias the
amplifier through the linearizer without extra
biasing circuit. Furthermore, the loss of the
linarizer is less than 2 dB, and we can adjust the
bias of the linearizer to change the characteristic.

In conclusion, it is low loss, small area, no dc
power consumption. This linearizer can improve
the linearity of the MMW power amplifier.

Fig. 6 shows the chip photo of the Power
amplifier with linearizer. From measurement
result, this circuit demonstrate small signal gain of
8-dB in 44GHz. Fig. 7 shows the comparison
between power amplifier with and without
linearizer. The linearity of the power amplifier can
be effectively improved by adding the linearizer.

Sub-Harmonic Mixer
Fig. 7 shows the topology of the sub-harmonic
mixer. The LO power generate 0° and 180°

phase difference by a balun, and feed-in the gate
of the pHEMT, the RF feed-in the drain of the
pHEMT. The drain of the two components are
connected to eliminate the odd mode harmonic
without effect even mode harmonic. The IF will
be extracted by a low pass filter. The LO power
needs only 5-dBm, and the chip area is 0.85%0.85
mm?. Such a small chip size makes it easier to be
combined with other circuits. Fig. 8 is the chip
photo of the mixer.

From measurement results, as an up-converter,
when LO power is 5dBm, LO frequency is 19GHz,
the conversion loss around 11-14dB, and P-1dB is
-15dBm. As a down-converter, IF frequency is
2-11GHz, it has 13-15dBm conversion loss. The
isolation between LO to IF and 2LO to RF are
higher than 30dB.

ACPR and IM3R Correlation of Broadband
Signal

We try to find out the relationship between
ACPR uititone and IM3R. the relationship between

them is:
T _l_g
44+B

We found the relationship can be applied to
MMW broadband system, the relationship shows
in Fig. 9.

ACPR

multitone

= IM3Ry_,, +1010g{

40-48 GHz
Combination

Ultra Wide Band System

In the system level, we improve the circuit design
and applied in system integration. The power
amplifier and mixer are replaced by NTU
designed devices. We using vector signal
generator to generate the 3GHz, 20Mbps,
16-QAM, base-band digital modulation signal,
then up-converted to 40-48GHz by mixer,
transmitted by transmitter, radiated by antenna.
Then we received the signal, and demodulated the
received signal by vector signal generator, Fig. 10
is the measured result. It shows that we can
correctly demodulate the signal.

Gilbert Cell Mixer

The broadband fully integrated Gilbert-cell mixer
is fabricated using TSMC commercial standard
90-nm 1P9M CMOS process. The schematic of
the broadband mixer is shown in Fig. 11. The
Gilbert-cell configuration is selected for its
double-balance implementation which offers high
spur suppression in a very compact die size. The
LO switching quad consists of two parallel
connected NMOS pairs, are biased at near
pinch-off region. The performance of the CMOS
Gilbert-cell mixer can be improved by using a
charge-injection method. With charge-injection
circuit switching quad transistors and the voltage
drop in load resistors can be reduced. Therefore
the value of these load resistors can be increased,
thus raising the voltage conversion gain. Two
source-follower transistors are added for output
impedance matching. The monolithic Marchand-
type transformer is used to provide the differential
RF and LO signals. In order to improve the
bandwidth, the ladder matching networks are
introduced in this mixer design. Fig 12 is the chip
photo.

From measurement results, with broadband ladder
matching networks, the flatness of conversion loss
and good RF port return loss over broad
bandwidth, from 25 to 75 GHz, can be achieved.
The conversion gain is around 3 dB and the RF
port return loss is better than 7.5 dB from 25 to 75
GHz. The input 1-dB compression point of the
mixer is 2.1 and 4.5 dBm at RF of 40 and 60 GHz,
The measured RF to LO and LO to RF isolation
are better than 30 dB.



Doherty Power Amplifier

The MMW Doherty amplifier is fabricated by
0.15- um GaAs HEMT MMIC process provided
by WIN Semiconductors. Fig. 13 shows the
schematic of the Doherty amplifier. It contains a
90° hybrid, a main amplifier, a peaking amplifier,
a quarter-wavelength line, offset lines, and
input/output matching networks. The 90° hybrid is
implemented with a Lange coupler which delivers
equal input power with 90° phase shift to the main
and peaking amplifier. The common source (CS)
connected transistors of the main and peaking
amplifiers both employ two-finger 126-um
HEMT device. Both amplifiers are designed to
deliver maximum power when presented optimum
load impedance. The offset lines are inserted to
prevent leakage power from the main amplifier
into the peaking amplifier. Therefore, the output
power of the main amplifier can be fully delivered
to the load. A quarter-wavelength line with correct
characteristic impedance is required at the output
of the circuit so that the main amplifier and
peaking amplifier signals will combine in phase.
In MMW Doherty amplifier design, the isolation
between main and peaking amplifier must be high
enough to avoid coupling effects from degrading
the efficiency. Fig. 14 illustrates the chip photo of
the MMW Doherty amplifier with a compact chip
size of 2.0x1.0 mm’.

On the other hand, the linearity of the Doherty
amplifier is determined by main amplifier. To
obtain better gain and linearity performance in
this MMW Doherty amplifier design, the
Class-AB operation is selected for main amplifier.
The principle of the post-distortion linearization
utilizes a component with gain expansion
characteristic to compensate the gain compression
and to cancel IMD products at the amplifier
output. In IC design stage, the compression
characteristic of the Class-AB main amplifier at
desirable operation power level can be estimated
from simulation. Then the bias point of the
Class-C peaking amplifier was adjusted to provide
gain expansion at the same operation power level.
After recombining the main and peaking
amplifiers signals at the output, the linearity
performance can be greatly improved.

The measured small signal gain is over 7 dB from
38 to 46 GHz. The input and output return losses
are better than 16 dB and 15 dB, respectively. The

saturation output power is 21.8 to 19 dBm from
38 to 46 GHz. The IMD3 of quasi Doherty
amplifier can be improved 18 dB at 42 GHz and
the drain efficiency improved 6% at 6-dB output
back-off compared with the balance amplifier
operation.

Balanced Power Amplifier

The use of balanced amplifiers is a practical
method for implementing a broadband amplifier
that has flat gain, effective power combining, and
good input and output return loss. The structure of
the Q-band CMOS balanced amplifier is shown in
Fig. 15. The CMOS balanced amplifier is
constructed with two individual broadband
amplifiers and two TFMS broad-side couplers.
The input 90° broad-side coupler is known as a
3-dB power divider with 90° phase shift and the
output 90° broad-side coupler as a 3-dB power
combiner. The isolated port of the 90° broad-side
coupler is terminated by on-chip 50Q resistor.
Taking advantage of the multi-level interconnect
layers in the 90-nm CMOS process, a TFMS
broad-side coupler with a tight coupling factor of
3 dB is implemented using thin-film microstrip
line. With the balanced amplifier input and output
return loss dependent on the coupler, the
individual amplifiers can be designed for
broad-bandwidth and flat gain, even if the
individual amplifier return loss is high. The
schematic of the two-stage individual broadband
amplifier is shown in Fig. 16, and Fig. 17. shows
the chip photo of the CMOS balanced medium
power amplifier with chip size of 0.78x0.92 mm®.

The measured small signal gain is 14.5 dB at
48 GHz with good gain flatness of 13.5 + 1dB and
the 3-dB bandwidth is 37.2 % from 35 to 51 GHz.
The balanced medium power amplifier delivers a
saturated power of 10.6 dBm and output 1-dB
compression points 7.5 dBm. The maximum PAE
of 8 % is achieved.

Sub-Harmonic  Transmitter ~ with  Post-
Distortion Linearization

The schematic of the MMW sub-harmonic
transmitter is shown in Fig. 18. It consists of a
sub-harmonically pumped mixer, a band-pass
driver amplifier, and a built-in linearizer. The
exceeding LO leakage can saturate the following
stage, driver amplifier, and damage the linearity of

the transmitter. In conventional transmitter design,



a band-pass filter is required to diminish the LO
leakage. However, the bulky band-pass filter
increases the chip area. Therefore, to solve the LO
leakage problem, the sub-harmonically pumped
configuration is selected for the mixer with high
fLO-to-fRF and 2fLO-to-fRF isolation in this
work. In addition, compared with conventional
mixers, the LO frequency of the sub-harmonic
mixers is at a one-half frequency of the difference
between the RF and IF frequency. Due to the use
of an LO at relatively low frequency, the output
power and phase noise performance can be
superior to the fundamental LO source. To
improve the LO leakage problem and eliminate
the need for the band-pass filter, the driver
amplifier is designed with band-pass frequency
response. The driver amplifier is a three stage
common source design. In this MMW
sub-harmonic transmitter design, due to the finite
LO driver power and limited device performance,
the small diode size of the anti-parallel pair is
selected to get better conversion loss. Therefore,
due to the mixer linearity limitation, transmitter
reaches its input 1-dB compression point before
the driver amplifier input 1-dB compression point
which damages the linearity of the transmitter.
Therefore a built-in linearizer using a two-finger
150-pum shunt cold mode HEMT transistor is
added in third stage of the driver amplifier for
post- distortion linearization. The linearizer can
provide post-distortion function to compensate the
conversion gain compression of the mixer and
whole transmitter in the nonlinear region. Fig. 19
is the chip photo.

For the digital signal measurement, the
WCDMA signal is up-converted to 40 GHz with a
channel power of -2 dBm and a 3.84-MHz
channel bandwidth. After linearization, the
spectral re-growth suppressed by 8 dB can
observed.
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Fig. 1. Circuit Topology of Power Amplifier



Fig. 2. Chip photo of Power Amplifier
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Fig. 14. Chip photo of the MMW Doherty PA
with post-distortion linearization.
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chip size of 0.78 x 0.92 mm”.

Mand.paw Criver Amphifier

Fig. 18. Circuit topology of the MMW sub-
harmonic transmitter with built-in post-distortion
linearizer.

Quasi-lumped Open and Short Stub Built-in Linearizer
A A A

Sub-harmonic Mixer Band-pass Driver Amplifier

Fig 19. Chip photo of the MMW sub- harmonic
transmitter with built-in post-distortion linearizer.
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This conference 1s a good chance to see
Japan’ s advanced wireless technology.
During the opening session, NIT report its
next generation 4G base-station test. They
use four antennas on base station and four
antennas on the car roof with speed of
30km/hr. Their MIMO system can achieve
1Gbps high-speed data rate. This speed can
be improved to 2.5Gbps with six antenna on
both side. This 1s a ground breaking result
for cellular applications, that upgrade the
4G speed from 100Mbps to 1Gbps. This news
also encourage our research on MMW gigabit

wireless communications.

My student present a paper of monolithic
subharmonically pumped resistivemixer,
consisting of two pHEMT transistors, a LO

reduced-size Marchand balun and RF/IF

filters. For years, millimeter-wave

equipments and circuits have been studied and
utilized for satellite communication Systems
and high-speed data communication systems. In
these systems, mixers play a key role in these
communication systems, especially for
subharmonically pumped mixers. Subharmonic
mixers offer an alternative to fundamental
mixers in that LO frequency 1s at half of the
fundamental LO frequency. Due to the use of a
[Oat relatively low frequency, the output power
and phase noise performance may be superior to
the fundamental LO source. Despite low LO
frequency 1s needed inmillimeter-wave system,

low LO input power 1s much desired as well.

The compact RE/IF diplex circuit and a
reduced-size balun were used to minimize
the chip size which results only 0.72 mm’.
Besides, 5 dBm LO input power 1s needed
which is one-third of other subharmonically
pumped mixers with more than 10 dBm LO power.
This mixer exhibits 12.5 £ 1.5 dB
up-conversion loss and 12 £ 1 dB
down-conversion loss with 5 dBm LO input
power. Up-conversion 1- dB compression
output power 1s -15dBm and downconversion
1-dB compression output power 1s -12 dBm.
To our knowledge, this mixer has good

conversion with smallest chip size and



minimum LO input power.

After presentation, our paper has many
feedbacks from the audience. One special
feature of our mixer 1s the low LO power,
+5dBm, which 1is lower than +10dBm 1in
traditional  sub-harmonic mixer. Our
special design of diode Dbias point
selection 1s appreciated by other MMIC

designer.
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Abstract — This paper proposes a miniature Q-
band monolithic subharmonically pumped resistive
mixer, consisting of two pHEMT transistors, a LO
reduced-size Marchand balun and RF/IF filters. The
compact RF/IF diplex circuit and a reduced-size
balun were used to minimize the chip size which
results only 0.72 mm?. Besides, 5 dBm LO input
power is needed which is one-third of other
subharmonically pumped mixers with more than 10
dBm LO power. This mixer exhibits 12.5 * 1.5 dB
up-conversion loss and 12 = 1 dB down-conversion
loss with 5 dBm LO input power. Up-conversion 1-
dB compression output power is -15dBm and down-
conversion 1-dB compression output power is -12
dBm. To our knowledge, this mixer has good
conversion with smallest chip size and minimum LO
input power.

Index Terms —  Marchand balun, MMIC,
millimeter-wave, resistive mixer, subharmonic.

l. INTRODUCTION

For years, millimeter-wave equipments and
circuits have been studied and utilized for satellite
communication systems and high-speed data
communication systems [1]. In these systems,
reduction of cost and power consumption is much
desired. Mixers play a key role in these
communication systems, especially for
subharmonically pumped mixers. Subharmonic
mixers offer an alternative to fundamental mixers
in that LO frequency is at half of the fundamental
LO frequency. Due to the use of a LO at relatively
low frequency, the output power and phase noise
performance may be superior to the fundamental
LO source. Despite low LO frequency is needed
in millimeter-wave system, low LO input power is
much desired as well.

Passive mixers have the advantage of zero DC
power consumption, which include diode mixers
and resistive mixers. Anti-parallel and ring-quad
topologies [2]-[4] have been used most commonly
for diode mixers, but they suffer from high LO
input power and low linearity. The resistive
mixers [5], [6] has been demonstrated to exhibit
high linearity, good intermodulation
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characteristics, and a natural separation between
LO and radio frequency/intermediate frequency
(RF/IF) ports. However, the needs of the baluns,
band-pass filter and quarter-wave length stub
make the chip area of these resistive mixers large.

In this paper, we present a Q-band MMIC
subharmonically pumped resistive mixer with a
compact chip size and low LO input power using
0.15-um GaAs HEMT MMIC process. To
minimize the chip size, a transformer balun
consisting of two intertwining spiral coils and
compact RF/IF diplexing circuit were used [8].
The presented MMIC achieves the up-conversion
loss of 12.5 + 1.5 dB from 39 to 48 GHz with a
miniature chip of 0.72 mm?. Compared with other
reported subharmonically pumped resistive mixer
[2]-[6], the mixer has good conversion with
smallest chip size and requires no off-chip baluns.

I1. DEVICE CHARACTERISTIC AND MMIC PROCESS

This circuit was fabricated with 0.15-um GaAs
HEMT MMIC process on 100-um GaAs substrate
provided by WIN Semiconductors. The unit
current gain frequency (fr) of the device is about
85 GHz, and the maximum oscillation frequency
(frax) is over 200 GHz. Typical breakdown
voltage is 10V and the peak of transconductance
(Gm) is 495 mS/mm. Other passive components
such as thin-film resistors, MIM capacitors, spiral
inductors, and air-bridges are available. The 6”
wafer is thinned down to 4-mil for the gold plating
of the backside, and slot via holes are used for dc
grounding [7].

1. CIRcUIT DESIGN

The  schematic of the 39-48 GHz
subharmonically pumped resistive mixer is shown
in Fig. 1. The resistive mixer is composed of a
reduced-size Marchand balun, RF/IF diplex
circuits and two identical pHEMT transistors with
total gate width 100um in a common source



configuration. Through the balun, the LO signal is
pumped to the gates of the devices individually
with 180° phase shift, while the RF signal is
pumped at the drain in phase through high-pass
filter. At low drain voltages, the channel of device
operates as a linear resistance causing frequency
mixing. Furthermore, two devices are connected at
drains directly to cancel fundamental (odd)
harmonic mixing terms without diminishing
second-order (even) harmonic mixing terms. The
IF signal we need is extracted from the drain
through the low pass filter providing RF filtering.
Vice versa, if IF signal is pumped into the devices
through IF path, the up-converted RF signal will
be extracted from the drain and be obtained via
RF port.

To minimize chip size, a reduced-size
Marchand balun, which composes of two
intertwining spiral coils, was used with compact
area of 170 x 315 mm? [8]. Besides, capacitors
and quarter-wave lengths were chosen as good
RF/IF diplex circuits instead of bulk bandpass
filters. Two small capacitors were put in series in
the path of RF signal to avoid IF signal from
leaking into RF port. Two quarter-wave length
lines were designed to block RF signal as band-
reject filter preventing RF frequency from leaking
to IF port. Fig. 2 shows the fabricated chip photo
and the total size is only 0.72 mm?,
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Fig. 1. Schematic of the subharmonically pumped
resistive mixer.
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Fig. 2. Photograph of the resistive mixer chip.
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IV. MEASUREMENT RESULTS

The fabricated chip was measured via probes
and the measured up-conversion and down-
conversion characteristics are plotted in Fig.3
through Fig.6. Conversion loss is measured at a
fixed 19 GHz LO frequency under a 5 dBm LO
drive for both up- and down-conversion. In Fig. 3,
the mixer exhibits an up-conversion loss of 12.5 +
1.5 dB having output RF frequency ranges from
39 GHz to 48GHz. As for linearity, the observed
1-dB compression RF output power is -15 dBm
under 5 dBm LO power, as shown in Fig. 4
Besides, the measured LO-to-RF isolation is more
than 29 dB, and 2L O-to-RF isolation is better than
35dB.



On the other hand, Fig. 5 depicts the measured
down-conversion loss of 12 + 1dB generating IF
frequency from 2 to 11 GHz. The observed 1-dB
compression IF output power is -12 dBm under 5
dBm LO power in Fig. 6. The measured LO-to-IF
and 2LO-to-RF isolation exceed 30 dB. To sum
up, we list all the measured results of this resistive
mixer and other reported subharmonically pumped
mixers in Table I. It can be easily seen from Table
I, the mixer we present has good conversion with
smallest chip size and low LO input power.
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Fig. 5. Down-conversion loss of the subharmonically
pumped mixer.
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mixer.

V. CONCLUSION

A miniature Q-band subharmonically pumped
resistive mixer is presented. The compact RF/IF
diplexing circuit and a reduced-size balun were
used to reduce the chip size which is only 0.72
mm? while low LO input power is needed. This

mixer exhibit 11-14-dB up-conversion loss and
13-15-dB down-conversion loss with 5 dBm LO
power. Good linearity of the mixer is also
presented. Up-conversion 1-dB compression
output power is -15dBm and down-conversion 1-
dB compression output power is -12 dBm. To our
knowledge, this mixer has good conversion with
smallest chip size and minimum LO input power.
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TABLEI
PERFORMANCE COMPARISON OF REPORTED SUBHARMONICALLY PUMED MIXER

Reference | Technology RF(GHz) | CL(dB) | LO (dBm) | Chip size(mmz) Mixing type
2] pﬁ;ﬁT 1845 | 10-12 17 0.73 Eiir)‘(%'r quad diode
3 S| 2aas | 1316 [ 16 3.48 Anti-parallel diode
[4] pﬁaE/:AST 38-48 | 12-15 10 0.72 ﬁ?gfara”e' diode
[5] pﬁ:ﬁS’T 3440 | 9.5-13 5 2.31 Resistive mixer
[6] pﬁ;ﬁ\/ls_r 75.88 14-18 5 150 Resistive mixer
This work Gas 39-48 | 11-14 5 0.72 Resistive mixer
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use four antennas on base station and four
antennas on the car roof with speed of
30km/hr. Their MIMO system can achieve
1Gbps high-speed data rate. This speed can
be improved to 2.5Gbps with six antenna on
both side. This 1s a ground breaking result
for cellular applications, that upgrade the
4G speed from 100Mbps to 1Gbps. This news
also encourage our research on MMW gigabit

wireless communications.
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consisting of two pHEMT transistors, a LO

reduced-size Marchand balun and RF/IF

filters. For years, millimeter-wave

equipments and circuits have been studied and
utilized for satellite communication Systems
and high-speed data communication systems. In
these systems, mixers play a key role in these
communication systems, especially for
subharmonically pumped mixers. Subharmonic
mixers offer an alternative to fundamental
mixers in that LO frequency 1s at half of the
fundamental LO frequency. Due to the use of a
[Oat relatively low frequency, the output power
and phase noise performance may be superior to
the fundamental LO source. Despite low LO
frequency 1s needed inmillimeter-wave system,

low LO input power 1s much desired as well.

The compact RE/IF diplex circuit and a
reduced-size balun were used to minimize
the chip size which results only 0.72 mm’.
Besides, 5 dBm LO input power 1s needed
which is one-third of other subharmonically
pumped mixers with more than 10 dBm LO power.
This mixer exhibits 12.5 £ 1.5 dB
up-conversion loss and 12 £ 1 dB
down-conversion loss with 5 dBm LO input
power. Up-conversion 1- dB compression
output power 1s -15dBm and downconversion
1-dB compression output power 1s -12 dBm.
To our knowledge, this mixer has good

conversion with smallest chip size and



minimum LO input power.

After presentation, our paper has many
feedbacks from the audience. One special
feature of our mixer 1s the low LO power,
+5dBm, which 1is lower than +10dBm 1in
traditional  sub-harmonic mixer. Our
special design of diode Dbias point
selection 1s appreciated by other MMIC

designer.
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Abstract — This paper proposes a miniature Q-
band monolithic subharmonically pumped resistive
mixer, consisting of two pHEMT transistors, a LO
reduced-size Marchand balun and RF/IF filters. The
compact RF/IF diplex circuit and a reduced-size
balun were used to minimize the chip size which
results only 0.72 mm?. Besides, 5 dBm LO input
power is needed which is one-third of other
subharmonically pumped mixers with more than 10
dBm LO power. This mixer exhibits 12.5 * 1.5 dB
up-conversion loss and 12 = 1 dB down-conversion
loss with 5 dBm LO input power. Up-conversion 1-
dB compression output power is -15dBm and down-
conversion 1-dB compression output power is -12
dBm. To our knowledge, this mixer has good
conversion with smallest chip size and minimum LO
input power.

Index Terms —  Marchand balun, MMIC,
millimeter-wave, resistive mixer, subharmonic.

l. INTRODUCTION

For years, millimeter-wave equipments and
circuits have been studied and utilized for satellite
communication systems and high-speed data
communication systems [1]. In these systems,
reduction of cost and power consumption is much
desired. Mixers play a key role in these
communication systems, especially for
subharmonically pumped mixers. Subharmonic
mixers offer an alternative to fundamental mixers
in that LO frequency is at half of the fundamental
LO frequency. Due to the use of a LO at relatively
low frequency, the output power and phase noise
performance may be superior to the fundamental
LO source. Despite low LO frequency is needed
in millimeter-wave system, low LO input power is
much desired as well.

Passive mixers have the advantage of zero DC
power consumption, which include diode mixers
and resistive mixers. Anti-parallel and ring-quad
topologies [2]-[4] have been used most commonly
for diode mixers, but they suffer from high LO
input power and low linearity. The resistive
mixers [5], [6] has been demonstrated to exhibit
high linearity, good intermodulation
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characteristics, and a natural separation between
LO and radio frequency/intermediate frequency
(RF/IF) ports. However, the needs of the baluns,
band-pass filter and quarter-wave length stub
make the chip area of these resistive mixers large.

In this paper, we present a Q-band MMIC
subharmonically pumped resistive mixer with a
compact chip size and low LO input power using
0.15-um GaAs HEMT MMIC process. To
minimize the chip size, a transformer balun
consisting of two intertwining spiral coils and
compact RF/IF diplexing circuit were used [8].
The presented MMIC achieves the up-conversion
loss of 12.5 + 1.5 dB from 39 to 48 GHz with a
miniature chip of 0.72 mm?. Compared with other
reported subharmonically pumped resistive mixer
[2]-[6], the mixer has good conversion with
smallest chip size and requires no off-chip baluns.

I1. DEVICE CHARACTERISTIC AND MMIC PROCESS

This circuit was fabricated with 0.15-um GaAs
HEMT MMIC process on 100-um GaAs substrate
provided by WIN Semiconductors. The unit
current gain frequency (fr) of the device is about
85 GHz, and the maximum oscillation frequency
(frax) is over 200 GHz. Typical breakdown
voltage is 10V and the peak of transconductance
(Gm) is 495 mS/mm. Other passive components
such as thin-film resistors, MIM capacitors, spiral
inductors, and air-bridges are available. The 6”
wafer is thinned down to 4-mil for the gold plating
of the backside, and slot via holes are used for dc
grounding [7].

1. CIRcUIT DESIGN

The  schematic of the 39-48 GHz
subharmonically pumped resistive mixer is shown
in Fig. 1. The resistive mixer is composed of a
reduced-size Marchand balun, RF/IF diplex
circuits and two identical pHEMT transistors with
total gate width 100um in a common source



configuration. Through the balun, the LO signal is
pumped to the gates of the devices individually
with 180° phase shift, while the RF signal is
pumped at the drain in phase through high-pass
filter. At low drain voltages, the channel of device
operates as a linear resistance causing frequency
mixing. Furthermore, two devices are connected at
drains directly to cancel fundamental (odd)
harmonic mixing terms without diminishing
second-order (even) harmonic mixing terms. The
IF signal we need is extracted from the drain
through the low pass filter providing RF filtering.
Vice versa, if IF signal is pumped into the devices
through IF path, the up-converted RF signal will
be extracted from the drain and be obtained via
RF port.

To minimize chip size, a reduced-size
Marchand balun, which composes of two
intertwining spiral coils, was used with compact
area of 170 x 315 mm? [8]. Besides, capacitors
and quarter-wave lengths were chosen as good
RF/IF diplex circuits instead of bulk bandpass
filters. Two small capacitors were put in series in
the path of RF signal to avoid IF signal from
leaking into RF port. Two quarter-wave length
lines were designed to block RF signal as band-
reject filter preventing RF frequency from leaking
to IF port. Fig. 2 shows the fabricated chip photo
and the total size is only 0.72 mm?,
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Fig. 1. Schematic of the subharmonically pumped
resistive mixer.
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Fig. 2. Photograph of the resistive mixer chip.
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Fig. 3. Up-conversion loss of the subharmonically
pumped mixer.
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IV. MEASUREMENT RESULTS

The fabricated chip was measured via probes
and the measured up-conversion and down-
conversion characteristics are plotted in Fig.3
through Fig.6. Conversion loss is measured at a
fixed 19 GHz LO frequency under a 5 dBm LO
drive for both up- and down-conversion. In Fig. 3,
the mixer exhibits an up-conversion loss of 12.5 +
1.5 dB having output RF frequency ranges from
39 GHz to 48GHz. As for linearity, the observed
1-dB compression RF output power is -15 dBm
under 5 dBm LO power, as shown in Fig. 4
Besides, the measured LO-to-RF isolation is more
than 29 dB, and 2L O-to-RF isolation is better than
35dB.



On the other hand, Fig. 5 depicts the measured
down-conversion loss of 12 + 1dB generating IF
frequency from 2 to 11 GHz. The observed 1-dB
compression IF output power is -12 dBm under 5
dBm LO power in Fig. 6. The measured LO-to-IF
and 2LO-to-RF isolation exceed 30 dB. To sum
up, we list all the measured results of this resistive
mixer and other reported subharmonically pumped
mixers in Table I. It can be easily seen from Table
I, the mixer we present has good conversion with
smallest chip size and low LO input power.
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Fig. 5. Down-conversion loss of the subharmonically
pumped mixer.
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V. CONCLUSION

A miniature Q-band subharmonically pumped
resistive mixer is presented. The compact RF/IF
diplexing circuit and a reduced-size balun were
used to reduce the chip size which is only 0.72
mm? while low LO input power is needed. This

mixer exhibit 11-14-dB up-conversion loss and
13-15-dB down-conversion loss with 5 dBm LO
power. Good linearity of the mixer is also
presented. Up-conversion 1-dB compression
output power is -15dBm and down-conversion 1-
dB compression output power is -12 dBm. To our
knowledge, this mixer has good conversion with
smallest chip size and minimum LO input power.
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