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Abstract (Keywords : Millimeter-wave, MMIC,
HEMT, CPW, Microstrip line, Transceiver. )

This project is aimed at the development of the
design and modeling techniques of monolithic
millimeter-wave (MMW) components at several
major frequencies, such as 35 and 60 GHz using
GaAs MMIC process technologies, which are
available through foreign commercial foundries.
The components include low noise amplifiers,
power amplifiers, mixers and oscillators.

In this two-year project, device modeling,

MMIC design, chip layout, fabrication and chip
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evaluation were all exercised. In the first year,
this project was focused on the development of
Both CPW

were all

35-GHz transceiver components.
and microstrip-line components

designed and fabricated through foreign

foundries. In the second year, all the circuits
were fabricated and measured successfully.
Besides, the related components of higher

frequency have been designed.
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Millimeter-wave (MMW) frequency (30 - 300
GHz) transceivers will play a very import role in
the next generation's wireless communication
systems. There are many MMW MMIC
components, including low noise amplifiers,
power amplifiers, mixers and oscillators reported,
in US, Japan, and European countries [1]-[4] for
MMW radar, communication and radiometer
applications. There have been some research and
development effort devoted in microwave
frequency range MMICs [5]-[7] in Taiwan, but
very little in MMW frequencies. The
development of monolithic MMW transceiver
components at several major frequencies, such as
35 and 60 GHz, were proposed in this project.
Since the GaAs MMIC process technologies (e.g.
0.15 or 0.2-micron HEMT) are available through

commercial foundries, the objective of this



project is to establish the design and modeling
techniques for MMW MMIC using accessible
MMIC processes and to train students:

Both coplanar waveguide (CPW) and
microstrip-line are commonly used in MMW
MMIC designs [1]-[5].

are more conventional but require backside

Microstrip-line designs

process, which will increase the fabrication cost
and reduce the chip yield. On the other hand,
CPW design does not require backside process
and line-to-line coupling can be minimized due
to shielding effect of ground plane around the
signal lines, which can lead to a more compact
design. The drawback is that the modeling
library is not well established. However, the
commercial EM simulation tools can be used to
serve part of this requirement.

This project provides a starting point of
MMW MMIC technology in Taiwan and also

establishes the infra-structure in our institute.
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In this project, a complete chip set for 35-GHz
transceiver was developed, including low noise
amplifiers, mixers and

power amplifiers,

oscillators. The developments and measured
results of these circuits have been published in
(81, [91-

The measurement results of a 35 GHz LNA
have been reported in the first year. In this year,
a 35 GHz driver amplifier, a mixer and an
In addition, one
60 GHz LNA is also designed and fabricated.
Due to measurement limitation, it was measured
up to 50 GHz.

Driver Amplifier Fig. 1 shows the chip photo

oscillator were demonstrated.

of the two-stage driver amplifier. Small signal

measured results are shown in Fig. 2. 15-dB

This

medium power amplifier is a two-stage single-

small signal gain is measured at 31 GHz.

ended microstrip-line design with output device
Optimum load at 35

GHz was determined from the device nonlinear

periphery of 360 um [10].
model using harmonic balance simulation. Two
devices were combined at the second stage to
provide enough power and the first stage was
designed to drive the second stage. Source
inductance is added at driver stage for stability .
concern. Odd mode clamping resistor was
inserted between combined devices to suppress -
odd mode oscillation. Out-of-band stability
was improved by the resistively loaded quarter-
wave-length stubs.

VCO Fig. 3 shows the chip photo of the
monolithic 35-GHz VCO, with a chip size of
2.25 x 1 mm.

and tuning range as function of bias voltage. A

Fig. 4 shows the output power

four-finger with 120-pm periphery PHEMT was
The
VCO is a common gate design, and the

used for the output power consideration.

oscillation frequency is tuned by the gate voltage.
A pair of coupled lines were used to couple the
output power to the output port and served as a
An 11-dBm output power is
measured at 34.3 GHz.

dc blocking.
The output frequency
can be tuned by using the gate bias. The tuning
range is 330 MHz.

Mixer Fig. 5 shows the chip photo of 35-GHz
mixer, while the chip size is 1.5x 1 mm’.
About 10.5 dB conversion loss is achieved as
shown in Fig. 6. The singly balanced diode
The

Lange coupler was selected as 90° 3-dB hybrid

mixer was designed using microstrip-lines.
for bandwidth consideration. A pair of four-
finger diode with 80-um were selected. A low
pass filter was designed to achieve both Lo-to-IF
and RF-to-IF isolations. The return loss of LO



and RF are both better than 20 dB and isolation
are better than 10 dB and 25 dB.

In addition to 35-GHz components, higher
frequency transceiver components were also
developed. Fig. 7 shows the chip photo of the
45 GHz one-stage LNA, while the measurement
results are shown in Fig. 8. Another two-stage
CPW LNA operated at 60 GHz [11] is shown in
Fig. 9. Due to limited measurement capability,

the frequency response is only measured to 50

GHz, as shown in Fig. 10.

Fig. 1 Chip photo of the 35-GHz driver amplifier.
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Fig. 2 Small-signal measurement of the 35 GHz
driver amplifier.
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Fig. 4 Output power and tuning range as function
of bias voltage of the 35-GHz VCO.

Fig. 5 Chip photo of the 35-GHz single balanced
diode mixer.
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Fig. 6 Measured conversion loss of the 35-GHz
mixer.
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Fig. 7 Chip photo of the 45-GHz one-stage LNA.
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Fig. 8 Measurement results of 45-GHz LNA.

Fig. 9 Chip photo of the 60-GHz two-stage CPW
LNA.
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Fig. 10 Measurement and simulation results of
60-GHz LNA. (Dotted line: simulation, solid line:
measurement)
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