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Abstract K-band, MMIC,

Downconverter, Upconverter, Transceiver. )

( Keywords

This project is aimed at the development
and the design of K-band (21-26 GHz)
downconverter and upconverter components for

microwave radio transceiver applications using

foundry GaAs MMIC process

The components will include low

commercial
technologies.

noise amplifiers, mixers and IF amplifiers.

In this 3-year project, device modeling,
MMIC design, chip layout, fabrication and chip
evaluation will all be exercised. In the MMIC
design portion, we use the HEMT and HBT
In the first

individual

foundry service provided by CIC.

year, we have completed
single-function components based on existing
models.

measured. In this year, in addition to the on

Part of the circuits have been

going chip measurement effort, we used the
0.15-pm PHEMT and HBT MMIC processes to
further develop the wvarious single- and

multi-functional MMIC chips.
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There has been some research and
development effort devoted in low microwave
frequency range ( < 10 GHz) MMIC frequency
converters in Taiwan. The goal of this project
is to push the MMIC frequency converters
design technology to K-band {20-30 GHz) and
demonstrate the up- and down-converters
implemented in MMIC chips. Since the GaAs



HEMT and HBT MMIC process technologies are
available through commercial foundries, we used
of the accessible MMIC processes to develop
learn the MMIC design and modeling
techniques.

This project provided a starting point of
frequency converter MMIC development to
K-band frequency in Taiwan and also established
the infrastructure The

importance of this step-stone for future wireless

in our institute.
MMIC technology development is obvious.

. REFERSR

In the first year, we have designed the
LNAs, driver amplifiers, mixers and IF
amplifiers fabricated using Philips,
0.2-um PHEMT process. Part of these circuits
have been measured. The results are presented
in [7], [8]. In this year, in addition to the on
going chip measurement effort, we used the
0.15-um PHEMT and HBT MMIC processes to
further develop the

multi-functional MMIC chips.

France

various single- and

LNA

The low noise amplifier was designed
using four-finger 120-um PHEMT to operate at
21 to 26 GHz [3].
were used to match the device impedance to 50
0 input and output. MIM capacitors were
used for dc block and RF bypass. Fig. 1(a) and
1(b) show the chip photo and the measured
small-signal gain and return loss of two-stage
LNA. At 24 GHz, the small signal gain is 16.4
dB and input/output return losses are 7.5/11.6
dB.

Inductive T transformers

Driver Amplifier

The driver amplifier was designed using
120-ym PHEMT to drive 300-um PHEMT.
Inductive T transformers were used to match the
device impedance to 50-chm input and output [4].
The 90°
single-end design are used as the balanced -

hybrid, Lange coupler, and the

amplifier. MIM capacitors were used for DC
blocking and RF bypassing. Fig. 2(a) and 2(b)
show the chip photo and the measured
small-signal gain of two-stage single-ended PA,
the single-end amplifier demonstrated a small
signal gain of 19 dB at 24 GHz. The power
performance of the single-ended one is shown in
Fig. 2(c). It has a 1-dB compressed power
point (P14s) of 14.6 dBm at 22 GHz.

Mixer

The subharmonicaily pumped mixer used
two anti-parallel diodes each with four gate
finger of 40 pm width to operate from 21 to 26
GHz of RF frequency. This circuit is suitable
for  both

downconversion.

frequency  upconversion  and
Fig. 3(a) and 3(b) show the
chip photo and the measured results of the
subharmonically pumped mixer. The measured
conversion loss is 12 dB for up conversion and

14 dB for down conversion.

IF Amplifier

Five PHEMTs with a total gate periphery
of 660 um were used as the active devices for
these amplifiers [5], [6].
and GCPW are used to form the artificial gate
They are

Both microstrip line

and drain transmission lines.

periodically loaded with the capacitive gate and
drain impedance of the FET’s forming lossy
structures of  different

transmission  line

characteristic ~impedance and propagation



constant. The resultant effective input and
cutput propagation structures acted as gate and
drain lines. An RF signal applied at the input end
of the gate line travels down the line to the other
end, where it is absorbed by the terminating
impedance. The chip photos are shown in Fig.
4(a) and 4(c). Fig. 4(b) and Fig. 4(d) show the
measured smazll-signal gain and return loss via
on-wafer probing. The microstrip-line design
demonstrated a small signal gain of 1212.5 dB,
and the GCPW design has a small-signal gain of
101+0.5 dB.

In addition, we also complete the circuit
designs using the GCS HBT process and TRW
0.15-um PHEMT process. Table 1 lists the

results of these circuits.
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mixers,”

0.15-pm PHEMT Process

Name Description Simulated Results
FILOO1 4 Active filter G=7dB
& 4-finger, 120-um @19 GHz
PHEMT ’
@ microstrip line design
LNA #4-finger, 120-pm G=21 d¢B,
PHEMT NF=1.7 dB
@ microstrip line design |@ 24 GHz
Mixer |€4-finger, 40-um gate- (Conversion loss
PHEMT diode <10dB
#singly balanced Return loss > 10
design with a Lange |dB
coupler
HBT Process
Name Description Measured Results
VCO  |#12-pm’ emitter area |Frequency : 29
HBT GHz
Power : -5 dBm

# microstrip line design
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Fig. 1{b) Measured small-signal gain and

retuen loss of

Fig. 2(a) The chip photo of two-stage PA

tage LNA.
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Fig. 2(b} Measured small-signal gain of

two-stage single-ended PA.
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Fig. 2(b) Measured power performance of
two-stage single-ended PA.

Fig. 3(a) Chip photo of the subharmonically

pumped mixer.
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Fig. 3(b) Measured conversion of the

subharmonically pumped mixer.

Fig, 4(a) The chip photo of the microstrip-
line DA.
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Fig. 4(c) Measured small-signal gain and
return loss of microstrip-line DA.
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Fig. 4(d) Measured small-signal gain and
return loss of GCPW DA.




