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Abstract { Keywords K-band, MMIC,

Downconverter, Upconverter, Transceiver. )

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
MMIC process

The components will include low

commercial foundry GaAs
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
foundry service provided by CIC. In the first
have individual
single-function components based on existing
Part of the circuits have been

year, we completed
models.

measured. In second year, in addition to the on
going chip measurement effort, we used the
0.15-pum PHEMT and HBT MMIC processes to
further develop the single- and
multi-functional MMIC chips. In the third year

we designed and produced K band low noise

various

amplifier and single balance mixer module, and

20GHz dielectric resonator oscillator.
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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
ifearn 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.

Z.HARFTERER

(1) Device model investigation

For each solid-state device, the device
figure of merit (FOM) need to be calculated in
order to decide the circuit topology, e.g., 1. fuux
maximum available gain of the transistor and
cut-off frequency of the diode. For those
devices which the models are not available, we
need to perform the device dc and RF

characterization and generate the model.

(2) Passive model library establishment

Mainly for CPW component.

(3) Circuit topology trade study and initial
circuit design

After the device FOM is obtained, the gain

stage number of amplifiers can be determined.

During the trade study, some of hybrid form
circuit will be constructed and tested to verify

some of the concept.

(4 Circuit simulation, detailed design and
layout

In MMW frequency, the EM analysis of
entire matching structure may be needed.
(5) Circuit fabrication and evaluation

We plan to use the 0.2 micron PHEMT
MMIC process and get the chip fabricated
through CIC of National Science Council. For
circuit testing, on-wafer probing is planned to

avoid the complicated fixture test.

(6) Refine device models for next iteration
After the testing of both circuit and test
structures have been complete, we will
investigate the measure date and compare with
the simulated results and then conduct the
necessary model refinement. The next iteration
design will be based on the updated models and
the lesson-and-leams in the designs from the

previous iterations.

(7) 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

Inductive T transformers
? input and output. MIM capacitors were
used for dc block and RF bypass. Fig. 4(a) and
4(b)} show the chip photo and the measured
small-signal gain and retum 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.



(8) Driver Amplifier

The driver amplifier was designed using
120-um PHEMT to drive 300-um PHEMT.
Inductive T transformers were used to match the

device impedance to 50-ohm input and output [4].

The 90 ° hybrid, Lange coupler, and the
single-end design are used as the balanced
amplifier. MIM capacitors were used for DC
blocking and RF bypassing. Fig. 5(a) and 5(b)
show the chip photo and the measured
smali-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. 5{(c}.
point (P4s) of 14.6 dBm at 22 GHz.

It has a 1-dB compressed power

(9) Mixer

The subharmonically pumped mixer used
two anti-parallel diodes each with four gate
finger of 40 um width to operate from 21 to 26
GHz of RF frequency. This circuit is suitable
for both frequency upconversion and
Fig. 6(a) and 6{b) show the
chip photo and the measured results of the

downconversion.

subharmonically pumped mixer. The measured
conversion loss is 12 dB for up conversion and

14 dB for down conversion.

(10) IF Amplifier

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

Both microstrip line

and drain transmission lines. They are

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

transmission  line

characteristic
constant.

impedance and propagation
The resultant effective input and
output 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.
7(a) and 7(c). Fig. 7(b) and Fig. 7(d) show the
measured small-signal gain and retum loss via
on-wafer probing. The microstrip-line design
demonstrated a small signal gain of 12+2.5 dB,
and the GCPW design has a small-signal gain of
10+0.5 dB.

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

results of these circuits.

(11) LNA and single balance Mixer receiver
chip

LNA design procedure is just similar
with option (7), however the single balance
mixer is just different t from the subharmonically
pumped mixer described. The designed single
balance mixer uses 90 lange coupler and then
the signal through the schotky diode the produce
the intermodulation signal and filter out the IF
signal what we design for.
suitable for downconvertor. The layout of the

This circuit 1is

whole module and measurement results of the
two circuit are shown in Fig. 8(a), Fig. &), Fig
8(c) and Fig. 8(d) respectively. The small
signal gain >20dB between 21~26GHz and
return loss of the input and output also >10dB in
band. The conversion loss of the mixer is 10dB
loss roughly in the LO power 10dBm situation
and LO to RF isolation is 5dB and LO to IF
isolation is 35dB.



(12) DRO

Using the characteristic of the source
feedback to produce the unstability of the chip
and the design of the matching circuit of the
drain end to make the circuit to operate in linear
oscillation region of operating frequency. The
DRO module picture is shown in Fig. 9(a).
Dielectric resonator is put on a 50 chm
mictrostrip line which is on Teflon substrate.
One side of the 50 ohm line is connected with 50
chip resistor and other side is connect the gate of
the device. The source end of the device is
connect one open stub and a short stub to make
sure the oscillation may occur. The DRO chip
photo is shown in Fig. 9(b). The initial test result
is the spectrum of the DRO and the cutput power
is 5.7dBm, which is shown in Fig. 9(c).
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Figure 2. Test result of one-stage PA{S parameter).



Figure 3. Test result of 1-6 GHz IF amplifier.
Fig. 5(b) Measured small-signal gain of two-stage

single-ended PA.
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Fig.5(c) Measured power performance of two

stage single-ended PA.

Fig. 4(b) Measured smatl-signal gain and return

loss of two-stage LNA.(conversion loss)

Fig. 6(a) Chip photo of the subharmonically

pumped mixer.

Fig. 5(a) The chip photo of two-stage PA.
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Fig. 6(b) Measured conversion loss of the

subharmonically pumped mixer.

Fig. 7(a} The chip photo of the microstrip- line
DA.

Fig. 7{(b) The chip photo of the GCPW DA.

Fig. 7(c) Measured small-signal gain and return

loss of microstrip-line DA.
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Fig. 7(d) Measured small-signal gain and retum
loss of GCPW DA.
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Fig. &b) Measured small signal gain and return
loss of the LNA.
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Fig. 8(c) Measured conversion loss of the mixer Fig. 9(b) The photo of the DRO chip.
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Fig. §{d) Measured LO to RF isolation and LO Fig. 9{c) Measured result in Spectrum analyzer of
to IF isolation of the mixer of the the DRO module,
module.

Fig. 9{a) The photo of the DRO module.



