THREBEAZZR T FEAAR T ERRARSE

K-S &Mttt ZoF% (mird) (1/3) (2/3) (3/3)

Key Devices and Components for K-band Wireless Transceiver (1/3) (2/3) (3/3)

HEEp KA E
¥ 4% : NSC 88—2219—E—002—016
NSC 88—2219—E—002—017
V' NSC 89—2219—E—002—041

HATREN 87T £ 8B 1BZ9 %7 A3 8

HAOFHE BITEEHAE &
FitE (—) EHA T HHX
FiE (=) 2 A £
FHE(Z) EHAE &
FitE (w) 2HA EXH
FiE () xHA: 2T
FHE (K) EHA  HEH
FiHE () £3FA D PUEM
FitE (N) EHA ZRF

REFX M TxepeshiRptsd
O — &% THIMMEE
O mEgTHIREES
(B0 KEFREBRHMMR)
PATER AL aR RS TEA

TERR 9% % 10 A




K- a i Me a2 R-s £(1/3)(2/3)(3/3)

NSC 88—2219—E—002—016
NSC 88—2219—E—002—017
NSC 89—2219—E—002—041

FELMAGEHAARE | A 20-2660Hz (K-48) g F Sz aMie
N RARESBRO T RS AR YBRABRNL LSSz 0 it
EEBALERMATHMEAEAH 2T ~ S ANAEEAS -

AHEERRTAEREA - QFARE REAAY R EHas -
wEhanasH w3t RAERERLHENL  RRATBRLEE - RER LM
R A AEAESWRRITEAAL - A E Rk -

FERECENE-RBHERAATHE  PHNIEAEMA - T
BEAAHE () RYARETHRAMR (—12) £ - A FRANGER
ARXBERABTENT » ERNHgNE 25T TS0 E -



TEREEASLA R ERARRE
KRB &l g met stz s E1/3)(2/3)(3/3)

FHE—:

K-35 5 4 37 Ep B R #2.(1/3) (2/3) (3/3)

Key Devices and Components for K-band Wireless Transceiver (1/3) (2/3) (3/3)
Sub-Project 1 : A K-Band Dual-Frequency Printed Antenna (1/3) (2/3) (3/3)
3t ¥ 43% - NSC 89-2219-E-002-012 ~ NSC 89-2219-E-002-018

NSC 89-2219-E-002-039

PATHAR 87H£8 A1 BEN%E7H31H

EHFAHEX
HESLRAR GBIV 2 -BER
—PRIES
&€ 33
LEASRAPUELE T EZ a4

o AT ES RH21 ~23GHz R 24 ~
26GHzm AR ERERAZ TRV R
$oRAZAEAA o EMAZ R
LB EMBRE - bR AFEAFLE
A BT A RS MTRES
$AEHRARL - BHRE 20 Eik
WMALARME R ZRARET 2B ER
ERBFER M EDERRAEZR
B o FMAZRIRAHHRA LR TR R
HEARZBEE > HXMIAMSEER R
Pt LM AK- AR ER LR
R-HER-—FUIRRBERTRT
SAE > F oSBT R4
ARAEARBZMYRD - £8E &5
EF=FZHRABARME  MAWN=_Fr
U2 RERUVERTRT & KB
i R WA E R RHER .
(st A M B UM BT )
Abstract

To match the common planar structure
in ali the sub-projects of this integrated
research project, we study in this sub-project
a dual-band printed antenna that could be
used in both 21 to 23 GHz and 24 to 26 GHz
frequencies. The proposed antenna is a
coplanar waveguide fed slot-loop coupled
microstrip antenna. Without using any
parasitic elements, this antenna can have a
bandwidth several times wider than any

typical slot coupled microstrip antenna. Also,

B eRAXSTEIRERKA
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the operating frequencies of the slot-loop
and the microstrip antenna can be adjusted
to lie separately in the two desired frequency
bands. The theoretical analysis is based on
the method of moments using rooftop basis
functions, while the experimental trial and
error will be called upon in the actual design
to compensate for the discrepancy between
theory and experiment in K-band. The
method of analysis and the experimental
setup had been established in the first year,
the detailed design had been processed in the
second year, and a prototype antenna that
meets the design specifications has been
completed in this (third) year. This report
summarizes the final year’s research results
that by using the analysis method and the
experimental setup developed in the
previous years, we have tuned the antenna
design in the K-band to a satisfactory result.

{Keywords: Coplanar Waveguide, Slot-Loop,

Microstrip Antenna)
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The filter type adopted in this project is

composed of gap-coupled lines and edge-coupled
lines. Two filters with center frequency equal to
31GHz and 28GHz are designed for the
transmitting band and receiving band,
respectively. With the advantages of low loss,
low dispersion and low radiation, the MEMS
(Micro-Electro-
Mechanical System) was used to fabricate the
filters. The measured center frequency of the
filter was slightly lower than the simulation one.
In addition, the measured insertion loss in the
passband was smaller than the simulation results
ranging from 0 to 3dB. This result is better than
the traditional planar circuit filter which exhibit
11dB for the insertion loss in the passband. Then,
the filters are combined to form the diplexer and
fabricated with MEMS technique. In the
transmitting band of 31GHz, the measured
insertion loss is less than 4dB as compared to the
simulation results. And in the receiving band of
28GHz,the measured insertion loss is 3dB
smaller than the simulation results. Also, the
isolation between the two channels is below
30dB.
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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

commercial foundry GaAs MMIC process

technologies. The components will include low

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 first year,
we have completed individual single-function
components based on existing models. Part of
the circuits have been measured. In second year,
in addition to the on going chip measurement
effort, we used the 0.15-uym PHEMT and HBT
MMIC processes to further develop the various
single- and muiti-functional MMIC chips. In
the third year we designed and produced K band
low noise amplifier and single balance mixer
and 20GHz dielectric

module, resonator

oscillator.

= HE&BREH
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
We used of the accessible MMIC
processes to develop to learn the MMIC design

chips.

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 in our institute.

E.HMRFERER
(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. So we
need to perform the device dc and RF
characterization and generate the model.

(2) Circuit simulation, detailed design and

layout
In MMW frequency, the EM analysis of

entire matching structure may be needed.
{3) Circuit fabrication and evaluation

We plan to use the 0.15 micron PHEMT
MMIC process and get the chip fabricated
through CIC of National Science Council.
(4} Refine device models for next iteration

We investigate the measure data and
compare with the simulated results and then
conduct the necessary model refinement.
(I LNA

The low noise amplifier was designed
using four-finger 120-pum PHEMT to operate at
21 to 26 GHz. Fig. 1(a) show the chip photo.
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-pym PHEMT to drive 300-um PHEMT.
Fig. 2(a) show the chip photo of two-stage
single-ended PA, the
demonstrated a small signal gain of 19 dB at 24
GHz. The
single-ended one has a 1-dB compressed power

single-end amplifier

power performance of the

H

point (P, ) of 14.6 dBm at 22 GHz.

(9) Mixer

The subharmonically pumped mixer used
two anti-parallel diodes each with four gate
fingers of 40 um width to operate from 21 to 26
GHz of RF frequency. Fig. 3(a) show the chip
photo of the 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 ym were used. Both microstrip line and
GCPW are used to form the artificial gate and
drain transmission lines. They are periodically
loaded with the capacitive gate and drain
of the FET’s
transmission line  structures
characteristic impedance
constant. The resultant effective input and
output propagation structures acted as gate and

impedance forming lossy
of different

and propagation

drain lines. The chip photos are shown in Fig.
4(a) and 4(b).
demonstrated a small signal gain of 1242.5 dB,
and the GCPW design has a small-signal gain of
1040.5 dB.

In addition, we also complete the circuit
designs using the GCS HBT process and TRW
0.15-pm PHEMT process.

{11) LNA and single balance Mixer

The single balance mixer is just different
the

described. The designed single balance mixer

The microstrip-line design

from subharmonically pumped mixer

uses 90 lange coupler and then the signal
through the schottky diode to produce the
intermodulation signal and filter out the IF signal
what we design for. The layout of the whole
module and measurement results of the two

circuit are shown in Fig. 5{a). The small signal



gain >20dB between 21~26GHz and return joss
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

PAE = 26.9%

PAQD2 |@2-stage SE, 0.12mm |G =133 dB
driving 0.3 mm {@24GHz
PAE =19.3%
PAOO3 |4 2-stage balanced G=129dB
design, 0.12 mm @24GHz
driving 0.3 mm PAE=21.4%
WAMP |@SE, 6-finger, 300-|_tm G=1541dB
gate-PHEMT
MICs
Mixer |¢Doubly balanced Conversion loss
diode mixer =15dB forup
#Both up and down-  |and 12 dB for
frequency conversion (down-conversion
with LO of 4dBm
Table 2

Second year MMIC design Summary

DRO module picture is shown in Fig. 6(a). [— S e e v TR
Dielectric resonator is put on a 50 ohm  |[FILOO1 |¢Active filter G=7dB
mictrostrip line which is on Teflon substrate. ’;&n‘;ﬁ 120-ym @19 GHz
The DRO chip photo is shown in Fig. 6(b). The s microstrp line design
initial test result is the spectrum of the DROand [+ | ®%-Tneen 120yum  1ed ] OB
the output power is 5.7dBm. s microstrip line design |@ 24 GHz
Mixer  |@4-finger, 40-,m gate- |Conversion loss
PHEMT dicde <10 dB
Table 1 ‘shglyba!anced Return loss > 10
design with a Lange |dB
First year MIC and MMIC design summery coupler
MMICs HBT Process
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Fig. 4(b) The chip photo of the GCPW DA,

Fig. 3(a) Chip photo of the subharmonically

pumped mixer.
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Fig. 4(a) The chip photo of the microstrip- line

DA.
Fig. 9(b) The photo of the DRO chip.
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: The purpose of this threc-year rescarch project is to
develop the basic theory, design, implementation and
experimental measurement of frequency multiplier
' circuits. In this report, two major results are presented.
One is the design, simulation and measurement results
- of a k-band PHEMT MMIC frequency multiplier using
- CIC PML GaAs foundry. The second result is to
* develop a new circuit and analysis method for a
- coupled active multiplier antenna array. This method
. combines harmonic-balance method and weakly couple
oscillator dynamic theory to give a well prediction of
 the sccond harmonic output power, locking bandwidth,
. matching condition and phasc distribution between
| amay clements. An X-band active multiplier antenna
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array is fabricated and its measurement results shown in
good agreement with simulation results,

Key wards: multiplier, self-oscillating multiplier, active
multiplier antenna array.
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Abstract

It is well known that the gate length of
a FET has to be reduced in order to achieve
a higher current gain cut-off frequency (f;).
However, it is also necessary to keep the
gate resistance low enough to maintain a
high maximum oscillation frequency (f.)
and a low noise figure. Therefore, T-gates
are widely used in the submicron FETs,
which are usually fabricated by expensive
and time-consuming technologies, such as
electron beam or deep ultra violet (UV)
lithography [1] [2] [3] [4]. We have
proposed a much less expensive technology
for the fabrication of submicron T-gates by
using the flowing property of normal UV

1§

photoresist. In this report, We also
successfully designed a 28GHz MMIC
power amplifier.

= - BHRERN

In order to achieve a higher current gain
cut-off frequency (fy), it is taken for granted
that the gate length of a FET has to be
reduced essentially. On the other hand, it is
also necessary to keep the gate resistance
low enough to maintain a high maximum
oscillation frequency (f,) and a low noise
figure. Therefore, the T-shape gates, which
can meet these both requirements at the
same time, are widely used in the submicron
FETs.

However, the technologies of
fabricating T-gates, such as electron beam
and deep ultra violet (UV) lithography, are
very expensive and time-consuming, In view
of this, we propose a much less expensive
technology for the fabrication of submicron
T gates by uvsing the flowing property of
normal UV photoresist. In this report, a
HEMT device with a submicron T gate was
fabricated by the proposed method, and the
submicron property of T-gates was verified
by measuring the high frequency
performance of this device. We also
successfully designed a 28GHz MMIC
power amplifier.

= . R RERE

The  fabrication  technique  of



sub-micron T gate formation is detailed as
follows. Initially, 1 yum opening was defined
by normal lithography and then a rapid heat
treatment by rapid thermal annealing (RTA)
was use 10 flow and shrink the normal UV
resist opening. The heating temperature and
duration control the opening shrinkage and
thus desired gate length. Then, a thick layer
of deep UV PMMA resist was spun on
flowed resist and followed by a flood
exposure 10 a deep UV source. A thin layer
of gold metal was evaporated on the top of
the deep UV resist and followed by a normal
UV resist. The gold metal layer is ~0.1 g m
so that the alignment key on the substrate is
still visible. The softness of gold metal
eliminates any wrinkle and cracking
problems caused by heating in the
photolithography and metal evaporation
processing. The thin layer of metal is used to
prevent the formation of an intermixing
layer between normal and deep UV resists
during the resist baking process[5]. The
intermixing layer can cause difficulties in
the subsequent resist developing processing.
Then 3 #m opening was developed on the
second normal UV resist by a realignment
technique. The thin layer metal was removed
by wet chemical etching and the exposed
UV PMMA resist was the developed by
chlorobenzene or toluene to obtain the
destrable trilayer resist profile, shown in Fig
1, for T-shaped gate and lifi-off. Finally, the
submicron T-gate shown in Fig. 2 was
formed after gate metal deposition and
lift-off process. The footprint of the T-gate is
~0.4 £ m and the top opening of T-gate is 3

pm.

The proposed submicron T-gate
technique combined with conventional
optical lithography and mesa-type wet

etching has been successfully applied to the
fabrication of 0.4 gm GalnP HFETs. The
results of microwave on-wafer S-parameters
measurement are shown in Fig. 3. The
current gain cut-off frequency (fr) and
maximum oscillation frequency (fina) were

45GHz and 70GHz respectively, under the
bais condition of Vgs=-2.2V, Vds=3.5V Fig
4. illustrates the cut-off frequency against
gate length by the resist flowing technology.
The MMIC power amplifier with gate width
=300um we designed (chip layout shown in
Fig 5) exhibited an experimental saturation
output power of 20.6dBm at 28GHz as
shown in Fig 6, which meets the goal
(20dBm) of this project.

T AHERRET

We have developed a novel method to
fabricate sub-micron T gate FETs. This
method is superior to the traditional
techniques such as e-beam or deep UV
lithography in terms of cost and time. We
are applying a patent concerning about the
sub-micron T gate by re-flowed resist we
developed. One IEEE journal paper
(Electron Device Letter) and one IEE
Electronics Letter were also generated
because of the support of this project.
Therefore we believed that we have done a
very good job and we are grateful for the
continued support from NSC.
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Fig.2. The fabricated submicron T-gate on GaAs substrate.

Fig.l. The profile of the trileyer resist for the submicron T gate.
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Fig. 5 The chip layout of 28GHz MMIC power amplifier
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Abstract (Keywords: Uniplanar components,
coplanar waveguide-to-slotline transitions, coplanar
waveguide-to-coplanar stripline fransitions.)

The purpose of this investigation is to develop
and study two uniplanar transitions (i.e., coplanar
waveguide (CPW)-toslotline (SL) transition and
coplanar waveguide (CPW)-to-coplanar stripline
(CPS) transition) for monolithic
integrated circuits. The goal is to establish
equivalent-circuit models for practical design and
associated computer software for theoretical
analysis. In this study, various properties of
uniplanar transitions are carefully examined, both
theoretically and experimentally.

microwave

In the first-year research, novel reduced-size '

coplanar waveguide-to-slotline transitions are

proposed and carefully examined. By a2
modification of the quarter-wavelength transformer
configuration, the twin-spiral transition structure is
first proposed. Alternatively, the lumped-element

transition structure using lumped elements instead

a2



of the quarter-wavelength transformer is also
proposed. In the second-year research, the modified
‘Ring type’ and ‘T type’
CPW-to-SL transition structures are also proposed.

lumped-element

In the third-year research, the lumped-element
transition concept is extended to the design of
CPW-10-CPS ftransition, and the novel basic type
and Marchand-balun type lumped-element CPW-to-
CPS  transitions proposed.
equivalent-circuit models are ecstablished for the
above ftransition structures, from which the
passband behavior of the proposed lumped-element
CPW-to-CPS fransition structures
characterized.
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Abstract

2-D semiconductor device simulations
are used to study GaAs FETs’. However,
in order to investigate the dependence of
the small-signal circuit parameters on the
gate length, thus, four kinds of gate
length structures have been simulated for
small-signal circuit parameters. The
results show that the gate length affects
small-signal circuit parameter Cgs and
Ri. There is a distinct signature in
average rf gate and drain currents for
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each gain compression mechanism.
Depending on its bias point and its
associated loadline impedance, a device
may have different gain compression
mechanism.

. kdhREH

Knowledge of the bias-dependent
intrinsic circuit parameters of a FET is
useful in characterizing device and
process technologies. A 2-D simulator is
used to establish the relations between
device design parameters and intrinsic
circuit parameters for GaAs FET. In this
report, gain compression mechanisms
for GaAs MESFETs are determined by .
observing the average rf gate and drain
currents. Each clipping mechanism has
its distinct signature in average rf gate
and drain
experimental average 1f gate and drain
Gain

found

currents. we  using

currents to determined
Compression mechanism will
that the gain compression mechanism is



very sensitive to the loadline impedance
presented to the device at a normal
biased point.

Z.HRRTERAR

Circuit parameters as a function of
bias voltages for GaAs FET with
different gate length are presented here.
In this work, we have simulated GaAs
FETs with gate lengths of 0.4 um, 0.7
um, 1 pm and 2pm. Figure 1. illustrates
schematic cross-sectional sketch of
GaAs FETs. A  narrow-recessed
MESFET device with doping density of
2.9x10'/cm® and 1 pm gate length is
used to study gain
mechanisms at different bias points. The

compression

measured coplanar devices have gate
width 6x50 pm for doping density of
29x10'"em’. A CW signal ranging
from -15dBm to +10dBm at a fixed
frequency of 1.8 GHz is applied to the
device in the load pull measurement. The
input tuner impedance is set fo maximize
small signal gain while the output tuner
impedance is set to maximize output
power at a certain input power. A device
at one given bias point may have
different gain compression mechanisms
for various loadline impedances. In this
paper, the observation of RLO and RHI
under load-pull condition for power
MESFETs using experimental average rf
gate and drain currents at 1dB gain
compression point is demonstrated for
the first time and we choice five bias
points to be measured.

3!
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An examination of the figure 2(a)
and 2(b) reveals that Ri decreases with
gate length. This is because that Ri is the
resistance of the semiconductor region
under the gate. Cgs and Cgd are the gate
channel capacitances. As shown in figure
3(@) and 3(b),
pronounced effect on Cgs. However, Cgd
i1s less sensitivity to the gate length.
Figure 4(a) (near knee voltage) illustrates

gate length has

the average rf gate current is zero and
average drain current remains unchanged
when gain compression (near P1dB)
occurs. Figure 4(b) (near pinch-off
voltage) illustrates the average drain
current increases at P1dB. However, gate
current is zero because gate is still in
reverse bias when gain compression
occurs. Figure 4(c) (near breakdown
voltage)} illustrates the average rf gate
current becomes negative and the
average rf drain current increases near
P1dB. Figure 4(d) (near maximum drain
current) illustrates the average rf gate
current is zero and average drain current
remains  unchanged when  gain
compression {near P1dB) occurs. Fig
5~8 illustrates the experimental results of

RHI and RLO.
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Figure, 4(a) Gate current and drain current versus

input power at Vd=3.5V and Vg=-0.75V.
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Fig. 5 Gain, Ig and 1d vs. Pin when biased toward
knee voltape with RHI load impedance. The
corresponding gain compression mechanism is
the knee voltage (=0 and Id unchanged at
G1dB).
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corresponding gain compression mechanism is
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Fig.7 Gain, Ig and 1d vs. Pin when biased toward
breakdown voltage with RHI load impedance.
The comresponding gain compression mechanism
is the breakdown voltage (Ig<0 and Id increasing
at G1dB).
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