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I. BASIC INFORMATION OF THE PROGRAM
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II. LIST OF WORKS, EXPENDITURES, MANPOWER, AND MATCHING SUPPORTS FROM THE PARTICIPATING INSTITUTES (REALITY)
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Technology
Device and circuit
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III. STATISTICS ON RESEARCH OUTCOMES OF THIS PROGRAM (2004 /4~2008/3)
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self-citations.
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IV . EXECUTIVE SUMMARY ON RESEARCH OUTCOMES OF THIS PROGRAM

1.

GENERAL DESCRIPTION OF THE PROGRAM

The demand for high-performance compound semiconductor devices for both
commercial and military electronic applications at millimeter wave is increasing rapidly.
Due to the advantages of inherent properties of most III-V materilas, I1I-V based device
technology has been one promising substitute for Si based device technology. Therefore,
the research focus on the device technology development, and RFIC designs of GaAs
HEMTs (High Electron Mobility Transistors) and HBTs (Heterojunction Bipolar
Transistors) devices to integrate the 60 GHz front-end circuits and the GHz IF circuits into
one chip with the existing HEMT and HBT technologies.

During the past four years, extensive work has been done in the fields of novel device
process development, device wafer epitaxy, device modeling technologies, device package,
circuit design, and performance characterization, etc. Sub-project 5 has established the
world-class advanced MHEMT and HBT technologies with cutoff frequency (f;) up to
500GHz. The reseach achievements in this sub project have shown great potential for high
end communication industry applications. Technical know-how has been transferred to
industry through technology licensing. During the four project years, high-speed and very
low-power InP HEMT, high linearity MHEMT and InGaP PHEMT and enhancement-mode
InGaP HEMT were fabricated. Nano gate tecnology down to 40nm has been demonstrated.
Low-cost Cu metallization process was realized for the first in HEMTs and HBTs
metallization process and was transferred to Win semiconductor in Taiwan. GaAs on Si and
GaN on Si technologies were demonstrated with record high electron mobility
AlGaSb/InAs HEMT on Si substrate. Novel device package technologies for up to 60GHz
application are proposed and developed. HEMT and HBT device modeling based on the
device developed were performed. Highly intergraded RFIC using the GalnP/GaAs HBT,
SiGe HBT and advance technologies are demonstrated. Several RF integrated circuits
including a Weaver image rejection down-converter, a wideband Gilbert mixer using
on-chip LO Marchand balun, a sub-harmonic Gilbert mixer using the octet-phase LO
generator, four 50% duty-cycle divide-by-3 prescalers, two interstage-matched
gain-enhanced LNAs, low-phase-noise quadrature VCOs, two up-converters using the
passive and active LC current combiners,a rat-race mixer, a dual-band reactive 1Q
downconverter, a dual-band reactive SSB upconverter, and an IQ downconverter using a

quadrature coupler are also demonstrated.



2.

BREAKTHROUGHS AND MAJOR ACHIEVEMENTS

(1) Use of WNx as the Diffusion Barrier for Interconnect Copper Metallization of

InGaP/GaAs HBTs
Use of WNx as the Diffusion Barrier for Interconnect Copper Metallization of the

InGaP/GaAs HBTs was studied. The X-ray diffraction (XRD) data clearly indicate that
the Cu/WNX/SIN structure remained quite stable up to 550 °C. The device was

annealed at 250°C for 25 hours for the thermal stability test, there was no change in the
offset voltage, knee voltage, and saturation current after annealing. The results show that
the Cu/WNx interconnect layers are quite stable and can be used for the copper

metallization for HBT devices.

(2) RF and Logic Performance Improvement of Ing;Gao3As /InAs/Ing;GagzAs

Composite Channel HEMT Using Gate Sinking Technolog

80-nm-gate  Ing;Gap3As/InAs/Ing7Gap3As composite channel high-electron
mobility transistors (HEMTs) fabricated using platinum (Pt) buried gate as the Schottky
contact metal were evaluated for RF and logic application. After gate sinking at the 250
°C for 3 minutes, the device exhibited a high g, value of 1590mS/mm at V4 = 0.5V and
the current gain cutoff frequency fr was increased from 390 GHz to 494 GHz after gate
sinking and the gate delay time was decreased from 0.83 to 0.78 psec at supply voltage
of 0.6 V. These superior performances are attributed to the reduction of distance
between gate and channel, and the reduction of parasitic gate capacitances during

gate-sinking process.

(3) High performance 5 GHz GalnP/GaAs HBT RFICs.

The 5 GHz Radio is demonstrated usin the GalnP/GaAs HBT technology and
several high performance RFICs are implemented. These demonstarted RFICs include
interstage-matched gain-enhanced LNA, image-reject Gilbert VLIF downconverter with
polyphase filter, Gilbert direct conversion sub-harmonic down-conversion mixers,
Gilbert up-conversion mixers with output LC current mirror, low-phase-noise
parallel-coupled quadrature VCOs and world class superharmonic-coupled QVCO.
These RFICs show the pontential of a fully integrated GalnP/GaAs HBT RF fornt-end
total solution. An invited talk was given at APMC 2005 for these results.

A GalnP/GaAs HBT (Heterojunction Bipolar Transistor) down-converter using the
Weaver architecture is demonstrated. The Weaver down-converter has the image
rejection ratios of 48 dB and 44 dB when the RF (Radio Frequency) frequency is 5.2
GHz and 5.7 GHz, respectively. A new frequency quadrupler is employed in the

down-converter to generate the LO (Local Oscillator) signals. The frequency quadrupler



is designed to minimize the phase error when generating LO signals and thus the image
rejection performance is improved. A diagrammatic explanation using the complex
mixing technique to analyze the image rejection mechanism of the Weaver architecture is
also developed. The GalnP/GaAs HBT Weaver down-converter is highly integrated. This
down-converter includes 166 HBTs.

(4) Passive Components (Hybrids, Baluns, and Couplers) Integrated into ICs Using
Standard Silicon Process

Passive components like hybrids, baluns and couplers are implemented directly on a
low-resistivity (~10QQcm) silicon substrate and merged into ICs for radio-frequency,
microwave, and millimeter-wave applications. The demonstrations include wideband
Marchand balun micromixer, UWB micromixer, IQ downconverter using a quadrature
coupler, dual-band IQ downconverter with a reactive quadrature generator, and dual-band
SSB upconverter with a reactive quadrature generator, rat-race mixer and Marchand
balun resistive sub-harmonic mixer.

Thanks to the balanced structure, the passive components still function even at the
present of lossy silicon substrate. The dissipated loss is about 4~6 dB and it is acceptable.
The implementation directly on the silicon substrate brings high dielectric constant and
then reduces the passive size. Besides, the size reduction is achieved by using spiral

coupled lines and lumped-element technique.



3. CATEGORIZED SUMMARY OF RESEARCH OUTCOMES

The developed high-frequency device and circuit technologies and related research

outcomes in the four project years are as follows.

(1) A MHEMT with Ings5Gag45As/Ing67Gag 33As/Ing s5GagasAs composite channel layers
was developed for high linearity application. The use of a composite channel result in
high electron mobility and good confinement of electrons in the channel region. A flatter
extrinsic transconductance versus applied gate voltage curve was obtained. Low noise
device with high linearity was thus obtained by the use of the composite channel

designed.

(2) A 0.1-um T-gate fabricated using e-beam lithography and thermally reflow process was
developed for MHEMTs. Comparing with the two-step lithography of hybrid T-shaped
gate and the Y-shaped gate, the reflowed gate process is a much simpler, relatively
inexpensive and flexible process. The device also demonstrated an ft higher than 150

GHz.

(3) An InGaP/AlGaAs/InGaAs PHEMT was developed to improve the device performance
of the InGAP/InGaAs PHEMT device. The higher energy bandgap of InGaP layer was
used to reduce the gate leakage current. The AlGaAs layer was used as the spacer layer
to enhance the electron mobility between InGaP and InGaAs. Therefore, it result in a
HEMT device with higher gate breakdown voltage, lower noise figure and higher

linearity.

(4) An InGaP/AlGaAs/InGaAs enhancement-mode PHEMT was developed. The device had
a threshold voltage(Vth) of 0.1V and a low knee voltage of 0.3V. The Ips was 375
mA/mm at Vgs=0.8V, and the maximum transconductance was 550mS/mm measured at
Vps = 2.5V. The calculated fT and fmax of the E-mode PHEMT measured at the Vps =
2.5V and Vgs = 0.5V were 60 GHz and 128 GHz, respectively. When the device was
biased at Vps = 2V, Vgs = 0.4V, output power of 16.2dBm with 52% PAE was obtained
and the device had a high linear gain of 25.3dB at 6Hz.



(5) Use of WNx as the Diffusion Barrier for Interconnect Copper Metallization of the
InGaP/GaAs HBTs was studied. The X-ray diffraction (XRD) data clearly indicate that
the Cu/WNX/SIN structure remained quite stable up to 550 °C. The device was

annealed at 250°C for 25 hours for the thermal stability test, there was no change in the

offset voltage, knee voltage, and saturation current after annealing. The results show that
the Cu/WNx interconnect layers are quite stable and can be used for the copper

metallization for HBT devices.

(6) A Gold Free Fully Cu Metallized InGaP/GaAs HBT was studied. It used Pd/Ge and
Pt/Ti/Pt/Cu for n-type and p+-type ohmic contacts, respectively, and Ti/Pt/Cu for
interconnect metals with platinum as the diffusion barrier. It is evident from the X-ray
analytic data that the Ti/Pt/Cu material system is quite stable during annealing up to 350

C. The copper metallzed device was annealed at 250°C for 24 h, and there was no

change in the offset voltage, knee voltage, or saturation current after annealing process.
The results shows that fully Cu-metallized HBT can be realized using Pt as the diffusion
barrier and Pd/Ge and Pt/T1/Pt/Cu as the ohmic contacts.

(7) Interface-blocking mechanism for reduction of threading dislocations in SiGe and Ge
epitaxial layers on Si(100) substrate was investigated. The XTEM data showed that the
high-density dislocations that generatd within the SiposGepo, layer were blocked
drastically by the Ge/ SiposGepo,.interface. The results imply that the mechanism of
interface blocking can be easily used to control the dislocations for growth of the relaxed

SiGe and Ge layers on the Si substrates.

(8) A novel GeSi buffer structure for growth of high-quality GaAs epitaxial layers on Si
substrate was investigated. Three layers of the Sip1Geog layer, the SiposGeoos layer, and
the Ge layer were grown to approach high-quality GaAs epitaxial layer on the Si
substrate using a Ge buffer layer. because of the proper lattice-mismatch strains at the
upper interfaces of SiposGeoosSip1Geoo and Ge/SiposGepos, the upward propagated
dislocations can be bent sideward and terminated effectively. Almost no threading
dislocation can propagate into the top Ge layer. As a result, using this

Ge/Sip05Geos/Sip1Gep o layers as a buffer, a high-quality GaAs layer was successfully



grown on the Si(100) substrate with a 6° off-cut toward the [110] direction.

(9) The uniformly-doped and the d-doped Ings,AlyasAs/Ing¢GapsAs metamorphic HEMT
were fabricated and compared for device linearity. Due to the more uniform electron
distribution in the quantum well region, the uniformly-doped MHEMT exhibits more flat
Gm (transconductance) vs IDS (drain to source current) curve and also showed a much
better linearity with higher IP3 of 19.83dBm and higher IP3 to PDC ratio of 6.21. The
results indicate the uniformly-doped MHEMT is more suitable for communication

systems that require high linearity operation.

(10) Copper metallized AlGaAs/InGaAs PHEMT Single-Pole-Double- Throw (SPDT)
switches utilizing platinum (Pt, 70 nm) as the diffusion barrier was investiagted. These

switches were annealed at 250°C for 20 hrs for thermal stability test and showed no

degradation of the DC characteristics after the annealing. Also, after 144hrs of HTSL
(High Temperature Storage Life test) environment test, these switches still remained
excellent and reliable RF characteristics. It is demonstrated that the copper metallization
using Pt as the diffusion barrier could be applied to the GaAs monolithic microwave
integrated circuits (MMICs) switch fabrication with good RF performance and

reliability.

(11) Fully Copper-Metallized InP HBTs was investigated. Ti/Pt/Cu and Pt/Ti/Pt/Cu metals
are used for the n-type and p-type ohmic contacts, respectively, and Ti/Pt/Cu is used as
the interconnect metals with platinum as the diffusion barrier to fabricate the Au-free,
fully Cu-metallized InP HBTs. The AES depth profiles showed that for the
InGaAs/Ti/Pt/Cu sample, there was no atomic inter-diffusion between Cu and the
InGaAs layer after annealing at the temperature of 350°C for 30 min. Also, for the fully
Cu-metallized InP HBT, there was no change in the offset voltage, knee voltage, or
saturation current before and after annealing at 200°C for 3 h, and no significant change
in the current gain of the device after 24 h current-accelerated stress test. It suggests that
there was no ohmic degradation, copper oxidation, or copper diffusion in the fully
Cu-metallized InP HBTs using non-alloyed ohmic contacts with Pt as the diffusion

barrier.



(12) A flip-chip bonding technique was developed for high frequency devices. Alumina
(AlL,O3) was chosen as the substrate. Gold (Au) was used as the metallization metal for
the vertical transition bumps and Ti was used as the adhesion layer. The I-V
characteristics of the flip-chip packaged GaAs MHEMT shows minor variation in the
DC and RF chatracteristics as compared to that of the GaAs MHEMT bare die. The
maximum available gain (MAG) was almost unchanged up to 70 GHz. The return loss
and isolation of the packaged MHEMT device show no degradation as compared to
those of the MHEMT bare die and a noise figure (NF) of 1.5 dB with an associated gain
of 12 dB at 18 GHz was observed for the packaged MHEMT devices.

(13) A nano-meter IngsyAlyagAs/IngcGapsAs MHEMT for power applications was
developed. The double &-doped structure was uesd to increase the total sheet charge
density and the In content in the channel was increased to 0.6 in order to enhance the
barrier high, improve the carrier confinement and increase the speed of carrier transport.
The measured drain-source saturation current was 890mA/mm and the maximum
transconductance wai 827mS/mm. The MHEMT demonstrated P1dB of 11.1 dBm and
Gain of 9.5 dB at 32 GHz. The developed nano-meter MHEMT device technology is

suitable for power applications at Ka band frequencies and above.

(14) A high-linearity and  high-efficiency = enhancement-mode  (E-mode)
InGaP/AlGaAs/InGaAs pseudomorphic HEMT (PHEMT) for single supply operation
was developed. The linearity was improved by optimizing the concentrations of the two
d-doped layers. When biased at Vps = 2 V, the fabricated 0.5umx200um device exhibits
a minimum noise figure (NFmin) of 0.86 dB with 12.21 dB associated gain at 10 GHz.
The device shows excellent linearity with OIP3-P1dB of 13.2 dB and a high linear
power efficiency of 35% when under wide-band code-division multiple-access
(W-CDMA) modulation. The developed E-mode InGaP/AlGaAs/InGaA PHEMTs with
low noise and high OIP3 and demonstrated highest CDMA linear power efficiency

reported.

(15) A GaAs pseudomorphic HEMT (PHEMT) with Cu-metallized interconnects was

successfully developed. Sputtered WNx was used as the diffusion barrier and Ti was

10



used as the adhesion layer to improve the adhesion between WNx/Cu interface in the
thin-metal structure. The Ti adhesion layer plays a significant role on the gm and Vp
uniformity of the Cu-metallized PHEMTs. The fabricated Cu-metallized GaAs PHEMT
with Ti/WNx/Ti/Cu multilayer has a noise figure of 0.76 dB and an associated gain of
8.8 dB at 16 GHz. The cutoff frequency (ft) is 70 GHz when biased at Vps = 1.5 V. It is
demonstrated that the novel T/WNx/Ti multilayer structure can serve as a good

diffusion barrier for Cu metallized airbridge interconnects on GaAs low-noise PHEMTs.

(16) Formation of Ti/Pt/Cu gate contact durable under high-temperature operation was
successfully realized on InAlAs Schottky layer. Electrical characteristics and thermal
stability of the Ti/Pt/Cu Schottky contact on InAlAs were both investigated. The
Ti/Pt/Cu Schottky contact had comparable electrical properties compared to the
conventional Ti/Pt/Au contact. Ti/Pt/Cu Schottky contact using Pt as the diffusion
barrier is also very stable up to 350 °C thermal annealing. The technology can be used
for the fabrication of InAlAs/InGaAs high-electron mobility transistors and monolithic

microwave integrated circuits.

(17) Novel Cu/Mo/Ge/Pd ohmic contacts on n+GaAs were developed for heterojunction
bipolar transistors (HBTs) fabrication. The measured specific contact resistance of the

Cu/Mo/Ge/Pd ohmic contact was 2.8x10”cm2 after thermal annealing at 350°C. Judging

from the data of sheet resistance, X-ray diffraction analysis, Auger electron spectroscopy,
and transmission electron microscopy, the Cu/Mo/Ge/Pd structure was very stable up to
350°C annealing. An InGaP/GaAs HBT with Cu/Mo/Ge/Pd contact metals was
fabricated and compared with conventional HBT using Au/Ni/Ge/Au ohmic contacts.
Under high current-accelerated stress test at a current density of 120 kA/cm2 for 24 h,
the device with Cu/Mo/Ge/Pd ohmic contacts exhibits excellent electrical characteristics.
The Cu/Mo/Ge/Pd structure is thus an effective copper-based ohmic contact structure

and can be used for copper metallization of GaAs based HBTs.
(18) MOVPE (metal organic vapour-phase epitaxy) growth of very thin and high-quality

InGaP etch-stop layer without the formation of intermixing InxGa;. As,P;_, layer was

achieved in an InGaP/GaAs structure. InGaP etch-stop layer has high etching selectivity

11



to GaAs and can increase the uniformity and manufacturability of the InGaP/GaAs HBT
devices. By using the optimized growth temperature and gas switching sequence time,
an effective 20A InGaP etch-stop layer was grown on GaAs successfully and can sustain

the wet etching by the solution of H;PO4:H,0,:H,0 = 1:1:20 for 45 s.

(19) An IngsyAlpagAs/ IngeGagsAs with 0.15-um I'-Shaped Gate using deep ultraviolet
lithography and tilt dry-etching technology is demonstrated. The gate length is
controllable by adjusting the tilt angle during thr dry-etching process. The developed
submicrometer gate technology is simple and of low cost as compared to the

conventional E-beam lithography or other hybrid techniques.

(20) An 80-nm InP HEMT with InAs channel and InGaAs subchannels was developed for
high frequecy ( >100 GHz) applications. Because device performance degradation was
observed on the ft and the corresponding gate delay time which was caused by impact
ionization due the low energy bandgap in the InAs channel. With the design of
InGaAs/InAs/InGaAs composite channel, the impact ionization was not observed until
the drain bias reached 0.7V, and at this bias, the device demonstrated a very low gate
delay time of 0.63 ps with ft higher than 300 GHz. It was demonstrated that with the use
of composite channel, the device breakdown can be improved and the device shows
improved performance in ft and delay time and is suitable for high frequency and

high-speed and very low-power logic applications.

(21) 80-nm-gate Ing;Gap3As/InAs/Ing7Gaps3As composite channel high-electron mobility
transistors (HEMTSs) fabricated using platinum (Pt) buried gate as the Schottky contact
metal were evaluated for RF and logic application. After gate sinking at the 250 °C for 3
minutes, the device exhibited a high g, value of 1590mS/mm at V4 = 0.5V and the
current gain cutoff frequency fr was increased from 390 GHz to 494 GHz after gate
sinking and the gate delay time was decreased from 0.83 to 0.78 psec at supply voltage
of 0.6 V. These superior performances are attributed to the reduction of distance
between gate and channel, and the reduction of parasitic gate capacitances during

gate-sinking process.

12



(22) An enhancement-mode InGaP/AlGaAs/InGaAs PHEMT using platinum (Pt)as the
Schottky contact metal was investigated. Following the Pt/Ti/Pt/Au gate meatl
deposition, the devices were thermally annealed at 325°C for gate sinking. After the
annealing, the device shows a positive threshold voltage (Vth) shift from 0.17 to 0.41 V
and a reduced drain leakage current from 1.56 to 0.16 pA/mm. These improvements in
device performance are attributed to the Schottky barrier height increase and the
decrease of the gate-to-channel distance as Pt sinks into the InGaP Schottky layer during

gate-shinking process.

(23) 6-doped InGaP/InGaAs PHEMT with doping profile modifications are investigated in
order to improve the device linearity. Doping modifications in the Schottky layer and in

the channel layer of the conventional ¢ -doped InGaP/InGaAs PHEMT were fabricated.

It was found that extra doping either in the channel region or in the Schottky layer
improved the flatness of the Gm distribution under different gate-bias conditions. The
power performances testing show that even though it had the lowest electron mobility
among the three different types of devices studied, the channel-doped device
demonstrated the best overall linearity performance, the highest IP3 value, the lowest

IM3 level and the best ACPR under CDMA modulation.

(24) An alloyed Pd/Ge/Cu Ohmic contact to n-type GaAs was studied. The Pd/Ge/Cu Ohmic
contact exhibited a very low specific contact resistance of 5.73x10”" §2 cm’ at a low
annealing temperature of 250 °C. This result is comparable to the reported Pd/Ge and
Au/Ge/Ni Ohmic contact systems to n-type GaAs with doping concentrations about
1x10"™ cm™. The Ohmic contact behavior was related to the formation of Cu3Ge and

PdGaxAsy compounds after annealing.

(25) The diffusion behavior and microstructure evolution of Cu/Ta/GaAs multilayers after
thermal annealing were studied and the mechanism is proposed. A thin 30 nm tantalum
layer was sputtered as a diffusion barrier to block Ga and As diffusion into the Cu layer.
From the results of sheet resistance measurement, X-ray diffraction analysis, Auger
electron spectroscopy and transmission electron microscopy, the Cu/Ta films on GaAs

were found to be very stable up to 500 °C without Cu migration into GaAs. After

13



annealing at 550 °C, the interfacial mixing of Ta with GaAs substrate occurred, resulting
in the formation of TaAs,, and the diffusion of Ga through the Ta layer formed the
CusGa phase at the Cu/Ta interface. After annealing at 600 °C, the reaction of GaAs
with Ta and Cu formed TaAs and CuszGa owing to Ga migration and interfacial

instability.

(26) Si+ pre-ion-implantation combined with a GexSi;.x metamorphic buffer structure for
the growth of Ge layer on Si substrate is proposed. Enhanced strain relaxation of the
GexSi;.x metamorphic buffer layer on Si substrate was achieved due to the introduction
of the point defects by heavy dose Si+ pre-ion-implantation. Because of the strain
relaxation enhancement and the interface blocking of the dislocations in the GexSi;.-x
metamorphic buffer structure, the total thickness of the buffer layers was only 0.45um.
No cross-hatch pattern was observed on the Ge surface and the dislocation density for

the top Ge film was only 7.6 x 10°%cm™.

(27) The growth of the AlGaSb/InAs HEMT epitaxial structure on the Si substrate is
investigated. Buffer layers consisted of UHV/CVD-grown Ge/GeSi and MBE-grown
AlGaSb/AlSb/GaAs were used to accommdate the strain induced by the large lattice
mismatch between the AlGaSb/InAs HEMT structure and the Si substrate. Very high
room-temperature electron mobility of 27,300 cm’/Vsec was achieved. It is
demonstrated that a very-high-mobility AlGaSb/InAs HEMT structure on the Si

substrate can be achieved with the properly designed buffer layers.

(28) High quality GaN film growth on Si (111) substrate was studied by MOVPE. Using
multilayer AIN films grown at different temperatures combined with graded All-XgaXN
film as the buffer, the tensile stress on the buffer layer was reduced and the compressive
stress on the GaN film was increased. Finally, high quality 0.5 pum crack-free GaN

epitaxial layer was sucessfully grown on 6 inch Si substrate.
(29) Novel coaxial transition for CPW-to-CPW flip chip interconnect is presented and

experimentally demonstrated. To realize the coaxial transition on the CPW circuit,

benzocyclobutene was used as the interlayer between the vertical coxial transition and
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the CPW circuit. The demonstrated interconnect structure shows excellent interconnect
performance up to 55GHz with low return loss below 20 dB and insertion loss less than

0.5 dB even when the underfill was applied to the structure.

(30) The microstrip-to-coplanar waveguide hot-via flip interconnect has benn
experimentally demostrated. The interconnect structures with the hot-via transitions
were designed and optimized by using the electromagnetic simulation tool. The
optimized interconnect structure with compensation design demonstrated excellent RF
characteristics with the insertion loss less than 0.5 dB and the return loss below 18 dB

over a very broad bandwith from DC to 67GHz.

(31) The RF-via interconnect structure from the O- to the 1-level package for coplanar
RF-MEMS devices packaging was evaluted. The 0/1-level interconnect structure was
designed and optimised using the electromagnetic simulation tool. The measured and
simulated results show good agreement, demonstrating DC to 60 GHz broadband
interconnect performance through the two levels package with return loss below 15dB

and insertion loss within 0.6 dB.

(32) A 5.2-GHz 11-dB gain, IP;48 = 17 dBm and IIP; = 10 dBm double-quadrature Gilbert
downconversion mixer with polyphase filters is demonstrated by using GalnP/GaAs
heterojunction bipolar transistor (HBT) technology. The image rejection ratio is better
than 40 dB when LO =5 17 GHz and intermediate frequency (IF) is in the range of 15
MHz to 40 MHz. The Gilbert downconverter has four-stage RC—CR IF polyphase filters
for image rejection. Polyphase filters are also used to generate local (LO) and radio
frequency (RF) quadrature signals around 5 GHz in the double-quadrature
downconverter because GaAs has accurate thin film resistors and the low parasitic

semi-insulating substrate.

(33) A compact 5.2-GHz Gibert upconversion mixer is demonstrated using the GalnP/GaAs
HBT technology. A miniature lumped-element rat-race hybrid and an LC current
combiner are used in the LO port and the RF port of the upconversion Gilbert mixer,

respectively. An active IF balun is incorporated in the Gilbert upconverter with no extra
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power consumption.

(34) A 5.2 GHz three-level sub-harmonic downconversion Gilbert mixer using GalnP/GaAs

HBT (Heterojunction Bipolar Transistor) technology is demonstrated.

(35) Two 5.2 GHz two-level sub-harmonic downconversion Gilbert mixer using
GalnP/GaAs HBT (Heterojunction Bipolar Transistor) technology are demonstrated.

One is the top-lo configuration and the other is the bottom-lo configuration.

(36) The GalnP/GaAs HBT Quadrature VCO Using Stacked Transformers is realized at 5.4
GHz. The parallel coupling scheme is used between two cross-coupled differential
VCOs. This QVCO has the phase noise of -127.4 dBc/Hz at 1 MHz offset frequency at
the oscillation frequency of 5.38 GHz. The FOM is -191 dBc/Hz. The low phase noise
comes from the excellent low-frequency noise properties of the GalnP/GaAs HBT

device and the high coupling stacked transformers.

(37) Transformer-Based Superharmonic-Coupled GalnP/GaAs HBT QVCO is achieved
around 5 GHz. The superharmonic coupling scheme does not change the oscillation
frequency from the LC tank resonant frequency and thus accurate quadrature signals can
be obtained without phase noise degradation. The superharmonic-coupled GalnP/GaAs
HBT QVCO has the phase noise of -131 dBc/Hz at 1 MHz offset frequency when the
oscillation frequency is 4.87 GHz. The FOM of our GalnP/GaAs HBT
superharmonic-coupled QVCO shows a record of -198 dBc/Hz and is much better than
the FOMs of CMOS superharmonic-coupled QVCO. The FOM of our oscillator is also
the best FOM ever reported among all the monolithic VCOs to the best of our

knowledge.

(38) A GalnP/GaAs HBT (Heterojunction Bipolar Transistor) down-converter using the
Weaver architecture is demonstrated. The integration level of this GalnP/GaAs IC in this
work is quite high and the IC contains 166 GalnP/GaAs HBTs. Instead of frequency
dividing, a frequency multiplying circuit is incorporated to generate the LO signals in

this work. The quadrupler used in this work is able to minimize the time delay when it
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multiplies, the LO; signal will contain much less phase errors. The Weaver
down-converter has the image rejection ratios of 48 dB and 44 dB when the RF (Radio

Frequency) frequency is 5.2 GHz and 5.7 GHz, respectively.

(39) A single-ended wideband downconversion Gilbert micromixer is demonstrated in this
work using 0.35-um SiGe BiCMOS technology. A transimpedance amplifier with
resistive feedback is utilized in the IF stage while a broadband Marchand balun is
employed to generate wideband differential LO signals. The planar Marchand balun
topology employed in this work can generate truly balanced signals even in the presence

of the lossy low-resistivity (~10 Qcm) silicon substrate.

(40) A 5.7 GHz GalnP/GaAs heterojunction bipolar transistor (HBT) sub-harmonic Gilbert
down-conversion mixer with the octet-phase LO generator is demonstrated. The
conversion gain is 15 dB, IP;gp is —13 dBm, IIP5is 0 dBm, and I1P; is 24 dBm when the
LO power equals 3 dBm. The measured IF quadrature output waveforms indicate that
the phase difference between the in-phase and quadrature-phase output channels is only

1.3 degrees.

(41) We realized four 50% duty cycle divide-by-3 prescalers using the 2-um GalnP/GaAs
Heterojunction bipolar transistor (HBT) technology and the 0.35-um SiGe BiCMOS
technology: sample-sample-hold (SSH) and sample-hold-hold (SHH) prescalers. The
current switchable emitter couple logic D flip-flops are employed to form both
prescalers. The maximum operating frequency of SHH prescaler is enhanced about 50%

when compared with that of the SSH prescaler due to better signal synchronization.

(42) Two SiGe HBT upconverter are realized using the passive and active LC current
combiners. A passive LC (inductor - capacitor) current mirror is applied at the output of
the Gilbert mixer core to provide the differential-to-single conversion and to double the
output current at the resonant frequency. The passive inductors employed in the LC
current mirror always occupy large chip area. There is the other up-converter using the
active inductors consisting of the common-collector transistors and feedback resistors to

save die area and still preserve upconverter performance.
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(43) A 10-GHz sub-harmonic Gilbert mixer is demonstrated using GalnP/GaAs
hetero-junction bipolar transistor technology. The local oscillator (LO) signal time-delay
path in the sub-harmonic LO stage is compensated using the fully symmetrical
stacked-LO doubler; therefore, the balance of the sub-harmonic LO stage, the radio
frequency to intermediate frequency isolation, and IIP, are improved. The demonstrated
10-GHz sub-harmonic mixer achieves 10 dB conversion gain, IP;4s of 12 dBm, IIP; of 2

dBm and IIP; of 33 dBm.

(44) A frequency divider with super-dynamic D-type flip—flop is demonstrated in 2 um
GalnP/GaAs HBT ( fr = 40 GHz) technology. By biasing the HBT devices around the
peak transit-time frequency (fr), the operating frequency of a D-FF with ECNFP
(emitter-coupled negative feedback pairs) can be improved. At a supply voltage of 5V, a

divide-by-two function of 9.5 GHz is achieved.

(45) A regenerative frequency divider with a differential transimpedance amplifier (TIA)
active load using 0.35 um SiGe HBT technology is demonstrated. The differential TIA is
beneficial for higher frequency and lower sensitivity operation, and the inductive
peaking enhances the bandwidth of the output buffer. From the experimental results, the
operating frequency ranges from 5 to 27 GHz (fmax/fmin=5.2) for a supply voltage of 5 V

and core power consumption of 49.5 mW.

(46) A 5.7 GHz I/Q downconversion mixer is demonstrated in this letter using 0.35 um SiGe
BiCMOS technology. A quarter-wavelength coupled line and two center-tapped
transformers are utilized to generate differential quadrature LO signals. A miniaturized
Marchand balun is placed before the common-base-configured RF input stage of each
I/Q Gilbert mixer to generate balanced RF signals. All the reactive passive elements are
placed directly on the standard silicon substrate. The 5.7 GHz I/Q downconverter
achieves 7 dB conversion gain, -26 dBm IP;4p, and -18 dBm IIP; at the power
consumption of 3.875 mW and 2.5 V supply voltage.

(47) The V-band coplanar waveguide (CPW)-microstrip line (MS)-CPW two-stage

amplifier with the flip-chip bonding technique is demonstrated using 0.15 um
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AlGaAs/InGaAs pseudomorphic high electron mobility transistor technology (pHEMT).
The CPW is used at input and output ports for flip-chip assemblies and the MS
transmission line is employed in the interstage to reduce chip size. This two-stage
amplifier employs transistors as the CPW-MS transition and the MS-CPW transition in
the first stage and the second stage, respectively. The CPW-MS-CPW two-stage
amplifier has a gain of 14.8 dB, input return loss of 10 dB and output return loss of 22
dB at 53.5 GHz. After the flip-chip bonding, the measured performances have almost the

same value.

(48) The fully integrated GalnP/GaAs heterojunction bipolar transistor (HBT)
transformer-based top-series quadrature voltage controlled oscillator (QVCO) is
demonstrated at 4 GHz. The transformers on the semi-insulating GaAs substrate possess
good electrical properties at high frequencies. The quadrature VCO at 4.1 GHz has
phase noise of -120 dBc/Hz at 1MHz offset frequency, output power of 2 dBm and the
figure of merit (FOM) -178 dBc/Hz.

(49) A K-band sub-harmonically pumped resistive mixer (SPRM) is demonstrated using
standard 0.13 um CMOS technology. A miniature Marchand Balun is integrated with the
resistive mixer to generate equal amplitude and out-of-phase signals for mixer’s LO port
directly on the lossy silicon substrate. The sub-harmonic resistive mixer with the
integrated Marchand balun has conversion loss of 11~12 dB at fir= 100 MHz and P o=
7 dBm for RF frequencies from 18 to 26 GHz. The LO-RF and LO-IF isolations are
approximately 30 dB and 33 dB, respectively.

(50) An integrated GalnP/GaAs heterojunction bipolar transistor (HBT) regenerative
frequency divider (RFD) with active loads is demonstrated from 4 GHz to 26 GHz. In
this work, the RFDs with resistive loads and active loads are fabricated in the same chip
for comparison. From the measured results, the active loading type obviously has wider
operating frequency and lower input sensitivity. The fyax/fmin ratio of 6.5 is higher than
that of general RFDs. The core power consumption is 36.7 mW at the supply voltage of
5 V. The chip size is 1.0 X 1.0 mm’.
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(81) A 5.2 GHz 1 dB conversion gain, IP; 48 = —19 dBm and IIP;= -9 dBm double
quadrature Gilbert downconversion mixer with polyphase filters is demonstrated by
using 0.35 um SiGe HBT technology. The image rejection ratio is better than 47 dB
when LO=5.17 GHz and IF is in the range of 15 MHz to 45 MHz. The Gilbert
downconverter has fourstage RC-CR IF polyphase filters for the image rejection.
Polyphase filters are also used to generate LO and RF quadrature signals around 5 GHz

in the double quadrature downconverter.

(52) An effective way to boost power gain without noise figure degradation in a cascode low
noise amplifier (LNA) is demonstrated at 4 GHz using 0.35 um SiGe HBT technology.

This approach maintains the same current consumption because a low-pass 7 -type LC

matching network is inserted in the inter-stage of a conventional cascode LNA. 5 dB
gain enhancement with no noise figure degradation at 4 GHz is observed in the SiGe

HBT LNA with inter-stage matching.

(53) A 10-GHz sub-harmonic Gilbert mixer is demonstrated in this paper using the 0.35 um
SiGe BiCMOS technology. The timedelay when the sub-harmonic LO (Local Oscillator)
stage generates subharmonic LO signals is compensated by using fully symmetrical
multiplier pairs. High RF-to-IF isolation and sub-harmonic LO Gilbert cell with
excellent frequency response can be achieved by the elimination of the timedelay. The
SiGe BiCMOS sub-harmonic micromixer exhibits 17 dB conversion gain, —74 dB
2L.O-to-RF isolation, IP; g8 of —20 dBm, and IIP; of —10 dBm. The measured double
sideband noise figure is 16 dB from 100-kHz to 100-MHz because the SiGe bipolar

device has very low 1/f noise corner.

(54) A 2.4/5.7 GHz dual-band Gilbert upconversion mixer is demonstrated using 0.35 um
SiGe BiCMOS technology. A bias-offset cross-coupled transconductance amplifier
(TCA) is employed in the intermediate frequency port for the linearity improvement.
The dual-band LC current combiner and the output shunt-shunt feedback buffer
amplifier are in the radio frequency (RF) port. The mechanisms of the high linearity
upconverter and the design flow of the dual-band L.C current combiner are established in

this letter. The dual-band upconverter has conversion gain of 1.5/-0.2 dB, OP;4g of
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-10.5/-9 dBm, and OIP3 of 12/13 dBm for IF=100 MHz, RF= 2.4/5.7 GHz, respectively.

(55) A GalnP/GaAs HBT broadband RF front-end consisting of a low noise wideband
amplifier and a micromixer is demonstrated in this paper. The major advantage of this
work is the elimination of inductors and thus the chip area can be greatly saved. The
bandwidth of the RF front-end is up to 7 GHz. The measured conversion gain is higher
than 25 dB from 1 GHz to 7 GHz and the noise figure of the RF front-end is less than 8
dB within the bandwidth.

4. PROGRAM MANAGEMENT

Sub-project 5 provides high-frequency MHEMT and HBT device foundry service and
device modeling techniques to support sub-project 2 for the development of
high-performance microwave and milimeter wave MMICs up to 60GHz. Sub-project 5 also
develops advanced device technologies and makes improvments in terms of structure design
and fabrication process targeting manufacturing cost down as well as performance

enhancement.

5. INTERNATIONAL COOPERATION ACTIVITIES

Due to the remarkable achievements in the former stage of this project, cooperation
activities with overseas research institutes or companies are plenty and the number is
increasing every year.. The collaboration work provides opportunities for exchange of

technical experience or propaganda of project achievements.
The following is a list of international cooperation undergoing:

(1) Chalmber University (Sweden): GaN power amplifier developement and

high-frequency circuit testing.

(2) NTT Basic Research Lab. (Japan): Epitaxial growth of advanced material system for

high-speed electronics application.

(3) Quantum Nanoelectronics Research Center (QNERC), Tokyo Institute of
Technology (Japan): development of nano-lithography process for high-speed device

fabrication.

(4) Sharp Laboratories of America (U.S.A.): deposition of thick crack-free GaN film on Si
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substrate to reduce the material cost for GaN devices.

(5) Telekom Research & Development Sdn Bhd(TMR&D) (Malaysia): device physics

and technology training course on compound semiconductor devices.

(6) Intel Corporation (USA): feasibility Study of InAs-based QWFETs for Ultra High
Speed, Low Power Logic Applications.

(7) Hitach Research Center (Japan) : MHEMT MMIC research cooperation.

(8) Ulvac Corporation (Japan ) : GaN MBE abd ICP etch materials and process technology
developement.

(9) Samsung Cheil Corp. (Korea): Hard mask materials development for submicron

technology application.

(10) Penn State University (USA): InAs device development.
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Hul,* Yun-Chi Wu, and Yu-Min Teng , “DC and RF Characterizations of Flip-Chip
Packaged Low-Noise GaAs PHEMT:towards Multi-chip Modules (MCMs) for
Microwave Applications”, MMS 2007 Mediterranean Microwave Symposium Hungary
Budapest, 2007 May 14~ 2007 May 18

[24].Chia-Yuan Chang, Edward Yi Chang, Yi-Chung Lien, Yasuyuki Miyamoto, Chien-I
Kuo, Sze-Hung Cheng and Li-Hsin Chu, “High-Performance
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In0.52A10.48 As/In0.6Ga0.4As Power Metamorphic HEMT for Ka-Band Applications,”
IEEE International Conference on Semiconductor Electronics (2006)

[25].Kung-Liang Lin, Edward-Yi Chang, Yo-Lin Hsiao, Wei-Ching Huang, Tingkai Li, Doug
Tweet, Sheng Teng Hsu, Jer-shen Maa"MOVPE high quality GaN films grown on Si (111)

using AIN  multi-buffer layer", 7th International Conference on Nitride

Semiconductors ,Les Vegas ,September 16-21, 2007

[26]. Yun Chi Wu, Edward-Yi Chang, Y.C. Lin, and W.C. Wu, “High-temperature electrical
characteristics of SPDT GaAs switches with copper metallized interconnects”, CS
MANTECH conference, , Austin, Texas, USA ,May 14-17, 2007

[27].E. Y. Chang, H. Yamaguchi, Y. C. Lin, “Growth of InAs channel HEMT on Si substrate

and it’s possible application for low power logic”, Solid State Device Meeting (SSDM),
Tokyo, Sept. 2007. (Invited)
[28].E. Y. Chang, Chien Yi Kuo, “HEMT for high speed electronic applications From
InGaAs to InAs channel devices”, ISCS, Tokyo, Japan, 2007. (Invited)
[44]. Kung-Liang Lin, Edward-Yi Chang, Jui-Chien Huang, Yo-Lin Hsiao, Tingkai Li, Doug
Tweet, Sheng Teng Hsu, Jer-shen Maa “MOVPE high quality GaN film grown on Si
(111) Substrates using an Multilayer AIN buffer”, in the 7th Int'l Conference of Nitride

Semiconductors (ICNS-7) Conference, Les Vegas, Nevada, Unite State ,September
16-21 ,2007.

[45]. E. Y. Chang, “IlII-V Based Semiconductor Devices for Milimeter Wave Applications”,
7th Topic Workshop on Heterostructure Microelectronics (TWHM 2007), Kisarazu,
Chiba, Japan, Aug.21-24, 2007.(Invited)

[46]. Chien-I Kuo, Heng-Tung Hsu, Chia-Yuan Chang, Edward Yi Chang, and Heng-Shou
Hsu, “Evaluation of RF and Logic Performance for 80 nm InAs/InGaAs Composite
Channel HEMTs Using Gate Sinking Technology”, in the 2007 IEEE Electron device
and solid state circuit(EDSSC), Tainan, Taiwan, Dec. 20-22, 2007.

[47]. Heng-Tung Hsu, Chia-Yuan Chang2, Edward Yi Chang, Chien-I Kuo, and Yasuyuki
Miyamoto, “High Performance InAs-Channel HEMT for Low Voltage Milimeter Wave

Applications”, 2007 Asia-Pacific Microwave Conference, Bangkok, Thailand, Dec.
11-14, 2007.

[48]._E. Y. Chang, “IlI-V Based Semiconductor Devices for Milimeter Wave Applications”,
7th Topic Workshop on Heterostructure Microelectronics (TWHM 2007), Kisarazu,
Chiba, Japan, Aug.21-24, 2007. (Invited)

[49]. E. Y. Chang, “Growth of InAs Channel HEMT Structure on Si substrate and it's Possible
Application on Low Power Logic”, 2007 International Conference on Solid State
Devices and Materials (SSDM 2007), Ibaraki, Japan, Sep.18-21, 2007. (Invited)

[50]. E. Y. Chang, “HEMT for high speed electronic applications: from InGaAs to InAs
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channel devices”, The 34th International Symposium on Compound Semiconductors
(ISCS 2007), Kyoto, Japan, Oct.15-18, 2007. (Invited)

[51]. J. S. Syu, C. C. Meng, C. K. Wu, and G. W. Huang, “A wideband SiGe HBT Gilbert
micromixer with differential-to-single CE-CC output stage,” in 2007 Asia Pacific
Microwave conference, pp. 2523-2526, Dec 2007.

[52]. H. J. Wei, C. C. Meng, Y. W. Chang, Y. C. Lin, and G. W. Huang, “A High-Speed HBT
Prescaler Based on the Divide-by-Two Topology,” in 2007 Asia Pacific Microwave
conference, pp. 2515-2518, Dec 2007.

[53]. C. C. Meng, Y. H. Teng, Y. C. Lin, J. C. Jhong and Y. C. Yen, “Characteristics of
Integrated RF Transformers on GaAs Substrate,” in 2007 Asia Pacific Microwave
conference, pp. 2519-2522, Dec 2007.

[54].T. H. Wu, Y. C. Lin, C. C. Meng, T. H. Wu, H. J. Wei, and G. W. Huang, “Compact
GalnP/GaAs HBT Gilbert Mixers With On-Chip Active LO Balun,” pp. 1069-1072, in
2007 Asia Pacific Microwave conference, Dec 2007.

[55]. S. C. Tseng and C. C. Meng, “10-GHz 0.35-um SiGe BiCMOS
Bottom-LO-Sub-Harmonic Gilbert Mixer With Lumped-Element Rat-Races”, in 2006
Asia Pacific Microwave Conference, Dec. 2006.

[56]. T. H. Wu and C. C. Meng, “A High 2LO-RF Isolation SiGe BiCMOS Sub-Harmonic
Gilbert Mixer Using Stacked-LO-Stage Topology”, in 2006 IEEE Tenco, Nov. 2006.
[57]. S. C. Tseng, C. C. Meng, Y. W. Chang and G. W. Huang, “4-GHz Fully Monolithic
SiGe HBT QVCO Using Superharmonic Coupling Topology”, in 2006 European

microwave integrated circuits conference, September 2006.

[58]. C. C. Meng, “Comparisons of Complex Permittivity Measurements Using Free-Space
and Waveguide Fabry-Perot Resonators at E/W-band Frequencies”, in Joint international
conference on infrared and millimeter waves and international conference on Terahertz
electronics, pp. 443, September 2006.

[59]. C. C. Meng, T. H. Wu and T. H. Wu, “5.2-GHz GalnP/GaAs HBT Gilbert
Downconversion Micromixer With the Integrated Lumped Rat-Race Hybrid”, in 2006
cross strait tri-regional radio science & wireless technology conference, pp. 440-441,
August 2006.

[60]. C. C. Meng, T. H. Wu, M. C. Lin, C. H. Chen, J. C. Jhong, Y. W. Chang, S. C. Tseng, B.
C. Tsou, D. W. Sung, S. K. Hsu, M. H. Chiang, S. S. Lu, H. C. Chen, M. C. Chiang, S.
A. Yu, and G. W. Huang, “High Performance GalnP/GaAs HBT Radio Frequency
Integrated Circuits at 5 GHz,” in 2005 Asia Pacific Microwave Conference, pp. 823-826,
Dec 2005.( invited paper)

[61]. S. C. Tseng, C. C. Meng, W. Y. Chen and J. Y. Su, “A Physics-Based Transit Time
Model for GalnP/GaAs HBT Devices,” in 2005 Asia Pacific Microwave Conference, pp.
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1031-1034, Dec. 2005.

[62]. S. C. Tseng, C. C. Meng, S. Y. Li, J. Y. Su and G. W. Huang, “2.4 GHz
Divide-by-256~271 Single-Ended Frequency Divider in Standard 0.35-um CMOS
Technology,” in 2005 Asia Pacific Microwave Conference, pp. 856-859, Dec. 2005.

[63].J. Y. Su, C. C. Meng, Y. H. Li, S. C. Tseng and G. W. Huang, ‘2.4 GHz 0.35 um CMOS
Single-Ended LNA and Mixer with Gain Enhancement Techniques,” in 2005 Asia
Pacific Microwave Conference, pp. 1550-1553, Dec. 2005.

[64]. C. C. Meng, J. Y. Su, B. C. Tsou and G. W. Huang, “RF Characteristics of BJT Devices
with Selectively or Fully Ion-Implanted Collector,”
other semiconductors application symposium (GAAS 2005), pp. 161-164, Oct. 2005.

[65]. C. C. Meng and B. C. Tsou, “GalnP/GaAs HBT device structure determination by DC

measurements on a two-emitter HBT device and high frequency measurements,” in 2004

in European gallium arsenide and

Asia Pacific Microwave Conference, Dec. 2004.

[66]. S. C. Tseng, C. C. Meng and G. W. Huang, “A C Band downconversion Gilbert mixer
with improved single-to-differential RF transconductance stage and active IF loads”, in
2004 Asia Pacific Microwave Conference, APMC/04/C/483, Dec. 2004.

[67]. C. C. Meng, T. H. Wu, T. H. Wu, and G. W. Huang, “A fully integrated 5.2 GHz double
quadrature image rejection Gilbert downconverter using 0.35 um SiGe technology,” in
European gallium arsenide and other semiconductors application symposium (GAAS
2004), pp. 319-322, Oct. 2004.

[68]. T. H. Wu, C. C. Meng, T. H. Wu, and G. W. Huang, “A 5.7 GHz 0.35 um SiGe HBT
upconversion micromixer with a matched single-ended passive current combiner
output,” in European gallium arsenide and other semiconductors application symposium
(GAAS 2004), pp. 323-326, Oct. 2004.

[69]. C. C. Meng, T. H. Wu, T. H. Wu and G. W. Huang, “A high gain 0.35 um SiGe
BiCMOS micromixer using active differential loads,” in 2004 symposium on nano
device technology, pp.332-333, April 2004.

B3. Conference (Domestic)

[1] Edward Yi Chang, Tsung-Hsi Yang, Guangli Luo, and Chun-Yen Chang, “Growth of
device-quality GaAs epitaxial layers on off-cut Ge/Ge0.95Si10.05/Ge0.9Si0.1/Si
substrates with suppressed Ge inter-diffusion,” in the Asian CVD, Taiwan, 2004.

[2] Tsung-Hsi Yang, Guangli Luo, Edward Yi Chang, Y. C. Hsien, and Chun-Yen Chang,
“Interface-blocking mechanism for reduction of threading dislocations in SiGe and Ge
epitaxial layers on Si(100) substrate,” in the Asian CVD, Taiwan, 2004.

[3] L. H Chu, E. Y. Chang, S. H. Chen, Y. C. Lien, and C.Y. Chang,
“InGaP/AlGaAs/InGaAs enhancement-mode pseudomorphic HEMT for high frequency
application,” 2004 International Electron Devices and Materials Symposia, Hsinchu,
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Taiwan, 2004, Dec 20-23.

[4] Y.C. Hsieh, E. Y. Chang, S. S. Yeh, G. L. Luo, and C. Y. Chang, “Optimization of the
growth of InGaP etching stop layer by MOCVD for InGaP/GaAs HBT device
application,” 2004 International Electron Devices and Materials Symposia, Hsinchu,
Taiwan, 2004, Dec 20-23.

[5] Ke-Shian Chen, Cheng-Shih Lee, Edward Yi Chang, "Non-alloyed Cu metallized ohmic
contact to n-type GaAs", Symposium on Nano Device Technology 2005, Hsinchu,
Taiwan.

[6] L. H. Chu, H. T. Hsu, E. Y. Chang, T. L. Lee, S. H. Chen, Y. C. Lien, C.Y. Chang,
“High Linearity and High Efficiency Enhancement-mode Low Noise PHEMT with
Single voltage Supply for W-CDMA Application”, in the International Electron Devices
and Materials Symposia, Tainan, Taiwan, R.O.C., Dec 7-8, 2006.

[7] Chien-I Kuo, Heng-Tung Hsu, Chia-Yuan Chang, Edward Yi Chang, and Heng-Shou
Hsu, “Evaluation of RF and Logic Performance for 80 nm InAs/InGaAs Composite
Channel HEMTs Using Gate Sinking Technology”, in the 2007 IEEE Electron device
and solid state circuit(EDSSC), Tainan, Taiwan, Dec. 20-22, 2007.

(2) Patent list
[1]. RE, KRR %, BRE, “RRUCKE T A MEFHE Rkﬁ&”ROCU%%6
2]. 3R E, Z R4, “F AR R ERF M E ﬁ$+ﬁ%ﬁ%+ HEPXHE,

R.0.C. 569077, 2003.5~2023.4

[3]. 3RE, R, 2AE, “Bé14 Bz E A EE T4, RO.C. 200636934

[4]. C. S. Lee, E. Y. Chang, “Schottky structure in GaAs semiconductor device”, US 200118

[5]. 244+, 5RE, RAGK, "—FEAIsF ¥ 582 + oy 4 A (Schottky) & 4, R.O.C.

540160

[6]. AL, RE, “FHau > A HEIZ 22" R.O.C. 528204

7. 24+, RE, “TAIXLELEZ A AL AR TAIEEL S BEXHE

R.0.C.200531181

8]. BEAMGFKERGZRAL AR EaksEpx %", RO.C. 221009,
2004.9.11~2023.7.27

Ol REBEBMGTKEREE “EWEERR LARKMILESEZZFHE”, ROC.
221001, 2004.9.11~2023.7.27

[10]. &AL, FRE, “FLsE ¥ @745 L2 B4E %7, R.O.CI1222675

[11]. &L, kB, RE, “II-V RF TR A4 RNEATR - AZRBREEES
%7, R.0.C. 200501319

[12]. BRAEHG, 3R, RE, “WRETFTREMBE L F %", RO.CI1265564
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(3) LIST OF WORKSHOP/CONFERENCE HOSTED BY THE PROGRAM

2004

[1]. “Millimeter Wave GaAs MMICs and High Frequency Packaging”, May 21, 2004, 180
PERSON-TIMES

[2]. “Novel Nitride Semiconductor Devices”, June 10, 2004, 150 PERSON-TIMES

2005

[3]. “NEW GAN MATERIALS DEVELOPMENT FOR OPTOELECTRONIC AND
ELECTRONIC DEVICES”, JUN 1, 2005, 150 person-times

[4]. “Development of MMICs and widebandgap devices at Chalmers University”, May 26, 50

person-times

2006

[5]. Seminar on High Speed Semiconductor Devices (Dec 22, 2006), Participants: 30

[6]. Ultra-Low Power Nanoelectronics for Logic Applications (Dec 18, 2006), Participants:

40

[7]. Growth of Super Wide-bandgap Semiconductors and Their Applications to Devices (Nov.
15, 2006), Participants: 160

2007
[8]. GaN for Electronics Application (Nov. 18, 2006) , Participants: 30
[9]. Multifunctional millimeterwave MMICs for emerging applications (Dec 15, 2006),
Participants: 70
[10]. Photovoltaic Projects in Japan and Recent Achievements in Tokyo Tech (Dec 20, 2006),
Participants: 70
[11]. Panel Discussion on IEEE 2008 RFIC Symposium “Millimeter-wave IC: Is silicon
winning? Is GaAs still alive?” (June, 2008). Panelists: 7
[12]. “Design of RF-CMOS Integrated Circuits for Wireless communications” and “Next
Generation Handset Transmitters” (Dec 18, 2006), Participants: 100

(4) LIST OF PERSONAL A CHIEVEMENTS OF THE PIS

[1]. Edward Yi Chang: B3 A+ NFEEHIFE —ERZELXEH RS

[2]. Edward Yi Chang, Organizing Committee, IEEE Conference on Indium Phosphide &
Related Materials (IPRM)

[3]. Edward Yi Chang, Sub Program Committee, IEEE IEDM
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[4]. Edward Yi Chang, Distinguished Lecturer, IEEE EDS

[5]. Edward Yi Chang, International Advisory Committee, IEEE ICSE

[6]. Edward Yi Chang, Organizing Committee, IEEE ISCS (Japan)

[7]. Edward Yi Chang, Invited speaker, IEEE TWHM 2007

[8]. Edward Yi Chang, Invited speaker, SSDM 2007

[9]. Edward Yi Chang, Invited speaker, ISCS 2007

[10]. Edward Yi Chang, Invited speaker, ECS 2008

[11]. Edward Yi Chang, Invited speaker, MRS 2008

[12]. Edward Yi Chang, Organizing Committee, SSDM 2008

[13]. Edward Yi Chang, Organizing Committee, Invited speaker, European Microwave
Conference 2008.

[14]. Edward YiChang: I S R i@ K% : F— B T A SRR A TR ) REH
(2005/12)
[15]. Edward Yi Chang: Rl sr R A% % —F T2 2B IR LR ARKSE ;) A A%
(2006/12)

[16]. Edward Yi Chang: i L Ri#B RS : H=F TE SRR AT MEARKSE, 2158

(2007/12)

[17]. Chinchun Meng, Personal Royalty Income: U.S. pattern number 5,466,965. “High
efficiency, high power multiquantum well IMPATT device with optical injection locking”
2,400 U.S.D. royalty received from U.C.L.A. in 2005 (Total Royalty Income from Limo
Mobile Data to U.C.L.A.: 22,000 U.S.D. in 2005), 500 U.S.D. royalty received from
U.C.L.A. in 2006, 191 U.S.D. royalty received from U.C.L.A. in 2007. Expect to receive
the royalty on yearly basis.

[18] Chinchun Meng, T. H. Wu, M. C. Lin, C. H. Chen, J. C. Jhong, Y. W. Chang, S. C.
Tseng, B. C. Tsou, D. W. Sung, S. K. Hsu, M. H. Chiang, S. S. Lu, H. C. Chen, M. C.
Chiang, S. A. Yu, and G. W. Huang, Dec 2005, “High Performance GalnP/GaAs HBT
Radio Frequency Integrated Circuits at 5 GHz”, 2005 Asia Pacific Microwave Conference,
invited paper, pp. 823-826.

[19] Chinchun Meng, invited speaker, GSMM 2008.

(5) L1ST OF TECHNOLOGY TRANSFER

2005

[1]. “Copper Metallization for GaAs MMICs”, Technology Transferred to Win Semiconductor
corporation.

[2]. “Development of ITO Film and Reflector Technology”, Technology Transferred to Ring
Light Technology.
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2006

[3]. “Copper Metallization for GaAs MMICs”, Win Semiconductor corporation
(2006.01.10~); Amount: NT 800,000 (2006~)

[4]. “Thick-film photoreist technology for III-V device package applications”, Everlight
Group (2006.05.01~ 2007.04.30); Amount: NT 500,000

[5]. “Device Physics and Technology Course On Compound Semiconductor Devices In TM
Research & Development”, Telekom Research & Development Sdn Bhd(TMR&D)
(2007); Amount: NT 1,943,452

[6]. “Dry etch process for III-V based materials”, ULVAC TAIWAN Co., Ltd
(2005.5.31~2006.05.30); Amount: NT 1,000,000.

2007
[7]. Transfer of technology in the development of active and passive devices for the
realization of high performance MMICs” Amount: USD 180,000.

(6) LI1ST OF TECHNOLOGY SERVICE

2004

[1]. Collaboration with Ministry of Transportation and Communications for “Side Warning
System Development & Demonstration for Vehicle Collision Avoidance Radar”
Budget: NT $2,892,000 Duration: 93.02.01~93.11.30

The purpose of this research project is "The Side Warning System Development

and Demonstration for Vehicle Collision Avoidance". We collect associated information
and references of side warning collision avoidance techniques for trunk, and select a
realistic approach, which is suitable for domestic trunk driving conditions. During this
research phase, we also developed a prototype of side warning system for trunk collision
avoidance. Through this project, we expect to get a best performance for side collision
avoidance. Furthermore, we try to solve the engineering issues as well as to propose

some suggestions for the government.
[2]. Collaboration with Semiconductor Research Corporation for “Development of Data

Bases and Optimization Simulation Packages for RFIC Inductors”
Budget: NT $3,350,000 Duration:93.07.01~94.06.30
The objective is to develop a comprehensive, reliable, and efficient design system
for RFIC inductors. Anticipated results are as follows:
1. Extraction of material EM parameters in silicon wafer.
2. Development of data bases for RFIC inductors.
3. Development of EM simulation and optimization software for RFIC inductors.
4

. Analysis of coupling effects and shielding designs
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[3]. Collaboration with AirWave Technologies Inc. for “60-GHz Millimeter-wave

Communication Technology”

Budget: NT $2,000,000 Duration:91.06.01~93.05.31
The project is to develop a reliable, robust, and efficient 60-GHz communication

system platform. Major results are as follows:

1. Development of the active components, such as LNA, PA, oscillator, and mixer, for
60-GHz system.

2. Development of the passive components, such as filter, antenna, switch, and coupler,
for 60-GHz system.

3. Development of high frequency flip-chip interconnection technology for 60-GHz

system integration.

2005

[4]. “Feasibility Study of InAs-based QWFETs for Ultra High Speed, Low Power Logic
Applications”, Intel Corporation (Phase I : Q4, 2005 —Q3, 2006) ; Amount: USD 60,000

2006

[5]. “Feasibility Study of InAs-based QWFETs for Ultra High Speed, Low Power Logic
Applications”, Intel Corporation (Phase II : Q4, 2006 —Q3, 2007) ; Amount: USD 60,000

2007

[6]. “Feasibility Study of InAs-based QWFETs for Ultra High Speed, Low Power Logic
Applications”, Intel Corporation (Phase II : Q4, 2007 —Q3, 2008) ; Amount: USD 60,000

[7]. “Development of GaN Epi materials on 6 inch Si substrate”, Sharp electronic (Japan);
Amount: USD 60,000

[8]. “Development of Hard Mask Materials for Submicron technology”, Amount: USD
200,000
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VII. APPENDIX III : LIST OF PUBLICATIONS IN TOP JOURNALS AND CONFERENCES

[1]. Shang-Wen Chang, Edward Yi Chang, Cheng-Shih Lee, Ke-Shian Chen, Chao-Wei
Tseng, and Tung-Ling Hsieh, 2004, “Use of WNx as the Diffusion Barrier for
Interconnect Copper Metallization of InGaP/GaAs HBTs”, IEEE Transactions on Electron
Device, Vol.51, No. 7.

[2]. Chien-I Kuo, Heng-Tung Hsu, Edward Yi Chang, Chia-Yuan Chang, Yasuyuki
Miyamoto, Suman Datta, Marko Radosavljevic, Guo-Wei Huang, and Ching-Ting Lee,

“RF and Logic Performance Improvement of Ing;Gag3As /InAs/Ing;Gap3As Composite
Channel HEMT Using Gate Sinking Technology” IEEE Electron Device Lett. 2008.

[3]. S. C. Tseng, C. C. Meng, C. H. Chang, C. K. Wu and G. W. Huang, ‘“Monolithic
broadband Gilbert micromixer with an integrated Marchand balun using standard silicon
IC process”, IEEE transaction on Microwave Theory and Techniques, Dec 2006.

[4]. T. H. Wu and C. C. Meng, “5.2/5.7GHz 48dB Image Rejection GalnP/GaAs HBT
Weaver Down-Converter Using LO Frequency Quadruple”, IEEE Journal of solid-state
circuits, vol. 41, no. 11, pp.2468-2480, Nov 2006.
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Appendix IV
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VIII. APPENDIX IV : SLIDES ON SCIENCE AND TECHNOLOGY BREAKTHROUGHS

(1) Copper metallization on GaAs device is demonstrated for the first time. Use of WNx as the
Diffusion Barrier for Interconnect Copper Metallization of the HBTs were fabricated. The XRD
data clearly indicate that the Cu/WNx/SiN structure remained quite stable up to 550 °C. The

device was annealed at 250°C for 25 hours for the thermal stability test, the device exhibited
excellent stability with no change in with WNx diffusion barrier.

Structure of InGaP/GaAs HBT with Interconnect Copper

Metallizatoion and Current Accelerated Test Data

Interoonnect Metal: WNC

Dilectic: SN 10°
Bmetak: AuGeN/Au , fIntercinnect Cu metallization
Biretak TVR/Au 10
Cametal: AuGeNiAu

 Emitter area:3x20pm° |
-2

107 Before stress

3 [ --- After 15 hr stress

Gas sitstrate < 1xi0°
o
B 10°
/Cu ;
100 107
= \Au 8
E 10°
£
3 9
S0 10
c
£ . B
3 ::’r‘:;:’;’::;i’;:;’:zmz 06 07 08 09 10 1.1 1.2 13 14 15
1 Vee (V)
0o 2 6 8 10 12 14 16

4 1
Stress Time (Hours)

o Reliability test for the Cu and Au metallized HBT at high current density
J=125 kA/cm? and V=3V. The devices show no degradation after 15 hours.

SEM Image of Cu Airbridge

1012412003 Cu Airbridge
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(2) 80-nm-gate Ing;Gap3As/InAs/Ing;GapsAs composite channel HEMTs fabricated using
platinum (Pt) buried gate as the Schottky contact metal were evaluated for RF and logic
application. After gate sinking at the 250 °C for 3 minutes, the current gain cutoff frequency fr
was increased from 390 GHz to 494 GHz after gate sinking at supply voltage of 0.6 V. These
superior performances are attributed to the reduction of distance between gate and channel,

and the reduction of parasitic gate capacitances during gate-sinking process.

Structure and Layout of the Composited Channel
InAs HEMT

Au electro-plating: 2.1 um L
Height of Air-Bridge: 2.5 um  Epitaxial Structures

Cap nln,GaAs, x=0.83
iy v
Barrier iInAlAs, x= 0.52
6 doping Si
Barrier iInAlAs, x= 0.52
Channel In,Gahs, x=07
5.0kV 13.7mm x250 SE(V, ' ! ' Channe| |nAs
Channel In,Gahs, x=07
Buffer iInAlAs, x=052

2Inch S, | InP Substrate

50KV 14.3mm x11.06

Improvement of RF Performance of InAs HEMTs

by Gate Sinking
50 : : 40 S :
without gate sinking L =80nm with gate sinking L, =80nm
40} wg=2X50 pm || i Wg =2x50 um
U V,=0.8V 301 U V,=08V
& pannimnmny V =055V =-0.
ol ; I i V,=-05V
a) oo /M
<) H, = 20¢ 7
£ 20+ 1 . 0 6000w
& B g MAGMSG
0| Macnsc 1 © 10l o\ f,=494 GHz
\_f;=390 GHzZ
£, =360 GHz N\
0 ‘ ‘ o =390 GHz—_
1 10 100 1000 9 10 100 1000
Frequency (GHz) Frequency (GHz)
InAs/ In,,Ga, ;As HEMTs Cgs ng Cy | G,(RF) | £(GHz) | f .. (GHz)

Without gate sinking 733fF| 163fF | 53fF | 20lmS | 390GHz | 360 GHz

Gate sinking 60.5fF| 16.6fF | 3.7fF | 208mS | 494 GHz | 390 GHz
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(3) The 5 GHz Radio is demonstrated using the GalnP/GaAs HBT technology and several high
performance RFICs are implemented. These demonstarted RFICs include interstage-matched
gain-enhanced LNA, image-reject Gilbert VLIF downconverter with polyphase filter, Gilbert
direct conversion sub-harmonic down-conversion mixers, Gilbert up-conversion mixers with
output LC current mirror, low-phase-noise parallel-coupled quadrature VCOs and world class
superharmonic-coupled QVCO. These RFICs show the pontential of a fully integrated
GalnP/GaAs HBT RF fornt-end total solution.

High Performance GalnP/GaAs HBT Radio
Frequency Integrated Circuits at 5 GHz (I)

(1 irter-=tage matched LA for gain
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(4) Passive components like hybrids, baluns and couplers are implemented directly on a
low-resistivity (~10 € cm) silicon substrate and merged into ICs for radio-frequency,
microwave, and millimeter-wave applications. The demonstrations include wideband Marchand
balun micromixer, UWB micromixer, IQ downconverter using a quadrature coupler, dual-band
1Q downconverter with a reactive quadrature generator, and dual-band SSB upconverter with a

reactive quadrature generator, rat-race mixer and Marchand balun resistive sub-harmonic mixer.

Fassive Components (Hybirds, and Baluns) Integrated
into 125 Using Standard Silicon FProcess
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Appendix V
Self-Assessment



IX. APPENDIX V: SELF-ASSESSMENT (F3t& %)
PROGRAM TITLE: ADVANCED MICROWAVE TECHNOLOGIES FOR TELECOMMUNICATIONS

A E ARG E

1. First Reviewer

SCORE

ASSESSMENT SUBJECT (1~5, Low TO HIGH)

Importance & Innovation of the Program’s Major Tasks

{Clarity and RPresentation of the Report

\Viabllity of the Program’s Approaches & Methodologies

{program Director’s Competence for Leading the Program

{Interface & Integration between Overall & Sub-Project(s)

Yinterface & Integration among All Sub-Projects

PROGRAM'S CONTENTS & PERFORMANCE

{Manpower & Expenditures

{Contribution in Enhancing the Institute’s International Academic Standing

ProGRAM'S

g
g llmpact on Advancing Teaching or on Technolegy Development

OVERALL! (/_ /
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REVIEWER’'S COMMENTS & SUGGESTION:

1. Sub-project 5 concentrated on developing semi-conductor microwave devices in the range
of a few hundred GHz.

2. The project is some what independent from the main integrated platform work. Rather, it
focused on investigating various forward-looking techniques at the frontier of semi-conductor
microwave device research.

3. The group has achieved some solid, good results in III-V devices and has done original
work on III-V high mobility transistor on Si substrate.

4. The tech-transfer efforts of the group are rather impressive.

5. The work of the sub-project and that of sub-project S2 can be compared and see how the
two efforts are complementary to each other.




PROGRAM DIRECTOR’S FEEDBACK
ZE—EABAR:

1. Sub-project 5 concentrated on developing semi-conductor microwave devices in the range
of a few hundred GHz.
Ans: ##HEEH T -

2. The project is some what independent from the main integrated platform work. Rather, it
focused on investigating various forward-looking techniques at the frontier of semi-conductor
microwave device research.

Ans: #HEBEF T o

3. The group has achieved some solid, good results in III-V devices and has done original
work on III-V high mobility transistor on Si substrate.
Ans: ##HEEH T -

4. The tech-transfer efforts of the group are rather impressive.
Ans: #HREFE -

5. The work of the sub-project and that of sub-project S2 can be compared and see how the
two efforts are complementary to each other.

Ans: fEdbstE ¥ > FENERBOME > M E R ENSEME TR - AR

EFTARAEERR AN TFHED  EHOEREARLTRZTORS - &I

BEBABIA M EAZHER SR T EHEME AP RESEETRAE Y

B AR R BT o B3 E R SRR - kAR sEAR AR -
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2. Second Reviewer

SCORE
(1~B, Low TO HIGH)

ASSESSMENT BUBJECT

Importance & Innovation of the Program‘s Major Tasks

[Clarity and #resentation of the Report

iability of the Program's Approaches B. Methodologies

ram Director's Competence for Leading the Program

linterface & Integration between Overall & Sub~Project(s)

hnterface & Integration among All Sub-Projects

PROGRAM'S CONTENTS & PERFORMANCE

IManpower & Expenditures

™ Jmm‘lhution-ln Enhanting the Institute’s International Academic Standing

£
] E Ilmpact on Advancing Teaching or on Technology bDevelopment

Uy | O Uy D [0 [0y [ [ |y

OVERALL

w

54



REVIEWER’'S COMMENTS & SUGGESTION:

LRt EFs A -V R F TR T4A IC Hilf > AT EMEtaz s
BB BN E R B 6 R AT AR

2. XERMEIE

a. InAs HEMT (fr > 500GHz)

b. 4R f2(I-V 2% £ H g2 4 42)

c. B SABRE BT 0 RoAR BRI
d. Si % 42 4% B FUAF SRR B A Bt
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PROGRAM DIRECTOR’S FEEDBACK
ZE—_EREE
1. K3t ZEFaamas NV 58 ek IC #4470 STt

S B 8G  AB R ST 3 6 AR L 22l AR o
Ans: HIHEBEF TARET R ER  ARBRIJBLEMTFHENES

>

P e

2. XERMELE
a. InAs HEMT (fr > 500GHz)

AR AR (MI-V 25 F H g4 42)
C. &%% £ T > Rl B iR B BT
d&%ﬁmﬁmﬁﬁ@% LA sk
Ans: ¥3t& B4
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3. Third Reviewer

ASSESSMENT SUBJECT

S R

SCORE
(1~5, Low T0 HIGH)

[importance & Innovation of the Program’s Major Tasks

&

Icierity and Rresentation of the Report

i

fviability of the Program'’s Approaches & Methodologies

IProgram Director’s Competence for Laading the Program

ProOGRAM'S CONTENTS & PERFORMANCE

Interface & Integration between Overall & Sub-Project(s) A
finterface & Integration among Aif Sub-Projects 2.5
anpower & Expenditures |_§_
= p iContribution in Enhancing the Institute’s International Academic Standing J‘
s Impact on Advancing Teaching or on Technology Development C’L &
OVERALL ?7.;5-’
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REVIEWER’'S COMMENTS & SUGGESTION:

LAt EX 28R ULV R F S8 s RAKRFRIMERAARLE 1000 & &% > &
HEANRH SR CYFANEH 164 Bo4PFH 34 FEABMFHIX 4L E -
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PROGRAM DIRECTOR’S FEEDBACK
ZE=RABR:

Lok RER LV LS8 as  RAKFREIREAELE 1000 5% #&
HE NS R LR HENEA 164 BAEA 34 BRRFHAE -

Ans: #HRFEEBOE R ARERK  BESES ) ARREES L FREMNE
B -
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4. Fourth Reviewer

ASSESSMENT SUBJECT

SCORE
(1~5, Low TO HIGH)

Importance & Innovation of the Program’s Major Tasks 5
w
2
;_t Clarity and Presentation of the Report 4
S
&
& Viability of the Program’s Approaches & Methodologies 5
o
i
z Program Director’s Competence for Leading the Program 5
o
g Interface & Integration between Overall & Sub-Project(s) 3
=
3
8 |Interface & Integration among All Sub-Projects 4
[
o
Manpower & Expenditures 4
‘2 @ |Contribution in Enhancing the Institute’s International Academic Standing 5
-
,‘f & |Impact on Advancing Teaching or on Technology Development 5
OVERALL 40
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REVIEWER’'S COMMENTS & SUGGESTION:

COMMENTS :
. F3tZ (S5) MBEME LS T u ERATERN AR R ERRYAE -
BN RBRERESEERE > ASTHEZD  FHEHRERER -

2.Page 11 FY95~ 96 F4& & FIF X A BAAMNA% T H - T A S XIEAPIE 3745 3
BB BT ? EAE LR

3. FBAEFHEHERR (FYIX) #%o—3 A » 7t (FY200X) -
SUGGESTION :

1. FHEEES (2004) FRMRE 25 F EHMHE 2 E (Road map)
M b o BAF] B B B AR AT 69 AT BE M R AT AR K ©

2. A EARAE £ FABAE RAG B RARE R AT R R IR
T -
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PROGRAM DIRECTOR’S FEEDBACK

ZEwWERAEA :

COMMENTS :
1. F3tE (S5) MBMEF SR U B ERATERN > ERXBERERRYAE -
BASRBRERESTER > ASTHEXT  FHGEHERER -

Ans: HHER R RAFTEER  HESKH A WABEE -

2.Page 1 1 FY95+96 £ @ & EMR X AR EE > M AN RSB HWAR T H

Jo B AT 0 HAR A o
Ans: FY95 - 96 # & & X i » RBABEF —AMEARERE > MERASEHR T
MEXNA  REKRBLZRERET > ERREEASERTEN MAIZF TR XA A —
FREFERRENE HEILRFLEETRIAFEBEZZEE XA -
BEANZRE BBFAFAERETRTHES 2EURHAE L E2RANARAN
RTEASE HEANCENIERANZERA R > M 9596 £ 0
RIF—PEFRERAF AR P F R ARG REMAE Ry AN
X e A3t 2 RK3tE -

3. FUBREATFHEHRR (FYIX) %—4 A ~t (FY200X) -
Ans: H#EEER » HE B -

SUGGESTION :
Lo FhstER %8 (2004) FARMREZ S FuU 2B (Road map)
Pt b > LA 5 B S BA Bk BT 64 AT BE M R FRAT AR K ©

Ans: #HFEZR  HERMIE - wTHE-

2. R ERFREELE NG FHBMITEFG G RAZ RS E > UATHERERES

HRE S -
Ans: BHEFEERA > KERME - HEEFFLEFF T REAGHHBRFSN -
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S5

XBRAEACHFIRRNBREERAAFNF AL ARG ErE

Task

Technology

Characteristics

93

93

93

94

94

94

94

95

95

95

95

96

96

96

96

97

97

97

97

Q2

Q3

Q4

Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4

1.0

pHEMT, Gate Length .2 um

Ft~80GHz, Fmax~100GHz

1.1

R and C Process Verify

1.2]

B s34t Test Key X4k

1.3

R4 MMIC 84

2.0

pHEMT, Gate Length .15 um

Ft~100GHz, Fmax~120GHz

2.1

Gate Process Developing

2.1

B s34t Test Key X4k

2.1

R4 MMIC 84

3.0

mHEMT, Gate Length .2 um

Ft~150GHz, Fmax~290GHz

3.1

AR HHREAR RS

3.2

B 534t Test Key X4k

3.3

R4 MMIC 84

4.0

mHEMT, Gate Length .15um

Ft~180GHz, Fmax~360GHz

4.1

Gate Process Developing

4.2

B s34t Test Key X4k

4.3

R4 MMIC 84

5.0

InP Based HBT

Ft~90GHz, Fmax~200 GHz

5.1

AR - AR ERE

5.2

B s34t Test Key X4k

53

R4 MMIC 84
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