§RIF LV E FRAR
4 7R
ﬁgzﬂ?‘b‘?i B ERFL

3y
3
L
N
A
oy ¥me PR
Wy Wy A
I (g
&
N
It
.
m~
%
,‘m
tﬁr

HENREHFER FAEITYR il 2 SHE VB T RR

3+ 283
P¢@%$4H¥W@r&ﬁﬁw§$aJ_&gﬁ%g?
2 (% 1#)
PRRAFLOFHRORREE 2P RT SRR D

2007(4/4)¢®

FraEFRL (RER)

T oo ou B RGBT

@+ F % 5 ¢ NSC 97-2221-E-009-002-NSC 96-2628-S-415-002-MY2NSC
97-MOE-S-003-003-

#oF HORF C9TE08 01 p3298E107 31p 9% #0882 01px97=

07 31 p 974 04 01 p % 98 09 * 30 f
A0F ¥ REEARRRIAS ) () REEAA SRS KT
SRR Y LERY PR TSN

= R R = RS LR e L
ERAEFA L IRCEPRFTELT B2 A ERP 2 0F AT
EERE =N B Y- 5Ev4~¥fip~4f§"“~‘»fg
a F A R R R ME R R 1S £ R LU I = S
A éﬁﬁ
FRFEAR Dt hERE 2 LR

}.H;,,_;. "f‘]’fi:iﬁd’ 4’1@]_:4‘]“ giﬁﬂib]géﬁgJe}is}\z\’/‘v

o ﬁ”ﬁ%‘l‘fﬂwﬂi“”gﬁr

& MR RRE R B R F LR
R g S



DAV EVORAAYY L AR OBR A AVETORE

]

PooE A K 99#0407 27Tp 97T & 037 28
p98& 127" 31p



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 1

1 SCRR <l T et Rl i

N\ N o . » = 22 '?'FQ 2 =2 21
R il 20 SR B R R K R

2&3- MEMS Planar Monopole Antenna for UWB
Application - 45 ZE &

Abstract— In this research, a compact micromachined planar
monopole antenna is demonstrated. A high coupling structure is
formed on the patch to offer better impedance matching in order

to maintain UWB characteristics. The proposed antenna is
fabricated on the HRS substrate ( pg = 15000 Q -cm). The

proposed antenna has shown a promising feature for the UWB

system application.

Index Terms—MEMS, micromachining, UWB.

. INTRODUCTION

I n recent years, the development of Ultra wideband (UWB)

technology has grown rapidly. Various applications in
different fields, such as domestic, military, and industrial have
take the advantages of the wide impedance characteristic of
UWB communication systems. For the federal communication
commission (FCC)’s suggestion of UWB service applications
[1], numerous research in UWB antennas have been proposed.
A planar monopole antenna is one of the most commonly used
antenna types for UWB applications owning to following
attractive features such as simple structure, low profile, wide
impedance-bandwidth and omnidirectional radiation patterns
[2-5]. Another important system requirement on today’s

antenna is integrability [6]. The demand on the integrability

Manuscript received October 9, 2001. (Write the date on which you
submitted your paper for review.) This work was supported in part by the U.S.

Department of Commerce under Grant BS123456 (sponsor and financial

implies the use of silicon as the substrate material, as it is the
most common element in VVLSI technology.

This paper presents a novel planar monopole patch antenna
using MEMS technology for UWB radios. The proposed
antenna consists of trench structure with high electric field
coupling structure to provide better impedance matching in
desire bandwidth. All simulations have been carried out with
the Ansoft HFSS v11 software. The proposed antenna is
fabricated on high-resistivity silicon (HRS) substrate which the
fabrication process of the antenna is considerably simple and

compatible with the CMOS fabrication process.

Il.  ANTENNA DESIGN

The geometry of the proposed micromachined planar
monopole antenna for ultra-wideband (UWB) application is
shown in Fig. 1(a). As shown in fig. 1(a), the antenna is
designed through the optimization of the bevel angle on the
radiating patch and two high coupling slots on the patch. Both
the beveling and high electric field coupling slot technique on
the radiating patch are utilized to improve bandwidth
characteristic over the desired frequency band. In addition,
ground plane also has bevels for better impedance matching.
The CPW-fed is utilized in this design. The radiating patch, the
ground plane, and the signal line are all fabricated in the same
surface on 525 um-thick HRS substrate with dielectric constant
of 11.9. The simulation is conducted using Ansoft High
Frequency Structure Simulator (HFSS). The overall size of the
proposed antenna is 35 x17 mrm®. The optimized dimensions of

the proposed antenna are shown in following : Wy = 14 mm, L,
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=6.7mm, W, =3mm, W, = Wy, =1.25mm, L, =3.8mm, L,

=0.75mm, £, =1.5mm, Lg =2mm, We,a = 0.4 mm, W,
0.5 mm, Woy =2 mm, Lggn =05 mm, Lgpn = 19mm, Wi pr =
17 mm, and S = 0.7 mm. The cross-section view of the slot
structure is shown in fig.1 (b). The designed geometric
parameters of the slot are Ty = 20 um, Dy =200 um and D; =
80 pm. Ty is the slot width, Dq represents the slot depth and D,

is overlapped metal length within the slot.

I1l. FABRICATION

The proposed antenna in this work is fabricated on
525-um-thick high resistivity silicon (HRS) substrates (p, =
15000Q) -cm). Fig.10 illustrates the fabrication process flow of
the antenna. In order to fabricate the antenna; firstly, the desired
trench position is defined by photolithography then the trench is
formed through Inductively Coupled Plasma (ICP) etching [see
Fig. 8(b)]. The etching selectivity between photoresist and
silicon is 1:50, therefore the desired 250 um trench depth can be
easily achieved. Thirdly, metallization is firstly done through

sputtering technology, a thin 200 nm titanium-adhesion-layer

and a 500 nm copper-seed-layer will be sputtered [see Fig. 8(c)].

In the next step, the desired metal deposited position is
patterned by the use of photoresist AZ 4620, then followed by
the electroplating of Cu about 2um [see Fig. 8(d)]. In the last
step, the metal layer above the unwanted position is removed by
using “lift-off” technology to remove the photoresist at the
unwanted position together with the metal above it, then the
removal of Cu will be executed by the use of Cu stripper which
removes the Cu in the unwanted position [see Fig. 8(e)]. The
fabricated process of the proposed antenna is considerably
simple in which only two masks are required. Moreover, it can
be done through standard CMOS process, showing the
advantage of capability of system on chip (SOC).

IV. RESULTS AND CONCLUSIONS

In the measurements, the proposed antenna should be fed

on

Lgnd

o

—
Tw

Do

Substrate

(b)
Fig. 1. Schematic view of the MEMS planar monopole antenna (a)

Top view (b) cross-section view of the trench structure

with a 50-Q SMA connector at the end of the CPW-fed.
However, owing to the mistake in designing the CPW-fed, the
SMA connector cannot be soldered on the fed-in side. The
photograph of the fabricated antenna is shown in fig. 3(a) and
the microphotograph of the trench in the cross-sectional view is
shown in fig. 3(b). In this research, only simulation results are
carried out. Fig. 4 shows the simulated return loss of the

proposed antenna. The proposed antenna has shown the
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Fig. 2. Fabrication process flows for the EOCPW line: (a) HRS substrate
(b) Lithography (mask-1) then ICP deep etching and PR removal. (c)
sputtering of Ti & Cu. (d) Lithography (mask-2) then electroplating of Cu

(e) Photoresist lift-off then stripping of Cu in unwanted position.

15.0kV 12.1mm x1.50k SE(U)

(b)
Fig. 3. (a) The photograph of the fabricated antenna (b) the

microphotograph of the trench in the cross-sectional view

impedance-bandwidth for 10-dB return loss from 2.89 GHz to

3

-
o
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Return Loss (dB)
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Frequency (GHz)

Fig. 4. Simulation result of return loss of the proposed mems antenna.

10.74 GHz covering the whole UWB bands. The

The simulated normalized radiation patterns at YZ-plane and
XZ-plane at 3.5GHz, 6.85GHz, and 10GHz of the proposed
antenna are displayed in Fig. 5, respectively. The antenna
exhibits omnidirectional diagram in XZ-plane with low
frequency dependence. In addition, the maximum measured
gains of the proposed antenna at 3.50, 6.85, and 10 GHz are
about 0.77, 0.97, and 1.92 dBi, respectively.

V. CONCLUSION

In this paper, a compact MEMS antenna for promising
ultrawideband application has been demonstrated. A high
electric coupling structure is utilized for improving bandwidth
characteristic over the desired frequency band. Moreover, all
the fabrication process of the proposed antenna is considerably
simple and compatible with the CMOS fabrication process

which is conducive to the SOC concern.
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Fig. 5. Simulation raditaion pattern of the proposed antennaat 3.50,

6.85, and 10 GHz, respectively.
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