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Abstract

Film Bulk Acoustic Resonator (FBAR) using thin piezoelectric films can be made as monolithic
integrated devices with compatibility to semiconductor process, leading to small size, low cost and high

Q RF circuit elements with wide applications in communications area. This paper presents an MMIC
compatible suspended FBAR using SOI micromachining. It is possible to make a single crystal silicon
membrane using a SOI wafer. In fabricating active devices, SOl wafer offers advantage which removes

the substrate loss.

FBAR was made on the 12um silicon membrane. Electrode and piezoelectric

materials were deposited by RF magnetron sputter. The maximum resonance frequency of FBAR was

shown at 2.5GHz range. The reflection loss,
2.29%, 220 and 160, respectively.

2
K effr Qsen'se and Q[)amllel
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Fig. 1. Structure of proposed FBAR.
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Table 1. Acoustic parameters of bulk material.
.. Dielectric . . R 3
Stiffness Stress Density Viscosity
constant
AIN 395¢0 | 9.5e-11 155 3260 0
Si 165¢9 2332 0.0089
Au 12069 19320 0586
cr 25269 7110 0
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Fig. 2. Resonance frequency versus thickness

of AIN.
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Fig. 3. Impedance characteristics versus area of
FBAR.
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Fig. 4. Simulated impedance curve of the

FBAR on 12 pm silicon membrane.
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Fig. 5. Process flow of the FBAR.

57t &

12 Ale & oAx g AAA
[ el
5

2 "Bele] Air-gapdl <«
A

*dlchlorobenzene°]‘/’r ] B82& =HE=7H(56°0)0]
Wy oM iyt @ olFoAdd, 1Y 6&

s Axgow Ay Wey @yie] SEM A}
ofth. SEM Atxlell A £ £ l%ol 1 umel Air-
—gap& 7HA 12 pmel @A A WHHdS
skt Aztd dele gHeel sle abrd

Z(Aw? adhesion layerZ Cr 300A ~3€g

> oy

19

oz 2 & F RATOR Au¥ 1000 A
2z 39 th AIN2 load lock F#7F Q4= AHE
o] £35}o] base pressureE 2x10 "torr7hA] 8 A
Ar(16sccm)®™ Na(dscem) 29171914 Al g
o] &3le) F st

o

plo ob m ofy

O3 6 HEE 9Byl dHs
Fig. 6. Cross sectional view of the silicon

membrane.
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Fig. 10. Input impedance of the FBAR.
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gelstsh A8

= , - . Eﬂo]*“" 7 2de B 45 gEE 24

S gkl o smul *év‘f—gl T 70 %101]/}:% 29 ot AlEdeld A aHRAF(AW=1000 A, A
solsgn. BHE Td g 4% Hg 2o 2 AAAINI=1.2 pm, 7452 5(Cr)=0.25 pom, H =200
ofubs Fubs dielvt o] &8ty wFof Hdf FA pm X 200 o, AT WEALL 12 pmd S 24
o] dojub= MBS A s =AY 1 10 GHzA oM Algl= g3 dejd 53 70



J. of KIEEME(in Korean), Vol. 15, No. 12, December 2002.

X
e

F210]

z o

dojupz AL stz o
A axg A #skadh IZ#EI et
¥ 25GHzH Hel X 712 F3le] o
%3001\4}12@7421 Al 7 go) o3 8
Ao Fre] gt AL F9 slgdo
EBAolAA A FANL pmd o 24GHzo
olA FHdl FHo| dojd Aoz dAE o}
Z44 3% 25GHz G A Ao Fxlo] 7 olF
AAA FA 1.2 pmBEt) ZA S22 PO 2 A
ofzol A7 Aoz Algd hHA
98 Fd AEs & A§ Fag oo
102 AlREH T a gholl A9 gi}
ALg Ag gol HAR
2 A g exdA HEE
Egl dAAe] @A A
o AEHelA 7] wiE
o qu7<19Jr ixH Ex l et Aoz Bt
dAAY dH Ae g FHA o8 A
off 9] ZA FFE WA Hu ojadHel g
‘E—é—&— 2.2+ Holi=dl olo] i AFE Al
Folth A AA Az oo 24
date] AlEd ol del A& e o
Ay F lt} 7Elﬂ aFa 3 2ol A

FJ

ol N
=z
2o rly
lo

ol

x
_x,;

2
A€ 3E
K

>

Z_ i]—

—1)~ o [+

>
1

X

I N
ﬁ

Ir rlo
22
o

UZ]

v

P
L

F

%

wo cé'é >

r2
—lJ JlN'

%OIE RETAPE

MMIC® &

o] A& *P‘dx% =
AP AAY BHEANE E@*lﬂ%
o] A4 A e 9% Ao Joh Zrb= g,
2 d4E BEreR 2147 E&E]oi ol o) gt
A A F E wlel A2 A A ) Ak (hitp/ww
microsystem.re.kr)®] A-H] A Y-S ol ng&]
A& FHAFFANE MS-02-325-01

A A 71

}\] A€ 7k

(1]

[2]

(3l

[4]

[5]

(6

(7]

Ui

2 23l

Krishnaswamy. S. V, “Film bulk acoustic

wave resonator technology”, Ultrasonic
Symposium, p. 529, 1990.
Ruby. R,, “Micromachined cellular filters”,
IEEE MTT-S International, p. 1149, 1996.
G.D. Kino,
and analog
Hall, Inc, 1987.
R. S. Naik, thin-film
resonators for miniature PCS bandpass
Ph. D. Thesis, Dept.
science and engineering, Massachusetts
institute of technology, Cambridge MA,1998.
Ruby, R. and Merchant, P, “Micromachined
48th
Frequency control symposium, p. 135, 1994.
“Advanced SOI CMOS te-
RF

Systems, and electronics, p. 134, 1993.

“Acoustic wave device, imaging,

. P
signal processing”, Prentice

“Bragg reflector

filters”, of Material

thin film bulk acoustic resonators”,

Demeus, L,

chnology for applications”, Signals,
J. Y. Kim, “Comparative study of various
for polysilicon surface
MEMS'97,
IEEE, Tenth  Annual international workshop

on, p. 442, 1997.

release methods

micromacining”, Proceedings,



