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Effects of Initial Stresses on Resonance Properties of FBAR in
Thickness-Shear Mode

HUANG Dejin, LUO Xinyi, WANG Ji
(The Faculty of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China)

Abstract: This paper studied the resonance properties of Film Bulk Acoustic Resonator (FBAR) with initial
stress in thickness-shear mode. Based on the fundamental piezoelastic equations of piezoelectric material with initial
stresses, the vibration equation of ideal FBAR under sine excitation voltage is derived. The solution is then obtained
by using the boundary conditions. The series and parallel resonance frequency are listed, and the effects of initial
stresses on resonance frequency, bandwidth, and effective electromechanical coupling coefficient are discussed. A
numerical example is presented to show the effects. These results are very useful for the improvement of FBAR per-
formance.

Key words: FBAR; initial stress; resonance frequency; bandwidth; effective electromechanical coupling factor

0 3% HEEMBEBED, B4 81k, B%N FBAR

ARSI R R (FBAR) BB JLAEXRE B
BR—-FHFRARSES. HEAREHEHERE.
EREEEMEEZLHARNESEN. BaiHET
RS B BRAW TS E FBARKFAESREE
EhfiRsh. {H7E FBAR 1E R Bk b 0945 1% 2% b7
et IR AT R IE LMWL H . FBAR BE
USRS . ERBNEEFNEAETEE N
h] YR/ T BB B 1) YA B AR » REOR Tk 18 4 0 R R
oy,

BT FBAR £ 2 & 4B E M B 1% 50
PR REE I 2 5, S5 4 oS TR T 8 4 b 7= Ak A B
775 53 50 X T 50 B b 1 A4 R 1 B R PR AR R
T B 1E LG P 7 3 BN A b fok 8 P A TR B
71, BHHEI7E FBAR BRI FIEAL F . % SR Mason
BAEIFN BVD 48 R %30 6 BB R 17 A B 5T R

48 H 89 :2012-11-11

JE B2 BY UL 2598 U 400 1R 32 0 R B2 7 R B B 5 AR
WiE. AR T RN S M A FBAR 7R BB
PES TERFERE R, 18 T SR8 IR
R R INBEBERBSEESHS WA ZHE
MRER, A THRERM,
1 FA& 0 fu s AW M

AXWFENIEE FBARh—EE B #E L T
FERERNSFEZE., EFXHK FBAR # A H
JERE BT IR SR AS , T B R b1 R 7 B R A T
AREARME c HHMEK. ATHBEZHE, B4
W JE B | R B 0 I BE FE AR B 5T Z B R, FBAR
R BE R ST 2A 26, /N TR BE (R BE B w, R UL AT/
R E 7 1) i) — 4 Rl ok b 38, FBAR I JLfT R ~F
MASRRINE 1 iR,

ESTH:EX AR EELSE SREIME (10932004) ; #7145 B A8 5 A% B A £ ¥ BI I B (2011R09025-02) ; #i1L45 H KRB 2 H &
BRI E (LY12F01015) s Wil A M E T EA B IE ST BN B (Z201018143) s THET B AR L £ £ F BT H (2011A610183)
fEE A WA 1968, B WL TEA L BI#E.8+, TEN B ERBERRTR.

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

£ 6 BRI /1% FBAR B E S B ARG MN MW 789
ta, AOADFETE
.;6—5— «y+Cx+C {13}
33
~ AP G RC AESER, B0, A3 A
(LAEEREEEETERENEITE.
(555 +Té)1{,33= _{LJZ_D‘H (14}

B FBARE‘JILHRT*HJQ&F?

A3 DL 7 ) FE B R R = 4 5z Bl 5 R B e
TR

Tij.j+(ui,kT?ej),j=pui gD

D, ;=0 (2)
ATy vu Dy 43 5 B J1 L% FIHE A2 R85 Ty R
HIRLS] 50 NHE su RO REXTIHIE] 2 B9 B8, 4,
jk=1,2,3, NS, Hu, REXBGREE: 58
Pg IR KRR A

SJZ%(ui.f""uj.i) (3

Ei=¢i 4
BRI KRR

T, =cuSetewns.. (5

Di=eiqsq_€ﬂe¢.k (6)

A g s 00 M €0 20 3 0 BEME T 20 TR AR BRI A FR
HE, p, q=1,2,-,6,i, k=1,2,3,
HEREENIEST  RIRA BB TN
w =u(x;)e™
{u2=u3=0 D
¢s = ¢(x3) e (8
R ulz) M g(xs) Hfe EWRZER,
BLAE A
S5,=58,=8=8,=
{Sszlh 3
D Bt P L TR 2 8 T s 2 B O
T =cisth,s T eng.s
Ty =cpsthr,s T e d.s
Ti=csu,stesds
3 aom
Ti=cisu,stend.s
Ts=cssur,stesds
Ts=cssur,stess s

Ss =0
° (9)

Di=epsu,s —end,s
{Dz—e25u1,3523¢,3 an

Ds=esu1,s e s

BRADRAR R T
¢,33=Z§u,33 a2

HH s =cs5 +€bs /s RN (14) A R B, FEHFI N F
SR T W, RE T NEEFIERSI &ERNE, X
D W ERE N

u=Asin (&x;)+ Bcos (&z3) (15)
RH:AB IR EE B 6 NBH.
2
2 =
g —‘Ow—555+72 (16)
R AHRAK(13)EF]
¢=Zﬂ « [Asin(&zs) + Beos(&x5) ]+ Cy 25 +C,
33
an
B FTRENEEDRZEHR
XT3 =ib
(18)
=1V
B Q7). (18)75 7
=Y — A % gin(en)
b bess
19
C,=—B %2 cos(£b)
€33
B (10) . ADF A A
2
T5=A[essecos(ex3)—eﬂ lsin(eb)]—
€33 b
2
Beeﬁsin(éxg)-FessX 20
€33 b
FBAR k. TREHXNEHLF, N
Ts(ibst)zo (21)
B (20) ., DA 5
A= €33 €35
{ ekssin(&b) —ess cssbscos({:b) @22
B=0
B (11D, A3)FAS) A
633055
e35tan($b)_€33(:55b$ E (23)
AR b B BT O
Q=—S+D; |1 =S
533055
e35tan($b)_€33655b$ E (24)
XA

1=Q=in= —iwS »

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

790 E #® 5 5 % 2013 4£
633055 = 1 .
egstan(éb) €33€55b$ E (25) fp fp0+8b «/‘(E n (32)
FELBL A R fo BRI SR O B FHEIBEIRMIR, RS
7= L) g e gy BULABIRXRE 4 R, BB B
I 1wCo &b S AP |
: WRGRBK,EMURMEXRR ., B 5 ARV EBE
ﬁ¢=co=%sﬁﬁz§@;§;k2=%ﬁg;§§g@]ﬁ BRBBERR N AEL. ARILERE RBEFRR
e F—NEH. 5HN ML R,
LR R A R p
LA T RS Ku, HPERSE S HBE 1GPa /5 GFa
; tarl(;b} 4r al T o Gra
BHAER ., hF26) . oo, ffi 5 ,%1}1
S 2 e
E= (27‘2+1)E ?1205152535"' (2?) E “-ﬁ%‘:\?}'!
o ],
EAAR (2 T4 ’ ﬁw
(Zn+1) (T T3 23 1e 17 18 1% 20
fimea= ! (28) i
Zn b N o :fﬁ;ﬂ%
LB OB, BB AR RBE R VBB RS 2
2 f,. M e E, ﬂ—lr_lln GPa
1F |
/ | |
tan(_,—{fb\ _—_i_L,I,C:>_ 1 , ‘;: : {
] 3 29 Ef:ﬁ T |
“Efb’\/ Cost+T% = { f
Lo
|

M) AER f. fo 5 L KENEBERSBOH
R

fp—fs=%kff; (300
FBAR A BEBESRE N
£ i,
kzﬁ= zf, (31)
(?E}

2 BEHAfWHE

BEBE BT FBAR R E 26=2 pm, HHS=
4107 m*, EHEEHEN AN, c JikEs 32 1
TR E BN o= 3 260 kg/m® 05 =144 GPa, e =
7.6 X 107" F/m.es; =0. 83 C/m?, B 2 R HAE
FBAR WP B ME O S WM IR R KL
B AT DL, To#0 86 B 7 i, BB BRI R IR
1.671 GHz. W FH BRI E Y 1. 714 CHz %
425 MHz, FHHMBEBESRERE 030 6, BE
R, REIERE RN R RARE S
R, WRARSVNAMXRWE 3 Frn. B
(28YRI A, IR Y- Kz A7 it £k etk (E il 2k
WEAKR, AT HELREMRE:

i i :
“1.5 1.6 1.7 1.8 1.9 2.0

HFE/GHz
(b
B 2 REFIRT TR EAE FBAR B BT &
2.8
.65
5 24
g_' 2.2t

A 50 W 150 20
THGPa
B 3 FBAR MR R 5% B BB R R

0.064
0.058)

H

5] Al

2 s -

*
0.0461
004407 =0 1o 30 00

THGPa
H 4 FBARWRSHRAMRMRR

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

®eW HIEHE H R FBAR EE I IESERSEN TR 791

008 YU Xizcli, LUOD Zhongyong, CAO Ming, st al. Two-
e ] dimensional analysis of FBAR using FDTD method

5 [7]. Technial Asoustics. 2011, 30(4); 354-355,
" oodh [3] %#\&. HAE, 2%, 5. FRAR BELIAT MIMO
LRI AR T]. BB 575 )6, 2010, 32(4);

0025 30 0 150 300 E28-531.

H5 S R ZHANG Huijin, DONG Shurong, JIN Hzo, et al
. FBAR modeling and design of FBAR RF filters for

3 % Kl% MIMOL[J]. Piezoelectrics & Acoustooptics, 2010, 32
A SCHRGE T & %0 R 7 B 3R AR i v, T R A 7 O (4): 528-531.

FREFNEATRIES .S THENELR, (4] k¥, SR, BRI, & FWERLTRHEEE

SR T IR A3 I X 3R A3 5 1 D PIGHRELIL WERBAEER, 2010, 2. 201

KA WIE T AN R SR AL ARG R 2 ZHANG Tz0, MA Hongwei, GUO Changli, et el.

. BAEIFRRESYVNASE T G=1,2, Research of thin film bulk acoustic resonators (FBAR)

-, F, REYIN I8 T; &% FBAR BB using transmission matrix method[J]. Journal of Xi’an

TEERER=EZm, KB AEEMR. &1 Universityof Science and Technology, 2010, 2: 251-

(R B DI 30 ) 2 B BRI 5K ) 751,

B AR AR L BT R B X, L [5] HUANG Dejin, WANG Ji, DU Jianke. The analysis

of high frequency vibrations of layered anisotropic

BERBEFTHM plates for FBAR application[ C]//Hawaii, USA: IEEE

&% Lk International Frequency Control Symposium, 2008:

[1] ZHANG H, PANG W, KIM E S. High-frequency 204-208.
bulk acoustic resonant microbalances in liquid[C]// [6] BIOT M A. Mechanics of incremental deformations
Vancouver, Canada: IEEE International Frequency [M]. New York: John Wiley & Sons, 1964.

Control Symposium and Exposition, 2005: 73-77. (7] LAKIN K M, KLINE G R, MCCARRON K T.

[2] F/F, BrhfE, 90, &, BEASEEREN - High-Q micro-microwave acoustic resonators and fil-
4t FDTD FEBEBIT]. BF2EAR, 2011, 30(4); 354~ ters[ J]. TEEE Transactions on Microwave Theory
355. and Techniques, 1993, 41: 2139-2146.

(LEBZ 787 B wideband SAW resonators fabricated on a Cu-grating/
FlHERIERS. HTEIL Yy WEE.FEEE 15°YX-LiNbQ; structure[J]. IEEE Trans Ultrason,
R RSB HEE LC BBy iR A TE, H4 Ferroelec, and Freq Contr, 2007, 54(10) ; 1943-1948.
E‘J%’»)ﬁ%ﬂ*&)ﬁtﬂﬂfhﬁ%ﬁﬂﬂﬂo %'I/\ﬁilﬂi%ﬂ(ﬂﬂﬂ‘ [4] KOMATSU T, TANAKA Y, HASHIMOTO K, et

. L . al. Design of narrow bandwidth ladder-type filters

A ERAR I ERS BA HAT AL BB T R RS with sharp transition bands using mutually connected

FERAERER BN A, MHRRNERIEN T ZTER resonator elements[J]. IEEE Trans Ultrason Ferro-

g g electr, Freq Control, 2009, 56(7): 1451-1456.

[5] Elliptic filter{ OL]. http://en. wikipedia. org/wiki/El-

SE X liptic_filter ’ ’ )

(1] IKATA O, MIYASHITA T, MATSUDA T, et al. [6] WANG H L, ZHONG H, SHI Y, et al. Design of
Development of low-loss band-pass filters using SAW narrow bandwidth elliptic type SAW/BAW filter[ J .
resonators forportable telephone [ C]//Tucson, AZ, Electronics Letters, 2012, 48(10): 539-540.

USA; Proc TEEE Ultrasonics Symp, 1992; 112-115. [7] DYKE YV K S. The piezo-electric resonator and its e-

[2] HASHIMOTOK Y. 81, XIR &, i, & & quivalent network[ C]//Proc IRE, 1928, 16(6): 742-

764.
REGAFRUS R IMI. 050 BB T d Ak, [8] WANG Hualei, CHEN Jing, ZHONG Hui, et al. De-

2002 153-160.
[3] OMORI T, MATSUDA K, YOKOYAMA N, et al.

Suppression of transverse mode responses in ultra-

sign of narrow bandwidth elliptic-type SAW/BAW fil-
ters[ J]. IEEE Trans Ultrason, Ferroelec, and Freq
Contr, 2012, 59(12); 2813-2817.

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

