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Abstract

In this study, we have analyzed the effects of the membrane layer and the bragg reflector layers
on the resonance characteristics through comparing the characteristics of the membrane type FBAR
(Film Bulk Acoustic Wave Resonator) and the one type bragg reflector layers with those of the ideal
FBAR with top and bottom electrode contacting air by using equivalent circuit technique. It is assumed
that ZnO is used for piezoelectric film, SiOz are used for membrane layer and low acoustic impedance
layer, W are used for the high acoustic reflector layer and Al is used for the electrode. Each layer
is considered to have a acoustic propagation loss. ABCD parameters are picked out and input impedance
is calculated by converting 1-port eguivalent circuit to simplified equivalent circuit that ABCD
parameters are picked out possible. From the variation of resonance frequency due to the change of
thickness of electrode layers, reflector layers and membrane layer it is confirmed that membrane layer
and the reflector layer just under the electrode have the greatest effect on the variation of resonance
frequency. From the variation of resonance properties, Keff and electrical Q with the number of layers,
Keff is not much affected by the number of layers but electrical Q increases with the number of layers
when the number of layers is less than seven. The electrical Q is saturated when the number of layers
is large than six. The electrical Q is dependent of mechanical Q of reflector layers and membrane layer.
Both ladder filter and SCF (Stacked Crystal Filters) show higher insertion loss and out-of-band
rejection with the increase of the number of resonators. The insertion loss decreases with the increase
of the number of reflector layers but the bandwidth is not much affected by the number of reflector
layers. Ladder Filter and SCF with membrane layer show the spurious response due to spurious
resonance properties. Ladder filter shows better skirt-selectivity characteristics in bandwidth but SCF
shows better characteristics in insertion loss.
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® 1. (a) FBAR A|E&o|Alell AMH 24 A4
Table 1. (a) Thin film material constants used in FBAR simulation.

e ‘S“(fg‘;ss Desity(p) | Dielectic | Plesocleeric Stress | Moaticd

A0EN/md) (Kg/m’) _ Constant Constant (C/m) factor

Zn0 211 5680 10 08 2000

Al L1 2700 1 500

Si0, 0.79 2200 39 1500

W 581 18400 1 1500

Si 166 2330 117 3000
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Fig. 2.

FBARE: AF shgslelnz 54 Wzl we} 33l
Falg) wWalA "ok B widlde AS akkE
2] % membrane o FAlol wE FRIFApe] Ws}
2 Ao A7) A9 Fag VAR a7/5]1)
[ad/dD)E Taiget! afe FAF5e] wset
2 Jehlz af/ s, € AT Walwe] Ayt
olth. ad & FA9 wslEks el ad/d = F
A2 wsieke] Agpsjelct. FA71e A vehds
=51x] A35A|4(Figure of Merits : FOMs)7} Slh. &
e R A PARARAN K ) ol A71H Q o
th B =Rl 3R quaity factorE A71A Q
% F¥e £ Aotk K, £ 7 REolA AP

=2

-0
o=

=

T



20024 48 EFILeEmXE $£39%8 SDE £4%

9 2A Aole] A AL Julsty] o] A gk
dee] M, 7, AAR wse) zgesd Quhd
B AR AR} A AR WA E
S electrical Q = BAIeAS] WAzt £AE
dehidh A714 Q £ FRAoE ¥E S4dA
ARleAsh 71 4ol AAMoZ ke wlAE W
Soln K, & Belo) e Aashs Aol

T AeAGE Al med

T

& s
Kef/ - 2 ”fpfs (17)
tan(—5 —f;)
d<Z;,
Qs/p _éi df | f="Fa (18)

ok ® =EelAe] AMEgATeE 309
W22 Ha FHoy) He Fukes Aosigich

Al e FA718] BAdo] Peje Al Ee oy
Fol| o dgrg wix=A] ZARPIYH "EE A
3] Hsith FBAR 5 ©]83 "el+ =A monolithic
e}, Ladder ¥}, SCF(Stacked Crystal Filters) 37}
A EF71 ol=dl monolithic HEl: shear ==9
longitudinal B= 5714 Ade] | vehle Aoz
dedx qlek® 2 E=Foie olibAel FBAR SMR
33} membrane 32} FBAR & ©]20]A] Ladder YE
9} SCF & AdAlsted w23} membrane o] T
EAo viAl= <33k} Ladder FE]e} SCF o)A o)
el Ao 24 wSe] Myhrl Ladder Fel& A
3271 ARyATuleel WadgRlr)e wyEal
TS A Fagvl "el FAFueein
Belgut' Frislzeld 7o A4 idaE o8
alo] S21 Ferlel g ek 714 fEHsE 28
71E ¥ 22t 50008k P skt

SCF Hel= 18 3(b)et o] AHX AFE Al
T iEo] BA oz AR o) o] &
O% () 2] F 79 FBAR & ©A- s A%
sle] 571528 Falgrh o) o143l ABCD b
]S Fle] gy aE 23 4 glvh ABCD
Helulel s olgstel S21 HalvlElE A EHolA sk
2 ladder e} RRI7IAZ ¥ £35S J)1F o)
Hae 247 5000 7Asgch

—
T

(347

45

Ra

|
l

gm

|
|

'll
|
-
(a)

»
TETYTY
i NN EL:

(©)

Fig. 3. (a) ladder 9E19 A=
(b) SCF¥EY] 2AlE
{c) SCF9] 5713z
T2l 3. (a) ladder filter topology
(b) SCF topology
(c) SCF of equivalent circuit

m. Z3  =o
AFe) 7] 4 AS 5 AT AT 2R
%S FBAR © 34 Fua puEdel A%

wave izl oja]a] AHaAR et AlA| ZFulel e A
2] Ao o8 3A Fakgo) dolAA =k a9
4a)e AFE mestAl 92 olAkdael FBAR ¢
0.1um®] A5& we{’dl o]l FBAR © ¥ ¢
EXE Yepdich ASe weislA] ¢kom AlAe)
%, Z=e] acoustic mass loading JEabel] 2lsl
Far) Zol7h vhs AL & & 9tk aslEg
Heke TR FoAFE dosn dHEY AE o
Sk sledof gk 13 Ab)e 529 SMR 9 AHFF

A
735

bl

x)

0



1 B2 WS T2o gnd 2o AR 245 $A7] BHY 024 ¥4

Astel mE FAFTRe WSHE el Zolek of
P 5EE WEAE etk B39 F W8S
& %2 ehiglen) +-& AF A9 37} 94 A
£ vehiich, A9 TP} FAYASE FAF
£ olle Bl T 4 ek A9 FoA Asel o
SINE BAFITL o5 S Suz A A3 %
AR FAFAE WSATIE F83 WS ¢ 4
Slek. RMeE AF A WEe] wE Fue 1
=g Foiick RS 008 g £ At
3. 5a),b),(c),(d)E ¥AEe] T wisled] o
A Isirize] WSk olel HE Foke ARES 1}
iz sleh o1 123455 SHEAF ule okl
Bel Z4olch &, AT ukE okl wEe B
AE1o2 BT, 719wl 9o WAES WAZ5
2 BASD wEe Fols AFskee 4/ 9
A AR 2% Sadld T %] /4

ueh e A9 A T BS B2 o)Fsn

(a)

l-

Ny
N gl
D

(b)

HsE At

Normalized Frequency Variance, dF/F
(1E-3)

10 1 1 1 1 1 1 1
-1.5 -1.0 -0.5 0.0 0.5 1.0 15

Normalized Thickness Variance, dX/X
(Times 1E-1)

(©

a8 4. () AF 2ol wE o]l FBAR 9
JF Yo ds Wz}
(1) AFE 2884 e A5
(2) AL 2o 4%
(b) A Fr Wil ulE 53%2 SMR o
ol w3}
(c) A FA #ale] u}Z 532 SMR 3
SRR LS P ke e e e B

Fig. 4. (a) Change of input impedance of SMR with
five reflector layers with and without
electrodes
(1) Not considering electrodes
(2) considering electrodes
(b) Change of input impedance of SMR with
five reflector layers with change of
electrodes thickness
(c) Selectivity change of input impedance
of SMR electrodes with change of
electrodes thickness

Al4 B} G FO0 2 o)t ARt RS 7
Al Sl BT Wbl 2 Ae o &
UL AT EZNE HARGE FRlIFIre] wist
7} Aol Ag s #4858 4 Ut A F
2] wizkerE -0.162(1), -0.02(2), -0.003(3), -0.00035(4),
0Byt #E]F] SRRz WSS epdch AL
o] Werl & olft AR ukEe] Ax=) o
HE vk el EREL7] wiitelch

1% 6(a)v SMR 3 membrane 3 FBAR ¢ ¥
Jorise] FAEANE BodFch SMR & A% oA
A FA o FEFATe] AT membrane
3o #$ membranel @ IF FARE FU1E Qs
e FETR Sl 12 3 32 oA BaEFHle|
Ao & F Aok AF3) 12, 32 ©] old olfr=



20024 48 EFIREHES # 39 % SDE £ 4% 47

membrane ¥} F2] BN S Ajolz <ld FA

- - - 4 — | 3
Fuppe] pge] th27| el kA%t SMRe] 7 ey
S HRARgo] FEIA wAfute] Al sEE e B O Layers

3 =5

FZALe AR 9=tk 23 6(b)& membrane
2] FA Wbl 23 FAFIe] Wkl wEE
vepdc), FA WstE Qg FxIFaee] W3l Fol
A3 F-& o 5 ek WS =) 0245000k

=)
T

Nomalized Frequency variance, dF/F
(Times 1E-4)

L 1 ! 1 L L 1

-1.5 -1.0 -0.5 0.0 0.5 1.0 15
Narmalized Thickness Variance, dX/X
(Times 1E-1)
(d)
original — :L%] 5. (a) 5%‘0’] SMR ‘ﬂ‘/\]’%‘lg Il—.“”'" tﬁil")“ u}%‘

dF deedxe] Wil (b) 559 SMR A}
29] 57 Wt oE Y el w3
(c) 529 SMR HM}Z129 FA W3l @&
3 I A W] dig WE (d) 539
SMR HkAl23459] FA #3ld] w2 A5
= st g 7E
Fig. 5. (a) Change of input impedance of SMR with
(a) five reflector layers with change of the
V - thickness of reflector layer 1
(b) Change of input impedance of SMR with
five reflector layers with change of the
thickness of reflector layer 2
(c) Selectivity change of input impedance of
SMR with five reflector layers with change
of the thickness of reflector layer 1 and 2
(d) Selectivity for change of input impe-
dance of SMR with five reflector layers
with change of the thickness of reflector
layer 34 and 5

(b)

AN

menbrane structure

Nomalized Frequency Variance, dF/F
(Times 1E-2)

3 ) L 1 1 1 Il L
-1.5 -1.0 -0.5 0.0 05 1.0 15

Nomalized Thickness Variance. dX/X
(Times 1E-1) (a)

(c)

(349)



nez WA TR And Pz A4 B4 227 269 g ¥4

originat l L 59,
T — 10%
10 " 15%
5%
(b)
4l /
s
E; | / '//.
%@ °r /'
.g
z
4
-1IA5 . <1I.0 —0‘5 ‘ Ol.O 0?5 170 . 1?5
Normalilzed Thickness Variance. dX/X
{Times 1E-1)
(c)
2] 6. (a) 522 SMR ¥} membrane & FBAR 9
SEDELPE
(b) Membrane 2] F7 #Hsld u}E ¥ 9
s w3}
(c) Membrane & F7 ¥3}ld] w2 ¢j¥ ¢
s W3l digt wlzte
Fig. 6. (a) Input impedance of SMR with five

reflector layers and of membrane structure
of FBAR

(b) Change of input impedance of membrane
tvpe FBAR with change of the thickness of
membrane

(¢c) Selectivity for change of input
impedance of membrane type FBAR with
change of the thickness of membrane

2% 7(a)= membrane 3 SMR 9] HkAESo] o}

£ a3

daeia HEE HedFo) SMR 9] 7S ut

Aol mgl FAES0] e olfw iRl ¥
S4E o] Be BATUR|7} FRZe) molr] ufE
ot} 53 73 A FAEEY )7} A9 ¢}
= 712 <& 4 9tk SMR # membrane 3 FBAR L

M A

0.040
0.035 —
0.030 — . n N
0.025 - —————————————————————
= 0020 -
N X
0.015 |- ideal FBAR
3 = = = membrane type FBAR
0.010 [ —&—SMR
0.005 -
0.000 ] 2 1 1 I 1 1
3 4 5 6 7
Number of reflector layer
(b)
38.7. (@ SMR 9] W<l o8 9l¥ ¢fuda
¢} membrane ¥ FBAR &z o]akdal
FBAR ¢ ¥ 9=
(1) o]4H44l FBAR (2) 3539 SMR (3) 57%
2] SMR (4) membrane 3 FBAR
(b) SMRY HWAESo| W& K, 9
membrane ¥ FBAR 283 <]44d4] FBAR
‘9' K eff
Fig. 7. (a) Input impedance of SMR with the

number of reflector layers, of membrane
type FBAR and of ideal FBAR

(1) ideal FBAR (2) SMR with three
reflector layers (3) SMR with five, seven
reflector layers (4) membrane type FBAR
(b) Ko of SMR with the number of

reflector layers, of membrane type FBAR
and of ideal FBAR

2l o]4dl FBAR o 433 F3p471 ol Ze
Koy o Al o] Qieh 29 7 SMR %

membrane ¥ FBAR 2|3 o]4F&Ql FBAR 9 K.

£ vehiich 44T AL oA AE P



200242 48 EFLEEH

Yelltt EA|3}x] 2k whakgol Y membrane ©] & 7
% 44125} membrane ZelE AL 2
HEZ K. 9 34s Pl w3 SMRY K.
= Rl wet Ao dAg ke e ol it
AR deElaaiyl AX dAESTE ZFEE bl
ARl AARE AL F71EA] 7] diEeld o=
A Exishe AL A9 sS ol
AR EAfgiche S & & slthk F dekeA
ke A8E A8 295 AR AY Ky
= Wiz} girks A2S Ao

Membrane 737} ¥R 331} o] Y& K.
HolEd| o] ¥kiE Br} membrane o ¥l B2 A
Au|=tr} Ex43t7] wgo|ck

13 B(a)-2 SMR 9] uhAEgo) wE 714 Q2
W22 membrane 33 ©]4FAQl FBAR 9 A71A
Q & g’ Aot FUg FalelA] vlw
317] Sl WaEgRFedAe] 714 Q & Tk
th Si02 & W ¢} 71AF Q <l u}E FBAR 9] #7]
Helectrical Q & dobEglt) A &0l AHelx] &
T S=°] FBAR 9 93139 Q 9 o] 332719 A
3 A71H Q e & 5 gok § e 74
A Q 9 zhell L wech ukAEe Z1AH Q 7t
A 71AA Q Brtl Za 6%ole] WRrEE 2
< 7% SMR 9 A71A Q 7} ¥AEe] gl FBAR
o A7 Q Bt & AL o & otk =7 dkAEe
7174V4 Q 7} A8 7A- Q Bt 2RSS WAt

47} Z7RElE uial2e] 9l FBAR & 714 Q

o A8 2 4 slrh 3 FRAR 9 14 Q
2] PHAE PAET a0 TE WA
AR Q 9 o] Eolobtk spssjchs ARE Wizt
A4} 2744 TBAR | 1 Q 7F 271
=l ole 'ATelUA|7} shdZell A8k wfte]
ok AR Z1AIR Q ol TAIGe] HRAEe] 451
A7 Q o F7o] E3t=Elhl 7504 saturation =
= 2E 4 5 gtk

1% 8(b) & membrane ¢ 7|AA Q o W& A7)
4 Q oJck SMR & 752 | membrane 32} 7|
AR Q 7} wkalEe 7AA Q Br}l 71A Q o o
e A%s vEE o 5 vk ¥ AV1A Q
o] wizlkd ) o] Ed) o) 4k ¥rhs membrane
o o B ARzt S-S Yepick

WO

=

=2
=
3

=

=

==

N mlm

==
2

(351)

i B3VE SDE B4

49

2200

2000

1800

1600

1460

1200

Electrical Q

1000 —&— (Qm of W/SIO2 :

-—&-—- (Qm of W/SIO2 :

-~ (Qm of W/SIO2 :

—%¥— (Qm of W/SIO2 :
ideal FBAR

500/500)

1000/1000)
2000/2000)
3000/3000)

800

600

400

200 ] : L ] L ] . ] ] 2 1

Number of layer

(a)

2200

2000

1800

Electrical Q
2
8

1400

1200

1000 1 1 1 N ) 1 1
500 1000 1500 2000 2500 3000

Mechanical Q of menbrane
(b)
T2 8. (a) SMR 9] WhAlESo| uhd
0|44l FBAR 9| electrical Q
(b) Membrane 2 mechanical Q
electrical Q
Fig. 8. (a) Electrical Q variance of SMR with the
number of reflector layers and electrical Q
of ideal FBAR
(b) Electrical Q variance of with mechanical
Q of membrane

electrical Q &

ue

FBAR & AdZ A7|Ho2 dAgo2ZMN ladder
el 7Y 4 sick " dgEFe 319
K ol w2} ZAA=ET #7)14 Q o we}l Asledo]

AR Fet Ladder Felo] AARlels APFa7)e A
FFRFupe) WHEA)e] HAagRFTosE dA
A7 gyt deje] FAFsE Ao & A"
A9 HEFA s ke FAAAelrt Wt F3
57} Ax=A] e FHAGA 2l o] WA
o} AFFz7|eh WEIgAr|e FxHAS 24
24 out-of-band rejection 2] Z7|E AAA =&



50 Bz vk P2 fludal

B E=XRdMe gzl 3RWde 100umX
100um =22z HFFA)S FAEHE 3B0umX
Houmeg Aslgel old out-of-band rejection
40dB o] =},

29 AM DS $A7] e9 o)2A ¥

@

(b)

2 9 (@) W Fo B SMR 33 oA
FBAR 3 8|3 membrane 32| 2/2 ladder
e} S21 ¥R

(1) o}444l ladder B¥ (2) 3539 SMR ¥
ladder ¥ (2) 559 SMR ¥ ladder ¥¥]
(3) 729 SMR¥ ladder ¥ (4) membrane
& ladder 2H

(b) Membrane 3 2/2 ladder Tefe] Fid
S21

(a) Comparison S21 2/2 ladder filter of SMR
type with the number of reflector layers, of
membrane type and of ideal FBAR type

(1) ideal FBAR (2) SMR with three
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with five reflector layers type ladder filter
(4) SMR with seven reflector layers type
ladder filter (5) membrane type ladder filter
(b) Wideband S21 2/2 membrane type ladder
filter.
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