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Analysis of Resonance Characteristics of Bulk Acoustic Resonator
with Acoustic Bragg Reflector for Biosensor Development

H. Y. Kim K B, Kim T H Ha

Y. I Kim J. M, Lee M. S, Kim

As a basic study to develop a high sensitive biosensor using film bulk acoustic resonator, the mathematical model for
analyzing the resonance characteristics of bulk acoustic resonator with acoustic Bragg reflectors was investigated. The

simulation results due to the number of acoustic Bragg reflectors with low and high acoustic impedance materials were

compared with the experimental results for 1, 2.25 and 5 MHz of PZT based bulk acoustic resonators with various acoustic

Bragg reflectors. At the fabricated bulk acoustic resonator with an odd number of acoustic Bragg reflectors, low and high

acoustic impedance materials in sequence under the bottom electrode showed better resonance characteristics than even

number of acoustic Bragg reflectors. The changes of resonance frequencies due to the increase of number of acoustic Bragg

reflectors by simulation and expetiment, respectively showed approximately similar tendency but some differences in input

impedance between the experiment and simulation were found. The derived mathematical model for describing the

resonance characteristics of the bulk acoustic resonator with acoustic Bragg reflector will be available for analyzing the
design parameters for development of biosensor using bulk acoustic resonator.

Keywords : Bulk acoustic resonator, Acoustic Bragg reflector, Biosensor, Resonance characteristics
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Fig. 1 Ideal model of bulk acoustic resonator(BAR) applied by
time-variant voltage.
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where, & : potential of static electricity

E : electric field

D electric flux density

S, . mechanical strain of z axis
7, : mechanical stress of z axis
V,, : phase velocity (t/s)

e,3 . piezoelectric stress matrix

€5 : permittivity matrix

cqy : stiffness matrix
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where, k : electro-mechanical coupling constant
C’ : capacitance (F)

S, : area of top and bottom electrode (m’)
k : wave vector (=w/V,)

: thickness of piezoelectric material (m)
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reflectors.

Newello] o5t &3 Bl NS 08310 4 A
FolA Agsle @9 4 dFHAE IV AFAHE
ool 7FgA WHaA A = Sloka eigitt. mebA] $Hd Ate)
4y I E veliE 4 (9)F ol8ste] 3 B vt
g 7 AR 2t 98 J9hAs veRle
FAE R3] HaXe 2o &3 Bl vk 7
Ade|A BTt A4 o7 Autx]ojol Fojof s, o]
Z 93 HAFHE ol&8S HE3l aNstuAt i
(Newell, 1965).

AEHE ool gal| 3708 M= Qg ujdel] Tt ¢l
g dudAE oS 4 (10)3 o] BA" 5 gk

2 Vcos (kh) +i7,sin(kh)

(n) _

Zn _Z(")Z - n-1)- (10)
myc0s (kh)+1Z," " Vsin(kh)

where, Z™ - input impedance of nth layers
Zy  : characteristic impedance of nth layers

ASRE input impedance of (n-1)th layers

2 (105 A el ddskd s 729 5% 21 %
A 7HE AdRdT 320719 oY duEAE /e



oIk ol &8 M1 WS /A AREAs 2
Ao] FEE ol 279 4 shol 4TS ZAsA

] AT} AajollA] Hlsk= Fue] Fglel ofegh A
2] RA A BABEE 23 &FF F-dHacoustic mass
loading)®) & Telsle} ek, o] B3 FFE 2
s -5kt AZe 2 Adels], TA7 $UE AT 4
3 2130] th 212 YSIA(709) = A (11)3) 2ol EA

23 s Aol ik 918 Az = A (12)9) 3¢
o] FAETH
ssin(k,h,)
Z t"p):Z top el e 11
i (top) top COS ( 3 y) ( )
i s1n( )
(bot): t (bot) e've
Zin Z(bot b ,COS( R, (12)
where, Z%" : input impedance of top electrode

Zlff"’t : input impedance of bottom electrode
Z, : characteristic impedance of top electrode
Zyoy characteristic impedance of bottom electrode
k, : wave vector of electrode (=w/V,,,)

h, : thickness of electrode (m)
Ve - phase velocity of electrode (nvs)

phe

A A A 1 fofRize] B9 4 (9)s) - st
AT F8F sks H8h o ke v A (1nF A 12
Aejshd At A5E 7 o Ak o e
£ 2 (13)3 2ol ZF & Qdrk

1 {1+ kD iz 22 Zsintkh)— 2221 cos (k)
T we’ kb (Z24 289 2% Nsin(kn)-i(Z0° ")*—Z(b '))prm(kh)

by

where, Z : characteristic impedance of piezoelectric material

B vAE) gl e AdujE A 44
< vz} HEME oS o)istd §xg
2 9l ojn) ol2HowE S A oz & AL
; 0 ST 0L 53 YAk

o QY YueaT Hzdl ¥ & 3
1 MRERY A &5 Aen ) e
e n)% ) 2k s A7 0 YAm 93 Ysld

2 Aeierd A (148 A (15)g o) 143] A= 4 lok

U:

X Zg (14)

J. of Biosystems Eng. Vol. 34, No. 4.

‘ Za\?" 72
Z;n(2n+l)_ (_.‘_)_ w ) n=1,2.3,.. . (15)
Z(b) Z(sj
where, z'm : input impedance of acoustic Bragg reflector

each of n layers

Z,  low acoustic impedance material
Zy - high acoustic impedance material
Zg : substrate acoustic impedance

oW, & Bl WA A4 S s 1464/
nels, A (14)8 4 (15) s A5l &3 4 (12)°0 of
A= A LAl BAEE ST s AT 57
BT Ao vk ufe) Y YJuHAg ek
Aot 9, 58 AL HAEe] E3E s 5
qg PuE2(Z0) & 4 (163 2o ZAE

o

i
&

Z’eﬂ“”‘”cos(k h.) +iZy,08in (kh,)

Z rbot):Z
" (bot) Zyorycos (kh,) +iZ7 7 sin (k,h, )

(16)

o) input impedance of bottom electrode
where, Z, , .
with acoustic Bragg reflectors

: induced input impedance by Eqn. (14)
or (15)

e flector

3908 % BT WSS JPE A B T
1719 Q1 ATRAE AR A2 ot A AFHAZ
el Al (11)4 L8 uEg H}/\]fo] z3ky P A=

of tht fF YA E vehle 4 (16)& 4 (13)°] wisd
stof ek 5 glem, 2 (177 Zo| FAEL:

g o1 {Hfi i( 7874 Z550) Z,050(kh) - 22,2(1 - con(kh)) } (17)
" jwC | kh (224 2890255 )sin(kh)- i(Z0° ﬂ’+z“’ °0) Zpcos (ki)

3. N2 % e

=

.

filo

WRlE NEEEL ST MA

flo

% 21 wNE

rr

Hlo| QAo BL317] Y5t A A st TV ey
2 A zt=lojo} gt o] we} sH Tl FrkEe &
BT RS FAE FF um o8k BEo® Asjo) =]
7] wlFo)) AWk 07 ulA| 71 7]%(micro electro-mechanical
system, MEMS)©| #]-&-&ojo} 3t} o]# 3t MEMS 37>
B AZHE o] ARET] W] & AFoM e vnE
T&o) -golgt a9 AHedn} 337 AZsisick
7 FI5E 42 1 MHz, 2.25 MHz, 5 MHz9] 3552

=%

263



blol2AI TS 0t SO BRI vikse

IR MHSNT 3T019 ZHSY B

Table 1 Selected properties of piezoelectric material, electrode and acoustic Bragg reflectors at 1 MHz, 2.25 MHz and 5 MHz of bulk acoustic

resonators
Materials
Properties Piczoelectric Acoustic Bragg reflector

material Electrode Low High
PZT Ag Acrylic resin SUS304

Density (kg/m’) 7600 1050 1180 7900

Velocity (m/s) 4570 3600 2670 5970

Acoustic impedance (x10° kg/m’s) 29.82 37.8 3.15 45.74
1 MHz 2.16 03 0.67 1.45

Thickness (mm) 2.25 MHz 0.96 0.12 0.21 0.48
5 MHz 0.44 0.08 0.12 0.31

Diameter (mm) 12.7
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Fig. 3 Experimental measurement setup for resonance characteristics
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Fig. 4 Changes of resonance and anti-resonance frequencies of 1 MHz bulk acoustic resonator due to the increase of number of acoustic Bragg
reflectors with the order of low and high impedance materials. (B.E., L, H and ABR stand for bottom electrode, low acoustic impedance
materials, high acoustic impedance materials and acoustic Bragg reflector, respectively.).

Table 2 Comparisons of resonance frequencies and input impedance between simulation and measurement due to the increase of the number
of acoustic Bragg reflector layers with the order of low and high acoustic impedance materials at 1 MHz bulk acoustic resonator

Simulation Measurement
Number 7 P 7 P
Of layer fr in fa in fr in fa in
(MHz) (0)] (MHz) 9)] (MHz) ()] (MHz) )
0 439.54 564.49 0.96 125.42 1.13 768.19
i 18.43 12330 0.96 99.33 1.14 1252
2 567 465.35 1.00 110.06 1.14 1362
3 0.45 84418 0.96 87.10 1.15 1110
0.96 1.11
4 567 465.35 1.00 110.54 1.14 1409
5 0.44 84462 0.98 75.98 1.14 1571
6 567 465.35 1.00 99.85 1.16 1198
7 0.44 84462 0.98 68.91 1.13 1786

o,

f., f, and Z  stand for resonance frequency, anti-resonance frequency and input impedance, respectively.
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Fig. 5 Changes of resonance and anti-resonance frequencies of 2.25 MHz bulk acoustic resonator due to the increase of number of acoustic
Bragg reflectors with the order of low and high impedance materials.

Table 3 Comparisons of resonance frequencies and input impedance between simulation and measurement due to the increase of the number
of acoustic Bragg reflector layers with the order of low and high acoustic impedance materials at 2.25 MHz bulk acoustic resonator

Simulation Measurement
Number 7 P 7 P
Of layer fr in fa in fr in fa in
(MHz) ©Q (MHz) Q (MHz) ()] (MHz) ©
0 81.39 103.61 2.23 9.26 2.60 218.16
1 35 27 2.27 6.52 2.61 280.68
2 103.88 85.62 2.23 7.31 2.53 170.74
3 1.01 35919 2.26 4.30 2.59 288.93
229 2.64
4 103.88 85.62 222 5.39 2.52 129.96
5 1.01 36020 2.27 4.28 2.61 325.29
6 103.88 85.62 2.26 4.93 2.57 278.91
7 1.01 26020 2.27 4.15 2.60 320.02
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Fig. 6 Changes of resonance and anti-resonance frequencies of 5 MHz bulk acoustic resonator due to the increase of number of acoustic Bragg
reflecotrs with the order of low and high impedance materials.

Table 4 Comparisons of resonance frequencies and input impedance between simulation and measurement due to the increase of the number
of acoustic Bragg reflector layers with the order of low and high acoustic impedance materials at 5 MHz bulk acoustic resonator

Simulation Measurement
Number Z Z P
Of ]ayer fr in fa in fr in fa Zin
(MHz) Q) (MHz) Q) (MHz) ) (MHz) (€Y
0 18.96 24.10 442 1.17 5.85 4788
1 0.81 468.97 4.27 1.01 5.85 62.24
2 23.83 19.99 430 2.52 5.85 46.36
3 0.16 1035 4.30 0.87 5.88 49,68
432 492
4 23.83 19.99 4.27 0.85 5.83 43.69
5 0.16 1035 440 0.76 5.85 40.87
6 23.83 19.99 432 0.87 5.90 52.41
7 0.16 1035 427 0.64 5.78 40,70
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