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Method of Material Constants Extraction in Thin-Film Bulk
Acoustic Resonator(FBAR) using Genetic Algorithm
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Abstract

In this paper, the method of material constants extraction in a thin-film bulk acoustic resonator(FBAR) using
a genetic algorithm(GA) is proposed. The material constants are extracted from the input impedance of a FBAR
by a GA optimizer. The characteristics of the FBAR input impedance affected by the material constants were
studied to decide the fitness function for GA. As a result, the fitness was estimated by the series- and parallel
-resonance frequencies and the FBAR bandwidth, as determined from the input impedance of the FBAR. A
flowchart for the GA and a procedure for the proposed extraction method are explained in detail, and the results
of the material constants extraction are presented.
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Fig. 1. The structure of an over-moded FBAR.
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Fig. 2. The narrow-band impedance characteristics

of FBAR.
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Fig. 4. Flowchart of a genetic algorithm for ma-
terial constants extraction.

Ml (generation) & X713ttt S22 7 AAE
o AYEE wEoE fAA gxYF 549
W ¥l(crossover)?} E4 ' o)(mutation) FAE AHA
g AE A A AHreproduction)stA] T} o] )
A3 AR Z AAEL A3ety FH3E &
AT e 78 F Ak B, AR 3G
73 AREst 5 AAE g Adlel IUE ¢
Z1E el D ES(elitism) e AL 953
AA7E wuly EQdold A& HAEE AL 7
A, A3 £ E S7MFT

[T
=
o

N. BE 44 %

€ =M E fAR ¢IYEE oLty U9
9 FBARS 99QL A4S HAstste] 1 23
FTE FEIE 71HE AL AgD FHR
LLYFE o8 £
z)

=3
AFste] 290 FBAR W9 Z(BWgnen) S A4t
+ Stk dEo R #2314 ste B A4
B AT ¢, BE o, YH2EH2E Y5 o5

w2
1o ox el off



BE &z (c,e,0.) X8

28 5. A BY 45 22 A
Fig. 5. The proposed procedure for the material
constants extraction.

o ¢ Fuz A FAA gxEY A
2 x¥ch 23 7 Al i A ()2 FE
A3 AYEXx 7,8 F& F, o] dudiolA
Zt AANEY HH3 I8 FAFHAR(fr-om)S BE
FTAFBRF (o), 18 HH3 FBAR WG F
(BWop)S AAtSL 813 YA AT F5E o
L3t A9 NAZFE FHN A3} BE(f-
opty Joopts BWop)3 FAZ FE(fi-given  So-given
BWgen)7H9] ZpolE F3HA Bt o] AYE Fre
Z}zko] AAE EYFHOE EAANZTOEMN, 7 A
£ $¥& dgstd o)A doPx 545
e AASE B A #E FE2E 5 A 8

Fot. E3 A4E FE3cd AL AYE g

I8 394 ABE uig 2o B 3 W
o] W& FBARY FAFds 2 UjHZe WsE
Tl 2% ¢E 4 ) 2ok

F= \flfs-,.-m—fs_m{“rlf,-ﬁml—fpwo,,;lz+IBWg,vm*BWm{z

€)

:6"'7\(_1 %‘”‘5’ %(/.; —given fp - given B ngven)‘;"" ﬂ

Fo)7

&8 4R WY &3 TANANY BAYS 32 7Y
4 — T
COCCOCCEOCTCCOO
351 OOOO
3t -
° x* x!xx * *x
2.5} M x .
B
00 xX
1} *x
0O, ©  Maximum fitness
0.5 Odz?g@?xx ‘‘‘‘‘ ) Lx Averago fithess J
ol . . .
1 10 20 30 40 50
Generation number

(@ 37 ¢2AFY FEE

(a) Convergence of the genetic algorithm.
10°

----- Z-given
Z-opti

.
S

3

3

-~
=]
3

Amplitude of impedance in log scale [

0.5 1 1.5 2 2.5 3
Frequency {GHz]

(b) T3 oLt HAztd JDL

(b) Given impedance and optimized impedance.

-
S
>
Q

9 —
ol
----- BW-given

7t —— BW-opti
g
ey
%5
54 1
%3t ]
gl 1

1_

[

E] 10 15 20 25
The number of resonance

(¢) 171 FBAR ti 9 %3} HH3¥ FBAR U9
(c) Given FBAR bandwidth and optimized FBAR
bandwidth.

J8 6. B2 Af 5 A4
Fig. 6. Result of the material constants extraction.

()

Z:!ﬁ" %{‘E‘ 'ta;‘(f.; opn,ﬁ; —optis BWopu)-" 21'7]' Z'}"—‘
TE AYE ¥ Fe & @& 2 Hed, Fr 4
ke 712 o, AR dYE 22 35 @l ¢

327



BEBHRBERIGE $ 145 F45% 2003F 48

=

A7t 7oA o AANY B A4 EU A 9 B A% 32 1UE ALIANT AL A
_-' A

%
& AAZEE 1 PGS 428 +

2
AL
<

A FAHAA HEed HFPE e £7459 F < ki
H3tE 8 7 7ol 2A 2A D H(scaling)S 3} At thasgee] A3 2839 A &
gl . AYFLE AHOE QI 7)1EY FF /PR

o B 22 A4E A 2T 5 Ao,
3 23 g o et & =FdAE 249

w2 ANS We Aze] 98 2y L ERATE LD dopdnivE do2
134_ 7‘:}% ;[‘L}__,] over-moded FBARoﬂ ﬂﬁﬂ’ﬁ %7‘(_:]_ %XE.} }Z)l_’T"’" EI“EEH 5’_9}'}]‘3 /élx‘] _Z‘z % ‘?J-‘ﬂ‘ﬂ

A RX
V. 8 44 33 ZY

A2 223 HolTh dMEoE AZL AYAo 2ERE B =FdA AAE 2E S 32 I

2 Ed7) 9] BEe] 1 98e BAsT, 9 & Aasled B2 AFE FEIE ALY 24

619 ANE B2 45E olgae] 4 ()l o = T FI ST UAS A F 5i0), FEARS

23 dvdA Zgim_o_i_ra Qo $AA &7 +7 A Wl t}]?g_]: 5’—‘:}3 A W E 4 gl

2o ojLald QALAY BA 4% ¢, oy, oS} 7] S Aoz JgEd dAe A4 #2E 1Y

B9 ¢, 0,2 2EFOTH AU WHS A2 & 799} FBAROIA 9] £48 733 F99 &4
5 F&9 s 77 Y Folok

frt 3
aF 6(a)e 34 &1 2Ee 48 A4S vg
W Ao AEIES LYY Wi A AT

=7 A& Sk A 94 LR FHY . _
AAREYLL & 2 Yok 1Y 6b)= AT B [1] K. M. Lakin, G. R. Kline and K. T. McCarron,

A 442 7= FBARY dudx EXI ooz "High-Q microwave acoustic resonators and
ANE BANEZRH AA}E AR 228 24 filters", IEEE Trans. Microwave Theory Tech.,
}\]_),i ?-}"]Q FBAR-/] o]vq‘:_]}\ “—éf/lé% L]’E]"{Hq VOl. 41, pp. 2139'2146, Dec. 1993.

287 1Y 60 7 A9 fAES Uehd A [2] Y. Zhang, Z. Wang, Y. Zhang, J. D. N. Cheeke
o8 = 2o Ao YIS BT £ Yt and F. S. Hickernell, "Direct Characterization of
B 1L A 22 A9 228 22 A% 0 ZnO Films in Composite Resonators by the
A7 AT 0AS ey, BE 228 4459 o Resonance Spectrum method", 1999 Ultrasonics
2 W 1% ojlg AT gely AtE w Symposium, pp. 991-994, Sep. 1999.
Mg o802 A AT B2 AL g [3] R. S. Naik, "Bragg reflector thin-film resonators
228 2 9o o 2 9o for miniature PCS bandpass filters", Ph. D.
Thesis, Dept. of Material Science and Enginee-
4 = ring, Massachusetts Institute of Technology,
Cambridge MA, 1998.
B =M s 33X €18 5E o83 FBAR [4] R. S. Naik, J. J. Lutsky, R. Rief and C. G. Sodini,
21, EZ45 32 245
Table 1. Resulis of the material constanis extraction.
HHEZ (Zn0) 718 (Si)
¢ (N/m’) 0p (kg/m’) e (Cm’) ¢ (N/m) 05 (kg/m’)
A B2 A5 211%10" 5680 1.32 1.66x10" 2332
FE% 24 35 2.12x10" 5727 1.32 1.64 x10" 2326
Aol 2. 2H%) 0.47 0.83 0 1.20 0.26

328



Az @EE ol A B ¥ AN 22 F& 7Y

"Electromechanical Coupling Constant Extraction of
Thin-Film Piezoelectric Materials using a Bulk
Acoustic Wave Resonator”, IEEE Trans. on Ultra-

sonics, Ferroelectrics, and Frequency Control, vol.
45, no. 1, pp. 257-263, Jan. 1998.

1997'd 29 @ggw A3
3 (T

19994 24: FFNFL AAFA
A3 &3 (FHHAD

2002 29: sty AAEA
AnFest HAlr R
STNIEN Z HAEOH RF 27 2 ey

AA|, AR FAE4

2001 29: Sdigy AT E
# (384

2003 2¢: @i AAFA
A3 (T4

2003 29 ~#A: HAFAR

[& AE20H FBAR T® 4A,
Az R84

[5] Y. Rahmat-Samii, E. Michielssen, Electromagne-
tic Optimization By Genetic Algorithms, John
Wiley & Sons, Inc., 1999.

[6] V. M. Ristic, Principles of Acoustic Devices,
John Wiley & Sons, Inc., 1983.

19849 29: Mgty HzH3e
# (F8AD

19863 24: Mgty AAFE
# (T

1992 59: Barx 2 A8 FHU
gt (F8HEAD

19923 6¥€~19933 19Y: EHAA
028 FYthsty Post. Doc. Fellow

19931 39 ~&A: sty ARA7FFE TR F
T

[F HHEO0l vlo|z2 g 2, o)FEAL e, 28

8, AR FAH 4, dol &Y e X84

2.4 EMI/EMC &4, SDR

X

329



