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Fabrication of AIN-based FBAR Devices by Using a Novel Process and
Characterization of Their Frequency Response Characteristics
in terms of Various Electrode Metals

W - RE e R
(Bo~-Hyun Kim + Chang-Kyun Park - Jin-Seok Park)

Abstract — AlN-based film bulk acoustic resonator (FBAR) devices which adopt a membrane-type configuration such as
Mo/AIN/bottom-metal/Si are fabricated by employing a novel process. The proposed resonator structure does not require
any supporting layer above the substrate, which leads to the reduction in energy loss of the resonators. For all the
FBAR devices, the frequency response characteristics are measured and the device parameters, such as return loss and
input impedance, are extracted from the frequency responses, and analyzed in terms of the various metals such as Al
Cu, Mo, W used in the bottom-electrode. The mass-loading effect caused by the used bottom-electrode metals is found
to be the main reason for the difference revealed in the measured characteristics of the fabricated FBAR devices. The
results obtained in this study also show that the degree of match in lattice constant and thermal expansion coefficient
between piezoelectric layers and electrode metals is crucial to determine the device performance of FBAR.

Key Words : Aluminum nitride (AIN); Film bulk acoustic resonator (FBAR); Membrane-structure; Metal electrode;
Mass-loading effect; Frequency response.
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Fig. 1 The fabrication process of a membrane-type FBAR device: (a) conventional (b) proposed.
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Fig. 2 XRD, SEM, and AFM results of the AIN film used
as the piezo-electric layer: (a) XRD and rocking
curve, (b) SEM surface, () SEM cross-section, (d)
AFM image.
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Fig. 3 Frequency response characteristics of fabricated
resonators: (a) return loss(Syy), input impedence (Zin);
{b) magnitude. (c) phase.
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Fig. 4 Frequency response characteristics of FBAR devices
as a function of bottom-electrode metals (A!, Cu, Mo,

W).
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Table 1 Properties of the metals used in the bottom-electrode.
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Fig. 5 Resonance frequency and return loss of resonators
as a function of bottom-metals.

e} Bl mate) 29 40 JERRRATE ol7]1A, AIN wee]
A% amz At gAvete] Fre] wet F4o) A3}
s Aol AW waR BAsH NAE JFL AASE

AP FH5eY BA
%4# 9 waeael Wake 8
a1 5o ERASIEh BA
& A-CeMoWs] $o3 dole A8

] =L

‘Ll
= 8o

9»\"5 ), o)== % 10 Yebd wie} Zeo] RAUF
913t 25} & F(mass loading effect)o] 7]A&E= Zo]
4 AoH13] T3, HAEA S

2
U AR[ATH FRAT B
Mo 4% AHE3 Ao A3 ZA JdEetded, ole F

Mool thZ A A (polycrystalline)dol= E735t2 AIN
dbetyl AWAAFY AzGS So] BAEC] ME {4

7] W&ol A3 AING AAFAT R EAF] qE
VA 48 Ja3E £ Az, §39e AYol e F&
o b]sf mh=c} w] & eh14,15).

A3ty FUT AT
FAE 42 06, 09um, 1.2pm, 1.5m= Z %3}
Fx71e] 84 WEE £43 ¥ 69 UEhidTh
71N, AT FAd wE Fas §9 549 W
2 Aol Add TAHE ol &t Az T
o s ol ¢hAutute] E4

o

Ige F

a7te H46l PAE Ao SYAY o
A

T

o
ol
1
)
fru
=
(o]
=3
o
>
£ oo
215
2 K
oo o

_&;-L

UV [ I <
M & W oHorf B ox o X

Atomic weight

Resistivity (film/bulk)

Thermal expansion coefficient Lattice constant

Metal [g/mol] [wQcm] [x10°9/K] [A]
Al 26.98 9.52/2.65 231 4.05
Cu 63.55 8.03/1.7 165 361
Mo 95.94 274.7/5 48 3.15
w 183.85 317.2/5 45 3.17

918



Return Loss [dB]

1200 nm

20L
600 nm

1 1 1 1 I 1 1 1 1

1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50

Frequency [GHz]

a8 6 st =3(Mo)el SFHlol mE AHHetMar ZXI|
Fule+2E 54,
Fig. 6 Frequency response characteristics of resonators as

a function of the thickness of bottom-metal (Mo).

RAE & F ded, o AT FA F7td wet &z
o) mlX& RsEHRI FUEIL ASS 9vigth

2& 3 L NEY FA g8 AP A
W@ 3 % (parallel quality factor)E At&3slz
ol& stEATY T uet EAT ARE ¥ T AA

AFolAl At TAHN 93 Az &Y F
F AV FAYRASFE HIYIEY AR 7
st Ao 2 YeldX| g 71E9 FA g8 Az &4
A e olge gy dFHFY FAU FAETE 3
F3nrt 238 Frksle AEE vEst AEE FF
AgolE, oA mA3 vpe} Zo] sEAFY FA B
#ZAGe] AIN gtere] EAo] {A 7] wiEo] Az
A W3} pAutuke] B4 Wil 7jstr] x AF9

HAA B> g3 WA HUES gridnt. 2y, 71&

=

2
e

& w2 Afdr AT FAd g AN
o] E4de] Wiyt velg 4 ded, dudez AIN
a Z3A) ZlgEo sigsle FE59e FAU ForEgSs
AIN wute] sk EAo]l A= Aol qUrl Wi
3= 238 i FUEle Aoz JEHynn ddd
%, Aty FAWEE o) gde Ao gAwet F
o AH2ANEL o83l 45T FAHEL 7IAE AN 9
ZAsla, o2 BAol 5459 Az dgL g
23 FRAH, FFHOE EAo] ¢ AFad F
719l Ajzo) aFdHoz FLY F vk AlgE)

MEZ2

Ao
OH

Trans. KIEE. Vol. 56, No. 5, MAY, 2007

50

840 |
[=4
fing
S 30}
0
&
> 20+
=
= L
3 10 | —@— novel

~—(O— conventional
1 A 1 1 1
300 600 900 1200

Thickness of Mo [nm]

ag 7 slREXMZ(Mo)el o wE MHetMul ZZ7| e
HEXST WHE

Fig. 7 The variations in the parallel quality factors of
resonators as a function of the thickness of
bottom-metal (Mo).

2 dFdMx AN ug gdFez
membraned A4 F
=2 AAEA e N2 TAYH
&29 Faedd 54 &

ZFAA A& An, AG" FAFEES ol B3ty ZlwA =

olg] TR} WAHE oix e & %

gostarct =@, e AT FEA8Y FF O F

Aol Wste] wal TS BN vnd A3, F4ututd)
s

J@ weaTst #ds AL ¢ 4 AU 53, Mo
24% % L FRAT AT F9, AN deto] A
t ARES 2 GuRAFS Y SR 24 ST
)M, BlmE B MARRTH 2 B2 A 239
AN RAEDAE BTPHL $5F FTH 54L 9L &
slee A%d AHzPH HAsdc AeMow B AF
oM AL FAPES Adstel TRV oA A
2pmom AN, 4aY 34 AIARY AP A
Wi s dAwee] B4 BEE B S4o| $5%

£
ARVA R FA719 A Asadn ARAY.

Ao 2 |

P ATE 004E FIREAEAT Adiere
38z X YA F(D00508, R05-2004-000-12142-0)9]
Al 93 AU

e 0|88 AN MM BHNTH XSl ME ¥ ch 34 3% W2 Fis Y 54 24 919



BRPERIE 568 58 2007F 58

il

Fo 2

[1] K. M. Lakin, G. R. Kline, and K. T. McCarron,
“Thin film bulk acoustic wave filters for GPS”, IEEE
Ultrason. Symp. Proc., pp. 471-476, 1992.

[2] K. M. Lakin, "Thin film resonator and filters”, IEEE
Ultrason. Symp. Proc., pp. 895-906, 1999.

[3] C. Caliendo, P. Imperatori, and E. Cianci, "Structural,
morphological and acoustic properties of AIN thick
films sputtered on Si(100) and Si(111) substrates at
low temperature”, Thin Solid Films, vol. 441, pp.
32-37, 2003.

[4] Y. R. Kang, "Air-gap type film bulk acoustic
resonator using flexible thin substrate”, Sensors and
Actuators: A, vol. 117, pp. 62-70, 2005.

[51 P. Cong, "A novel piezoelectric-based RF BAW
filter”, Microelectronic Engineering, vol. 66, pp.
779-784, 2003.

[6] M. Hara, "Surface micromachined AIN thin film 2
GHz resonator for CMOS integration”, Sensors and
Actuators: A, vol. 117, pp. 211-216, 2005.

[7] C.-L. Huang, "Aluminum nitride films deposited
under various sputtering parameters on molybdenum
electrodes”, Solid-State Electronics, vol. 49(2), pp.
219-225, 2005.

[8] S. H. Lee, J. H Kim, G. D. Mansfeld, K. H. Yoon,
and J. K. Lee, "Influence of electrodes and bragg
reflector on the quality of thin film bulk acoustic
wave resonators”, IEEE 1. F. C. Symp. and PDA
Exhibition, pp. 45-49, 2002.

[9] R. Lanz, P. Muralt, “8 GHz microwave filtered based
on bulk acoustic waves in piezoelectric AIN thin
films”, IEEE Intermational Symp., Applications of
Ferroelectrics, ISAF., vol. 1, pp. 919-923, Oct. 2002,

[10] M. Hara. ]J. Kuypers, T. Abe, and M. Esashi,
“MEMS based thin film 2GHz resonator for CMOS
integration”, IEEE MTT-S International, Microwave
Symp. Digest, vol. 3, pp. 1797-1800, Jun. 2003.

[11] S. L. Pinkett, W. D. Hunt, B. P. Barber, P. L.
Gammel, “Determination of ZnO temperature
coefficients using thin film bulk acoustic wave
resonators”, IEEE Trans. UFFC, vol. 49(11), pp.
1491-1496, Nov. 2002.

{121 M. A. Dubois, P. Muralt, V. Plessky, “BAW
resonators based on aluminum nitride thin films”,
I[EEE Ultrasonics Symp. vol. 2, pp. 907-910, Oct.
1999.

[13] H. Zhang and E.S. Kim, ”Air-backed Al/ZnO/Al
film bulk acoustic resonator without any support
layer”, IEEE International Frequency Control
Symposium and PDA Exhibition, pp. 20-26, 2002.

[14] J. B. Lee, J. P. Jung, M. H. Lee, and J. S. Park,
"Effects of bottom electrodes on the orientation of

920

AIN films and the frequency response of resonators
in AlN-based FBARs”, Thin Solid Films, vol
447-448, pp. 610-614, 2004.

[15] S. H. Lim, D. Shindo, H. B. Kang, and K
Nakamura, ”Study of defects and interfaces in
epitaxial ZnO films on (1120) Al:Os grown by
electron cyclotron resonance-assisted molecular beam
epitaxy”, J. Crystal Growth, vol. 225, pp. 202-207,
2001.

45 () )
1978 129 17€4 4. 20049 $Foistn
A7Zs Y =4, 2006 T HFA A7)
T 2d(HAD. A4 AAAAR Bx
AFZ WZeAAR AANET 19,
TEL : 031-208-2718
E-mail : bh3972 kim@samsung.com

u = o (X )
197413 109 2494, 19999 @4og
A71Fsta 29, 20019 5 g z
Fe QM. 200608 F diEYd
AR AAAS T EQCHAD. &
FIUsE BK2l Alge A EoF A
Y stelrmgte] A AREE AT
A E ARATFAH (AR 33).
TEL : 031-400-4088
Fax : 031-419-3042
E-mail : ckpark@hanyang.ac.kr

—t
R

u N M (H B R

1961 9¥9 25941, 1985d A &distu
Faa £, 19873 & disky A7)

T8 Z2G(HAD. 19913 5 g A

71383 24(2AR. 1993 ~1995d 9%

5+ Cambridge ™3 Research fellow.

20043 ~20053 7fvtt} British Columbia

g ERS 19959 ~d8 A Fdistil

AAAFE IR m

TEL : 031-400-5166

Fax @ 031-419-3042

E-mail : jinsp@hanyang.ac.kr




