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Fabrication of FBAR(SMR) using Reflector
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Abstract An FBAR(Solidly Mounted Resonator) was fabricated using reflector layers which prohibit the penetration

of bulk acoustic wave into substrate. The SMR consisted of top and bottom electrodes{ Al films), a piezoelectric layer
(ZnO film), reflector layers(W/SiQ. films) and Si substrate. The electrodes were deposited by dc sputtering. The
piezoelectric layer and the reflector layers were deposited by rf magnetron sputtering. The control of crystallinity, mi-

crostructures and electric properties of each layer was essential for attaining the optimum FBAR characteristics. Under
the best deposition conditions for FBAR devices, the ZnO films had highly c-axis preferred orientation{c=2.17°),
resistivity of 10* £2cm, and surface roughness of 10.6 A. On the other hand, the surface roughness of W and SiO. films

was 16 A and 33 A, respectively, and the resistivity of Al film was 5.1 % 107¢ Qcm. The SMR devices were fabricated

by the conventional semiconductor processes. In the resonance conditions of the SMR, the series resonance frequency

(fs) and the parallel resonance frequency(fp) were 1.244 GHz and 1.251 GHz, respectively and the quality factor(Q)

was 1200. ~-
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Fig. 1. Schematic illustrations of SMR: (a) plane view and (b)
cross-sectional view of SMR.

Fig. 2. Schematic illustration of the rf magnetron sputtering
system.

Table 1. Deposition conditions for Zn0O, W, Si0O: and Al thin films.

Film mo | W | Si0; Al
Dep. System rf magnetron sputter dc sputter
Target Purity(%) 99.99 3% Cu
Gas Ar+ 0, Ar
Power(W) 60~120 30~180 90~150 24~88
Pressure(mTorr) B 5~20 5~40 10~50 5~30
0, Conc. (%) 0~75 0
Substrate | Si0./Si(100) | sio0y ] si0y/Si(100)
Sub. Temperture(T) RT~200
Distance between Sub. & Target(cm) 7.6 B
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Fig. 3. Typical processing sequence of the SMR device.
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Fig. 4. Variation of growth rates of the ZnO films deposited
under various deposition conditions.
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Fig. 5. SEM micrographs of the ZnO films, deposited under constant rf power of 120 W, constant O ratio of 50 % with various pres-
sures of () 5 mTorr, (b) 10 mTorr, and (c) 20 mTorr and deposited under constant pressure of 10 mTorr with various O ratios of (d)

0 %, (e) 25 %, (f) 50 % and (g) 75 %.

Fig. 6. AFM images of the ZnO films, deposited under constant
rf power of 120 W, constant Ar/O:; ratio of 50 % with various
pressures of (a) 5 mTorr, (b) 10 mTorr, and (c) 20 mTorr and
deposited under constant pressure of 10 mTorr with various O,
ratios of (d) 0 %, (€) 25 %, (f) 50 % and (g) 75 %.
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Fig. 7. Variation of XRD pattern of the ZnO films, deposited
under constant 1f power of 120 W, constant O; ratio of 50 %
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Fig. 10. Adhesion map of the W films deposited under various
deposition conditions.

Fig. 11. SEM micrographs of the reflector structure which con-
sists of W and SiO. films layers (a) cross sectional view, (b) plan
view, (¢) Si0, layer, (d) W layer and (e) Si0O./W interface.
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Fig. 13. The variation of S11 parameter of SMR device under
frequency variation{from 1.2 GHz to 1.4 GHz).
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rf A7F AE 120 Welsidh. ojdf F3tg] whute] 23t L5

Al DEbAbE & ]84 FBAR(SMR)Y S A=z

1269

+ 70 A/min, 297 327] (rms roughness) & 33 A°]3d
o} ohd Fabe FF 3 XUk n]A Aol

Hhabgol] ARSsE WoebehE of sty ~HEE
Hujo g Fatsiqlch. o] Hx s)spIte] gk A2y
S b7 Hefi e ot 7k ™e) 90 W o]s}. F& o]
10 mTorr o] e] 52 =7lo] g +=let. &4 $3 =
4L 7l £ 5 200 C, B 7)@Ie] AR 76 em, &
z 9k# 20 mTorr, rf 17} HY 90 W o]}, ouf F2t
¥ whabe] 22 &r: 969 A/min, EHEAA7] (rms
roughness) & 16 A olich. 39 wbebe XUl FA+
Z g A A

st AT S8 AMEEE Al g4 9] F3hE de
£ e8] uhd g ol&3tch. HH &
200 €, 7F A3k 312 V(AF 0.20 A), 53
mTorr, b3} 7]gzte] A7] 7.6 cm, 71% A 15 rpm
olgict. ol ZTiE dFulE F& UHe] FA S5
57.5 A/mineld, v]&#L 5.1 X107 ¢ melict.

SMR2 Asli 2, dAF, vibE, Z|gez A

stk SMRe Az sl 7% TAEE olestelch
AR TulE AT o gste] s AFol ehteg g

A 7Zn0 wheteg Algslgdol. FaEA 250X 250 pm*el
SMR &2 A xzsle], YEY £A7]|2 S11 FetojHE
ZAstdrh. 1.244 GHzollA A&FA, 1.251 GHzollA
Hagalg Yephond 31719 Qghe 120001 3ic}.

5. 2UAlY 2
P71E A RAL RSl A Qe ok S
ARSI

=Ly

—_

o] BEe T
l

227]ef ol

ro

1. J. 8. Wang, A. R. Landin and M. M. Lakin, “Low
temperature coefficient shear wave thin films for
composite resonators and filters,” 1983 Ultrasonics
Symposium, 491-494, 1983.

2. M. M. Driscoll, R. A. Moore, J. E. Rosebaum, “Re-
cent advances in monolithic film resonator technolo-

y,” 1986 Ultrasonics Symposium, 365-369, 1986.

3. G. R. Kline and K. M. Lakin,
UHF bulk acoustic wave resonators on GaAs,”
1983 Ultrasonics Symposium, 495-497, 1983.

4. H. Satoh, H. Suzuki, C. Takahashi, C. Narahara
and Y. Ebata, “A 400MHz one-chip oscillator using

1987 Ultra-

“Composite thin film

an air-gap type thin film resonator,”
sonics Symposium, 363-368, 1987

5. C. W. Seabury, P. H. Kobrin, R. Addison and D. P.

“Thin film Zn0O based bulk acoustic mode
filters,” IEEE MTT-S Digest, 181-184, 1997.

6. J. O. Barens, D. J. Leary, and A. G. Jordan, J.
Electrocheru. Soc., Vol. 127, 1636, 1980.

Havens,



