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whal M3 53 ¥x &7 (Film Bulk Acoustic Resonator, FBAR) 712 @ A& 374 71T
S8HY AAY 249 RFLA 78S 7hesstAl she Zle R 7ol a1 gtk FBAR 42F Al
b A wpEp F2be] RF AHEE (sputtering) WA S o] &3kE A Abk (O B olET (An)9]

oy

IM Saekhs o] Aotk B el obibEl A (NO) ¥ o= (Ar)
Jeld RF A#EE WAow SR8 uF9]9 Abgloldd (Zine Oxide, ZnO) 44
(piezoelectric) WE-& 4 83}¢] FBAR &xtE AlZsts AEE WS AAS olw &x} Az
e ket 7oAl dA 2 7 (thermal annealing treatments)©] FHFEQlom, o]&jgt 37
Z70] AZE FBAR 24k 5 X 54 (resonance characteristics)oll 71X+ J&FS WAREA (return
loss)e] SHelA AT A oR, ¥4 20S HAggToEZN ~29 MHz oA #¢ 53t
FTRAEAL 7}AE FBAR &2 A|Ze 5= 9lglth

ABSTRACT

We present a new method for the fabrication of film bulk acoustic wave resonator (FBAR) devices that
exploits the thin piezoelectric ZnO films particularly sputter-deposited in a mixture of N20 and Ar gases as
the reactive and sputtering gases, respectively. Some thermal annealing treatments were performed on the
as-deposited ZnO films and also their effects on the resonance characteristics of the FBAR devices were
investigated. It was found that with an optimized process, the resonance characteristics of the fabricated
FBAR devices could be further improved.
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.M B 2w s Rk ofdel AAY et e b

F FAHE AHE F dxF gt ol FE

FHT WIMAX 7]& vhekdt ols Anlel 48 FBAR 7]%o] dAAle A 34 7147 9493
g FA AHY e AdATIE VIeEM s3EE B4oz st ARAHO®E MMIC
e WS weled 9lvh 53], 23-36Hz°] 5 (Microwave monolithic integrated circuits)Z -
¢ g ®ubd HREWE WIMAX 7%l @8 5 glnE 8y wlEo|t} [2. B4 FBAR
gFEo] vk [1]. A ek A 5 SV sz Fxi AR AIF SR AT Abold ¢

(Film Bulk Acoustic wave Resonator, FBAR) 7]  # wlul o] alelgo] ¢li= &E=S 71X RFE
e vlolaRd axe] A e §ER ngsl £ s dSabeld Q7EAe o F
ZNER el gtor ol wEYA 74 & o) wAlE: ez Ezetl [3]. FBAR A
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e A O 7HAE

s FAoln, HEo ¥
254wk A7 A8 dAE el
FHE = o] dnbAoltt Erb of: g of
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Bo7)elA S2E zZnO uhure] 54 ATE of
A4 Ba® v 58 ol B oEREdAE A
AA7F F99% ZnO (ZnO:N) ¥Heke] A8 98

29EY 34 A M NO 7hAE w7 R

Aestol Mz B4 zZnO o wtuhg FF
atglom, w3k o]Z FBAR 47 AlZe] # g3}
Ak Bk olyet A4 AA7 FYE ZnO vy}
o] 97 A o] FBAR £t &7 EAle] nl
A= Gl sl $A =AFsEelTh
. & =

1Y 1S FBAR 248 Fx(@a) ¥ F £7H
A A= dolokx Fb)& A EAlsk
Atk

() (b) A50pm
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Pattern a

*# . )
$10; (0.6pun)
10, (0.6pum) ZSD%
Si substrate g
Pattern b

19 1. (a) FBAR &#9] %, (b) A%
A=e] dolobx 4

o] W], FBAR &A= T3 22 g o2 A
Ak 94, si 71 Sl A2 0.6im A9
Sio, 2 we| uut & wulE FFsle] o
TZ° BR 7Z& AT I O oE 1.0m
T Al B ATFS BR xR Yol A &
Heolol NoO ¥ Are] E@7tA EH7]4lA ZnO
v S5 1.0 me] FAZ A st ZnO T
Z70f U3t AT AT E 104 2oFsedt).

¥ 1. ZnON #ete] S3 23

Target ZnO, purity: 99.999%
Substrate 4-inch, Si wafer
Substrate  temperature 23°C
Substrate to  target distance | 10 cm
Base chamber  pressure 2x10" Torr
Gas composition 60% Ar + 40% N,O
Sputtering ~ pressure 20 mTorr
RF power 300 W

S&E ZnON ¥tepe] viAl 24 7% W AR
Z’d (composition depth profiling)> ZtZF SEM
(scanning electron microscope)? AES (Auger
electron spectroscopy) 71%°l 2ldl 4] 5 At

ZnON tehe s 53 % ¢4 W

4% BAS 7S ¢+ doen (¥ 2,
AES M= T8l A2 e Ax dAs (k1
atomic%)°] ZnON ¥#oz Fd=E F &S
glstglth (3™ 2b). FF ZnON HrEtef] 9
B As 9450 g o ug YA ¥
4 Q77 o] Fold Wat gt

o 60 ®)

£ 507, Deinersnes et .

F 40 "‘6""""""""'7'\'

-».

220 N(x10) ._

s 10 “

I gy P, S

1 00um : :
sputter time, min

12 (a) ZnO:N H2He] SEM whd on] %],
(b) ZnO:N Hehe] AES depth profile

¢, ZnO "et S 5 SAHOR si V|9
T I

A dAE FAZE Fasth £ oS AlE (S,
S3)2 77t Ar7bA HE OFA E9716lA 40
0C/30min® Aoz dAZ =HYow g F
A AlE (4, S5)S 44 Ar7tA B Ot~
F917]014 400C/90mine] o7 Axjg 3
Atk S1 AW AS FFAHEoRA dAAy F
7 o, B 204 7} AlE S dA e
okslith. vl uto w 3 AHS ¥3
g ¥ Uux AEE 2%l sl 0.2m
AR A= PAT o 7H FBAR A A

-5 vhrE st ol 7 7HA vE FR9
A A5 9| (29 1b)o] AAIEO FBAR A&

o
-

® 2 A dAE 270 9 Al=E FBAR
227+2] Peak return loss, Sii (dB)

Samples Peak return loss, Si1 (dB)

Pattern a Pattern b
S1(non-annealed) -21.36 -19.54
S2(400°C/30 min in Ar) -24.54 -21.86
S3(400°C/30 min in O,) -40.45 -32.44
S4(400°C/90 min in Ar) -25.03 -20.39
S5(400°C/90 min in Oy) -30.25 -27.08
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return loss S, dB
return loss S, dB
Loh L

frequency, GHz
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