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Frequency characteristics of Li doped ZnO thin film resonator

annealed by various temperatures
Bong-seok Kim, Eung-kwon Kim, Hyun-suk Hwang, Hyun-il Kang, Kyu-il Lee, Tae-yong Lee, Joon-tae Song
Department of Information and Communication, Sungkyunkwan University

Abstract : In this paper, frequency characteristic of FBAR was studied as a function of annealing temperature. we have used Li
dopant to enhance ¢lectrical properties of ZnO thin film. Li:ZnO thin film was deposited on Al(300 nm)/SiO500 nm)/Si(500 4m)
and each layer was patterned. Thermal treatment was executed in range of between 300 and 600 in O; ambient. We observed
that the resistivity of ZnO is enhanced under the influence of Li doping and return loss in FBAR frequency properties is

improved through annealing.
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JIE SAW(surface acoustic wave) B& IS ¢Eg =
28 AN=E HNIESHOIIE O0/83t= FBAR(fiim bulk
acoustic resonator)Jt UCH. HEES FBARE MCSIX
TEZM MR SIFEEZS AOIN LHSBHO] MU
= MiM(metal-insulator-metal) HEHOICH), LASEI=
FZ2 AN £= ZnOJt AIBEICH ZnO= H-VIE BIZH 8t
BEZ S8 AW SHE XUCH ZnOdt BEI| SEH
EEM HEEHI| AAtAE 248 22X HIEgSN =2 4
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FBAR AXHE RIZEHII |8 W=Ql
o 20 HX M 500 umel A2 J|BE FHistD &
LEBFI120 FIZE 0880l g &gtH(thermal
oxidation film)8 0.5 ym SHEZE HZAIZC dIFHE22
& S I|(evaporator) & 012561 AIE 300 nme SHZ2
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Parameter Value
Target Li 1.25 at% doped ZnO
Asymmetric bipolar pulse DC
Power mode Power : 200 W
Base pressure 6 x 10* Pa
Sputtering gas Ar - 10 sccm, O; - 10 scem
Substrate distance 60 mm
Film thickness 1.5 1m

Annealing temperature 300, 400, 500, 600 in O, ambient
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Li:ZnO U2 HUBCE 20=34.42°2THUA L=
(002) WIAJt RMBIH JEIALCH OF FAE ZHO I
THOIl =Z15HH SEGIASE 2J0IBCH E8 FXeI2TIt

8 0139 AZI AL 500CHA 2tE 2 2
8 20 A2ZRH XMl 2%l 2HL0 &N
S8 HOISIACH. SIXILH 600TUA SX2I8 Li:ZnO gt
A2 (100) (101) L3Ot LATE=E ASE 2O UEH
QF BE AE & £+ AUCH

B0 gl= dElS HE ZnO IRPH2 XRD &g &
AN¥E S (002)I1 = 34.42°00 A LABCH 68X 2
ElA Hucz LJITAH EXHAUE AAE oo
(002)LIA= 34.42°20 &2 2422 018 UL Ol2A3
s 9eto] SECUANM ZnOS BISEIAEN &Y
L =39 ga@or Ollich gXcl S0 OE %o Wy
SH2Z AX U ¢y 22 Oi32 Yo #4XII o
S8l ECH2l, 2 SE0AH 2 W S3E 208D
KI8101 (1)AE O0I=8H0! HABIACHS),

o(stress) =—453.6x10 *((c—c )/ ¢ ) (1)
f AMOA co= BE MRH ZnOZRE ST c& AR
A43Hco=5.205)0!0 c= ABSZRRE J0E AXas
OICH %12 AZREH ANE SFXHASZH TE SHY
A % AetE Z2F 3AJIE E 200 LIEHHACH a2
A =2 2Z0A XS &#4+5 (002) DAt 34.42°
Ol DN 20K 2USIASS HUSAUC. 0ZRH &
Helg Sof =2t LHel S0 3N 2sEUASE 2o g
&= UAAULEH

H 2 gXxeI2=0 OE Li:Zzn02 #Z=H S4d¢

Annealing -
temperature( C) 300 400 500 600
Peak shift (degree) -024 -013 -006 -0.04
c-axis
lattice parameter 52824 52493 5.2286 5.2227
Compressive
stresg(Gl;:) 6.7 39 2.1 15

FWHM (radian)  0.006632 0.005585 0.005236 0.005930
Crystallite size (nm) 22.8468 27.1465 28.9672 25.5621

H 32 Li:ZnO 222 Xl S0l & Hiagn 2
8 HEJIE UEIUWACH HEH HEI|= 300CEL EXeal
22 =248 LED A4S Z0IHA S500TUHAM 20
nmZ e R4 BHSLE EAC -V dataZREH A
S8 HIHEE L 10'QcmOll A 2TH 10"'Qcm WX &
SI5HH &= ZnO HAZBL JHHLZE 2 HIME a8
SACH A8 ZUZREH ZnO A S £ SHM &
S B HEDI HINEO| S48 = UASS HASIAC

¥ 3. gxei2c0l T2 BIXe HED)

Annealing temperature (T) 300 400 500 600
Resistivity (Q<m)  35x10" 53x10° 15x10" 8.2x10’
Roughness (nm) 80.73 35902 21.109 80.12
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08 2. SHCI2Z0 M2 B2

08 2= @XMl 29t Tt 218 SAIIE MRG
O Fot+ S88 EFSHH LIEHHACH LiiZnO 2RE 0l
010 HEE BTIs L2 Exel SO &2810
SUFMD+E 1.17 GHzOUIA S50 LIEHDH Bte 3
UFEMSUAS BAIEAS SHISZ0 Tt 22 U2
A LIEHGCEH 300COHAM RXTIE &AS ST BrAIE
A2 -24.9 dBOIR Y 500TOHA SHEIE =g 0SS
BRI -29.8 dBE JIE £& PIAIEAE EACHA.

4. 82 &

2 ABNAME membrane® FBARE RIZSIH X2
20 08 FIs S48 APSIUCE 2SHLE MR
& FBARONINE EXEISTO AJ0l 1.17 GHz2l &
FoM4E SUXC PrAEAE 300THAM -24.9 dB, 50
OCOA -29.8 dBE 20l FXZISZ0 Cet gad= 3
B2 2UC. 4SS S50 ZnO0 LIE TRUEAEM Ul
e S48 SAANE £ YU, SHUE Sol0 FL+
SHUA SAIHSE BAAMNE & USS HUSIAC.
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