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Zn0 thin films used in the piezoelectric layer of FBAR devices were deposited
by 2-step methode using ALD equipment

Soon-Bum Lee, Sung-Hyun Park, Neung-Heon Lee, Young-Hwa Shin
Department of Electric and Electronics Engineering in Kyungwon University

Abstract - In this study, the 2-step methode by ALD equipment
was used to improve the characteristics of ZnO thin films used
in a piezoelectric layer when the FBAR devices of a SMR type
are fabricated. The Height of formed buffer layer was 400A and
ZnO thin film of 13600A was deposited by RF sputter on the
buffer layer. When ZnO thin films are deposited, deposition
conditions such as pressure, injection time of source and purge
time were changed variously. The characteristics of piezoelectric
layer such as a crystal orentation and micro-structure of

deposited ZnO thin films were studied by SEM, AFM and XRD.
1. B2

AT ITAAY F45% 245 &4 AT JEFNL 4o} of
g Aol EolAWA 800 MHz ~ 5 GHz o] e Aato] ois)
2%, A28, nriss, nEAS, A7MFAs aFH R n Y,
53] goM2" BEe MMICE 71&dol BAdHot}, 71&9
FAAGEY SAWHE Bl FBAR e 2 o]& o]&3 FE4
© 3717 4 9 o1 o, dubyel wr A IC7 &S o) &3
2 g Fgde] sHsste] Aulge AdsA G B

FBAR 44 % SMR 729 FBAR 4722 79 membraneo]tt
air~gap ¥Eje] Axto] vld WFAA v Hojurh a3y
S FAEAHL /IAE 22478 ddME daFe] A48
¥y B9 V42 A HE] wdojof ot o) T NALE: Hdf
AZFE YA Hed 7HF 28 FAFY ol 5%
A54& 2= FBAR 242 AR Heide gAAd %
gﬂ%‘ T4 WFAAE e Zn0 HEE FASE Aol HyFHolh
2 dFHE SMR 7%¢ FBAR 42l glolA gtz c-%
4 i FAFAFI7] Y8t ALD(Atomic layer deposition)E
Hg3atglch. ALDZ buffer layer® %3tz RF vladE& 29F
Ylo] G§ ZnO dAHEFE FH3E= 2-step FTAWHE L AHEEY
=3

i o} 2 dlo o

2B B

2.1 Algiwy

£ dFME ZnO buffer layerS 2517 98] DEZn # H.0
£ oprecursor® AME3IY 3, purge gasEE Ars AHEEch
precursor?} exposure time& DEZn& 1-2%, H;O¥ 1-3% 717 05
Z Ao 2 WIANAL, purge time 13-28% 74 52 Ao E,
pressurex= 0.6~1 Torr7hA] 01 Torr 7t ez MIHAFAZT, £+
20008 A A0 AT F3d Ut nATz 2 FAE &
A3t7] 8 o-step(Tencor), XRD(Rigaku, D-MAX2200), SEM
(Hitachi, $-4700)3 AFM (PSIA, XE-150)2 o] &3¢t

FBAR 4#}9] A|%& RF staEE 2HE Y PO 2 Si0x7000
Db WT000 e 5% TEE FFsle wARS Az,
Al(1850 )& FFEao HaRAFE PYAsden, ALDR buffer
layer(400 )& Z&3l3:, ZnO(13600 12 Z sy ¢HdZe §A
gtdch HF M 22 network analyzer{Agilent, E8364A)E o] &3}
229 FRAEARE SAHHA 29 19 SMR 729 FBAR £z
Az FAHAEE YRR

23y 3 2%

2.1 ZnO buffer layer Hia} B4

2 Ay ZnO 2o % $4 Wg4dE Folrl sty
ALDE o] &% ZnO buffer layer Z3ollA o 3 ¥i4+E ¥
AlA 7HEAM dEe s, dA 4RE AFsE AMY RE
buffer layer 22 AVSIOvSi 9ol BAEAUCE 19 2% ALDO
Z4E F3 271 ¥ e $AE9 ¥Wss RAFEG dA (@)
DEZn exposure time®l 1% o|FoA= Fago] Tadds A4

2.
2.

veldch 283 (b)e HO exposure timeo] 2% & zaslwA
g9 F717F EdlHo] deE AL BoFEd o)Re ALDY
WEEZEY 7] Aoy FEHYEE EA S delde RAez 7

B8 F¥8 FUHE Y &zl ¥sEoE AdE ¢ #
Aok o] A £xv 4 87 FFHE FA cycled Felw
st 98 TEY, A% §9 FAZRAAE NPsA ¢ WE
of A& Hd3tA A8 + Uckes FHE oy AT E FHA
T gA% 4 gt

-1)115

7 rt ofy

¥
Lo

ALD buffer leyer
+ plemelectric fim deposition

Photo resist caating

Phatoithography

Phatoresist ovating q ?.lp derpockion ) removing

<28 1> SMR #X FBAR M% 23T

1 MLjeycis

20f - ey
g

25 15 15 20 25 10
H20 exposure tmels)

10 2 ) . 7]
DEZn sxposure tivels)

(a) DEZn exposure time (b) H:0 exposure time

1 Mijeycls
) . .

oW % uw @™ m oW oA B X o6 o1 o1 g 1
poys thoe (3]

(c) purge time (d) pressure

<AE 2> S =zo) Hjof OE SiAE

2.2.2 sputterfi O[22 ZnO X uluio| WY

2 d¥dAMe ALDY s 8A4¥ ZnO buffer layer 9ol c-%
Higgol 4 AHES F3357] 9% RF v EE A9
Zn0 5% 274% Yolugtth 1Y 38 F3xy A g& &3
€3 XRD rocking curve?] FWHM 2 yehdigich &%= ZnO
watel c-& wWlgkA el ZA ZldEx ggey Ao F
G5kt 0ol e Ar Fx0] wWE ZnO 2te) -3 wWigiA S
Ar FE7F 75%Y 9 1 F& e Hen olE Zn0O 43HE
BAE o] &3%7] WEo & 44 ¥EE WAZ X Y= A

- 1651 -



o2 Bt} RF powerdl W& ZnO g9 c-F wigdd L 110W
ZAdAM 74 Fzstgen Fa b gHel w2 dae ¢
15mTorrd o 7v4 £& & el 44 RF powerst 7}
2 Aol AHgd YRES] 4 &FANUAE AL &

HolEEE 383 F/MA ¢ e YAHsA dd

o T
/\- AN
w \/. . '
0 . T
8 i ~
i P
i :
'
R R I R
Twrperature T) Apm ES(L)
(a) €E% Ar ¥%°) & FWHM
i)
”
ﬁ 18 92
10 ]
P 0
-8 0 _
3 3 ..g
§. ii- i
g‘, g § o3
F
S ., = . "
™
" &2
A2
I S R TR W e w o ® z
Power (W) Working pressureniTom)

(b) power®t working pressured]l @& Growth rates} FWHM
<8l 3> H& = w30 oHE FWHM

2.2.3 2-step22 EE UM% Y

a9 45 919 Zol AYF JAHe Ao A2HEHY UyILS
o] &% 1-step 23 ALDS ~HE Y WHE o] &3ty 2-step F
A9yl g AFEE ZnO W2 ¥u oY AL el o9
oA B F U%o] 2-step WEL AILIIL
Al wgE Re B2 £ YA

W ARel o =Ua

i (a) sputr (b) sputter/ALD.
<&l 4> ZnO 4uiote| SEM OjO|X|

2.2.4 sputteri§ O|&8 ZnO U Hiote] BY

2-step Wdol 23] AP YAZL HEF 5050m Z7)e] FA
H94¢& A& SMR T2 FBAR 4A¢ FAEAS network
analyzer2 ZR38td 2% 59 smith chart® YJellSith = 1
4 6°1E return loss(Sy) S4-& JYebidch 4 FAFH4 214
&4 return loss(Sp)7h -23.828, W77 AAGAF (K07 1.82%,
EAAFQ)Fe) 9359 $53 FA EAe] delue AL &
AN},

QR 5> 50x50.m 37i2] FBAR 4Xl2| 2XIRY

 Retun Loss (S11)

150K vons o o 25000009 30080009
Frequence (Hz)

<Rl 6> 50x50:m 37|12 FBAR 2%} return loss(Sq4)
3.ygd B

2 dPFdqE SMR F#Z%2 FBAR 2xHAZE 98] ALDS}
RF fla2vEg AHHE FAY 2-step TAWEE AHL3o ZnO
ATt -%F AN S FFAMNHAT. ARHeZ ALDE o
£% buffer layer $#olME DEZn exposure time 1&, H.0
exposure time 2%, purge time 23%, pressure 0.8Torrel A 713 <t
AY EAL Jghiideh RF vladEE 2HHE o|4% ZnO ¢
A2 3 A A RF power 110W, working pressure 15mTorr, Ar gas
BE(A/0:) 75/25%, L% A2Y o $5% Uohg 38 ¢
AAt HEHo 2 2-step FAYYPS SMR ¥Hj9] FBARY| &
3la] TAEAEL network analyzer® A A3 FIAF 05 2148
o)A return loss(Sn) -23.828, A7 7| AAGA T Kor) 1.82%, A
AFQ) 9352 3 A JeElkt FF Hrh AHG FAH AHAE
E3 SMR T7z7} 44" FBAR 2378 AZxslz, tEo] ALD
£ ol &3 2-step TAYL 7iWe] FTUARE o] &3 buk MM
FzZ9 MEMSE Z43ld 7¥o] AW ar-gapd YA
surface M/M 79 42Ad] AL3cid B £58 EA9 2%
E 78 5 A& Ao}

[& 21 B 8]

[1] Frans C. M. Van De Pol, Ceramic Bulletin, Vol. 69, No.12, p.
1959, 1990.

[2] N. D. Hoivik, Sensor and Actuators, Vol. A 103, p. 100, 2003.

[3] A. W. Ott, RP.H. Chang, "Atomic layer-controlled growth of
transparent conducting ZnO on plastic substrates,” Materials
Chemistry and Physics, Vol. 58, pp. 132-138, 1999.

[4] C. R. Aita, A. ]. Purdes, R. J. Lad, and P. D. Funkenbusch,
J. Appl. Phys, Vol. 55, No. 10, p. 5533, 1980.

[5] Y. E. Lee, S. G. Kim, Y. J. Kim, and H. J. Kim, J. Vac. Sci.
Technol, Vol. A 15, No. 3, p. 1194, 1997.

[6] J. S. Wang and K. M. Lakin, Appl, Phys. Lett, Vol. 42, No.4,
p. 353, 1983.

[71 J. G. E. Gardeniers, Z. M. Rittersma, and G. J. Burger, J.
Appl. Phys, Vol. 83, p. 7844, 1998.

[8] ol “stAututg o} &3t ity FR7|aAY AR", A&
8t whAL e =, 2001,

[0] N3, B2, 9%, “ALD9} RF vl EE AHEHYE o
4% FBAR 29| ZnO 99tE3 9 A7 A7|AxA 583
E=EXA, Vol. 18, No. 2, pl64, 2005.

- 1652 -



