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2 2 ATelHE PhZrwTi o0y (PZT) whete 24 SZ o] G2 ahfe] 38 259 §42 QA (in sitw) 5
Mepgon], St W stete] Ax, Al (pyrolysis). AWK P A WY} AVAA dPshsich. ETAF @3
o] B4F 55MPa?) Q&Y 7hd gl met 300C-350C N4 Heh 145MPai Z7bstglen], utehye) $8e RE SET
ol G4 DRSS dehilch EEEA] 650C7HA dxle] F718 YEY Fo] FTAYUSE A2 EEH F9 GYe
s astglem, 95utatol ol a4l 7bdsh Wrel ek o) Falsh Wsbsiaich $UEHY Az chubute) X)Ush: 350
Coll 4} AztElo} 5201C-550T ¥ 2ol A SREE A2 vhehden) Mushrl ARste L TR 53 2%sh dxshck.
PbTIO, (PT) 2} 52 PZT chaubebe Si 713 $lol4l perovskite 2] 257k Lojuba) ehateh.
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Abstract In this study iz situ stress in PbZr, 5Tl -Os (PZT) thin layers were measured as a function of temperatures
upon multidepositions. Origins of stress are explained in terms of drying, pyrolysis, densification, and crystallization of
the film during heat treatment. Tensile stress of 55MPa developed in an as spun layer increased to the maximum
145MPa in 300~ 350°C. Stress was always tensile for a single and multi PZT layers. Upon multiple coating contribution
of new layers to total film stress was diminished, and the 9 layered film showed identical stress variations during ther-
mal cycling. From the stress data it was deduced that densification of the multideposited layers begins at 350°C and is
completed in 520°C-550°C, which is supported by the microhardness data as well. Unlike PbTiO; (PT) multilayers

PZT layers showed no perovskite phase formed on silicon after heating to 650°C.
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AAZYe EAslglem, ol2ijt 53] WstE AE A
o) wAAE W x-4 HAEREAE 53t wthie Fe
shala wslan AdgsElgc.

wlahjje} 228 laser reflectance o2 &A3 o]
o] FEH o 2RE ol Stoney WAHAE o]8-3}
of Atk

o = [E/(1-v) L.[t/t] [1/R-1/R.) (1

E/(1-v)¥& 71389] biaxial BHAdAIFolH to t= &
7+ 7)@3} whebe] £, R whbe] qlAl djolwe) &
b o)m R.& whhg J8]7) Aol 53 reference
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2.1 PZT solution2] M=X U HE4

PZT precursor 482 Budd et al.'” 2] ub& 583}
o AlZ3sbodc}t. Ti-isopropoxide®}t Zr-propoxideE 2~
methoxyethanol (2-MOE) 2 125Coll4} reflux #H-S-A]
7] ¥ Z§3}ed Ti/Zr-methoxyethoxide precursor® A
zlgled, o2 flasko M= 3F 7125 Pb acetate s
2-MOE*} £33t ¥ Z573lo) Pb-methoxyethoxided
Mzsgct. o] 2 £Ag ERE A refluxd) FHE HEIL
% 1E stock solutiong AZF . d7]dl] o]tk &
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% 05M PZT &4& Fvlsiglom 20ZHA AFLo04
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DTA/TGA (DTA50, TGA50, Shimadzu, Japan)
4-3te O)7]F A 10C/3+9 $ =2 Psisich
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(100)8Si 4ol (Virginia Semiconductor Inc., USA) &
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#H&24 PZT chsutubel A2 A-e ofele] abulko]
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k. whebe) $5FL Si(5I0,/5) 7% Hol gutate

3% ¥ 2A3lgdeny, AxEA x-4 £49¢& AlA
= Siz (111)9W2/Si (Pt/SiO./Si, Inostek, s+=F) 715t
Aol =xH 8% utehg AEEgc). o)d 7B Zv)E
1X1efi® 3000rpmoll A 50 E<t 2A2 AT, of
wtebe of coating 3 300°CellA 187F dE-sfsio] #)
ahodr}.
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(1) 2] A4bstsact. old dxj=|sA e & PZT &5
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Gaertner, A=6328A) & Ah&3te] A EA3 o,
chEulake]l LEAle=  profilometer (Tensor Alpha Step
500) ¢+ FA+A 28 9] A (Hitachi, $-2400) & A48} &

Aataiet.
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B o] FREJ= ] o)At gel?] FA At dofubA] gk
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Pb-Ti methoxyethoxide geld 7}3& #A$ 13} 2%
(270°C) Bo} 238 23} G5 (500C) N A F71E9) o
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Fig. 1. TGA of a PZT sol.
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Fig. 2. DTA/TGA of a PZT gel dried at 120°C for | min.
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Fig. 3. Stress development on thermal cycling at 650C for a
single PZT layer (10°C/min).
$5T 5 Aok gel ol 4ohE S2o] WA 22
Zolcy. e} uhube FAo =213 x, y whak (73 9))

SR AfRE $£50] JAHY] Bl $5L F2 A,
Sz W9 Aol el o wAstA "o} wely =X
5 o

AF wtak Yof) QA-g-o] Exfsle AL ou) wiel &
A wgeRe] FFo] AFFA  Fiv, wak y
oligomeric cluster=% AMwj Q= 7] oJgichs AL 9hA]
gl I olfs AWTHYA) FEF £l 2wHE gt
o} =tehie} clusterEo] <lHEA =Y sEtx siw
{crosslink) 7} o] A5l 9 7] wjEojc}. AAZ PT ~7
¥ 4] sol ol £3}= 2-MOEY < 85% 7} §43) 3

3 = XQ PbZrssTiowOs sol-gel Wt o] &4 AF
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Fig. 4. Reduction of thickness on heating for single layers of PT
and PZT (3°C/min).
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bt i o] qiAkS-Ho] Aol 100°C7HR] F435) 27}
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2lv} whake] 74 (stiffness) & 2 A] sFobA] gel Wol4] &
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Holzty A7k}, 4 whube) QiA=L 1007 o)A
170C7H A= 2 Wste Bolx| & ol7le uhutol 4] =)
AEE &g o] ZA FolA B9 3Hav) x, y W
o] ¢&glo] wut FA9) Abamto & 7158 7] wjfolr}
2} 170°C ool AL ¢ uk-g A gel 7)3
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sl wtehie) QAL ofA) Fr1EbA) Elo). oju) 34
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A=)ste)=) o4

Sxo @& dEubuhllo] $HAFL wiuto) Tz
o} WA3E) ds o 1Y 4& L2 BE PZT9}
PT =32atE o] AXZF £7) wistE Jeblw Qlo). PZT
wheke] A9 Abol| A 350°C7HA AA 59 ok 91% 7}
doftond 53] 170°ColAl 350°C7HA F3olA] $53)
T S22 wE g & 5 o) oL H|E L) g8
7b2 wpete] A7} Aol A2 By 3 ubgol] s
utake] 7H4 (stiffness) o] Z7FstA]Rt, EAlo) RAIBHo)
23 gel networkell 7} A& ¢ESHE IA 27}
g Folch. ZARH ZFrhs F¥uHS (polymerization)
o 2Jgk gel 7|32 27] 2 meniscus FE4FA Y] 7o)
71”18k ol ¥ 3o Yehd uje} o] wiupe) 2-2jo)
170CHE F43] S7lsle A2 st 39 2y
257} 22245 gel 2UHT9 meniscuss 7] F R
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"“1T°ﬂ*1 F8 FFo] dojubs 2277 350C/HAR
T upate) 220°Co vld] o & A& & = led oA
L Zre) 33kl o3 Ao g FA )
"“1]'3] Y3k clusterE7He] AEH 7FEe) viscous
Aol o) utate] Axr}t nAe) 2 He Aog, A
EPP Ao o} whahy)e) 2L Si 7w o) o
BFASG zpolell o A Aui=7] Alzbgic). ahepa 2}
ulo) ¢lake-#Ho] 300-350°C TFikNA gk (146MPa)
4 Yebd ¥ 390CHE F43] Zadte AL vt A
D37} ojm e BAH R dojus= 7S AR} o] F]
& &89 2taE PZT wtel A pyrochlore 4] #¥A
Sz FHAo] gl Ao BuFHew,'w PLT d5dqt
& 650°C7HA] «JA3] vjgAe]7] wjFol 2 7le S ZA)
oth 540°C F-Toll M wetl o] QAg-Ho} dXH o R F
745k AL 23 QB8 ) Eo B FHHY o]zlg}t AL o}
Zultabo A e P4 FAE A} Pl wahyle] A
2Ho] 250 we} A AHHo B Frlslgen o2
B WA £ AFLS XdUsd viAA PZT st 7]
B3] AWGA G Zolol] o8] HH 2 A= e &
= oleh. 8 B Aol 333 o sy s
£ Garino® Harrington'® o] 333} uje} o] 13} 4&
# €% (300°C) 2k A9) dx|jic}.

T o]2Ft H3utt 9o A2 279 & T 3F
wtehe o aje)d o AAIZ $-3 dste 29 5ol AXEA
th QR A AF 4ol wge F) F1EEe] Ax F
S w-go B AAEY] wel dEetat 2e) 200°C
742 Qg o] d&Ho 2 FrgE Bl HY U
8.2 200°C-250°C FZbel £A39 350 CHB+= A4S
Ho| sk g B o 35ubate] AYUsts dEete
390 CET) &7k B2 224 AzEE A ok 5 ik
ojglgt alole 3 =4 2R 35utetnl 3ttt o
W& (thermal history) ¢] A& th27] )& o & Yz+=c},
Z 3% wehfje) HHFL o]v] 650°C7HA dA] F717}h
g=EYTr 2 3y 258 QE&T Bt el Wb, o
Zutate AWFE AF it X AMHAA] ¥Ft7)
g Zolc}, W 350C FTNA A=E ALg= 500°C
B2 A 7tds) W] $- e 2|7} el Al A Bot
o] B SEFHE AL ¢ F U} EF 33 o
7t A $HAFE B 343 ¥ E Relxn gt}
7o) HEE 258 ZEF F AL o ol E
At 28 17 69 AAFH ok 55 F 71E9 3
N %L oln] 650°C7HA] EAH]HUT] HEol MFA =
B 2%0] Aa Aol viXe FTFL Bel AadHAT
oF ¢ gt} ol AL 7, 9 =29 9ekEs
o] dA2 F71& 48F e FA ALTE O F
Qe A)e s, WzhA) wuhugle) QAsHe Ao FUAZ
A AES e AE ¢ F ok 28 7o ¥FF Si
7BE oA 650C7HA dAE 9% PZT e x-
A A AFA7} Vet ek PZT S 2A 3= Si 7] 9l
A 24 gAY 7)ge FHe FHEA 260 = 29.5°F-

o
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Fig. 5. Stress development on thermal cycling at 650°C for a
three- layered PZT.
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Fig. 6. Stress development on thermal cycling at 650°C for
multi-layered PZT.
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Fig. 7. X-ray diffraction data for nine-layered PZT heat treat-
ed on platinized and bare silicon (650°C, 30min).
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=7 M8l w3 FA Frbe] 2 7 (homogene-
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B 2A Lo &= ek, 23 Si 7l Yol PZT o
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Fig. 8. X-ray diffraction data for a nine-layered PT film heat
treated on bare silicon (650°C, 30min).
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Fig. 9. Stress development on thermal cycling at 600°C for a
seven-layered PT.
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Fig. 10. Trend in the microhardness with temperature for eight
-layered PZT on platinized silicon.
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79 o 2¥EHE AE & T Ut oPieE2NH
perovskite o2 ZAEE PT wtete] dlAA s F
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o) 18 A M F7he pyrochlorete] F4d ol

1073

240

8
L

pyrolysis < &
—a—250C
—o—300C

8

g

Hardness (Hv)
8

3

N

S
—

It

2
1

L.
0 100 200 300 400 500 600 700

Temperature( C)

Fig. 11. Trend in the microhardness with temperature for eight
-layered PZT on bare silicon.
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