Low-Temperature Fabrication and Evalution of
PZT Thin Films by RF Reactive Sputtering
Using(ZrTi+PbO)Target
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Abstract An rf diode reactive sputter deposition technique was adopted to deposit
ferroelectric PZT thin films on fused quartz glass and Pt/Ti/SiO2/Si substrates from a ZrTi

(50%/50%) alloy target combined with PbO pellets. Deposition characteristics including
the effects of PbO area ratio were discussed. A new deposition mode determined as the
quasi-metallic mode was observed. Transition points (critical O./Ar flow rate ratio) as a
function of substrate temperature were observed. The crystallinity and the composition of
the films prepared in the quasi-metallic mode were investigated as functions of PbO area
ratio and substrate temperature. Excess Pb supply enhanced the perovskite phase formation.
Perovskite PZT films were obtained at a substrate temperature as low as 450°C. On the
other hand, for a (PZT +PbO) target, perovskite PZT films were obtained only at temperature
higher than 540°C. Deposition rate of perovskite films from the (ZrTi+PbO) target was 2~
3 times higher than that from the (PZT+PbO) target. The electrical characteristics of the
films prepared in the quasi-metallic mode were investigated as a function of substrate
temperature.
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HREE2HELI,

ZrTig&¥—7 Yy NOREIZENWZ PbO R Ly FOFREHLMICT D7D, B4 i PbO OF
L2 EZ T, HEFERES IV P/ (Zr+Ti) FTHFROBBRHRELEKFEEZA ., I bi2Zo0
F— FOBBAOERIBEKREN, BEAET 5 X & Pt/Ti/Si02/Si Bk LicER L2 EE 0E W&
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ICHRETH. PO X Pb X v LA EL<,Pb &£H
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AL LTRW I, JBIA Ry 8 bR 1ITR 1 Z—7y hORER
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%, SeolZ PBORLy FOREHETH S, €5 yss—HFy b Pb{Zs 0sTi0s)Os(SUE: 99.99%)
EFTF o B HER L, 1X107%Torr X VEWE  poxLy b Y 4 — 2 PbO (MGBE: 99.999%)
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it RT66A {ZEHERBEAREERE (Radiant Technologies, Inc. V2.1) TRIE Lz,
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R 72 BEDLS0°CULT ORI, (ZrTi+41%Pb0O) & ¥ —4y MDA, YH—2 PbO
kR 7xhA b PZT #BEDERE, (ZrTi+34%Pb0) #HE ¥ —4 v FDFEAITiX, pyrochlore &
Ru7 R4 MPLT EDORETHIZ B3 003, BREEL4S0CICETLER TR L, BT
a7 AuA MEEIRRD, PbO OFEBLEZHEMT S &, Hilrikn T2 MEEDBLNBE
BHEIXLVIE<RS, LAL, (ZrTi+24%Pb0) #E&% —% v FDHEEITIT, SR e 7 XA
MEZIXPb ERRRODBE LRV, LB L, Pb 2BRICME LIZRE, uT A b1 M
EOEREBEL, £, #—5 v FREOPb ENSZWVEE, RuF b4 FPZTBEOELNDH
BRBEEGENLVESRDZLBF»D, BEXE 25 L, PbOERKESENLDIZ, PbORE
L7zPb (Zr, Ti) sO-#&c725. (ZrTi+41%Pb0) & ¥ —4 v NOBREITIX, BBERES 52
HEIH _Ei2450°C~570CTRue 72X b A F PZT I B LN 3,

(ZrTi+PbO) BEF—7'y PORBEIEET /20T, {L¥EEBRD PZT (Pb (ZresTios) Os)
Iy F 5y bBEIK (PZT+15%Pb0) 5 I v 7EEF—F vy V2BNWT, BIBEREY S
AER EPZTEBE2/ER Lz, BRHEEIZ13%, fBD X%y # &% (ZrTi+PbO) &7 —4 >

FOFELRLTH D PLT #—4'y METDFAIIL, Pb OBEBDODIn T2 h A N PZT K

DFbohRPpoTe. (PLT+15%Pb0O) 7 I v 7 BEF—5'y FORE, u7XHh4 + PZT E%:
Ve 27 DIziX, BEF O Pb OFEFHERITL.S X 0V EW S, EARIBEEH540°C L5T0°COMTE LGNS
ZEehshrote, LT, (ZITi+Pb0) HEF—4% v bOBRE LEET 2 L, HIEBEEITHI0CHE
WZ ERghot,

#->T, (ZrTi+PbO) B/EF—7 v NDOFE, RuTAhA PPZT EX X VIEVBET, £ &
DEWREGHETELND, ZHIIRIGHER Ry FDE—F, 2% W ELEET— FhBHE— M
X-oTHEIND LEDNRS,
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Pt/Ti/Si0:2/Si Btk £D PZT D Pb/ (Zr+Ti) RFHE % EPMA Tii7z. Pb DR FHERD
EAREKRTFES PbO HiEL 2 EX THRALHERLE S5 TH 5. XRIBEOHEMN & 3tz Pb B TR
FBEARROLOBITHZ L8005, PbEFERITLW0CHE HRBICTHEL, 450°C&£500CH
HITELRBIRICADZ B 005, ZOEL RERIBME /2R T2 A s PZT BEBE LN
FE—ET 22 LIRIEEREAV. ZNERe 720 A b PZT B2 ERT 2 72 DICHLER Pb &7
DEY, BRIZPORIIBE L TWHERENPOEREIND LEZXDZ LB TES, #ETHIE,
DEEHEE T, PZT BERR 7 vt A28 CROFIEEREA BN TWE & E2 5. (ZrTi+30%Pb0O)
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BAEY—Fy FOBAICE, PobRFHERIIPBOC &2 BRESE HEE, NEROEREEKTFE

L525°COMIT1 ~1.3, (ZrTi+34%PbO)EA Y — [EREE | BES B | RRE RER
7y N OBEAITIE, 450°C L540°CHORIT 1 ~1.4, (C) (uCem?) | (V) (kV/cm)
(ZrTi+41%Pb0) BEAZ—4 v FOHEAITIZ, 450 13.5 25 113.6
450°C & 600°C DRI T0.8~1.9Td 5. Pt/Ti/SiO/ 475 93 16 65.3
Si BROBE, LERBILICEY PZT (1 <Pb/ 300 19 25 9.2
(Zr+Ti) <1.5) BT = DEEGE AR = & 525 38 11 a4

BTEDB, £, (ZrTi+PbO) BEF—F v D
BAITE (PZT+15%Pb0) 7 I v 78EFZ—5 v NOFELY, "uTXhA + PZT BROHM
HWEIX2 ~3FENT Lot
3.4 BRHEM

(ZrTi+30%Pb0O) BEF—4 v Mz X 2 HESE T — FT450°CH 5525°CE TORERBA TIER L
feRkun 7204 + PZT BB EAR L X7 U v R4 27R Uiz EOEFEEMIT RT66A Virtual Ground
F— FCEEHIHz, BETHEA, K6 i3FERKBEL0C, 475°C, 500°C, 525°CTHOHEKROLEB L E
ROLRF YLV AN—FERLESDTHE . ERAT YV RN—FIIERBED LR LI 2D,
BESBLRAEROENTIZ L3015, BRESE HEE, NEROBERBEKFEHELR2ITR
T, BESBIERBED LR Liticgd 15, TRIIFREREDOE E Pt BEE~D Pb OI#H
ERBE L HITEMNT20T, PZT HERIZ Pb BRE L7z EXOND., BILYHE— N THER
LieBEOSBEEROE RT ) Y AA—7b Bk, BWY —7BROLD, BERERIIED
Nighoiz, ‘

4 FEH

(ZrTi+Pb0) HE&EZ—7y PRBELW (PZT+PbO) 7 I v 7BEF—47 vy M L5 BEDORF
FAA— RARy S EBECTHBEAERY T 2B L UPt/Ti/Si02/Si B ET PZT B A ER L,

PbO B ABII%E TiLiZ-oZ W L LSBT — FRIUBMLHT— FRBRETE, BB RIX PO
ERLL O8N & LI LT, PbO mHELA330% £ THMT 5 &, ZrITi &€ % — 7 v hOREBHKR4
EME LT, BERELOMNL HICESEET— FPOBRIEHE— NIk ole, ZOBBRIZERE
B ALERFELRP oI,

(ZrTi+30%PbO)EE S —7 » F DFHITIZ, Pb JKFHFRH450°C~525COMT 1 ~1.3, (ZrTi+
34%PbO) HA Z— 7'y FOBEBITIE, 450°C~540°COMT 1 ~1.4, (ZrTi+41%PbO) HEF—F v
N DBAIZIE, 450°C~600°CDEVVERE TO0.8~1.90_u 72 A b PZT HESER T & 7=, Pt/Ti/
SiO2/SiER DB E, 1LEREIGEWPZT (1 SPb/ (Zr+Ti) £1.5) BEEZZOEEMETESZ
R TE, (PZT+PbO) S I v 7 BES—F vy NOFA, TOBWEBETRe 724 A + PZT
BEIZE Lol BRTRu 72 b A b PZT BEEERIT D 2 HITiT, #ESBET— FTOHERIT
EPOTHPTHDIELEIZLBTES,

(ZrTi+30%Pb0) BEF—F' v M X 2 HESEE— FTER L7z PZT BECTRIE L-BRESE
&L FIEBRI3450°CT13.5¢C/cm? £ 113.6kV/cm, 475°CT9. 3¢C/cm? & 65.3kV/cm, 500°C T7.9C/cm?
£96.2kV/cm, 525°CT3.84C/cm?E 44kV/cmTh o7z,

#

HMHEHMEONEIZ RT66A B FRASETWEL X E LEBERER TEROBAKS AR, ik
BERBERICRHBLET XRDBRIZEHA L TWEREE E L TERBREOHIBBEB I U LA
BB TEROBEMIBERICEHNKLET. £/, EPMA BlIECRBHEEFICR Y £ LIHEBERHE
HOEKERHEER, ERAFRIFROSAEHERIZBHELET.
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THS8E2H 1 ACHNEEZEAYBREL, BHSNAFURIBIVOBEREROBRELSEX
B4 OEROXHBEITo Tz,

KRXIZEFT A Z2H PZT (Pb(Zr, Ti)Os) HEDOHREIZET 2 RRIWRRIXTH 5. PZTE
fE% Si B EicfERI L FRAM (Ferroelectric Random Access Memory) BB EAEREE &
LTRAWS 2D, BERLERICHESL TS, LaL, $#Ek 7ot R L OEAMSB500CUT
DIEBRAENSEENTND R, ZOHEMFELEICEN, '

AR CIHIERBE 7 0 € R EHT 50 ZITi A& LIt PbO RV y FEBNTH—Fy
R L, BRABRRISHRA NNy # ) v 7 O&BEE— NTRE - BEENERAT, IERREBY—Fy
FTLEDRILYZ ANy T HHETLPERSINT, M TIEEITBNL O TH . Ll
AHEIBEAEFPIEREBR LBETI AL ER LTRSS E T OEEHEZ ALY 0)1&;
5. AREEITS 5 bICBRL Y BIYEELSBIZRENIT I WE ORERICEL, UTOREEZB.
ORBHEAI ¥ U v 7 DEREBR LT, BICYEEARICIISRE L BRILYEE S —7 Y FEAN
T, BEBEEEANNY Y OREERESEBEET— NEHA L,
@z hiBAWT PZT BEOHE RS, (PbO/ZrTi) OEHI41%DHEEITIS0CL VSRR T, 2
2450~540°COEVFEF T2 u 72 h 4 FNPZTHEOHMIRKII L, + OHMEEEIX 12nm/min & &
B 7Rxhun ARy ZORELFREDELE.
®Pt/Ti/Si02/Si Ak EiER UIZE & 220nm @ PZT HEOMBEA L X7V S REML2AIELE
RIBEAS0C TRE HH13.56C/cm?, FLERI13.6kV/cm, & REFRERE.
@ LR PZT $EOEN Y — 2 B EOEERE 2 HIE L300kV/cmE TERIZI0-°A/cm?D4—
FTESMZ B ENTE, THULTEE2EROEMBERISH . ZOREELT 3y bF—2
Y7 ETFNVCHBARRERZ L 2R LT,
®Z b DEELD SIMS DORIED HEEMERBIFRDOIXRBRTR Licle iz, HEFEOER~DILED
M oNBNLTHAZLBHALIER ST,
®ZDOFEIZEIZ PZT Chhb b+ bW AL HEE, LA EEOERICERARE, B KER
HEWA Ry N2 B2 BT LETRENS,

Thbky, KRB ERE LTHYIETS LR LE.
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