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BE (RIREA), F—MAOEREAMK FT%KEB), HESHEWE 1 iR, XEHE
W4 B T A4 PbooLagasTiO; M, FHFTE BT FMILE:. ¥ AE ST Dip-coating
FEHBRZA TS R AE 435~ 575°C Z BI7EEH AR bR ETR. H, AARREL
MBBZRGER R PLT SR REBHREA LREBAER S LIBT3 EEE BB EH
B, BAWREL R 1mol%. MM EBAHENES X HETH (XRD), OB TEME

(SEM) fifr B B M RAEFFBH#ATHR.
Lead Ethylene glycol Lanthanum Ethylene glycol Tetrabutyl
acetate monomethy] ether nitrate monomethy! ether titanat
Stirring—rsolved—stirring Stirring—»solved—stirring
(80°C, 0.5~1hr) (80°C, 0.5~1hr)
L + ]
Stable transparent sol
Mixing & stirring
Stable transparent sol (precursor A)
Stirring, hydrolysis temperature (~4°C) and speed controlling

Stable milky-like solution (precursor B)

Bl 1 PbogLao.1sTiOs BEMH S HERE

Fig. 1 Preparation flow chart of Pbg gLag.15TiO3 sol precursors
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B2 hFARREEE AMB, HERFFRBRERLER PbogLag1;TiO; #ER SEM
TEARE. HAE 2(a) fil (b) F A AFHREEWHER RIEEA) RS A ME FTEE
B) #l & MRS 150°C THENYET I BLERHMRES, WEMREHEHES,
TR BBRCRY R, BENAEH 100~200nm HFRCRY R IHmE P, & 2(c) #d
TR HEMERE BARFTEANAEHE R REEE & EEIL 435°C bR 5
LS, TRZERERPERATERRE LA KER “ Rosette” RALEHES.

B 3RARTFAMEE AR BHAFEFRABRERLEFH PbooLag.sTiOs XA
XRD 3. HHELR (o) Y REAMB P BN F AR & BRI S Hl 4 6 R E 435°C #ukt
HE 8 XRD 4R, & (b) I AR EMH MR eI B MR &8 T & #EKN XRD
B4R, &R (o) MBRA BB R EEWRERERAE LRAG TH &8 ESH XRD L,
ML (d) F B TREEHBEREZRBHEN G H &R E 150°C 4E /56 XRD E4L.
HA LR () fil (b) F4REHET HEE (Pe) i, H (2) PHREBREETKXT (b) F
WEREE. B, HHESKTHNE, RHEEGFEZAaHEME (Py) I, 4 (o) f (d)
o U AR R A M Y U L BRI SR L5 4K B A Yy i
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B 2 AREBEREREARBEERET PbosLlac.sTiOs WAL SEM B4 A
Fig. 2 SEM morphologies of Pbg gLao.15TiO3 thin films prepared with and calcined at (a) transparency
precursor without micro powder addition, 150°C, (b) milky precursor without micro powder addition,
150°C and (c) milky precursor with micro powder addition, 435°C
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Fig. 3 XRD patterns of Pbg.gLao.15TiO3 thin
films prepared with and calcined at (a) milky
precursor with micro powder addition, 435°C,
(b) milky precursor without micro powder
addition, 435°C, (c) transparency precursor
without micro powder addition, 435°C, (d)
transparency precursor with micro powder ad-
dition, 150°C
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Fig. 4 XRD patterns of Pbo.gLag.15TiO3 thin
films prepared with a transparency precursor

and calcined at different temperatures
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FiEaH, MEERN S75°C HXBELW BRI RE AP IE, HHEEFRENTAE,
e A AV 1R e AL 1] G 9 Y TR AR

5 6 I EVIEBAR R SEURIE A % # Pbo.oLao.1sTiOs WAR S HI 72 A A ¥4
BEREMARAREERTHHE A BEHEERARENEREERE YRR, P
REBREAEEEBA 1, TWHRMEBHEECY 0N AE S5 TTLLE 2 < 10°Hz
BEERT, 2FRBEX/EREHERIFHTHREH, K > 1002 /5, o
B BOUBAR, MESMELTF 10° ~ 10°Hz Z A6, £E&H A8 % BOURERE I 10* ~ 10°Hz
BAMAETRE REANESHACBEBRENRARLKR. 6 MUHRT AREREERT,
HRE A RERES 525°C NARFEE, ERTRET 525°C [AEHHE, EAEFH
AN, BHEEE 525°C T2 TR, ERRBRTR ST BHERIBREN BIFE
RN BRN) , XFHEARBELATE.
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Fig. 5 Plots of normalized room temper-
ature dielectric constant of Pbg.oLag.15TiO3
thin films calcined at different temperatures
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Fig. 6 Plots of normalized room temper-
ature dielectric constant of Pbg gLag 15TiOs
thin films measured through different frequen-
cies as a function of calcination temperatures

as a function of applied frequencies
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4.1 HRVEBESEESFEEERHXR

AT 2((a) « (b)) WTLAREL, 43 AR sE i A M IR B R 10 8 L TR VB A T R A o 45 Y
W, L EERENBESARAR. UAMBHENBRES, £RETLRE (150°C) #
SE R BB 2K W B M B RY R E (E 20b), WHERERERHEHEERE
HFLEEGF TUEYTRE (E 2(2). TR, BURCRY B 2N 3% -5 7L 0 o 5 B R
TR AE 2(c) RFLUEHR, HBAT HREAD B SET R0 i 2Lk AT IR A
HHHE, FEHB°CRLBERTELHAT KRMITE “ Rosette ” 454, 1R BRI R A
sol-gel ¥4 B SR R M ARAD B A IR, XMMEHWERYHRALR LT NHEET 25
HERMERRESERSHE. NEFR INFHEHNEERECLTHEER. B3 +H#
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) XRD AR ERMTE—R, HPFAHEERARBAER, KANEXRHARE S
N HH B 8 AR B9 OB LA TS 80 4 R AR DD SR TRORH ) & O R R b A &), 7E 435°C TRV
ERERT Sy M. MH, ERNBEMRNERTEASRT AN T BRERTBHY
AR RTERER. MHAREEWREH SR, RENBE 435°C 1 at®, HER
FERD A (Pe) BB, (LHBARKGMH (Py) 9 (% o). LS HEK (b) MEEK, THEA
R ZFXERNERT ARGREREERE, SE 2(a) M (b) WERBEXE. X iR HIERK
R PEEHEE BRI BRI, IHEZFNYRETRECLRATE T HEHE
R HAS, DMEEEFTSKT HHERBEERAKRERT, CHERERNKKBLST
EHOBRBRERAPERANSRT AN ELTERANERFAFRRN T FH IS HAE
AER AR HEHNRBESEIBHIBE ATREREEURERKITENRER.
mH, ERANZ2AERENERYS, K ERAREIMNEHES REESIERHRZEREK
KA, XCLEHRRE . FUEBHNOIBARKRLE S, AERSELETH
HOGGEES, LIFRERRANBETUER. LERABHR EaEWMN BB ERH
BRI (B 4L < 475°C” ), HMNNRKSTBALAERLERE Y 475°C &5,
RRAMAEERARSZMAFBASEMR &R EHEBEXA T LEST AT
HERMEE UL ERENAEARRERT SN EBRER0CESR.

4.2 HBEERESALEREROAERR '

REE 4R, FAREEAEB G R &8 PbosLag1sTiOs #E, EREERE (575°C)
AR, A TEEEERATE (0525, 475°C) MRS, H X STk 20 [EH K H
TR XHREIREESHSERESNERNERERMX, BMYERNYBE
EFESHERTRN, ERMNAEKREEEEERNK, BAEETEE THROER
WHEEE, MEERBERANBLTREZR, MERSZIFRMEN S, ERAEER
FHOMESEEHNEEHT, SBETEBTEZERFENARKMR/D; RZ, ERENE
BETHAEN, IMHERAERTIHENEREZBNIZHER ANAEREE N NE
4 A XRD 4 E, BT LB 575°C AL B A RE R 20 (8RR 32.18°,
M 525 & 475°C HFH MM LB BFHR L 20 HUHE/ME 31.98°. HEAERAFEBE
W, YERSEENEERRBEACRN, BEAREYLSZANERNEFREHEME, ©
MREERBKEFETHRLE, HENSBEERNALEREAZTHANREM AR, o
DHEE 74 RHERBEER GTHE A) &3+ 7 850°C AL FH Pboglag5TiOs
BRAES XRD #4, HEATHWSAUEE4 A EENHE -8, HREAKEEYER
B, SR I SR U Y 0 R L B IR VB B AL T Y R T BT R (LR AR, U 20 = 31.84°. 1Y
AR, AERBHMAER HEREHEX TEHBER ERHEHBE, ZEREX
WEHER, YNAREEHMREN, AAAZREEBAMZANEN SR, B
MHEEERYEEEREAIER/DN; R, ATRAERER, ZERESZERNOESEN
FEAW/D, EMESKTHMN B EROERET THNAB R PEAT HNY B EE

H—HE, NE4ELEL, ROBBEHMN 525°C FF s, 7 45° <20 <46° HEKES
SO A RE R B R T A B I FE A R R, — MR BB,
RAEEAG TS E-SRREEEERLE; A —HEAUNTRRELAT AR X#H
SRWNFRT GAAB LT HEERTOFME. LRE ANES. 6 RHRMEL, &4
525°C THALEBERH M BHBRAIBRKX, MEFLILEREERTMET 525°C, Kiod
FREAS TR MTEHHEIEERARENTHNERREBEEI MR PHAH -1
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8, XWPHHTIERS2°C TRAHEEREZBR THSEMG L HFHFEER T W HHT 5]
BAEEETHFBETEASH. BN, E25°CUTHRAEESEINRESRESRY &
BEEEEM MU FHIE, 7£525°C U LG EFIMNAR, EZREUMFHEAE. FR
PIHTEFNAEEYERERE, CHESHEEREMMAEREMARSTAS, FI
B 44 ey ZEXRDE, B4, YEB°CRA4ETHRGHNEESRENEER
MHE. MSHET RE T 525°C SRR AR, 782 BT R 43 51 4L F 52 75 A0 #1797 AH 8 & 4K
ZHRE, HRLATFXFHREHOERS CNEEFFAEXLEENEERE. X—~
RaakRERTUAES . 6 PARNMAEBE TS EEE A5 EEIE
. %FE%@?C%LEF%#WEEEH$ﬂEEﬁ,ﬂzﬁﬂﬁéﬁ ¥R B BRI
TTHRABARESERA B EHGR
&, NWiZB BT 525°C BHmhf A dw
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Fig. 8 Relationship between phase formation
gz

Fig. 7 XRD pattern of Pbo.gLag.15TiOs pow-
der calcined at 850°C

at room temperature and composition (z) in
Pb;_zLas;/3TiO3 thin film calcined at differ-
ent temperatures

XMERRERMGEEAZBIEZRTEM AL HEKT WHE, KRB EES
BRAEZETEW NI FRSRT WHBEARSE, LhbNixS5 E S E S0 EEE
BX. HHFEREH, HHHERELY PbooLagsTiOs (B Pb:La:Ti:0=0.9:0.15:1:3) , X—&C
W 5ER Pbi_.Lag,/sTiOs i, R WHIEN—MIr#ER ST, WEIH Pb X EF La LB
AR, HEFRAYT «c RO RE—TVEE E—cBBERERRRE z #Er, HETANER
Po it BMEN, ARXWIAARE La X BMEHF. £, « TUE 0.1~0.225 Z R4,
%8 x=01%}, By Laxd BT 0.084 BE/R, iXB Pb At & ; HFIE 2=0.225 i}, FLFrFE
5% Pb & T 0.125 BE/R, T La R &. %4 = i 0.1~0.225 Z{LAt, Pb M La 93 BE 43
BB KM KE/MESE N, XF P Al La N BFRAGEELP. FZ—FE, F
RIS, #EF solgel HAMSMBRM MY, WEHRNEEVENTFREERF
ERE, HEFRTREHGMLEBREREUAZTERREBHERSHREILS,
FMXESBENTELRETURHEFERSERYY, HIE— ks B4 Lt
AN L, XA TAENXARAEREREN = §, HEXRSHEER
BT RN RAEBRAH, LR ERARARLERE, ATHRENERSEES
AN AHBEENRERE TS EBRAE, LOHT R LR B 5X 8 AR
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BPREERREREEN SR B Kai wEE M, 2RE8, RINBEAXMZEER
Pb;_,Lay, /3 TiOs #TIEH AR LM RS, WE o HH M/, PLT MENEBRBEZRE
FrE, mELb iR, ZEGMAFRUREBEESHARMERBERRLME. Wk
FELBP, HEBAREE ‘AR —HREE” BvLa b, LHFARRHERERL
EZERRE, AHEIWGERTUEL, MEXMBEEAR, KFEUNITHLR, BURE
BREMZIE, W Kani fHGE, XML T PLT MARE = BT HEET WS W
MR EBRETR #ROEEREOEZMEMR HY4T PLT AR o 38X REE
THE. XMARKEMEELNTY KU TERRGBETERSE PLT B4+ La gl
ERETRE MERREELEN, LafEREUAR. XES5HEERMN La K738
MAX B RFER, EH, REE La NS 25§ R E KA E AN EY PbTiO; , B
BEXMEHNASGAFER La@itt, EhTEEER, EREPOUBEMN La B2 ATH
MABREMRS. MM TREZBOHFLESE La BE Pb HFHECENLEBRELKK
Wi, £ LagyBEWEHATE. TR, {eBREZRLHR La (9 EBERMK, mHLE
BB AR La i B % BE R = -

%1 Pbo.oLaoisTiOsHBMRL P Pb # La 585 Pb,_.La;, /s TiO; AL T BRI MK

Table 1 Comparison between extra contents of Pb and La in Pbg gLag.15TiO; thin film in

reference to composition of Pb;_.La,;/3TiO3

T General formula Pb;_;Lay;;3TiO3 Extra composition referred to Pb; _;Lay;/3TiO3
0.10 Pbg.9Lag.06s TiO3 PboLao.08400.125
0.15 Pbg.ssLap., TiOs Pbo.osLas.0s00.125
6.20 Pbg.gLag.133 TiOs Pbo.1Lao.01700.125
0.225 Pbo.775Lag.15TiO3 Pbo.125La000.125

Xt 8 HATHE— MM, FaKEML, 2. S=ZNRAFRRT 575 . 525 f1 475°C
EAHRAEBEETHAEEARAME, TREARBE THAEEMESL, ZERTRELTFA
FIGMX, MEERLAHEM L ESYTREAY o E) EZEETULTHER. B—FE, &
TFEBE+ c HBARETR 0225, RBLEFEGZOHAMR z MiEAS >0.225, WHRE = B
F 0.225. LWEX Kani (&5 R F, HRBEFELTEEEMGT, FLBPRGHNEREERSA
Mz EHR/MT BN EYE. MESHLNR ZEREEANZBITELXSZERL 09K
Rk, BEEREESHAEE LaERFREY: Lafl Pb AYEE/R A Mia/Mpy, <0.1935(B
r <0.225) Bt, T EFRIERLBEBELRE 525°C Bk, BAMAM AL AKX, Z@N AN
FHKX.

5 &1

ABREI N AR, 1TO 4 Mk, M sol-gel 773, HH A RS FHOR 4 B A MME
ZR BT R W8 A [ R A B TORY B9 R SE ] & 19 PbogLags TiO; MR, HEBHE R &K
FHMEEXRATE 435°C, WA AMARMREER BN B R0 R B R H &6 AR
TF 8578 A5 Sk AR B4 18 MR (K £9 40~ 50°C. FI i fe e & BT B ¥ JBE R S il % 9 Pbo.gLag.15TiO3
W, MMABBRBERELY S75°C i, ZERMENA/ER, #EBESET KIS SR
fith, HREEFEMEN TR, BEAEREESH SN RABEERR, A7 525°C =
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B, HEERELAEZRML; HEER LLWEAFESERERNOEBEERR, E0E
435~ 575°C MERMEN, BEYRLEE FErf, BRMSKT M4 La oy B BB,
BRADCERER, W La WEFERS; BRAZEEESRINE La WEB RN La
Pb ¥y B2 /R WZE Mpa./Mpp <0.1935 By
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Relationship between Phase Formation and Calcination Temperature of
Sol-Gel Derived PLT Thin Film

SHEN Ge, DU Pi-Yi
(State Key Lab of Silicon Materials, Zhejiang University, Hangzhou 310027, China)

Abstract: Two kinds of precursors, being transparency and milky in status respectively, were pre-
pared. Thin films of Pbg gLag 15TiO3 were coated on glass substrates with the two precursors added
with or without crystallite nano powders of Pbg gLag 15 TiO3 respectively by dip-coating methods.
Scanning electron microscopy (SEM), X-ray diffraction (XRD) and dielectric spectroscopy were
respectively used to observe the morphology, phase status and dielectric constant of the films. In
conclusion, the initial temperature of forming the perovskite phase of PbggLag.15TiO3 thin film
derived from the milky precursor is 40~ 50°C lower than that from transparency precursor. On
the other hand, crystal lattice of the perovskite phase of the film derived from the transparency
precursor decreases while the calcination temperature is in high level of about 550°C and up. The
Curie point is near room temperature when the film is calcined at about 525°C. And the solid
solubility of La in the perovskite phase decreases with increasing the calcination temperature of

the film, and vice versa.

Key words PLT thin film, sol-gel, calcination temperature, phase formation



