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Evaluation for Compositional Deviation between PZT Bulk Target and
Its Thin Film Synthesized by YAG Laser Deposition
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In the process starting from fabrication of sintered PZT bulk target to its thin-film synthesis on Pt/Ti/SiO,/
Si substrates by pulsed laser deposition technique, the precise composition analysis has been carried out by
X-ray fluorescence (XRF) measurement. The coexistent elemental effect was calibrated by a multiple regres-
sion analysis of normalized PZT specimens. As a result, an excellent XRF table for precise quantitative anal-
ysis of PZT system in the vicinity of the morphotropic phase boundary (MPB) around Zr/Ti=53/47 was pre-
pared. X-ray diffraction (XRD) and its modeling calculation supported XRF results and evaluated Pb
stoichiometry in the perovskite structure during sintering process of PZT bulk ceramics. Under the varia-
tion of the partial oxygen pressure from 1 to 10 Pa in the PLD conditions, 5 Pa was the most suitable for PZT
film growth highly oriented to perovskite (111) direction, and the composition deviation between bulk tar-
get and thin film was also investigated. Further effects of target degradation by laser-beam irradiation on
the film stoichiometry and crystallinity were discussed.
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Fig. 1. Relationships between XRF intensity and atomic concen-
tration of Pb, Zr and Ti in the normalized PZT specimens.
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Fig. 2. X-ray diffraction patterns of PZT bulk ceramics fired at
(a) 700, (b) 850, (c) 1100, (d) 1200 and (e) 1300°C. Perovskite
PZT phase appeared in the specimens fired at above 1000°C.
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Fig. 3. Calculated XRD patterns for the perovskite structure of PZT (53/47) with difference in Pb stoichiometry: (a) 0%, (b) 10%,
(c) 20% and (d) 30% Pb loss.
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Table 1. Comparison between Perovskite (001)/(100) Peak In-
tensity Ratios of PZT Bulk Ceramics and Those Obtained by Model
Calculation

Firing temperature

1200°C* 1300°C
PZT bulk 0.249 0.145
*pyrochlore phase is also included.
Pb loss
Stoich.
10% 20% 30%
Model simulation  0.241 0.193  0.142 0.091
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Fig. 4. Changes in the PZT intensity for different sampling areas
in the XRF measurement of thin film on the Si-based substrate with
Pt bottom electrode.
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Fig. 5. (a) XRF Intensity ratios of Pb/Zr, Pb/Ti and Zr/Ti and
(b) the degrees of perovskite (111) orientation for the PZT thin
films synthesized by PLD at various oxygen partial pressures. The
degree of (111) orientation was determined by the peak intensity
fraction of (111)/{(100) + (110) + (111)}.



il fe— fifl

Journal of the Ceramic Society of Japan 109 [ 2] 2001 153

EH S N7z PZT &K XRF M8 I & RIERFOfRR 5 & D
BIRA R L. MESESAPa vl 2 - REMLD, Pb/Zr &
U'Pb/TisEEPEWMICEAL TW5. T, BRREDRE
W P D OEFEMEEEE T CIRIERICEC A2 EERLTE

D, ZO—7%, 5PallETiRiZIE—C% XRF #E LB LN
7z. XRD #58£Ic k 5 &, 5Pa CHRIEL 7-%4, PZT(111)[H
OEEMEASBAME (0.84) ZRIELWLM LR -7 (K5
D) RUM7(a)). 5~10 Pa i k1 % XRF 8t O A MHE I3
Pb/Zr=2.46, Pb/Ti=1.98 % Zr/Ti=0.81TCH ", XRF ¥
L O L oML Ph ;45 at%, Zr : 20 at% KO Ti :
35at% &in -7z, DR, Pb/(Zr+Ti)=0.82T5h 0 #920%
D Pb & PLD ERFICARRTAZ EBHOM TR - 7.

Ay B— RV - IIEIC L A PZT #IEO & BLERIC
BOTh, HRTERL LT PO RS &> 7dIZ10~30
TR DEF PbO B4 #¥RIn L C MPB 350 PZT #5k % 15
TWA~W . —J5, PLD gkld—Mic ¥ —% v MK & 4
L 7B AR OB BNV WFEE L CRH#HSNTWE LD
D, Pb DL >R IEDE VD % &AL D ERBIC D
W DOA T & FBEICTRRE S H -7 X —7 v PR AE
TEHNERDD LEZLNS. BICPZLT (Zr/Ti=53/47) /N
W7 R—4y F WIS, X7y MK SR D K
HRIZBWCZrEPTIBEL Y TRIAKRLABE N/, Th
5% PLD BED #0358 DA TS R OSFE H TR OEPLEA
T HMEN A& ORI ORD LT, FITEH
A L AHERE O E R & OB S P EMICBEGRL T» 51010
CEMHEEINA.

Mz T, PLD CTHREBEIANVF—DU—F -t —L%F—
7y b RICERSE, OB —7y PRAEERHSEL T
BIOEE (77— ay) BEMREDEINS-®, IS
NS BRTIC amEs S o RIICH 5. Lieh- T,
IZ P SIS DWTIEZ —4 b B EEWH 1 TRk L C e
BRICERLINSIZT T, SROERBEE S DRINTHEHE S
NAHZ L& 2—ry F-HEHOMREEO—KRE L TEZ DL
N5, M6ICiE3h O PLD@EAHT Lick—7 v FEREOD
SEM & B /Rd. E£X3hicx—7ry PEREITKESHID
Wmoh, a—VROEEMWHREHBLE IS, T bR
FERO &SI AAZTHO TR D ER - BlMPREE /&%
AL TWA. BIDESNZETRE, 2—7y FROMEICEW
V= ABSHRASEZ T T, =7y b EORHEBEICH/- -
TWiz. =7y b EOBREPOLAED OIHRTBICm D - T
-V MOMERIIIEE > TWB LS00, 1EO PLD M&IC
BWC =7y FIARBICEEYZTThEZ ERGDh-
Fo. {FHBO X —7 v % XRE SHICE L 7o 8, 2—47y
FERZ (¢:20mm) 1oL THIE< A7 FL (¢ : 7.85 mm)
WTELNFEEMEE L T8%D PGB IbNTWET &
DO &R 7.

7 ZPLD AL HE L 2EE DX —7 v + 76 PZT
[ AR L 7284 O XRD /84 — VAR, BIEE R4t
WAE—Cdh DELSES EIL 5 Pa, 1 @ PLD & KK 3h &
L. #—% v bO2EAMFMICE Y AR I N/ PZT @it
ROaTANA FHOERB S THY, Kiaidfnrno
FTHICE > TEHOBR T, 2% v, 1[EHEOPLD GR&IC
EoT, =47y FREDPb BHEA LI2-D, GHIN5S
PZT HE OBt S BN P EHBTE L 2R, /S0
7 a7 HOERMERICES > /cbDEEZLNS.

L72ddo T, SR O b REEmtEic & B h 7z PZT #ilk 4
BHHME LS PLDERIC L > TARTH I EMHTE, BICPLT

Fig. 6. Surface morphologies of irradiated PZT bulk target. SEM
photographs were taken from various positions: (a) irradiated
beam center, (b) 3 mm from the center, (¢c) 5 mm from the center,
(d) 7 mm from the center and (e) rim region.
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Fig. 7. XRD patterns of PZT thin films deposited from (a) the
first and (b) the second irradiated targets.
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