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the coercivity increases.

Effect of Laser Irradiation on Dielectric Properties of PZT-4 Ceramic

Bao Yong
Abstract The effect of CO, laser irradiation on the dielectric properties of PZT-4 ceramic is investigated. After
laser irradiation, dielectric permittivity and dielectric loss of the ceramic decrease 5% and 60% , respectively, and

The mechanism of the changes are analysed by Raman scattering., scanning electron

1

microscope (SEM), X-ray diffraction (XRD) and the annealing process. It is shown that the microstructure changes

"hard martial" in several seconds without any ions addition.
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of the irradiated sample mainly account for the dielectric properties. The CO, laser irradiation could induce the
tension stress, leading to the larger lattice parameter and the deviation of B site ion from the center of oxygen
octahedron. The distortion of the oxygen octahedron results in the less activation of electric domains. Therefore, the
polarization switching of the electric domains become more difficult, exhibiting the properties of " hard". This
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suggests that the laser irradiation may offer a new approach for the fabrication of lead zirconate titanate (PZT) based
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Fig. 1 Variation of dielectric constant and dielectric

loss varying with laser irradiation time
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Fig. 2 SEM images of PZT-4 ceramics (a) before and (b) after laser irradiation
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before and after laser irradiation

oL O T 48 s R A A5 A R AR B A )
Ho B4 BEOCHEMATE PZT-4 K& 1E 100 ~
650 em " IX[H] PN A4 L S O L O8O B I E A% L i
F8 RS IR 5 2 2 Y BE R T 9 6 2% o B A &
o3 L0 37 845 245 2R AL 2 4R 3 6 50 s L
F 1. R TATLIE D BOLHE S . PZT-4 K&
B AP PR BB A R AR B3 A% 2.
TR AR o 5 5T 64 278 Lk

RIATHT 455 B0 w o5 (2 B S8 0

Sl I AT RS 2l . 158 B D R A AR H RO B
JE S A A RO 3G . — Ok B ok iR IR &
TN RO N . PR ] DA D L O R RS B
2 P S AR X ) A0 A5 A% Bl TR T R A A BT H RO
AN BIAREAE T REAR, Hd EQTO)YFIA, (2TO)
ARSI 5 em ™, 1 F EQ2TO) fIA, (2TO)

B R F BOs T AR Y 58 55 4k 3, i A b S
BO, /T /KB A8 FEEDY 268 cm ! ) Silent 1
Xof o7 A 4\ TR o 28 10 B S B A0 418 2l o L 1] I 45
B sl W] B—O #4300 % BO 55 . Bk E B L
BT E A S W E A /N mE R R, EGTO) Al
A, BTOY X PU A O—B—O 25 i ¥z  » R, #550%t
N=J7 O—B—0 Zi#Rzh. Wiy TiOs &t E
BTOHEF O—Ti—O W4 8, KA BB ar
By, =7 Ry BEEF ZrOs NHHifR O—Zr—O
VR a TR B OGRS L SLm IR RS 2, R B
O—Ti—O0O—Zr—O) 1 a i J7 ¥ 3h 0 55 . J5 +
R (SR o R R 8 o RIS b &
Sl a ARG, S A% B . AGTO) AL AL
oWy o %y 1) O6 58 RS L 1 AR AR 7 g A RS
LB O—Ti—O 78 ¢ iy il i 3R sh i 55 . A
R BN ¢ Bl A R B A 1E L B DY
BRI WAL RS A R, ARSI P Ok E RS
PZT-4 Wi % AE A B[] AT JLRD B, 2 PR b v 1) 3
.G AR BR NN S, CO, BOGHE IR E . fi 8
I A% 2 1 AR A RS 3 o I 4 BR IS P  ERAE
FESKIY F1 . FETR I S W PZT-4 By % %/ T
PmR A%, B AL Ti(Zo)' 5545 5 i 25 S0 /\ I s o
TN R STORTY B8 G NI = L . oY e A 1]
H . HotsE ™ A i By 515 PZT-4 B & = J5 .
JiAH S A AR A, A o A RS O e B Y AR
b, AT LB E =7 U A AR R, I = O M R
I AI RN

IRC IR]

" oo + Iy aro + I,
itqj IE(ST()) ’ IAI(BT()) b IR] ﬁ} %IJ X‘T @ E ( BT()) ) A1
BTO) M R, B 5w . ARYE (DX, 8 AT PZT-

xX100%, (1)

—— experimental data (3)
- - - - fitting data

Raman intensity (a.u.)

—— experimental data (p)
--- - fitting data

150 200 250 300 350
Raman shift /cm™

Raman intensity (a.u.)

saAdAANARER e il it ecanesal 2o BRBanenn nnibdonnassdl

400 450 500 550 600 650

Raman shift /cm™

Bl 4 PZT-4 P fi 2otk % 254 .

400 450 500 550 600 650
Raman shift /cm™!

() PO HE BT ; (D) PG B

Fig. 4 Raman spectra and Lorentz fitting curves of PZT-4 ceramics(a) before and (b) after laser irradiation
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Table 1 Raman vibration modes of PZT-4 ceramics before and after laser irradiation (100~650 em™ ')

Raman shift /em™

1

Vibration mode

Raman mode - —
Before irradiation

Symmetry

After irradiation

A, (1TO) 151
E2TO) 201

Er+ B, (silent) 268
A, (2TO) 331
E2LO) 437
EGTO) 534

R, 577

A, (3TO) 595

150
196
264
326

531
572
593

Pb—O vibration Rhombo or tera
BOs rotation Rhombo or tera
B-localized Rhombo or tera
BOs rotation Rhombo or tera
O—B—0 bending Tera
O—B—O0 bending Tera
O—B—0 bending Rhombo
O—B—0 bending Tera
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Fig. 5 Powder XRD patterns of PZT-4 ceramics before
and after laser irradiation, and the insert is detail
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Table 2 Dielectric properties of PZT-4 ceramics before,

after laser irradiation and after annealing treatment

Sample
Dielectric Annealing in N,
Before laser  After laser
property ) o . o followed laser
irradiation irradiation
irradiation
Diclectric 1240 1180 1278
constant g,
Diclectric =4 9165 0.00723 0.0114
0ss tan ¢
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