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Change of PZT Thin Films Ferroelectric Properties Induced by
Laser Beam Thermal Shock
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Abstract The high energy pulse laser was used to radiate lead zirconate titanate PZT piezoelectric films. The effect of
the laser thermal shock on the properties of the films was investigated. It was found that when the laser energy density was
lower than the damage threshold of the films the ferroelectric properties of PZT thin films changed after laser thermal
shock. The remnant polarization value decreased from 32. 699 wC/cm’ to 26. 316 nC/cm’  the coercive field was basically
constant at 38. 396 kV/cm and the fatigue property of the films became more stabilized the P, degradation ratio is from
44.3% 10 34.7% at the cycles of 1. 75 x 10° when the laser energy density was from zero to 19. 89 J/cm’. Moreover the
micro-mechanism was discussed based on the experimental phenomena.
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Table 1 Material parameters and the parameters of laser beam
PZT thermal PZT thermal Specimen Radius of Laser Laser Laser
diffusivity conductivity radius laser beam duration energy intensity
/m’/s /W/mC /mm /mm /s /] /s m’
a k, Ty d t J qo
3.76 x 107’ 1.2 10 2 4x107° 2.5 0.49736 x 10°
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a Micrograph of PZT thin film after laser shock with laser energy density of 3. 185 x 10° J/cm” and radius of 0.4 mm

b Micrograph of PZT thin film after laser shock with laser energy density of 19. 89 J/ecm’ and radius of 2 mm
¢ XRD pattern of PZT thin film after laser shock with energy density of 19.89 J/cm’
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Fig.2 Hysteresis loops at applied voltage 6 V

before and after laser thermal shock
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Fig.4 Change of internal-bias voltage vs applied voltage

before and after laser thermal shock
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Fig.5 Fatigue characteristics of PZT thin films

before and after laser thermal shock

58. 34 kHz PZT
P, P,
1.75 x 10°
44. 39 34.7%
PZT
6

10

INONON G

electrical field unpoled

VVYVYI YYY

LOOOUOY

positively poled
pulse laser
thermal shock

0800000

depolarized
6 PZT

Fig. 6 Illustration of depolarization of the PZT film

induced by the laser thermal shock

Pt PZT
28 0 Ti PZT
PZT
PZT
13
5
1
PZT

1.5287 x10* J/cm®



214

31

44. 3%

2 PZT
19. 89 J/em® PZT

pP 6V

r

26.316 pC/cm’
38.396 kV/cm

32.699 wC/cm’
19.5%

1.75 x 10° P
34.7%
3

G. H. Haertling. Ferroelectric ceramics history and technology
J . J. Am. Ceram. Soc. 1999 82 4 797 ~818
Cheng Jinrong Xu Dong Meng Zhongyan. Spontaneous polarization
and piezoelectric responses of PZT thin films J . Chinese Journal
of Materials Research 2000 14 4 397 ~400
. pzT

J. 2000 14 4 397 ~400
X. G. Tang A. L. Ding Y. Ye et al..
05 thin films by a simple Sol-Gel

Preparation and
characterization of Pb  Zr Ti
process C . Mechanics and Material Engineering for Science and
Experiments New York Science Press 2001. 247 ~250
Liu Dage Zhang Hongxi Wang Zhong et al. . Research progress on
preparation and fatigue properties of sol-gel derived PZT thin films
J . Piezoelectrics & Acoustooptics 1998 20 4 276 ~282
. Sol -gel PZT
J. 1998 20 4 276 ~282

10

11

12

K. C. Lee C. S. Chan N. H. Cheung. Pulsed laser-induced
damage threshold of thin aluminum films on quartz Experimental
and theoretical studies J . J. Appl. Phys. 1996 79 8 3900 ~
3905

S. S. Cohen
multiple laser pulses on damage to thin metallic films
Phys. 1992 71 2 630 ~637

Seung-Hyun Kim  Dong-Joo Kim S. K.

Preparation and ferroelectric properties of mixed composition layered

J. B. Bemnstein P. W. Wyatt. The effect of

J . J. Appl.
Streiffer et al. .

lead zirconate titanate thin films for nonvolatile memory applications
J . J. Mater. Res. 1999 14 6 2476 ~2483

Zheng Xuejun. Fracture Toughness and the Failure Mechanism of

Piezoelectric Thin Film Induced by Laser Heating D . PhD thesis

Xiangtan University 2002. 88 106 ~107

2002. 88 106 ~107
Qiu Pingsun Luo Weigen Ding Aili. Imprint properties of yttrium
modified PZT thin films J .
2001 16 5 928 ~932

Journal of Inorganic Materials

. PZT I
2001 16 5 928 ~932
Hu Jianping Chen Mei
laser damage and defects of HfO,/SiO, HR coatings J .
13 5 529~532

Fu Xiongying et al.. Relation between
High
Power Laser and Particle Beams 2001

. Hf0,/Si0,
] 2001 13 5 529 ~532
S. Poykko D. J. Chadi. Dipolar defect model for fatigue in
ferroelectric perovskites J . Phys. Rev. Lett. 1999 83 6
1231 ~1234

Zhang Lintao Ren Tianling Liu Litian et al. . Interface and surface
studies of silicon-based PZT thin films ]
Acoustooptics 2000 22 5 316 ~318
. PZT
J. 2000 22 5 316 ~318
Meng Xiangwang Li Yan

Piezoelectrics &

Ou Jiaming et al.. A study about the
optical radiation press on corpuscule by laser microbeam J . Laser

Journal 2001 22 2 15~18

] - 2001 22 2 15~18



