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Abstract: To eliminate the hysteresis phenomenon between the photodeformation and the photovoltage
of PLZT (Lead Lanthanum Zirconate Titanate) under the irradiation of high energy light, a novel
photostrictive constitutive equation in multi-energy fields was established and the influence factors of
the hysteresis phenomenon were investigated by experiments. Firstly, the light-thermal-electric-
elastic coupling mechanisms of the photostrictive effect under a lighting were analyzed theoretically
and the constitutive relationship of photostrictive effect was established. After that, a novel
constitutive equation was obtained by the derivation of anomalous photovoltaic effect, thermal effect,
pyroelectric effect, thermal expansion effect and piezoelectric effect. Finally, the photostrictive
constitutive equation was validated through the temperature screening test and photostrictive static

experiments. Experimental results indicate that the temperature rise of PLZT ceramic is the main
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reason of hysteresis phenomenon; and the variation trends of experiment curves are agreed well with

the theoretical results, which confirms the reasonability of the theoretical model. Moreover, the

photodeformation of the PLLZT in the experiment takes about 10 s to reach saturation after eliminating

the temperature rise. It shows that reducing the temperature rise effectively eliminates the hysteresis

phenomenon and improves the response speed of photodeformation. The novel constitutive equation

provides a theoretical basis for driving and controlling of PLZT ceramics.
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elastic field coupling
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Fig. 3 Schematic diagram of anomalous photovoltaic effect
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irradiation of different intensities

&l 8 FroR i ARG IGR EE R PLZT K B i

e ity L o A [ ) A Ak i £ . 0 B E) A 300 s,
OB BRI S I 18] 4% 150 s, £E 100,200,300 Fil
400 mW/cm” M6 BEGR B N, PLZT P ‘& 1 g HL
JE i O BE O B 39 i o 0 RS R O LR R Y
TRLFIE B SR B R . 7B IRER S 100 mW/em”
LHN IR IS T, A R FE 40 s £ 475 F
839 V IFEEALRFE AR, M AE 150 s BE Y 1k )
e ERGE FER 210 V 2 A G RBE K
200 mW/cm® 9 45 40 6 IR B AT R, O A= L R AE
30 s ZEAT kB i KAB 973 V. SRR /N E 880 V
FEARFFAAR L TE 150 s 615 1k, O 2R i i R
HNRER O VIF A e m B E, AT iR 3] — 162 V;
TESC ISR FE A 300 mW/em® BY 4K AR EUR IR,

JCAEHETE2S s Ak Bl E KA 1 203 V., RS
WML 100 V AL IR RFEAZ, HTE 150 s IO
fE Ik JE O A L R R GE R RE S 0 VIR AR R I L
JE L ATIK — 326 V; O RER B S 400 mW/em® 1,
JeA L RTE 20 s NIk B KRIH1 373 V. ARG TR
£1 250 VAL RFFRUE , HTE 150 s B 2D5 155,
A R TR 0 V I A —376 V 19 1)
HL L 3 — &5 L 55 [ A8 0 — o6 5 6 4 R — 50,
P DA SR 5 AT O B R L R R U 1 5 1
(BB HOGAS J5 77 A= 04 B 1) H, R B R L 33X i T
SRR RT3 PLZT By % 2% 1A ik B 7 s 5 1) 34
2 N AR F 00 S 3 DR I AR L O 7 A
14 J5Z ) FEL R AR K

—o— 100 mW-+ecm™
—0-200 mW -+ ecm™

e easad —4—300 mW+cm

©0 50 T00 1?;0 200 250 300
s

B8 R[EIEHESR R PLZT W % 19 o v A% T =2 [ 1) e
i i b 1] 78 £ i 22

Time history of voltage of PLZT under the

Fig. 8

irradiation of different intensities

MR BE R 100 mW/em? B, PLZT P %
R B T AN, IR TR 7 AR G AR R AN
P I RN BT 2 W L T LA HS F R S 56 il 4R A
PN RMERG T FEX — A k%, B A6 5 If
KT PLZT Mg % 3 i B R R 51 & 208 i sl
JO7 VAT 7 A T T AR R LR L 0l BR R Ry 200~
400 mW /cm® Bf, PLZT B % 3 I i B 7+ % A m]
W% 615 G PLZT B % 3% 180 R B 20 T P, X
J2 BT RO RGO 7 A A Sy B W T S T L

FRAE LA b 43 AT 0L 7E & BE DGR B R, SR
TEik B — A J5 5L 7] 200, FUA 25 R IR ik s
JO7 5 | R P HL R I, AT AT L A B Lﬁ%ﬁ PLZT
ey ¥ LR 79 i %) P 7E 85 BE DI R BB  k 3



766 e KE TR

5 23 &

B R T B AR 8 AN AR X — S 0w il 26 A2 1k
FUAE T 5 0F 5K (15) Fr 7 19 L s B8 il 48 e 1K
FEAH ARG T B 25— B O PR AR A2 1 8 4k
RN

K9 it ARG RRGR B PLZT P % H B
Uiy {3, A% Bt B5F ] 9 722 1 i 3 . I 3G ' RESER FE 1
PLZT B % % A5 we o 3 Ji5 AR e, (] B I8 22 16 R E
A B R R K 5 57 7% it 2 I 7RO BT B Gk 3 i
KAESR G T RS —F2 e (d, Btk PLZT P % /9
JEHON AR IR R (A7 S b IA kR 2R A R 5
LB B e AR G T3 AN o B 9 TR (T8
7SN, B S B O I AT B T HE S O R PLZT
W I AR RS e ik X (16) , UE M PLZT M % 16k
HROR IR AR 0 3% 5 S 2% T A Ik 0 52 el 4 SRR 25
JE I KRR X PLZT P % I8 A8 /Y 5% iR, | A%
Feak A5 S5 i 2 AR A FBORAF IR T R A R
(% A8 B e 335 50 & 3k

A SCRRYT BEAT T PLZT B % 09 fim R S2 565
AU X PLZT B % m #4877 m #ig & F
PLZT P& (% A2 Bt s (8] A5 £ 19 55 B, JHC il 4% 4n
10 7R o il FH5 1R 1% A2 556 BAE R 19 808
AR )5 Tl — 3, N HE BT T 2K (16) fir 7R 19 HL 3 1 A2
5. 7 QAN E=3I P/ KEN

TR FH 09 25 A8 06 05 JF A 2 1Y 365 nm
WA ERANG N T B ROZOC IR BT PLZT B % f
FErE A R E TR, A 2 A
PLZT B§% (PLZT_1 Fl PLZT_2) k479 ¥ ) B
wE 11 pros , AR ARG L 400 mW A9 5
FE RS PLZT 1 Fg%& 100 s, & PLZT 2 Mg %W
i Y L e MOGBEOE B &, YOG TR RS PLZT 1
B, FL 7= A A W R i R L 48 PLZT 2, 1M
PLZT_1 JG M= A iy i OF R L 45 PLZT _2, A\
BRI 16 B AR g i X PLZT _2 952,
Tl i PLZT _2 09 W o 09 06 28 i e S 008 2% 4
e 12 froR. BT B T O A R 5
PLZT_2 W CEOE A8 & A B i/ ABSCBUE A2 1)
M) 7 3 B 0 KM B 5, A TR AR HE 10 s 24 B ik
KA s GA TR AR 5 0 A il He (9 28 fb i A B AR —
LW PLZT B % 2 10 7= A 1 A it 2 3 i
B AR 56 R 22 ) B 3R W B4 B B4

Photodeformation/um

0 50 100 150 200 250 300
t's
() 638K 100 mW/cm’
(a) At light intensity of 100 mW/cm®

=l oo =
T T 1

.
T

Photodeformation/um

0 50 100 150" 200 7250 300
i's
(b) Y658 K 200 mW/cm?
(b) At light intensity of 200 mW/cm®

12

Elﬂ— ﬂf«/ﬁ!""\

=

g8 A Y

= S \‘1

Eof / B!

1./ “h,

Ey Rt
2-/ \‘4?‘;\,\
0

SIU 1 (IJU 1 ISU 2(IJU 2.%'[} 360
s

(o))t K 300 mW/cm?

(c) At light intensity of 300 mW/cm?®

Photodeformation/pum

150 200 250 300
t's
(DK 400 mW/cm?
(d) At light intensity of 400 mW/cm?®
B9 A[E DGR EE T PLZT K% ¥ 25 bl i i8] i 28 1k
127
Fig. 9 Time history of photodeformation of PLZT under
the irradiation of different intensities

50 100



WKW PLZT BT Z RE G T AL B0 45 28 b 767

%3l
3 q
Overall
elongation
£
2 2r
2
8 Photostrictive
S [ f e
&L 7
il
i e A
¢ /“Influence of heat =S _
/ T
OF
5 10
t/min
Bl 10 #5006 IS AL R PLZT W % I8 22 B e J) 22 £k
2017

Fig. 10 Time history of deformation of PLZT under the

irradiation and heating(!'7]

G4
—_— I 1 *
(I B !
1 L || P[]
r—m | 1|5 bl e
H e v
— -l ||m -k
1R 1R
PLZT 1 PLZT 2

B 11 PLZT 15 PLZT 2 JFH7% A
Fig. 11 Schematic diagram of PLZT 1 and PLZT_2 in parallel

1 600 13.0
1 400 125
1200 [\‘7 20

800{

600 \
400
200F

O

~2005 100

=
=
=

1.5

11.0
10.5
10.0
0.5

Photovoltage/V
Photodeformation/um

\ . 1.0
200 300 400

i/s
K&l 12 PLZT_2 {9 AL 5 00308 228 BE B A A42 fb s 2R
Fig. 12 Time history of photovoltage and photodeformation
of PLZT 2

Zi LB pr el A R RO R AR T

S E WK

(1] Zze KBAE.F24a,.%. 5
ARG RERASE [J] A
21(2):336-341.

WANG H K, ZHANG G Y, GUOL H, etal.. High

performance fast-steering mirror for beam control of ve-

4% TA2,2013,

F2H G AR B R R AE PLZT B % W 3 7 4 i 3
14 3 A 5 B T O AR PRV PLZT B & & im
TR B SR8 T o oR U T i AR R B AR R R4 L il
14 PLZT B % 8 A8 556 28 i F 22 8] 47 76 — & 11
WSO . T UAE L, PLZT W% 36 1 09 06 7
1o 5 118 AR LS55 T A T 800 s i G BOE
AR 555 A H TR /D A H I 2 TRDR T B4 1 L D
PR, A 25 e Y BB AR e R R R
TIHBRCEOE A 5564 W k2 e p 3R i B4, 4]
B 2 55 YEBOW AR ) Wi 1 8 B L 06 20048 FH B A% 7= 2k
SRS A 365 nm K 5RO 58 ARG [H]
iF AT XV B A X PLZT W% k47 4 B IR
Ve U O BR S BR v PLZT B % 2% 1 A% VR T X
BN CE AL

ARSCHEST T —Fh ZRe A T 108 B L
5 AL J5 AR X SR BOY A8 5 A U R 22 18138 i 3
s m R IEAT TR, UEE R Y B
Wi 7 PLZT B % 218 i TH 52 mi i, PLZT B & 11
JEEOE AR I8 3040 AT A B RN 2908 10 s, 320 5 i
T3 35 5 W B A F0 40 R0 BT R R IRD . Pl e T
EREOGIR BB B R PLZT W% 26 mi iy 6 T 2 5 3L
HEBOB AR 564 W R 2 [ 3R ) 3 2R A ST
S EAR G A AL A5 Y B 06 A0 % JE PLZT Wi %8 36 1
TR T BT SR 14 5% g R BARE H 80N AR ik sk 7 ket
PLZT W& W R FMIE A 52 m) . 78 PLZT W%
VE R 63K 2l #5% B, 55 0 FH 2 08 204+ 19 365 nm I
KL HMDEIEXT PLZT B % it 17 18 5, sloR 2L
TR H T B FEAK PLZT 22 T (9 1% FH . DT 42
e PLZT Wi %% A5 me I 2 B . Jr A& 1F 1) O B0 qi
A AFYRE R Ry PLZT W% 9K 3 i #4204 o]
FEARAE T S IR

hicular high energy laser system [J]. Opt. Precision
Eng. . 2013, 21(2): 336-341. (in Chinese)
(2] &9E . HERIZEE REPOERBRENERE
[J]. ¥ B % 4.2013,6(6):810-817.
GAO M H, ZHENG Y Q, WANG ZH H. Devel-
opment of space-based laser weapon systems [ J].
Chinese Optics, 2013, 6(6): 810-817. (in Chinese)
[3] A, By, % 53, RS EAE TOLAR MR AR



768

ples

k% TR

5 23 &

(4]

(5]

(6]

[7]

(8]

(9]

(10]
EERN

WroE [, % # % T42,2006,14(1):16-21.
XU K H, MA J, TAN L Y. Research on beam point-
ing in deep space optical communication [J]. Opt.
Precision Eng. » 2006, 14(1): 16-21. (in Chinese)
L I T WA F. A EDLER ATP &
GRS IR 5E B i (1], 65 % T 42,2006,
14(1) . 43-47.
SHAO B, SUN L N, QU D SH, et al.. Design of
fine pointing tip/tilt mirror of ATP system for free
space optical communication [J]. Opt. Precision
Eng., 2006, 14(1): 43-47. (in Chinese)
Fo L, ERZHRALF. mIIARBOLE BRI A )
wEE F g it [J] F B ¥ k. 2013, 40
(10):1002003.
LI H, WANG D F, ZOU W, et al.. Design of high
power laser beam automatic alignment system [ J . Chi-
nese J Lasers, 2013, 40(10): 1002003. (in Chinese)
KR, LA FREAR, . B 29 ROR AR B
TR Jr AN g it (1], k% 4% 42,2013, 21
(3):701-708.
ZHU M ZH, WANG M C, CHEN X J, et al..
General layout and structure design of ICF facility
[J]. Opt. Precision Eng. . 2013, 21(3): 701-708.
(in Chinese)
FAE B H kAR RE L F . CR AROE DL
ARG B [J] &% 4% T 42,2010, 18 (1)
21-28.
ZHENG M, FENG Q B, SHAOSH Y, etal.. De-
sign and analysis of laser scanning optical system for
computed radiography [J]. Opt. Precision Eng. ,
2010, 18(1): 21-28. (in Chinese)
BRODY P S. Optomechanical bimorph actuator
[J]. Ferroelectrics. 1983, 50: 27-32.
FUKUDA T, HATTORI S, ARAI F,

of optical actuator-servomecha-

et al..
Characteristics
nisms using bimorph optical piezoelectric actuator
[J]. Proceedings of 1EEE Robotics and Automa-
tion conference, 1993: 618-623.

SHIH H R, TZOU H S, SAYPURI M. Structure

R 1989—) . T, WRIfE A 11
H L 2011 4F T I AT K 2 A 2
2L, BN AR K AL
WA G SF 7 mOR WA
jiahan1989@126. com

E-mail;

[11]

(12]

[13]

[14]

[15]

[16]

[17]

vibration control using spatially configured opto-e-
lectromechanical actuators optomechanical bimorph
actuator [ J]. Jowrnal of sound and wibration,
2005, 284 361-378.

SUN T, TONG L Y. Modeling of wireless remote
shape control for beams using nonlinear photostric-
tive actuators [J 1. International journal of Solids
and Structures, 2007, 44: 672-684.

LUO Q T, TONG L Y. Multifunctional behaviors
of an indium tin oxide/PbLa(ZrTi) Os/indium tin
oxide wafer illuminated by ultraviolet light [J].
Jouwrnal of Intelligent Material Systems and
Structures,s 2012, (1): 1-10.

ERE. DREPE G PERE S M [M]. Jb % A w A
F 3 A H A, 2003.23-28.

WANG Y L.
Functional Ceramics [M]. Beijing: Beijing Science
Press, 2003:23-28. (in Chinese)
ZE.EZYHE.EHE. PLZT W& U A 1Y RE & 1%
Wi dE (0] S WAL E 4R X F 4R, 2007, 33
(12) :1432-1435.

LIANG L, WANG SH P, CAO F. Energy transmis-
sion characteristic of PLZT bimorph [J]. Jowrnal of
Beijing University of Aeronautics and Astronactics.,
2007, 33(12): 1432-1435. (in Chinese)

BRXE BN S [M] bR KRB L
Wk R AR, 1994 :109-110.

SHAO SH P. Pyroelectric Ef fect and Its Appli-
cation [M]. Beijing: Ordance Ind. Press, 1994
109-110. (in Chinese)

NAKADA T, CAO D H, MORIKAWA Y. Study

on optical servo system (Estimation of dynamic

Per formance and Application of

characteristics of bimorph-type optical actuator u-
sing PLZT elements) [J]. The Japan Society of
Mechanical Engineers, 1993, 59(564);: 206-211.

SAITOH S, MICHIKO N. Photostrictive device
controller and control method, United States:

5774259 P], 1998.

FHANS2—), B W F T AL
+ L B0, 2004 4F A AR TR K A= kA%
22507, 2006, 2011 4E T M /R I Tl K
e B 7 X 1w LU e Z AN B N X
HERTRL S48 S A8 1 DL Kk THOLBOR
ASBARR I S8 ) 5 5 1 A D7 T A

E-mail: xjwang@njust. edu. cn

(RIERE REWWT FEEH)



