
Chapter 1 

Introduction

Photos tric tive  effect is a phenomenon in  w h ich  strain is induced by 
inc ident ligh t. T h is  phenomenon was discovered independently a lm ost at 
the same tim e  in  1981 by D r. p. ร . B rody and D r. K e n ji U ch ino .(1) W hen 
a pho tostric tive  m ateria l is irrad iated w ith  photons, tw o  response effects 
are triggered. The firs t e ffect w h ich  is photovo lta ic  effect, where a large 
voltage is generated in  the m ateria l through the irrad ia tion  o f  ligh t, has 
been w id e ly  studied. The p ho tovo lta ic  e ffect m entioned here generates 
from  the h igh  band gap voltage (several k v /c m ) w h ich  is quite d iffe ren t 
from  that based on the p-n ju n c tio n  o f  sem iconductors in  solar cells. The 
second is converse-p iezoelectric effect, where the m ateria l expands under 
the voltage w h ich  generated by the firs t effect. The figure o f  m erit fo r 
photo-induced stra in is defined as (2)

x ph = d33x E p h (1.1)

where Xph is photo-induced stra in or photostric tion  
d33 is p iezoelectric constant 
Eph is photovoltage

P ho tos tric tive  actuators have drawn considerable interests due to 
th e ir h igh  potentia l applications. W ith  decreasing the size o f  m in ia tu re  
actuators, the w e ight o f  the electric lead w ire  connecting the power 
supply becomes s ig n ifican t, and remote contro l w i l l  d e fin ite ly  be 
required fo r  sub-m icrom eters actuators. N o t on ly  it is p rom ising  as a 
candidate o f  m ic ro-robot d riven  by photon energy but also possible fo r 
m ov ing  the specimens placed on a stage in high vacuum chamber o f  the 
scanning tunne ling  or e lectron m icroscopes w ith o u t shutting  down the 
system. These optical actuators in w h ich  the d riv ing  components are 
“ e lectrom agnetic-noise free”  system, can be used in areas related to 
m icrom echanics, u ltrah igh  vacuum  and space technologies.
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Lanthanum -m od ified  lead zirconate titanate (P L Z T )  ceramics have 
been investigated due to th e ir p rom is ing  photostric tive  behaviors, 
superposition o f  photovo lta ic  and converse-piezoelectric effect. 
Pho tos tric tive  and photovo lta ic  properties generated in P L Z T  ceramics 
are s trong ly  dependent on the wavelength o f  lig h t illu m in a tio n . 
C u rren tly , it has been found that the peak response o f  suitable donor 
dopant such as พ 64 is about 370 nm corresponding to the absorption 
edge o f  P L Z T  c e r a m i c s . D u e  to the shorter-than-w avelength  peak 
response, the lig h t source using to activate the photostric tive  mechanism 
requires the h igh power u ltra  v io le t (บ V )  lamp. T h is  type o f  lig h t source 
m igh t be harm fu l to the investigators. In  add ition  it  is high cost and 
d if f ic u lt  to apply to  com m ercial application.

The  ove ra ll ob jective o f  the proposed research is to exp lore the 
potentia l o f  P L Z T  ceramics in  p rov id ing  the d irect conversion fro m  lig h t 
energy to mechanical m ovem ent th rough the doping effect. A  better 
understanding o f  an additive effect on th is  phenomenon is studied in 
order to fabricate high e ffic iency  p hotostric tive  ceramics w ith  a 
capab ility  to response towards the v is ib le  lig h t w h ich  make them able to 
be used w ith  another lo w  cost lig h t source, i.e. v is ib le  region L A S E R . 
T h is  attempt w i l l  extend the p hotostric tive  phenomenon to a w id e r range 
o f  applications.
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