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Abstract - The deflection characteristics of photostrictive materials(PLZT) due to incident light are of great importance to 
the development of Micro Electro-Mechanical Systems (MEMS) devices. Thus, the deflection of a PLZT sample is 
examined under varying light intensities incident at different locations along the sample. The deflection is measured and 
graphed as a function of position along the sample to present the relation between light intensity, loading location, and 
deflection. It was found that incident light intensity and PLZT deflection were directly proportional, while the deflection of 
the sample increased with the distance of the loading location from the sample supports 
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I. INTRODUCTION 

 
Research in the area of Micro Electro-Mechanical 
Systems (MEMS) devices is of growing importance in 
a variety of research fields as well as in design and 
production. MEMS devices are “generally considered 
as micro systems consisting of micro mechanical 
sensors, actuators, and microelectronic circuits.” [1] 
MEMS devices are currently employed in a wide 
variety of applications including medical sensors, 
accelerometers and inertial sensors, as well as 
communications technology though devices such as 
high-speed switches. [2] As MEMS devices are 
becoming increasingly critical in the development of 
new technology, branches of materials research are 
being pursued to explore new materials which are 
capable of meeting the needs of these devices. 
One material which shows particular promise in the 
development of MEMS devices is a ceramic known as 
Lanthanum modified Lead ZirconateTitanate (PLZT) 
doped with WO3. PLZT is a photostrictive ceramic in 
which strain is induced in the material resulting from 
incident light. [3] This phenomenon is a result of the 
superposition of the photovoltaic and inverse-
piezoelectric effects. [3] The photovoltaic effect is 
observed when incident light upon a material’s surface 
leads to the flow of electrons as an electrical current. 
[4] This current leads to mechanical deformation in 
the material due to the inverse-piezoelectric effect. In 
the piezoelectric effect, mechanical strain in a material 
induces the flow of electrons. [5] This effect is 
invertible, and thus a current applied to a piezoelectric 
material will produce mechanical strain. Because 
PLZT materials possess both photovoltaic and 
piezoelectric properties, they present the possibility 
for applications in MEMS devices requiring optical 
actuation properties. 
Based on this information, PLZT material 
photostriction can be defined by two quantities, the 
applied photovoltaic voltage, and the piezoelectric 
coefficient of the material. The piezoelectric 
coefficient is “a function of composition and crystal 

orientation,” [6] and thus is dependent on the material 
itself, while the photovoltaic voltage is a function of 
both the material and the applied incident light. 
Therefore, photostrictive behavior can be defined and 
predicted as a function of two variables, material 
composition and incident light. 
This research focuses on the photostrictive effect 
presented by a PLZT material under varied incident 
light intensities and conditions. The material 
properties derived from material composition and 
crystal orientation will be held constant by examining 
a specific PLZT composition and orientation while 
incident light conditions will vary. This will allow the 
behavior of this material to be thoroughly explored 
under a variety of operating conditions which may be 
implemented in a MEMS device setting. 
As the material properties governing photostriction are 
to be held constant, a single sample of PLZT material 
was acquired courtesy of the MEMS Laboratory of the 
Georgia Institute of Technology. [7] The sample is 
PLZT (3/52/48) ceramic, doped with 0.5% WO3 
deposited on a silicon substrate and is shown below in 
figure 1. 
 

 
Fig. 1 PLZT Sample 

 
PLZT (3/52/48) is composed of PZT material doped 
with Lanthanum (La+3). Maximum photostriction in 
PZT ceramics occurs on the PZT phase diagram at 
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what is known as the Morphic Phase Boundary. The 
PZT phase diagram is shown below in Figure 2. [8] At 
the Morphic Phase Boundary, PZT is composed of the 
solid solution of Lead Zirconate and Lead Titanate. 
[9] The ratio of Zirconate to Titanate at the Morphic 
Phase Boundary is Zr/Ti=52/48. [9] 
 

 
Fig. 2 PZT Phase Diagram [8] 

 
PLZT (3/52/48) is formed by doping the 52/48 PZT 
with Lanthanum and WO3 dopants, which reduce 
fatigue in the ceramic. Fatigue is the phenomenon in 
which the function of the ceramic is greatly reduced 
with usage. [9] 
 
II. EXPERIMENTAL METHODS 

 
A. Methods: Equipment Setup 
A PLZT (3/52/48) sample which has previously been 
discussed was cut using a diamond scoring pencil and 
scoring jig into a 31mm x 8mm x .7mm rectangular 
section, as shown below in figures 3 and 4. 
 

 
Fig. 3 PLZT Scoring Jig 

 
Fig. 4 Cut Sample of PLZT Ceramic 

This sample was examined under a variety of 
conditions for deflection resulting from incident light. 
The equipment setup used for determining the 
deflection capabilities of PLZT material consists of 
three primary functional groups, as shown in the 
experimental flowchart presented in figure 5. 
 

 
Fig. 5. Experimental Setup Flow Chart 

 
The first functional group encompasses the light 
source used to generate high intensity light. A 150W 
xenon short-arc lamp was selected to produce this 
light, which was then filtered through a heat lens to 
reduce the heat energy transmitted by the incident 
light and so to prevent damage to the material. 
Following this precaution, light was then filtered 
through a 480 nm bandpass filter to study the 
deflection characteristics resulting from a single 
wavelength of light. 
 
In the Deflection Measurement Assembly, a Keyence 
LK-H087 laser sensor head was selected to measure 
the deflection of the sample. The device is accurate to 
a precision of 0.1 μm and thus is ideal for measuring 
deflection at a micro scale. The sensor head is 
mounted on a Newport ILS series Linear Stage which 
allows the sensor head to translate linearly. This setup 
is used to accurately measure deflections along the 
entire sample. 
 
Also of importance is the apparatus which was used 
to mount the sample for analysis. The PLZT sample 
was mounted using a 3D printed frame which served 
a dual purpose in defining the support condition of 
the PLZT sample while simultaneously shielding the 
laser sensor from excess high intensity light which 
would interfere with the sensor readings. 
Additionally, as the deflection of photostrictive PLZT 
is in the micro scale, any prestress existing in the 
material will distort the strain data obtained from the 
experiment. Thus, care must be taken when mounting 
the sample for observation. Silicone rubber pads were 
chosen to hold the material in place. The silicone 
pads have enough surface texture to hold the material 
in place using negligible contact force, thus allowing 
for a simply supported cantilever condition with 
negligible introduced pre-stress. 
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As the PLZT sample was mounted, 3 mm of its 
length were inserted between the silicone pads for 
support, reducing its effective deflection length. 
Thus, for purposes of analyzing deflection, only a 
sample 28mm x 8mm x .7mm is to be considered as 
3mm of its length were supported in place and 
shielded from the incident light. 
 
A Gigahertz-Optik X9-7 irradiance meter was used to 
measure the actual intensity of incident light at the 
distances which the sample was placed from the 
output lens of the xenon lamp. Through the 
experiment, the sample deflections are reported with 
regards to light intensity as a ratio of the maximum 
intensity output of the Xenon lamp. These ratios are 
determined using the data readings obtained using the 
Gigahertz-Optic X9-7 meter. 
 
B. Methods: Testing Conditions 
In characterizing the deflection of any material, the 
support condition, loading location, and loading 
magnitude are independent variables which determine 
deflection. For photostrictive materials, support 
conditions ensure reference locations of zero 
deflection, while the loading location relates to the 
focal point of the incident light and loading 
magnitude relates to the intensity of the incident light. 
Here, two different light intensities were selected to 
apply as a load to the sample. These light intensities 
were measured as a fraction of the maximum output 
capabilities of the xenon lamp. Thus, the sample was 
examined under 100% and 50% light intensities. 
Additionally, two loading locations were selected in 
which to examine these relative light intensities. The 
focal point of the incident light was centered first on 
the fixed end of the sample, and then on the free end 
of the sample. As shown below in figure 6. The 
loading location was varied so as to determine the 
location along the sample at which incident light 
would yield maximum deflection. A diagram 
showing the loading condition permutations 
examined in this experiment is shown below in figure 
7. 
 

 
Fig. 6. Loading Location Diagram 

 

 
Fig. 7.  Loading Condition Permutations 

 
C. Methods: Procedure 
To begin the experiment a control condition was 
determined for the original position of the PLZT 
material. As it is impractical to mount the material 
absolutely parallel to the path of the laser sensor, and 
as surface irregularities should be considered, the 
position of the mounted sample was taken before high 
intensity light was applied. This original “deflection” 
was considered to be the zeroed condition and all 
other readings were zeroed by subtracting this 
deflection from the measured deflection. 
Next, relative light intensities were determined as 
percentages of the maximum light intensity output of 
the xenon lamp. These light intensities were 
considered at a distance of 0.75 in. from the light 
source to the incident surface. English units were 
used as the dimensions of the lamp housing and 
mounting system were in English units as sent from 
the manufacturer. The variation in light intensity was 
achieved by varying the power input to the Xenon 
lamp. 
The focal point for the high intensity light source was 
then concentrated at the free end of the PLZT sample, 
and the lamp housing was positioned so that the 
distance from the focal lens to the sample was 0.75 in 
as predetermined above. At this location, the lamp 
was powered on, and allowed to load the sample with 
incident light for 5 minutes before measurements 
were taken to prevent hysteresis of the photostrictive 
effect from effecting the experimental results. A 
photograph of this experimental state is shown below 
in figure 8. 
 

 
Fig.8, Light Source Focused on the Free End of the Sample 
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Next, deflection measurements were taken for 0% 
(Control Condition), 100%, and 50% light intensity. 
These measurements were taken each twice to ensure 
consistency. For each run, the laser sensor was set to 
record deflection measurements at intervals of 5 
milliseconds. The Newport linear stepper carriage 
was used to move the laser sensor along the sample in 
1 mm increments. The sensor was allowed to dwell 
on each increment for 2 seconds, resulting in 400 data 
points for each millimeter increment. In between 
these dwell periods, the sensor head was moved an 
increment of 1 mm along the sample at a rate of 30 
mm/s. The process of moving to the next increment 
and then allowing the laser sensor to stabilize took 
less than 1 second, and all the data generated during 
this second was discarded to reduce experimental 
error. Thus, out of a total of 17,000 collected data 
points for each run, 11,200 were considered in 
determining the deflection. 
Following the completion of the measurements taken 
when the light intensity is focused on the free end, the 
lamp housing was moved so that the focal point of the 
incident light was centered at the fixed end of the 
sample. This state is shown below in figure 9. The 
measurements were repeated for the fixed end 
loading location and processed as described. 
 

 
Fig. 9. Light Source Focused on the Fixed End of the Sample 

 
The data was then saved in a spreadsheet and 
averaged at each position increment to obtain an 
accurate deflection measurement along the sample’s 
length. The recorded measurements were zeroed 
according to the control condition and graphed as a 
function of position along the sample. 
 
III. EXPERIMENTAL RESULTS 

 
The data collected during the experiment was 
processed as detailed in the Methods section and is 
shown below in graph form. The data points are 
plotted alongside a best fit curve to show the general 
trend of the data.  The data is collected and shown so 
as to provide a comparison between loading condition 
results. First, the effect of loading intensity is 
examined at both loading locations. 100% intensity 

and 50% intensity are shown in the same graph in 
figures 10 and 11, which hold loading location 
constant in each case. The deflection for the varied 
light intensity at the fixed end is shown in figure 10, 
and the free end loading location is shown in figure 
11. Following these, figures 12 and 13 illustrate the 
deflection difference resulting from loading location 
alone. 100% intensity deflection curves for fixed and 
free end loading locations are shown in figure 12. In 
figure 13, the deflection from both loading locations at 
50% intensity are shown. 
 

 
Fig. 10 Deflection Resulting from Varied Intensities Focused 

at the Fixed End of the Sample 
 

 
Fig. 11 Deflection Resulting from Varied Intensities Focused 

at the Free End of the Sample 
 

 
Fig. 12 Deflection Resulting from Varied Loading Locations 

at 100% Intensity 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 7, Issue-8, Aug.-2019, http://iraj.in 

Experimental Investigation of PLZT Material at Varying Incident Light Conditions 
 

39 

 
Fig. 13. Deflection Resulting from Varied Loading Locations 

at 50% Intensity 
 
IV. DISCUSSION 

 
As seen in the results of this experiment, the loading 
location as well as the loading intensity determines the 
magnitude and curve characteristics of PLZT 
deflection. General deflection trends which can be 
observed from this data which validate existing 
hypotheses concerning PLZT deflection as well as 
point out several interesting features. 
From examining each graph, it is immediately clear 
that light intensity is directly proportional to the 
deflection magnitude of the sample. As light intensity 
increases, in all cases the sample deflection increases. 
This agrees with existing hypotheses concerning 
photostrictive ceramics. [7] As intensity increases, the 
position derivative (i.e. the slope of the curve) also 
increases, thus the rate of change of sample deflection 
is dependent on light intensity. Deflection in a 
material is resultant from strain developing in the 
material, which, according to the aforementioned 
definition of photostriction, can be induced by the 
flow of electrical current generate by the photovoltaic 
effect. It is shown in this experiment that increased 
light intensity induces an increased electrical current 
flow which thereby allows for larger deflections. This 
finding validates known PLZT behavior. 
However, in addition to PLZT deflection being 
depended on light intensity, it is also effectively 
shown that the location of incident light is as critical 
to the deflection of the material as the intensity of the 
light. From the results shown, it is shown that when 
incident light is focused on the free end of the 
material, deflection is significantly greater than when 
light is focused on the fixed end. Additionally, it is 
seen in figures 12 and 13 that the quality of the graph 
is more linear when light is focused on the fixed end 
of the sample, while the rate of deflection change 
increases with position along the sample. 
These are properties of the PLZT material which are 
best explained by material mechanics. In a cantilever 
loading condition, as the distance of the applied force 
from the fixed end of the beam increases, increased 
moment acting on the beam will yield greater stress at 
the fixed end which, in proportion to the material’s 
modulus of elasticity, yields larger strain. This 

increase in stress occurs despite the fact that the load 
remains constant. The experimental data shown in 
figures 12 and 13 indicate that this approach holds 
true for photostrictive materials. This indicates that the 
stress induced in the material due to the photovoltaic 
effect and inverse piezoelectric effects interact with 
the fixed supports similar to the interaction of any 
transverse force applied to a simple cantilever beam. 
Thus, for the free end loading location the curve will 
have a non-linear quality as the stress induced by the 
incident light increases along the sample length. For 
the fixed end loading condition, it will have a non-
linear quality close to the area of incident light, and 
towards the fixed end for a small section of the 
sample. However, as the position of the sample moves 
away from the incident light and towards the free end 
the curve becomes linear as stress decreases. This 
decrease in stress is due to the absence of any support 
on the free end of the cantilever. 
 
V. CONCLUSION 

 
The loading location and loading intensity of light 
incident on PLZT material plays a significant role in 
the deflection behavior of this material. It is shown 
that incident light intensity and PLZT deflection are 
directly proportional. Additionally, it is shown that 
the location of light incident on a PLZT sample 
determines not only the magnitude of the sample 
deflection, but also the characteristics of the 
deflection curve. Incident light at the fixed end of a 
simply supported cantilever PLZT sample yields less 
deflection than incident light focused at the free end 
of the sample at the same intensity. Additionally, the 
shape of the deflection curve is more linear for the 
fixed end loading location while the free end loading 
location is non-linear. 
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