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ABSTRACT: Solutions of poly(p-phenylene benzobisthiazole) (PBZT) in methane sul-
fonic acid (MSA) were prepared and studied. Solutions with concentrations less than
0.04 wt % PBZT were characterized by dilute solution viscometry. Planar PBZT
waveguides were spin-coated from a 0.5 wt % PBZT solution onto oxidized silicon
wafers. The optical attentuation of the resulting polymer waveguides was measured
and found to depend on both the thickness of the oxide layer on the silicon substrate and
also the wavelength of the incident light. The lowest optical loss recorded for PBZT in
this investigation was 4.81 6 1.39 dB/cm at 834 nm. This work thus demonstrates the
successful fabrication of PBZT into thin-film planar waveguides. The PBZT films
prepared here also show improved optical characteristics over PBZT films prepared
previously by either extrusion or spin coating. © 2000 John Wiley & Sons, Inc. J Appl Polym
Sci 76: 1448–1456, 2000
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INTRODUCTION

The first rigid-rod polymers were synthesized in
the mid-1960s in order to achieve an improve-
ment in the thermal stability over conventional
organic materials. Such polymers consisted of
fused aromatic rings and they were also found to
provide superior mechanical properties and
chemical resistance.1 In the early 1970s, the Air

Force Materials Laboratory at Wright-Patterson
Air Force Base, Dayton, Ohio, began researching
the synthesis of rigid-rod or ladder polymers for
high-temperature applications in the aerospace
industry.2 In the early 1980s, electrochemical and
chemical doping of these polymers was utilized to
make them electrically conductive. By the mid-
1980s, it had also been demonstrated that rigid-
rod polymers could be fabricated into thin films.
Within the last 5–10 years, the focus has shifted
to the nonlinear optical (NLO) properties of con-
jugated polymers,1 and research continues today
to enhance the NLO properties and processability
of these materials.

Poly(p-phenylene benzobisthiazole) (PBZT,
Fig. 1) is a rigid-rod polymer that exhibits excel-
lent mechanical properties (high tensile strength
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and modulus) and also has high chemical and
thermooxidative resistance.3,4 PBZT has also
been shown to be a third-order NLO polymer and
has been reported to have a x(3) 5 4.5 E-10 esu.5

A number of attempts have been made previ-
ously to obtain PBZT samples of high optical quality
and the optical loss values that have been previ-
ously reported for PBZT are summarized in Table
I.6 As can be seen from these data, the optical loss of
spin-coated PBZT thin films was not measured be-
cause no light streak was identified in previous
work.6 An out-of-plane optical loss of 1500 dB/cm
and in-plane optical losses of 20–60 dB/cm have
been reported for extruded and coagulated PBZT
films.6 Such values are clearly too high for this
polymer to be used in optical device configurations.

This investigation describes a dilute solution
viscosity analysis of PBZT, the processing of
PBZT thin films, and the fabrication of these films
into planar waveguides by spin coating. Analysis
of the optical quality of the resulting PBZT film
waveguides through measurement of their optical
losses was an important objective of this work.

EXPERIMENTAL

Materials

The PBZT was supplied by SRI International and
was quoted to have a weight-average molecular

weight of 27,000 g/mol.7 The solvent, methane
sulfonic acid (MSA; CH3SO3H), was purchased
from Aldrich Chemical Co. and had a reported
density of 1.481 g/cm3. The substrates used were
2-in.-diameter oxidized silicon wafers. The prime-
grade 2-in.-diameter silicon wafers without an
oxide layer were acquired from International Wa-
fer Service. They had a ,100. orientation with a
standard flat, N-type polarity, a resistivity of 1.0–
15.0 ohms cm, and a thickness of 254–305 mm.
The 2-in.-diameter oxidized silicon wafers were
acquired from Transition Technology Interna-
tional with a ,100. orientation and standard
flat, N-type polarity, and a resistivity and thick-
ness of 6.0–12.0 ohms cm and 325–375 mm, re-
spectively. The native SiO2 thickness was 1.987
mm. The thickness of the in-house-grown oxide
layers on the silicon wafers used here were 2, 4.5,
5.7, and 7.3 mm, respectively. The SiO2 layer was
thermally grown on the unoxidized silicon wafers
at 1050°C. It took approximately 1 week to build
up a 7-mm-thick layer of SiO2. Applications for the
PBZT films, including waveguiding on the oxi-
dized silicon wafers, will be described below.

Solution Viscosity Measurements

In conducting the dilute solution viscometry ex-
periments, a Ubbelohde 100-mL-capacity viscom-
eter (E 575), dilute solutions of PBZT/MSA, and a
temperature bath regulated at 30°C were used.
The efflux times of the solvent and polymer solu-
tions were recorded to the hundredth of a second
using a digital timer. The three or more readings
were averaged and recorded as the efflux time of
each solution and also for the pure distilled MSA.
A stock 0.05-g/dL PBZT/MSA solution was pre-
pared and vacuum-filtered through a 10–20 mm
glass frit. The viscometer was then filled with 10

Figure 1 Chemical structure of PBZT.

Table I Summary of the Previous PBZT Optical-loss Results1,3

Material

Substrate
Supported or
Freestanding

Processing
Method

Thickness
(mm)

Wavelength
(mm)

Optical Loss
(dB/cm)

min–max

PBZT Substrate Extruded 2.87 1.064 29.8–58.9
1.319 15.7–31.0

PBZT Substrate Spin-coated 2.0 1.064 No streak seen
PBZT Free standing Extruded 2.50 1.064 24.1–56.8

1.319 12.8–43.9
1.535 15.7–58.1

PBZT/nylon Free standing Extruded 1.6 1.064 15.5–87.3
1.319 15.7–51.6
1.535 18.8–35.8
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mL of this PBZT/MSA solution. Three efflux times
were recorded, and 10 mL of pure distilled MSA
was added to the solution. Nitrogen gas was
gently bubbled through the viscometer in order to
mix the pure MSA and the PBZT/MSA solution.
Efflux times of this solution concentration were
recorded. Four additional amounts of MSA were
then added to dilute the solution and efflux times
were determined in each case. Viscosities of the
PBZT/MSA solutions were thus measured with
concentrations ranging from 0.01 to 0.05 g/dL
(0.0068 to 0.0337 wt % PBZT). The intrinsic vis-
cosity was then determined by extrapolation to
zero concentration; [h] 5 (hsp/c)c50.

Cleaning of Substrates

The cleaning solution for the substrates consisted
of five parts distilled water (H2O), one part am-
monium hydroxide (NH4OH, 28–30 wt %) from
Ashland Chemical, and one part hydrogen perox-
ide (H2O2, 30 wt %) from Aldrich Chemical Co.
(parts are by volume). Although the initial at-
tempt at cleaning the substrates described here
was unsuccessful for our applications, it is impor-
tant to describe the type of failure and the steps
leading to this failure. This will give a better
understanding of the importance of cleaning the
substrates and emphasize the subtle difference
between the successful and unsuccessful cleaning
processes. Initially, the distilled water was
heated to 70 6 5°C and then the two solutions
were added. The addition of the H2O2 caused the
solution to bubble and depressed the temperature
slightly, but with continued heating, the temper-
ature was recovered. An overshoot of the 70°C
mark was found to be acceptable up to 85°C. After
the mixture bubbled for approximately 30 s, the
substrates were immersed in the solution for 15
min or more, irrespective of the initial tempera-
ture depression. The first substrate was removed
(at the 15-min mark) and directly rinsed under
running distilled water for about 60 s. Immedi-
ately after rinsing, the substrate was dried with
N2 gas before any water spots developed. To en-
sure that no moisture remained on the surface of
the substrate, it was then placed in a clean oven
at 120°C for at least 20 min. Each substrate fol-
lowed this rinsing and drying process. Visually,
the substrate surfaces were spotless, but it was,
nevertheless, difficult to get the PBZT films to
adhere to the substrates. There was visual
shrinkage of the applied PBZT film around the
entire outside edges of the substrate immediately

after immersing the resulting film and substrate
in the distilled water bath. This shrinkage caused
the entire film to delaminate from the substrate
and float off into the water bath. Altering the
cleaning process as described below resulted in
better adhesion between the polymer film and the
substrate.

The successful cleaning process started with
the same chemicals, but used a different sequence
of mixing. The distilled H2O, H2O2, and NH4OH
were mixed together at room temperature in the
proportions given above, covered with paraffin
film, and stored overnight. The solution bubbled
for several hours after mixing. This solution was
then heated to 70°C, just as the distilled H2O was
heated previously. Additional H2O2 was added,
equal in volume to the original amount of H2O2,
and the heating continued. The remaining steps
in the successful cleaning process were identical
to the unsuccessful process, starting with sub-
mersing the substrates in the solution for at least
15 min and ending with the substrates drying in
the oven at 120°C for at least 20 min. However,
particular attention was paid to the temperature
overshoot of the solution. It was extremely impor-
tant that the temperature of the solution never
exceeded 90°C. If this happened, the films again
delaminated from the substrates in the water
bath. To avoid this, the temperature was regu-
lated to be between 70 and 85°C, including remov-
ing the cleaning solution from the heat source
when the temperature started to increase
abruptly.

Processing Challenges for the Spin-coating of PBZT
Films

Spin-coating of PBZT onto substrates posed some
processing challenges. PBZT is a rigid-rod poly-
mer and the pure polymer exists in solid form as
feathery gold flakes. It has been shown that the
viscosity of PBZT rigid-rod polymer solutions in-
creases significantly with small increases in the
solution concentration.7 It was therefore neces-
sary to use relatively dilute solutions in the spin
coating, with concentrations ranging from 0.1 to
1.0 wt %. Due to the structure of PBZT, solubility
was possible only in aggressive solvents, such as
MSA. An acidic solution posed processing chal-
lenges in itself. Usually, polymers that are spin-
coated are dissolved in volatile solvents—so, al-
most instantaneously after spin coating, the sol-
vent evaporates and the resulting thin film
consists only of the polymer with just traces of the
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solvent to be removed. Using MSA as the solvent,
the acid had to be removed by soaking the film in
distilled water immediately after spinning. Water
is a nonsolvent for the PBZT films; therefore, the
films were found to shrink when immersed in the
water. This dimensional change in the film can
lead to adhesion problems between the polymer
and various substrates. Another possible cause of
poor adhesion was surface contamination of the
substrate. After trying several cleaning schemes
for the silicon wafers, one particular process re-
sulted in both minimal visual shrinkage of the
polymer film and also better adhesion to the sub-
strate.

The nature of a PBZT/MSA solution is that
exposure to any moisture, including moisture in
the air, causes coagulation upon which the PBZT
precipitates out of the solution. Premature coag-
ulation during spinning can result in incomplete
spreading which results in a nonuniform film.
Therefore, spinning times were restricted to ap-
proximately 30 s or less. Any longer exposure to
the atmosphere at spin rates around 3000 rpm
was found to cause coagulation before the spin-
ning was complete. Preliminary spin-coating
studies were conducted on glass slides. PBZT was
spin-coated on rectangular glass slides to observe
the spreading capabilities, coagulation rates, and
adhesion characteristics of different solution con-
centrations of PBZT in MSA. The concentrations
that were found to give the most flexibility in spin
coating were the 0.1, 0.25, 0.5, and 1.0 wt % PBZT
in MSA. More concentrated solutions did not
readily spread onto the glass substrate. Of these
solutions, the 0.1- and 0.25-wt % solutions were
found to spread well, but only formed films with
thicknesses up to several hundred angstroms,
which was not thick enough for a PBZT
waveguide. The 1.0-wt % solution produced good
optical-quality films with thicknesses from ap-
proximately 5000 Å up. These films were slightly
thicker than desired. The 0.5-wt % solution was
thus selected because good optical-quality films
were easily spun from this solution with thick-
nesses from 1500 to 1800 Å, which was compara-
ble to the thickness desired for optical waveguid-
ing, as described below.

Spin-coating Procedures

A coagulation bath was set up which consisted of
a large glass Pyrex dish, (9 3 13 in.) containing
several smaller 4-in.-diameter Pyrex dishes and
filled with distilled water for coagulation of the

films after spinning. The spin coater used here
was a Solitec Model 5110-C/T. Spinning of the
films took place in two stages: The first stage,
called the spread stage, used a relatively slow
rate of rotation (usually from potentiometer set-
tings of 100–350 rpm) to coat the substrate thor-
oughly with the dope. The second stage, called the
spin stage, used a faster rate of rotation to spin off
excess dope from the substrate and create a uni-
form thin film. In this work, the spread and spin
speeds cited in reference to the PBZT films are
given as the potentiometer settings of the spin
coater, not the actual spin speeds. A correlation
table between the potentiometer setting (dial set-
ting) on the Solitec spin coater and the actual
speeds of rotation for the substrates may be found
in ref. 7.

Prior to spin coating of the polymer films, the
spinning rates and times for each of these stages
were set. A 1-in.-diameter chuck was used to sup-
port the 2-in.-diameter oxidized silicon wafer.
This chuck was removable and was secured to the
center rotating rod of the spin coater. To make a
PBZT film, a clean substrate was placed on the
chuck and the vacuum was activated to secure the
substrate to the chuck during spin coating. A
pipette was used to dispense approximately 2 mL
of the PBZT/MSA solution onto the center of the
substrate. This was done carefully to assure that
no air bubbles were trapped in the solution. Air
bubbles and other foreign objects in the dopant
can produce striations in the resulting film. The
spin coater was then started and the preset stages
run consecutively. After spinning, the vacuum
was deactivated and the substrate with the film
on it was immediately removed from the chuck
and submersed in a distilled water bath. A time
lapse in excess of a few seconds between finishing
spinning and submersing the film in the water
was found to cause undesirable coagulation of the
film from moisture in the atmosphere. To produce
a clearer film, it is desired to have coagulation
occur only in the distilled water. Here, coagula-
tion was a diffusion process where the solvent
(MSA) is replaced by a nonsolvent (H2O). Since
H2O was a nonsolvent, the PBZT then precipi-
tated out of the solution and formed a solid film.
The polymer film was observed to turn orange
immediately upon contacting the water and coag-
ulating. The films were left in water for 1–2 days
in order to remove all the MSA. The neutralized
films were seen to be clear with a slight yellow
tint. If the films stayed in the distilled water bath
for 2 days, the water in the bath was replaced
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with clean distilled water after 1 day. Next, the
films were then dried in an oven at a temperature
of 65°C for 2–3 days.

Film-thickness Determination

The thickness of the film is an important control-
ling factor in waveguiding for an optical material.
Light can propagate through a material in a sin-
gle mode or in several modes at once. Certain
modes may individually produce a larger optical
loss than can others or the light may be split
between several modes, also increasing the total
optical loss of the film. The restriction of the
light’s path to a single mode is therefore often
desirable to maximize its intensity. A particular
thickness of the film assures single-mode trans-
mission of the light through the film. This thick-
ness is a function of the film’s refractive index and
the wavelength of the light used.

Profilometry was used to determine the thick-
ness of the PBZT films. The profilometer (Sloan
Dektak IIA) contains a stylus that glides across
the film surface while its vertical and horizontal
motion is tracked by a chart recorder. The film
was first scribed using a metal-tipped object with
a width of approximately 0.5 mm. A small portion
of the film was carefully removed down to the
SiO2 layer, without scratching the SiO2, thus cre-
ating a sharp valley in the film. When the stylus
encountered this scribe in the film, the chart re-
corder returned a profile of the valley with a nu-
merical scale corresponding to its depth. This
depth, in turn, corresponded to the thickness of
the polymer film. Four measurements were taken
on each film as per ASTM designation F 399-88
and the average was reported as the film thick-
ness.7

Optical Waveguiding Considerations

A basic requirement for optical waveguiding is
certain refractive indices for the particular layers
of the waveguide in order to confine the light to a
desired layer.5 Single-mode waveguiding is par-
ticularly important for planar and channel
waveguiding. For thicker films, multiple modes
become active for light transmission. In planar
waveguiding, the substrate may be cleaved and
the light directed into the cleaved edge of the film
parallel to its surface. This is referred to as “end-
fire” coupling and is discussed in more detail be-
low. Multiple-mode waveguides are important for
assessing the optical loss of each separate mode.

In the case of multiple modes, a prism is placed in
the path of the light beam, and if in good contact
with the film surface and at the correct angle,
light will couple into individual modes.

When light enters the film, some of it is ab-
sorbed and some scattered and some transmitted.
Absorption may be attributed to either the film
itself or to the substrate or to both. A thick oxide
layer on the silicon wafer minimizes the absorp-
tion of light into the silicon substrate. The refrac-
tive index of PBZT has been found to vary from
1.8 to 2.6.7 The index varies because PBZT is
anisotropic: Different refractive indices result
from different orientations of the material. The
index also varies due to the degree of orientation
in the processed material. For example, an ex-
truded PBZT film has a typical refractive index of
1.80–1.96, whereas a highly ordered PBZT struc-
ture can have a refractive index as high as 2.6.7

The refractive index of silicon dioxide (SiO2) is
1.487 and the refractive index of air is approxi-
mately 1.0.7 As the light travels through the
PBZT, it encounters the interface between the
PBZT and the SiO2 and reflects off the interface,
back into the PBZT. This is a result of the differ-
ence in refractive indices of the two media. Even
though most of the light reflects back into the
PBZT, some of it transmits through the oxide and
is absorbed into the silicon wafer. This occurs
because the refractive index of the silicon wafer is
3.49.7 This absorption effect by the substrate di-
minishes with a thicker SiO2 layer. As mentioned
earlier, the oxide thicknesses used here were 2,
4.5, 5.7, and 7.3 mm, respectively.

Inclusions, striations, and even dust in the film
act as scattering centers and increase the optical
loss. Filtration of the PBZT/MSA dopant can de-
crease all these effects. Clean and meticulous
film-preparation methods also played a big part
in decreasing optical loss in the film. The pore size
of the filters used here was 10–20, 1.0, and 0.7
mm. These filters had glass microfiber membranes
and were purchased from Whatman International
Ltd.

Optical-loss Measurements

Optical losses were determined by measuring the
relative outscattering intensity as a function of
distance along the light streak. The incident light
from a 2-mW polarized He:Ne laser (l 5 632.8
nm) was end-fire coupled into the PBZT films
through a 33 microscope objective lens. The out-
scattering intensity perpendicular to the wafer
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along the streak was measured using a fiber-optic
cable and a photomultiplier tube, as shown in
Figure 3 of ref. 8. The measured out-scattering
intensity, I (z), as a function disance, z, is plotted
on a log scale as a function of z, and the loss is
then calculated in dB/cm. From the slopes of the
logarithmic intensity versus distance plots, the
propagation losses for the various waveguides
were thus obtained.

RESULTS AND DISCUSSION

PBZT Dilute Solution Viscometry

Figure 2 shows the results of the dilute solution
viscometry study for PBZT in MSA at 30°C. The
intrinsic viscosity [h] of PBZT in MSA at 30°C was
calculated to be 14.4 dL/g using the double ex-
trapolation of the dilute solution viscometry data to
c 5 0 as shown in Figure 2. One plot is the reduced
viscosity, hred, versus the concentration and the
other is the inherent viscosity, hinh, versus the con-
centration. The common intercept of these two sets
of data gives the intrinsic viscosity, [h]. The Mark–
Houwink relationship reported by Kumar,9,10

@h# 5 1.65 3 1027Mw
1.8

was found to give a molar mass for the polymer of
25,800 g mol21. This characterization is in good
agreement with the molar mass reported by the
supplier SRI International of 27,000 g/mol.7

Spin Coating and Profilometry Results

The thicknesses of the PBZT thin films spun on
glass slides and oxidized silicon wafers for a wide
variety of conditions have been reported in detail
elsewhere.7 From these thickness data, it was
difficult to say whether the spread speed or the

spin speed was the controlling factor for the thick-
ness of the PBZT films. Correlations were made
between two spin-coating conditions and the re-
sulting thicknesses of the PBZT films for a series
of solutions of different concentrations. The two
conditions were as follows: (i) a spread stage of
300 rpm for 30 s and no spin stage and (ii) a
spread stage of 300 rpm for 15 s and a spin stage
of 500 rpm for 10 s. This correlation plot in shown
in Figure 3.

The thickness of the PBZT film calculated for
single-mode light propagation in the TE mode
was 1200 Å. This was calculated for a PBZT film
with a refractive index of 2.0. The code can also be

Figure 2 Dilute solution viscometry results for PBZT
in MSA at 30°C.

Figure 3 Thickness versus concentration plot for two
spin-coating conditions and several solution concentra-
tions of PBZT in MSA.

Table II Planar Optical Loss of PBZT Films
Spin-coated from 0.5 wt % Solutions in MSA
(TE Mode, Except Where Indicated)

Dopant
Filter
(mm)

SiO2

Thickness
(mm)

Wavelength
(nm)

Optical Loss
(dB/cm)

None 2.0 632.8 159 6 2.9
None 2.0 632.8 180 6 1.3a

None 2.0 834 180 6 1.9
None 2.0 834 196 6 1.5a

None 4.5 834 24.7 6 2.0
None 4.5 834 29.1 6 1.8
None 5.7 632.8 10.6 6 0.3
None 5.7 632.8 10.7 6 0.3
None 5.7 834 18.9 6 0.7
None 5.7 834 20.0 6 0.6
None 7.3 632.8 9.62 6 0.5
None 7.3 632.8 9.41 6 0.4
None 7.3 834 8.40 6 1.3
None 7.3 834 4.81 6 1.4

a TM mode waveguiding.
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used to perform this calculation in the TM mode if
desired. Using this information and the data
shown in Figure 3, it was possible to obtain sin-
gle-mode conditions for the polymer films.

Optical Losses of the PBZT Films

The method used to achieve waveguiding was
end-fire coupling and a schematic of this tech-
nique for waveguiding and collecting optical loss
data was presented in Part I of this series.8 The
planar optical loss data for PBZT spin-coated
films are given in Table II. From all the data
collected here, the thickness of the SiO2 between
the PBZT and the silicon substrate appeared to be
the most significant factor in reducing the optical
loss of the PBZT films. As shown in Table II, the
thicker the SiO2 layer, the less the coupling of
light into the silicon wafer substrate and, there-
fore, the lower the optical loss of the films. Fig-

ures 4 and 5 show this effect at wavelengths of
632.8 and 834 nm. It also appears that the ob-
served optical losses were seen to be slightly
greater for TM than for the TE mode at both 632.8
and 834 nm in the PBZT films.

The wavelength of the light used in waveguid-
ing also had an effect on the optical loss of the
PBZT films. An absorption spectra was taken on a
dilute PBZT/MSA solution using a Perkin–Elmer
Lamba 9 UV/VIS/NIR spectrometer and wave-
lengths from 185 to 1600 nm were scanned. The
absorption of PBZT was found to decrease at
longer wavelengths in transmission. In the
waveguide studies, by contrast, the shorter wave-
length of 632.8 nm produced slightly lower optical
losses for the PBZT films than did the longer
wavelength of 834 nm. This effect was seen in the
PBZT spin-coated films spun onto silicon wafers
with SiO2 thicknesses of 2.0, 4.5, and 5.7 mm,

Figure 4 Optical loss dependence on the SiO2 layer thickness at 632.8 nm for
spin-coated PBZT 0.5 wt % in MSA.

Figure 5 Optical loss dependence on the SiO2 layer thickness at 834 nm for spin-
coated PBZT 0.5 wt % in MSA.
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respectively (see Table II and Figs. 6 and 7).
PBZT films spun onto silicon wafers with thicker
SiO2 layers (7.3 mm) did not show a decrease in
optical loss at longer wavelengths (Fig. 8). In this
case, the reduction in the optical loss due to the
increased thickness in the SiO2 layer alone re-
sulted in comparable optical losses for the PBZT
films at 632.8 and 834 nm.

Previous research has shown some conflicting
results for the optical properties of PBZT. Studies
on PBZT extruded and free-standing films have
shown a decrease in optical loss for longer wave-
lengths of light. Such results were attributed to
the number of modes in the film and not the
absorption effects at different wavelengths. For
example, Mittler-Neher and colleagues reported
that at longer wavelengths light propagated
through the PBZT extruded films in a fewer num-

ber of modes, causing the optical loss to decrease.6

In other planar waveguide studies, Borland and
colleagues reported that the optical loss of silicon
oxynitride waveguides on oxidized silicon wafers
decreased with decreasing wavelength due to sub-
strate coupling.11 There are several competing
factors involved in the optical loss reduction of
waveguides as a function of the wavelength of
light. These include absorption, multiple-mode
propagation, and substrate coupling. Comparing
previous results with those obtained in this inves-
tigation indicates that substrate coupling and its
wavelength dependence had the most influence
on the optical loss of the spin-coated PBZT
waveguides.

This work thus demonstrates the successful
fabrication of PBZT into thin-film planar
waveguides. The PBZT films prepared here also

Figure 6 Optical loss dependence on wavelength with SiO2 thickness 5 2.0 mm for
spin-coated PBZT 0.5 wt % in MSA.

Figure 7 Optical loss dependence on wavelength with SiO2 thickness 5 5.7 mm for
spin-coated PBZT 0.5 wt % in MSA.
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show improved optical characteristics over PBZT
films prepared previously by either extrusion or
spin coating. Investigations of polymeric thin
films, which include PBZT, in waveguide and de-
vice configurations are currently being carried out
and will be reported later.
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