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Abstract- This report presents the surface acoustic
wave (SAW) mediated realignment for molecular
orientation of polyimide films in curing process. The
order parameters of polyimide films were obtained
by measuring the anisotropic infrared absorbance
using polarized infrared absorption spectroscopy.
Experimental results of the double layered
specimens indicated that the monomer chains were
aligned to parallel to the wave fronts of SAW. The
double layered specimens were made of a well cured
polyimide film subsequently coated with the second
film. The first film provides attractive forces to
anchor the molecules of the second polyimide film
on the first film. In the present experiments, the
molecular orientation order parameter of SAW
processed polyimide film is 0.23. It is between the
values of unrubbed film (0.069) and rubbed one
(0.535).

Keywords- surface acoustic wave, molecular
orientation, polyimide, alignment layer, FTIR

I INTRODUCTION

The application of surface acoustic waves (SAW)
and other guided acoustic modes in realignment of
nematic liquid crystal (NLC) molecules has
received attention for many years [1-5]. However,
the need for relatively large actuating area limits its
industrial applications. Instead of switching on/off
the nematic liquid crystals, surface acoustic wave
mediated alignment could be used for fabrication of
large area alignment films in liquid crystal based
flat panel displays. Polyimide is the most common
material used in such alignment films. In addition,
the flexible display is built on a variety of plastics.
Most fabrication processes commonly used for flat
panel displays can not be directly transferred to
flexible devices.

Mechanical rubbing is a powerful technique
used in polyimide films spin coated on a substrate
for aligning liquid crystal molecules along the
rubbing direction. The alignment mechanism of the
liquid crystal molecules on the rubbed polyimide
films is not clearly understood. It is believed that
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the molecular orientation of the rubbed polyimide
films plays an important role in the liquid crystal
molecular alignment [6-8].

Surface acoustic waves have been employed to
manipulate micrometer sized particles suspended in
a fluid and in many applications of microfluidics [9-
10]. Ultrasonic manipulation comprises acoustic
radiation and acoustic streaming. The former is
resulted from acoustic pressure wave propagating in
the fluid and the latter is due to the second-order
effect caused by leaky acoustic waves and free
surface effect. The acoustic radiation leaked into the
fluid induces a thickness depending recirculation in
the fluid.

The thermal imidization of polyamic acid
precursors into polyimide needs heating the
precursors to temperature ranging from 250 to
400°C [12]. The surface acoustic wave mediated
alignment could assist ring closure proceeded by
dehydration in polyamic acid to yield polyimide.
The surface acoustic wave process can provide
further energy to assist curing of polyimide films
and requires no such high temperature.

At present mechanical rubbing can achieve very
good quality unidirectional molecular orientation in
the rubbed polyimide films. However, it also
generates a large number of waste powders and
requires additional cleaning. Researchers are still
looking for other non-contact techniques to align
molecular orientation in the polyimide films, such
as photopolymers, nitrogen plasma beam, ion-beam,
etc. This paper presents the study on surface
acoustic wave mediated alignment for the curing
process of polyimide films.

Il.  EXPERIMENT

Fig. 1 shows the experimental setup of surface
acoustic wave processed alignment for curing of
polyimide film. The specimen spin-coated with
polyamic acid/solvent is placed on a temperature
controllable planar heater. A glass waveguide
having a wedge tip of 15° apex angle at one end
contacts the top surface of the specimen with 30°
inclined angle. The displacement amplitude of



Figure 1. Schematic view of surface acoustic wave
processed alignment for curing of polyimide
film. 1- specimen coated with polyimide film,
2- glass waveguide with wedge tip, 3-
interdigitated transducer, 4- planar heater, 5-
lift jack.

surface acoustic waves generated from the SAW
device attached on the glass waveguide can be
amplified if the acoustic waves transmit through the
wedge tip. A lift jack is used to sustain the incline
of the glass waveguide.

In experiment, an interdigitated transducer (IDT)
made on a 128-deg-rotated Y-cut lithium niobate
wafer was used to launch surface acoustic waves
propagating along the X direction. The surface
acoustic waves were launched by a 16 MHz IDT. A
standing wave orientated along the X direction was
formed by the combination of forward and reflected
surface acoustic waves. The pressure gradient
induced among the wave crests and troughs can
cause long chained molecules, such as polyamic
acid, polyimide, etc., aligned in the direction
parallel to the nodal lines if a large number of
acoustic waves are used to drive the alignment.

The specimens were made of the PIA-5370-33C
solvent coating on surface polished calcium fluoride
substrates. The spin-coated polyimide specimen
was 25.4x25 mm. The PIA-5370-33C solvent
comprises 5 wt % polyamic acid, 30 wt % N-
methy-2-pyrrolidone, 35 wt % Butyl cellosolve, and
30 wt % vy-Butyrolactone. Two kinds of specimens
were made. The first sets of specimens were spin
coated with a single layer. The second ones were
coated with two layers. The first layer had been
heated up to 200°C such that the polyamic acid was
transferred into polyimide. The second layer was
then coated with solvent for later curing. The first
cured polyimide films were used to provide
anchoring forces to the molecules in the second
polyimide films.

The molecular orientation of polyimide films is
of difficult to be measured by common equipment
because of its very thin thickness. Polarized IR

absorption spectroscopy is an effective method for
determining the anisotropic property of polyimide
films via polarization angle dependence. The IR
light polarized parallel to the polarization direction
of an IR active vibration is absorbed. According to
the polarization angle dependence at normal
incidence, the distribution of molecular orientation
in a film can be determined.

Il. RESULTS

Fig. 2 shows the absorption spectra of the
unrubbed and SAW processed polyimide films at
curing temperatures of 200°C and 250°C. Each
absorbance curve has four significant bands,
including the C-O-C asymmetric stretching
vibration at 1,246 cm™ , the C-N stretching
vibration of the (OC),NC bond at 1,375 cm™, the
phenyl C-C stretching vibration at 1,500 cm™, and
the C = O asymmaetric stretching vibration at 1,724
cm™, respectively. The first three vibration modes
are polarized parallel to the monomer chain. The
higher curing temperature certainly induces better
absorbance. The evidence indicates that SAW
processed polyimide films significantly achieve
higher absorbance than the unrubbed ones at either
200°C or 250°C curing temperature.

The polarized IR absorbance of single layered
specimens processed by SAW was below noise level.
There was no evidence that molecular orientation of
polyimide films was aligned by SAW. However, the
double layered specimens had very clear anisotropic
IR absorbance. The first layer of well-cured
polyimide provided enough anchoring force to one
end of each molecule such that the acoustic pressure
gradient among wave crests and troughs can align
the remaining part of the molecule before the liquid
solvent evaporated. In the latter experiment, we only
used the double layered specimens for comparing
anisotropic infrared absorbance.

Fig. 3 shows the polarization angle dependence
of the 1,500 cm™ band at normal incidence. The
1,500 cm™ band is assigned to the phenyl C-C
stretching vibration. As mentioned before, it is
polarized parallel to the monomer chain. The solid
circles indicate the data points for unrubbed, rubbed
and surface acoustic wave processed polyimide
films. For the rubbed film, the anisotropy shown in
Fig. 3(b) indicates that the monomer chains of
polyimide are parallel to the rubbing direction.
However, the monomer chains of polyimide film are
perpendicular to the direction of acoustic wave
propagation. In other words, the monomer chains
become parallel to the nodal lines of the standing
wave. The molecular reorientation is caused by
pressure gradient among the wave crests and troughs.
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Figure 2. FTIR spectra of unrubbed and SAW processed
polyimide films under curing temperatures up
to 200°C and 250°C.

IV. DISCUSSION

The order parameter [6] is used to evaluate the
anisotropic property of polyimide layer. It is of the
form

S :M (1)
Ay +2A,

in which A, and A, are defined as the IR
absorbance measured when the polarization of an
incident light parallel or perpendicular to the
monomer chain, respectively. The order parameters
are 0.069, 0.535, and 0.230 for unrubbed, rubbed,
and surface acoustic wave processed polyimide
films. The average value of polarization angle
dependence is proportional to the thickness of
polyimide film. For unrubbed film the average value
of absorbance is larger than those of rubbed and
SAW processed films. In addition, the order
parameter is a significant measure can be used to
distinguish the degree of anisotropy for polyimide
film.
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The acoustic streaming has no significant
influence on the thin polyimide films during curing
process although the bulk fluid recirculation could
cause polyimide molecules non-uniform aligning in
the regions near the edges of specimen. This
acoustic streaming effect could be further reduced if
thin spin-coating liquid polyamic acid coating,
surface acoustic waves of shorter wavelength, or
larger polyimide films are considered.

V. CONCLUSION

Surface acoustic wave mediated alignment is an
emerging technique that can be used to alter the
molecular orientation of polyimide films during
curing process. Experimental results in the double
layered specimens indicate that the monomer chains
were aligned to be parallel to the wave fronts of
surface acoustic waves. The well cured polyimide in
the first film provided attractive forces to anchor the
molecules of the second polyimide film on the first
film. The major driving forces are caused from the
acoustic radiation. The pressure gradient among the
wave crests and troughs can cause long chained
molecules aligned in the direction parallel to the
nodal lines if a large number of acoustic waves are
used to drive the alignment.

In the present study, the molecular orientation
order parameter of SAW processed polyimide film
is 0.23. It is between the values of unrubbed film
(0.069) and rubbed one (0.535). The acoustic
streaming has no significant influence on the thin
polyimide films during curing process although the
bulk fluid recirculation could cause polyimide
molecules non-uniformly aligning in the regions
near the edges of specimen. The acoustic streaming
effect could be reduced if thin spin-coating liquid
polyamic acid coating, surface acoustic waves of
shorter wavelength, larger polyimide films are
considered.

The polyimide film can be formed in lower

270

Figure 3. Polarization angle dependences of the 1500 cm™ band for (a) unrubbed, (b) rubbed and (c) surface acoustic
wave processed polyimide films. The arrowheads indicate the directions of rubbing in (b), and surface acoustic

waves propagating in (c).



temperature than usual by using the SAW mediated
alignment process on the polyimide films. The
alignment is feasible for large area flexible
substrates. Further studies are needed although the
present method is possible to provide good liquid
crystal properties and mechanical stability for the
flexible liquid crystal displays.
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Effect of Surface Acoustic Waves on Curing of
Polyimide Films

Ching-Chung Yin, I-Han Chang, Kang-Che Huang
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Abstract- This paper presents the surface acoustic wave (SAW)
mediated realignment for molecular orientation of polyimide
films in curing process. The order parameters of polyimide films
were obtained by measuring the anisotropic infrared absorbance
using polarized infrared absorption spectroscopy. Experimental
results of the double layered specimens indicated that the
monomer chains were aligned to parallel to the wave fronts of
SAW. The double layered specimens were made of a well cured
polyimide film subsequently coated with the second film. The first
film provides attractive forces to anchor the molecules of the
second polyimide film on the first film. In the present experiments,
the molecular orientation order parameter of SAW processed
polyimide film is 0.23. It is between the values of unrubbed film
(0.069) and rubbed one (0.535).

Keywords- surface acoustic wave, molecular orientation, polyimide,
alignment layer, FTIR

. INTRODUCTION

The application of surface acoustic waves (SAW) and
other guided acoustic modes in realignment of nematic liquid
crystal (NLC) molecules has received attention for many
years [1-5]. However, the need for relatively large actuating
area limits its industrial applications. Instead of switching
on/off the nematic liquid crystals, surface acoustic wave
mediated alignment could be used for fabrication of large area
alignment films in liquid crystal based flat panel displays.
Polyimide is the most common material used in such
alignment films. In addition, the flexible display is built on a
variety of plastics. Most fabrication processes commonly used
for flat panel displays can not be directly transferred to
flexible devices.

Mechanical rubbing is a powerful technique used in
polyimide films spin coated on a substrate for aligning liquid
crystal molecules along the rubbing direction. The alignment
mechanism of the liquid crystal molecules on the rubbed
polyimide films is not clearly understood. It is believed that
the molecular orientation of the rubbed polyimide films plays
an important role in the liquid crystal molecular alignment [6-
8].

Surface acoustic waves have been employed to manipulate
micrometer sized particles suspended in a fluid and in many
applications of microfluidics [9-10]. Ultrasonic manipulation
comprises acoustic radiation and acoustic streaming. The
former is resulted from acoustic pressure wave propagating in
the fluid and the latter is due to the second-order effect caused

by leaky acoustic waves and free surface effect. The acoustic
radiation leaked into the fluid induces a thickness depending
recirculation in the fluid.

The thermal imidization of polyamic acid precursors into
polyimide needs heating the precursors to temperature ranging
from 250 to 400°C [12]. The surface acoustic wave mediated
alignment could assist ring closure proceeded by dehydration
in polyamic acid to yield polyimide. The surface acoustic
wave process can provide further energy to assist curing of
polyimide films and requires no such high temperature.

At present mechanical rubbing can achieve very good
quality unidirectional molecular orientation in the rubbed
polyimide films. However, it also generates a large number of
waste powders and requires additional cleaning. Researchers
are still looking for other non-contact techniques to align
molecular orientation in the polyimide films, such as
photopolymers, nitrogen plasma beam, ion-beam, etc. This
paper presents the study on surface acoustic wave mediated
alignment for the curing process of polyimide films.

Il.  EXPERIMENT

Fig. 1 shows the experimental setup of surface acoustic
wave processed alignment for curing of polyimide film. The
specimen spin-coated with polyamic acid/solvent is placed on
a temperature controllable planar heater. A glass waveguide

Figure 1. Schematic view of surface acoustic wave processed alignment for
curing of polyimide film. 1- specimen coated with polyimide film,
2- glass waveguide with wedge tip, 3- interdigitated transducer, 4-
planar heater, 5- lift jack.



having a wedge tip of 15° apex angle at one end contacts the
top surface of the specimen with 30° inclined angle. The
displacement amplitude of surface acoustic waves generated
from the SAW device attached on the glass waveguide can be
amplified if the acoustic waves transmit through the wedge tip.
A lift jack is used to sustain the incline of the glass waveguide.

In experiment, an interdigitated transducer (IDT) made on
a 128-deg-rotated Y-cut lithium niobate wafer was used to
launch surface acoustic waves propagating along the X
direction. The surface acoustic waves were launched by a 16
MHz IDT. A standing wave orientated along the X direction
was formed by the combination of forward and reflected
surface acoustic waves. The pressure gradient induced among
the wave crests and troughs can cause long chained molecules,
such as polyamic acid, polyimide, etc., aligned in the direction
parallel to the nodal lines if a large number of acoustic waves
are used to drive the alignment.

The specimens were made of the PIA-5370-33C solvent
coating on surface polished calcium fluoride substrates. The
spin-coated polyimide specimen was 25.4x25 mm. The PIA-
5370-33C solvent comprises 5 wt % polyamic acid, 30 wt %
N-methy-2-pyrrolidone, 35 wt % Butyl cellosolve, and 30 wt
% y-Butyrolactone. Two kinds of specimens were made. The
first sets of specimens were spin coated with a single layer.
The second ones were coated with two layers. The first layer
had been heated up to 200°C such that the polyamic acid was
transferred into polyimide. The second layer was then coated
with solvent for later curing. The first cured polyimide films
were used to provide anchoring forces to the molecules in the
second polyimide films.

The molecular orientation of polyimide films is of difficult
to be measured by common equipment because of its very
thin thickness. Polarized IR absorption spectroscopy is an
effective method for determining the anisotropic property of
polyimide films via polarization angle dependence. The IR
light polarized parallel to the polarization direction of an IR
active vibration is absorbed. According to the polarization
angle dependence at normal incidence, the distribution of
molecular orientation in a film can be determined.

IIl.  RESULTS

Fig. 2 shows the absorption spectra of the unrubbed and
SAW processed polyimide films at curing temperatures of
200°C and 250°C. Each absorbance curve has four significant
bands, including the C-O-C asymmetric stretching vibration at
1,246 cm™ , the C-N stretching vibration of the (OC),NC
bond at 1,375 cm™, the phenyl C-C stretching vibration at
1,500 cm™, and the C = O asymmetric stretching vibration at
1,724 cm™, respectively. The first three vibration modes are
polarized parallel to the monomer chain. The higher curing
temperature certainly induces better absorbance. The evidence
indicates that SAW processed polyimide films significantly
achieve higher absorbance than the unrubbed ones at either
200°C or 250°C curing temperature.
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Figure 2. FTIR spectra of unrubbed and SAW processed polyimide films
under curing temperatures up to 200°C and 250°C.

The polarized IR absorbance of single layered specimens
processed by SAW was below noise level. There was no
evidence that molecular orientation of polyimide films was
aligned by SAW. However, the double layered specimens had
very clear anisotropic IR absorbance. The first layer of well-
cured polyimide provided enough anchoring force to one end
of each molecule such that the acoustic pressure gradient
among wave crests and troughs can align the remaining part of
the molecule before the liquid solvent evaporated. In the latter
experiment, we only used the double layered specimens for
comparing anisotropic infrared absorbance.

Fig. 3 shows the polarization angle dependence of the
1,500 cm™ band at normal incidence. The 1,500 cm™ band
is assigned to the phenyl C-C stretching vibration. As
mentioned before, it is polarized parallel to the monomer chain.
The solid circles indicate the data points for unrubbed, rubbed
and surface acoustic wave processed polyimide films. For the
rubbed film, the anisotropy shown in Fig. 3(b) indicates that
the monomer chains of polyimide are parallel to the rubbing
direction. However, the monomer chains of polyimide film are
perpendicular to the direction of acoustic wave propagation. In
other words, the monomer chains become parallel to the nodal
lines of the standing wave. The molecular reorientation is
caused by pressure gradient among the wave crests and
troughs.

IV. DiscussioN
The order parameter [6] is used to evaluate the anisotropic
property of polyimide layer. It is in the form
s A-A (1)
Ar+2A,

in which A, and A, are defined as the IR absorbance
measured when the polarization of an incident light parallel or
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Figure 3. Polarization angle dependences of the 1500 cm™ band for (a) unrubbed, (b) rubbed and (c) surface acoustic wave processed polyimide films. The
arrowheads indicate the directions of rubbing in (b), and surface acoustic waves propagating in (c).

perpendicular to the monomer chain, respectively. The order
parameters are 0.069, 0.535, and 0.230 for unrubbed, rubbed,
and surface acoustic wave processed polyimide films. The
average value of polarization angle dependence is proportional
to the thickness of polyimide film. For unrubbed film the
average value of absorbance is larger than those of rubbed and
SAW processed films. In addition, the order parameter is a
significant measure can be used to distinguish the degree of
anisotropy for polyimide film.

The acoustic streaming has no significant influence on the
thin polyimide films during curing process although the bulk
fluid recirculation could cause polyimide molecules non-
uniform aligning in the regions near the edges of specimen.
This acoustic streaming effect could be further reduced if thin
spin-coating liquid polyamic acid coating, surface acoustic
waves of shorter wavelength, or larger polyimide films are
considered.

V. CONCLUSION

Surface acoustic wave mediated alignment is an emerging
technique that can be used to alter the molecular orientation of
polyimide films during curing process. Experimental results in
the double layered specimens indicate that the monomer chains
were aligned to be parallel to the wave fronts of surface
acoustic waves. The well cured polyimide in the first film
provided attractive forces to anchor the molecules of the
second polyimide film on the first film. The major driving
forces are caused from the acoustic radiation. The pressure
gradient among the wave crests and troughs can cause long
chained molecules aligned in the direction parallel to the nodal
lines if a large number of acoustic waves are used to drive the
alignment.

In the present study, the molecular orientation order
parameter of SAW processed polyimide film is 0.23. It is
between the values of unrubbed film (0.069) and rubbed one
(0.535). The acoustic streaming has no significant influence on
the thin polyimide films during curing process although the
bulk fluid recirculation could cause polyimide molecules non-
uniformly aligning in the regions near the edges of specimen.
The acoustic streaming effect could be reduced if thin spin-

coating liquid polyamic acid coating, surface acoustic waves of
shorter wavelength, larger polyimide films are considered.

The polyimide film can be formed in lower temperature
than usual by using the SAW mediated alignment process on
the polyimide films. The alignment is feasible for large area
flexible substrates. Further studies are needed although the
present method is possible to provide good liquid crystal
properties and mechanical stability for the flexible liquid
crystal displays.
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