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ABSTRACT: A series of photoinitiator-free photosensi-
tive polyimides (PSPIs) with lower dielectric constants
have been synthesized by reaction of fluorine aromatic
diamine, 2,20-bis(3-amino-4-hydroxyphenyl)hexafluoropro-
pane diamine (AHHFP) with 3,30,4,40-benzophenonetetra-
carboxylic dianhydride (BTDA) and a mixture of various
mole ratios of 3,30,4,40-benzophenonetetracarboxylic dia-
nhydride (BTDA) and 4,40-(hexafluoroisopropylidene)diph-
thalic anhydride (6FDA) by using solution poly-
condensation reaction at room temperature and further
imidization at 180�C. These aromatic polyimides were fur-
ther acrylated via a reaction with acryloyl chlroride in the
presence of triethyl amine to produce negative photoinitia-
tor-free PSPIs. All the photoinitiator-free photosensitive

polyimides were characterized by FTIR and NMR while
their morphologhy was evaluated by X-ray diffractions
study. These newly synthesized PSPIs were evaluated to
determine their electrical, thermal, and photolithographic
properties. The PSPI (AHHFP-BTDA-6FDA [1 : 0.5 : 0.5])
with high mole ratio of 6FDA showed lower dielectric con-
stants of 2.420 at 1 kHz and 2.170 at 1 MHz in capacitance
and optical methods, respectively. Further, the acrylated
AHHFP-BTDA showed the highest photosensitivity than
other PSPIs. VC 2010 Wiley Periodicals, Inc. J Appl Polym Sci 117:
2937–2945, 2010

Key words: photosensitive polyimide; photoinitiator-free;
dielectric constant

INTRODUCTION

Aromatic polyimides possess outstanding thermal,
mechanical, and electrical properties as well as
excellent chemical resistance, which explains that
their large use in domains, such as electronics and
aerospace industry.1,2 However, much attention is
needed to develop thermally stable polyimides with
improved solubility and low dielectric constants for
high-speed and high-frequency circuit applications.3

Most of the polyimides strongly absorb visible light,
and have relatively higher dielectric constants e over
3.0.4 Also polyimides are somewhat difficult to be
fabricated because of their infusibility and insolubil-
ity in some organic solvents. One approach to over-
come these shortcomings without sacrificing the
thermal and mechanical properties is to introduce
flexible functional groups in the polymer backbone,
low molar polarization atoms per molecular volume,
bulky structures, low orientated structures in the PI

backbones, and lower-electron density structures
such as electron-withdrawing units or aliphatic moi-
eties to PI backbone.2

Recently, photosensitive polyimides (PSPIs) have
attracted a great interest because they simplify the
processing steps by avoiding the use of any photore-
sist to obtain the desired patterns.5,6 Generally, in
the most photosensitive polyimide systems, low mo-
lecular weight photoinitiators are needed.7,8 In fact,
only a little part of photoinitiators can be used in
illumination process, resulting in a large amount of
photoinitiator residues, which leads to decrease the
thermal, mechanical, and electrical properties of the
PSPIs. Therefore, photoinitiator-free photosensitive
polyimides are highly desired to overcome this
problem.9–11

We choose a bulky CF3 substituted anhydride
because the incorporation of symmetric fluorinated
substituents into polymers can be reduced in rela-
tion to the mutual repulsion of the outermost shell
electrons of fluorine atoms, the relatively small
dipole of ~CF bonds, and the large free volume of tri-
fluoromethyl groups, which results in low intermo-
lecular cohesive energy and low chain packing effi-
ciency. A large number of fluorine-containing
polyimides have been reported because of their
excellent heat resistance, reduced coloration, and
lower moisture absorption and e values.12
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In this study, the fluorine aromatic diamine, 2,20-
bis(3-amino-4-hydroxyphenyl)hexafluoropropane dia-
mine (AHHFP) was selected to polymerize with
3,30,4,40-benzophenonetetracarboxylic dianhydride
(BTDA). Furthermore, for lower dielectric constants, a
series of co-polyimides were also synthesized from the
AHHFP, BTDA and another dianhydride, 4,40-(hexa-
fluoroisopropylidene)diphthalic anhydride (6FDA)
which has the bulky CF3 group by the method of solu-
tion polycondensation at room temperature and imi-
dized at a high temperature to get hydroxyl polyi-
mides. Then these hydroxyl polyimides were acrylated
by acryloyl chloride to obtain negative photoinitiator-
free PSPIs. These PSPIs were subjected to solubility,
optical, dielectric property, and thermal measurements.

EXPERIMENTAL

Materials

Acryloyl chloride and r-valerolactone were pur-
chased from TCI and used as received. 3,30,4,40-
Benzophenonetetracarboxylic dianhydride (BTDA,
Aldrich) was recrystallized from acetic anhydride
and dried in a vacuum oven at 120�C for 10 h before
using. 4,40-(Hexafluoroisopropylidene) diphthalic an-
hydride (6FDA, TCI) and 2,2-bis(3-amino-4-hydroxy-
phenyl)hexafluoropropane (AHHFP, TCI) were used
without further purification. N,N0-dimethylacetamide
(DMAc) and N-methyl-2-pyrrolidone (NMP) were

purified by distillation under reduced pressure from
calcium hydride before use.

Synthesis of hydroxyl polyimide

AHHFP (5 mmol) and TEA (1 mmol) were placed in
250-mL three-necked round bottom flask, fitted with a
Dean-Stark trap and condenser, followed by the addi-
tion of mixed solvent of NMP/toluene (12.5/4 mL) in
that flask. After the mixture was completely dissolved,
BTDA (5 mmol), r-valerolactone (1 mmol), and pyri-
dine (1 mmol) were added into the solution. Then the
mixture was kept at 180�C for 5 h under nitrogen flow.
After cooling to the room temperature, 12.5 mL of
NMP was added to the mixture and then it was pre-
cipitated in methanol/water (volume ratio 1 : 1). The
hydroxyl polymer was collected by filtration and
washed several times with fresh methanol, and dried
in vacuum oven at 80�C for 24 h. The white-to-grayish
polyimide powder was obtained in quantitative yield
(3 g, 4.6 mmol, 92%). In addition, the co-polyimides
were also prepared from the AHHFP (5 mmol) -
BTDA (3.5 mmol) - 6FDA (1.5 mmol) and AHHFP
(5 mmol) - BTDA (2.5 mmol) - 6FDA (2.5 mmol) as the
same previous method. The quantitative yields are
86.8% and 85.2% for AHHFP-BTDA-6FDA (1 : 0.7 : 0.3)
and AHHFP-BTDA-6FDA (1 : 0.5 : 0.5) respectively.

Synthesis of photoinitiator-free PSPI

Each hydroxyl polyimide (3.01 mmol of the repeat-
ing unit) was dissolved in 20 mL of NMP in a

Scheme 1 Scheme and chemical structure of PSPI.
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250-mL three-necked round bottom flask equipped
with a condenser and a nitrogen inlet and an excess
amount of acryloyl chloride (6, 9, 12 mmol per
hydroxyl repeat unit) already dissolved in 20 mL
NMP and TEA (the same amount of acryloyl chlo-
ride) was added in each hydroxyl polyimide solu-
tion under nitrogen atmosphere. The mixture was
stirred at different allocated time intervals and then
poured into 1000 mL of methanol to remove triethy-
lammonium chloride. The precipitate was filtered
and washed several times with fresh methanol and
dried in vacuum oven at 80�C for 24 h.

Preparation of PSPI patterns

The PSPI was dissolved in DMAc at a solid content
of 10 wt %. The films were prepared via spin coat-
ing on clean silicon substrates and prebaked at 80�C
for 2 h. The thickness of films was about 2 lm. The
photoresist film was exposed in the contact mode
with a mask to a low pressure mercury UV (365–436
nm) with UV dose of 1400 mJ/cm2. The film was
then developed in a mixture of DMAc/2-propanol
(volume ratio 5 : 1) for 3 min and rinsed with 2-pro-
panol. After development, the films were dried at
80�C for 2 h.

Measurements

1H-NMR was analyzed by using Varian Mercury
INOVA 500 MHz 1H spectrometer. Fourier trans-
form infrared (FTIR) spectra of the polyimides were
obtained with a Tensor 27 (Bruker Co.) instrument
from 650 to 4000 cm�1 on KBr pellets. The diffrac-
tometer was set up for the reflection mode (i.e.,
reflections from lattice planes parallel to the film
surface). CuKa radiation source (k ¼ 1.54 Å) was
operated at 40 kV and 40 mA. All the WAXD meas-
urements were carried out in the y/2y mode. The
details are described in our previous studies.13,14

DSC analyses were performed on a TA Instru-
ments DSC Q10 in flowing nitrogen at a heating rate
of 10�C/min. Thermo gravimetric analysis (TGA)
thermograms of polyimides were obtained with a
thermo gravimetric analyzer (TA Instruments Co.,
United States) from 25 to 800�C at a heating rate of
10�C/min. The coefficiency of thermal expansion
(CTE) was measured using a thermomechanical ana-
lyzer. TMA (TA instrument, Q-400) was measured at
a heating rate of 10�C/min from 30�C to 400�C in
nitrogen. All of these thermal properties measured
in N2 atmosphere.

The dielectric properties of polyimides were meas-
ured by the capacitance method and optical method.
The dielectric measurements of polyimide thin films
were monitored at room temperature and 1 kHz
with a Fluke PM6304 thin film dielectric analyzer.15

A sample was placed inside a chamber that isolated
the sample from the outside ambient relative humid-
ity and temperature. The capacitance was recorded
at room temperature. The dielectric constant (e0) by
the capacitance method was calculated from the
measured capacitance data as follows.

e0 ¼ CL

eoA

where C is the capacitance, e0 is dielectric constant,
eo is the permittivity of free space (8.854 � 10�12 F/
m), L is the film thickness, and A is the electrode
area.
For the determination of the dielectric constant by

the optical method, the out-of-plane and in-plane re-
fractive indices of the polyimide thin films were
measured with a prism coupler (model 2010, Metri-
con) equipped with a He-Ne laser light source
(wavelength ¼ 632.8 nm) and controlled by a com-
puter. The measurements of the refractive indices
were carried out in both transverse electric (TE) and
transverse magnetic (TM) modes with the appropri-
ate polarization of the incident laser beam, as
described elsewhere.16 The TE measurement in
which the electric field was in the film plane pro-
vided the in-plane refractive index, whereas the TM
measurement in which the electric field was out-of-
plane gave the out-of-plane refractive index.
Ultraviolet-visible (UV-vis) spectra of the polymer

films were recorded on an Agilent UV-visible spec-
troscopy. Surface profiler (a-step) was used to mea-
sure film thickness for photosensitivity and the litho-
graphic performance of a PSPI was investigated
with JEOL-5410LV scanning electronic microscope
(SEM).

RESULTS AND DISCUSSION

1H-NMR spectrum

The PSPIs were synthesized through two step proc-
esses. The hydroxyl PIs were prepared through
polycondensation in the presence of the catalyst sys-
tems of r-valerolactone and pyridine. In the 1H-
NMR analysis, the signal at 10.51 ppm (Ha) of the
1H-NMR spectrum indicates the hydroxyl group of
polyimide. The Ha was close to the hydroxyl group
appeared at the farthest downfield region. Because
proton of AOH has low electron density. The signals
at 8.24 ppm (Hg), 8.15 ppm (He,f) determined by
effects of C¼¼O group and aromatic ring. C¼¼O
group is electron acceptor. So the aromatic protons
nearby C¼¼O group have low electron density than
others. 7.48–7.05 ppm (Hd, Hc, Hb) shifted to the
upfield region due to the electron donating CF3
group and Hb shifted to the downfield region than

A PHOTOINITIATOR-FREE PHOTOSENSITIVE POLYIMIDE 2939

Journal of Applied Polymer Science DOI 10.1002/app



Hc, Hd owing to the hydroxyl group. Hd shifted to
the downfield region than Hc because of nitrogen
group. Through acrylation of hydroxyl group in
hydroxyl PIs, acrylate group can be easily intro-
duced into polyimide side-chain to obtain photoini-
tiator-free PSPI. The hydroxyl group (10.51 ppm)
disappeared while the new acrylate group (6.40–6.02
ppm) appeared as degree of substitution. The degree
of acrylation is defined as the number of acrylate
groups per repeat unit and is calculated by a com-
parison of the proton integration values of CH¼¼CH2

protons at 6.40–6.02 ppm. The degree of acrylation
was determined by the amount of acryloyl chloride
and TEA, reaction time and temperature. The results
are summarized in Table I. All of the segments in
the PSPI-5 were substituted with acrylate groups
and this 1H-NMR spectrum is shown in Figure 1.
The suitable conditions of acrylation were room tem-
perature, long reaction time over 72 h and the
proper amount of each acryloyl chloride and TEA is
9 mmol respectively per hydroxyl repeat unit.

FTIR spectrum

The structure of polyimide was confirmed by FTIR
as shown in Figure 2. The characteristic absorption
bands of the imide ring were observed near 1776
cm�1, 1717 cm�1 (asymmetrical and symmetrical
C¼¼O stretching vibration), 1371 cm�1 (CAN stretch-
ing vibration), 1671 cm�1 (Ar2AC¼¼O stretching) and
1100–1300 cm�1 showed some stronger peaks (CAO
and CAF stretching).

Through acrylation of hydroxyl group in hydroxyl
PIs, acrylate group can be easily introduced into pol-
yimide side-chain to obtain photoinitiator-free PSPI.
The acrylated group was observed at 1403 cm�1

(C¼¼C stretching).

Solubility

The solubility of synthesized fluorinated polyimides
was tested in various organic solvents, and the
results are summarized in Table II. The solubility
behavior of the PIs depended on their chain packing

density and intermolecular interactions. All polyi-
mides were soluble in most solvents. It could be
because the diamines with CF3, hydroxyl group and
ether group showed great effects, which could in-
hibit close packing and reduced the interchain

TABLE I
Relationship of the Acrylation Ratio and

the Reaction Conditions

Acryloyl
chloride
(mmol)

TEA
(mmol)

Temperature
(�C)

Time
(h)

Degree
of

substitution

PSPI-1 6 6 25 24 0.10
PSPI-2 9 9 25 24 0.35
PSPI-3 12 12 25 24 0.40
PSPI-4 9 9 25 36 0.58
PSPI-5 9 9 25 72 1.00
PSPI-6 9 9 60 24 0.10

Figure 1 1H-NMR spectra of hydroxyl PI and acrylated
PI.

Figure 2 FTIR data of hydroxyl PI and acrylated PI.
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interactions to enhance solubility. Also, PSPI exhib-
ited better solubility in methylen chloride (MC) than
PIs. It might be because the acryloyl group increased
the interchain interactions to enhance solubility in
MC.

Thermal properties

The thermal properties of the polyimides were eval-
uated by means of thermogravimetry analysis (TGA)
and dynamic mechanical thermal analysis (DSC). In
thermogravimetry analysis, the thermal degradation
values at 5% (T5%) and 10% (T10%) weight loss are
given in Table III and Figure 3. Generally, all the PIs
and PSPIs have good thermal stability and it
increased as the amount of CF3 increased due to its
strong bonding strength. In the comparison of PIs
and PSPIs, PSPIs have lower Tg and thermal degra-
dation values than PIs due to the acrylate group.
T5% for PIs and PSPIs ranged from 409.18�C to
421.35�C and 293.51�C to 304.03�C while T10%
ranged from 443.78�C to 459.87�C and 340.63�C to
351.05�C, respectively.

The glass transition temperatures (Tg) of PIs and
PSPIs were evaluated by DSC and the values are
given in Table III. The Tg values obtained from DSC

ranged from 322.68�C to 365.69�C and 250.25�C to
261.42�C. The polymers containing more CF3 moi-
eties showed a high Tg value which may be attrib-
uted to the increased polarity of the CF3 moiety
in the polymer backbone. The high Tg is the result
of the increasing order of rigidity and polarity of
the polymer chains.17 These results prove that
these polymers can be applied for high temperature
applications.

Dielectric constants

The dielectric constants for the polyimide thin films
were evaluated by capacitance method and optical
method, respectively, and the values are summar-
ized in Table IV. For comparison with dielectric
properties, the dielectric constant by optical method
was taken in the perpendicular direction of the film
orientation. A similar trend of variation in dielectric

TABLE II
Solubility Behavior of Polyimides

Polyimidea
Solvents b

NMP DMAc DMF DMSO Py THF MC Ac

A-B (1 : 1) O O O O O O X O
A-B-F (1 : 0.7 : 0.3) O O O O O O X O
A-B-F (1 : 0.5 : 0.5) O O O O O O X O
Acrylated A-B (1 : 1) O O O O O O O O
Acrylated A-B-F (1 : 0.7 : 0.3) O O O O O O O O
Acrylated A-B-F (1 : 0.5 : 0.5) O O O O O O O O

Qualitative solubility was determined with 10 mg of polymer in 1 mL of solvent.
S (soluble at room temperature); IS (insoluble even on heating).
a A, AHHFP; B, BTDA; F, 6FDA.
b DMSO, dimethylsulfoxide; Py, pyridine; THF, tetrahydrofuran; MC, methylen chloride; Ac, Acetone.

TABLE III
Thermal Properties of Polyimides

Polyimidea
Thermal properties

Tg
b (�C) T5%

c (�C) T10%
d (�C)

A-B (1 : 1) 322.68 409.18 443.78
A-B-F (1 : 0.7 : 0.3) 359.82 415.19 451.12
A-B-F (1 : 0.5 : 0.5) 365.69 421.35 459.87
Acrylated A-B (1 : 1) 250.25 293.51 340.63
Acrylated A-B-F (1 : 0.7 : 0.3) 254.47 296.36 343.38
Acrylated A-B-F (1 : 0.5 : 0.5) 261.42 304.03 351.05

a A, AHHFP; B, BTDA; F, 6FDA.
b Measured by DSC.
c Temperature at 5% weight loss.
d Temperature at 10% weight loss. Figure 3 TGA thermograms of hydroxyl PI and PSPI.
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constants by the capacitance and optical method was
obtained, but the dielectric constants by capacitance
method were higher than values by optical method
in all the cases. In the capacitance method, the elec-
tronic and nuclear polarizability contributes to the
overall dielectric constant whereas in the optical
method which the electronic polarizability contrib-
utes. Hence, the dielectric constants obtained by the
capacitance method are always higher than values
by the optical method.18,19

Dielectric constant e of the material can be esti-
mated roughly from the averaged refractive index n
according to the Maxwell’s equation, e ¼ n2. There-
fore, the low refractive index materials exhibit low e.
All the composite films showed larger nTE than nTM
which indicates that polymer chains are preferen-
tially aligned in the film plane, resulting in positive
birefringence (D ¼ nTE � nTM) in the composite
films.1 With an increase in the 6DFA content, the nTE
decreased, consequently leading to decreases in the
average refractive nav.

These refractive indices can be attributed to the
polarizabilities of atoms constituting the backbones
of PSPIs moiety.1 For PSPIs films, the number of CF3
groups increased with the increase in 6DFA content,
consequently leading to decrease in refractive index
of PSPIs. Thus, the lower refractive indices are
attributed to the presence of bulky CF3 groups,
which resulted in less efficient chain packing and
low polarizability. The strong electronegativity of
fluorine resulted in very low polarizability of the
CAF bonds, thereby decreasing the dielectric con-
stant. Thus with increase in CF3 groups, there is an
increase in the number of polarizable atoms in a
unit volume resulting in the decrease in polarizabil-
ity and refractive index. In general, lower polariz-
ability causes a lower dipole moment under electro-
magnetic field, providing a lower refractive index.
The fluorine atom exhibits a relatively low polariz-
ability and low index of refraction, because of its
high electronegativity. Moreover, increases both in
free volume due to bigger size of the CF3 groups
and in interatomic repulsion of fluorine groups con-

tribute to the decrease in the net polarizability of the
system. In general, the dielectric constant is propor-
tional to the total polarization of the material includ-
ing electronic, atomic, and dipolar polarizabilities.

Morphological structure

Most of the polyimides are known to be an amor-
phous polymer. This may be due to its bulky and ar-
omatic monomer and crosslinked arrangements of
polymer chains.20–22 The morphological structures of
the PSPIs film were analyzed by X-ray diffractometry
as shown in Figure 4. None of the polymers in the se-
ries showed any characteristic peak in the X-ray dif-
fractogram of the well-defined long-range ordered
structure or crystallinity as evident from the XRD
data. All the polyimide films based on AHHFP and
6FDA exhibited broad peaks which indicated that the

TABLE IV
Dielectric Constants of Polyimides

Polyimidea
Capacitance method Optical method

e0 (1 kHz) nTE
b nTM

c nave
d nTE � nTM e0e (1 MHz)

Acrylated A-B (1 : 1) 2.724 1.5172 1.5149 1.5161 0.0023 2.230
Acrylated A-B-F (1 : 0.7 : 0.3) 2.565 1.5168 1.4768 1.4968 0.0400 2.240
Acrylated A-B-F (1 : 0.5 : 0.5) 2.420 1.4751 1.4690 1.4721 0.0061 2.170

a A, AHHFP; B, BTDA; F, 6FDA.
b Measured in the transverse electric (TE) mode.
c Measured in the transverse magnetic (TM) mode.
d Average refractive index, nave ¼ (2nTE þ nTM)/3.
e e0 ¼ nave

2.

Figure 4 WAXD patterns of polyimide films.
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polyimides were amorphous. This may be due to the
presence of bulky CF3 which decreased the intra- and
intermolecular interaction, resulting in loose polymer
chain packing and aggregates and hinders the close
packing between the polymer chains. The bulky CF3
groups also reduce attraction between molecules
sterically. It can also confirmed that the intermolecu-
lar distance (d ¼ 5.66 Å) at the maximum amorphous
halo peak (15.66�) of the AHHFP-BTDA-6FDA (1 : 0.5
: 0.5) is slightly bigger than that of the AHHFP-BTDA
(1 : 1) which has 5.22 Å of d value at the 16.96�. This
indicates that the more bulky CF3 groups of the
6FDA expand the intermolecular distance and natu-
rally form the more halo areas in the polymer chains.
Further comparing the peaks of various PSPIs, the in-
tensity and sharpness decreased with increasing the
6DFA moieties which indicates that, though the PSPIs
films are structure-less, the molecular ordering
decreased with increasing content of 6DFA moieties.
These results well corresponds with the results of the
dielectric constant measurement. With increase in the
content of 6DFA moieties, the average refractive indi-
ces decreased, indicating the decreasing order in
polymer chains.

UV–vis analysis

The PSPIs were dissolved in DMAc with 10 mg of
polymer in 1 mL of solvent. The solution put into
quartz glass cell and measured by UV-vis spectrum
analyzer. The UV-vis spectra of PSPIs are shown in
Figure 5. The cutoff wavelengths (kcutoff) of the films
are in the range of 355–377 nm. The spectral shapes
of the PSPIs are similar to each other and the trans-
mittances of the film measured at 500 nm are higher
than 70% in the visible region. The highest transpar-
ency of PSPIs is attributable to the bulky and twisted
fluorine structures in the main chains which effec-
tively weaken the intermolecular packing by increas-
ing the free volumes among the PSPI chains. In
addition, a secondary positive effect of the trifluoro-
methyl substituents on the film transparency is
weakening of intermolecular cohesive force due to
lower polarizability of the CAF linkage, and then
reducing the formation of the interchain charge-
transfer complex. The PSPIs absorb wavelength
below 400 nm. This wavelength below 400 nm is
well exposed at the low pressure mercury UV curing
oven with 365–436 nm wavelengths. So this photo-
sensitive polyimide could be used to photoresist.23

Photosensitivity

PSPIs are an environmental improvement because of
the reduction of organic solvents and associated vol-
atile organic compounds. Photosensitive polyimides
as photoimageable insulating materials make it pos-

sible for fine patterns to be formed with photolithog-
raphy techniques, for underlying substrates to be
protected, and for devices to be made resistant to
heat and stress applied during subsequent process-
ing, and they further simplify the complicated multi-
step lithography processes. Therefore, interest in
them has been growing for microelectronic applica-
tions such as interlayer dielectric and buffer coatings
for semiconductor devices.
For negative-tone photoresist, the sensitivity is

defined as the exposure dose required to effect 50%
film thickness remaining after development. The
lower the exposure dose is, the faster the photo
speed is. Generally, there are lots of factors that
affect the sensitivity of photopolymer—the photosen-
sitive group, molecular weight, additives and so on.
In our studies, the polymers all are the polyamic
esters with acrylate as the photosensitive group.
However, we found that the main chain structure of
polymer and additives (such as sensitizer and photo-
initiator) greatly affected the sensitivity of the photo-
polymer, but that the molecular weight of the poly-
mer hardly affected the sensitivity.
The sensitivity curve for the negative-working

film on a silicon wafer was obtained by the plotting
of the normalized film thicknesses with 2 lm
remaining after development measured by surface
profiler against the irradiated dose, as shown in Fig-
ure 6. The normalized film thickness was measured
using the following equation.

Normalized film thickness

¼ Thickness of un exposed film

Thickness of exposed film

Figure 5 UV-visible spectra of photosensitive polyimides.
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The acrylated AHHFP-BTDA was the highest pho-
tosensitive than other PSPIs. It could be because
structures in the polyimide chain can photolysis to
produce several kinds of radicals, which can initiate
polymerization of acrylate group to form crosslink-
ing system. More containing BTDA had better pho-
tosensitivity. The photosensitivity are varied in the
increasing order: Acrylated AHHFP-BTDA (1 : 1)
> Acrylated AHHFP-BTDA-6FDA (1 : 0.7 : 0.3)
> Acrylated AHHFP-BTDA-6FDA (1 : 0.5 : 0.5). This
result represented the effect of BTDA amount in
polyimide chain on the photosensitivity.

Scanning electron microscope

Figure 7 shows the SEM images of the photosensi-
tive acrylated AHHFP-BTDA (1 : 1) after UV expo-

sure and development by DMAc/2-propanol (vol-
ume ratio 5 : 1) for 3 min and rinsed with 2-
propanol. The developed pattern sizes are 8 lm and
other shapes also formed well. It indicates that the
PSPIs can play a decisive role in micro-scale
photoresist.

CONCLUSIONS

A series of new PSPIs were prepared by the poly-
condensation and further imidization of 2,20-bis(3-
amino-4-hydroxyphenyl)hexafluoropropane diamine
(AHHFP) with 3,30,4,40-benzophenonetetracarboxylic
dianhydride (BTDA) and a mixture of various mole
ratios of 3,30,4,40-benzophenonetetracarboxylic dia-
nhydride (BTDA) and 4,40-(hexafluoroisopropylide-
ne)diphthalic anhydride (6FDA). These polyimides
exhibited excellent solubility in all the organic sol-
vents of this study at room temperature. The glass
transition temperatures (Tgs) of all PSPIs were more
than 250�C as measured by DSC, and they exhibited
good thermo-oxidative stability. The polymer films
also showed high optical transparency, and low
dielectric constants. Among the PSPIs, the acrylated
AHHFP-BTDA-6FDA (1 : 0.5 : 0.5) has the lowest
dielectric constants of 2.420 at 1 kHz and 2.170 at
1MHz by capacitance and optical methods, respec-
tively. Morphology for all the PSPIs was confirmed
by X-ray diffractions and SEM study. The photosen-
sitivity (about 1400 mJ/cm2) are varied as follows:
acrylated AHHFP-BTDA (1 : 1) > acrylated AHHFP-
BTDA-6FDA (1 : 0.7 : 0.3) > acrylated AHHFP-
BTDA-6FDA (1 : 0.5 : 0.5). This result represented
the effect of BTDA amount in polyimide chain on
the photosensitivity. Finally, a pattern of 8 mm size
was obtained from the acrylated AHHFP-BTDA (1 :
1). These results show that the PSPI may be a good
material for potential applications such as high
speed fine pattern semiconductor insulation layers,
polarizer plates of liquid crystal display and are
promising materials for optoelectric applications.

Figure 6 Photosensitivity of photosensitive polyimides.

Figure 7 SEM of photosensitive polyimides patterning.
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