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ABSTRACT: Poly(4,4'-oxydiphenylene pyromellitimide) (PMDA-ODA) and poly(l,4-phenylene pyromellitimide) 
(PMDA-PDA) polyimides were prepared from poly(amic acid) (PAA) and poly(amic ester) (PAE) precursors, respectively. 
Water sorption and diffusion behavior in films were measured at 90% R.H. and 25oC using the water sorption method and 
stress relaxation analysis. Regardless of the method, the diffusion kinetics of water in polyimide thin films was well fitted to 
Fickian diffusion. For rigid rodlike PMDA-PDA film having high T. (>400°C), film prepared from PAE precursor with less 
chain relaxation and poor stacking efficiency induced higher stress relaxation and diffusion coefficient of water than with the 
PAA precursor. For semi-flexible PMDA-ODA polyimide film, film prepared from PAE precursor having higher ordered 
arrangement, higher chain orientation, and well packing structure, had relatively lower diffusion coefficient of water and less 
stress relaxation than with the PAA precursor. Water diffusion and stress relaxation for the rigid rodlike PMDA-PDA films 
are relatively slower than for the semi-flexible PMDA-ODA films due to morphological differences. 
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High-temperature polyimides are used for microelec
tronic devices as interdielectric, alpha-particle-protecting, 
and passivation layers, owing to relatively high thermal 
stability, chemical resistance, and mechanical tough
ness.1 However, despite relatively high chemical resis
tance characteristics, polyimides still sorb water. This 
water sorption and residual stress of polyimide films 
induced by sorbing the water molecules cause displace
ment, crack, delamination, and mechanical failure for the 
microelectronic devices. 2- 4 Upon uptake of water, di
electric constants and conductivities in polyimide films 
as well as dielectric loss increase. Consequently, for 
the development of advanced materials, knowledge of 
environment effects on the performance of polyimide is 
essential for the design and selection of structural ma
terial. 

Polyimides are used in the form of poly(amic acid) 
(PAA) solution due to the insolubility, high glass 
transition temperature, and high melting temperature of 
polyimides. The P AA precursor is very sensitive to the 
temperature variation and air contact, especially water 
molecules, resulting in problems of reliability and 
stability of microelectronic devices. An important im
provement over the use of PAA precursor is alkyl ester 
derivatives from amic side groups. 5 - 7 Derivatives, e.g., 
poly(amic ester) (PAE), have enhanced solubility, longer 
storage time than the corresponding amic acids, better 
resistance to hydrolytic degradation, apparent lack of 
exchange reactions in solution containing different 
polyimide precursors, and high solids content with low 
viscosity. 

The water sorption behavior was investigated in de
tail by the water sorption method using an electro
microbalance and the stress relaxation analysis using 

the Thin Film Stress Measurement System (TFSMS). 
Water diffusion and stress relaxation kinetics in poly
imide thin film were investigated with backbone struc
ture, precursor type, and morphological structure. 

EXPERIMENTAL 

Materials and Sample Preparation 
Poly( 4,4' -oxydiphenylene pyromellitimide) (PMDA

ODA) and poly(l,4-diphenylene pyromellitimide) 
(PMDA-PDA) were used in this study. PAA precursors 
were prepared in N-methyl-2-pyrrolidinone (NMP) 
through solution polycondensation 1- 3 from PMDA 
dianhydride and two different diamines: PMDA-PDA 
and PMDA-ODA PAA precursors. All monomers and 
solvents were purchased from Aldrich Chemical Co.; 
pyromellitic dianhydride (PMDA), 1 ,4-phenylene di
amine (PDA), and 4,4' -oxydiphenylene diamine (ODA). 
The corresponding PAE precursor solutions were 
prepared by solution polycondensation5 - 7 of diacid 
chloride and aromatic diamine in NMP; PMDA-PDA 
and PMDA-ODA PAE precursors. The solid content 
of polyimide precursors was 15wt%. The molecular 
structures of the fully cured polyimides from PAA and 
P AE precursors are shown in Figure 1. 

Polyimide precursors were spin coated on a silicon 
( 100) substrate. The thickness of polyimide thin film was 
controlled in the range of 12-14 microns by spinning 
speed8 - 12 of spin coater. Coated wafers were pre
baked at sooc for 30 min on a hot plate under nitrogen 
flow. The prebaked samples were then placed in the 
curing oven and cured under flowing nitrogen by the 
following cure schedule: 8 - 12 150°C/30 min, 230oC/30 
min, 300°C/30 min, and 400°C/60 min. The ramping rate 

t To whom correspondence should be addressed (Tel: +82-2-361-2764, Fax: +82-2-312-6401, e-mail: hshan@bubble.yonsei.ac.kr). 
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Figure 1. Synthesis and chemical structures of PMDA-PDA and 
PMDA-ODA polyimide from PAA and PAE precursors: (a) synthetic 
routes; (b) chemical structures. 

for each step was 2.5°C min- 1 and cooling rate was 
2.0°C min - 1 . These fully cured films were used to in
vestigate stress relaxation and removed from the sub
strate after soaking in distilled water for 24 h. The 
film was washed with distilled water several times, dried, 
and cut into rectangular pieces approximately 12 x 
15mm2 and fully dried in a vacuum for 24h prior to use 
of water sorption measurement. 

Water Sorption and Stress Relaxation Measurement 
Water diffusion kinetics of the polyimide thin films 

were studied by measurement of mass change as a 
function of time at 90% relative humidity (R.H.) and 
25°C, using an electro-microbalance (Cahn Instruments, 
Model D-200) with a resolution of 0.1 Jlg over 20 mg 
weight loading. More detail procedures are described in 
previous studies. 8 - 12 

All sorption isotherms measured were analyzed with 
eq 1 below, a typical solution to Fick's second law given 
by Crank et a/. 13 •14 as follows 

M(t)_= 1 _ _!_ f 1 ex ( -D(2m+ I)2nh) 
M( 00) n 2 m = o (2m+ 1)2 p L 2 

(1) 

M(t) is water uptake at time t, M( oo) is saturating water 
uptake at time t = oo, D (em 2 s- 1) is the diffusion co
efficient of water, and L, film thickness. The experi
mental data were plotted with mass uptaking ratio 
M( t)/ M( oo) as a function of t 112 L- 1 . The diffusion 
coefficient (D) are consequently simulated by fitting eq 
1 to normalized experimental data. 

Stress relaxation by water sorption was measured as 
a function of time at 90% R.H. and 25oC using 
TFSMS. 3 •15 Stress relaxation by sorbing the water 
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Figure 2. Kinetics of water sorption at 90% R.H. and 25oC for 
PMDA-PDA polyimides prepared from PAA and PAE precursors. 

molecules is represented by the modified Fickian process 
given by Ree et a!. 3 as follows 

O"o-O"w(t) 8 1 
-----=1-- L. 

n 2 m = 1 (2m- 1 )2 

x exp(- !}(2m_-
4L2 

(2) 

This equation is applied to a film/substrate structure 
with constant surface concentration, no concentration 
gradient at the interface, and initially no water existence 
in film. 0"0 is the initial stress at time t=O, O"w(t) is the 
stress at time t, is the difference between stress at 
t=O and t= oo, and L is thickness of film. The ex
perimental data were plotted with stress relaxation 
ratio as a function of t 112L - 1 . The 
diffusion coefficient using stress relaxation can be 
simulated by fitting eq 2 to normalized experimental 
data. 

Wide Angle X-Ray Diffraction Measurement 
Wide angle X-ray diffraction (W AXD) measurements 

were conducted on Rigaku horizontal diffractometer 
(Model D/Max-200B) with nickel-filtered radiation. The 
Cu-Ka radiation source CJ- = 1.54 A) was operated at 35 kV 
and 40 rnA. Step and scan data were taken in the 8/28 
mode under computer control at 0.02°(28) intervals 
with a scan speed of 0.1-0.25° min - 1 , depending on 
whether a reflection or transmission scan was being made. 
Diffraction grams were collected over 3-70°(28) with 
the diffraction vector normal to or in the plane of the 
film. Stacked film was so arranged that the incident beam 
would be parallel to the surface for the reflection patterns 
and perpendicular to the surface for the transmission 
pattern. The measured X-ray diffraction intensity was 
corrected for the background run and normalized for 
film samples by matching the integrated intensity over 
the range of 68-70°(28). 

RESULTS AND DISCUSSION 

Rigid Rod/ike PMDA-PDA Polyimide 
Rigid rodlike PMDA-PDA and semi-flexible PMDA

ODA polyimide films were prepared from PAA and PAE 
precursors, respectively. Using electro-microbalance, 
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Water Sorption and Stress Relaxation 

Table I. Equilibrium water sorptions and diffusion coefficients at 90% R.H. and 25°C for the polyimide thin films 

Thickness 
Water Stress 

Polyimide film uptake DGa relaxation DSb 

(cm2 s- 1 X 10- 10) (cm2 s- 1 X 10- 10) 
Jlm wt% MPa 

PMDA-PDA PAA 13.0 5.8 4.5 10.5 8.9 
PAE 13.5 5.9 7.3 14.4 13.1 

PMDA-ODA PAA 13.5 3.0 14.5 7.8 31.4 
PAE 14.0 3.0 12.8 8.0 25.9 

• Diffusion coefficient of water at 90% R.H. and 2SOC by using the water sorption method. b Diffusion coefficient of water at 90% R.H. 
and 25°C by using the stress relaxation method. 

water sorption kinetics of fully imidized polyimide thin 
films was measured at 90% R.H. and 25°C. The ex
perimental data were well fitted to eq 2, which rep
resents the Fickian diffusion. This is consistent with 
results reported previously. 8 - 12 •15 - 1 7 

Typical water sorption isotherms are shown in Figure 
2 and analysis results in Table I. As shown in Table I, 
the diffusion coefficient of water was 4.5 x 10- 10 em 2 s - 1 

and 7.3 X 10- 10 cm2 s- 1 for the PMDA-PDA films 
prepared from PAA and PAE precursors, respectively. 
The diffusion coefficient of water in the rigid rodlike 
PMDA-PDA polyimide film prepared from PAE pre
cursor was significantly larger than for PAA precursor. 
There was no difference in water uptakes of equilibrium 
for PMDA-PDA films from prepared PAA and PAE 
precursors. For fully cured PMDA-PDA polyimide thin 
films, stress relaxation by sorbing the water molecules 
was studied at 90% R.H. and 25°C, and depicted in 
Figure 3. Stress relaxation is induced by the creep and 
moisture uptake, 3 mainly caused by moisture uptake for 
polyimide having high glass transition temperature. 3 For 
PMDA-PDA polyimide thin film, the diffusion coeffi
cients for stress relaxation by sorbing water were 
estimated by fitting with eq 3. The diffusion coefficient 
of water using stress relaxation were 8.9 x 10- 10 cm2 s - 1 

for PMDA-PDA polyimide film prepared from PAA 
precursor and 13.1 X 10- 10 cm2 s- 1 for that from PAE 
precursor as shown in Table I. Regardless of the method, 
the diffusion coefficient of water for the polyimide film 
prepared from PAA precursor was smaller than for PAE 
precursor. However, the diffusion coefficients of poly
imide films measured by water sorption method were 
much smaller than those measured by stress relaxation. 
Residual stress3 generated at the interfaces of films and 
silicon wafer might cause water diffusion to accelerate 
into the film as well as interface, leading to the relatively 
high water diffusion. PMDA-PDA polyimide thin films 
prepared from PAA and PAE precursors may have the 
same chemical structures and morphological structures 
when fully cured. However, due to volatilization of the 
by-products having different volume during curing 
process (see Figure l(a)), morphological structure, 1 •2 •11 

i.e., orientation, packing, chain relaxation, and crystallin
ity, can be changed in the fully cured polyimide. Because 
of the nearness of the curing system to the glass transi
tion temperature, all chain relaxation associated with 
volatilization may not occur. 

To relate structure with sorption behavior of PMDA
PDA polyimide thin films, W AXD measurement was 
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Figure 3. Stress relaxation ofPMDA-PDA polyimide films prepared 
from different precursors on Si(JOO) wafers at 90% R.H. and 25°C. 
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Figure 4. W AXD transmission patterns of PMDA-PDA polyimide 
films prepared from P AA and P AE precursors. 

made for polyimide film prepared from PAA and PAE 
precursors. The results are presented in Figures 4 and 
5. The transmission patterns, which give structural in
formation in the film plane, 10•11 showed PMDA-PDA 
polyimide films prepared from PAA and PAE precursors 
to have multiple diffraction peaks at angles of 20 = 7.04, 
14.56, 29.12, 35.60, 44.8°, and one amorphous halo at 
an angle of 20= 18.80° as shown in Figure 4. The re
flection patterns, which give structural information in 
the out-of-film plane10•11 showed the films to have only 
one amorphous halo at an angle of 20 = 20.8° as shown 
in Figure 5. The transmission patterns for PMDA-PDA 
polyimide films prepared both PAA and PAE precursors 
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Figure 5. WAXD reflection patterns ofPMDA-PDA polyimide films 
prepared from PAA and PAE precursors. 

showed multiple characteristic (001) peaks, which 
indicate a high order and orientation of chain axis di
rection parallel to the surface of the film. However, the 
reflection patterns for out-of-plane plane ofPMDA-PDA 
polyimide films showed no characteristic (001) peaks but 
only one amorphous halo. The transmission pattern was 
not apparently influenced, but the reflection pattern was. 
As shown in Figure 5, the amorphous halo peak at 20.8° 
is relatively much sharper and stronger in intensity for 
the PMDA-PDA polyimide thin film prepared from the 
PAA precursor than from the PAE precursor. A com
parison of the reflection pattern with the transmis
sion pattern showed not only that PMDA-PDA poly
imide film cured on Si substrate is anisotropic, but 
also that imide chains are mostly aligned in the film plane. 
Mean intermolecular distance was estimated from the 
peak maximum according to the Bragg's equation. 16 The 
mean intermolecular distances calculated from the 
maximum peak of amorphous halos for the transmission 
were the same value, 4.71 A for polyimide thin film 
prepared from PAA and PAE precursors. Mean inter
molecular distances calculated from the maximum peak 
of amorphous halos for reflection were the same val
ue, 4.26 A for PMDA-PDA polyimide films prepared 
from PAA and PAE precursors. Mean intermolecular 
distance calculated from transmission was relatively 
higher than that from the reflection. This means that 
polymer chains are more or less well oriented in film 
plane and well packed in the film thickness direction. We 
calculated coherence length from broadening (001) peaks 
from Scherrer relationship, 16 to investigate molecular 
order and orientation in the chain axis. The coherence 
lengths of both PMDA-PDA polyimide films prepared 
from PAE and PAA precursors are the same, 150 A 
(20=7.04°). Hence, having the same values of mean 
intermolecular distance and coherence length in PMDA
PDA polyimide films prepared from PAA and PAE 
precursors represents no change in chain orientation or 
molecular ordering during thermal imidization. There
fore, the equilibrium water uptake of rigid rodlike 
PMDA-PDA polyimide thin films prepared from PAA 
and PAE precursors was not significantly different as 
shown in Table I. The diffusion kinetics in the 
PMDA-PDA polyimide films prepared from PAA and 
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Figure 6. Kinetics of water sorption at 90% R.H. and 25°C for 
PMDA-ODA polyimides prepared from PAA and PAE precursors. 

PAE precursors were dramatically different. T8 of 
PMDA-PDA film cannot be measured and may be above 
500°C_l1·17•18 During curing, the rigid PMDA-PDA 
polymer chain may be immediately frozen because of the 
higher Tg than the final temperature of curing. During 
curing of polyimides prepared from PAA and PAE 
precursors, by-products of two water molecules for 
PAA and more or less larger by-products for PAE per 
repeating unit are released from chain units. Volatiliza
tion of by-products may induce less chain relaxation and 
poor stacking efficiency in the fully cured rigid rodlike 
PMDA-PDA polyimide prepared from PAE precursor 
than that from PAA precursor. Hence, for a rigid rodlike 
PMDA-PDA polyimide having high T8 (>400°C), 
polyimide prepared from PAE precursor with less degree 
of chain relaxation may induce higher stress relaxation 
and higher stress relaxation rate as shown in Figure 3 
and Table I. This is in good agreement with the diffusion 
coefficient by water sorption as shown in Figure 2. 

Semi-Flexible PMDA-ODA Polyimide 
The diffusion of semi-flexible PMDA-ODA polyimides 

prepared from P AA and P AE precursors are dramatically 
different from those of the rigid rodlike PMDA-PDA 
polyimides prepared from PAA and PAE precursors. As 
shown in Table I, the diffusion coefficient of water for 
the semi-flexible structure PMDA-ODA film prepar
ed from PAA precursor was 14.5x 10- 10 cm2 s- 1 . The 
diffusion coefficient of water for PMDA-ODA film 
prepared from P AE precursor was 12.8 x 10- 10 em 2 s- 1 . 

Unlike PMDA-PDA polyimide, the diffusion coefficient 
of water in PMDA-ODA polyimide films prepared from 
PAA precursor was more or less larger than that from 
PAE precursor as shown in Figure 6. There was no 
difference in equilibrium water uptake for the PMDA
ODA films regardless of the precursor. Stress relaxa
tion by sorbing the water molecules was studied at 90% 
R.H. and 25oC for the semi-flexible PMDA-ODA poly
imide (see Figure 7). The diffusion coefficient of water 
using stress relaxation was 31.4x 10- 10 cm2 s- 1 for the 
PMDA-ODA polyimide film prepared from PAA pre
cursor and 25.9x 10- 10 cm2 s- 1 for that from PAE 
precursor as shown in Table I. In comparison of the 
measuring methods, the diffusion coefficients of water in 
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Figure 7. Stress relaxation of PMDA-ODA polyimide films prepared 
from different precursors on Si (/00) wafers at 90% R.H. and 25"C. 

polyimide thin films by water sorption method were 
smaller than those by stress relaxation. This is in good 
agreement with PMDA-PDA polyimide. However, the 
diffusion coefficient of water for the semi-flexible 
PMDA-ODA polyimide prepared from PAE precursor 
was more or less lower than that from PAA precursor 
regardless of the measuring method. Unlike the rigid 
rodlike PMDA-PDA polyimide, relatively larger amic 
ester group in PAE precursor did not show a significant 
effect on water sorption kinetics of the semi-flexible 
PMDA-ODA polyimide. There thus may be no big 
difference in morphological structure, which changes 
water sorption kinetics. 

W AXD measurement was performed for PMDA
ODA polyimide films prepared from PAA and PAE 
precursors. The results are presented in Figures 8 and 
9. The transmission patterns showed PMDA-ODA poly
imide films prepared from P AA and P AE precursors to 
have one sharp diffraction peak at a low angle of 
28=5.74° and one amorphous halo at an angle of 
28= 18.2° as shown in Figure 8. The reflection patterns 
showed PMDA-ODA polyimide films prepared from 
PAA and PAE precursors to have no characteristic peaks 
and only one diffuse and amorphous halo at an angle of 
28= 18S as shown in Figure 9. As with the rigid rodlike 
PMDA-PDA polyimide films, the transmission patterns 
for PMDA-ODA polyimide films showed the characteris
tic (002) peak (28=5.74°) indicating high order and 
orientation of the chain axis direction parallel to the 
surface of the film. The (002) diffraction peak of film 
prepared from P AE precursor was higher than from P AA 
precursor for the transmission patterns. A comparison 
of the intensity indicates that PMDA-ODA polyimide 
prepared from P AE precursor is more ordered in the 
c-axis direction than from the PAA precursor. Hinged 
type PMDA-ODA films 1 are inherently more flexible and 
larger volume shrinkage with ethanol molecules makes 
possible a more ordered arrangement of the zigzag in the 
c-axis direction. In reflection patterns, though there were 
no characteristic diffraction peaks, the PMDA-ODA 
polyimide film prepared from PAE precursor appeared 
to have a slight peak at about 28 = 25°. The PMDA-ODA 
polyimide film prepared from P AA precursor shows no 
significant order while that from PAE precursor does. 
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Figure 8. W AXD transmission patterns of PMDA-ODA polyimide 
films prepared from PAA and PAE precursors. 

For transmission patterns, mean intermolecular distances 
using the Bragg's equation16 are 4.87 A and 4.79 A for 
the PMDA-ODA polyimide films prepared from PAA 
and PAE precursors, respectively. For reflection patterns, 
mean intermolecular distances 16 are 4.81A and 4.65A 
for the PMDA-ODA polyimide films prepared from PAA 
and PAE precursors, respectively. For semi-flexible 
PMDA-ODA polyimide films, coherence lengths are 
86 A and 90 A for PMDA-ODA polyimide films pre
pared from PAA and PAE precursors, respectively. 
Thus, unlike rigid rodlike PMDA-PDA polyimide thin 
film, the semi-flexible PMDA-ODA polyimide film 
prepared from P AE precursor has more or less higher 
ordered arrangement and chain orientation, and is more 
well packed than that from PAA. For these reasons, 
water diffusion rate was relatively lower for the 
PMDA-ODA polyimide prepared from PAE precursor 
than that from PAA precursor. These are consistent with 
stress relaxation rates as shown in Table I and Figure 7. 

PMDA-ODA polyimides are relatively more flexible 
and have lower Tg than PMDA-PDA polyimides. Tg of 
PMDA-ODA polyimide was found to be 380oC below 
the final curing temperature. 8 • 1 u 8 During curing, two 
water molecules for P AA and relatively larger by
products for PAE per repeating unit are released from 
chain units (see Figure l(a)), and this may change chain 
relaxation and chain stacking efficiency of final prod
ucts. Due to the lower Tg than final curing temperature, 
semi-flexible PMDA-ODA polyimides prepared from the 
PAA and PAE precursors have enough chain mobility 
to rearrange the chain. As described previously, 11 the 
storage modulus ofPMDA-ODA decreased dramatically 
near Tg, which means increase of chain mobility. This 
increased chain mobility may induce larger chain re
laxation for semi-flexible PMDA-ODA polyimide. Due 
to the relatively lower Tg and increased chain mobility, 
PMDA-ODA polyimides prepared from PAA and PAE 
precursors have enough chain relaxation. Therefore, 
there might be no significant differences in stress 
relaxation of PMDA-ODA polyimide thin films pre
pared from PAA and PAE precursors. This shows a 
good agreement with water sorption results in Table I and 
Figure 6. 
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Figure 9. WAXD reflection patterns ofPMDA-ODA polyimide films 
prepared from PAA and PAE precursors. 

Effects of Backbone Structure 
As shown in Figures 2, 3, 6, 7, and Table I, for the 

diffusion coefficient by using water sorption and stress 
relaxation, the rigid rodlike PMDA-PDA polyimide has 
relatively lower values than the semi-flexible PMDA
ODA polyimide. Rigid rodlike PMDA-PDA polyimides 
have larger water uptake and stress relaxation than 
semi-flexible PMDA-ODA polyimide. PMDA-PDA and 
PMDA-ODA polyimides in films consist of ordered and 
disordered phases. 8 • 10 •11 • 19•20 The ordered phases are 
impenetrable obstacles which diminish volume available 
for transport. When parts of the ordered phase become 
high enough, they may constrain relaxation in the 
amorphous phase and reduce the ability of molecules to 
squeeze through. 8 From W AXD transmission and 
reflection patterns (see Figures 4, 5, 8, and 9) of 
PMDA-PDA and PMDA-ODA, it may be deduced that 
PMDA-PDA polyimides are relatively more ordered 
along the chain axis and more oriented in the film 
plane direction than PMDA-ODA polyimides. The rates 
of water diffusion and stress relaxation are thus higher 
for semi-flexible PMDA-ODA films than the rigid 
rodlike PMDA-PDA films. However, PMDA-PDA ex
hibited relatively higher water uptake and stress 
relaxation than PMDA-ODA. PMDA-PDA having Tg 
above the final curing temperature may thus induce lower 
stacking efficiency and less chain relaxation than 
PMDA-ODA. That is, PMDA-PDA has Tg above the 
final temperature of curing, and polymer chains may be 
immediately frozen because of higher glass transition 
temperature over the final temperature of curing proc
ess. In final stages of curing, volume relaxation and chain 
mobility slow down, and there are very limited mobili
ty and less chain relaxation to permit chain organiza
tion to increase packing efficiency. Therefore, PMDA
PDA may have larger water sorption and higher stress 
relaxation as shown in Table I. 

CONCLUSIONS 

Rigid rodlike PMDA-PDA and semi-flexible PMDA
ODA polyimide films thermally imidized from the PAA 
and PAE precursor solutions were investigated. In spite 
of differences in measuring method, water diffusion 
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kinetics of the rigid rodlike PMDA-PDA and the 
semi-flexible PMDA-ODA polyimide thin films in this 
study was well fitted to Fickian diffusion model. 

For rigid rodlike PMDA-PDA polyimide having high 
Tg (>400°C), PMDA-PDA polyimide prepared from 
P AE precursor shows less chain relaxation and poor 
stacking efficiency than from the PAA precursor. For 
the rigid rodlike PMDA-PDA polyimide prepared from 
PAE precursor, volatilization of larger molecules hinders 
enough chain relaxation, resulting in lower stacking 
efficiency during curing. This may induce higher diffusion 
coefficient of water and stress relaxation in PMDA-PDA 
polyimide prepared from PAE precursor than that from 
PAA precursor. 

For the semi-flexible PMDA-ODA polyimide having 
relatively lower Tg ( < 400°C), more ordered structure, 
higher chain orientation, and well packing structure 
resulted in the polyimide prepared from the large 
molecule PAE precursor. Therefore, the PMDA-ODA 
polyimide prepared from PAE precursor shows lower 
diffusion coefficient of water than from the PAA 
precursor. However, these morphological changes had 
no significant effect on stress relaxation or equilibrium 
water uptake. 

The rigid rodlike PMDA-PDA polyimide having high 
Tg ( > 400uC) over its final curing temperature shows 
lower stacking efficiency and less chain relaxation than 
the semi-flexible PMDA-ODA polyimide having low Tg 
( <400°C). Therefore, the rigid rodlike PMDA-PDA 
polyimide shows larger water sorption and higher stress 
relaxation than the semi-flexible PMDA-ODA poly
imide. 
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