polymer

Polymer 41 (2000) 2105-2111

Self-adhesion of poly(4,4oxydiphenylene biphenyltetracarboximide) and
its adhesion to substrates

M. Reé*®*. Y .H. Park T.J. Shifd, T.L. Nune$, W. Volkserf

®Department of Chemistry, Polymer Research Institute, Pohang University of Science and Technology, San 31, Hyoja-dong, Pohang 790-784, South Korea
®School of Environmental Engineering, Pohang University of Science and Technology, San 31, Hyoja-dong, Pohang 790-784, South Korea
°IBM Microelectronics Division, Hopewell Junction, New York, NY 12533, USA
9BM Almaden Research Center, 650 Harry Road, San Jose, CA 95120, USA

Received 13 January 1999; received in revised form 18 May 1999; accepted 31 May 1999

Abstract

Poly(4,4-oxydiphenylene biphenyltetracarboxamic acid) was synthesizienethyl pyrrolidone from biphenyltetracarboxylic dianhy-
dride and 4,4oxydiphenylene diamine, and then converted to the polyimide in films by thermal imidization 4€.400e polyimide
exhibits an exceptionally good self-adhesion (814—1187)J4md also good adhesions §87 J/nf) to inorganic substrates such as silicon
wafer and glass ceramic. An oxygen plasma treatment enhances the self-adhesion highly, whereas a silane primer treatment improves the
adhesions to the substrates. In addition, the morphological structure and some other properties were investigageHIsevier Science
Ltd. All rights reserved.
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1. Introduction have very poor adhesion to the polymer itself as well as to
substrates such as silicon wafers and ceramics. Further,
The current high technology in the fabrication of memory PMDA-ODA polyimide has relatively high degree of swel-
chips and integrated circuits demands a high performanceling in organic solvents such as-methyl-2-pyrrolidone
interdielectric material to have good self-adhesion and (NMP), and relatively high degree of moisture uptake
adhesion to substrates, low swelling in solvents, low dielec- [1,7,14-21].
tric constant, high temperature thermal stability, and low  Compared to the BPDA-PDA polyimide, poly(4:4
internal stress/thermal expansion, in addition to good oxydiphenylene biphenyltetracarboximide) (BPDA-ODA)
mechanical properties [1,2]. A representative polymer has gained relatively less attention because of its relatively
dielectric is poly(4,4oxydiphenylene pyromellitimide) inferior properties [22—24]: 4.1 GPa modulus, 230 MPa
(PMDA-ODA) which has reasonably good properties: ultimate tensile strength, and 73-113% strain at break,
3.0GPa Young’'s modulus, 170 MPa ultimate tensile and 43 ppnflC TEC. However, these properties still are
strength, 40—110% strain at break, and ca. 40 p@rttier- relatively better than those of the PMDA-ODA polyimide.
mal expansion coefficient (TEC) in the film plane [3—7]. Recently, we have investigated the glass transition and
Another representative polymer dielectric is pphgheny- imidization behaviors of its soluble precursors using oscil-
lene biphenyltetracarboximide) (BPDA-PDA) which has lating differential scanning calorimetry [25,26].
high thermal stability, excellent mechanical properties In this study, BPDA-ODA polyimide was investigated
(10.0 GPa modulus, 500 MPa ultimate tensile strength, further in the aspect of adhesion characteristic. In fact, a
and 15-35% strain at break), low residual stress, and low polyimide coating layer is normally interfaced with the
thermal expansion [3,8-13]. For the advantageous polymer itself, metals (mainly, copper and cobalt), and
properties, these polymers have been widely used in thesubstrates (ceramics, silicon wafers, and glasses) in its
microelectronics industry. However, both of the polymers applications in microelectronic devices [1]. For microelec-
tronic devices fabricated with polyimide, their reliability is
m author. Tel.:82-562-279-2120; fax:+82-562-279- highly dependent upon the.stability atthe interfac.es'[l]. For
3399, this reason, the self-adhesion of BPDA-ODA polyimide and
E-mail addressree@postech.ac.kr (M. Ree) its adhesion to substrates, such as glass ceramics and silicon
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Fig. 1. Synthetic scheme of poly(4;dxydiphenylene biphenyltetracarboxamic acid) and its polyimide.

wafers with oxidized surface, were measured. In addition,

with a peel test fixture. Specimens for the peel test were

the dynamic mechanical properties, residual stress, andprepared as follows. First, the polyimide precursor solution

swelling in NMP were investigated. The morphological
structure was also examined.

2. Experimental
2.1. Polymer and film preparation

Poly(4,4-oxydiphenylene biphenyltetracarboxamic acid)
(BPDA-ODA PAA) precursor was synthesized in
NMP from biphenyltetracarboxylic dianhydride and
4,4 -oxydiphenylene diamine according to a conventional

polymerization scheme reported previously (see Fig. 1)
[25]. For the obtained precursor solution, the solid content
was 17.5 wt.% and the intrinsic viscosity was measured to

be 0.704 dl/g in NMP at 25°C. The BPDA-ODA PAA

solution was spin-coated on silicon wafers and glass slides,

soft-baked on a hot plate of 8D for 1 h under nitrogen gas
flow, and then thermally imidized in a furnace under ambi-
ent nitrogen flow by a step-cure procedure (X530 min,
20C¢°C/30 min, 300C/30 min and 40TC/1 h). The poly-
imide films were taken off the substrates by immersion in
deionized water, followed by drying in vacuum.

2.2. Self-adhesion and adhesion to substrates

The adhesion characteristics of BPDA-ODA polyimide
were investigated at room temperature by @@el test

was spin-coated on substrates such as silicon wafer, glass
ceramic, and glass slide, soft-baked on a hot plate &80
under slow nitrogen gas flow for 1 h, and then thermally
imidized in a furnace under nitrogen atmosphere by the
step-cure process as mentioned in the film preparation
part. The substrates were cleaned in a Plasmaline 515
asher of Tegal (300 W/5 min and 535 cc/min oxygen flow
rate) before the precursor polymer solution was applied.
v-Aminopropyltriethoxysilane (APTES) of 0.1vol.% in
ethanol/water (95/5 in volume) mixture was used for some
of substrates as an adhesion promoter. The APTES solution
was spin-coated on substrates at 2000 rpm/20 s, followed by
baking on a hot plate of 12Q for 20 min in air ambient.
The adhesion with APTES primer was compared to that
without APTES adhesion primer.

Secondly, for self-adhesion study, the first polymide layer
was prepared on the APTES primer-coated glass slide in
accordance to the same procedure as in the preparation of
samples for the polyimide/substrate adhesion study. The
second polyimide layers were prepared in three different
ways. That is, the second layer coating of the precursor
solution was applied on (i) the first polyimide layer without
any further surface treatment, (ii) the first layer ashed at
150 W/4 min and 535 cc/min oxygen flow, and (iii)) the
first polyimide layer ashed and subsequently treated with
the APTES primer solution. The overcoated precursor
layers were thermally imidized in the same way as the

using an Instron mechanical tester (Model 1122) equipped first polyimide layer was imidized.
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pseudo-Voight functions and one linear baseline to the
WAXD profile corrected [27,28]. From integrated areas of
the deconvoluted peaks, a crystallinity was estimated.
200+ The dynamic mechanical properties (storage modglus
1120 loss modulu€”, and tand) were measured as a function of
temperature using a dynamic mechanical thermal analyzer
180 with a tension probe (Mark-I, Polymer Laboratories). The
measurement was conducted with a nitrogen gas flow over
14.0 the range of room temperature to 830 The heating rate

L and frequency were 10.0 K/min and 10 Hz, respectively.
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10.0 The width of the film strips and grip gauge length were
6.350 and 15 mm, respectively. The thickness of films was
20-25pm.
@ Reflcion ™ The residual stress of BPDA-ODA polyimide film was
00 1&) 26'0 3(‘)'0 46.0 0.0 mgasured by_ means of silicon Wa_lfer bending technique
using a specially designed X-ray diffractometer [29]. The
20 (degree) curvature of both side polished Si(1 0 0) wafers (3925
Fig. 2. Wide angle X-ray diffraction patterns of a BPDA-ODA polyimide thick) was measured before applying the polymer solution.
film thermally imidized at 408C. Then, the APTES primer solution was applied on the cali-
brated silicon wafers at 2000 rpm for 20 s and baked on a
In addition, another adhesion specimen was preparedhot plate of 128C for 20 min in ambient air. Subsequently,
with the aid of poly(4,4oxydiphenylene pyromellitamic  the precursor solution was spin-coated on the primer-coated
acid) (PMDA-ODA PAA) in order to compare with wafers, soft-baked on a hot plate of°8for 1h, and
the three different samples prepared above. Namely, thethermally imidized in an oven with nitrogen flow by the
BPDA-ODA PAA solution was first spin-coated over the step-cure process. Then, the curvature of the polymer-
first BPDA-ODA polyimide layer without any surface treat- coated wafer was again measured to determine the stress
ment, soft-baked at 8C for 30 min, and partially cured at  of the polyimide film.
150°C for 30 min. Then, the overcoating of PMDA-ODA For the polyimide films, the swelling measurements were
PAA solution was subsequently performed and soft-baked performed in NMP by means of gravimetry at both room
at 80C for 1 h. Finally, the whole layers of BPDA-ODA temperature and 8C. The thickness of films was ca.
PAA and PMDA-ODA PAA were imidized together by the 20 um.
same imidization process described above. The prepared
adhesion specimen has a layer structure of PMDA-
ODA(18 um)/BPDA-ODA(Z Mm)//BPDA'ODA/APTES/ 3. Results and discussion
glass slide. The films on glass slide substrates were diced on
a dicer in 2.0-5.0 mm width for the peel test. In the peel 3.1. Structure
test, the cross-head speed was 0.05 to 5 mm/min. The total

>
=3
T

thickness of peeling polyimide layer was 20—z2¢h. Fig. 2 shows WAXD patterns obtained for the BPDA-
ODA polyimide film. The transmission pattern shows a
2 3. Measurements typical crystalline polymer WAXD spectra as well as a

large amorphous halo. A similar WAXD pattern was

The wide angle X-ray diffraction (WAXD) study was obtained in the reflection geometry, indicating that the
performed for the thermally imidized BPDA-ODA poly- BPDA-ODA polyimide chains in the film are aligned
imide films at room temperature, using a diffractometer randomly rather than in the film plane. The (002) and
(Model D-500, Siemens). The X-ray source was Cy K (0 0 4) diffraction are presumably assigned to peaks at ca.
radiation which was generated at 40 kV and 30 mA. The 6.3 (14.02 A) and 12.3(7.08 A), respectively. The peak at
WAXD measurement was carried out in both transmission 15.3 (5.79 A) is too sharp to be an amorphous halo. Thus,
and reflection geometry. Thef#2scan was performed at this peak may be assigned by the (1 1 0) diffraction. Besides
0.05 step interval and 12 s collecting time over the range these peaks, several sharp and broad peaks appeared in the
3-50 in the 6/26 mode. In the measurement, several layers high angle region 0f>16.3°: the peaks are expected to be
of films, rather than a single layer film, were mounted on a diffraction peaks from (0 0) and 6 k) diffraction. This
film sample holder. The total film thickness was ca. 200. WAXD result indicates that BPDA-ODA polyimide exhi-
The measured WAXD patterns were corrected to the back- bits the molecular chain orientation along the chain axis as
ground runs and then deconvoluted. Here, an interactivewell as relatively good lateral packing order. However, the
curve-fitting technique based on a nonlinear-least-squaresamorphous halo is relatively very big. Crystallinity is esti-
estimation algorithm was used to fit a collection of mated to be only ca. 17% from the X-ray diffraction



2108 M. Ree et al. / Polymer 41 (2000) 2105-2111

15.0 T T T T 10.0
Transmission E'
120} ] e
~,
LY
P 9.0 kY
= .0 B - _ \.\\
g £ —
-‘? 3] E" b
2 cof ] o e~
z = sof “
o ‘\__“_.“..g
30 E 0
10.0 °C/min
0.0 100 200 300 400 500 0 100 200 300 400 500
260 (degree) T(O
Fig. 3. Wide angle X-ray diffraction pattern of a UpilexgRfilm, 75 um Fig. 4. Variations of dynamic moduli (storage modufiisand loss modulus
thick. E") of BPDA-ODA polyimide film as a function of temperature. The

employed frequency and heating rate were 10Hz and 10.0 K/min,

patterns. The crystal structure has not been determined yefespectively.
but its structural refinement analysis is in progress in our
laboratory so that the result may be published in future.  (here, T, and T, are imidization temperatures for the first

In addition, a Upilex-R film, 75 um thick, which is a and second polyimide layers), an excellent adhesion was
BPDA-ODA polyimide film supplied from Ube Chemicals observed in the peel test. This means that a reasonable
in Japan, was characterized by X-ray diffraction. In general, degree of chain mobility has taken place at 4DGo
it has been well known that commercial polyimide films are allow molecular inter-diffusion through the first and second
chemically imidized and subsequently stretched biaxially polymer layers and has resulted in good self-adhesion. The
during heat treatment [22,30,31], perhaps leading to a detailed adhesion behavior is discussed later.
different morphological structure in the UpileX-RIim. A After the first transition, the modulus leveled off and then
typical X-ray pattern of Upilex-Rfilms is shown in Fig. 3. gradually decreased up to 445 This behavior indicates
This X-ray pattern is quite different from that of the ther- that the polymer chains are in an ordered phase over the
mally imidized film aforementioned. The film shows only range 365—44%. This result indicates that the dimensional
amorphous halos: that is, peaks from any molecular orienta- stability is well maintained up to 446. For further eleva-
tion and lateral order do not appear. Here, an average inter-tion of temperature, the modulus decreased sharply again
molecular distance is estimated to be ca. 6.&@m the from 316 MPa at 44% to 34.8 MPa at 47€. This second
peak maximum position of the big amorphous halo. The transition is much sharper than the first transition. From
WAXD results indicate that the polymer chains in the these transition behaviors, it is suggested that the first
Upilex-R film are in the amorphous state rather than an transition at the range 290—3&5 corresponds to a glass

ordered state. transition while the second transition in the higher tempera-
ture region corresponds to an order—disorder transition.
3.2. Properties The loss modulusE") profile with temperature reveals

three relaxation peaks. The first broad peak over 252@Q75

Fig. 4 shows dynamic mechanical and thermal spectra might correspond to th@-relaxation, which results from
obtained for the BPDA-ODA polyimide film. These spectra rotational motions of phenyl moieties as well as of pheny-
are very similar to those reported previously [22,23]. The lene imide rings on the polymer backbone as observed in
storage modulus §) gradually decreases from room most aromatic polyimides [9,32]. Th@-relaxation is
temperature to 29C, drops sharply through the first usually overlapped with th@'-relaxation due to moisture
phase transition, and then gradually decreases again withabsorbed in films [9,32]. The second peak at 275388
further elevating temperature. T sharply drops again  the relaxation due to the polymer chain motions through the
through the second phase transition>a450°C. That is, glass transition. Finally, the third peak over 450-43fhay
different from other conventional aromatic polyimides, result from motions of polymer chains through the order—
BPDA-ODA polyimide exhibits two phase transitions. disorder transition.
Through the first transition, the modulus was dropped Residual stress of the BPDA-ODA films imidized at
from 2.15 GPa at 29C to 0.531 GPa at 366. The modu- 400°C was measured at room temperature. The radii of
lus decrease at this transition seems like a big drop relatively curvature of the calibrated wafer without and with the
to provide enough molecular chain mobility. This kind of polymer film were measured to be 669.82 and 3.88 m,
chain mobility is reflected directly to the self-adhesion. For respectively, giving a residual stress of 48 MPa. This stress
the bilayer film specimens prepared Bt= T, = 400°C value is relatively larger than those of PMDA-ODA and
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Table 1
Self-adhesion of BPDA-ODA polyimide

2109

Specimen structufgbottom to top layer)

Peel strength (Fmvith peeling rate (mm/min)

0.05 0.1 0.2 0.5 1.0 2.0 5.0
BPDA-ODA//BPDA-ODA 1060 1089 1118 1148 1187 - -
BPDA-ODA//BPDA-ODA/PMDA-ODA 814 873 893 912 922 942 971
BPDA-ODA/Ash //BPDA-ODA’ Cannot peel
BPDA-ODA/Ash/Primer//BPDA-ODA 1069 1079 1138 1236 - - -

2 Thermal imidization was conducted & = T, = 400°C: T; is an imidization temperature of polyimide layier
® Ashing was carried out at 300 W/5 min and 535 cc/min oxygen flow rate.
¢ A primer, y-aminopropyltriethoxysilane of 0.1 vol.% in ethanol/water (95/5 in volume) mixture was spin-coated at 2000 rpm/20 s, followed by baking at

12C°C for 20 min in ambient air.

BPDA-PDA polyimide films: 30 MPa for the PMDA-ODA
polyimide film and 12 MPa for the BPDA-PDA polyimide
film [3]. The stress value is relatively high in spite of some
degree of molecular chain orientation and intermolecular
packing order in the polyimide film. The high stress might
be attributed to some degree of chain flexibility caused by
losing chain linearity due to biphenyl and ether linkages on
the backbone. In addition, the low degree of crystallinity
may contribute positively to the residual stress to increase.
The residual stress of a polyimide film is dependent upon

moisture uptake as observed for BPDA-PDA polyimide
[17]: 1.3-1.4 wt.%. Instead, PMDA-ODA polyimide is

known to absorb moisture in 2.5 wt.% [17]. Conclusively,
the BPDA-ODA polyimide has a relatively high solvent
resistance to NMP as well as water.

In comparison, the BPDA unit in the polymer backbones
of BPDA-ODA and BPDA-PDA polyimide seems likely to
provide enough solvent resistance to NMP and water.
Another contributing factor for the low degree of swelling
might be the intermolecular lateral crystalline like packing

the physical parameters, such as TEC, modulus, Poisson’sven though the overall crystallinity is low.

ratio, and thermal history [3]. Among these parameters, the

TEC mismatched from that of substrate (3 pp@nfor sili-
con wafer [5,33]) is the primary factor to cause residual
stress. As aforementioned, the BPDA-ODA film has a
TEC of 43 ppmiC. This value is very close to that
(40 ppm?C) of PMDA-ODA but much higher than that
(ca. 5 ppmiC) of BPDA-PDA. Therefore, the high residual
stress in the BPDA-ODA, compared to that of the PMDA-
ODA, might be attributed to the relatively high modulus.
In addition, the swelling behavior in NMP was investi-
gated at both room temperature and®0The degree of
swelling was ca. 0.5 wt.% after a day at room temperature.
Also, a similar amount of swelling in NMP was obtained
after 2 h at 8@C. This value is comparable to that of BPDA-
PDA polyimide [13], but relatively much lower than that of
PMDA-ODA polyimide [24]. In addition, BPDA-ODA
polyimide has been reported to exhibit a relatively low

Table 2

3.3. Self-adhesion and adhesion to substrates

Adhesion measurements were performed with various
peeling rates for the specimens in which all the polyimide
layers were prepared by thermal imidization at 4D@hich
is higher than itsT,, The measured peel strengths are
summarized in Tables 1 and 2.

To measure self-adhesion of BPDA-ODA polyimide,
specimens were prepared in four different ways (see
Table 1). In the first case, the bottom polyimide layer was
prepared in a conventional way, and the top polyimide layer
was overcoated on the bottom layer, giving an adhesion
specimen, BPDA-ODA//BPDA-ODA. For this specimen,
peel strength was measured to be 1060-1187 dver
the peeling rate of 0.05—-1.0 mm/min. In the second case,
a peel test was performed with the aid of PMDA-ODA

Adhesion of BPDA-ODA polyimide to substrates: silicon wafer with oxidized surface and glass ceramic (GC) substrate

Specimen structufgbottom to top layer)

Peel strength (Fmwith peeling rate (mm/min)

0.05 0.1 0.2 0.5 1.0 2.0 5.0
Si wafer/Ash//BPDA-ODA 687 746 795 834 893 961 1040
Si wafer/Ash/Primer//BPDA-ODA 1010 1050 1099 1138 1207 1256 1364
G.C./Ash/Primer//BPDA-ODA - - - 922 - - -

2Thermal imidization was conducted at 400

P Ashing was carried out at 300 W/5 min and 535 cc/min oxygen flow rate.
¢ A primer, y-aminopropyltriethoxysilane of 0.1 vol.% in ethanol/water (95/5 in volume) mixture was spin-coated at 2000 rpm/20 s, followed by baking at
120°C for 20 min in air ambient.
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polyimide layer. It is well known that the peel strength is In fact, APTES has often been used as an adhesion primer
dependent upon properties of the peeled polyimide layer, for the interface of ploymer/substrate as well as of polymer/
such as Young's modulus, yield strength, Poisson’s ratio, polymer in the fabrication of microelectronic devices.
and stiffness [5,34,35]. Numerous adhesion studies haveHowever, the role of APTES primer is not clear for the
been done with the aid of PMDA-ODA polyimide as a back- adhesion improvement in polymer/polymer interfaces
ing layer in the peel test because the polymer has been usedecause APTES primer has originally designed for the inter-
widely in the microelectronic industry for the last decade. For face of polymer with silicon wafers, glasses and ceramic
this reason, in the present study the top polymer layer wassubstrates. There is a controversy in the role of APTES
overcoated on the bottom BPDA-ODA polyimide layer with primer for the improvement of adhesion at polyimide/poly-
the aid of PMDA-ODA polyimide. That is, a BPDA-ODA imide interfaces. In the present study, a merit of APTES, as
polyimide layer of ca. 2um thick was overcoated first onthe an adhesion primer, was not observed in the self-adhesion of
bottom layer and followed by overcoating of PMDA-ODA BPDA-ODA polyimide layer.
polyimide layer to ca. 18m thickness. The peel strength In addition to the self-adhesion, the adhesion of BPDA-
was measured to be 814—971 3/aver the peeling rate of  ODA polyimide was investigated further for the interfaces
0.05-5.0 mm/min. These peel strength values are relativelyof silicon wafers. With silicon wafers with oxidized surface,
lower than those obtained for the BPDA-ODA//BPDA-ODA two different kinds of adhesion specimens were prepared.
bilayer specimen. The difference might result mainly from Firstly, some silicon wafers were cleaned by ashing. Then,
the different mechanical properties between the BPDA-ODA the BPDA-ODA PAA solution was overcoated on the ashed
and PMDA-ODA backing layers as aforementioned. silicon wafers, followed by drying and imidization. For the

Overall, the self-adhesion of BPDA-ODA polyimide is specimens, the peel strength was measured to be 687—
relatively very high in spite of some variations with the 1040 J/ni, depending upon the peeling rate (see Table 2).
backing layer polymer in the peel test: in general, a peel These peel strength values are relatively very high, indicat-
strength of>500 J/nt is required for all the interfaces in  ing that the BPDA-ODA polyimide has an excellent
microelectronic devices [1]. The high peel strength values adhesion to the silicon wafer. Secondly, the other silicon
indicate that enough inter-diffusion of the polyimide mole- wafers were ashed and subsequently prime-coated with
cules take place between the bottom and top layers throughAPTES. The precursor polymer solution was overcoated
the conventional imidization process, leading to an excel- on the primed silicon wafers, followed by drying and imidi-
lent self-adhesion. In comparison, both PMDA-ODA and zation. The specimens exhibited 1010—1364°Jwer the
BPDA-PDA polyimides are known to exhibit a very low peeling rate of 0.05-5.0 mm/min. These peel strength
peel strength of<30 J/nf, respectively [1,13,15,16,24]. values are relatively larger than those obtained for the poly-
In fact, bilayer films of these two polyimides are often dela- imide/silicon wafer without using APTES primer. In
minated natually without any external stress because of theirconclusion, these results are evident that the APTES primer
poor self-adhesion characteristics. enhances the adhesion of BPDA-ODA polyimide to the

In general, a plasma ashing is always used for eachsilicon wafer.
process step in the fabrication of microelectronic devices, The adhesion study was extended to the polyimide/glass
in order to clean the surface of devices being fabricated. For ceramic substrate specimens. Glass ceramic substrates were
this reason, the bottom polyimide layer was prepared and itscleaned by ashing and prime-coated with APTES. The
surface was ashed at 150 W/4 min and 535 cc/min oxygen precursor polymer solution was applied on the primed cera-
flow. Then, the precursor polymer solution was overcoated mic substrates and dried, followed by thermal imidization.
on the ashed layer, followed by thermal imidization. For this For these ceramic specimens, peel strength was 922al/m
specimen, the peeling could not be achieved, indicating very a peeling rate of 0.5 mm/min. This peel strength is slightly
strong adhesion between the layers. That is, thel@sma lower than that (1138 J/fjnof the polyimide/silicon wafer,
ashing of the bottom layer surface improves highly the self- but still reasonably high enough for applications in micro-
adhesion of BPDA-ODA polyimide. electronic devices based on glass ceramic substrates.

In addition to the plasma ashing, a primer treatment was
performed. That is, the bottom polyimide layer was ashed
and subsequently treated with a primer, APTES. The precur-4. Conclusions
sor polymer solution was overcoated on the primer-coated
polyimide layer, followed by thermal imidization. The The BPDA-ODA polyimide in films exhibits a typical
specimen exhibited a peel strength of 1069—1236 J/m crystal-like structure but its overall crystallinity was rela-
over the peeling rate of 0.05—0.5 mm/min in the peel test. tively small, only ca. 17%. The polymer film reveals two
These self-adhesion values are very slightly higher than phase transitions: the first at 3C3is the glass transition
those obtained for the bilayer specimen without ashing and the second at 485 is the order—disorder transition.
and primer treatments. This result indicates that the The residual stress was 48 MPa at room temperature, while
APTES primer treatment does not contribute effectively to the TEC, which is a primary factor to control the residual
improve the self-adhesion. stress, was 43 ppfi@ over the range 100—280. These high
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