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POLYIMIDE PATTERNING
Background of the Invention

This invention relates to a method of making a polyimide
-pattern on a substrate and to the resulting article. In
5 particular, it relates to the inclusion of a photosensitive
system in a polyamic acid solution deposited on a substrate

from which a polyimide pattern is made.
Polyimides are used in the semiconductor industfy for
many application, such as dielectric coatings on silicon
10 chips. In some applications, it is necessary to form a
pattern of a polyimide coating on a substrate. One method by
which this can be accomplished is to prepare a solution in an
' organic solvent of a polyamic acid, apply the solution to the
substrate, and evaporate the solvent. A positive photoresist
15 is applied over the .solid coating and the photoresist is
exposed to UV light through a mask. The exposed portions of
the photoresist and those portions of the polyamic acid
coating underneath are removed using an aqueous base
developer. After the remaining photoresist is removed in an
20 organic solvent, the polyamic acid is cured to form a
polyimide coating. (See, for example, U.S. Patent No.

5,393,864, herein incorporated by reference.)
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ﬁhrticular, it relates to the inclusion of a photosensitive systemin a
pol yam ¢ acid solution deposited on a substrate fromwhich a polyimde

pattern i s made. Pol yi m des are used_in the sem conductor industry -
for many application, such as dieIectqu+m9gprnggA§%E§NirCOﬂ chips. In
sone applications, it is necessary to [form gepp@akkgn ofjja polyimde
coating on a substrate. One nethod by ht-S—6an cconplished is to

prepare a solution in an organic solvent of a polyanic acid, apply the
solution to the- substrate, and evaporate the solvent. A positive

photoresist is appimere ¥¥ls pPBcseliwbiaatield ,2efle [And I Yrepbitibfis of
the ‘polyamic acid coating can result in severely sloped

sidewalls, i.e., polyamic acid can be removed in the
isoropicdirection that is not directly under the photoresiét

5 that was exposed to UV light. Severe isotropic developing can
create problems such as poor resolution or patterns that have

severely sloped sidewalls.

Summary of the Invention

I have discovered that the isotropic developing of the

10 polyamic acid coating patterns can be reduced if a photo-
sensitive system that becomes more soluble in the aqueous base
developer when exposed to UV 1ight'is mixed in with the
polyamic acid. The UV light passes through the photoresist

layer and renders the exposed portions of the polyamic acid-

15 coating more soluble in the developer. When UV-exposed
photosensitizer in the polyamic acid coating is removed using

the developer, the exﬁosed portion of the coating dissolves

more readily. This controls the development time and the

sidewall slope.

20 ' Brief Description of the Drawings
Figure 1 is a scanning electron micrograph (SEM) of the
developed film made in Example 1.
Figure 2 is a graph showing the UV absorbance of five
samples made in Example z-at various UV wavelengths.
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exposed to W light through a mask. The exposed portions of the
photoresist and those portions of the polyamc a ating underneath are

rgnoved using an aqueous base devel oper. After h@H@qgmdyggggggcheS|st
to

is removed in an organic solvent, the polyanc | BESUL m a
pol yi m de coati ng. (See, fdr exanmple, U.S. —==e303--864
herein incorporated by reference.)

-2 -

: figures 3 and 4 are photographs explained in Example 3
that show the degree of sidewall slope of polyimide coatings.
In Figure 3, no photosensitizer was used.and in Figure 4, 10

wt% photosensitizer was used.

5 Description of the Preferred Embodiments

In the first step of the process of this invention, a
solution is prepared of a polyamic acid in an organic solvent.
The polyamic acid is the-reaction.product of a dianhydride and
a diamine. Generally, stoichiometric quantities of diamine

10 and dianhydride are uséd to obtain the highest molecular
weight polyamic acid, but the equivalent ratio of dianhydride
to diamine can range from 1:2 to 2:1. Examples of suitable
dianhydrides include:
1,2,5,6-naphthalene tetracarboxylic dianhydride;

15 1,4,5,8-naphthalene tetracarboxylic dianhydride;
2,3,6,7-naphthalene tetracarboxylic dianhydride;
2-(3’,4’~dicarboxyphenyl) - 5,6~dicarboxybenzimidazole

dianhydride;
2-(3’,4’-dicarboxyphenyl) 5,6-dicarboxybenzoxazole

20 dianhydride;
2~(3’,4’-dicarboxyphenyl) 5,6-dicarboxybenzothiazole

dianhydride;
2,27,3,3’~benzophenone tetracarboxylic dianhydride;

2,3,3',4'-benzophenone tetracarboxylic dianhydride;
_—
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Vihile this process works well, the renmpoval of portions of t he

polyam ¢ acid coating can result in severely sl oped si dewal | s,
iee., polyamc acid can be renoved in the i sotropic -
direction that is not directly under the photoresist 5 that was
exposed to UV light. Severe isotropic devel opin 7 ate
probl ens such as poor resolution or patterns tq tTHhave: "”ASB:EN everely
sl oped sidewal | s. . 1 Sunnary éL&Dhe | nyent i on

3,37,4,4’-benzophenone tetracarboxylic dianhydride (BTDA):;
2,27,3,3’-biphenyl tetracarboxylic dianhydride;
2;3,3’,4'-bipheny1 tetracarboxylic dianhydride;
3,37,4,4’-biphenyl tetracarboxylic dianhydride (BPDA) ;

5 bicyclo-[2,2,2)~-octen~(7)~-2,3,5,6-tetracarboxylic-2,3,5,6~

dianhydride;

thio-diphthalic anhydride;
bis (3,4~-dicarboxyphenyl) sulfone dianhydride;
bis (3,4-dicarboxyphenyi) sulfoxide dianhydride;

10 bis (3,4-dicarboxyphenyl oxadiazole-1,3,4) paraphenylene

dianhydride; |
bis (3,4-dicarboxyphenyl) 2,5-oxadiazole 1,3,4-dianhydride;
bis 2,5-(3’,4’-dicarboxydiphenylether) 1,3,4-oxadiazole
dianhydride:;

15 bis (3,4-dicarboxyphenyl) ether dianhydride or oxydiphthalic

anhydride (ODPA);
bis (3,4-dicarboxyphenyl) thiocether dianhydride;
bisphenol A dianhydride;
bisphenol S dianhydride;

20 2,2-bis (3,4-dicarboxyphenyl) hexafluoropropane dianhydride -
or 5,5-(2,2,2-trifluoro~-1-(trifluoromethyl)ethylidene]
bis-1,3-isobenzofurandione) (6FDA):;

hydroquinone bisether dianhydride;
bis (3,4-dicarboxyphenyl) methane dianhydride;

25 cyclopentadienyl tetracarboxylic acid dianhydride;
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I° have discovered that the isotropic devel oping of the 10 pol yam c
acid coating patterns can be reduced if a photo- sensitive system
that becomes nore soluble in the aqueous base devel oper _when

exposed to U light is mixed in with the Qloy: P Gy ARG EEN 'Qhe )Y}
aﬁéir rs

| i ght passes through the photoresist | ayer e
exposed portions of the polyam c acid 15 bf'e in the
devel oper. When UV-exposed photosensitizer in the polyan1c acid coating
i s renoved using t he devel oper, the exposed portion of the

f?ﬁ;'ggdd{ﬁzoﬁﬁﬁiopentane te@?&@afﬁéﬂ&iYc afdhry&ordd o1 s the devel oprent
ethylene tetracarboxylic acid dlanhydride;
perylene 3,4,9,10-tetracarboxylic dianhydride;
‘pyromellitic dianhydride (PMDA);
5 tetrahydrofuran tetracarboxylic dianhydride; and
resorcinol dianhydride.

The preferred dianhydrides are PMDA, BPDA, BTDA, and ODPA
or mixtures thereof, as these dianhydrides are readily
available and give a polyimide having better thermal,

10 mechanical, and adhesive properties.

The dianhydrides can be used in their tetraacid form or
as mono, di, tri, or quatra esters of the tetra acid, but the
dianhydride form is preferred because it is more reactive.
Aromatic dianhydrides are especially preferred as they give

15 superior properties.

The diamine used in preparing the polyamic acid is also
preferably aromatic. Examples of aromatic diamines include:
nm~phenylenediamine (m-PDA);
p~phenylenediamine (p-PDA):;

20 2,4-(TDA), 2,5- and 2,6-diaminotoluene;
p- and m-xylenediamine:;
4,4’-diaminobiphenyl;

4,4’-diaminodiphenyl ether or 4,4/-oxydianiline; (ODA)
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Brief Description of the Draw ngs Fi gure

1 is a scanning electron mcrograph (SEM of the devel oped film

nade in Example 1.
absor bance of five

wavel engt hs.
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Figure 2 is a graph showing the W
sanpl es made in Exanplke_2 at. various W
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4,4’-diaminobenzophenone;
3,3, 3,4’, or 4,4-diaminophenyl sulfone or m,m~, m,p~ oOr
P.p~ sulfone dianiline;

4,4’-diaminodiphenyl sulfide;

3,3’ or 4,4’-diaminodiphenylmethane or m,m- or p,p-methylene

dianiline;
3,37’~-dimethylbenzidine;
4,4’-isopropylidenedianiline;
1,4~bis (p~aminophenoxy)benzene;
1,3-bis(p-aminophenoxy)benzene;
4,4’~bis(4-aminophenoxy)biphenyl;
1,3~bis(3-aminophenoxy)benzene (APB);
2,4-diamine~-5-chlorotoluene;
2,4~diamine-6-chlorotoluene;
2,2-bis-(4[4-aminophenoxy]lphenyl propane (BAPP);
trifluoromethyl~2,4~-diaminobenzene;
trifluoromethyl-3,5-diaminobenzene;
2,2’-bis(4-aminophenyl)~hexafluoropropane;
2,2-bis(4-phenoxy aniline) isopropylidene;
2,4,6~trimethyl~1,3-diaminobenzene;
4,4’~diamino-2,2/-trifluoromethyl diphenyloxide;
3,3’~diamino-5,5’~trifluoromethyl diphenyloxide;
4,4’-trifluoromethyl-2,2/~diamino biphenyl;

2,4,6-trimethyl-1,3-diaminobenzene;
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Figures 3 and 4 are photographs explained in Exanple 3 that show the

degree of sidewall slope of polyimde coatings. In Figure 3, no
photosensitizer was used-and in Figure 4, 10 w % phot psgy) Hﬂﬁg?r
Description of the Preferred Enbodi nents In the Jlirs ﬁﬁﬁﬂ%dégﬁﬁﬁy }
process of this invention, a solution is prepared of ¢ pabyamc acid in

organi c solvent. The polyan1c acid is the reaction product of a o
di anhydride and a diamne. Cenerally, stoichionetric quantities of diam
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20
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4,4'-oxybis[z-trifluoromethyl)benzeneamine] (1,2,4-OBABTF) ;

. 4,4"-oxybis[ (3-trifluoromethyl)benzeneamine]:

4,4’-thiobis[ (2-trifluoromethyl)benzeneamine];
4,4’-thiobis[ (3-trifluoromethyl)benzeneamine];
4,4’-sulfoxylbis[ (2-trifluoromethyl)benzeneaminej;
4,4'’~-sulfoxylbis[ (3-trifluoromethyl)benzeneamine];
4,4’-ketobis[ (2-trifluoromethyl)benzeneamine];
4,4’'-[(2,2,2-trifluoromethyl-1-(trifluoromethyl) -

ethylidine)bis(3-trifluoromethy1)benzeneamine];
4,4/-dimethylsilylbis{ (3-trifluoromethyl)benzeneamine].

The preferred aromatic diamines are ODA, p-PDA, m-PDA,
APB, and BAPP, due to the excellent properties of polyimides
made from them.

A polyimidesiloxane can be prepared by using a mixture of
a diamine that does not contain siloxane groups with a diamine
that contains siloxane groups. Alternatively, a dianhydride
that contains siloxane groups can be used to replace a portion
of a dianhydride that does not contain siloxane groups. For

example, a polyimidesiloxane can be made from about 1 to about

d.
an

ne

80 wt% siloxane-containing monomers and about 20 to about 99

wt%¥ monomers that do not contain siloxane. Siloxane-
containing polyimides are preferred because they have lower
moisture absorption and better adhesion to substrates, and
they preferably are made from about 1 to about 30 wt%
siloxane-containing monomers and about 70 to about 99 wt%

//
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and di anhydride are used to obtain the highest nolecular weight polyanc
acid, but the equivalent ratio of dianhydride to diamfe—can range from.
12 to 2:1. Exanples of suitable dianhydrides includ nﬂggq::THAgBE;N
1,2, 5, 6-napht hal ene tetracarboxylic di anhydride; 1,4, ,8-napbb
tetracarboxyl I ¢ dianhydride; 2,3,6,7-naphthal ene tet-asathﬁ
di anhydri de; 2-(3',4'-dicarboxypheny|) 5, 6-di car boxybenzi m dazol e
di anhydride; 2-(3',4'-dicarboxyphenyl) 5, 6-di carboxybenzoxazol e
di anhydri de;

- ——— R

The siloxane-containing compounds may be either aromatic
or non-aromatic, but non-aromatic compounds are preferred as
they are more readily available. Examples of siloxane

diamines that can be used include compounds having the formula

HaN— Ry———Si— 0——Si —R, — NH,,

5 Examples of siloxane dianhydrides that can be used include

compounds having the formula

re

TN
V2 B I A I NV
n | O

0

wherein R, and R,, and R, are mono, di, and triradicals,
respectively, each independently selected from a substituted

or unsubstituted 1 to 12 carbon atom aliphatic group or a

10 substituted or unsubstituted 6 to 10 carbon atom aromatic
_—
-8 =
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Z-(3', 4' -di car boxyphenyl) 5, 6-di car boxybenzot hi azol e di anhydri de;

2,2',3,3 -benzophenone tetracarboxylic dianhydride; 2,3,3",4"-benzophenone

tetracarboxylic di anhydri de; =4

3. 3", 4,4 -benzophenone tetracarboxylic dianhydride (BT Iriis SHEET HAS BEEN
REPLACED

group, and m is 1 to 200 and is preferably 1 to 12. (Siloxane

diamines are herein denoted by the notation "G,"*.) Examples

of monoradicals include —-CHy, —CF,, —CH==CH,, — (CH,),CF,,

~—CgHs, -—CF,—CHF—CF,, and —caz—caa—-g-o-—cnzcr'zcr*zcrs.
5 Examples of diradicals include —(CH,),—, —(CF,),—,

~—{CH,) ,(CF,) ,—, and —CgH,—, where each n can be 1 to 10.

Examples of triradicals
include —CH—CH,—, and

The monomers react at room temperature in a solvent to

1o form a solution of the polyamic acid. The solvent must, of
course, dissolve the polyamic acid. Suitable solvents depend

upon the particular composition of the polyamic acid that is

to be made and dissolved, .but may include N-
methylpyrrolidinone (NMP), diglyme, triglyme, cyclohexanone,

15 cyclopentanone, dimethylacetamide, and mixtures of these
solvents. The solvent preferably has a boiling point between

130 and 210°C as lower boiling solvents may evaporate too

readily from the film and higher boiling solvents may be too
difficult to remove from the film. The solution of the

20 polyamic acid in the solvent can be any percent solids
desired, but it is preferably about 5 to about 30 wt% solids

as more dilute solutions mean more solvent to evaporate and

more concentrated solutions are too viscous.
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2,2',3,3" -bi phenyl tetracarboxylic dianhydride; 2,3,3",4" -bi phenyl
tetracar boxylic di anhydri de; 3,3 ,4,4" -bi phenyl tetracarboxyllc

di anhydri de( BPDA) ; bicyclo-[2,2,2] octen-(7)-2, 35 T =t etFacarboxync- 2
3,5, 6- di anhydride; thio-diphthalic anhydr| e*“S§J§LTHASBEEN I
(3, 4-di car boxyphenyl ) sul fone dianhydride; bis (3

4- di dEiOFSheny | )
sul foxi de di anhydride; bis (3,4-dicarboxyphenyl ~oxadiazotre-TI; .
par aphenyl ene Tl PR ECacil Gad Bl H RRKURNEBY! Infafzo¥adianl ©

1, 3, 4-di anhydri de;

is preferably about 20 to about 40% imidized. A greater
degree of imidization makes the polyamic acid too insoluble
and less can make it too soluble during subsequent removal to
5 form a pattern. Partial imidization can be accomplished by
heating the solution of polyamic acid to about 100 to about

160°C for about 5 minutes to about 2 hours. -
The solution of the polyamic acid must contain about 1 to
about 10 wt%, based on polyamic acid weight, of a
10 photosensitive system that becomes more soluble in the
developer when exposed to actinic light. The photosensitive
system may be, for example, a photosensitizer or a dissolution
inhibitor and a photoactive compound. Photosensitizers that
can be used can be found in European Patent 478321 Al invented

15 by M. Oba et al., p. 68-82, herein incorporated by reference.
Examples of such photosensitizers include derivatives of 1,2
naphthoquinone (2)-diazido-4-sulfonate, 1,2 naphthoguinone
(2)-diazido-5-sulfonate and azide compounds. The following

are examples of positive photosensitizers:

@ Q ,

R
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bis 2,5-(3',4'-dicarboxydi phenyl et her) 1, 3, 4- oxadi azol e
di anhydride; bis (3, 4-dicarboxyphenyl) ether di anhydri de or oxydi phthalic
anhydride (ODPA); bis (3,4-dicarboxyphenyl) thioethee=di-anhyttiaem,
bi sphenol A di anhydride; bisphenol S dianhydride; b TReEBEET HAS BEEN
(3, 4-di car boxyphenyl ) hexafl uoropropane di anhydri de RYPLACED
55-[2,2,2-trifluoro-1-(trifluoronethyl)ethylidene] '
bi s- 1, 3-i sobenzof urandi one) (6FDA); hydroqui none bi sether di anhydri de;

ap@
%
O
t LA R4O—©—
CHy _

o ORy OR4

_@

O=WN=0

OH O-R, N
and . CH2 Agé\w
e %%;iT_CHZ__.
CH3 CH3

where p is 1 to 100, g is 1 to 100, and

0=S=
|
? 0
y Or
0=S~0 0=S=0
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bi s (3, 4-di carboxyphenyl) net hane di anhydride; cycl opentadi enyl
tetracarboxylic acid dianhydride; -5-
cycl opentane tetracarboxylic dianhydride; ethylene tet ' '
di anhydri de; perylene 3,4,9, 10-tetracarboxylic di anhygr Fids; SHHUT,@@W
di anhydri de (PNDA); REPL. ACED

In general, when these photosensitizers are exposed to
actinic or ultraviolet 1light, nitrogen is removed and the
double bonded oxygen group is converted into the more water
soluble carboxylic acid group. A preferred example of .a

5 positive photosensitizer is a derivative of 1,2~
naphthoquinone~(2)~diazido-5-sulfonate which undergoes the

following photoreaction by UV exposure:

0
N=N 0 OH
© °
o
0R4 0=?=0
ORg

The preferred photosensitizer is 2,1,4 or 2,1,5-

diazonaphthoquinone sulfonic esters. While this

10 photosensitizer does not react with the partially imidized

polyamic acid, it is initially insoluble in alkali water and

its hydrophobicity prevents the partially imidized polyamic

acid from dissolving in alkali water. However, when it is

exposed to light it becomes soluble in the aqueous base

15 ~ developer and permits the dissolution of partially imidized
polyamic acid with which it is in contact.

A photosensitive system of the partially imidized

polyanmic acid can also be prepared from dissolution inhibitors

R
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tetrahydrofuran tetracarboxylic dianhydride; and resorcinol dianhydride.
The preferred di anhydrides are PVDA, BPDA, BTDA, and ODPA or m xtures

t hereof, as these dianhydrides are readily avaiIabI?~aﬁﬁ=gtye~a:p0#§rﬁide
having better thermal, mechanical, and adhesive pr opdti$ 88EET HAS BEFpe

di anhydrides can be used in their tetraacid formor | as mbkG-AGED tri, | or
quatra esters of the tetra acid, but the dianhydrideTormis preterred
because it is nore reactive. Aromatic dianhydrides are especially

preferred as they give superior properties.
and photoactive compounds. The dissolution inhibitors contain

an acid labile blocking group, such as t-butyl ester or a t-

butyl carbonate. The photoactive compounds should generate a

strong acid by UV irradiation and the strong protonic acid can
5 deblock the acid labile groups during a subsequent postbake

process. A positive image can be obtained by developing with

aqueous base. The dissolution inhibitors are as follows:

0 i) | ‘ ﬁ il)
Ar—C —ORzy Ar—Q—C—O0Rg» RO —C—Ar—C "ORS,

[ I
R50—~C~——O-—Ar-—-0-—C —-ORS, Ar --ORS-,

ang R;—O—Ar—0—Rg CH

3
' where Ar is aromatic or cycloaliphatic and R, is H or —-C-—-CF{
CH3
10 Examples of dissolution inhibitors include:
g 0
OH-o-0—c—cn,

' 3

CH:,3 CH3

Gy
OO
| T3 CO,——C —CH
" CHy 2 T
and CH3

-
- 13 =~
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The diamine used in preparing the polyamic acid is also preferably
aromati c. Exanples of aromatic diam nes include: mphenyl enedi am ne

(m PDA); p-phenyl enedi ami ne (p-PDA); 2,4-(TDA), 2, 5- panad .
2, 6-di anmi notol uene; p- and mxyl enedi ani ne; 4, 4' - di affi TidiBigHEETHAS BEEN
4,4' -di am nodi phenyl ether or 4,4'-oxydianiline; (CDA)} 3, 4' RERMVAGERI | i nel

10

15

20

Examples of the photoactive compounds, which can produce
a strong acid by UV exposure, include derivatives of 1,2~
naphthoquinone-(2)-diazide-4-sulfonate, diaryl iodium salts,
p-nitrobenzyl-9,10-diethoxyanthracene sulfonate, etc. -

In the next step of the process of this invention, the
solution of partially imidized polyamic acid containing the
photosensitizer is applied to a substrate, forming a coating
on the substrate. Suitable substrates include, for example,
silicon wafers, copper, aluminum, silicon dioxide, and silicon
nitride. The formation of the coating on the substrate can be
accomplished by using a doctor blade, spin coating, or other
means.

Solvent is then evaporated froﬁ the coating to form a
solid coating. Evaporation of the solvent can be accomplished
by heating on a hot plate or in an oven below the
decomposition temperature of the photosensitizer. For
example, if the solvent is N-methylpyrrolidone, heating can be
at 100 to 150°C. Heating at this stage should remove most of
the solvent but should result in very little imidization of
the polyamic acid and very 1little decomposition of the
photosensitizer.

In the next step, a layer of a positive photoresist is
applied over the solid polyamic acid coating. The application

of the positive photoresist can be accomplished by techniques

- 14 - : This Sheet Has Been Re placed
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g 4

sul fone or

4, 4'

- di am nobenzophenone;

- di am nodi phenyl
or mm or p,p-nethylene

3,3, 3,4, or 4_.4-dianinophenyl ;
mm, mp- or p, p- sul fongid .
sul fi de; 5 3,3 or 4,4 g?@%tﬁiﬁiﬁﬁgﬁ%fwekhane

3, 3" -di nmet hyl benzi di ne;

10
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well-known in the art, such as the use of a doctor blade or
spin coating from solution and evaporation of the solvent.
The photoresist should be sensitive to the same wavelength of -
light that the photosensitizer is sensitive to. Any type bf
positive photoresist can be used for this purpose. Suitable
photoresists are commercially available products and can be
pﬁrchased from Hoechst Celanese Corp., Olin Corp., Shipley
Co., Tokyo Ohka Co., etc. The preferred photoresists are G-
line or I-line sensitive and respond to UV light from 360 to
450 mm.

The layer of positive photoresist should be thick enough

to protect the coating of polyamic acid beneath it during the

dissolution step, but should be thin enough so that actinic

light can pass through it into the polyamic acid coating
beneath it. A thickness of about 0.5 to about 2 microns is
usually suitable.

In the next step, the positive photoresist is exposed to
a pattern of actinic of UV light for a time and intensity
sufficient to pass through the layer of photoresist into the
polyamic acid coating and activate the photosensitizer in the
polyamic acid coating. A pattern of light can be formed using
a mask, which can be applied using techniques well-known in
the art. The UV light renders those portions of the
photoresist layer and the polyamic acid coating that are

exposed to the light more soluble in the developer.

=15 - This Sheet Has Been Replaced
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4, 4' -isopropylidenedianiline; 1, 4- bi s( p- am nophenoxy) benzene;

10 1, 3- bi s(p-am nophenoxy) benzene;

4, 4" - bi s(4-am nophenoxy) bi phenyl ; 1, 3- bills {3IssH
(APB) ; 2, 4- di am ne- 5- chl or ot ol uene;

2, 4- di am ne- 6- chl or ot ol uene; 15

2, 2- bi s- (4] 4- am nophenoxy] phenyl ) pr opane ( BAPP);
trifluoronethyl-2, 4-diam nobenzene;
trifluoronethyl-3,5-di am nobenzene;

2, 2" -bi s(4-am nophgpyl )eidd UOSOPIRANEE the layer of photoresist are
removed using a developer appropriate for the particular
photoresist selected. The exposed portions of the polyanmic
acid coating are then removed by dissolution in the sﬁme

5 developer. A preferred aqueous developer is water containing
0.1 to 0.5 normal base. Preferably, the base is organic
| because inorganic bases, such as potassium hydroxide or sodium
hydroxide, can leave behind low concentrations of sodium or
potassium ions, which can adversely affect the dielectric
10 properties of the resulting polyimide coating. Quaternary
ammonium salts, such as tetramethyl ammonium hydroxide,
tetraethyl ammonium hydroxide, tetrapropyl ammonium hydroxide,
or tetrabutyl ammonium hydroxide, are | preferred. Contact with
the developer should be about 10 seconds to about 5 minutes,
15 and preferably about 30 seconds to about 2 minutes, as longer
times may attack unexposed areas and shorter times may leave

exposed polyamic acid unremoved.
The remaining unexposed photoresist layer is then removed
using an appropriate solvent. Finally, the polyamic acid
20 coating remaining on the substrate is imidized, which can be -
accomplished by heating in stages, such as at 150°C for 30
minutes followed by heating at 250°C to 350°C for 1 to 2 hours.

The following examples further illustrate this invention.

S
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2, 2- bi s(4-phenoxy aniline) isopropylidene; 20 2,4,6-trimethyl -1,

3-di am nobenzene; 4,4 -diamno-2,2"'-trifluoronethyl .
di phenyl oxi de; 3,3 -diamno-5, 5 -trifluoronethyl diphenyl oxide;
4,4 -trifluoromethyl-2,2" -diam no bi phenyl; -

2,4,6-trinethyl -1, 3-di am nobenzene; 25 di am noantJy

r i ; AS BEEN i
|7 e
L——w-":':—-’:’:_’“——_-

Example 1
To a 500 ml 3-necked flask equipped with a mechanical

stirrer, a Dean-Stark trap, a reflux condenser, and a
thermometer was added 1188 ml dry NMP, followed by stirring
5 20.97 g (0.194 mole) p-PDA and 1.45 g (0.006 mole)
diaminopropyl terminated dimethyl siloxane oligomer having an
average repeat uﬁit of 1 (G;). After dissolving the diamines
completely, 58.84 g (0.2 mole) BPDA was added at room
temperature and the polymerization was run overnight. For the
10 partial imidization, 264 ml toluene was added and mixed
homogeneously. The temperature was raised to 145°C and the
mixture was refluxed for 5 minutes then cooled in an ice bath.
The resin was precipitated in deionized water, filtered,
washed in fresh deionized water or methanol again, and
15 filtered. - The filtered resin was dried at room temperature
under a hood with slow air flow. The imidization measured by
acid titration was 32.5%. The size of molecules in DMAC
measured by gel phase chromatography (GPC) with polystyrene
references was 6084 g/mole (Mn), 15780 g/mole (Mw), and 2.3

20 polydispersity.

Example 2
The dry resin of Example 1 was dissolved in NMP at 28.6

wt$ and the solution was filtered through a 5 um filter. A

\
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7 4,4' -oxybi s[2-trifluoronethyl)benzeneam ne] (1,2 ,4-OBABTF);
4,4" -oxybi s[ (3-trifluoronethyl)benzeneam nej;

4,4, -thiobis[(2-trifluoronethyl)benzeneani ne]; 4, 4" -thiobis
(3-trifluoronethyl)benzeneam nej; 5

4, 4" -sul foxyl bis[(2-trifluoronethyl)benzeneam nej;
4, 4" -sul foxyl bis[(3-trifluoronethyl)benzeneam nej]);
4,4" -ketobis[(2-trifluoromethyl)benzeneam ne];

THIS SHEET HAS BEE;‘:I T
REPLACED [

4,4'-[(2,2,2-trifluoromethyl-1-(trifl uororrethyl)
et hyl i di ne) bi Poriltivel pAbeBBERNiLDEEE SNEakeNelt 1,2-naphthoquinone~(2) -

10

15

20

diazide-5-sulfonic acid with p~cresol, (sold by Toyo Gosei
Kégyo Co. as "PC-5"), 0.57 g, was added to the 10 g filtered
solution and mixed for complete dissolution. The formulated
solution was spin-coated on a silicon wafer at 2500 rpm for 40
seconds and soft-baked at 120°C for 15 minutes in a convection
ovén. A positive photoresist, sold by Shipley Co. as Shipley

Microposit®1813 photoresist, was spin-coated onto the soft-

- baked wafer, then soft-baked again on a hot plate at 100°C for

5 minutes. The coating was exposed to UV light through a mask
for 3 seconds using a 350 watt mercury-xenon lamp. The UV
exposed wafer was developed for 30 seconds in tetramethyl
ammonium hydroxide (TMAH) developer, Shipley MF-312 CD-27.
After developing and drying the wafer, the photoresist
was washed in ethyl acetate. The developed film was baked at
80, 150, 250, and 350°C for 30 minutes at each ter-nperature.
The pattern thickness was 5 pum and the SEM picture with a

sharp profile pattern is shown in Figure 1.

Example 3

The dry resin of Example 1 was dissolved in NMP at a
concentration of 28.5%. After this solution had been filtered
through a 5 um filter, samples 1 to 5 were prepared with 0, 5,
10, 15, and 20 wt% "PC-5" photosensitizer. The solutions were

spin~-coated on silicon wafers at 2000 rpm for 40 seconds and

- 18 -
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10 4,4 -dinethyl silylbis[(3-trifluoronethyl)benzeneanine].

The preferred aromati c di am nes are QODA, p-PDA, ;--ﬂ-___-~_~'APB and
BAPP, due to the excellent properties of ponrnrd:s’ﬂSSHEETHA; fe=from

t hem A pol yi i desi | oxane can be pr[J.reu35plA&A, i xture
of 15 a diam ne that does not contain si | oxane growps—aPth a Mi am ne
that contains siloxane groups. Alternatively, a dianhydride t hat
cont ai ns sil oxane groups can be used to replace a portion of a

di anhydri de that does not contain siloxane groups. For exanple, a

pol yi m desi | OxaHee doutede wasdes! apkabopt-Haikdd 8&39%20"80&: 1501 ie8s in
si | oxane-cont ai ni ng nononers and about 20 to about

10

15

20

~a convection oven. The positive photore51st, Shipley

Microposit®1813, was spin-coated on the soft-baked wafers at
2500 rpm for 40 seconds and then soft-baked again on a hot
plate at 100°C for 5 minutes. The wafers were exposed to UV
light through a mask for 1 to 4 seconds with a 350 watt Hg-Xe
lamp. UV spectra of the spin~coated films on quartz disks are
shown in Figure 2, where the ordinate is absorbance and the
abscissa is wavelength in nm. The UV exposed wafers were
developed in Shipley MF-312 CD-27 for about 20 seconds (but
only about 15 seconds for the control, where no
photosensitizer was used). After developing and drying of
wafers, the photoresist on the precursors of polylimides was
washed in acetone. When the remaining films were cured at 90,
150, 250, and 350°C for 30 minutes at each temperature, the
final cured films were about 8 to 10 gm thick. From a
comparison of SEM pictures of patterns obtained from the above
samples (see Figures 3 and 4), it was established that the

addition of the photosensitizer produced sharp edges,

especially at the bottom layer of patterns. There is much

more isotropic developing in Figure 3, where no
photosensitizer was used, than in Figure 4, where 10 wt%
photosensitizer was used, even though the pattern in Figure 4

was exposed to the developer for about 5 seconds longer.

This Sheet Has Been
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wt % nononmers that do not contain siloxane. Si | oxane-

contai ning polyimdes are preferred because they have | ower

nmpi sture absorption and better adhesion to substrates, and . -t hey
preferably are made fromabout 1 to about 30 wt% 25

si | oxane-contai ni ng mononmers and about 70 to about 99 w2 iis E 5
that do not contain sil oxane. THIS SBEET HAS
REPLACED

Example 4

To a 100 ml 3-necked flask with a mechanical stirrer, 55

g dry NMP was added, followed by 4.3 g (0.0213 mole) ODA and

0.16 g (0.00066 mole) G,. After dissolving the diaminés

5 completely by stirring, 4 g (0.018 mole) PMDA and 1.18 ¢
(0.00366 mole) BTDA were added and polymerized with stirring
.overnight at room temperature. One sample was used as
prepared and another sample was formulated with 5% positive
photosensitizer PC-5. Two solutions were spin-coated on

10 silicon wafers at 1200 rpm for 40 seconds and soft-baked at
120°C for 5 minutes in a convection oven. Then a positive
photoresist, Shipley 1813, was spin-coatf.ed at 2000 rpm for 40

seconds and soft-baked at 100°C for 3 minutes on a hot plate.

The wafers were exposed to UV light through a mask for 1 to 4

15 - seconds from a 350 watt Hg-Xe light source. The pure polyamic
acid sample was developed for 10 to 18 seconds in TMAH
developer and the profile of patterns had more severely sloped
sidewalls than in Examples 2 and 3. The 5 wt% PC-5 sample was

developed in TMAH developer for 30 to 52 seconds.

- 20 =
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The si | oxane-cont ai ni ng conpounds nay be either aromatic or non-aronatic,
but non-aromatic conpounds are preferred as they are nore readily

avai | abl e. Exanpl es 0__§LLgxane_—d+aH+ﬁes t hat can be used incl ude

[err]

conmpounds having the formul a

TR R

WE CLAIM:

1 1. A method of making a polyimide pattern on a substrate
2 comprising
3 {2) preparing a solution in an organic solvent of a
4 polyamic acid and about 1 to about 10 wt% of a
5 photosensitive system that becomes mors soluble in
6 an agqueous base developer when exposed to actinic
7 light;
8 (B) forming a coating of said solution on a substrate:;
9 (C) evaporating solvent from said coating;
10 (D) applying a positive photoresist over said coating;
11 (E) exposing said positive photoresist and said coating
12 to a pattern of actinic light:
13 (F) removing the exposed portions of said photoresist:
14 (G) removing exposed portions of said coating by
15 dissolution in an aqueous base developer;
16 (H) removing remaining photoresist; and
17 (I) imidizing polyamic acid coating remaining on said
18 substrate.

2. A method according to Claim 1 wherein said substrate is
a silicon wafer.
'\'

This Sheet Has Been
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Exanpl es of sil oxane di anhydrides that can be used include conpounds

havi ng the formul a [err]
wherein Rlerr] and Rlerr], and Rlerr] are nono, di, H@IS@HE@I"&%@EEN h

respectively, each |nderendentl sel ected froma subst t ut eREPLACED

U A —k

3. A method according to Claim 1 wherein said photosensitive

system is 2,1,4 or 2,1,5-diazo naphthoquinone sulfonic

esters.

4. A method according to Claim 1 wherein said positive
photoresist is sensitive to UV light having a wavelength

from about 360 to about 450 nm.

5. A method according to Claim 3 wherein said aqueous base
developer is about 0.1 to about 0.5 normal aqueous

solution of an organic base.

6. A method according to Claim 5 wherein said organic base

is a quaternary ammonium salt.

7. A method according to Claim 5 wherein said quaternary

ammonium salt is tetramethylammonium hydroxide.

8. A method according to Claim 1 wherein said polyamic acid

is about 20 to about 40% imidized.

This Sheet Has Been Replaced
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or unsubstituted 1 to 12 carbon atom aliphatic group or a substituted or
unsubstituted 6 to 10 carbon atom aronmatic group, and mis 1
to 200 and is preferably 1 to 12. (Siloxane diam nes _are herein denoted by
the notation™derr]".) Exanples of nonoradicals in

S SHEET HAS BEEN
____REPLACED

i

=

¢ L H 5

9. A method according to Claim 1 wherein said polyamic acid
is the reaction product of an aromatic dianhydride and
diamine, where about 70 to about 99 wt% of said diamine

is aromatic diamine that does not contain siloxane groups

U & W N =

and about 1 to about 30 wt$ of said diamine is diamine

O

that contains siloxane groups.

10. A method according to Claim 9 wherein said dianhydride is
selected from the group consisting of oxydiphthalic
anhydride, 3,3'’4,4' -bisphenyl tetracarboxylic
dianhydride, 3,3’ 4,4’ -benzophenone tetracarboxylic
dianhydride, 2 ,2-bis (3, 4~
dicarboxyphenyl)hexafluoropropane dianhydride, ~and
pyromellitic dianhydride, said aromatic diamine is

selected from the group consisting of 4,4’ -oxydianiline,

W 0 N s W e

m-phenylene diamine, p-phenylene diamine, 1,3-bis(3-

[
o

aminophenoxy)benzene, and 2,2-bis(4-[4-

i
=

aminophenoxylphenyl)propane, and said diamine that

i
N

contains siloxane groups has the formula

[ 1

R R,

R R,
— —m
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-CerrlHerr], -CF[err]-CHF-CF[err], and [err] Exanples of diradicals

include -(CH err])[err]-, -(CFlerr])[err]-, -(CHerr (CF[err])
[err]-, and - C[errJH[err] , Where each n can be 1 to P S e '
triradicals enN
nmononers react amiﬁuHIMMﬁML in a solvent to f Rggf‘ﬁt’r@n of {he
pol yami ¢ acid. The*sd vent *nust,* course, dissolve the polyam©<T

Sui t abl e sol vents depend upon the particul ar conposition of the pol yam c
acid that is

13 where R and R; are mono and diradicals, respectively,

14 each independently selected from a substituted or
15' unsubstituted 1 to 12 carbon atom aliphatic group or a
16 substituted or unsubstituted 6 to 10 carbon atom aromaﬁic
17 group and m is 1 to 200.

11. A method according to Claim 1 wherein said photosensitive
system is a mixture of dissolution inhibitors and

photosensitive compounds.

12. A method according to Claim 11 wherein said dissolution

inhibitor is selected from the group consisting of

O O

u u R

Ar—C —ORz; Ar—0—C— ORz» R:O—C~Ar—C Y

O O

[
Rg0—~C—0—Ar—0—~C—0R;, Ar—OR,

and RS‘—O""'AI"—"O—RS

CHs

—C —CH
| 3
CH This Sheet Has Been Taced

T L
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where Ar 1s aromatic or cycloaliphatic and R; is H or




to be made and di ssol ved, but may I ncl ude N-

nmet hyl pyrrol i di none_(N\VP) , dlglyﬂe+_Lr|egne cycl ohexanone,
cycl opent anone, dinmethyl acetam de, and m xtures of these solvents.-The

sol vent preferably hHK Lngnﬂgﬂﬂ t between 130 and 210[err]C as | ower

t ; ) )
boi ling sol vents mayi /B eadily fro -l d_hi gher
boi i ng sol vents may be too ifficult to removellf rasgHeerty 4~ “The

solution of the polyamc acid in the solvent ca be E’\éblids
desired, but it is preferably about 5 to about 3 osol as nore

dilute sol uti gas MRaflefR6E 86LY¥FAING Or&VERMRIA AftbrdiRy %a‘?n.‘&”%&tt%@c%‘ive _

sol utions are too viscous.
compound is selected from the group consisting of

derivatives of 1,2-naphthoquinone~(2)-diazide-4-~
sulfonate, diaryl iodium salts, p-nitrobenzyl-9,10-

diethoxyanthracene sulfonate.

14. An article made according tc¢- the method of Claim 1.

1 15. In a process for making a polyimide pattern on a
2 substrate wherein a positive photoresist is applied to a
3 coating of a polyamic acid on a substrate, the
4 photoresist is exposed to a pattern of actinic light, and
5 the exposed portions of the photoresist and the polyamic
6 acid coating therebeneath are removed, an improvement
7 which makes the sidewall of the pattern more vertical
8 comprising mixing into said polyamic acid about 1 to
9 about 10 wt% of a photosensitive system that becomes more
10 soluble in aqueous base when exposed to actinic light and
11 removing said therebeneath polyamic acid coating using an
12 aqueous medium.

16. A method according to Claim 15 wherein said substrate is

a silicon wvafer.

This Sheet Has Been Replaced
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-10 - The poryanmte—acid can be up to about 40%imidized and it is

preferably about 2Qj p b 4090 1 m di zed. A great
L

job)

i mdi zati on makes t oo insol ubl e

sol ubl e during subséqhen o forma pattern Partﬁ@ﬁ» ron
can be acconplished by heating t he sol ution of pol yam Tt~z “t~m\\N\_ 100
t o about
17. A method according to Claim 15 wherein said
photosensitive system is 2,1,4 or 2,1,5-diazo
naphthoquinone sulfonic esters.
1 18. A method of making a polyimidesiloxane pattern on .a
2 substrate comprising
3 (A) preparing a solutioh in an organic solvent of
4 (1) about 1 to about 10 wt%¥ of a photosensitizer
5 that becomes more soluble in water after
6 exposure to ultraviolet light; and
7 (2) a polyamic acid that is the 1:2 to 2:1 molar
8 reaction product of
9 (a) aromatic dianhydride; and
10 {b) diamine, where séid diamine is about 70
11 to about 99 wt% aromatic diamine that
12 does not contain siloxane groups and
13 about 1 to about 30 wt% of a diamine that
14 does contain siloxane groups;
15 (B) heating said solution to imidize about 20 to about
16 40% of the amic acid groups in said polyamic acid:
17 (C) forming a coating of said solution on a substrate; -
18 (D) heating said coating to evaporate organic solvent
19 ' therefrom and solidify said coating:;
20 (E) applying a layer of a positive photoresist to said
21 solidified coating;

This Sheet Has Been Replaced
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160[err] C for about 5 minutes to about 2 hours. The sol utlon of the
polyam ¢ acid nust contain about 1 to about 10 wt % ghase j-G-- aci d
wei ght, of a prlot_osensmlve system that becones norg
devel oper whenl T HIl lﬂ]mgml c light. The photosefisiti vp@gpm(ﬁ;:pm may be,
for exanple, aliih u'-" a dissolution inhidste '
phot oacti ve corrpouﬁd PHot Ssen5|t|zers that can be used can be found I n
European Patent 478321 Al invented by M Cba et al., p. 68-82, herein

i ncorporated by reference. Exanples of such photosensitizers include

derivagpives of 1,2 (ﬂap@s&g@ihaogglé VP pePof1EHd Pdtorelist and said

naphthqu|none

23 : underlying coating to a pattern of ultraviolet
24 light;
25 (G) removing those portions of said positive photoresist
26 that were exposed to ultraviolet light, thereby
27 -exposing the polyamic acid coating thereunder;

— 28 (H) removing said exposed polyamic acid coating using an
29 aqueous developer;
30 (I) removing photoresist layer that remains on said
31 polyamic acid coating; and
32 (J) heating polyamic acid coating that remains on said
33 substrate to a temperature sufficient to form
34 polyimidesiloxane.

19. A method according to Claim 18 wherein said substrate is

a silicon wafer.

20. A method according to Claim 18 wherein said aqueous
developer is about 0.1 to about 0.5 normal

tetramethylammonium hydroxide.
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¢2) - di azi do-5-sul fonate and azi de conpounds. The followi ng are exanples of
positive photosensitizers: [err]
[err]

CASE 6596
RDF/rag
02/02/1996

POLYIMIDE PATTERNING
Abstract of the Disclosure

Disclosed is a method of making a polyimide pattern on a

substrate. A solution is prepared in an organic solvent of a
pélyamic acid and about 1 to about 10 wt% of a photosénsitizer

5 that becomes more water soluble when exposed to actinic light.
A coating is formed of the solution on a substrate and solvent

is evaporated from the coating.” A positive photoresist is
applied over the coating and is exposed to a pattern of
actinic light. The exposed portions of the photoresist are

10 removed as well as the exposed portions of the polyamic acid
coating thereunder. The remaining photoresist is removed and

the polyamic acid coating is imidized.

This Sheet Has Been Replaced
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where pis 1 to 100, gis 1 to 100, and
[err]

=
a
-
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-2 12 - In general, when these photosensitizers are exposed to
actinic or ultraviolet light, nitrogen is renoved and the doubl e bonded
oxygen group is converted into the nore water sol ubl e carboxylic acid
group. A preferred exanple of a positive photosensitizer is a
derivative  of 1, 2- napht hoqui none- (2) - di azi do-5-sul fonate which
under goes t he a

3.0

2.0

1.0

1 I | I | — e

360 400 440 480 520 560 600

0.0

Fig. 2
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fol1 owi ng photoreaction by UV exposure: [err]

The preferred phot osensitizer is 2,1,4 or 2,1, 5-

di azonapht hoqui none sulfonic esters. Wi | e this photosensitizer
does not react with the partially imdized polyamc i is initially

insoluble in alkali water and £ -
‘“““:==::§? /
S

B

Fig. 3

-
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i ts hydrophobicity prevents the partially imdized polyamc acid from
dissolving in alkali water. However, when it is exposed to light it
becones soluble in the aqueous base devel oper and pernits the disselution
of partially imdized polyamic acid with which it is in contact. A
phot osensitive systemof the partially imdized '
prepared from di ssolution inhibitors

THIS SHEET HAS BEEN
. REPLACED

Fig. 4 —
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strong acid by U/ irradiation and thelstrong protonic a¢

and photoactive conpounds. The dissolution inhibito

lo it ot.o

r

S

an acid | abile bl ocking group, such asypi=htt esi-e
butyl carbonate. The photoactive conpounds skﬁﬁuﬂﬁaimmﬂﬁﬁﬁﬁf
5

can

debl ock the acid | abile groups during a subsequent postﬁa e
cn19 JUN 1997

process.

[err]

A positive imge can be obtained by devel opi ng
aqueous base. The dissolution inhibitors are as foll ows:

POLY DE_PATTERNING

Background of the Invention

This invention relates to a method of making a polyimide
pattern on a substrate and to the resulting article. In
particular, it relates to the inclusion of a photosensitive
system in a polyamic acid solution deposited on a substrate
from which a polyimide pattern is made.

Polyimides are used in the semiconductor industry for
many .application, such as dielectric coatings on silicon
chips. In some applications, it is necessary to form a
pattern of a polyimide coating on a substrate. One method by
which this can be accomplished is to prepare a solution in an
organic solvent of a polyamic acid, apply the solution to the
substrate, and evaporate the solvent. A positive photoresist
is applied over the solid coating and the photoresist is
exposed to UV light through a mask. The exposed portions of
the photoresist and those portions of the polyamic acid
coating underneath are removed using an aqueous base
developer. After the remaining photoresist is removed in an
organic solvent, the polyamic acid is cured to form a
polyimide coating. (See, fdr 'example, U.S. Patent No.

5,383,864, herein incorpérated by reference.)




aMi{aﬂ-ON-ONeH] where Ar is aronmati ¢

i ahaec and
“Herr] is Hor [err] 10 Exanpl es of dissol utiof jetdyde:
© [err]
-2 - _, (19 JUN B97

[;TﬁfSHEETHASBEEN '
5 EPLAGED « |
While EQE;T;;;;;QS works well, the removal of éorticns of
the polyamic acid coating can result in severely sloped
sidewalls, i.e., polyamic acid can be removed in the
isoropicdirection that is not directly under the photoresiét
that was exposed to UV light. Severe isotropic developing can

create problems such as poor resolution or patterns that have

.severely sloped sidewalls.

sSumma. of the entio

I have discovered that the isotropic developing of the
polyamic acid coating patterns can be reduced if a photo-
sensitive system that becomes more soluble in the agqueous base
developer when exposed to UV lignt.is mixed in with the
polyamic acid. The UV light passes through the photoresist
layer and renders the exposed portions of the polyamic acid
coating more soluble in the developer. When UV-exposed
photosensitizer in the polyamic acid coating is removed using
the developer, the exposed portion of the coating dissolves
more readily. This controls the development time and the

sidewall slope.

escripti e wings
Figure 1 is a scanning electron micrograph (SEM) of the

developed film made in Example 1.

Figure 2 is a gra#h showing the UV absorbance of five

samples made in Example 2 at various UV wavelengths.

—\\
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-14-° Exanpl es of the photoactive conpounds, which can

. produce a strong acid by UV exposure, includg [ 0 1
2- napht hoqui none- ( 2) - di azi de- 4-sul fonate, di AX§@Eﬁﬁf§§EE$
p- ni trobenzyl -9, 10- di et hoxyant hr acene;, sul fonate, etc. 5 I'nit

next step of the process of this invertion, the solu |
partially imdized polyam c acid containing the JOR 1967

Figures 3 and 4 are photographs explained in Example 3
that show the degree of sidewall slope of polyimide coatings.
In Figure 3, no photosensitizer was used.and in Figure 4, 10

wti photosensitizer was used.

escription of the Preferred odiments
In the first step of the process of this invention, a
solution is prepared of a polyamic acid in an organic solvent.
The polyamic acid is the.reaction product of a dianhydride and
a diamine. Generally, stoichiometric quantities of diamine
and dianhydride are used to obtain the highest molecular
weight ﬁblyamic acid, but the equivalent ratio of dianhydride
to diamine can range from 1:2 to 2:1. Examples of suitable
dianhydrides include:
1,2,5,6-naphthalene tetracarboxylic dianhydride:;
. 1,4,5,8-naphthalene tetracarboxylic dianhydride:;
2,3,6,7-naphthalene tetracarboxylic dianhydride;
2-(37,4’-dicarboxyphenyl) - §5,6-dicarboxybenzimidazole
dianhydride;

2-(3’,4’-dicarboxyphenyl) 5,6~dicarboxybenzoxazole
dianhydride;

2-(37,4’~-dicarboxyphenyl) 5,6~dicarboxybenzothiazole
dianhydride;

2,2’,3,3’-benzophenone tetracarboxylic dianhydride;

2,3,37,4’-benzophenone tetracarboxylic dianhydride;




phot osensi ti zer is applied to a substrate, forming a @ﬁﬁiﬂﬁﬁﬁﬁfﬁﬂ‘gﬁﬁﬁf n
the substrate. Suitable substrates include, for exangl §; stt1 con
waf ers, copper, alum num silicon dioxide, and silicdni . quUﬁ%@i e
‘ np

The formation of the coating on the substrtate can be i shed
by using a doctor blade, spin coating, or other L—peans..

Solvent is then evaporated fromthe coating to form g solid
coating. Evaporation of the solvent can be acconplisﬂéd*“ﬁ by-—helat i ng
on a hot plate or in an oven below the deconposition
‘tenperature of the photosensitizer. For exanple, if the

fso]vent i s Nt Hylddyhesizophenoniec etngcanhoyrlic dianhydride (BTDA):
' ' 2,2/,3,3’-biphenyl tetracarboxylic dianhydride;
2,5,3',4’-biphenyl tetracarboxylic dianhydride;
3,37,4,4'’-biphenyl tetracarboxylic dianhydride(BPDA) ;
bicyclo-{2,2,2]-0cten-(7)~-2,3,5,6~tetracarboxylic-2,3,5,6~-
dianhydride;

thio-diphthalic anhydride;

bis (3,4-dicarboxyphenyl) sulfone dianhydride;

bis (3,4—dicarboxyphenyi) sulfoxide dianhydride;

bis (3,4-dicarboxyphenyl oxadiazole-1,3,4) paraphenylene
dianhydride;

bis (3,4-dicarboxyphenyl) 2,5-oxadiazole 1,3,4-dianhydride:;

bis 2,5-(3’,4'-dicarboxydiphenylether) 1,3,4~oxadiazole
‘dianhydride;

bis (3,4-dicarboxyphenyl) ether dianhydride or oxydiphthalic
anhydride (ODPA);

bis (3,4-dicarboxyphenyl) thioether dianhydride;

bisphenol’A dianhydride;

bisphenol S dianhydride;

2,2-bis (3,4-dicarboxyphenyl) hexafluoropropane dianhydride
or 5,5-(2,2,2~-trifluoro-1-(trifluoromethyl)ethylidene]
bis-1,3-isobenzofurandione) (6FDA);

hydroquinone bisether dianhydride;

bis (3,4-dicarboxyphenyl) methane dianhydride;

cyclopentadienyl tetracarboxylic acid dianhydride:;



at 160 to 150[err]C. Heating at this stage should renove nost of
.thBe solvent but should result in very little imdiz RE?@

t he

polyam c acid and very little deconposition of the 7FhTME%%N§mH1SH_W

phot osensi ti zer. In thesnext step, a lja er of & Lg
photoresist is appl i ed over -+he solid pol yamic gg%gﬁg%ﬁéin .{ The
application of the positive photoresist cah be ‘ac M’dhed jby

t echni ques 1

cyclopentane tetracarboxylic dianhydride;
ethylene tetracarboxylic acid dianhydride;
perylene 3,4,9,10-tetracarboxylic dianhydride;
pyromellitic dianhydride (PMDA);

tetrahydrofuran tetracarboxylic dianhydride; and
resorcinol dianhydride.

The preferred dianhydrides are PMDA, BPDA, BTDA, and ODPA
or mixtures thereof, as these dianhydrides are readily
available and give a polyimide bhaving better thermal,
mechanical, and adhesive properties.

The dianhydrides can be used in their tetraacid form or
as mono}'di, tri, or quatra esters of the tetra acid, but the
dianhydride form is preferred because it is more reactive.
Aromatic dianhydrides are especially preferred as they give
superior properties.

The diamine used in preparing the polyamic acid is also
preferably aromatic. Examples of aromatic diamines include:
m-phenylenediamine (m-PDA):;
p-phenylenediamine (p-PDA):
2,4-(TDA), 2,5~ and 2,6-diaminotoluene;

p- and m-xXylenediamine;
4,4’-diaminobiphenyl;
4,4’-diaminodiphenyl ether or 4,4’-oxydianiline; (ODA)

3,4’~oxydianiline;



m@||;knomﬂ inthe art, such as the use of a doctor bl ade REPLACE&%%H’§§%§T

cdating fromsolution and evaporation of the sol vent.

phot oresi st should be sensitive to t he sane wavel engt h of | i ght
that the photo : itive to. Any type of 5 1PN 1909
phot or esi st cal] HESEEETHHS ¥ ?urpéie Sui t abl e phot or esi stjs
are connerC|aIILmavaﬁﬁ8%&Q§ s and can be hur chased Trom
Hoechst Cel ane in Corp., Shipley Co. .-Takyo Ohka Co.
etc. The preferred photoreS|sts are G line or I-line sensitive

and respond to W light from 360 to
| 4,4’-diaminobenzophenone;

3,3’, 3,4’, or 4,4-diaminophenyl sulfone or m,m-, m,p~ O
p,p—lsulfone dianiline;

4,4’-diaminodiphenyl sulfide;

3,37 or 4,4’-diaminodiphenylmethane or m,m- or p,p-methylene
dianiline;

3,3’-dimethylbenzidine;

4,4'-isopropylidenedianiline;

1,4-bis(p~aminophenoxy)benzene;
1,3~bis(p-aminophenoxy)benzene; This Sheet Has Been Replac
vt AR
1,3-biék3—aminophenoxy)benzene (APB) ;
2,4~-diamine~5-chlorotoluene;

2,4-diamine~6-chlorotoluene;
2,2-bis-(4{4~aminophenoxy]phenyl propane (BAPP):
trifluoromethyl-2,4-diaminobenzene;
trifluoromethyl-3,5~-diaminobenzene;
2,2’-bis(4-aminophenyl)-hexafluoropropane;
2,2-bis(4-phenoxy aniline) isopropylidene;
2,4,6~trimethyl-1,3~-diaminobenzene;
4,4’-diamino-2,2/-trifluoromethyl diphenyloxide;
3,3’-diamino=-5,5’~trifluoromethyl diphenyloxide;
4,4’-trifluoromethyl-2,2’~diamino biphenyl;
2,4,6-trimethyl-1,3-diaminobenzene;

diaminocanthraquinone;



10 - 450 nm The | ayer of positive. photaoresist..shoyld be
thi ck enough to protect the coating of po m@@mwm h it
during the di ssol ution step, but should bg HA-ereugh—sq that
actinic | ight can pass thraugh-it into thg pol%8n1c gﬁld coating
15 beneat h | f——A-t-hi-ekpess=ofs:about 0.5 to apo ils

usual |y suitabl e.|} THIS SHEET HAS BHEN fihe next step, thg_positive phadtgresist

I s exposed to REMMAEE n of {lactinic or W light for a time dnd
intensity —FHrftectent to pass through the kayer-of—pheterestst into

the

20

pol yam c acid coating and activate the photosensitizer in the

4,4’-oxybis[2-trifluoromethyl)benzeneamine] (1,2,4-OBABTF) ;
4,4’-oxybis[ (3-trifluoromethyl)benzeneanine];
4,4’~-thiobis[ (2-trifluoromethyl)benzeneanine];
4,4’~thiobis[(3-trifluoromethyl)benzeneamine];
4,4’-sulfoxylbis[ (2-trifluocromethyl)benzeneamine];
4,4’-sulfoxylbis[ (3-trifluoromethyl)benzeneamine];
4,4’-ketobis[ (2-trifluoromethyl)benzeneamine];
4,4’-((2,2,2-trifluoromethyl-1-(trifluoromethyl) -

ethylidine)bis(3~trifluoromethyl)benzeneamine];
4,4’-dimethylsilylbis[ (3-trifluoromethyl)benzeneamine].

The preferred aromatic diamines are ODA, p-PDA, m-PDA,
APB, and BAPP, due to the excellent properties of polyimides
made from them.

A polyimidesiloxane can be prepared by using a mixture of
a diamine that does not contain siloxane groups with a diamine
that contains siloxane groups. Alternatively, a dianhydride
that contains siloxane groups can be used to replace a portion
of a diaqhydride that does not contain siloxane groups. For
example, a polyimidesiloxane can be made from about 1 to about
80 wt% siloxane-containing monomers and about 20 to about 99
wt$¥ monomers that do not contain siloxane. Siloxane-
containing polyimides are preferred because they have lower
moisture absorption and better adhesion to substrates, and
they preferably are made from about 1 to about 30 wt%

siloxane-containing monomers and about 70 to about 99 wt%

nonomers that do not contain siloxane.

ﬂmSMmHuB&mehmd
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pol yamic acid coating. A pattern of |ight can be fom& ‘VE\T SH 'pr"s a

- mask, which can be applied using techniques well-kn he art.
The WV light renders those portions of the bhot or esi st Iéyer and
the polyamc acid coating that are 25- 8 - exposeditp t.pgdlm\g@?m:re
soluble in the devel oper. - 16

The siloxane-containing compounds may be either aromatic
or non-aromatic, but non-aromatic compounds are preferred as
they are more readily available. Examples of siloxane

diamines that can be used include compounds having the formula

Examples of siloxane dianhydrides that can be used include

compounds having the formula

7,
/C \ __5, ! _;__F LN
\ /R3 'l o) ?l R3 /3
R R

(ll) B . H

wherein R, and R,, and R; are mono, di, .and triradicals,
respectively, each independently selected from a substituted
or unsubstituted 1 to 12 carbon atom aliphatic group or a

substituted or unsubstituted 6 to 10 carbon atom aromatic



.The exposed portions of the |ayer of photoresist are

‘a -devel oper appropriate for the particul ar phot 9
The exposed portions of the polyamc acid coati
by dissolution in the same 5 devel gper. A preferr

I's water containing 0.1 to 0.5-normal base. Pre

IS organic because i norgani c bases, such as pot
sodi um hydr oxi de, can | eave behind | ow concentr

&

SRLACEAENE ST

ng} are then rengved
ed! adqb@ Qi ®eyelioper

ferably, t he Bage
Assi um hydr oxid r

l.ans _of sodi um ¢r

;potassiumions, which can adversely affect the dielectric O properties

rof the resulting polyimde coating. Quat ernary

ammoni um sal t s,

_:SU(_:h as tet réi{-rgﬁé‘}"a m SN '@gd{&&' na is preferably 1 to 1l2. (siJ_.oxane

diamines are herein denoted by the notation "G, ,".) Examples
of monoradicals include —CH,, —CF,, —CH==CH,, —(CH,),CF;,
~—CgHs, —CF,—CHF—CF;, and —cng—caz—g—-o——crizcsacncr"s.
Examples of diradicals include — (CH,),—, —(CF,),—,

— (CH,} ,(CF,) ;—, and —CH,—, where each n can be 1 to 10.

Examples of triradicals

include —?H—CHQ‘—': ‘@: and Eb .

The monomers react at room temperature in a solvent to
form S'solution of the polyamic acid. The solvent must, of
course, dissolve the polyamic acid. Suitable solvents depend
upon the particular composition of the polyamic acid that is
to be made and dissolved, .but may include N-
methylpyrrolidinone (NMP), diglyme, triglyme, cyclohexancne,
cyclopentanone, dimethylacetamide, and mixtures of these
solvents: The solvent preferably has a boiling point between
‘130 and 210°C as lower boiling solvents may evaporate too
readily from the film and higher beoiling solvents may be too
difficult to remove from the film. The solution of the
polyamic acid in the solvent can be any percent solids
desired, but it is preferably about 5 to about 30 wt% solids
as more dilute soclutions mean more solvent to evaporate and

more concentrated solutions are too viscous.



tetraet hyl amoni um hydr oxi de, tetrapropyl ammoniu ‘
“t@trabutyl ammoni um hydroxi de, are preferred. Contdct WTH
devel oper shoul d be about 10 seconds to about 5 m nutjes, 93

preferably about 30 seconds to about-2igrihutes, as Icngé Q%Q%%W
attack unexposed areas and shorter tines may | eave

aci d unrenoved. The remai ni ng unexposegd photoreS|stM“ er is

t hen renoved
acid O
acconpl i shed

using an appropriate solvent. 1 yam ¢

coatThy pETPamlAGR daa BebE 8bCapsut rndii Zﬁlﬁzdl‘ﬁ@dc anaREcbe
by heating 1n stages, such as at 150[err]C for-

m nutes fol | dsegreferadliynarsut?SHE to IS réx f enidikeda? hoyr greater

degree of imidization makes the polyamic acid too insoluble
and less can make it too soluble during subsequent removal to
form a pattern. Partial imidization can be accomplished by
heating the solution of polyamic acid to about 100 to about

160°C for about 5 minutes to about 2 hours.

The solution of the polyamic acid must contain about 1 to

about 10 wt%¥, based on polyamic acid weight, of a

photosensitive system that becomes more soluble in the

developer when exposed to actinic light. The photosensitive
system may be, for example, a photosensitizer or a dissolution
inhibitor and a photoactive compound. Photosensitizers that

can be used can be found in European Patent 478321 Al invented

by M. Oba et al., p. 68-82, herein incorporated by reference.

Examples of such photosensitizers include derivatives of 1,2

naphthoquinone (2)-diazido-4-sulfonate, 1,2 naphthoquinone

(2)-diazido-5-sulfonate and azide compounds. The following

are examples of positive photosensitizers:

CHy ch, ¢Ms
3
OR, OR,

Ok

O O



The foll ow ng exanples further illustrate this invention. }

c A7 -

m 3-necked flask equi pped with a mechani cal
trap, a reflux condenser,

NVP, followed by stirring 5

g

(0.006 nole)

and

Exanple 1
stirrerf
- i1ihernoneter was adged y;@B
(0.194 nole) ip

and a

20. 97—g

S

0 ORg OR4

%O@

@
.

CH3 ’
OH B 0_. ]
CH
— 2
%j—mz —
CH
B CH ! 3

where p is 1 to 100, q is 1 to 100, and

O==S 0
0 0
i N I
™ -
g Or




di am nopropyl term nated di nethyl siloxane oligoner having an

- aVerage repeat unit of 1 (Jerr]). After dissolving f@gg@ggqﬁgggvl,

conpletely, 58.84 g (0.2 nole) BPDA was added at rooq1‘;:::::‘ S hpEr:

and the polynerization was run overni ght - For the p_r%ial inidizatiBQ
I

264 nml toluene was added and mi xed —  honogeneoudl TeJURMESt ajut e
was raised to 145[err] C and the m xture was rdfljuxed for 5 m hujes

then cooled in an ice bath. The resin was pregipitated 1 n deronjzed
water, filtered, washed in fresh deioni zed watler..or. nethanol aghin

and filtered. The filtered resin was dried at roomtenperature

under a hood Wi tih sqenesdy, fdren Thesd MHRbEssd i PBASY etk dYexposed to

actinic or ultraviolet light, nitrogen is removed and the

double bonded oxygen group is converted into the more water
soluble carboxylic acid group. A preferred example of a
positive photosensitizer is a derivative of 1,2-
naphthoquinone-(2)~-diazido-5-sulfonate which undergoes the

following photoreaction by UV exposure:

0
ﬁ;g O\\C,OH
‘::I'I!!I JBL;,

0=$=0
ORg4

The preferred photosensitizer is 2,1,4 or 2,1,5-
diazonaphthoquinone sulfonic esters. While this
photosensitizer does not react with the partially imidized
polyamic acid, it is initially insoluble in alkali water and
its hydrophobicity prevents the partially imidized polyamic
acid from dissolving in alkali water. However, when it is
exposed to light it becomes soluble in the agqueous base
developer and permits the dissolution of partially imidized
polyamic acid with which it is in contact.

A photosensitive system of the partially imidized

polyamic acid can also be prepared from dissolution inhibitors



acid titration was 32.5% The size of molecules in DVAC measur ed by

. gél phase chromatography (GPC) with pol ystyrene references was 6084
g/ mole (M), 15780 g/nole (My), and 2.3 pol ydi spersity.
Exanmpl e 2 The dry resin of Exanple 1 was dissol ved w
28. 6 wt % and the sol ution wasfilteredthrougha'—'nilﬁ*"r‘ﬁ‘l, A
! 19 JUN 1997
- 13 - i

and photoactive compounds. The dissolution inhibitors contain
an acid labile blocking group, such as t-putyl ester or a t-
butyl carbonate. The phctoactivé compounds should generate a
strong acid by UV irradiation and the strong protonic acid can
5 deblock the acid labile groups during a subsequent postbake
process. A positive image can be obtained by developing with

aqueous base. The dissolution inhibitors are as follows:

0 0 0 0
| | I I
Ar—C —OR., Ar—0—C—0Rsy RGO—C—Ar—C—OR;,
0 0
Rso-c—o—-Ar——o-c-—OFzs, Ar —ORg
and RS-'O—Ar—O—RS (I:HS
where Ar is aromatic or cycloaliphatic and R; is H or --C-—-CH3.
CH3
10 Examples of dissolution inhibitors include:
0 CH
I [ 3
(OAD--o— =

CHy CHy
O Dot "
é ) co?_———clz —CHy
% L
and 3 .



.- 18 - positive photosensitizer, ester of

‘1,:2- napht hoqui none- ( 2) - di azi de-5-sul fonic aciopwj~-x,ya\wvu¥£~
(sold by Toyo Cosei Kogyo Co. as "PC-5"), 0.57 |g,Was-ad ok
10 g filtered sol ution and_nj xed for conplete digsol ution. The
f or mul at ed sol ution was spin=—€oated on a silicagn wa (9 JUi BHDOo
for 40 seconds and soft-baked at 120[err]C for | monutes in a
convection oven. A positive photoresist, sold

-Shi pl ey M croposit[err] 1813 photoresist, was

.sof t -
' Examples of the photoactive compounds, which can produce

a strong acid by UV exposure, include derivatives of 1,2-
naphthoquinone~(2)-diazide-4-sulfonate, diaryl iodium salts,
| p-nitrobenzyl-9,10-diethoxyanthracene sulfonate, etc.

5 In the next step of the process of this invention, the
solution of partially imidized polyamic acid containing the
photosensitizer is applied to a substrate, forming a coating
on the substrate. Suitable substrates include, for example,
silicon wafers, copper, aluminum, silicon dioxide, and silicon

.0 nitride. The formation of the coating on the substrate can be
accomplished by using a doctor blade, spin coating, or other
means."

Solvent is then evaporated from the coating to form a
solid coating. Evaporation of the solvent can be accomplished

5 by heating on a hot plate or in an oven below the
decomposition temperature of the photosensitizer. For
example, if the solvent is N-methylpyrrolidone, heating can be
at 100 to 150°C. Heafing at this stage should remove most of
‘the solvent but should result in very little imidization of

20 the polyamic acid and very 1little decomposition of the
photosensitizer.

In the next step, a layer of a positive photoresist is
applied over the solid polyamic acid coating. The application

of the positive photoresist can be accomplished by techniques



baked waf er,
} 'm nut es.

The coating was exposed to WV |ight througt
Seconds using a 350 watt mercury-xenon_l anp.  The WV
was devel oped for 30 seconds in tetrafethyl

t hen soft-baked again on a hot plate at

(TMAH) devel oper, Shipley Me=312 CD 27. Alter devel op

drying the wafer, the phot ,
devel oped filmuwas baked df REPLAGEL
m nutes at each tenperat ure=smmmma e

s washed}in ethyl acetate.
{ 250, a

WA

- and the SEM picture with a sharp groflle pattern i's shown in

Figure 1.

well-known in the art, such as the use of a doctor blade or

spin coating from solution and evaporation of the solvent.
The photoresist should be sensitive to the same wavelength of
light that the photosensitizer is sensitive to. Any type of
positive photoresist can be used for this purpose. Suitable
photoresists are commercially available products and can be
pﬁrchased from Hoechst Celarnese Corp., 0lin Corp., Shipley
Co., Tokyo Ohka Co., etc. The preferred photoresists are G-
line or I-line sensitive and respond to UV light from 360 to
450 mm.

The layer of positive photoresist should be thick enough
to protect the coating of polyamic acid beneath it during the
dissolution step, but should be thin ehough so that actinic
light can pass through it into the polyamic acid'coating
beneath it. A thickness of about 0.5 to about 2 microns is
usually suitable.

In the next step, the positive photoresist is exposed to
a pattern of actinic of UV light for a time and intensity
sufficient to pass through the layer of photoresist into the
polyamic acid coating and activate the photosensitizer in the
polyamic acid coating. A pattern of light can be formed using
a mask, which can be applied using techniques well-known in
the art. The UV 1light renders those portions of the
photoresisﬁ layer and the polyamic acid coating that are

exposed to the light more soluble in the developer.

a

0

5

for 3

| exposed ;
-ﬁﬁuﬂﬂh%ﬂﬂo%ﬁ e

fer

nd
The

tern thickness was 5 [err]m

This Sheet Has Been Rep. li

L



Exarrple 3 The dry resin of Exanple 1 was dissolved in NWP at a
s concentration of 28.5% After this solution had been

el
through a5 [errlmfilter, sanples 1 to 5 were prepa&@LﬂCﬁMW%EET'

10, 15, and 20 wt % "PC-5" phot osenS|t|3_76er_. The sol ut ifons™were
spi n-coated on silicon wafers at 2000 +pm for 40 secords,t%njjUN 1997

L

The exposed portions of the layer of photoresist are

removed using a developer appropriate for the particular

photoresist selected. The exposed portions of the polyamic

acid coating are then removed by dissolution in the sa;me

5 developer. A preferred aqueous developer is water containing

0.1 to 0.5 normal base. Preferably, the base is organic

because inorganic bases, such as potassium hydroxide or sodium

hydroxide , can leave behind low concentrations of sodium or

potaséium ions, which can adversely affect the dielectric

0 properties of the resulting polyimide coating. Quaternary

ammonium salts, such as tetramethyl ammonium hydroxide,

tetraetihyl ammonium hydroxide, tetrapropyl ammonium hydroxide,

or tetrabutyl ammonium hydroxide, are preferred. Contact with

the developer should be about 10 seconds to about 5 minutes,

5 and preferably about 30 seconds to about 2 minutes, as longer

times may attack unexposed areas and shorter times may leave
exposed polyamic acid unremoved.

The remaining unexposed photoresist layer is then removed

using an appropriate solvent. Finally, the polyamic acid

0 coating remaining on the substrate is imidized, which can be -

accomplished by heating in stages, such as at 150°C for 30

minutes followed by heating at 250°C to 350°C for 1 to 2 hours.

The following examples further illustrate this invention.



t he - coated wafers were soft-baked at 120[err]C for 15 minutes in
convection oven. The positive photoresist, Shipley

2500 rpm for 40 seconds and then soft-baked again on A | > ——fifittle at
100[err]C for 5 mnutes. The wafers werée exposed to ' ‘
through a mask for 1 to 4 seconds with a 350 watt Hg-{Xd
spectra of the spin-coated filnms on quartz disks aref
Figure 2, where the ordinate is absorbance and the :
wavel ength in nm The UV exposed wafers were devel oped in
CD- 27 for about 20 seconds (but Example 1

To a 500 ml 3-necked flask equipped with a mechanical

stirrer, a Dean-Stark trap, a reflux condenser, and a
thermometer was added 1188 ml dry NMP, followed by stirring

5 20.97 g (0.194 mole) p-PDA and 1.45 g (0.006 mole)
- diaminopropyl terminated dimethyl siloxane oligomer having an
average repeat uﬁit of 1 (G,). After dissolving the diamines
completely, 58.84 g (0.2 mole) BPDA was added at room
temperature and the polymerization was run overnight. For the

) partial imidization, 264 ml toluene was added and mixed
homogeneously. The temperature was raised to 145°C and the
mixture.was refluxed for 5 minutes then cooled in an ice bath.

The resin was precipitated in deionized water, filtered,
washed in fresh deignized water or methanol again, and

3 filtered. The filtered resin was dried at room temperature
under a hood with slow air flow. The imidization measured by

acid titration was 32.5%. The size of molecules in DMAC
measured by gel phase chromatography (GPC) with polystyrene
references was 6084 g/mole (Mn), 15780 g/mole (Mw), and 2.3

polydispersity.

Example 2
The dry resin of Example 1 was dissolved in NMP at 28.6

wt% and the solution was filtered through a 5 pym filter. A



only about 15 seconds for the control, where

phot osensiti zer was used). After devel opi ng and

t he photoresist on the precursors of polylin des wq&i

B smpVaf ers,
X "'\‘_ by 3 g n
150, 2%50f and

acetone. Wien the remaining filnms werel&ured at 90,

350[err]C for 30 minutes at each tenperature, the 40 fmabaruted filns
were about 8 to 10 [err]mthick. From a conbaﬁigé%!rj]ﬂglg?SEw '

pi ctures of patterns obtained fromthe above safrptes-{see™Ti gures 3
and 4), it was established that the additign of the photosensitizer
produced sharp edges, especially at the bottomlayer of patterns.

. There is nupwsitive photesensitizen; cestervad dhi2rpaphthoquEngnees (2) 3,

- where no

Lo

diazide-5-sulfonic acid with p-cresol, (sold by Toyo Gosei
Kogye Co. as “"PC-5"), 0.57 g, was added to the 10 g filtered
solution and mixed for complete dissolution. The formulated
solution was spin-coated on a silicon wafer at 2500 rpm for 40
seconds and soft-baked at 120°C for 15 minutes in a convection
oven. A positive photoresist, sold by Shipley Co. as Shipley
Microposit®1813 photoresist, was spin-coated onto the soft~
baked wafer, then soft-ﬁaked again on a hot plate at 100°C for
5 minutes. The coating was exposed to UV light through a mask
for 3 seconds using a 350 watt mercury-xenon lamp. The UV
exposed wafer was developed for 30 seconds in tetramethyl
ammonium hydroxide (TMAH) developer, Shipley MF-312 CD-27.
After developing and drying the wafer, the photoresist
was washed in ethyl acetate. The developed film was baked at
80, 150, 250, and 350°C for 30 minutes at each temperature.
The pattern thickness was 5 um and the SEM picture with a

sharp profile pattern is shown in Figure 1.

Example 3

The dry resin of Example 1 was dissolved in NMP at a
concentration of 28.5%. After this solution had been filtered
through a 5 pm filter, samples 1 to 5 were prepared with 0, 5,
10, 15, and 20 wt% "PC-5" photosensitizer. The solutions were

spin-coated on silicon wafers at 2000 rpm for 40 seconds and



. .photosensitizer was used, even though the patternd

.- . . - n.......‘.*--_:‘
phot osensitizer was used, than in Figure 4, where 10 wt % g

| LACEMENT SHFBT nas
To a 100 ni necked
add@'dMﬁmd by 4.3 g

‘exposed to the devel oper for about 5 seconds | ongj
- 20 - - fxample 4
flask with a nechanical stirrer, 55 g dry NV wa
(0.0213 nol e) ODA and

the coated wafers were soft-baked at 120°C for 15 minutes in
a convection oven. The positive photoresist, Shipley
Microposit®1813, was spin-coated on the soft-baked wafers at
2500 rpm for 40 seconds and then soft-baked again on a hot
5 plate at 100°C for 5 minutes. The wafers were exposed to UV
light through a mask for 1 to 4 seconds with a 350 watt Hg-Xe
lamp. UV spectra of the spin-coated films on quartz disks are
shown in Figure 2, where the ordinate is absorbance and the
abscissa is wavelength in nm. The UV exposed wafers were
2 developed in Shipley MF-312 CD~27 for about 20 seconds (but
only about 15 seconds for the control, where no
photosensitizer was used). After developing and drying of
wafers, the photoresist on the precursors of polylimides was
washed in acetone. When the remaining films were cured at 90,
; 150, 250, and 350°C for 30 minutes at each temperature, the
final cured films were about 8 to 10 um thick. From a
comparison of SEM pictures of patterns cbtained from the above
samples (see Figures 3 and 4), it was established that the
addition of the photosensitizer produced sharp edges,
especially at the bottom layer of patterns. There is much
more isotropic developing in Figure 3, where no
photosensitizer was used, than in Figure 4, where 10 wt%
photosensitizer was used, even though the pattern in Figure 4

was exposed to the developer for about 5 seconds longer.



- 0.16 g (0.00066 nole) Gl. After dissolving the diam nes conpletely by
“stirring, 4 g (0.018 nole) PVMDA and 1.18 g (0.00366~an, BTDA ver e added
and polynerized with stirring overnight at roomtefjiga 2

was used as prepared and another samgd e was fornul jatee—wiil f :v‘éé_,z;fn
phot osensi ti zer PC 5. Two sol utions were spin-codtdd on siliconjwafers
at 1200 rpmfor 40 seconds and soft-baked at 120[ ¢r ]C’lﬁqjm@@g?nu es in a
convection oven. Then a positive photoresist, Shfpkey 1813, was

spi n-coated at 2000 rpmfor 40 seconds and soft ba ’ rrHCifor 3
m nutes on a hot plate. The wafers were exposed to-tvight througl a mask

~for 1 to 4 Example 4 -

To a 100 ml 3-necked flask with a mechanical stirrer, 55

g dry NMP was added, followed by 4.3 ¢ (0.0213 mole) ODA and

0.16 g (0.00066 mole) G,. After dissolving the diamines

; completely by stirring, 4 g (0.018 mole) PMDA and 1.18 g
(0.00366 mole) BTDA were added and polymerized with stirring
overnight at room temperatare. One sample was used as
prepared and another sample was formulated with 5% positive
photosensitizer PC-5. Two solutions were spin-coated on

B silicon wafers at 1200 rpm for 40 seconds and soft-baked at
120°C for S5 minutes in a convection oven. Then a positive
photoresist, Shipley 1813, was spin-coated at 2000 rpm for 40
seconds and soft-baked at 100°C for 3 minutes on a hot plate.

The wafers were exposed to UV light through a mask for 1 to 4

o seconds from a 350 watt Hg-Xe light source. The pure polyamic
acid sample was developed for 10 to 18 seconds in TMAH
developer and the profile of patterns had more severely sloped
sidewall§ than in Examples 2 and 3. The 5 wt% PC-5 sample was

‘developed in TMAH developer for 30 to 52 seconds.



seconds froma 350 watt Hg- Xe |ight source. The pure polyamic acid sanple
was devel oped for 10 to 18 seconds in TMAH devel oper and the profile of
patterns had nore severely sloped sidewalls than in _Exanples 2 and 3. The

5 mt % PC-5 sanple was devel oped in -TigAH-devel oper f&REpgA ) s
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1 1. A method of making a polyimide pattern on a substrate
2 comprising

3 (A) preparing a solution in an organic solvent of a
4 polyamic acid and about 1 to about 10 wt% of a
5 photosensitive system that becomes more soluble in
6 an aqueous base developer when exposed to actinic
7 light;

8 (B) forming a coating of said solution on a substrate;
9 (C) evaporating solvent from said coating;:

0 (D) applying a positive photoresist over said coating;
1 (E) exposing said positive photoresist and said coating
2 to a pattern of actinic light;

3 (F) removing the exposed portions of said photoresist;
4 "(G) removing exposed portions of said coating by
3 dissolution in an aqueous base developer:

5 () removing remaining photoresist; and

! (I) imidizing polyamic acid coating remaining on said

} substrate.

2. A method according to Claim 1 wherein said substrate is

a silicon wafer.



1 - 1. A nmethod of making a polyimde pattern on a substrate 2

conprising 3 (A) preparing a soluti vl vent of
a 4 pol yam ¢ acid and about 1 to 5
photosen§—FTV€—§V§F§WTThar‘beCones~mﬁ?e-soIuble an
aqueous ba exposed to actinic b | gght; 8
(B) form ﬁmlmuimﬂwm]ﬂﬂal d solution on a subst at1e? JUS@ w97 (O
evapor at i ng *sofveht ¥rdm said coating; O (Dy—appryingia
positive photoresi st over said coating;

3. A method according to Claim 1 wherein said photosensitive
system is 2,1,4 or 2,1,5-diazo naphthoquinone sulfonic

esters.

4. A method according to Claim 1 wherein said positive
photoresist is sensitive to UV light having a wavelength

from about 360 to about 450 nm.

5. A method according to Claim 3 wherein said aqueous base
developer is about 0.1 to about 0.5 normal aqueous

solution of an organic base.

6. A method according to Claim 5 wherein said organic base

is a quaternary ammonium salt.

7. A method according to Claim 5 wherein said quaternary

ammonium salt is tetramethylammonium hydroxide.

8. A method according to Claim 1 wherein said polyamic acid

is about 20 to about 40% imidized.



1 - (E) exposing said positive photoresisi.and sald coatlng 2

v

v

5 to a pattern of actinic light; 3 (F) re CEME

portions of said photoresist; 4 (G re v i*" XH0S € rtions
of said coatfﬁ@“by“‘5—-——~—— - 23dfssolut|o an aqueous age
devel oper; ’g;l ---V|ng Temai ni ng ph }e§W%UUNayg7
(') imdizing ,"#"w, ne! ating remai ning on i d
substrat e. * by according to Claim 1 wherein sard stibstrate
S a S|I|con waf er .

1 9. A method according to Claim 1 wherein said polyamic acid

2 is the reaction product of an aromatic dianhydride and

3 diamine, where about 70 to about 99 wt%¥ of said diamine

4 is aromatic diamine that does not contain siloxane groups

5 and about 1 to about 30 wt%¥ of said diamine is diamine

6 that contains siloxane groups.

1 10. A method according to Claim 9 wherein said dianhydride is

2 selected from the group consisting of oxydiphthalic

3 anhydride, 3,3’4,4' -bisphenyl tetracarboxylic

4 dianhydride, 3,3’ 4,4’ -benzophenone tetracarboxylic

dianhydride, 2 ,2-»4is (3, 4~
dicarboxyphenyl)hexafluoropropane dianhydride, and
pyromellitic dianhydride, said aromatic diamine is
selected from the group consisting of 4,4’ -oxydianiline,
m-phenylene diamine, p-phenylene diamine, 1,3-bis(3-
aminophenoxy)benzene, and 2,2-bis(4~-{4-
amiqophenoxy]phenyl)propane, and said diamine that

contains siloxane groups has the formula

 — ——

R, R,

R R,
— —m




- 22 - 3. A nmethod according to Claim1 wh nsi-tive
systemis 2,1,4 or 2,1,5-diazo napht hoqui none suﬁﬁﬁﬁhééﬁkﬁﬁqﬁ ns. 4.
A net hod according to Claim1 wherein said positfv phOtOfGCISL S
sensitive to UV | i ght having a wavel &fgt-h l 19 JUN 897, | f
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where R and R, are mono and diradicals, respectively,

each independently selected from a substituted or
unsubstituted 1 to 12 carbon atom aliphatic group or a
substituted or unsubstituted 6 to 10 carbon atom aromaiic

group and m is 1 to 200.

11. A method according to Claim 1 wherein said photosensitive

system is a mnixture of dissclution inhibitors and

photosensitive compounds.

12. A method according to Claim 11 wherein said dissolution

inhibitor is selected from the group consisting of

0 0

0 0
| | | I
Ar—C—0ORg, Ar=0-C—0R;, RO—C—Ar—C —OR,,

0 0

RO—C—0—Ar—0—C—0Ry; Ar—OR,,

wa  Re—O—Ar—0—R, KON R R 0

vhere Ar is aromatic or cycloaliphatic and R; is H or

s
CH3 .
This Sheet Has Been Replaced
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. from about 360 to about 450 nm 5. A nmethod according to Caim3 wherein
' sai d aqueous base devel oper is about 0.1 to about 0.5 normal aqueous
sol ution of an organi c base. 6. A nethod according to O aim5-wherein
sai d organi c base i s a quaternarysammoni um sal t .. T h
according to Caimb35 wherein said quat’er nary 3

t et ranet hyl ammoni um

HIS SHEET HAS pEey |
i B
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13. A method according to Claim 11 wherefj
compound is selected from the group consisting of
derivatives of 1,2-naphthoquinone~(2)-diazide~4-

sulfonate, diaryl iodium salts, p-nitrobenzyl~s,10-
lLLrobendyLme, 0

disthoxyanthracene sulfonate. AR R R

*

14. An article made according to the method of Claim 1.

15. In a process for making a polyimide pattern on a
substrate wherein a positive photoresist is applied to a
coating of a polyamic acid on a substrate, the
photoresist is exposed to a pattern of actinic light, and
the expecsed portions of the photoresist and the polyanmic
acid coating therebeneath are removed, an improvement

which makes the sidewall of the pattern more vertical

W ~N o oA W

comprising mixing into said polyamic acid about 1 to
about 10 wt% of a photosensitive system that becomes more
soluble in aqueous base when exposed to actinic light and

removing said therebeneath polyamic acid coating using an

N P O W

aqueous medium.

16. A method according to Claim 15 wherein said substrate is

a silicon wafer.

—
This Sheet Has B
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8. A met hod according to Claim1l wherein said polyan1c about
120 to about 40% i mi di zed. P ?iamﬂTTS}
1 9. A nmethod according to Claim1 wherein s pol yam ¢ ati _2
is the reactign product of an_aronatlf di anhydri de d f%xﬁﬁéﬁ@7 diiam ne,

wher e about Oﬂ%gégggﬁHégkgggéof saLd—dlan1ne
RF‘PL "f‘ED

17. A method according to <Claim 15 wherein said

e ——

photosensitive system is 2,1,4 or 2,1,5-diazo

naphthoquinone sulfonic esters.

18. A method of making a polyimidesiloxane pattern on a
: substrate comprising
(A) preparing a solutioﬁ in an organic solvent of
(1) about 1 to about 10 wt%¥ of a photosensitizer
that becomes more soluble in water after
exposure to ultraviolet light; and
{(2) a polyamic acid that is the 1:2 to 2:1 molar
reaction product of
(a) aromatic dianhydridg: and
(b) diamine, where sﬁid diamine is about 70
to about 99 wt% aromatic diamine that

IR 3§ I does not contain. siloxane groups and
LU

about 1 to about 30 wt% of a diamine that

does contain siloxane groups;
(B)' heating said solution to imidize about 20 to about
40% of the amic acid groups in said polyamic acid;
{(C) forming a coating of said solution on a substrate;
(D) heating said coating to evaporate organic solvent
therefrom and solidify said coating;
(E} applying a layer of a positive photoresist to said

solidified coating;

This Sheet Has Been Replaced

AT




is aromatic di am ne that does not contain
mﬂlmu 0 wt%of said diamine is diamn

e 3?HHIUWII |

wherei’h ai 4 dFaﬂhydrlde is 2 selected fro

of oxydi pht hal
t et racar boxyl
t et racar boxyl
4- 6
pyronellitic

19.

20.

I C
Cc
C

di c@r boxWﬁlEPnex

di a

(F)

()

(H)

(%)

4

(3

xane groups

LA A AR ;

10. A nethod acco

3 anhydr i 2, - 3,3 4,4
Va1 de, 3,3 4,4
hydri de,

‘uoropropane dia

=T daronatic  dianine s
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exposing said layer of positive photoresist and said
underlying coating to a pattern of ultraviolet
light;

removing those portions of said positive photoresist
that were exposed to ultraviolet 1light, thereby
exposing the polyamic acid coating thereunder;
removing said exposed polyamic acid coating using an
aqueous developer;

removing photoresist layer that remains on said
polyamic acid coating; and

heating polyamic acid coating that remains on said
substrate to a temperature sufficient to form

pclyimidesiloxane.

A methed according to Claim 18 wherein said substrate is

a silicon wafer.

A method according to Claim 18 wherein said aqueous

developer is about 0.1 ¢to about 0.5 normal

tetramethylammonium hydroxide.

—_
' Ths&wﬂHmem

LT

5



3 . selected fromthe group consisting of 4,4'-oxydianiline, 9
m phenyl ene di am ne, p-phenylene diam ne, 1, 3-bis(3-

am nophenoxy) benzene, and 2,2-bis(4-[4-

am nophenoxy] phenyl ) propane, and said diamne that cont ai ns
si | oxane groups has the fornula  _ - 0 :
[err] 28 o REPLACEMENT SHEET
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POLYIXIDE PATTERNING
Abstract of the Disclosure

Disclosed is a method of making a polyimide pattern on a
substrate. A solution is prepared in an organic seolvent of a
polyamic acid and about 1 to about 10 wt$ of a photoéensitizer
that becomes more water soluble when exposed to actinic light.
A coating is formed of the solution on a substrate and solvent
is evaporated from the co;ting. A positive photoresist is
applied over the coating and is exposed to a pattern of
actinic light. The exposed portions of the photoresist are
removed as well as the exposed portions of the polyamic acid

coating thereunder. The remaining photoresist is removed and

the polyamic' acid coating is imidized.

Fig 1



13 where Rlerr] and R err] are nono and diradicals, respectively,
14 each independently selected from a substituted or 15

unsubstituted 1 to 12 carbon atomaliphatic group or a
substituted or unsubstituted 6 to 10 carbon atom aromat i

group and mis 1 to 200. 11. -Atnet hod accordi
wherei n said photosensitive T system is a nixtq@pjg,tw@7
di ssolution inhibitors and phot osensi ti ye Jconmpounds’




inhi'bitor is selected fromthe group consisting of
[.err] and Rlerr] - O-Ar - O-

Rl err]

where Ar is aromatic or cycloaliphatic and R err] is H
[err]

-—2“-
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13. 'A method according to Claim 11 wherein said photoactive conpound

i.s sel ected fromthe group consisting of derivatives of
1, 2- napht hoqui none- ( 2) - di azi de- 4- sul f onat e, digLylriodiun1salts,
p- ni trobenzyl -9, 10- di et hoxyant hr acene S“|f0natzREPLACENﬁ%H'S G

"
- 3 =
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14. 'In a process for making a polyinide pattern on a substrate

wherein a positive photoresist is applied to a coating of a polyamc
acid on a substrate, the photoresi st is exposed to a pattern of
actinic light, and t he exposed portions of the ph »

pol yam ¢ acid coating therebeneath are renoved, a 4 SHEET
whi ch nmakes the sidewall of the pattern—more vertical { '} conprising

m xing into said polyamc acid about 1 to about 10§ W % .

phot osensitive systemthat becones nore 9 SN 1997 :




sol ubl e i n agueous base when exposed to actinic |ight and renovi ng

séhd t her ebepeat h pol yam ¢ acid coating using an ' aqueous nedium
15. A nmethod according to Caim 15 wherein said substrate_js
silicon wafer. . - 25 TREPLACEHE%{“SHEET
- 2w
2 1MAY 1998

While this process works well, the removal of portions of
the polyamic acid coating can result in severely sloped
sidewalls, i.e., polyamic acid can be removed in the

isotropic direction 'that is not directly under the photoresist

8 that was exposed to UV light. Severe isotropic developing can
create problems such as poor resolution or patterns that have

severely sloped sidewalls.

Summary of the Invention

I have discovered that the isctropic developing of the

_10 polyamic acid coating patterns can be reduced if a photo-
sensitive system that becomes more scluble in the aquecus base
developer when exposed to UV light. is mixed in with the

polyamic acid. The UV light passes through the photoresist

layer and renders the exposed portions of the polyamic acid

15 coating more soluble in the developer. When UvV-exposed
>4 photosensitizer in the polyamic acid coating is removed using
the developer, the exposed portion of the coating dissolves

more readily. - This controls the development time and the

sidewall slope.

20 ' e ipt e wi
Figure 1 is a scanning electron micrograph (SEM) of the
developed f£film made in Example 1.
Figure 2 is a graph showing the UV absorbance of five

samples made in Example 2 at various UV wavelengths.



16. A nethod according to Caim 15 wherein sai d phot osensitive

system is

1%7. A nethod of making a pol yi mi desi |l oxane pattern.an.a. substrate

conpri sing

10

15

20

25

. 2,1, 4 or 2,1,5-diazo napht hoqui none sul fonic esters.

(A) preparing a solution,in an orgaffiyc: sotyemT SHERT;
© g - A el

2 A7 998

1,

4,4’-diaminobenzophenone; mﬁﬁé

3,3, 3,4’, or 4,4-diaminophenyl sulfone or nmn,m-, m,p- OF

pP,p- sulfone dianiline;

4,4’-diaminodiphenyl sulfide;

3,3’ or 4,4’-diaminodiphenylmethane or m,m- or p,p-methylene
dianiline;
3,3’-dimethylbenzidine;
4,4’ ~isopropylidenedianiline;
1,4-bis(p~-aminophenoxy)benzene;
1,3-bis(p~aminophenoxy)benzene;
4,4’-bis(4-aminophenoxy)biphenyl;
1,3-bis(3-aminophenoxy)benzene (APB)};
2,4-diamine~S-chlorotoluene; .
2,4-diamine-6-chlorotoluene;
2,2-bis-(4[4-aminophenoxy]phenyl) propane (BAPP);
trifluoromethyl-2,4~-diamincbenzene;
trifluoromethyl~-3,5~diaminobenzene;
2,2'-bis§4-aminophenyl)—hexafluoropropane:
2,2-bis(4~-phenoxy aniline) isopropylidene;
2,4,6-trimethyl-1,3-diaminobenzene;
4,4’-diamino-2,2/-trifluoromethyl diphenyloxide;
3,3’~diamino-5,5/~trifluoromethyl diphenyloxide;
4,4’~trifluoromethyl-2,2’-diamino biphenyl;
2,4,s-trimethyl-l,3—diaminobenzene: .

diaminocanthraquinone;



(1) about 1 to about 10 wt % of a photosensitizer t hat becones
nmore “sol ubl e, in water after expnosure—t-g—ttt rfol et |ight;

and (2) a polyamc acid that is théggygﬁCﬁﬁﬁﬁﬁfSh i

reaction product of (a) aromatj ¢g—dramhydride,;} and

(b) diam ne, where said diamne is abquty 70 4 L to about 99
wt % aromati ¢ di am ne that does not con?éﬁﬁ&g W%xa et groups and
about 1 to about 30 wt % of a diam ne that dpes contain
si | oxane groups;

4,4‘-oxybisqg-trifluoromethyl)benzeneamine] (1,2,4~0BABTF) ;
4,4’-oxybis[ (3-trifluoromethyl)benzeneamine];
4,4"’~thiobis{ (2~trifluoromethyl)benzeneanine];
4,4’~-thiobis[ (3~-trifluoromethyl)benzeneamine];

S 4,4'-sulfoxylbis[ (2-trifluoromethyl)benzeneamine];
4,4’-sulfoxylbis[ (3-triflucromethyl)benzeneamine];
4,4’-ketobis[ (2-trifluoromethyl)benzeneamine];

NS 4,4'-((2,2,2~trifluoromethyl=-1-(trifluoromethyl) -
ethylidine)bis(3-triflucromethyl)benzeneanine];
10 4,4’-dimethylsilylbis[ (3~trifluoromethyl)benzeneamine].
The preferred aromatic diamines are ODA, p~PDA, m-PDA,
APB, and BAPP, due to the excellent properties of polyimides
made from them.
A polyimidesiloxane can be prepared by using a mixture of
15 a diamine that does not contain siloxane groups with a diamine
that contains siloxane groups. Alternatively, a dianhydride
that contains siloxéne groups can be used to replace a portion
of a dianhydride that does not contain siloxane groups. For
example, a polyimidesiloxane can be made from about 1 to about
20 80 wt% siloxane-containing monomers and about 20 to about 99
wt$ monomers that do not contain siloxane. Siloxane-
containing polyimides are preferred because they have lower
‘moisture absorption and better adhesion to substrates, and
they preferably are made from about 1 to about 30 wt%

25 siloxane-containing monomers and about 70 to about 99 wt%

nonomers that do not contain siloxane.



(B) heatlng said solution to indize about 20 to about ' - 40% of the

am cracid groups in said polyam c acid; (
dol ution on a substrate; (D) heatlng sai di

sol ve

nt

REPRACRMINT 8 '-ﬁ(f ate organic

C ot

t herefrom and solidify, said

. : s - Myt
[aggr_of a positive photoresist to said %?%hg&f%ﬁg ¢oating;

10

15

20

25

well-known in the art, such as the use of a doctor blade or
spin coating from solution and evaporation of the solvent.
The photoresist should be sensitive to the same wavelength of
light that the photosensitizer is sensitive to. Any type of
positive photoresist can be used for this purpose. Suitable
photoresists are commercially available products and can be
pﬁrchased from Héechst Celariese Corp., ©Olin Corp., Shipley
Co., Tokyo Ohka Co., etc. The preferred photoresists are G-
line or I-line sensitive and respond to UV light from 360 to
450 nm.

The layer of positive photoresist should be thick enough
to protect the coating of §olyamic acid bgneath it during the

dissolution step, but should be thin enough so that actinic

light can pass through it into the polyamic acid coating

beneath it. A thickness of about 0.5 to about 2 microns is
usually suitable.

In the next step, the positive photoresist is exposed to
a pattern of actinic of UV light for a time and intensity
sufficient to pass through the layer of photoresist into the
polyamic acid coating and activate the photosensitizer in the

polyamic acid coating. A pattern of light can be formed using

‘a mask, which can be applied using techniques well-known in

the art. The UV 1light renders those portions of the
photoresis‘f: layer and the polyamic acid coating that are
exposed to the light more soluble in the developer.



(F) exposing said |ayer of positive photoresi st and said

unde‘rlyl ng goati,ng to a pattern of ultraviols light ; (G
f enovi ng those portions of said positive phd)RE?MMNT mggf that were
exposed to ultraviolet |ight, thereby '~ - eXpost pol yam ¢ aci d
coating thereunder; - -
e 24 2 1MAY 199
13 where R, and R, are mono and diradicals, respectively,
14 each independently selected from a substituted or
15 unsubstituted 1 to 12 carbon atom aliphatic group or a
fs substituted or unsubstituted 6 to 10 carbon atom aromatic
17 group and m is 1 to 200.
1l. A method according to Claim 1 wherein said photosensitive
‘o system is a mixture of dissolution inhibitors and
photosensitive compounds.
12. A method according to Claim 11 wherein said dissclution
inhibitor is selected from the group consisting of
‘CIJ }? 0 0
A o
F?5: Ar—-0-C ORS, RSO C—Ar—C ORS,
[ i

where Ar is aromatic or cycloaliphatic and R, is H or

s
CH

3 ]



(}ﬂ renovi ng sai d exposed pol yam ¢ acid coating using an

devel oper; (1) rempving photoresist layer that remains_on ;aéd

pol yam ¢ acid coating; and (J) heating pol : t hat
remai ns on said substrate to a tenperd FLKCE@&ﬂH? totio form
pol yi m desi | oxane. 18. A nethod according to ¢l gi m 18 wherei nj spi d

substrate is

a silicon wafer. 19. A netHod aQ&é8ER @bt o] Q ai m 18
wherei n sai d agueous

13. A method according to Claim 11 wherein said photoactive

14,

15.

compound is selected from the group consisting of
derivatives of 1,2-naphthoquinone~(2)~diazide-4-
sulfonate, diaryl iodium salts, p-nitrobenzyl-9,10-

diethoxyanthracene sulfonate.

aqueous

ll

o !

In a process for making a polyimide pattern on a
substrate wherein a positive photoresist is applied to a
coating of a polyamic acid on a substrate, the
photoresist is exposed to a pattern of actinic light, and
the exposed portions of the photoresist and the polyamic
acid coating therebeneath are removed, an improvement
which makes the sidewall of the pattern more vertical
comprising mixing into said polyamic acid about 1 to
about 10 wt% of a photosensitive system that becomes more
soluble in agqueous base when exposed to actinic light and
removing said therebeneath polyamic acid coating using an

agqueous medium.

A method according to Claim 15 wherein said substrate is

a silicon wafer.

MO



dévefoper I's about 0.1 to about 0.5 I
tetranmet hyl ammoni um hydr oxi de. REPLAEENK@H‘SHEET -
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16. A method according to Claim 15 wherein said
photosensitive system is 2,1,4 or 2,1,5-diazo

naphthogquinone sulfonic esters.

17. A method of making a polyimidesiloxane pat{:ern on ‘a
substrate comprising
(A) preparing a solutioh in an organic solvent of
(1) about 1 to about 10 wt% of a photosensitizer
that becomes more soluble in water after
exposure to ultraviolet light; and
(2) a polyamic acid that is the 1:2 to 2:1 molar
reaction product of
(a) aromatic dianhydride; and
(b} diamine, where said diamine is about 70

to about 99 wt% aromatic diamine that
-

|l“\‘“‘“l\““! “\“\ does not contain siloxane groups and

about 1 to about 30 wtt of a diamine that

does contain siloxane groups:
(B) heating said solution to imidize about 20 to about
40% of the amic acid groups in said polyamic acid;
(C) forming a coating of said solution on a substrate;
(D) heating said coating to evaporate organic solvent
therefrom and solidify said coating:
(E} applying a layer of a positive photoresist to said

solidified coating;

- 26 -
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18.

19.

AN g | ooser

(F) exposing said layer of positive photoresist and said
underlying coating to a pattern of ultraviolet
light;

(G) removing those portions of said positive photoresist
that were exposed to ultraviolet light, thereby
exposing the polyamic acid coating thereunder:;

(H) removing said exposed polyanmic acid coating using an
aqueous developer:;

(I} removing photoresist layer that remains on said
polyamic acid coating; and

(J) heating polyamic acid coating that remains on said
substrate to a temperature sufficient to form

polyimidesiloxane.

A method according to Claim 18 wherein said substrate is

a silicon wafer.
A method according to Claim 18 wherein said aqueous

defreloper is about 0.1 to about 0.5 normal

tetramethylammonium hydroxide.



