-gh solids content solution of

'5QFCRNING POLYI M DE PATTERNS ON SUBSTRATES
Fid of the I nvention This invention relates to a¢WSVéI nethod
'ng a pattern on a substrate.

PCT/US94/O8OD )

In particular, it relates to the use
a partially imdized polyamc acid to

l¥Fnd forma pattern on the substrate.
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This invention relates

pattern on 2 substrate. 1In

o a novel method of fofﬁinq a

particular, it relates to the

use of a high solids content solution of a partially

iq}dizad polyamic acid to coat and rérn a pattern on the -

substrate.

Bacause of their excellant thermal, insulation, and

adhesion properties polyimides have been used as

passivation, buffer or dielectric layer coatings in

semiconductor fabrication.

conductive wires underneath

To open vias for connecting

polyimide coatings, two

patterning methods have been developed. In one method

(see U.S. Patent No. 4,369,090), a solution of a polyamic

acid is prepared by dissolving a diamine and a dianhydride

in an organic solvent. The

solution is applied to the

substrate and is heated to evaporate the solvent and

partially imidize the polyamic acid. Partial imidization is

necn-lnxg to roducc swelling of the coating during the

' process and thereby form a better pattern by

reducidgfuhrinkagc during imidization. However, the.

polyamic acid cannot be fully imidized on the substrate

because the resulting polyimide would be insoluble and

portions of it could not be

photoresist is applied over

dissolved to form a pattern. A

the partially imidized polyamic

acid coating and it is exposed to a pattern of light. Those

portions of the photoresist

that were exposed to the light
1
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pwei r excellent thermal, insulation, andrbﬁaga &/poc&)éﬁl 95

gave been used as paSS|vation, buffer or dielectric |ayer
sem conductor fabrication. To open vias for connecting

v‘ nd‘é\"e‘rslegniéﬁ%e{r;eg%g %&H{&ﬂ? ({F ggau n S"’F)a{‘é'ﬁt gﬁtterm ngoggg ?ogs
' Of o81088Y RS arACkflahSs HARARTHNG Y (0t pROELaLh A ne and a

I'n-an organl c sol vent on 1s app to the

, ate aﬂdiﬂiz&@ﬁiﬁ@ah@ceﬂémﬁ.ﬁid%rhb&tﬁpl Ve randinmj tctdidiyagl gsdi ze the
Am ¢ acid. Partial imdization is necessary to reduce swelling of the
ing dur hegtedicto fully imidize the polyamic acid.

5 In another method of forming patterns of a polyimide
coating on a substrate, (see U.S. Patent No. 4,880,722) the
solution of the polyamic acid is mixed with a

' photosensitizer. The solution is applied to the substrate
and is heated to evaporate the solvent and partially inidize\

10 the polyamic acid. The coating is exposed to a pattern of

UV light which renders those portions of the photosensitizer
that were exposed to the light soluble in an aqueous base

developer. The insocluble photosensitizer is hydrophobic and
prevents the polyamic acid with which it is in contact from

15 dissolving in an aqueous base developer. The soluble

portions of the coating and the underlying partially
imidized polyamic acid are washed away with an aqueous base
developer. The remaining coating is heated to fully imidize
the polyamic acid. While this method works well, the

20 photosensitizer may decompose during tﬂc partial imidization

step.

égbotn methods, it is difficult to obtain low
shrinfiige coatings due to the partial imidization of the
polyamic acid. 1In some applications coatings with less

25 shrinkage are needed for thick insulation or protaction of

the substrate.

is Sheet Has Been Replaced

T

© e b T




| orocess and thereby forma better pattern &CT/“%%& n/gosgr?nia%e 1

¥di zati on. However, the polyamc acid cannot be fully imdized on
Tated because the resultlng polylnlde woul d be insol ubl e and
Fof it could not-vr 5 RER - A AWiN0 A photoresist is

over th artiall [ - aﬁ1c‘ aC|dkéo ' and it is
d to a patin® Acspmp 'ﬁ% %?t?(ﬂﬁ?HBfSPﬂgf esist that were

Fed 10-{0fatidiihip between percent imidization of a polyamic acid

and its viscosity.

In the first step of the process of this invention, a
first solution is prepared of monomers in an organic
solvent. This first solution should be about 5 to about 20
10 * weight percent solids. Suitable organic solvents include N-
methylpyrrolidone (NMP), dimethylacetamide (DMAC), 2-vinyl
pyrrolidone, acetone, benzene, toluene, xylene, "Cellcsolva®
or glycol nﬁhyl sther, “"Csllosolve acstate" or hydroxyethyl
acetate glycol moncacetate, diethyl ether or
15 dichloromethane, dimethyl formamide (DMF), ethyl alcohol,
methyl isobutyl ketone, methyl ethyl ketone, sulfolane,
dimethyl sulfoxide (DMSO), hexamethylphosphoramide (HMPA), i
tetramethyl urea (TMU), diethyleneglycol diethyl ether, 1,2~
dimethoxyethane or monoglyme, diethylene glycol dimethyl

20 ether or bis(2-methoxyethyl) ether or diglyme, 1,2-bis(2-

nethoxyethoxy sthane or triglyme, bis [2-(2-methoxyethoxy)

Ll

k. ¢ther or, tetraglynme, tetrahydrofuran, m-dioxane, and

GiE. NMP and DMAC are preferred as they are good
solvents for polyamic acids. .

25 Dianhydride and diamine monomers are used to form the

polyamic acid. 1In this invention, these monomers do not

contain photosensitive groups.
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at were not exposed to the light) are sol ul?lq/usg4s/oIQ/gn§ @nﬂ

away along with the partially imdized polyamc acid
. The remaining coating is heated to fully imdize the pol yamc
I n anot her nethodsmhnhnznnng&h!u]magnsign a polyimde coating
,strate (see U.S. Patent . 4,880,722) the solution of the
' acid is Kihaye \M#ﬂ?%‘rﬂﬂoﬁ%’ér’f@ﬁ"ﬂ 2cPolyamic dcddi 48 is applied to

Pt o gl DEOLbat 5 HATSHA Sy R e oRRRA 1LY e
ers thosgoieehtss ®Miad 18, Ret ©8€ Prdriden® of imidization increases

s from zero, the viscosity of the partially imidized polyamic
acid decreases to a minimum and then increases again near
100% imidization. As a result of this unusual phenomenon, I
have found that it is possible to form solutions of higher
solids content by partially imidizing the polyamic acid.

10 Bacause the solutions have a higher solids content, I am
able to obtain less thinkahln coatings on substrates.
Thus, while in the prior art, solutions of polyamic acid
were applied to substrates and then partially imidized on
the substrates, in the method of this invention the

15 solutions of polyamic acids are partially imidized before
they are applied to the substrate.

In order to obtain a high solids content solution, I
preferably recover the partially imidized polyamic acid from
the solution in which it was prepared and redissolve it in

20 an organic solvant. Once this second solution has been
tornad, it can be applied to the substrate, dried and
covor‘ vitk & photoresist or a photosensitizer can be added
to :LE bofor. it is applied to the substrate. In this wvay, I
am able to obtain less shrinkable coatings in a singic pass

25 than was possible by the prior art method.
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sed to the light soluble in an aqueous bRBJ/U&eS/é’t (!ptgr8 3Hﬁe

jtosen5|t|zer I s hydrophobic and prevents the polyamc acid
t is in contact from dissolving in an aqueous base devel oper.
portions of the coati RIANHYRRERE under!ying partially imnidized

o o Sl S IR LA i i o
o e P R ™, SR S P,
Jrage Caathdesh oh&ﬂ&ibhaimwdﬁddsrmdazs&em:@fd aBethey giv-
5 superior properties. Examples of suitable dianhydrides
include
1,2,5,6~naphthalene tetracarboxylic dianhydride:
1,4,5,8-naphthalens tetracarboxylic dianhdyride:
2,3,6,7-naphthalene tetracarboxylic dianhydride;
10 2~-(3' ,4’' ~dicarboxyphenyl) 5,6-dicarboxybenzimidazole
dianhydride;
2-(3’ ,4’ ~dicarboxyphenyl) 5,6-dicarboxybenzoxazole
dianhydride;
2-(3’ ,4'’ dicarboxyphenyl) 5,6~dicarboxybenzothiazole
15 dianhydride;
2,2’ ,3,3 ~benzophenocne tetracarboxylic dianhydride;
2,3,3’ ,4’ -benzophenone tetracarboxylic dianhydride;
3,3 ,4,4 ~benzophenone tetracarboxylic dianhydride (BTDA):;
2,2',3,3' ~biphenyl tetracarboxylic dianhydride:;
J 2,3,3' ,4' -biphenyl tetracarboxylic dianh&dridc:
3,3’ ,4,4' -biphenyl tetracarboxylic dianhydride (BPDA):;
bicycrggtz,z,21-ogtnn-(7)-2,3,s,s-tetracarboxylic-z,a,5,6-
d*inbydzid‘r
thio~diphthalic anhydride:
25 bis (3,4~-dicarboxyphenyl) sulfone dianhydride;
bis (3,4-dicarboxyphenyl) sulfoxide dianhydride;
bis (3,4-dicarboxyphenyl oxadiazole-1,3,4) paraphenylene
dianhydride;
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Fid. 1n sone applications coatings with Ies?c.uu&%kd’age are
thick insulation or protection of the substrate
of the Invention have di scovered

a EpﬁiﬂQ?aﬁrgiggggpxxphenyx) ,5=oxadiazole 1,3, 4-dianhydridc.

bis 2,5~(3’ ,4’ -dicarboxydiphenylether) 1,3,4-oxadiazole
dianhydride:

bis (3,4~dicarboxyphenyl) ether dianhydridi or oxydiphthalic
anhydride (ODPA):

bis (3,4-dicarboxyphenyl) thioether dianhydride:

bisphenol A dianhydride;

bisphenol S dianhydride;

2,5?b13 (3,4-dicarboxyphenyl) hexafluoropropane dianhydride N
or 5,5=(2,2,2~trifluoro=1~-(trifluoromethyl)ethylidene]
bis-1,3-isocbenzofurandione) (6FDA);

hydroquinone bisether dianhydride:

bis (3,4-dicarboxyphenyl) methane dianhydride:

cyclopentadienyl tetracarboxylic acid dianhydride;

cyclopentane tetracarboxylic dianhydride;

ethylene tetracarboxylic acid dianhdyride;

perylene 3,4,9,10-tetracarboxylic dianhydride;

pyromellitic dianhydride (PMDA):

tetrahydrofuran tetracarboxylic dianhydride; and

resorcinol dianhydride. ;

The preferred dianhydrides are ODPA, BPDA, BTDA, 6FDA,
iy -

and ¥ r mixtures thereof, as these dianhydrides are
g-avallable and have been found to give superior
properties. The dianhydrides can be used in their tetraacid
form or as mono, di, tri, or tetra esters of the tetra acid,
but the dianhydride form is preferred because it is more

reactive.

This Sheet Has Been Repl . )

T




5

10

15

20

25

Fal es.

ed 10 SUb${dmiines sfBH14 N5 A23matal! ¥s itHidle? @daRined NAVRIRARI BogE. 1N

'f-thod of this invention the

s "d"i zed it beconmes nore soluble in organic PIJI/&S]?S‘* ll'rgap '?55 9

Ent of imdization increases fromzero, the viscosity of the

‘m di zed polyamic acid decreases to a mninmum and then increases
¥ 100% i mdization. As a re<RDIAMIN®R this unusual phenonenon,

d that it is possible to formsolutions of higher solids content
Bl 1y imdi Zfng patyimidedisc tache Preparads cthe Jdianine panomexec a

T8 i, panFin miiebRe” o Tod nsrop bRkt ShpIRER A o er e

properties. Examples of suitable diamines include

m~ and p-phenylenediamine;

2,4~diaminotoluene (TDA):

2,5~ and 2,6~diaminotoluens;

p~ and m-xylenediamine;

4,4’ ~diaminobiphenyl;

4,4’ -diaminodiphenyl ether or 4,4’ -oxydianiline:;

4,4’ -oxydianiline (ODA):

4,4’ ~-diaminobenzophencne;

3,3 ,3,4, or 4,4 ~diaminophenyl sulfone or m,m-~, m,p- Or
P.p~ sulfone dianiline;

4,4’ -diaminodiphenyl sulfide;

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

3,3’ ~dimethylbenzidine;

a,a’ -bis(4-aminophenyl)-1,4~diisopropyl benzene or

g.t’-isopropylidenadianilin. or bisaniline p;

?%if4-lninqphony1)-1,3-diisopropy1 benzene or 3,3’ ~

ylidonedianiline or bisaniline m;
1,4~bis({p~aminophenoxy)benzens;
1,3-bis(p-aninophenoxy)benzage:

4,4’ -bis(4~-aminophenoxy)biphenyl;
1,3~bis{3-aminophenoxy)benzene (APB);

2,4-diamine-5~chloroteluene;
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:"yarri c acids are partially imdized be a&;ﬁl d
Kt e. In order to obtain a high songg?lgigq%t so?utlor:9
F recover the partially imdized polyamc acid from the

Fwhi, ar ﬂgg,redissolve it in an organic solvent.
P ébﬂdgs*§ %%i °§§§ géb drnmed, it can be applied to the
Fdni, 90p 2 -GG ﬁdanf P

to |t before it i's applied to the subs rate. In this way, I am
'obtamni!kserqﬂlthﬂmabLe-ctiuanynnzana.S|ngle pass than was possible
;prlor

Tprenylobebsshe t mpq-phot osensitizer can

tgiglggiggﬁihyl-a,s-diaminobenzene:

2,2’ -bis(4-aminophenyl)~hexafluoropropane (6F diamine):;

2,2’ -bis(4-phenoxy aniline) isopropylidene:

2,4,6-trimethyl-1,3~diaminobenzene;

4,4’ -diamino-2,2’ ~trifluorcmethyl diphenyloxide;

3,5’-diamino-s,s'-tritluoromithyl diphenyloxide;

4,4’ ~trifluoromethyl-2,2’ -diaminobiphenyl;

2,4,6-trimethyl~1,3~-diaminobenzene;

diaminoanthraquinone;

4,4’ ~oxybis(2~-trifluoromethyl)benzeneamine) (1,2,4-OBABTF):;

4,4’ -oxybis{3-trifluoromethyl)benzeneaninej:

4,4’ -thiobis{ (2-trifluoromethyl)benzeneamine]:;

4,4' -thiobis[ (3~-trifluoromethyl)benzeneanine];

4,4’ -sulfoxylbis[ (2-trifluoromethyl)benzeneamine]:;

4,4’ -sulfoxylbis{ (3-trifluoromethyl)benzeneanine];

4,4’ ~ketobis{ (2-trifluoromethyl)benzeneamine];
4'-((2,2,z-tritluoromethyl-l-(trifluéronothyl)-

ethylidine)bis(3~-trifluoromethyl)benzeneanine}.
'mt preferrpd aromatic diamines are ODA, TDA, APB and .
BAP@Pégr'a combination of these, Que to their excellent
properties.

SILOXANE MONOMER
It is preferable to prepare a polyimidesiloxane by
using as part of the monomer about 1 to about 60 weight

This Sheet Has Been Replaced
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Brief Description of the Draw ng PCT/US‘%Q‘ /0835 9

_' drawing is a graft showng the relationship between percent
1 of a olyamc acid and its viscosity. Description
ﬂ'fer?e&r méneRlorotolueRefhe first step of the process of this

2,z-bis[d-aninophenoxy]phenyl propane (BAPP);

trifluoromethyl-2,4-diaminobenzene;

trifluoromethyl~3,S5-diaminobenzene;

2,2’ ~bis(4-aminophenyl)-hexaflucropropane (6F diamine):

2,2’ -bis(4-phenoxy aniline) isopropylidene:;

2,4,6-trimethyl-1,3~diaminobenzene;

4,4’ ~diamino~-2,2’ ~trifluoromethyl diphenyloxide:;

3,5*-diamino-s,s'-trifluoron‘thyl diphenyloxide;

4,4’ -trifluoromethyl-2,2’ ~diaminobiphenyl;

2,4,6-trimethyl~-1,3~diamincbenzene:;

diaminocanthraguinone;

4,4’ -oxybis{2-trifluocromethyl)benzeneanine] (1,2,4-CBABTF);

4,4’ -oxybis{3~trifluoromethyl)benzeneanine]:

4,4’ ~thiobis[ (2-trifluoromethyl)benzeneanine};

4,4’ ~thiobis( (3-trifluoromethyl)benzeneanine};

4,4’ -sulfoxylbis[ (2-trifluoromethyl)benzeneanmine);

4,4’ ~sulfoxylbis([(3-trifluoromethyl)benzensanine]:

4,4’ -ketobis{ (2-trifluoromethyl)benzeneamine};

4,4'—((2,2,2-tri£1uoromethy1-1-(tritluéroncthyl)-
ethylidine)bis(3-trifluorocmethyl)benzeneamine].
ﬁt preferrpd aromatic diamines are ODA, TDA, APB and -

BAFP“ﬁhr'a combination of these, due to their excellent

properties.

SIIOXANE MONOMER
It is preferable to prepare a polyimidesiloxane by

using as part of the mecnomer about 1 to about 60 weight

This Sheet Has Been Replaced . T
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|:on I s prepared of nononers in an organiPccT/&SQeqﬁt/. OTﬁlé §i?st
gFhoul d be about 5 to about 20 weight percent solids. Suitable

__I vents include N- nethyl pyrrolidone (NWP), dinethylacetam de
Foperesnit, Bpsed| onidieralapereney Wedghtneot taomoanmer XgHatne,
Fol ve"

, or glycol ethyl ether, "Cell osolve acetate" or hydroxyet hyl
L FoRtALTe, AiieRane The. ATP*anasSonEa ining. MeneBNES [aame bedi et hyl

bedi net hyl
Fri d , . e | o ) hyl ethyl
Pre, gﬁf olgaﬁﬁmﬁéng%ﬁﬁmsur?%{c}% FB%/E%‘#Y ec;)?gt&g ﬁ??'g%[b‘ ore;myde

FPA),  ame rmyeferysduasatiefVare zoes hndadiagl yepilabiet hythet her, 1, 2-

et hoxyet hane or rmnggl ynme, diethylene glycol dinethyl
5 siloxane-containing monomer is preferably a diamine, but it

could alsoc be a dianhydride. Examples of siloxane diamines

that can be used include ccmpounds having the formula

Examples of siloxane dianhydrides that can be used include

15 compounds having the formula

_ . ,
L n L
.ol\l /'\
N g1 1~ . ]
\"“‘J..".li /
[ c
<0 3 - ) l
_ o

wher z~ R,, and, R, are mono, di and triradicals,

'ir, sach independently selected from a substituted
or unsubstituted 1 to 12 carbon atom aliphatic group ‘or a

25 substituted or unsubstituted 6 to 10 carbon atom aromatic

group. Examples of monoradicals include ~CH,, -CI',,. -CH=CH,,

- (CH,) .CFy, =CgHs, =CF,~CHF-CF,, and =-CH,~C~-CH,-0~CH,CF,CFCF;.

0
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jnethoxyethyl) ether or diglyne, 1,2- bls(ZPCT4g$é% yet%é&y 5 9
B yme, bis [2-(2- nethoxyethoxy) ethyl)] ether or tetraglyne,

NVP and DIVAC f d
| da“gm%‘)osta?@raﬁ@m% AR T A1 s T
Fe no?ﬁ?-to £§ﬂB c fp€$¥fﬁﬁféé¥§'aniﬂhi'udi cgyention, these

Cont arn ot 6Sensi il ve gr oups
o, TRy X
Y A

whera n = ) to 10 and m is 1 to 200, but is preferably 1 to
12. (Siloxane diamines are herein denoted by the notation

nG-’o'l' .

10

EQLYAMIC ACID
Generally, stoichiometric quantities of diamine and
dianhydride monomers are used to obtain polyimides of the
highest molecular weight, but the equivalent ratio of
15 dianhydride to diamine can range from 1:2 to 2:1. A
polyimidesiloxane can be made from about 1 to about 60 wt%
siloxane~containing monomers and about 40 to about 99 wt%
monomers that do not contain siloxane. Preferably, they are
made from about 1 to about 30 wt% siloxane-containing
.0 mononers and about 70 to about 99 wtl% nénonars that do not
contain siloxane.
q!qﬁ»th.-aintion of the moncmers to the solvent,
polyniiization will occur at room temperature to form the
polyamic acid. The solution is then partially imidized.
25 This can be accomplished chemically by, for example, the
addition of acetic anhydride, or by heating, preferably at
about 130 to about 170°C. About 10 to about 95% of the amic

acid groups is preferably imidized as if less than 10% ara'

10
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4 Any di anhydride or conbi nation of dianhydrides can be
ki anhydri de nononer in formng the polyimde, although

anh ' ' LPr rties.
oo s U Bafoiesh B HBpdtifn TUNBERP afd WG
pxyl i gistonivydoisdehe doXutioh- 8Phidinl e lechors N WiSACare

Fde; 2, 3,6, 7-napht hal ene tetracarboxylic di anhydri de;

- di car beidigeshthe pastinlly Uoidbeedipalyaniccacid is daenhydri de;
insoluble and the viscosity of the solution is again too

5 high. It is preferable to imidize about 20 to about 50% of
the amic acid groups. The amount of imidization that has
occurred can be determined by infrared spectrum analysis, by
measuring the amount of water given off in forming the imide
groups or by heating to predetermined times, drying and

10 titrating the polyamic acid to determine the ralationship

between the heating time and the percent imidization. The

anount of heat necessary to. achieve a particular percent

imidization will depend upon the particular monomers used.

15 SECOND SOLUTION
Once the polyamic acid has been partially imidized, it
can be concentrated, since the partially imidized polyanmic
acid is more soluble. Concentration can be accomplished by
gently heating under vacuum at about 80 to about 130°C.
20 Concentration is preferably achieved by precipitating the
partially imidized polyamic acid from the first solution,

fi;y by the addition of water. The precipitated
part' iﬁzinidiz.d polyamic acid is collected, usually by
filtration, and can be washed (e.g., in methanol), and

25 dried, if desired. It is then dissolved in a second organic
solvent, preferably NMP or DMAC, to form the second solution
of about 20 to about 50 wtt solids. If the second solution
is less than 20 wtt solids the resulting film is too thin

11
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bxyphenyl ) 5, 6-di car boxybenzoxazol e P&Tgrtr‘%/%rqf de;

ijyphenyl) 5, 6-di car boxybenzot hi azol e dianhydride

§n etracarb I|c dla hydride; 2, - benzophenone
agﬁ ’tﬁ y H?oﬂﬁ% rﬂﬂié‘ttiéf‘r &E aF%MﬁC@uS

(BTQA) app l?y Zaa

|ﬁphenyl tetrac .:ig'gx PI c d%ttg gga{p% itg*a%*%d‘e%%°h a

,nxyl|CBdIanhyﬂnndeséBEﬁUOsolution. The St%ES of gecovering the

-octen-(7)-2,3,5, 6-tetracarboxylic
partially imidized polyamic acid from the first solution and

redissolving it in a second solvent are preferable to form a
high solids solution because the first solution cannot be
concentrated by evaporation of the solvent without imidizing
the polyamic acia.

L ...

EORMING A PATTERN
The second solution is applied to a substrate and the

solvent is evaporated by soft baking, typically at 90 to
120°C, to form a coating on the substrates. Any substrate can
be used, but typical substrates includo.silicon nitrigde,
silicon dioxide, aluminum and copper, as well as silicon
wafers. Since the monomers used in this invention do not
contain photosensitive groups, it is necessary to use a
photoresist or a photosensitizer in order to form a pattern.
In one embodiment of this invention, a photoresist is
applied over to the coating to form a layer, typically about
1 to about 3um thick. The photoresist is exposed to light
whicmgéémdcrs the exposed portions soluble (a positive
photdiﬁiist) or insoluble (a negative photoresist), the
soluble portions ars washed away using a developing solvent
along with the coating underneath them, the remaining
insoluble photoresist is removed, typically by dissolving in
another solvent, and the partially iniaizcd polyamic acid is
fully cured. A typical curing schedule is 150°C for 30

12
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¢ anhydride; bis (3,4-dicarboxyphenyl) sulfone dianhydri de;
boxyphenyl) sul foxi de di anhydride; bis (3,4-dicarboxyphenyl
" Saihates; apsey £epe30 minutdisaBAYdISEPe; for 30 minutes. The

: 4 di car boxyphenyl) 2, 5-oxadi azol e 1, 3, 4-di anhydri de;
resulting layer of polylmide is typically about 3 to about
20um thick.
In a second embodiment of this invention, preferably
about 10 to about 30 wt%, based on the weight of the
partially imidized precursor, of a photosensitizer or a
mixture of a dissolution inhibitor and a photoactive
compound is added to the high solids content second solution
of partially imidized polyamic acid. less than about 10 wt%
10 photosensitizer or dissolution inhibitor may not be
effective and more than about 30 wt$ may require more
ultraviolet light exéosurc and the quality of the pattern
may deteriorate. The solution containing the
photosensitizer in the partially imidized polyamic acid is
15 applied to the substrate and the solvent is evaporated as
before to form a coating. The coating is exposed to light:
and the exposed portions are washed away with the aqueous
base developer to form the pattern on the substrate. The
partially imidized polyamic acid is then heated as before to
20 fully imidize it. Photosensitizers that can be used can be
found in European Patent 478321 Al invented by M. Oba et

al-.fhfgsl-sz, herein incorporated by reference. Examples.

¥ photosensitizers include derivatives of 1,2
naphthoquinone (2)-diazido-4~-sulfonate, 1,2 naphthoduinone
25 (2)-diazido-5-sulfonate and azide compounds. The following

are examples of positive photosensitizers:

13
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fcarboxydiphenylether) 1, 3, 4- oxadi azol e [WJﬁﬁg%hyarWdéf

Fboxyphenyl ) et her di anhydride or oxydi phthalic

°A) ;  bis (3, 4-di carboxyphenyl) thioether dianhydride;
i anhydride; bisphenol S dianhydride; 2,2-bis
bxyphenyl ) hexaf IQid opropagi didbhédride or 5, 5-[2, 2,
-1-(trifluoronet byl ¥Yet hyl i H

obenzof ur andi ong DA);  hydheq one bi set %y anhydri de;

di car boxyphenyl ) ne ydi anhyd , ,
OR
5 OR OR
0 OR OR o OR
i
L O
10 )
o OR OR
|
RO'@“C—G—OR
?
CH3

e B e Bl ¥
|
0

OH O;R ]
2 H o
— 2
CHZ-_
c C 3 .
25

where m is 1 to 100, n is 1 to 100, and
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i tetracarboxylic acid dianhydride; cycl opBGT‘éHS'*J 4/08 3 5 9
€ di anhydride; ethylene tetracarboxylic acid dianhdyri de;

¥9, 10-t et racar boxyl i ¢ di anhydride; pyronellitic dianhydride

r ahydr of uran tetracarboxylic dianhydride; and resorcinol

P The preferred dianhydrides are ODPA, BPDA, BTDA, 6FDA

®r m xtures thereof, as these dianhydrides are readily avail able

Fbeen found to give superior properties. The di anhydrides can be

their tetraacid formor as nono, di, tri, or tetra esters of the

ici d, '

1
R is ;Nz
.
0-?-0
0 0
| N Il N
™ B
f 3 or
O-?—O O-?-O
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BT\ i dc formis preferred because it is morBCTfHactAvé. 08 35 3
4 If a polyimde is to be prepared, the di am ne nononer does
si |l oxane. The non-sil oxane contai ni ng di am ne shoul d be

osy ( fofarted olesofl Wt WMBobfElve HRORBELAL F T qTPLCS Of suitable

I
derivative of 1,2-naphthoquinone~-(2)~diazido-5-sulfonate

vhich undergoes the fol;owing Photoreaction by UV exposure:

0
0 &-OH

Nzhv '
J R e 1+ (L7
QLT % 1+ O

|
R R

10

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,

15 when it is exposed to light it becomes soluble in the
agqueous base developer and pernmits the dissolution of
partially imidized polyamic acid with which it is in
contact.

A photosensitive system of the partially imidized

<0 polyamic acid can also be prepared from dissolution

inhibiggfy-and photoactive compounds. The dissolution

:1 contain an acid labile blocking group, such as a

-";;tcr or a t-butyl carbonate. The photoactive
compounds should generate a strong acid by UV irradiaéion

25 and the strong protonic acid can deblock the acid labile
groups during a subsequent postbake process. A positive
image can be obtained by developing with agqueous base. The
dissolution inhibitors are as follows: .

16
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ned| ani ne; 2, 4-di am notol uene (TDA); PgTé-L"\ar'\d4 /0 8 ‘3 5 "9
"‘ene p- and m xyl enedi am ne; 4, 4' -di am nobi phenyl; 4,4

fyl ether or 4,4' -oxydianiline (OCDA); 3,4 -oxydi ani | i ne;
goenzophenone; 3,8 ,3,4', or 4, -dlanlnop sul.f one or

®Or p p- sulmone dlanlllne 4, 4" -di a nod| enyl

K 3,3 or 4,4 dmmmgnﬂmw@e—@k m R r=CBhR ene
J

S 9

RO-C-0—Ar—0—C—OR, Ar-OR,

R=-0—-Ar—Q-R

(Hy

10 Ar = aromatic or cycloaliphatic and R = H or —(':..CHz .
CHy
Examples of the photoactive compounds, which can

produce a strong acid by UV exposure, include derivatives of

1,2-naphthoquinone~(2)-diazide sulfonate, diaryl iodium

15 salts, p-nitrobenzyl-9,10-diethoxyanthracene sulfonate, etc
Examples of dissolution inhibitors include:
s
OOt
|
0 CH3
- o—c-o-—c —CHy
I
CH
K.
25 ?H3 .
COp——C —CH,
b,
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5. 3 - di et hyl benzi di ne; PCT/US 34 /0835 9

I nophenyl ) -1, 4-di i sopropyl benzene or

yl i denedi aniline or bisaniline p;

“am nophZnyaddilt ibnditos Sprming s eateaenofoB idisulation

"donedi aniline or bisaniline m 1, 4- bi s( p- am nophenoxy) benzene;

b- ani FYSROASRy ) Bhe coasing alsp AGte 2s A FRRRRSTOEP) BEpPRIRNen
3-am %thégglpte.nz‘% ecgépﬂs-o ac%’ %_sdiaamgf 1’.56 %ergﬁ.'gt ijxeu ene,
etching of the substrate.

The following examples further illustrate this

invention.

Example 1 - Polyinidesiloxane

To a 500 mL 3~-necked flask equipped with a mechanical

10 stirrer, a reflux condenser and a thermometer, 48.2 g (0.155
mol) of 4,4’ -oxydiphthalic anhydride and 11 g of 1,3~bis(3~-
aminopropyl) terminated polydimethylsiloxane were dissolved
in 500 mL N-methyl pyrrolidone and a reaction was run for &
hours. Then 40.8 g (0.14 mol) of 1,3~bis(3~-

15 aminophenoxy)benzene was added and the polymerization was
run for 16 hours. The viscosity of the polyamic aciag,
measured by Brookfield Viscometer LVT, was 246 cps. For the
partial imidization, the temperature was raised to 160°C. To
measure viscosity and the partial imidization by titrating

20 the carboexylic acid group with 0.1 N tekrabutyl ammoniun

hydro*idq. sanples were taken out at 3, 6, and 15 minutes

dur

inidf

the azeotyopic distillation at 160°C. The fully

Tam

'(99.4%) sample was cobtained from the same polyamic
acid solution in NMP and toluene by the azeotropic .

25 distillation at 165°C for 5 hours. The imidized solution was
precipitated in water and washed with methanol. The dry
resin was redissolved in NMP at 16.7% concentration. The

viscosity versus the percent imidization is shown in the

is
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i ne- 6-chl orot ol uene; 2, 2-bis (4 [4-ani nophenoxy] phenyl
i trifluoronethyl 2, 4- di am nobenzene;

.'m nﬁ%ﬁuerﬂ ;5 exa?l uoro’rx)’r §€§n3°?°'??’é“’§r’hgng§““§’,‘2' -Agi 5{‘2 phenoxy
FSOpPr opyidikatdon prdcéeddd, "ehBYVidcdsityd deBpbSSdd hid then

N no-2,2' -trifluoronethyl diphenyl oxide;
increased again near full imidization.

Imidization % 0% 13.7% 41.3% 55.8% 67% 98.4%

IVilcolityICPl I 2468 - 30 I 22.5 17.5 19 251
—

The partially imidized solution was precipitated in

10 methanol, filtrated and dried in a vacuum oven at 60°C.
Samples of the dry resin having different percentages of
imidization were redissolved in NMP to give solutions having
a viscosity of about 250 cps. The percent imidization vs.
concentration of those solutions is shown in the following -

15 table.

I Inidization % I 0 81 s 72.5 l 98.4 I
I Concentration/% I 16.9 32.7 I 35.7 26.8 I i8.8 l

20 The table shows that a higher solid content sclution could
be obtained from the partially imidized resin (PIP),
compared to the polyamic acid and the fully imidizead
polyimide.

25 ﬁiﬁ;cst ini?izcd solution was precipitated in methanol
and ! in a vacuum oven at 60°C. When dissolving the dry
resin in N-methyl pyrrolidone, a high solid content solution
(30 to 50%) was obtained.

30
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£ 5,5 -trifluoronethyl diphenyl oxide;
Ior onet hyl - 2, 2' - di am nobi phenyl ;

&t hyl -1, 3- dlan1nobenzene dlanlnoanthraqU|none
¥ Ss[2-trifl uororgxamgl 2N zie e els 7 +: 1

. » . - h - :
__|Lz£ grrte'[ Ihf | u&ra%geé;ggn:} a&nczk%rée%rlnagg] equipped Eviltgba smechanical

V11 vor ore 9?%%2#9;%22%“%%%% "40iag o 6EU [PV DS |

Frifluoroneisyinddiphengdnetttdr and 150 mL N-methyl pyrrclidone were
'-ketobis[(2-trif|uoronethyl)benzeneanine];

-((32, 2, 2- chargasdhandethen-13 (X 9 (086 0pel h\df) pyromellitic

dianhydride was added. The resulting solution was stirred

slowly for 12 hours under nitrogen blanket. The viscosity
of a 15% solids content solution was 4880 cps. For the
partial imidization in solution by azeotropic distillation, -

10 25 mL toluene was added to the polyamic acid solution and
the temperature was raised to 150°C, azeotroped for 2 minutes
and the reactor cooled down in an ice bath. The partially
imidized polyimide precursor (PIP) was precipitated into
‘water and washed with methanocl and dried in a vacuum oven at

15 60°C. The molecular weight (Mn) of PIP measured by the gel
permeation chromitography was 8970 g/mol and the
polydispersity was 3. The imidization was 31% and the
viscosity of a 25% concentration was 875 cps.

The dry PIP was dissolved in NMP at 20% solid

20 concentration, spin-coated on a silicone wafer and soft-
baked at 100°C for 2 minutes. A positive photoresist,
Sh.{m Microposit® 1813, was spin-coated onto the 4 um PIP
coatgtnd soft-baked at 90°C for 2 minutes. The 2un
photoresist coating on the PIP was exposed to UV light

25 through a pattern mask for 5 seconds with a source having a
pover of 350 watts. The exposed photoresist and PIP
coatings were developed in a 0.27 N teﬁram.thylamnoniun

hydroxide for 45 seconds and the photoresist on the PIP film

20
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Fnes are ODA, TDA, APB and BAPP, or a conbination of these,
f'excel l ent  properties. SI LOXANE

F | yasSwREREET AR 1h0aBEPME . ThaokYi €6 dstiin PteNBadlernssi NY as
S nmononer about 1 to about 60 wei ght
were cbtained and cured at 90, 150, 250 and 350°C for 30

mninutes, respectively.

Example 3 - Polyimidesiloxane With Photoresist
A polyamic acid was prepared by reacting 6.5 g (0.03
mol) of pyromellitic dianhydride and 22.6 g (0.07 mol) of
benzophenone tetracarboxylic acid anhydride with 18 g (0.09
mol) of 4,4’ -oxydianiline and 2.5 g (0.01 mol) of 1,3-bis(3-
10 aminopropyl)1,1,3,3~-tetramethyldisiloxane in 280 mlL N-methyl
pyrrolidone. After adding 45 mL toluene to the polyamic
acid, the azeotropic distillation was done at 145°C for 3
minutes, the PIP was precipitated in water, washed with
methanol and dried in a vacuum oven at 60°C. The molecular
15 weight (Mn) was 12,480 g/mol, the polydispersity was 2.4 and
the imidization was 39%.
The dry PIP was dissolved in NMP at 28% concentration,
spin-coated on a silicon wafer and soft-baked at 90°C for 2
minutes. Shipley positive resist, Microposit 1813 was
20 coated at 3000 rpm for 40 seconds on the 5um PIP film and
soft~baked at 90°C for 2 minutes. The 2um thick photoresist

o1

£11m 3¢ exposed to UV light through a mask for 5 seconds

and eifoped in a 0.27 N-tetramethylammonium hydroxide for
60 seconds. After developing patterns, the photorcs'ist was

25 washed in acetone. When the PIP patterns were cured by
baking from 90 to 350°C, the shrinkage of films was 26%,

which is 8% lower than the polyamic aciad.

21
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¥ pased on total nonomer wei ght, of a nnndﬁbf @Hat cJ%talns
' si | oxane-cont ai ni ng nononers can be either aromatic or
but non- aromatic nononers are preferred as they are nore

Fbhut it could also be‘a dranhydrrdei Exanples of srloxane di am nes
" be used iTH® FIR eSrP¥ARRI® RavRsgredissodvad) in NMP at the 30

weight & concentration, and the photosensitizer, m-cresol
1,2-naphthogquinone (2)-diazido-4-sulfonate, was added to the
5 PIP solution at a concentration of 30 weight &, based on the
PIP resin. The photosensitive solution was applied to a
silicon wafer by spin-coating and soft-bakad at 80°C for 30
minutes in a convection oven. The 5.8 um thick coating was
exposed to UV light through a pattern mask for 30 seconds.
10 The exposed film was developed in an agqueous base developer
(0.23 N-tetramethyl ammonium hydroxide) for 40 to 60 seconds
and washed in water. After curing the developed film at

350°C, the 2.7 um thick pattern was obtained.

15 Example 5 - Polvimide With Photosensitizer
The polyamic acid of 3,3’ ,4,4' -biphenyl tetracarboxylic
dianhydride and p-phenylene diamine (BPDA/PDA) was prepared
at a 7.7% concentration in NMP. The viscosity was 5000 cps.
After adding toluene to the polyamic acid, the partially
20 imidized PIP was cbtained at 150 to 155°C for 5 minutes in

the same method as described in the above examples. The

#ation was 37%, the molecular weight (Mn) was 17,043
q/mfiﬁlﬁi the polydispersity was 2.3. The partially
imidized BPDA/PDA was dissolved at 20% concontration.in NMP

25 and the viscosity was 465 cps. The photosensitizer, m-
cresol 1,2-naphthoquinone (2)-diazido-4-sulfonate was added
at the 30% concentration of the BPDA/ODA resin. The

photosensitive solution was spin-coated on a silicon wafer

22
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/089
-l oxane di anhydri des that can be used |ncIuGE’/ESﬁb§u {QB 2
prmul a [err] where Rlerr],
ER[err] are nono, di and triradicals,

and soft-baked on a hot plate at 130°C for 90 seconds. The

1.9um thick film was exposed to UV light through a pattern
mask for 20 seconds. The exposed film was develcped in a
0.18 N-tetramethyl ammonium hydroxide for 25 seconds and

washed in water. After development, the thickness of the

film was 1.8um.
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.éch I ndependently selected froma subst [ t.uPGJi‘/:USrg 4 /08 3 5 9
¥1 to 12 carbon at substituted or

"6 to 10 carbon atgmmltmmﬂlu(ﬂlll mE EX&”D' es of nonoradicals
Ferr)y craMerr], -CH=CH érr}, "-(CH*err])[err]CFlerr],

'r], -CFlerr]- CHF CF[err], and

-CH[err] OCH[err]CF[err]CF[err]CF[err] | |

Exanpl es of diradicals include -(CH err])[err]-
]} err] -1« - CA[ Bathod afj forming a pattern on a substrate comprising

2 (A) forming a first solution which comprises
3 (1) organic solvent, and
4 (2) monomers of
5 (a) diamine, and
6 (b) dianhydride, tetracarboxylic acid or
7 . ester of tetracarboxylic acid; )
8 (B) polymerizing said monomers to form a polyamic acid
9 soluble in said organic solvent;
10 (C) imidizing 20 to 95% of the amic acid groups in
11 said polyamic acid to form a partially imidized
12 polyamic acid;
13 (D} forming a more concentrated solution of said
14 partially imidized polyamic acid;
15 (E) applying said more concentrated solution to a
16 substrate;
17 : (F} evaporating the solvent from said more
18 concentrated solution to tcrn.a coating of said
19  partially imidized polyamic acid on said
20 tl.; substratas;
21 J; removing a portion of said coating to form a
22 pattern on said substrate; and .
23 (H) fully imidizing said partially imidized polyamic
24 acid in said coating on said substrate.

24
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Exanpl es of triradicals include [err], PQ]Z‘f[§§r0]4/03§h§r8

oo semor oo AIIRALIBER =5y, o) 22 TSt oxene

| D General ly, stoithi"ométrfc quantltles of diam ne and
pde nmononers are used to obtain polyimnmdes of the

2. A method according to Claim 1 wherein said more
concentrated solution is formed by heating said first
solution of partially imidized polyamic acid under

vacuum at about 80 to about 130°C.

3. A method according to Claim 1 wherein said more
concentrated solution is formed by precipitating saia
partially imidized polyamic acid from said first
solution and forming a second solution having a solids

content of 20 to 50 wt%¥ by dissolving said partially

h U e W N

imidized polyamic acid in an organic solvent.

4. A method according to Claim 1 wherein said pattern is
formed by applying a layer of a photoresist over said
coating, exposing portions of said layer of photoresist
to light whereby exposed or unexposed portions are
rendered soluble in a developing solvent while

unexposed or axposed portions, respectively, remain

N e WwN e

insoluble in said developing solvent, and washing away
soluble portions of said photoresist and the coating

w o™

i!g‘ath it with said developing solvent.
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bul ar wei ght bﬂlmmm‘lﬁmu !“L ratio of dREMMRIRI4e 8 35 9
F'range from1:2 AL st desi | oxane can be nade from
Fabout 60 wt % sil oxane-contai ni ng nononers and about 40 to about

R R e R A T R e g
i 1 cBHA
3 1 9 TOnOMic iy A6 ke nOR! BlSYeh SR Ser ox 8 aUREGeLEr o

_ e solvent] p nmerization w occur at room
ratjure to for dilseelupdy atihibicos. adda phbtbactive dompounarinal |y
Al zed. This can be acconplished chemcally by, for

exanpl e, the
4 said second solution, exposing portion of said coating
5 to light, whereby exposed portions are rendered soluble
6 in a developing solvent while unexposed portions are
7 insoluble, and washing away said soluble portions with
8 said developing solvent.

A method according to Claim 1 wherein said partially

imidized polyamic acid is about 20 to about 50%
imidized.

A method according to Claim 1 wherein said diamine is a
mixture of aromatic diamine that does not contain

silicone and aliphatic diamine that contains siloxane
groups.

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

od aqeording to Claim 1 whersin said partially

af#ized polyamic acid contains no photosensitive
groups. |

10. A methed according to Claim 1 wherein said partially

imidized polyamic acid is about 20 to about 50%
imidized.
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F ¢ annydride, \iﬂﬂlﬁ%@lﬁﬂﬂﬂﬂﬂb;g er agLiyd{ r Oéggu; r 23/0 to

¥li zed as if less than 10% are i mdized the
't ha.paldl aethod dusdrding tbeCladins Qowheyeir sdid adhnhydride

more than 95% are imdized the partially imdized pol yamc
is selected from the group consistz;q of pyromcllz¥ic
dianhydride, 3,3’ ,4,4' -benzophenone testracarboxylic
dianhydride, 3,3’,4',4' -biphenyl tetracarboxylic
dianhydride, bis(3,4-~dicarboxyphenyl) ether
dianhydride, and'2,2-bis(3,4-dicarboxyphenyl)hexa-

fluoropropane dianhydride.

12. A method according to Claim 1 wherein said diamine is
selected from the group consisting of 4,4’ -
oxydianiline, p-phenylene diamine, and m-phenylene

diamine.

13. A method of forming a polyimidesiloxane pattern on a
substrate comprising
(A) forming a first solution of about 5 to about 20
wt% solids in an organic solvent of approximately
equal moclar amounts of diamine and dianhydride or
dianhydride equivalent, where said diamine is
about 40 to about 99% non-siloxane containing

diamine and about 1 to about 60% siloxane

1
2
3
4
5
6
7
B
9

containing diamine;

[
Q

.L%_hcating said first solution to about 130 to about
11 170°C to form a polyamic acid that is 20 té 50%
12 imidized:;

13 (C) forming a more concentrated solution of said

14 polyamic acid;

27
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22
23
24
25
26
27
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Sl S,

14.

15.

v Vi scosity of Hlmlaﬁﬂu“l M\Um :

gr di ze about 20 the am c acid groups. The
Foation that has “occurred can be determ ned by infrared
‘ D) mpplyinggsabd momeuconcéntrated golutiohfta a f or mi ng
f*oups or by heatln% to predeterm ned tines, drying and
Phe pol yam ¢ SYRstratas
Frne and th
Fa7particul a
iy S gsed.

1

again tooPQI/&ﬁ.aI% 49835 9

etermne the relationship between the

feferGiforhEifiold Mol AU Ohelen) ecessay Lo
concentrated solutidhCEbDr&iad Wlichiting on saiad
substrate;

(F) applying a photoresist to said coating:

(G) exposing said photoresist to a pattern of light,
whereby exposed portions of said photoresist are
rendered soluble or insoluble while unexposed
portions remain insoluble or soluble,
respectively: and

(H) dissolving the soluble portions of said

photoresist and of the coating underneath in a

solvent.

A method according to Claim 13 wherein said more
concentrated solution is formed by adding water to said
first solution to precipitate said polyamic acid and
dissolving said polyamic acid in an organic solvent to
form a second solution of about 20 to about 50 wt%
solidl.

5; .
kD
X method according to Claim 13 wherein said substrate

is a silicon wvafer.

28
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- PCI/US94/VUB90 3
‘ 'CECL ﬂehSZr ??:hlgm M‘a‘uﬁmlgﬁ mg%dc | ;cijgainsbﬁore sol ugl e.
>an ac i she a under acuun1at about
016 (P REREE of Harmib Pl imbiRe St on
! r?C t the first SO?UtIOﬂ preferably by the
WEPhEn S 8T8 o ¢ o d

f'mater he pre lyamc acid is coIIected usual ly by

P, and can (g w@ébﬁh&% Qirstlﬂomxﬂmakz) abéwel siticcdbout siesired.
) en di ssolved in a second organic solvent, preferably NVP or DVAC,

the second sol uvtbreaificsbdot aR(oxgandisoso19enti 0f AFDroximately he

I SO|5Ut lon is less 32331 %l%l\ﬁﬂr%aigtlulxgls gth%iragim tl nc? dianhydride or

6 dianhydride équivalent, where said diamine is

7 about 40 to about 99% non-siloxane containing

8 diamine and about 1 to about 60% siloxane

9 g containing diamine:; =
10 (B) heating. said first solution to about 130 to about
11 160°C to form a polyamic acid that is 20 to 50%
12 imidized;
13 (C) forming a mors concentrated solution of said
14 polyamic acid;
15 (D) adding to said second solution about 10 to about
16 30 wt$ of a photosensitizer or a mixture of a
17 dissolution inhibitor and a photoactive compound,
18 based on the weight of said polyamic acid, where
19 - said photosensitizer or mixture of a dissolution
20 inhibitor and a photoactive compound renders said
21 _ __&_polyalic acid less soluble in a dissolving solvent
22 ;uunlasa,:aid photosensitizer has been exposed to
23 fmiight:

24 (E) applying said second solution to a substrate;

25 (F) evaporating the solvent from said second solution
26 to form a coating on said substrate;

27 (G) exposing said coating to a pattern of light; and

29
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Fd if it r 0 ids the
Pris too vi SE%D"EWHHMJE%I ly to the substrate; it 1is
fFma 30 to 40. 0 ndS s tion. The steps of recovering
m di zed polyamic acid fromthe first solution and

B AT iR B L ARl BBy RSl

féuse t he

whereby portions of said coating that wers exposed
to light dissclve 15 said dissolving solvent and
portions of said coating that were not exposed to
light do not dissolve in said dissolving solvent.

17. A nqthod according to Claim 16 wherein said more
"~ concentrated solution is formed by adding water to said\_
first solution to precipitate said polyamic acid and
dissolving said polyamic acid in an organic solvent to
form a saecond solution of ‘about 20 to about 50 wt$

solids.

i8. A method according to Claim 16 wherein said dissolving

solvent is an aqueous base developer.

19. A method according to Claim 16 wherein said substrate

is a silicon water.
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sol vent without imdizing the polyanmc acid.

The second solution is applied to a substrate and
_evaporated by soft baking, typically at 90 to 120[err]C,
nNg on the substrate. Any substrate can be used, but typical
%eT ude silicon nitride, silicon dioxide, alumnumand copper,
FSilicon wafers. Since the nononers used in this invention do .
@ ? phot osensitive groups, it is necessary to use a photoresist
rosensitizer in order to forn1a pattern

10 Abstract of the Digclosure

Disclosed is a method of forming a paﬁtern on a
substrate. A first solution is formed of an organic solvent
15 apd monomers of diamine and dianhydride. The monomers are -
polymerized to form a polyamic acid soluble in the oréanic
solvent. About 20 to about 95% of the amic acid groups in
the polyamic agid are imidized to form a partially imidized
polyamic acid. A more concentrated solution of the .
20 partially imidized polyamic acid is formed. This can be
accomplished by precipitating the partially imidized
polyamic acid from the first solution and dissolving it in a
second organic solvent to form a second solution. The
second solution is applied to the substrate and the solvent
25 is evaporated to form a coating of the pﬁrtially imidized
polyamic acid on the substrate. A portion of the coating is

renovcd to form a pattern on the substrate and the remaining

'u”iinidized polyamic acid is fully imidized on the

30
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- exposed to |ight

tions are washed away using a devel opi ng sol vent

_§Lby di ssolving in another solvent,
pc acidis fully cured. A typica

g % 8 8§ 8 =

- by

Viscosity, cps
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of this invention, a photoresist is apgpi‘égs&/é‘r ‘tY eV 9
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METHOD OF FORMING POLYIMIDE PATTERNS ON SUBSTRATES

Background of the Invention

This invention relates to a novel method of forming a
pattern on a substrate. 1In particular, it relates to the
use of a high solids content solution of a partially
imidized polyamic acid to coat and form a pattern on the
substrate.

Because of their excellent thermal, insulation, and
adhesion properties polyimides have been used as
passivation, buffer or dielectric layer coatings in
semiconductor fabrication. To open vias for connecting
conductive wires underneath polyimide coatings, two
patterning methods have been developed. In one method
(see U.S. Patent No. 4,369,090), a solution of a polyanmic
acid is prepared by dissolving a diamine and a dianhydride
in an organic solvent. The solution is épplied to the
substrate and is heated to evaporate the solvent and
partially imidize the polyamic acid. Partial imidization is
necessary to reduce swelling of the coating during the
patterning process and thereby form a better pattern by
reducing shrinkage during imidization. However, the
polyamic acid cannot be fully imidized on the substratel
because the resulting polyimide would be insoluble and
portions of it could not be dissolved to form a pattern. A
photoresist is applied over the partlally 1m1dlzed polyamic
acid coating and it is exposed to a pattern of light. Those
portions of the photoresist that were exposed to -the light

‘This is the reptacement shest
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phot osensitizer may not be effective and nore than about 30 w % may
require nore ultraviolet |light exposure and the quality of the pattern may
deteriorate. The solution containing the photosensitizer in the partially
imdized polyamc acid is applied to the substrate and the solvent is
evaporated as before to forma coating. fhe coating is exposed to |ight
and the exposed portions are washed away w th the aqueous base devel oper
to formthe pattern on the substrate. The partially imdized polyamc acid

is then hegbedtastbabeeenb® kibbyednitd @ Lightot aeenNFdiares ithat  can
be used can be found in European Patent 478321 Al invented by M ba et
al ., p. 68-83lveatenand acer pashkddalsy along with the partially
imidized polyamic acid underneath. The remaining coating is
heated to fully imidize the polyamic acid.

In another ﬁethod of forming patterns of a polyimide
coating on a substrate, (see U.S. Patent No. 4,880,722) the
solution of the polyamic acid is mixed with a
photosensitizer. The solution is applied to the substrate
and is heated to evaporate the solvent and partially imidize
the polyamic acid. The coating is exposed to a pattern of
UV light which renders those portions of the photosensitizer
that were exposed to the light soluble in an aqueous base
developer. The insoluble photosensitizer is hydrophobic and
prevents the polyamic aéid with which it is in contact from
dissolving in an agueous base developer. The soluble
portions of the coating and the underlying partially
imidized polyamic acid are washed away with an aqueous base
developer. The remaining coating is heated to fully imidize
the polyamic acid. While this method works well, the
photosensitizer may decompose during the partial imidization
step.

In both methods, it is difficult to obtain low
shrinkage coatings due to the partial imidization of the
polyamic acid. In some applications coatings with less
shrinkage are needed for thick insulation or protection of

the substrate.
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ref erence. Exanples of such photosensitizers include derivatives of 1,2
napht hoqui none (2)-di azi do-4-sul fonate, 1,2 naphthoqui none
(2)-diazi do-5-sul fonate and azide conpounds. The follow ng are exanpl es of
positive photosensitizers: -14-

- 3 -

Summary of the Invention

I have discovered that when a polyamic acid is

partially imidized it becomes more soluble in organic

" solvents. That is, as the percent of imidization increases
from zero, the viscoéity of the partially imidized polyamic
acid decreases to a minimum and then increases again near
100% imidization. As a result of this unusual phenomenon, I
have found that it is possible to form solutions of higher
solids content by partially imidizing the polyamic acid.
Because the solutions have a higher solids content, I am
able to obtain less shrinkable coatings on substrates.

Thus, while in the prior art, solutions of polyamic acid
were applied to substrates and then partially imidized on
the substrates, in the method of this invention the
solutions of polyamic acids are partially imidized before
they are applied to the substrate.

In order to obtain a high solids content solution, I
preferably recover the partially imidized polyamic acid from
the solution in which it was prepared and redissolve it in,
an organic solvent. Once this second sélution has been
formed, it can be applied to the substrate, dried and
covered with a photoresist or a photosensitizer can be added
to it before it is applied to the substrate. In this way, I
am able to obtain less shrinkable coatings in a single pass

than was possible by the prior art method.
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Brief Description of the Drawing

The accompanying drawing is a graft showing the
relationship between percent imidization of a polyamic acid

and its viscosity.

Description of the Preferred Embodiments

In the first step of the process of this invention, a
first solution is prepared of monomers in an organic
solvent. This first solution should be about 5 to about 20
weight percent solids. Suitable organic solvents include N-
methylpyrrolidone (NMP), dimethylacetamide (DMAC), 2~vinyl
pyrrolidone, acetone, benzene, toluene, xylene, "Cellosolve"
or glycol ethyl ether, "Cellosolve acetate" or hydroxyethyl
acetate glycol monoacetate, diethyl ether or
dichloromethane, dimethyl formamide (DMF), ethyl alcohol,
methyl isobutyl ketone, methyl ethyl ketone, sulfolane,
dimethyl sulfoxide (DMSO), hexamethylphosphoramide (HMPA),
tetramethyl urea (TMU), diethyleneglycol diethyl ether, 1,2-
dimethoxyethane or monoglyme, diethylene glycol dimethyl
ether or bis(2-methoxyethyl) ether or diglyme, 1,2-bis(2~ -
methoxyethoxy ethane or triglyme, bis [2-(2—-methoxyethoxy)
ethyl)] ether or fetraglyme, tetrahydrofuran, m-dioxane, and
p-dioxane. NMP and DMAC are preferred as they are good
solvents for polyamic acids.

Dianhydride and diamine monomers are used to form the
polyamic acid. In this invention, these monomers do not
contain photosensitive groups.

This is the replacement shest
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where pis 1 to 100, gis 1 to 100, and

DIANHYDRIDE
Any dianhydride or combination of dianhydrides can be
used as the dianhydride monomer in forming the polyimide,
although aromatic dianhydrides are preferred as they give
superior properties. Examples of suitable dianhydrides
include
1,2,5,6-naphthalene tetracarboxylic dianhydride;
1,4,5,8-naphthalene tetracarboxylic dianhdyfide:
2,3,6,7-naphthalene tetracarboxylic dianhydride;
2-(3' ,4' -dicarboxyphenyl) 5,6-dicarboxybenzimidazole
dianhydride;
2-(3' ,4' =dicarboxyphenyl) 5,6~dicarboxybenzoxazole
dianhydride;
2-(3’ ,4’ dicarboxyphenyl) 5,6-dicarboxybenzothiazole
dianhydride;
2,2’ ,3,3' -benzophenone tetracarboxylic dianhydride;
2,3,3' ,4’ -benzophenone tetracarboxylic dianhydride;
3,3’ ,4,4' -benzophenone tetracarboxylic dianhydride (BTDA);
2,2’ ,3,3' -biphenyl tetracarboxylic dianhydride;
2,3,3' ,4' ~biphenyl tetracarboxylic diahhydride:
3,3’ ,4,4’ -biphenyl tetracarboxylic dianhydride (BPDA) ;
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-dicarboxyphenyl) sulfoxide dianhydride;
bis (3,4~dicarboxyphenyl oxadiazole-1,3,4) paraphenylene

dianhydride;
This is the replacement sheet
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15 - where Ris [err]
This Sheet Has Been Replaced

AR

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

- 6 -

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) thiocether 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;

cyclopentane tetracarboxylic dianhydride;

ethylene tetracarboxylic acid dianhdyride;

perylene 3,4,9,10~-tetracarboxylic dianhydride:

pyromellitic dianhydride (PMDA);

tetrahydrofuran tetracarboxylic dianhydride; and

resorcinol dianhydride.

The preferred dianhydrides are ODPA, BPDA, BTDA, 6FDA,
and PMDA or mixtures thereof, as these dianhydrides are
readily available and have been found to give superior
properties. The dianhydrides can be used in their tetraacid
form or as mono, di, tri, or tetra esters of the tetra acid,
but the dianhydride form is preferred because it is more

reactive.
Th@ia&h&n@ma@@mwnﬂQMNH
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and . [err] where R is H -CHerr], -alkyl

This Sheet Has Been Repl

(T —

DTAMINE
If a polyimide is to be prepared, the diamine monomer
does not contain silicone. The non~siloxane containing
diamine should be aromatic as those diamines give the best
properties. Examples of suitable diamines include
m- and p-phenylenediamine;
2,4-diaminotoluene (TDA):;
2,5- and 2,6-diaminotoluene;
p- and m—-xylenediamine;
4,4’ ~diaminobiphenyl;
4,4’ ~diaminodiphenyl ether or 4,4’ ~oxydianiline;
4,4’ ~oxydianiline (0ODAa):;
4,4’ ~diaminobenzophenone;
3,3",3,4", or 4,4’ ~diaminophenyl sulfone or m,m-, m,p~ Or
p.p—- sulfone dianiline:;
4,4’ -diaminodiphenyl sulfide;
3,3 or 4,4’ -diaminodiphenylmethane or m,m- or p,p-methylene
dianiline;
3,3’ ~dimethylbenzidine;
a,a’ -bis(4-aminophenyl)-1,4~diisopropyl benzene or
4,4' -~isopropylidenedianiline or bisaniline p;
a,a’ -bis (4~aminophenyl)~1,3-diisopropyl benzene or 3,3’ ~
isopropylidonedianiline or bisaniline m;
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;
This is the replacement sheet
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- 16 - A preferred exanple of a positive photosensitizer is a derivative
1, 2- napht hD%mInomlale?meaa@l do which undergoes the follow ng

'Bhot oreaction “mmlnﬂ H ﬂ' [err]
8

2,4-diamine-6-chlorotoluene;
2,2-bis[4-aminophenoxy]phenyl propane (BAPP);
trifluoromethyl-2,4~-diamincbenzene;
trifluoromethyl-3,5~diaminobenzene;

2,2’ ~bis(4~aminophenyl)-hexafluoropropane (6F diamine);
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’ -trifluoromethyl-2,2’ ~diaminobiphenyl:
2,4,6-trimethyl-1,3~diaminobenzene;
diaminoanthraquinone;

4,4’ ~oxybis[2-trifluoromethyl)benzeneamine] (1,2,4-0BABTF):;

4,4’ ~oxybis[3-trifluoromethyl)benzeneamine];

4,4’ -thiobis[ (2-trifluoromethyl)benzeneamine];

4,4’ -thiobis[ (3-trifluoromethyl)benzeneamine};

4,4’ ~sulfoxylbis[ (2~trifluoromethyl)benzeneamine];

4,4’ -sulfoxylbis][ (3-trifluoromethyl)benzeneamine]:;

4,4’ -ketobis{ (2~trifluoromethyl)benzeneamine]:

4’ -{(2,2,2-trifluoromethyl~1l-(trifluoromethyl)-

ethylidine)bis(3-trifluoromethyl)benzeneamine].
The preferred aromatic diamines are ODA, TDA, APB and

BAPP, or a combination of these, due to their excellent

properties.

SIT.OXANE MONOMER
It is preferable to prepare a polyimidesiloxane by
using as part of the monomer about 1 to about 60 weight

ihe repiacement sheat
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Whil e this photosensitizer does not react with the polyamc acid, it

initially insoluble in alkali water and its hydrophobicity prevents the

S

polyami c acid fromdissolving in alkali water. However, when it is exposed

to |ight

it becomes soluble in the agqueous base devel oper and permts

di ssolution of partially imdized polyam-c acid with which it is in
A phot osensitive systemof the partially imdized polyamc
acid can al so be prepared fromdissolution inhibitors and photoactive
conpounds. peFfhendj sbakedi on tphhilbmboomerowedightan ofciad moabinee khaeki ng
group, such as a

cont act .

contains siloxane. The siloxane-containing monomers can be
either aromatic or non-aromatic, but non-aromatic monomers
are preferred as they are more readily available. The
siloxane-containing monomer is preferably a diamine, but it
could also be a dianhydride. Examples of siloxane diamines

that can be used include compounds having the formula

]y
BH-FiFiz0 Si-BoME,
)

Examples of siloxane dianhydrides that can be used include

compounds having the formula

o o
|
= R
/N | | / \
O Ry-si-o- si-R, ©
\C/ LE I La \ /
$ ]

where R,, R,, and R, are mono, di and triradicals,
respectively, each independently selected ffom a substituted
or unsubstituted 1 to 12 carbon atom aliphatic group or a
substituted or unsubstituted 6 to 10 carbon atom aromat%b
group. Examples of monoradicals include -CH,, -CF,, —CH=CH,,
- (CH,) .CF,, —-CgHy, —CF,~CHF~CF,, and -CH,~C-CH,~0-CH,CF,CF,CF,.

0
This is the replacement sheet
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t-butyl estigls sRdet BasBedtieyheegar bonat e. The photoactive conpounds shoul d
‘generate a s W irradiation and the strong protonic acid can
debl ock thenH!ﬂﬂﬁ roups during a subsequent postbake process. A

positive i ai ned by devel oping with aqueous base. The
di ssolution inhibitors are as follows 10 - - 17 -
[err]

Examples of diradicals include -(CH,),-, =-(CH,),~, —-CF,~ and

~Ce¢H,~. Examples of triradicals include -CH-CH,-,

D1 - and I
Y

where n = 1 to 10 and m is 1 to 200, but is preferably 1 to

12. (Siloxane diamines are herein denoted by the notation

!lG.)I . )

POLYAMIC ACID

Generally, stoichiometric quantities of diamine and
dianhydride monomers are used to obtain polyimides of the
highest molecular weight, but the eguivalent ratio of
dianhydride to diamine can range from 1:2 to 2:1. A
polyimidesiloxane can be made from about 1 to about 60 wt}
siloxane-containing monomers and about 40 to about 99 wt%
monomers that do not contain siloxane. Preferably, they are
made from about 1 to about 30 wt% siloxane-containing
monomers and about 70 to about 99 wt% monomers that do not
contain siloxane.

Upon the addition of the monomers to the solvent,
polymerization will occur at room temperature to form the
polyamic acid. The solution is then partially imidized.
This can be accomplished chemically by, for example, the
addition of acetic anhydride, or by heating, preferably at
about 130 to about 170°C. About 10 to about 95% of the amic
acid groups is preferably imidized as if less than 10% are

This is the replacement shee!
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ROA-OR Ar = aromatic or cycloaliphatic and R = Hor [err]
‘Exanpl es of the photoactive conpounds, which can produce a strong acid by
UV exposure, include derivatives of 1,2-naphthoqui none-(2)-diazide, diaryl
iodiumsalts, p- nitrobenzyl-9, 10-di et hoxyant hracene sul fonate, etc.

- 11 -

imidized the resolution of the pattern is poor and the
viscosity of the solution is high and if more than 95% are
imidized the partially imidized polyamic acid is too
insoluble and the viscosity of the solution is again too
high. 'It is preferable to imidize about 20 to about 50% of
the amic acid groups. The amount of imidization that has
occurred can be determined by infrared spectrum analysis, by
measuring the amount of water given off in forming the imide
groups or by heating to predetermined times, drying and
titrating the polyamic acid to determine the relationship
between the heating time and the percent imidization. The
amount of heat necessary to achieve a particular percent

imidization will depend upon the particular monomers used.

SECOND SOLUTION

Once the polyamic acid has been partially imidized, it
can be concentrated, since the partially imidized polyamic
acid is more soluble. Concentration can be accomplished by
gently heating under vacuum at about 80 to about 130°C.
Concentration is preferably achieved by precipitating the
polyamic acid from the first solution, preferably by the
addition of water. The precipitated polyamic acid is
collected, usually by filtration, and can be washed (e.q.,
in methanol), and dried, if desired. It is then dissolved
in a second organic solvent, preferably NMP or DMAC, to form
the second solution of about 20 to about 50 wt% solids. If
the second solution is less than 20 wt% solids the resulting

film is too thin and if it is over 50 wt% solids the
This is e repiacement sheet
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Ex.arrpl es of dissolution inhibitors include:

-[err]

- 18 - [err]
- 12 -

solution is too viscous to apply easily to the substrate: it
is preferable to form a 30 to 40 wt% solids solution. The
steps of recovering the partially imidized polyamic acid
from the first solution and redissolving it in a second
solvent are preferable to form a high solids solution
because the first solution cannot be concentrated by
evaporation of the solvent without imidizing the polyamic

acid.

FORMING A PATTERN

The second solution is applied to a substrate and the
solvent is evaporated by soft baking, typically at 90 to
120°C, to form a coating on the substrate. Any substrate can
be used, but typical substrates include silicon nitride,
silicon dioxide, aluminum and copper, as well as silicon
wafers. Since the monomers used in this invention do not
contain photosensitive groups, it is necessary to use a
photoresist or a photosensitizer in order to form a pattern.
In one embodiment of this invention, a photoresist is
applied over to the coating to form a layer, typically about
1 to about 3um thick. The photoresist is exposed to light
which renders the exposed portions soluble (a positive
photoresist) or insoluble (a negative photoresist), the
soluble portions are washed away using a developing solvent
along with the coating underneath them, the remaining
insoluble photoresist is removed, typically by dissolving in
another solvent, and the partially imidized polyamic acid is

fully cured. A typical curing schedule is 150°C for 30

This is the replacemant shest
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- 19 - In addition to formng a pattern for insulation purposes,
the coating also acts as a support to strengthen the substrate and can

al so act as a nask to permt the etching of the substrate. The
foll owi ng exanples further illustrate this invention.
Example 1 - Pol yi m desi | oxane - 13 -

minutes, 250°C for 30 minutes and 350°C for 30 minutes. The
resulting layer of polyimide is typically about 3 to about
20um thick.

In a second embodiment of this invention, preferably
about 10 to about 30 wti, based on the weight of the
partially imidized precursor, of a photosensitizer is added
to the high solids content second solution of partially
imidized polyamic acid. Less than about 10 wt%
photosensitizer may not be effective and more than about 30
wt$% may require more ultraviolet light exposure and the
quality of the pattern may deteriorate. The solution
containing the photosensitizer in the partially imidized
polyamic acid is applied to the substrate and the solvent is
evaporated as before to form a coating. The coating is
exposed to light and the exposed portions are washed away
with the agueous base developer to form the pattern on the
substrate. The partially imidized polyamic acid is then
heated as before to fully imidize it. 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:

placement sheet
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To a 500 nL 3-necked flask equipped with a nmechanical stirrer, a reflux
condenser and a thernoneter, 2 g (0.155 nol) of 4,4'-oxydiphthalic
anhydri de an, 11 of 1, 3- bIS(3- am nopropyl) term nated

pol ydi net hyl bm@wﬂsolved in 500 nmL N-nmethyl pyrrolidone and a
reacti on was ” rs Then 4008 g (0.14 nol) of 1, 3-bis(3-

am nophenoxy) ded and the polynerization was run for 16
hours. The viscosity of t e polyam c acid, neasured by Brookfield

Vi sconmeter LVT, was 246 cps. For the partlal i mdization, the tenperature
was raised to 1600C. To measure viscosity and the partial imdization by
titrating the carboxylic acid group with 0.1 N tetrabutyl ammoni um

NPl

0 OR OR . o
" i
O or s (OAL Yon,
(‘? OR OR

Nathae
/?

CH

|3 %

o | R 7 RO’@‘S—Q—OR

—/ 1

Hy I

OH

0-R
— 2 L’\\) CHZ
o

CH
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hydr oxi de,

azeotropic distillation at 160[err]C. The fully

was obtai ned fromthe sane pol yam c
t he azeotropic
sol ution was

resin was redi ssolved in NVP at 16. 7% concentr ati on.
imdization is shown in the

t he percent

sanpl es were taken out at 3, 6, and 15 m nutes

distillation at 165[err]C for 5 hours.
precipitated in water and wsshed w th net hanol .

during the
imdized (98.4% sanple
acid solution in NWP and tol uene by
The imdized

The dry

The viscosity versus

0
I

where R is O ‘ /NZ
?

0=S=0

and

where R’ is H, —-CH3, —alkyl
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- 20 - follow ng table and in the acconpanying drawing. As the

I m di zati on proceeded, the viscosity decreased and then increased again
near full imdization. | m di zati on % 0% 13.7% 41.3% 55.8%
67% 98.4% Vi scosity/cps 246 30 22.5 17.5 19 251 The
partially imdized solution was prectpitéated in nethanol, filtrated and
dried in a vacuumoven at 60[err]C.  Sanples of the dry resin having

di fferent percentages of imdization were redissolved in NMP to give

sol ut i ons Ahgriefgrrgedy exeopiley off aapostitivye ppotofeasidrizent iismadi zation vs.

derivative of 1,2-naphthoquinone-(2)~diazido which undergoes

the following photoreaction by UV exposure:

g
0 -
N N C—-0OH
) HO N2 T+ “‘
o= =0 O=S=O

While this photosensitizer does not react with the polyamic
acid, it is initially insoluble in alkali water and its
hydrophobicity prevents the polyamic acid from dissolving in
alkali water. However, when it is exposed to light it
becomes soluble in the agueous 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 and photoactive compounds. The dissolution
inhibitors contain an acid labile blocking group, such as a
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 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:

This is the replacement shegt
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concentration of those solutions is shown in the followng table.

| m di zation % 0 61 68 72.5 98.4 Concentration % 16.9

32.7 35.7 26.8 16.6 The tabl e shows that a higher solid content
solution could be obtained fromthe partially imdized resin (PIP),
conpared to the polyamic acid and the fudly imdized polyimde. The
65% i m di zed solution was precipitated in thanol and dried in a vacuum
oven at 60[err]C. Wen dis%?lving the dry i esin inlwwﬁ%hyl Irrolidone, a

hi gh solid content solﬂpi_o — OR , Ar—O—-C—OR, RO—C-—-AF—-C-—OR)

i :
RO-C—O0—-Ar—0—C~OR, Ar—OR,

R—0—Ar—0-—R
s
Ar = aromatic or cycloaliphatic and R = H or -$-_CH3 .
CHy

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

Examples of dissolution inhibitors include:

OOt

< CamN
CH3
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(30 to 50% was obt ai ned. - 21 -
Exanple 2 - Polyimde Wth Phot oresi st To a 500 mL 3-necked fl ask
equi pped with a nechanical stirrer and a thernonmeter, 12 g (0.06 nol) of
4,4' - di am nodi phenyl ether and 150 nmiL N-nethyl pyrrolidone were charged
and then 13.1 g (0.06 nol) of pyronellktig -di anhydride was added. The
resulting solution was stirred

CH CH
CH ) 3
)
OR OR
4 ’

OR
J
I
%1) OR
O,
0 OR OR

OR

CN ?H3
0=S=0
’
[;t] » and }{Q\?
OR
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slowy for 12 hours under nitrogen bl anket. The viscosity of a 15% solids
content solution was 4880 cps. For the partial imdization in solution by
azeotropic distillation, 25 nL toluene was added to the polyam c acid
solution and the tenperature was raised to 150[err]C, azeotroped for 2

m nutes and the reactor cooled down inian-ice bath. The partially

i mdi zed polyi mde precursor (PIP) was precipitated into water and washed
wi th nethanol and dried in a vacuumoven at 60[err]C. The nol ecul ar wei ght
(M) of PIP nea§Uréﬂdb§19ﬁet@ef°rﬁéﬂﬁe§tPéﬁtEHﬂoﬁﬁFogﬂéph?twas 8970 g/ nol
and the pal zatlon was 31%)%nd the viscosity

ers g
of a 25@6C8H ﬂ?gﬁtig mﬁgag%ggcﬁgso ac S as a support to strengthen
the substrate and can also act as a mask to permit the

etching of the substrate.
The following examples further illustrate this

invention.

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

stirrer, a reflux condenser and a thermometer, 48.2 g (0.155
mol) of 4,4’ —oxydiphthalic anhydride and 11 g of 1,3-bis(3-
aminopropyl) terminated polydimethylsiloxane were dissolved
in 500 mL N-methyl pyrrolidone and a reaction was run for 4
hours. Then 40.8 g (0.14 mol) of 1,3-~bis(3-
aminophenoxy)benzene was added and the polymerization was
run for 16 hours. The viscosity of the polyamic acid,
measured by Brookfield Viscometer LVT, was 246 cps. For the
partial imidization, the temperature was raised to 160°C. To
measure viscosity and the partial imidization by titrating
the carboxylic acid group with 0.1 N tetrabutyl ammonium
hydroxide, samples were taken out at 3, 6, and 15 minutes
during the azeotropic distillation at 160°C. The fully
imidized (98.4%) sample was obtained from the same polyamic
acid solution in NMP and toluene by the azeotropic
distillation at 165°C for 5 hours. The imidized solution was
precipitated in water and washed with methanol. The dry
resin was redissolved in NMP at 16.7% concentration. The

viscosity versus the percent imidization is shown in the

This is the replacemant sheet
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The dry PIP was dissolved in NMP at 20% solid concentration, spin-coated
~on a S|I|conénwﬁﬁﬁrh§8wh Bapfated baked at 100[err]C for 2 mnutes. A positive
phot or esi st osit[err] 1813, was spin-coated onto the 4
[errfmPIP c h E—baked at 90[err]C for 2 mnutes. The 2[err]m
phot or esi st coat | hg on th | P was expsed to UV light through a pattern
mask for 5 seconds - wth: a source having a power of 350 watts. The exposed
photoresi st and PIP coatings were developed in a 0.27 N

}Dle'lfar ]?”Ft hed BBTPIHG Ra DT & ftie B EGRAUMIA RN AARE ROt iesid on the
ilm

imidization proceeded, the viscosity decreased and then

increased again near full imidization.

Imidization % 0% 13.7% 41.3% 55.8% 67% $8.45%

Viscosity/cps 246 30 22.5 17.5 19 251

The partially imidized solution was precipitated in
methanol, filtrated and dried in a vacuum oven at 60°C.
Samples of the dry resin having different percentages of
imidization were redissolved in NMP to give solutions having
a viscosity of about 250 cps. The percent imidization vs.

concentration of those solutions is shown in the following

table.
Imidization % 0 61 68 72.5 98.4
Concentration/% 16.9 32.7 35.7 26.8 16.6

The table shows that a higher solid content solution could
be obtained from the partially imidized resin (PIP),
compared to the polyamic acid and the fully imidized .
polyimide.

The 65% imidized solution was precipitated in methanol
and dried in a vacuum oven at 60°C. When dissolving the dry
resin in N-methyl pyrrolidone, a high solid content solution

(30 to 50%) was obtained.

This is the replacement sheet
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- 22 - was washed away in acetone. The 20 to 50[err]mPIP patterns were
obt ai ned and cured at 90, 150, 250 and 350[err]C for 30 m nutes,
respectively. Exanpl e 3 - Polyim desil oxane Wth Phot oresi st

A pol yanmic acid was prepared by reacting 6.5 g (0.03 nol) of pyronellitic
di anhydride and 22.6 g (0.07 nol) of - lk@anzophenone tetracarboxylic acid
anhydride with 18 g (0. 09

Example 2 - Polvimide With Photoresist

To a 500 mL 3-necked flask equipped with a mechanical
stirrer and a thermometer, 12 g (0.06 mol) of 4,4'-
diaminodiphenyl ether and 150 mL N-methyl pyrrolidone were
charged and then 13.1 g (0.06 mol) of pyromellitic
dianhydride was added. The resulting solution was stirred
slowly for 12 hours under nitrogen blanket. The viscosity
of a 15% solids content solution was 4880 cps. For the
partial imidization in solution by azeotropic distillation,
25 mL toluene was added to the polyamic acid solution and
the temperature was raised to 150°C, azeotroped for 2 minutes
and the reactor cooled down in an ice bath. The partially
imidized polyimide precursor (PIP) was precipitated into
water and washed with methanol and dried in a vacuum oven at
60°C. The molecular weight (Mn) of PIP measured by the gel
permeation chromatography was 8970 g/mol and the
polydispersity was 3. The imidization was 31% and the
viscosity of a 25% concentration was 875 cps.

The dry PIP was dissolved in NMP at 20% solid
concentration, spin-coated on a silicone wafer and soft- -
baked at 100°C for 2 minutes. A positive photoresist,
Shipley Microposit® 1813, was spin-coated onto the 4 um PIP
coating and soft-baked at 90°C for 2 minutes. The 2um
photoresist coating on the PIP was exposed to UV light
through a pattern mask for 5 seconds with a source having a
power of 350 watts. The exposed photoresist and PIP
coatings were developed in a 0.27 N tetramethylammonium

hydroxide for 45 seconds and the ﬁﬂgporesist on the PIP film
-+ is the replacemant
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nmol) of 4,4'-oxydianiline and 2.5 g (0.01 nol) of 1, 3-bis(3-
am nopropyl ) 1,1, 3,3-tetranet hyl di sil oxane in 280 nL N-nethyl pyrrolidone.
After adding 45 nL toluene to the polyamc acid, the azeotropic .
distillation was done at 145[err]C for 3 mnutes, the PIP was precipitated
in water, washed with nethanol and drizeéd-in a vacuum oven at 60[err]C. The
nol ecul ar weight (M) was 12,480 g/nol, the polydispersity was 2.4 and
the imdization was 39% The dry PIP was dissolved in NVW at 28%
concentration, spin-coated on a silicon wafer and soft-baked at 90[err]C
for 2 m muassvasied|ayaypos tacetses] StThél Z0 opossoud SRBPwast tepas ed at
3000 rpm for 40 seconds on the 5[err]mPIP film and

were obtained and cured at 90, 150, 250 and 350°C for 30

minutes, respectively.

Example 3 ~ Polyimidesiloxane With Photoresist

A polyamic acid was prepared by reacting 6.5 g (0.03
mol) of pyromellitic dianhydride and 22.6 g (0.07 mol) of
benzophenone tetracarboxylic acid anhydride with 18 g (0.09
mol) of 4,4’ ~oxydianiline and 2.5 g (0.01 mol) of 1,3-bis(3-
aminopropyl)1,1,3,3~-tetramethyldisiloxane in 280 mL N-methyl
pyrrolidone. After adding 45 mL toluene to the polyamic
acid, the azeotropic distillation was done at 145°C for 3
minutes, the PIP was precipitated in water, washed with
methanol and dried in a vacuum oven at 60°C. The molecular
weight (Mn) was 12,480 g/mol, the polydispersity was 2.4 and
the imidization was 39%.

The dry PIP was dissolved in NMP at 28% concentration,
spin-coated on a silicon wafer and soft-baked at 90°C for 2
minutes. Shipley positive resist, Microposit 1813 was
coated at 3000 rpm for 40 seconds on the 5um PIP film and
soft-baked at 90°C for 2 minutes. The 2um thick photoresist
film was exposed to UV light through a mask for 5 seconds
and developed in a 0.27 N-tetramethylammonium hydroxidé for
60 seconds. After developing patterns, the photoresist was
washed in acetone. When the PIP patterns were cured by
baking from S0 to 350°C, the shrinkage of films was 26%,
which is 8% lower than the polyamic acid.

Tihis is ine replacement shest
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soft-baked at 90[err]C for 2 mnutes. The 2[err]mthick photoresist film
was exposed to WV light through a mask for 5 seconds and developed in a
0.27 N-tetranet hyl ammoni um hydroxi de for 60 seconds. After devel oping
patterns, the photoresist was washed in acetone. When the PIP patterns
were cured by baking from90 to 350[er23C; the shrinkage of filns was 26%
which is 8% | ower than the polyam c acid.
- 23 -

Example 4 - Polyimidesiloxane With Photosensitizer

The PIP of Example 3 was redissolved in NMP at the 30
weight % concentration, and the photosensitizer, m-cresol
1,2-naphthoquinone (2)-diazido-4-sulfonate, was added to the
PIP solution at a concentration of 30 weight %, based on the
PIP resin. The phatosensitive solution was applied to a
silicon wafer by spin-coating and soft-baked at 80°C for 30
minutes in a convection oven. The 5.8 um thick coating was
exposed to UV light through a pattern mask for 30 seconds.
The exposed film was developed in an aqueous base developer
(0.23 N-tetramethyl ammonium hydroxide) for 40 .to 60 seconds
and washed in water. After curing the developed film at

350°C, the 2.7 um thick pattern was obtained.

Example 5 - Polvimide With Photosensitizer

The polyamic acid of 3,3’ ,4,4" -biphenyl tetracarboxylic
dianhydride and p-~phenylene diamine (BPDA/PDA) was prepared
at a 7.7% concentration in NMP. The viscosity was 5000 cps.
After adding toluene to the polyamic acid, the partially
imidized PIP was obtained at 150 to 155°C for 5 minutes in -
the same method as described in the above examples. The
imidization was 37%, the molecular weight (Mn) was 17,043
g/mol and the polydispersity was 2.3. The partially
imidized BPDA/PDA was dissolved at 20% concentration in NMP
and the viscosity was 465 cps. The photosensitizer, m-
cresol 1,2-naphthoquinone (2)-diazido-4~sulfonate was added
at the 30% concentration of the BPDA/ODA resin. The

photosensitive solution was spin-coated on a silicon wafer
This is the replacemsnt sheet
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Example 4 - Pol vi m desi | oxane Wth Photosensitizer The PI P of Exanple
3 was redissolved in NMP at the 30 weight % concentration, and the

phot osensitizer, mcresol 1, 2-naphthoquinone (2)-diazido-4-sulfonate, was
added to the PIP solution at a concentration of 30 weight % based on the
PIP resin. The photosensitive solution2dks applied to a silicon wafer by
spi n-coating and soft-baked at 80[err]C for 30 mnutes in a convection
oven. The 5.8 [err]mthick coating was exposed to UV |ight through a
pattern maskdf spfBObakednds. a fht piptsedtf LBAfQatoxde¥@| apednds. anTeueous
base devel oper (0.23 N-tetranethyl ammoni um hydroxide) for 40 to 60

seconds - 1.9um thick film was exposed to UV light through a pattern
mask for 20 seconds. The exposed film was developed in a
0.18 N-tetramethyl ammonium hydroxide for 25 seconds and

washed in water. After development, the thickness of the

film was 1.8um.

This is the replacement sheet
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and washed in water. After curi ng the developed filmat 350[err]C, the 2.7

[err]nlthick,pattern was obt ai ned. Exanple 5 | % '
Phot osensi ti z&ks Sh"e.‘”asi ‘rﬁ)’ﬁam' c acid of 3,3 ,4,4 -bip M"I\;!‘ ,m” ,i '
tetracarboxyli H" uﬂ!ﬂ éll and p-phenyl ene di am ne (BP L s

prepared at a

!ation in NM2 -The viscosity was 5000 cps.

After adding toluene to the polyamc acid, the partially imdized PIP was
obtained at 150 to 155[err]C for 5 mnutes in - the same nethod as
described in the above exanples. The imdization was 37% the nol ecul ar
wei ght (Mi) cmasMi7, 043 g/ nol and the pol ydispersity was 2.3. The partially

1. A method of forming a pattern on a substrate comprising

(A)

(B)

(€)

(D)

(E)

(F)

(G)

(H)

forming a first solution which comprises
(1) organic solvent, and
(2) monomers of
(a) diamine, and
(b) dianhydride, tetracarboxylic acid or

ester of tetracarboxylic acid:
polymerizing said monomers to form a polyamic acid
soluble in said organic solvent;:
imidizing 20 to 95% of the amic acid groups in
said polyamic acid to form a partially imidized
peolyamic acid;
forming a more concentrated solution of said
partially imidized polyamic acid:
applying said more concentrated solution to a
substrate;
evaporating the solvent from said more
concentrated solution to form a coating of said
partially imidized polyamic acid on said
substrate;
removing a portion of said coating to form a
pattern on said substrate; and
fully imidizing said partially imidized polyaﬁic

acid in said coating on said substrate.
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intdized BPDA/ PDA was di ssol ved at 20% concentration in NWP and the
Vi scosity was 465 cps The photosensitizer m cresol 1, 2-naphthoqui none

(2)- d|a2|do added at the 30% concent nDA/CDA
resin. The ‘Slutlon was spi n- coated "iﬂ ﬂ" H fa
- 24 - and hot pl ate 2f -130[err]C f secon

1. 9[err]n1th| osed to W light through a pattern

2. A method according to Claim 1 wherein said more
concentrated solution is formed by heating said first
solution of partially imidized polyamic acid under

vacuum at about 80 to about 130°C.

3. A method according to Claim 1 wherein said more
concentrated solution is formed by precipitating said
partially imidized polyamic acid from said first
solution and forming a second solution having a solids
content of 20 to 50 wt% by dissolving said partially

imidized polyamic acid in an organic solvent.

4. A method according to Claim 1 wherein said pattern is
formed by applying a layer of a photoresist over said
coating, exposing portions of said layer of photoresist
to light whereby exposed or unexposed portions are
rendered soluble in a developing solvent while
unexposed or exposed portions, respectively, remain
insoluble in said developing solveat, and washing away
solubie portions of said photoresist and the coating

beneath it with said developing solvent.
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developnen S of the filmwas 1.8[err]
- 25 - . A nmethod of formng a pattern on a
substrate r|5|ng - 27 -

5. A method according to Claim 1 wherein said pattern is

formed by including a photosensitizer or a mixture of a
dissolution inhibitor and a photoactive compound in
said second solution, exposing portioﬁ of said coating
to light, whereby exposed portions are rendered soluble
'in a developing solvent while unexposed portions are
insoluble, and washing away said soluble portions with

said developing solvent.

6. A method according to Claim 1 wherein said partially
imidized polyamic acid is about 20 to about 50%

imidized.

7. A method according to Claim 1 wherein said diamine is a
mixture of aromatic diamine that does not contain
silicone and aliphatic diamine that contains siloxane

groups.

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

a silicon wafer.

9. A method according to Claim 1 wherein said partially
imidized polyamic acid contains no photosensitive

groups.

10. A method according to Claim 1 wherein said partially
imidized polyamic acid is about 20 to about 50%

imidized. ThBistherephcemsntsheet
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(A formng a first solution which conprises (1)
organic sol vent, and (2) nononer s of

(a) di amThBSna:nHasBe Repl (b) dia rboxylic
acid or es Y "‘? boxylic acid; gmmmnmﬂmﬂ sai d
mononers t wuﬁmc acid solule 4 n said or ganfct

sol vent; imdizing [20] 10 to 95% of the amc acrd gr oups
in said polyanrc aC|d to forma partially imdized pol yam c
aci d; (D) formng_a [nore concentrated] second sol ution _of said
partial | y11ni cb ZBRthed ya@Ferding to Claim 1 wher@lnufféf fiappygride
concentrated than said first solution app nor e
concent r at ed] %%c% §5$%t?5ﬁmt5h% %ﬁ%%?r%?%SlStgn% of ?é gei@éﬁb ating

t he sol vent fr re c ted] second s n tma

coating of sai HITEITE: T B pech popoarPEiasrae one bardiebBel Pife:

(G wusing a pr 5%%, i 010 2XPOSr t rtion of said
coating to 8f éfﬂ&é' ?b3n1g bgtfgiﬁh%ﬁpgafﬁégggé% glggnd

(F) fully im dazdidy@pide papid gd) ¥-aitabasty PRENFT) Ce@ﬁ%ﬁ' in said coating

on said od according to
Cai m1 whereig;sahfaseaON0an@! 21f 3 0Pis (3, 4~dicarboxybBehPl RExRY heating
said first solution of partlally i mdi zed pol yam c acid
under vacuum aflabfopréPah® @bomhydride.

12. A method according to Claim 1 wherein said diamine is
selected from the group consisting of 4,4’ -
oxydianiline, p~-phenylene diamine, and m-phenylene

diamine.

13. A method of forming a polyimidesiloxane pattern on a
substrate comprising

(A) forming a first solution of about 5 to about 20
wt% solids in an organic solvent of approximately
equal molar amounts of diamine and dianhydride or
dianhydride equivalent, where said diamine is
about 40 to about 99% non-siloxane containing
diamine and about 1 to about 60% siloxane
containing diamine;

(B) heating said first solution to about 130 to about
170°C to form a polyamic acid that is 20 to 50%
imidized;

{(C) forming a more concentrated solution of said

polyamic acid;

This is the replacement sheet
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130[err] C. - 26 - . A net hod

according to Caim1 wherein said secondsol ution
precipitating said partially imdized polyamc LHE ?ﬂ "}}ﬁ&wﬁ i rst
[ ' [ [ of 20

solution and form ng a second sol ution havi ng

to 50 wt % by dissolving said pardd al |y i mdized polyamc acid in an
organi ¢ sol vent. 4. A nethod according to Claiml wherein said pattern
S

(D) applying said more concentrated solution to a
substrate;

(E) evaporating the solvent from said more R
concentrated solution to form a coating on said
substrate;

(F) applying a photoresist to said coating;

(G) exposing said photoresist to a pattern of light,
whereby exposed portions of said photoresist are
rendered soluble or insoluble while unexposed
portions remain insoluble or soluble,
respectively; and

(H) dissolving the soluble portions of said
photoresist and of the coating underneath in a

solvent.

14. A method according to élaim 13 wherein said more
concentrated solution is formed by adding water to said
first solution to precipitate said polyamic acid and
dissolving said polyamic acid in an organic solvent to
form a second solution of about 20 to about 50 wt¥%

solids.

15. A method according to Claim 13 wherein said substrate

is a silicon wafer.

as Been Replaced This is the replacement sheet
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f or med by applying a | ayer of a photoresist over said coat i ng,
exposi ng portions of said | ayer of photoresist to |ight whereby

exposed or unexposed portions are rendered sal ' pi ng
sol vent while unexposed or exposed portions, OHH ﬁH:I“["EIl ﬂ“ ﬁai n
i nsol ubl e in said devel opi ng sol vent,- afd washing away ¢ L w®so$ubi e

portions of said photoresist and the coating beneath it with said
devel opi ng solvent. 5.
S fornmed b

di ssol uti ont&nhi

portions are re
portions are ins
sai d devel opi ng

This Sheet Has Been Replaced

M

i

(Hwbhg

(B)

(¢)

(D)

(E)
(F)

(G)

A nmet hod according to Claim1l wherein said pattern

i ncluding a photosensitizer or_a mxture of a

inefhothPh ot g 13 VRO ErhpMTe 1 pxane dgpatters ey

sol ution, exposin ortion of, said coating to | i ght, whereby exposed
rﬁﬁ%é%ﬁ%ﬁﬁtﬁﬂ%?#*ﬁ%Pg devel opi ng sol vent whil e unexposed

wrning £ FLEESLORAYEY 321 Sk Ub! 8oPgRLLENTo W th
wt? solids in an organic solvent of approximately
equal molar amounts of diamine and dianhydride or
dianhydride equivalent, where said diamine is
about 40 to about 99% non-siloxane containing
diamine and about 1 to about 60% siloxane
containing diamine;

heating said first solution to about 130 to about
160°C to form a polyamic acid that is 20 to 50%
imidized;

forming a more concentrated solution of said
polyamic acid;

adding to said second solution about 10 to about
30 wt% of a photoéensitizer or a mixture of a
dissolution inhibitor and a photoactive compound,
based on the weight of said polyamic acid, where
said photosensitizer renders said polyamic acid
less soluble in a dissolving solvent unless said-
photosensitizer has been exposed to light;
applying said second solution to a substrate;
evaporating the solvent from said second solution
to form a coating on said substrate; |

exposing said coating to a pattern of light; and

This is the replacement sheet
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6. A nethod according to laim1 wherein said partially i mdized

polyam c acid is about 20 to about 50% imdized. 7. A nethod
according to Claim1l wherein said diamne is a J:mmﬁ iC

di am ne that does not contain sil oxane groups I”mlmllllﬂlam ne

t hat contains sil oxane groups. - 31 - e b s T

- 27 - 8. A nethod according to Caim1l wherein said substrate is

a silicon wafer.

(H) washing said coating with said dissolving solvent,
whereby portions of said coating that were exposed
to light dissolve in said dissclving solvent and
portions of said coating that were not exposed to

light do not dissolve in said dissolving solvent.

17. A method according to Claim 16 wherein said more
concentrated solution is formed by adding water to said
first solution to precipitate said polyamic acid and
dissolving said polyamic acid in an organic solvent to
form a second solution of about 20 to about 50 wt%

solids.

18. A method according to Claim 16 wherein said dissolving

solvent is an aqueous base developer.

19. A method according to Claim 16 wherein said substrate

is a silicon wafer.

Wi
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9. A met hod according to Caim1 wherein said partially

I mdi zed polyam c acid contains no photosensitive gr oups.

10. A method according to Claim 13 wherein said partially

i m di zed polyamc acid is about 20 to about 20% i m di zed. 11. A
met hod according to G aim 1l wherein-sard-di anhydri de IS

sel ected fromthe group consisting of pyronellitic

di anhydride, 3,3" ,4,4'-henzophenone tetracarboxylic

di anhydride, 3,3 ,4',4'-biphenyl tetracarhoxylic di anhydri de,
bi s( 3, 4-di car boxyphenyl ) et her di anhydri de, and

2, 2-bi s(3, 4-di car boxyphenyl ) hexa-

METHOD OF FORMING POLYIMIDE PATTERNS ON SUBSTRATES

Abstract of the Disclosure

Disclosed is a method of forming a péttern on a
substrate. A first solution is formed of an organic solvent
and monomers 6f diamine and dianhydride. The monomers are
polymerized to form a polyamic acid soluble in the organic
solvent. 2About 20 to about 95% of the amic acid groups in
the polyamic acid are imidized to form a partially imidized
polyamic acid. A more concentrated solution of the
partially imidized polyamic acid is formed. This can be
accomplished by precipitating the partially imidized
pelyamic acid from the firs£ solution and dissolving it in a
second organic solvent to form a second solution. The
second solution is applied to the substrate and the solvent
is evaporated to form a coating of the partially imidized
polyamic acid on the substrate. A porfion of the coating is
removed to form a pattern on the substrate and the remaining

partially imidized polyamic acid is fully imidized on the

substrate.
FIGURE 1 ARBY jo —\
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fl uor opr opane di anhydri de. 12. A nethod according to Caiml
wherein said diamne is sel ected fromthe group consisting of
4, 4" - oxydi ani | i ne, p-phenyl ene di am ne, and m phenyl ene

di am ne. 13. A method of formng a polyimdesiloxane pattern on a
substrate conprising (A f-orimisng a first solution of about 5 to
about 20 wt% solids in an organic sol vent of approxi matel y
equal nol ar anmounts of di am ne and di anhydri de or dianhydri de

equi val ent, where said diamne is about 40 to about 99% non-sil oxane

cont ai ni ng di am ne and about 1 to about 60% sil oxane
cont ai ni ng di am ne; (B) heating said first solution to about 130
to about 17[err] Gio.farma polvamc acid 8
F
=
~§ ®©
o
S N
_ . S
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D N
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o
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Viscosity, cps
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that is 20 to 50% i m di zed;

- 28 - (O formng a [nore concentrated] second solution of said
pol yam ¢ acid which is nore concentrated than said first

sol uti on: (D) applying said [nore concentrated] second solution to
a substrate; (E) evapor ati ng tlige _sol vent f mom gardciMRUEET
concentrated] second solution to forma coating on said
substrat e; (F) applying a photoresist to said coating; (G

exposi ng i hot oresi.st .tq a_pattern of Iight reby expas ortions
of said Wil ta%&ﬁoﬁ8aegfs%&§réchﬁgngéngoﬁ%%W% : iﬁ?%ﬁ%b e while
unexposed :pQrd.i engl f e uhl # , pectively,
[ and] lm%%%ior& g?glla\?fr?&dt'.hghseolvl}gflgggg#t Pg%sr%oafq%gai Cgk%{egtrsesi st and
of the COalidiPadee A rleBr full imidizatdodQl vent and

5. |

|| Viscasity/cps 246 30 22.5 17.5 19 251 “

N

Imidization % 0% 13.7% 41.3% 55.8%

The partially imidized solution was precipitated in
methanol, filtrated and dried in a vacuum oven at 60°C.
Samples of the dry resin having different percentages of
imidization were redissolved in NMP toc give sclutions having
a viscaosity of about 250 cps. The percent imidization vs.

concentration of those solutions is shown in the following

table.

H Imidization % ; 0 61 68 72.5 98.4 a

Concentration % 32.7 35.7 26.8 16.6

The table shows that a higher solid content solution could
be obtained from the partially imidized resin (PIP),
compared to the polyamic acid and the fully imidized
polyimide.

The 65% imidized solution was precipitated in methanol
and dried in a vacuum oven at 60°C. When dissolving the dry
resin in N-methyl pyrrolidone, a high solid content solution

(30 to 50%) was obtained.




(1) - fully imdizing said partially imdized polyamc acid in said

coating on said substrate. 14. A nethod according to
Claim 13 wherein said second sol ution is fo mﬂmummmmw er
to said first solution to - precipitate said

di ssol ving said pol yam c acid_i_n an organic sol vent t'b ffortha -
sol ution of about 20 to about 250 wt % sol i ds. 15. A et hod
according to daim 13 wherein said substrate is a silicon

waf er . 16A met hod of formng a polyimdesil oxamgg /g(?f@%n on a substrate
conpri si ”QENTHECLAIM(SA) formng a first solution o JUSHEETt 0 about 20

wt % sol i ds“r‘n—a'n—o'r'g'a'm c solvent of appr oxi mat el y equal
m)l ar amounts of diam ne and di anhydri de or dianhydride

equi val ent, where said diamne is about 40 to about 99% non-sil oxane
cont ai m,rrgA method of forming a patterdi owd substeatélcaigrisingl t o about 60% si | oxane

cont ai nitng di am ne; 0§B heating said first solution to about 130
to about] [160[ e¥)] C] formgafrptGotusion srhishecoppiriseni ¢ aci d
that is{20 to 50% i I zed; (C formng a [nore concentr at ed]

second s}ol ution of s¥’d pEEFURsIvERti A which is

(2) monomers of
| ()  diamine; and
i (b)  dianhydride, tetracarboxylic acid or ester of tetracarboxylic acid;
i - (B)  polymerizing said monomers to form a polyamic acid soluble in said organic
solvent;

(C)  imidizing [20] 10 to 95% of the amic acid groups in said polyamic acid to form a
partially imidized polyaxmc acxd

(D)  forming a [more concentrated] second solution of said partially imidized polyamic
acid, which is more concen than said first solution;
‘ (E)  applying said [more concentrated] secgnd solution to a substrate;

(F)  evaporating the solvent from said [more concentrated] second solution to form a

coating of said partially imidized polyamic acid on said substrate;
(G)  using a process requiring exposure to light, removing a portion of said coating to
| form a pattern on said substrate; and
P ()  fully imidizing said partially imidized polyamic acid in said coating on said
substrate,

2. A method according to Claim 1 wherein said second solution
is formed by heating said first solution of partially

imidized polyamic acid under vacuum at about 80 to about
130°¢.
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- 29 - nore concentrated than said first solution; (D) adding to

said second sol ution about 10 to about 30 wt % of a i’"’!ﬁﬂﬂm"ﬂl r a
m xture of a dissolution inhibitor and a photoacti velEéf ”ﬁi&”ﬂ on the
wei ght of said polyanic acid, where said photosensitizer of M xtsure of a - °
di ssol ution inhibitor and a photoactive conpound renders said polyam c acid

| ess soluble in a dissolving solwgnt unl ess | - Asi ti zer has
been exposed to light; (E) appl yi ng saidggg&ggﬁmgﬁfgﬁpga to a
substrat e;

3. A method according to Claim 1 wherein said second solution
is formed by precipitating said partially imidized polyamic
acid from said first solution and forming a second solution
having a sclids content of 20 to S0 wt3 by dissolving said
partially imidized polyamic acid in an organic solvent.

4. A method according to Claim 1 wherein said pattern is
formed by applying a layer of a photoresist over said
coating, exposing portions of said layer of photoresist
to light whereby exposed or unexpased portions are
rendered sgluble in a developing sclvent while
unexposed or exposed portions, respectively, remain
inscluble in said develaping sclvent, and washing away
scluble portions of said photoresist and the coating
beneath it with said developing solvent.

5. A method according to Claim 1 wherein said pattern is
formed by including a photosensitizer or a mixture of a
dissolution inhibitor and a photoactive compound in said
second solution, exposing a portion of said coating to
light, whereby exposed portions are rendered soluble in a

developing solvent while unexposed portions are insoluble,

and washing away said soluble portions with said developing
solvent.

6. A method according to Claim 1 wherein said partially
imidized polyamic acid is about 20 to about 50%
imidized.

7. A method according to Claim 1 wherein said diamine is a
mixture of aromatic diamine that does not contain siloxane

groups and aliphatic diamine that contains siloxane groups.
Ty \ " T A TITE
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(F) evaporat| ng the solvent fromsaid second solution to forma coating

on sa bstrate; (G exposing said coating to a pattern of
i ght [and] “M!ﬂm,” Mﬂﬁmal d coating with said dissolving solvent,

wher eby port i ng that were exposed to |ight
di ssolve in said dlssoIV|ng sol vent and rtlons of @ TEN ating
that were not exposed to |ight do not di gsol ve in sai gPL}CsLs“(l) TSHEQL(si,’{ol vent :

() fully imdizing said partially imdized polvanic acid |n sald

coating on saigd u thod according to
wherein said nore A mathdd g%%%%% rg;t gdCJs'% I?I:Ir?li c‘i'(ril)“e *FoPAed B ‘i}’saiﬁaf‘ﬁg"%ater

to said fi eSsisiiont wefedt O precipitate said polyamc acid and
di ssolving said polyamc acid in an organic solvent to

9. A method according to Claim 1 wherein said partially
imidized polyamic acid contains nc photaosensitive

graups.

10. A method according to Claim 13 wherein said partially
imidized polyamic acid is about 20 to about 20% imidized.

" 11. A method accaording to Claim 1 wherein said dianhydride
_is selected from the group consisting of pyramellitic
dianhydridé, 3,3’,4,4’-benzophen§ne tetracarboxylic
&ianhydride, 3,3’,4',4’-bippenyl tetracarboxylic
dianhydride, bis(3,4~-dicarboxyphenyl) ether
&ianhydride, and 2,2-bis(3,4-dicarbaxyphenyl)hexa-
fluarepropane dianhydride.

12. A method according to Claim 1 wherein said diamine is
selacted from the group consisting of 4,4'~
oxydianiline, p;-phenylene diamine, and m-phenylene

diamine.

13. A method of forming a polyimidesiloxane pattern on a substrate comprising

(A)  forming a first solution of about 5 to about 20 wt% solids in an organic solvent of
approximately equal molar amounts of diamine and dianhydride or dianhydride
equivalent, where said diamine is about 40 to about 99% non-siloxane containing

diamine and about 1 to about 60% siloxane containing diamine;

(B)  heating said first solution to about 130 to about 170°C to form a polyamic acid
that is 20 to 50% imidized;




forma second sol ution of about 20 to about 50 wt % solids. 18.

A nethod according to Caim16 wherein said dissolving sol vent is an
aqueous bas Im ﬂ l! IEQ A nmet hod according to daim 16 wherein said
substrate ﬁl Mﬁl“ﬂm ll i“IU on wafer. .- 30 - :
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(C) forming a [more concentrated] second solution of said polyarnic acid which ig

mare concentrated than said first solution;

(D)  applying said [more concentrated] second soluticn to a substrate;

(E)  evaporating the solvent from said {more concentrated] second solution to form a

coating on said substrate;

| (F)  applying a photoresist to said coating;

i (@)  exposing said photoresist to a pattem of light, whereby exposed portions of said
photoresist are rendered soluble ar insoluble while unexposed portions remain
insolubie or soluble, respectively; [and]

()  dissolving the soluble portions of said photoresist and of the coating underneath in

a solvent, and

14. A method according to Claim 13 wherein said second solution
is formed by adding water to said first solution to
precipitate said polyamic acid and dissolving said polyamic
acid in an organic solvent to form a solution of about 20
to about 50 wt% solids.

15. A method according to Claim 13 wherein said substrate

is a silicon wafer.

| 16 A method of forming a polyimidesiloxane pattern oa a substrate comprising
| (A) forming a first solution of about 5 to about 20 wt% solids in an organic solvent of
approximately equal molar amounts of diamine and dianhydride or dianhydride
equivalent, where said diamine is about 40 to about 99% non-siloxane containing
diamine and about 1 tb about 60% siloxane containing diamine;
(B)  heating said first solution to about 130 to about [160°C] 170°C to form a polyamic
acid that is 20 to 50% imidized;

(C) forming a [more concentrated] second solution of said polyamic acid, which is




20. A nmethod according to Caim 16 wherein said partially I mdized
polyam c acid is about 20 to about 50% i m di zed.
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more concentrated than said first solution;

adding to said second solution about 10 to about 30 wt% of a photosensitizer or a
mixture of a dissolution inhibitar and a photoactive compound, based on the
weight of said polyamic acid, where said photasensitizer or mixture of a
dissolution inhibitor and a photoactive compound renders said polyamic acid less
soluble in a dissolving solvent unless said photosensitizer has been exposed to
light;

applying said second solution to a substrate;

evaporating the solvent from said second solution to form a coating on said
substra;te;

exposing said coating to a pattern of light; [and]

washing said coating with said dissolving solvent, whereby portions of said coating
that were expased ta light dissolve in said dissalving solvent and portions of said
coating that were not exposed to light do not dissolve in said dissolving solveat;

A method according toc Claim 16 wherein said more
concentrated solution is formed by adding water to said
first solution to precipitate said polyamic acid and
dissolving said polyamic acid in an organic solvent to
form a second solution of about 20 to about 50 wt%

solids.

A methed according to Claim 16 wherein said dissolving

solvent is an aqueocus base develaoper.

A method according to Claim 16 wherein said substrate

+a silicon wafer.
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120. A method according to Claim 16 wherein said partially
imidized polyamic acid is about 20 to about 50% imidized.
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METHOD OF FORMING POLYIMIDE PATTERNS ON SUBSTRATES
Agstfact of the Disclosure

Disclosed is a method of forming a pattern on a
substrate. A first solution is formed of an organic solvent
and monomers of diamine and dianhydride. The monomers are
polymerized to form a polyamic acid socluble in the organic
solvent.. About 20 to about 95% of the amic acid groups in
the polyamic acid are imidized ﬁo form a partially imidized
polyamic acid. A more concentrated solution of the
partially imidized polyamic acid is formed. This can be
accomplished by precipitating the partially imidized
polyamic acid from the firsﬁ solution and dissolving it in a
second organic selvent to form a second solution. The
second solution is applied to the substrate and the solvent
is evaporated to form a coating of the partially imidized
polyamic acid on the substrate. A poréion of the coating is
removed to form a pattern on the substrate and the remaining
partially imidized polyamic acid is fully imidized on the

substrate.

FIGURE 1
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