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Background of the,,,,titio~;- . · : ~:-- · 
This invention relates to a novel method of forminq a 

5 pattern on a substrate. In particular, it relates to the 

use of a hiqh solids content solution of a partially 

imidizad polyamic acid to coat and form a pattern on the ,_ 

substrate. 

Because of their excellent thermal, insulation, and 

10 adhesion properties polyimides have been us~ as 

passivation, buffer or dielectric layer coatings in 

semiconductor fabrication. To open via• for connectinq 

conductive wires underneath polyimid• coatings, two 

patterninq methods have been developed. In one method 

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

acid is prepared by dissolving a diamina and a dianhydrida 

in an orqanic solvent. The solution is applied to the 

substrate and is heated to evaporate the solvent and 

partially imidize the polyamic acid. Partial imidization is 

20 nace1191qto reduce swelling of the coatinq durinq the 
. .i!,;..;. ..... 

25 

patt ~'9: proceia and thereby form a better pattern by 

reducift9 ahrinlcaCJ• 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 dissolved to form a pattern. A 

photoresist is applied over the partially imidized polyamic 

acid coatinq and it is exposed to a pattern ot li9ht. Those 

portions of the photoresist that were exposed to the li9ht 
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(or that were not exposed to the light) are soluble in a 

solvent and are washed away along with the partially 

illlidized polyamic acid underneath. The remaining coatinq is 

heated to fully imidize the polyamic acid. 

In another method of forming patterns of a polyimide 

coatinq on a substrate, (see U.S. Patent No. 4,880,722) the 

solution of the polyamic acid is mixed with a 

photoaenaitizer. Th• solution is applied to th• substrate 

arid is heated to evaporate the solvent and partially imidize 

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

UV liqht which renders those portions of the photosensitizer 

that were exposed to the light.soluble in an aqueous base 

developer. Th• insoluble photoaensitizer is hydrophobic and 

prevents the polyamic acid with which it ia in contact from 

15 dissolving in an aqueous base developer. The soluble 

portions of th• coating and th• underlying partially 

imidized polyamic acid are washed away with an aqueous base 

developer. Th• remaining coating is heated to fully imidize 

the polyamic acid. While this method works well, the 

20 photosenaitizer may decompose during the partial imidization 

step. 

Ill~~ metiiods, it is difficult to obtain low 

shrinliiitcoatinga due to the partial imidization of the 

polyaiaic acid. In some applications coatings with less 

25 shrinkaqe are needed for thick insulation or prQtaction of 

the substrate. 
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Brief pescription of the Draying 

'l'h• accompanyinq drawin9 is a 9raph showin9 the 

relationahip between percent imidization of a polyamic acid 

and it• viscosity. 

pescription of the Preferred Elllbod,iments 

In the first step of the process of this invention, a 

first solution is prepared of monomers in an orqanic 
,,.... 

solvent. This f irat solution should be about 5 to about 20 

lO weiqht percent solids. suitable orqanic solvents include N­

methylpyrrolidone (NMP), dimethylacetamide (DMAC), 2-vinyl 

pyrrolidone, acetone, benzene, toluene, xylene, •celloaolve• 

or glycol ethyl ether, •calloaolve acetate• or hydroxyethy~ 

acetate qlycol monoacetate, diethyl ether or 

15 dichloromethane, dimethyl formamid• (DMF), ethyl alcohol, 

methyl isobutyl ketone, methyl ethyl ketone, sultolane, 

dimethyl sulfoxide (DMSO), hexamethylphosphoramide (HMPA), 

tetramathyl urea (THU), diethyleneglycol diethyl ether, l,2-

.lO 

25 

. - dimethoxyathane or mon09lyme, diathylene 9lycol dimethyl 

ether or bis(2-methoxyethyl) ether or di9lyme, 1,2-bis(2-

methoxyetboxy ethane or triqlyme, bis [2-(2-methoxyethoxy) ethyr- or,t•tra9ly>U1, tetrahydroturan, a-dioxane, and 

p-di · -_. HllP and DMAC are preferred as they are good 

solvents tor polyamic acids. 

Dianhydrid• and diamine monomers are used to form the 

polyamic acid. In this invention, these monomers do not 

contain photosensitive qroupa. 

4 
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Sugary ot the Inyention 

I have discovered that when a polyamic acid is 

partially illidizad it becomes JllSll:Sl soluble in orqanic 

solvents. That is, as the percent of imidization increases 

s from zero, the viscosity of the partially imidized polyamic 

acid decreases to a minimum and than increases aqain near 

lOOt imidization. As a result of this unusual phenomenon, I 

have found that it ia possil:>le to form solutions of higher 
,,,... 

solids content by partially illlidizinq th• polyamic acid. 

to Because th• solutions have a hiqher solids content, I am 

able to obtain lass shrinkable coatings on substrates. 

Thus, while in th• prior art, solutions of polyamic acid 

ware applied to substrates and then partially illlidized on 

the substrates, in th• method of this invention th• 

15 solutions of polyamic acids are partially imidized before 

they are applied to th• substrate. 

In order to obtain a high solids content solution, I 

preferably recover the partially imidized polyaaic acid from 

·· the solution in which it was prepared and redissolve it in 

20 an organic solvent. once this second solution has been 

formed. it: can be applied to the substrate, dried and 
, '!I'. 

cov~wit!I a ~otoresist or a photosenaitizer can be added 
--~~· 

to 1W8e~ore it is applied to the suhatrata. In this way, I 

am able to obtain less shrinkable coatings in a sinqle pass 

25 than was possible by the prior art method. 
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pIANJIXDRIQI 

Any dianhydrid• or comaination of dianhydrid•• can b• 

used •• th• dianhydride monomer in forming th• polyimide, 

although aromatic dianhydrides are preferred as they give 

superior propertie•. Examples of suitable dianhydrides 

include 

l,2,5,6-naphthalane tetracarboxylic dianhydride; 

1,4,5,8-naphthalen• tatracarboxylic dianhdyride; 

2,3:6,7-naphthalane tetracarboxylic dianhydride; 

10 2-(3' ,4'-dicarboxyphenyl) 5,6-dicarboxybenzimidazole 

15 

dianhydride; 

2- ( 3 I I 4 I -dicarboxyphenyl) s ,.6-dicarboxybeftZOX&ZOl• 

dianhydride; 

2-(3' ,4'dicarboxyphenyl) 5,6-dicarboxybenzothiazol• 

dianhyclride; 

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

2,3,3' ,4'-benzophenone tetracarboxylic dianhydride: 

3,3' ,4,4'-banzophanone tetracarboxylic dianhydride (BTDA); 

2,2' ,3,3'-biphenyl tetracarboxylic dianhydride: 

J 2,3,3' ,4'-biphenyl tetracarboxylic dianhydride; 

3,3' ,4,4'-biphenyl tetracarboxylic dianhydrid• (BPDA); 

bicyc~[Z,2,2]•Q9ten-(7)-2,3,5,6-tetracarboxylic-2,3,5,6-

cftanaydride1 

thio-dipbthalic anhydride; 

25 bis (3,4-dicarboxyphenyl) sulfone dianhydrider 

bis (3,4-dicarboxyphenyl) sulfoxida dianhydrid•1 

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

dianhydride; 

s· 
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(3,4-dicarboxyphenyl) 2,s-oxadiazole 1,3,4-dianhydride; 

2,5-(3' ,4'-dicarboxydiphenylether) l,3,4-oxadiazola 

dianhydride; 

(3,4-dicarboxyphenyl) ether dianhydride or oxydiphthalic 

anhydride {ODPA); 

(3,4-dicarboxyphenyl) thioether dianhydrida: 

bisphenol A dianhydride; 

bisphenol s dianhydride1 
,... 

2,2-bis (3,4-dicarboxyphenyl) hexatluoropropane dianhydride 

or 5,S-[2,2,2-trifluoro-l-(trifluoromethyl)ethylidene] 

bis-l,3-isobenzofurandione) (6FDA): 

hydroquinone bisether dianhydride: 

bis (3,4-dicarboxyphenyl) methane dianhydride; 

cyclopentadienyl tetracarboxylic acid·dianhydride; 

15 cyclopentane tetracarboxylic dianhydride: 

ethylene tatracarboxylic acid dianhdyrida; 

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

pyromellitic dianhydride (PMDA): 

tetrahydroturan tetracarboxylic dianhydride; and 

20 resorcinol dianhydride. 

Th•preferred dianhydrides are ODPA, BPDA, BTDA, 6FDA, 

anct .or •ixti>n• thereof, as these dianhydridH are 

rea ·. lirlailable and have been found to give superior 

prope~i••· The dianhydrides can be used in their tetraacid 

25 form or as mono, di, tri, or tetra esters of the tetra acid; 

but the dianhydride form is preferred because it is more 

reactive. 

6 
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PIABID 
If a polyilllide is to be prepared, the diamine monomer 

doea not contain silicone. The non-siloxane containing 

diamine should be aromatic as those diamines qive the best 

properties. Examples of suitablediamine• include 

m- and p-phanylenediamine; 

2,4-diaainotoluene (TOA); 

2,s- and 2,6-diaminotoluene; 

p_...and m-xylenediamine; 

10 4,4'-diaminobiphenyl; 

15 

4,4'-diaminoc:liphenyl ether or 4,4'-oxydianiline; 

4,4'-oxydianiline (ODA); 

4,4'-diaminobenzophenone; 

3,3' ,3,4', or 4,4'-diaminophenyl aulfone or m,m-, m,p- or 

p,p- sulfone dianiline; 

4,4'-diaminoc:liphenyl sulfide; 

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

dianiline; 

3,3'-dimethylbenzidine; 

20 a,a'-bis(4-aminophenyl)-1,4-diisopropyl benzene or 

25 

4,4'-iaopropylidenedianilin• or bisanilin• p; 
~'°!a."· .. ~ 

a,4' ~a.J.ncu>llenyl)-1,3-diiaopropyl bena..,. 

- ylidonedianilin• or biaaniline •I 

1,4-bia(p-mainophenoxy)benzene; 

1,3-bis(p-aminophenoxy)benzene; 

4,4'-bis(4-mainophenoxy)biphenyl; 

l,3-bis(3-aminophenoxy)benzene (APB); 

2,4-diamine-5-chlorotoluene; 

7 

or 3,3'-

"'-· 

l 
1-

\ 
I 



--------~----------------

5 

..,. __ ,·. 

PCT /US q 4 I 0 8 3 5 9 

z,4-diamine-6-chlorotoluene; 

2,2-bia[4-aminophenoxy]phenyl propane (BAPP); 

tritluoromethyl-2,4-diaminobenzene; 

tritluoromethyl-3,5-diaminobenzene; 

2,21 -bia(4-aminophenyl)-hexatluoropropane (6F diamine); 

2,2'-bis(4-phenoxy aniline) isopropylidene; 

2,4,6-trimethyl-1,J-diaminobenzene: 

4,4'-diamino-2,2'-tritluoromethyl diphenyloxide; 

J,31 -diamino-5,5'-tritluoromethyl diphenyloxide; 

10 4,4'-trifluoromethyl-2,2'-diaminobiphenyl; 

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

diaminoanthraquinonei 

4,4'-oxybis[2-trifluoromethyl)benzeneamine] (1,2,4-0BAB'l'F): 

4,4'-oxybia[3-tritluoromethyl)benzeneamine]1 

15 4,4'-thiobis[(2-tritluoromethyl)benzeneaaine]; 

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

4,4'-sulfoxylbis[(2-trifluoromathyl)benzeneamine]; 

4,4'-sulfoxylbis[(3-trifluoromethyl)benzeneamineJ; 

4,4'-katobis[(2-tritluoromethyl)benzaneamine]: 

~o 4,4'-{(2,2,2-trifluoromethyl-l-(trifluoromethyl)-

25 

ethylidine)bis(J-trifluoromethyl)benzeneamine]. 

--pref•rr-4 aromatic diaminea are ODA, TDA, APB and 
:~:/: 
-~?· 

BAPP"Ffir a combination of these, due to their excellent 

properties. 

SILQXANI MOHOMQ. 

It is preferable to prepare a polyimidesiloxane by 

usinq as part of the monomer about 1 to about 60 weight 

8 
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2,4-diamine-6-chlorotoluene: 

2,2-bis[4-aainophenoxyJphenyl propane (BAPP); 

trifluoromethyl-2,4-diaminobenzena; 

tritluoromethyl-3,5-diaminobenzene; 

5 2,2'-bia(4•aminophenyl)-hexafluoropropane (6F diamine): 

2,2'-bis(4-phenoxy aniline) isopropylidene; 

2,4,6-trimethyl-l,3-diaminobenzene; 

4,4'-diamino-2,2'-trifluoromethyl diphenyloxide; 
,..... 

J,3'-diamino-5,5'-trifluoromathyl dipbenyloxide; 

10 4,4'-tritluoromethyl-2,2'-diaminobiphenyl; 

2,4,6-trimethyl-1,3-diaminobenzener 

diaminoanthraquinone; 

4,4'-oxybia[2-tritluoromethyl)benzenaamina] (1,2,4-0BABTP)r 

4,4'-oxybia[3-trifluoromethyl)benzenaaaine]: 

15 4,4'-thiobis[(2-trifluoromethyl)benzeneamine); 

4,4'-thiobis[(3-tritluoromethyl)benzaneamina]; 

4,4'-sultoxylbis[(2-tritluoromethyl)benzeneamine]; 

4,4'-sulfoxylbis[(J•trifluoromethyl)benzaneamine]; 

4,4'-katobis[(2-trifluoromethyl)benzaneamine]; 

~o 4,4'-((2,2,2-trifluoromethyl-l-(trifluoromethyl)-

25 

athylidin•)bis(J-trifluoromethyl)benzeneaaine] • 

._.prefarr'd aromatic diamines are ODA, 'l'OA, APB and 

---~ ~--a combination of these, due to their excellent 

properties. 

SILQXAHI MONOMER 

It is pref arable to prepare a polyimidesiloxan• by 

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

8 
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_····percent, baaed on total monomer weight, ot a monomer that 

containa •iloxane. The ailoxane-containing monomers can be 

either aroaatic or non-aromatic, but non-aromatic monomers 

are preferred aa they are more readily available. The 

5 siloxane-containing monomer ia preferably a diamine, but it 

could also be a dianhydride. Examples of ailoxane diaminas 

that can be used include compounds having t..~e formula 

10 

15 

..::0 

,,,... 

Examples of siloxane dianhydrides that can be used include 

compounds having the formula 

::At.::=.;.:~:: ::.::-::l:, -Ritutad 
or unsubstituted 1 to 12 carbon atom aliphatic group or a 

25 substituted or unsubstituted 6 to 10 carbon at~ aromatic 

group. Examples of monoradicals include -CH,, -CP3 , -CH•c:Ht, 

-(Cllt) nCP3 ,. -CaH5 , -CF1-CHP-CF3 , and -c:Ht-C-c:Ht-O-CHaCP1CP1CP3 • 

. t 
9 
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ot diradicals include -<CHi>n-, -<C&.r>n-, -cF2- and 

Examples of triradicals include -CH-CJL.i-, 
I 

-@(, Cind '(X 

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

12. (Siloxane diamines are herein denoted by th• notation 

POLJAMIC ACID 

Generally, stoichiometric quantities of diamine and 

dianhydride monomers are used to obtain polyimide• of the 

hiqheat molecular weiqht, but the equivalent ratio of 

15 dianhydride to diamine can ranqe from 1:2 to 2:1. A 

polyimideailoxane can be made from about 1 to about 60 wtl 

siloxane-containing monomers and about 40 to about 99 wtt 

monomers that do not contain siloxane. Preferably, they are 

made from about 1 to about 30 wtt siloxane-containinq 

.o monomers and about 70 to about 99 wtt monomers that do not 

contain ailoxane. 

t1f01t the ad4ition of the monomers to the solvent, 
. < 

pol~zation will occur at room temperature to fora the 

polyaaic acid. Th• 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 l70°C. About 10 to about 95t of the amic 

acid groups is preferably imidized as if l••• than 1ot are 

10· 

'-· 



imidized the resolution of the pattern is poor and the 

viacoaity of th• 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 aqain too 

s high. It is preferable to imidize about 20 to about sot of 

the amic acid qroups. 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 

qroupa or by heating to predetermined times, drying and 

10 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. 

15 SECQND SOLtJ'l'ION 

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 

qently heating under vacuum at about 80 to about 130°c. 

~o Concentration is preferably achieved by precipitating the 

25 

partially ilU.di·zed polyamic acid from the first solution, .., __ _ 

pref.~y by thf addition of water. Th• pracipltated 

pazttlilt: i•idized polyamic acid is collected, usually by 

filtration, and can be washed (a.q., in methanol), and 

dried, if desired. It is then dissolved in a s~cond organic 

solvent, prefera})ly NMP or DMAC, to form the second solution 

of about 20 to about so wtt solids. If the second solution 

is less than 20 wt• solids the resulting fila is too thin 

11 
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and if it is over so wtt solids the solution is too viscous 

to apply easily to the substrate; it is preferable to form a 

30 to 40 wtt solids solution. The steps of recoverinq the 

partially imidizad polyamic acid from the first solution and 

5 redissolvinq it in a second solvent are preferable to form a 

hiqh solids solution because the first solution cannot be 

concentrated by evaporation of the solvent without imidizinq 

the polyamic acid. 
,,.... 

10 FORKING A PA'l'TEBH 

'-· 

The second solution is applied to a substrate and the 

solvent is evaporated by soft bakinq, typically at 90 to 

120°c, to form a coatinq on the substrate. Any substrate can 

be used, but typical substrates include silicon nitride, 

15 silicon dioxide, aluminllll and copper, a• well as silicon 

wafers. Since the monomers used in this invention do not 

contain photosensitive qroups, it is necessary to use a 

photoresist or a photosansitizar in order to form a pattern. 

In one embodiment of this invention, a photoreaist is 

io applied over to the coating to form a layer, typically about 

l to about 3µa·thick. The photorasist is exposed to liqht 
.;1 .... -

whicl\~•ra th~ exposed portions soluble (a positive 

photafel.iat) or insoluble (a naqative photoresist), th• 

soluble portions are washed away using a developing solvent 

25 alonq with th• coating underneath them, th• ram~ininq 

insoluble photoresist is removed, typically by dissolvinq in 

another solvent, and the partially imidized polyamic acid is 

tully cured. A typical curing schedul_e is 1!50°C for 30 

12 
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2so0c for 30 minutes and 350°C for 30 minutes. The 

resulting layer of polyimide ia typically about 3 to about 

20,m thick. 

In a second embodiment of this invention, preferably 

5 about 10 to about 30 wt•, based on the weiqht of the 

partially imidized precursor, of a photosensitizer or a 

mixture of a dissolution inhibitor and a photoactive 

compound ia added to the hiqb solids content second solution 

of partially imidized polyamic acid. Lass than about 10 wtt ...... 

10 photosensitizer or dissolution inhibitor may not be 

effective and more than about 30 wt• may require more 

ultraviolet liqht exposure and.the quality of the pattern 

may deteriorate. The solution containinq th• 

photosensitizer in the partially imidized polyamic acid is 

15 applied to the substrate and the solvent ia evaporated as 

before to form a coating. The coating ia exposed to liqht· 

and the exposed portions are washed away with the aqueous 

base developer to form the pattern on the substrata. The 

partially imidized polyamic acid is than heated as before to 

io fully imidize it. Photosensitizers that can be used can be 

found in European Patent 478321 Al invented by M. Oba et 
'a' . .:·· 

al •••. 61-12, 11/tr9in incorporated by reter1111ce. Exallples. 

of • pllotoaensitizers include derivatives of 1,2 

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

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

are examples of positive photosensitizers: 

13 
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10 

A preferred example ot a positive photosensitizer is a 

derivative of 1,2-naphthoquinone-(2)-diazido-s-sultonate 

which undergoes the followinq photoreaction by UV exposure: 

0 

o=s=o 
,.. f 

·R 

0 
~-OH 
' 

N2 j+ OJ 
O=S=O 

I 
R 

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 

aqueous base developer and permits the dissolution of 

partially imidized polyamic acid with which it is in 

contact. 

A photosensitive system of the partially imidized 

~o polyamic acid can also be prepared from dissolution 

inhibi~!~ and photoactive 

inhib. contai• an acid 

t-bJ.9i:er or a t-butyl 

compounds. The dissolution 

labile blocking group, such as a 

carbonate. The photoactive 

compounds should generate a strong acid by tJV irradiation 

25 and the strong protonic acid can deblock the acid labile 

qroups during a subsequent postbake process. A positive 

imaqe can be obtained by developing with aqueous base. The 

dissolution inhibitors are as follows: ·-

16 
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Ar - C - OR , Ar- 0-C-OR , 

0 0 
u u 

0 0 
I I 

RO-C-Ar-C-OR , 
RO-C-O-Ar-0-C-OR, Ar-OR, 

R-O-Ar-0-R 

r~ -
Ar • aromatic or cycloaliphatic and R • H or -C-cH· 

' 3 • CH3 
Examples of th• photoactive compounds, which can 

produce a strong acid by tJV exposure, include derivatives of 

1,2-naphthoquinone-(2)-diazide aulfonate, diaryl iodiUJI 

'-· 

15 salts, p-nitrobenzyl-9,10-diethoxyanthracene sulfonate, etc. 

0 

25 

Examples of dissolution inhil>itors include: 

--:-.,;.:;'· 
~~-....... _ 

::.;=:.~ . 
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In addition to forminq a pattern tor insulation 

pUJ:PO•••, the coating also acts as a support to strengthen 

th• aubatrate and can also act as a mask to permit the 

etchinq of the sU):)strate. 

Th• following examples further illustrate this 

invention. 

Zxppl1 1 Polyimid11iloxan1 
.,... 

To a 500 mt. 3-necked flaak equipped with a mechanical 

10 stirrer, a reflux condens1r and a th1rmom1t1r, 48.2 q (0.155 

mol) of 4,4'-oxydiphthalic anhydrid1 and 11 g of l,3-bia(3-

aminopropyl) terminated polydimethylsiloxane were dissolvect 

in soo mL N-m1thyl pyrrolidon1 and a reaction was run for • 

hours. Then 40.8 q (0.14 mol) of l,3-bis(3-

15 aminophenoxy)benzene waa added and th• polymerization was 

run for 16 hours. Th• viscosity of the polyamic acid, 

measured by Brookfield Viscometer LVT, was 246 cps. For the 

partial imidization, the temperature waa raised to 160°C. To 

measure viscosity and the partial imidization by titrating 

20 the carboxylic acid group with 0.1 N tatrabutyl ammoniwa 

hydroxide. amaples were taken out at 3, 6, and 15 minutes 

25 

JI ·-.• 

durL~ azeot;'opic distillation at l&Cl°c. Th• fUlly 

imiclf . :~:~~. (9•.4t) sample was obtained fro• the same polyuic 

acid solution in NMP and toluene by the azeotropic 

distillation at 165°c for s hours. Th• imidized solution was 

precipitated in water and washed with methanol. The dry 

resin was redissolved in NMP at 16.7t concentration. Th• 

viscosity versus th1 percent imidization is shown in the 
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following table and in the accompanyinq drawinq. As the 

i.Jlidization proceeded, the viscosity decreased and then 

increased again near full imidization. 

lddization If 01& 13.~ 41.31& 55.81.l an 
Vi1coaity/cp• 248 30 22.s 17.5 19 

The partially imidized solution was precipitated in 

methanol, filtrated and dried in a vacuwa oven at 60°c. ..... 

98.41& 

251 

Samples of the dry resin havinq ditf erent percentages of 

imidization were redissolved in NMP to qive solutions havinq 

a viscosity of about 250 cpa. The percent imidization vs. 

concentration ot those solutions is shown in the following -

15 table. 

20 

I•idization 't 0 81 88 72.5 98.4 

Concentration /ta 1e.1 32.7 35.7 29.8 1e.e 

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 .. 
..,,..,.,-jF_· 

25 1llitt5t iaidized solution was precipitated in methanol 

anct •. in a v~cuwa oven at 60°C. When dissolving the dry 

resin in R-methyl pyrrolidone, a high solid content solution 

(30 to 50') was obtained. 

30 
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Exnmple 2 - Polyimide With fhotoresist 

To a soo mL 3-neckad flask equipped with a mechanical 

stirrar and a thermometer, 12 9 (0.06 mol) of 4,4'­

diaainodiphenyl ether and 150 mL N-methyl pyrrolidon• were 

5 charged and then 13.1 q (0.06 mol) of pyromallitic 

dianhydride was added. The resultinq solution was stirred 

slowly for 12 hours under nitroqen blanket. The viscosity 

of a 1st solid• content solution was 4880 cps. For the 

p_....rtial imidization in solution by azeotropic distillation, 
...__ 

10 25 mL toluene was added to the polyaaic acid solution and 

the temperature waa raised to 150°C, azeotropad for 2 minutes 

and the reactor cooled down in· an ice bath. 'l'h• partially 

imidized polyimide precursor (PIP) was precipitated into 

water and washed with methanol and dried in a vacuum oven at 

15 60°C. The molecular weiqht (Mn) of PIP measured by the qel 

permeation chromatoqraphy was 8970 q/mol and the 

polydispersity waa 3. The imidization was Jlt and the 

viscosity of a 25t concentration was 875 cps. 

The dry PIP was dissolved in NMP at 20' aoli4 

20 concentration, spin-coated on a silicone wafer and soft­

baked a~ 1oo•c tor 2 minutes. A positive photoresist, 
• .. -·. 

Shi~~Micropo~it• 1813, was spin-coated onto th• 4 µa PIP 

coa~~~ soft-baked at go0c for 2 minutea. 'l'h• 2~• 
photoresist coatinq on the PIP was expo•ad to OV liqht 

25 through a pattern mask for 5 seconds with a sou~c• having a 

power of 350 watts. The exposed photorasist and PIP 

coatings were developed in a 0.21 N tetramethylammonium 

hydroxide for 45 seconds and the phot~resist on th• PIP film 

20 
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was waah9d away in acetone. The 20 to 50µm PIP patterns 

were obtained and cured at 90, 1so, 250 and Jso•c for 30 

minut••· respectively. 

gxapmle 3 - polyimide1ilgxane With Pbgtgr.1ist 

. · ,, ..... ··nr t: 

A polyamic acid was prepared by reactinq 6.S q (0.03 

mol) of pyromellitic dianhydride and 22.6 g (0.07 mol) of 

benzophenone tetracarboxylic acid anhydride with 18 q (0.09 - ~-mol) of 4,4'-oxydianiline and 2.s g (0.01 mol) ot 1,J-eis(l-

10 aminopropyl)l,l,3,3-tetramethyldisiloxane in 280 mL N-methyl 

pyrrolidone. Attar adding 45 mL toluene to th• polyamic 

acid, th• azaotropic distillation was dona at 145°C tor 3 

minutes, th• PIP was precipitated in water, washed with 

methanol and dried in a vacuum oven at &o0c. Th• molecular 

15 weiqht (Mn) was 12,480 q/mol, the polydispersity was 2.4 and 

the imidization was 39t. 

The dry PIP was dissolved in NMP at 28t concentration, 

spin-coated on a silicon water and soft-baked at 90°C tor 2 

minutes. Shipley positive resist, Microposit 1813 was 

20 coated at 3000 rpa for 40 seconds on the 5~• PIP film and 

soft-baJc9cl. at 90°c for 2 minutes. The 2~• thick photoresist 

til•~""JIOll<ld. to UV li9bt t1µ-ou9b a ma•k tor 5 •econds 

anct · oped: in a 0.21 N-tetramethylamaoniwa hydroxide for 

60 seconds. After developing patterns, th• photoresist was 

25 washed in acetone. When the PIP patterns were cured by 

bakinq troa 90 to 3S0°C, the shrinlcaqe of films was 26t, 

which is at lower than the polyamic acid. 

21 
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Example 4 - Polyimidesiloxane With Photosensitize~ t 
I 
i 

The PIP ot Example 3 was redissolved in NMP at the 30 

weight ' concentration, and the pbotosensitizer, m-cresol 

1,2-naphthoquinone (2)-diazido-4-aultonate, waa added to the 

s PIP solution at a concentration ot 30 weight t, baaed on the 

PIP resin. The photosensitive solution was applied to a 

silicon wafer by spin-coating and soft-baked at ao•c for 30 

minutes in a convection oven. Th• 5.8 µm thick coating was 
,,.... 

exposed to UV liqht through a pattern mask tor 30 seconds. 

10 The exposed film was developed in an aqueous base developer 

(0.23 N-tatramethyl ammonium hydroxide) tor 40 to 60 seconds 

and washed in water. After curing the developed film at 

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

15 Example 5 - Polyimide With Photg1an1itiz1r 

The polyamic acid ot 3,3' ,4,4'-biphenyl tetracarboxylic 

dianhydride and p-phenylene diamine (BPDA/PDA) was prepared 

at a 7.7t concentration in NMP. The viscosity was 5000 cps. 

After adding toluene to the polyamic acid, the partially 

20 imidized PIP was obtained at 150 to 1ss0c for 5 minutes in 

the .... -thod as described in the above examples. Th• 
. .. .:. 

imid~on waa ~7t, the molecular weight (Mn) was 17,043 

g/~ th• polydispersity was 2.3. Th• partially 

imidized BPDA/PDA waa dissolved at 2ot concentration in NMP 

25 and th• viscosity was 465 cps. The photoaensitizer, m­

cresol 1,2-naphthoquinone (2)-diazido-4-sulfonate was added 

at the 30t concentration of the BPDA/ODA resin. The 

photosensitive solution was spin-coated on a silicon water 

22 
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and soft-baked on a hot plate at l30°C for 90 seconds. The 

1.9J&JI thick film was exposed to UV liqht throuqh a pattern 

mask for 20 seconds. Th• exposed film was developed in a 

0.18 N-tatramethyl ammonium hydroxide for 25 seconds and 

5 washed in water. After development, the thickness of th• 

film was l. Sµm. 

,,,... 
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I CLAIM: * C L M S * 

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

(A) forming a first solution which comprise• 

,.... 

(1) organic solvent, and 

(2) monomers of 

(a) diamine, and 

(b) dianhydride, tetracarboxylic acid or 

ester ot tetracarboxylic acid; 

(B) polymerizinq said monomers to form a polyamic acid 

soluble in said orqanic solvent; 

(C) imidizinq 20 to 95t of the amic acid qroups in 

said polyamic acid to form a partially imidized 

polyamic acidr 

(D) forminq a more concentrated solution of said 

partially imidized polyamic acidr 

(B) applying said more concentrated solution to a 

subatratei 

(F) evaporating the solvent from said more 

concentrated solution to fora a coating of said 

~; :::::::~:1 iaidizad polylllllic acid on said 

~ rmaoving a portion of said coating to form a 

pattern on said substrate; and 

(H) fully imidizin9 said partially i:midiz.ed polyamic 

acid in said coating on said substrate. 

24 



2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

7 

8 

9 

4. 

I lllllll llllll lllll If Ill II 1111 
* C L H S * 

A method according to Claim 1 wherein said more 

concentrated solution ia formed by heating said first 

solution ot partially iaidized polyamic acid under 

vacuum at about so to about 130°C. 

A method according to Claim 1 wherein said more 

concentrated solution ia formed by precipitating said 

partially imidized polyamic acid from •aid f ir•t 

solution and forming a second solution having a solids 

content of 20 to 50 wtt by dissolving said partially 

imidized polyamic acid in an orqanic solvent. 

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 

unexpoaed or exposed portions, respectively, remain 

insolul:»le in said developing solvent, and washing away 

soluble portions of said photoresist and th• coating 

tM .. atb it with said developing solvent. 
~~~' 

25 
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s. A method according to Claim l wherein said pattern is 

formed by including a photosensitizer or a mixture of a 

diaaolution inhibitor and a photoactive compound in 

said second solution, exposing 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 polyam.ic acid is about 20 to about sot 
imidized. 

7. A method according to Claim 1 wherein said diam.ine is a 

mixture of aromatic diamine that does not contain 

silicone and aliphatic diamine that contains siloxane 

qroupa. 

a. A method according to Claim 1 wherein said substrata is 

a silicon wafer. 

9. ~ aqcordinq to Claim 1 wherein said partially 

~sad polyamic acid contains no photosensitive 

group•. 

10. A method according to Claim 1 wherein said partially 

imidized polyamic acid is about 20 to about so• 

imidized. 

26 
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A method accordinq to Claim l wherein said dianhydride 

is selected trom the qroup consistinq of pyromellitic 

dianhydride, 3,3' ,4,4'•benzophenone tatracarboxylic 

dianhydride, 3,3' ,4' ,4'-biphenyl tetracarboxylic 

dianhydride, bis(3,4-dicarboxyphenyl) ether 

dianhydride, and 2,2-bis(3,4-dicarboxyphenyl)hexa­

fluoropropane dianhydride. 

A method accordinq to Claim 1 wherein said diamine is 

selected from the qroup consistinq of 4,4'­

oxydianiline, p-phenylene diamine, and m-phenylene 

diamine. 

'-· 

1 13. A method of forminq a polyimidesiloxane pattern on a 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

substrate comprisinq 

(A) forminq a first solution of about 5 to about 20 

wt' solids in an orqanic solvent of approximately 

equal molar amounts of diamine and dianhydride or 

dianhydrid• equivalent, where said diamine ia 

al:»out 40 to about 99' non-siloxana containinq 

diamin• and a))out 1 to a))out 60t siloxane 
.:.·-.-,,. 

t~.,- contai.ninq diamine; 

'(aJ heating said first solution to about 130 to a.bout 

170°c to form a polyamic acid that i• 20 to sot 

imidized; 

(C) forminq a more concentrated solution of said 

polyamic acid; 

27 
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(D) applyinq said more concentrated solution to a 

substrate; 

(B) evaporating the solvent from said more 

concentrated solution to form a coatinq on said 

substrate: 

(F) 

(G) 

applyinq a photoresist to said coatinq; 

expoainq said photoresist to a pattern of liqht, 

whereby exposed portions of said photoreaist are 

rendered soluble or insoluble while unexposed 

portions remain insoluble or soluble, 

respectively: and 

(H) diaaolvinq th• solubie portions of said 

photorasiat and of the coating underneath in a 

solvent. 

~. 

1 14. A method according to Claim 13 wherein said more 

2 

3 

4 

5 

6 

concentrated solution is formed by addinq water to said 

first solution to precipitate said polyamic acid and 

dissolving said polyamic acid in an orqanic solvent to 

fora a second solution of about 20 to about 50 wtt 

solid• .. 

·I'"·:: .. 
15. a·c1latba4 according to Claim 13 wherein said substrate 

i• a silicon wafer. 

28 
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A ••thod of f orminq a polyimidesiloxane pattern on a 

•ub•trate comprisinq 

(A) forminq a first solution of about 5 to about 20 

wtt solids in an organic solvent of approximately 

equal molar amounts of diamine and dianhydride or 

dianhydrida equivalent, where said diamine is 

al:>out 40 to about 99t non-siloxane containinq 

diamine and about 1 to about 60t siloxane 

containinq diaminef 

(B) heatinq. said first solution to about 130 to al:>out 

160°C to form a polyamic acid that is 20 to sot 
imidized; 

(C) forminq a more concentrated solution of said 

polyamic acid; 

(D) addinq to said second solution about 10 to about 

30 wtt of a photosansitizer or a mixture of a 

dissolution inhibitor and a photoactiv• compound, 

based on the waiqht ot said polyamic acid, where 

said photosensitizer or mixture of a dissolution 

inhibitor and a photoactive c01Dpound renders said 

poly .. ic acid less soluble in a dissolving solvent 

•

. ~unl .. a,said photosensitizer has been 8xposad to 

. 11C)h1:1 

(B) applyinq said second solution to a substrate; 

(F) evaporatinq the solvent from said second solution 

to form a coatinq on said substrate; 

(G) expoainq said coatinq to a pattern of liqhtl and 

29 
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(H) washinq said coatinq with said dissolvinq solvent, 

whereby portions ot said coatinq that were exposed 

to liqht dissolve in said dissolvinq solvent and 

portions of said coatinq that were not exposed to 

liqht do not dissolve in said dissolvinq solvent. 

A method accordinq to Claim 16 wherein said more 

concentrated solution i• formed by adding water to said 

first solution to precipitate said polyamic acid and 

dissolving said polyamic acid in an orqanic solvent to 

fora a second solution. of 'about 20 to about 50 wtt 

solids. 

18. A method according to Claia 16 wherein said disaolvinq 

solvent is an aqueous base developer. 

19. A method accordinq to Claim 16 wherein said sul:>strate 

is a silicon wafer. 
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