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PHOTOIMAGEABLECOMPOSITIONSHAVING 
BYDROPHU.,IC BINDER POLYMERS AND BYDROPBU,IC MONOMERS 

The present invention is directed to negative-acting photoimageable compositions 

such as those used as photoresists used to form printed circuit boards. The photoimageable 

compositions utilize a hydrophilic binder polymer along with a hydrophilic monomer 

component. 

Back&round of the Invention 

This invention is directed to negative-acting photoimageable compositions which are 

developable in alkaline aqueous solutions. The invention is particularly applicable to 

primary photoimaging resists, but is applicable, as weli, to compositions that are 

hardenable so as to form solder masks and the like. 

A variety of such photoimageabie compositions are described. Essential 

compositions of the type to which the present invention is directed are A) a binder 

r<>lym~r; B) photopolymerizable cz,p-ethylenically unsaturated ~pound(s), and C) a 

photoinitiator chemical system. The binder polymer A) has sufficient acid functionality, 

generally carboxylic acid functionality, that it is soluble in alkaline aqueous solution and 

thereby renders the photoimageable composition developable in alkaline aqueous solutions. 

Photoimageable compositions for forming printed circuit boards are commonly 

supplied in the form of a dry film. To form the dry film, the photoimageable composition 

is applied as a layer to a film of relatively rigid polymeric materialm, such as 

polyethyleneterphthalate, which serves as a support sheet. A protective film of removable 

material, such as polyethylene, is applied to the other surface of the photoimageable 

composition layer. This laminate structure is then supplied as a roll for subsequent 

application to a blank for a printed ciw.lit board. 
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To apply the photoimageable composition layer to a circuit board blank (generally a 

copper-clad fiberglass/epoxy board), the protective film is removed, the photo~geable 

composition layer applied to the blank and laminated thereto with heat and pressure. 

Subsequently the support sheet is removed. 

A common problem of dry film photoresist compositions is balancing coldflow, 

which creates edge fusion in a roll of dry film, with the tack necessary to adhere the 

photoresist to the substrate during processing. Typical prior art remedies for improved 

adhesion are combinations of low glass transition temperature (T ,> binder polymers and/or 

high J'.Dllltifunctional photopolymerizable moi:iomer content. While such combinations 

certainly promote adhesion, they also promote coldflow and degrade the shelf life of the 

dry film. 

Accordingly, it is a general object of the present invention· to provide a 

photoimageable composition suitable as a photoresist for the production of printed circuit 

boards which has sufficient tack for good ad:hesion to a blank for a printed circuit board 

without excess cold flow. 

Summary of the Invention 

The negative-acting photoimageable composition comprises A) between about 29 

and about 69 wt%, b~ on total weight of A) plus B) plus C), of an organic polymeric 
• binder(s) having sufficient acid functionality to render the photoimageable composition 

developable in alkaline aqueous solution, the binder polymer being formed from at least 

about 3 wt% up to about 50 wt%, preferably at least about S wt%, of a hydroxyl-functional 

cz,f3-ethylenically unsaturated monomer(s); B) between about 30 and about 60 wt% 

(calculated relative to total weight of A) plus B) plus C)) of an addition-polymerizable 

component, component B) comprising a nongaseous ethylenically unsaturated compound or 

compounds capable of forming a polymer by free-radical initiated chain-propagating 

addition polymerization, component B) comprising between about 20 and about 6_0 wt% 

(calculated relative to A) plus B) plus C)) of monomer(s) B') having multi a;,Jj-e$ylenic 
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unsaturated functionality and at 1eaSt three ethylene oxide or propylene oxide Uliits per 

molecule, ~. i.e., 0 up to about 40 wt% based on total weight of A) plus B) pllis C), 

of other cz,p-ethylenically unsaturated compQ~(s) B");: and between about O.S aitd about 
IS wt% of C) (calculated relative to total weight ·of A) plus B) plus C)) of an orgaiiic, 

radiation-sensitive free-radical generating system activatable by actinic radiation to initiate 

chain-propagating addition polymeri7.ation of the addition-polymeri7.able component B). 

Detailed Description of Certain Prefeaed. Bmbodi1»ents 

Herein, unless otherwise noted, all percentages are weight percentages. Component 

A) (the binder polymer), photoimageable component B), and Component C) (the 

photoinitiator chemical systenl) are herCin considered to equal 100 wt%, and· other 

components, such as plasticizer, are calculated as parts relative to 100 parts of A) plus B) 

plus C). Molecular weights of polymers and oligomers, unless otherwise stated, are 

weight average molecular weights. 

The invention is directed to photoimageable compositions which are developable in 

alkaline aqueous solution and which therefore have substantial acid functionality. Such 

photoimageable compositions typically have a: binder polymer A) having acid functionality, 

typically an· acid number of at least about 80, preferably at least ~t 100 and more 

preferably about lSO·or more, up to about 250. The acid functionality is typically 

carboxylic acid functionality, but may also include, for example, sulfonic acid functionality 

or phosphoric acid functionality. 

The binder polymer A) is typically derived from a mixture of acid functional 

monomers and non-acid functional moqomers. Some specific examples of suitable acid 

functional monomers are acrylic acid, metbacrylic acid, maleic acid, fumaric acid, 

citraconic acid, 2-acrylamido-2-methylpropanesulfonic acid, 2-hydroxyethyl acrylolyl 

phosphate, 2-hydroxypropyl acrylol phosphate, 2-hydroxy-alpha-acryloyl phosphate, etc. 

One or more of such acid functional monomers may be used to fonµ the binder polymer. 

The acid functional moriomers may be copolymerized with non-acid functional 
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monomers, such as esters of acrylic acids, for example, methyl acrylate, methyl 

~thacrylate, hydroxy ethyl methacrylate, hydroxy ethyl acrylate, butyl.methaccylate, octyl 

acrylate, 2-ethoxy ethyl methacrylate, t-butyl acrylate, n-butyl acrylate, 2-ethyl hexyl 

acrylate, n-hexyl acrylate, 1,S-pentanediol diacrylate; N,N-diethylaminoethyl acrylate, 

ethylene glycol diacrylate, 1,3-propanediol diacrylaf.e, decamethylene glycol diacrylate, 

decamethylene glycol dimethacrylate, 1 ,4-cyclohexanediol diacrylate, 2,2-dimethylol 

propane diacrylate, glycerol diacrylate, tripropylene glycol diacrylate, glycerol triacrylate, 

2,2-di(p-hydroxyphenyl)-propane dimethacrylate, triethylene glycol diacrylate, . . . ~ 

polyoxyethyl-2-2-di(p-hydroxyphenyl)-propane dimethacrylate, triethylene glycol 

dimethacrylaf.e, polyoxypropyltrimethylol propane triacrylate, ethylene glycol 

dimethacrylate, butylene glycol dimethacrylate, 1,3-propanediol dimethacrylate, butylene 

glycol dimethacry~te, 1,3-propanediol dimethacrylate, 1,2,4-butanetriol trimethacrylate, 

2,2,4-trimethyl-1,3-pentanediol dimethacrylate, pentaerythritol trimetbacrylate, I-phenyl 

ethylene-1,2-dimethacrylate, pentaerythritol tetrametbacrylate, tririlethylol propane 
I 

trimethacrylate, l ,S-pentanediol dimethacrylate, and 1 ,4-benzenediol dimethacrylate; 

styrene and substituted styrene, su~ as 2-methyl styrene and vinyl toluene and vinyl esters, 

such as vinyl acrylate and vinyl methacrylate to provide the desired acid number. 

Binder polymer A) of the photoimageable compositions of the present invention has 

a weight average molecular weight between about 20,000 and about 200,000, preferably at 

least about 80,000. 

Herein, at least about·3 wt% of the monomers which form the binder polymer A) 

have hydroxyl functionality, preferably from about S to about 15 wt%, up to about 50 

wt%. The wt% of hydroxyl functional monomers is measured relative to the total weight 

of binder polymer if two or more binder polymers are utilized. The -OH functionality 

renders the binder polymer hydrophilic. Typical hydroxyl-functional monomers for 

forming -OH functional polymers are hydroxyethyl methacrylate (HEMA) and 

hydroxyethyl acrylate (HEA), HEMA being preferred for providing chemical resistance. 

The binder polymer A) may actually be a mixture of binder polymers, providing that the 
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binder polymers are formed, in total, from the amounts of hydroxyl-functional monomer 

set forth above. Thus, for example, a photoimageable composition having 1: 1 (by weight) 

mixture of a first binder polymer formed from 10 wt% hydroxyl functional monomer and a 

second binder polymer formed from 0 wt% hydroxyl functional monomer would be 

considered, for purposes of this invention. as being formed from S wt% hydroxyl 

functional monomer. 

Hydrophilic monomers, including those formed at least in part from -OH functional 

monomers, have ~n proposed previously for use in formjng ~ipder polymers. 

Hydrophilic binder polymers having -OH functionality process better in developing systems 

and rinse off better. However, as most monomers used in photoimageable compositions of 

this type tend to be hydrophobic, incompatibility between hydrophilic binder polymer and 

hydrophobic monomer composition tends to force monomers (and auxiliary materials with 

the monomers) out of the resist in the form of leaching to plating systems, monomer 

bleeding into polyethylene wraps,. or fusirig out of the ends of rolls. 

Accordingly, to form a more compatible system, at least about 20 wt% relative to 

~tal amount of A) plus B) plus C) .. up to the total amount of photopolymerizable 

component B) is monomer B') having multi cz,p-ethylenic unsaturated function and at least 

3 ethylene glycol (-0-CH2-CH2-) units and/or propylene glycol (-0-CH2-CH(CH3)-) or 

(-0-CH(CH3)-CH2-) units. In such monomers, the cz,IJ-ethylenically unsaturated moleties, 

typically acrylic or methacrylic units, are esterified to the glycol units. The ethylene 

and/or propylene glycol units render the monomers hydrophilic and therefor more 

compatible with the hydrophilic polymer. Ethylene glycol units are preferred to propylene 

glycol units, being more hydrophilic. If propylene glycol units are used, typically a greater 

number of such units, e.g:, about 5 or more, are used per monomer molecule. Examples 

of monomers having multi cz,(J-ethylenic unsaturated function in addition to three or more 

glycol units include, but are not limited to, ethoxylated (3 moles) trimethylolpropane 

triacrylate. tetraethyleneglycol diacrylate, 

The balance of photopolymerizable component B). used at 0 to about 30 wt% of the 
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photoimageable composition (calculated relative to total weight of A) plus B) plus C) is 

B"), typically a monomer, dimer or short chain oligomer having ethylenic unsaturation, 

particularly u,p-ethylenic unsaturation, including monofunctional compounds and 
.. 

compounds having u,p-ethylenic unsaturation functionality 2 or greater. Suitable optional 

photopolymerizable compounds B") include, but are not limited to, the monomers recited 

above as suitable for forming binder polymers , particularly the non-acid functional 

compounds. 

Ethoxylated or propoxylated monomers have the further advantage of being 

relatively less toxic and less irritating~ most pbotopolymerizable monomers, e.g., they 

give better Draize Test results in which drops are introduced into the eyes of rabbits. 

The combination of hydrophilic polymers and hydrophilic monomers results in 

reduction in leaching, reduction in monomer bleed, and reduction in fusion. At the same 

time, the compositions have excellent tack for adhesion to printed circuit board blanks. 

Furthermore, it is found that the formation of binder polymers from HEMA. 8nd/or . . 

HEA results in a lowering of T 1• Consequently, adhesion~producing tack is achieved using 
-

less monomer, further minimizing ~caching and cold-flow .. 

To initiate polymerization of the monomers upon exposure to actinic radiation, the 

photoimageable composition contains a photoinitiator chemical system. Suitable 

photoinitiators include, for example, 9-phenyl acridine, benzoin ethers, benzil ketals, 

acetophenones, benzophenones and related compounds with amines. Also, suitable 9-

phenyl acridine homologues, such as those described in U.S. Patent No. 5,217,845, the 

teachings of which are incorporated herein by reference, are useful photoinitiators. 

Processing of the photoimageabl~ composition is in a conventional manner. In a 

typical procedure, a photoimageable composition layer, either formed from a liquid 

composition or transferred as a layer from a dry film, is applied to a copper surface of a 

copper-clad board. The photoimageable composition layer is exposed to actinic radiation 

through appropriate artwork. Exposure to actinic radiation polymerizes the monomer in 

the light-exposed areas, resulting in a cross-linked structure that is resistant to developer. 
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Next, the composition is developed in dilute alkaline aqueous solution, such as a 1 % 

sodium carbonate solution~ The alkali solution causes salt formation with the carboxylic 

groups of the binder polymers, rendering them soluble and removable. After development, 

an etchant may be used to remove copper from those areas where the resist was removed, 

thereby forming a printed circuit. The rema;n;ng resist is then removed using an 

appropriate stripper. 

The invention will now be described in greater detail by way of specific examples. 

Examples . 
(Examples D, F, G, and Hin accordance with the invention: A, B, C and B comparative) 

Table 1 

Methyl Hydroquinonc .045grams .045 grams 

All compositions (Tables I, 3, and S) were prepared in 7: I 2-Butanone:2-Propanol at 

approximately 50% solids. The solutioqs were coated onto biaxially oriented 72 gauge · 

polyester film and dried to approximately 1 % or less retained solvent. The coated mixtures 

were then laminated onto mechanically scrubbed 1 oz./FR-4/1 oz. clad copper composite 

using a hot roll laminator at l 10°C at 2 meters/minute and 3 bar pressure. 
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The laminated material was then imaged on a UV printer through an appropriate 

phototool with an adjusted exposure to obtain a copper step of 7 as measured with a 

Stouffer® 21 step wedge (approximately 20 mJ/cm2). The exposed panels were then . 
developed in a 1 % sodium carbonate mqnohydrate solution at 29°C using a conveyorized 

spray developer at about 26 psi with residence time adjusted so that the break point occurred 

at 40% to SOOA of the chamber length (unless otherwise noted in the specific example), 

followed by several spray rinses using tap water and the deionized water. 

Etching was accomplished using a 2N cupric chloride/hydrochloric acid solution at . . . 

48°C in a conveyorized etcher equipped with multiple spray nozzies. The etched boards were 

then stripped of the imaged, developed and etched photo resist in a 3% sodium hydroxide 

solution at 54 °C in a conveyorized stripping unit equipped with multiple spray nozzles 

followed by a spray rinse of tap water. 

Process responses for the examples are cited at various points throughout the above 

procedure are given in Table 2 below: 

Effect of Hydrophilic versus Hydrophobic 
Table2 

Fonnula 38µm 28seconds SOmJ 10% 
Intact 

300 
grams 

severe moderate 92 
second 

s 
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· Footnotes 

~ - The breakpoint time was recorded at the point the resist dissolved completely in 1 % N~C03 at 30 °C. 

~ - Exposure time is the energy required to achieve a c~pper step 9 on a Stouffer 21 scale. 

~ - Using a ''razor blade like" tool, the developed photoresist is multiple cut in one direction than 90 ° to 

the previous cuts. This test measure brittleness and adhesion. The results are recorded as percent of resist left 

intact after all the blade cuts (100% =Best). The exposure was to a Stouffer 21 copper step 7 at a breakpoint in 

the developing chamber of~5%. Developing solution was 1% N~C~ at 30 °C. 

~ - A 0.25 inch hole laminated on both sides with the photoresist. The resist is then exposed and 

developed (The exposure was to a Stouffer 21 cs>Pper step 7 at a breakpoint in the developing chamber of 25%. 

Developing solution was 1 % N~C03 at 30 °C). The flexibility of the resist over this "tented" holes is then 

measured on a force.gauge by pressing of the resist with a rounded probe. The force needed to break the tent is 
recorded in grams. 

~ - Coldflow was measured by the degree of resist defonnulation (orange peel) observed after 14 days at 

room temperature. 

~ - Leaching was measured as the degree of hull cell darkening in Ronestad EC Tin after 24 hours 
leaclrlng (films exposed to copper step 9, 10 grams per liter of resist, no presoak). 

~-The resist is ex.posed to a Stouffer 21 copper step 7 at a breakpoint in the developing chamber of 25% 

with a developing solution of 1 % N~C~ at 30 °C. The resist is then etched in cupric chloride at 130 of. After 

etching, the photoresist is stripped in 3% NaOH at 130 and the time is recorded in seconds. 



Acrylic Polymer (23% methacryllc acid. 
66% methylmcthacrylatc, 11 % butyl 

acrylate) 

Acrylic polymer (23% mcthaclylic acid. 
61% methylmethaclylate. 11% butyl 

acrylate, 5% styrene) 

Triphcnyl methane Dye 
(Flexobluc 680) 
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Table 3 

.02S grams 

40.0grams 

.02S grams .02S grams 
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Effect of Polymer Type with Hydrophilic Monomers 
. Table4 

Formula 
"C" 

Formula 
"E" 

38µm 23 seconds 

Acrylic Polymer (23% mctblcrylic ICi~ 
61% methylmcdulclylate, 11% butyl 

acrylate, 5% HEMA) 

Ethox.ylatcd (3 moles) 
Trimcthylolpropane Triacrylate 

Tables 

30% 
Intact 

40.0grams 

20.0grams 

460 
grams 

40.0grams 

18.0grams 

severe severe 
darkening 

40.0grams 

16.0grams 

~~,,_!!'h~,...,,.,"-"l!'!ll~~~=--~~~~~~~'".I!'.!".'~~~~ ...... 

Diacetonc Acrylamidc 2.0 grams 2.0 grams 2.0 grams 

Nitrated Am Dye (F~n Navy) 

Triphcnyl methane Dye 
(Flcxoblue 680) 

.075grams 

.025 grams 

.075 grams 

.025 grams 

Effect of Polymer Type with Hydrophilic Monomers 

.075 grams 

.025 grams 

61 
second 

s 



Fonnula 
"F" 

Formula 
"H'' 

38µm 

38µm 
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Table6 

19 seconds slight to 
moderate 

60% 
Intact 

soo 
grams 

very 
slight 

(./) 

slight S2 
darkening second 

s 

very 47 
slight second 

darkening s 
(./) (./) 

Examples A and B demonstrate that the use of hydrophilic monomer alone does not 

produce the desired results. Example D demonstrates that when using hydrophilic monomer 

in accordance with a hydrophilic polymer produces superior results relative to comparative 

Examples C and E which use hydrophobic polymers. Examples F-H demonstrate that when 
' 

using the combination of hydrophilic monomer and hydrophilic (HEMA containing) binder 

polymer, it is possible to use less monomer, yet, to the extent shown in these examples, 

obtain increasingly superior results. 
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What is claimed is: 

1. A photoimageable composition comprising 

A) between about 29 and about 69 wt%, based on total weight of A) 

plus B) plus C), of an organic binder polymer(s) having sufficient 

acid functionality to render said photoimageable composition 

developable in alkaline aqueous solution, said binder polymer A) 

being formed from between about 3 to about 50 wt% of a hydroxyl­

functional cz,(}-ethylenically unsaturated monomer, 

B) between abour30 and about 60 wt%, based on total weight of A) 

plus B) plus C), of an addition polymerizable component comprising 

cz,p-ethylenically unsaturated compounds, said component B) 

comprising 

B') a mo~mer(s) having multi cz,p-ethylenically unsaturated 

functionalitY. and at least 3 ethylene glycol and/or propylene 

glyco~ units per molecule, said monomer(s) B') being present 

at least about 20 wt% based on total weight of A) plus B) plus 

C) up to the balance of component B), and 

B") 0 to about 40 wt% based on total weight of A) plus B) 

plus C) of other cz,p-ethylenically unsaturated compound(s), 

and 

C) between about 0.5 and about 15 wt%, based on total weight of A) 

plus B) plus C) of an organic, radiation-sensitive free-radical 

generating system. 
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·2. The photoimagt?&ble composition according ~o Claim 1 wherein said free-

radical generating system C) comprises 9-phenyl acridine. 


