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*PHOTO MAGEABLE COWVPCSI TI ON HAVI NG | MPROVED FLEXIBILITY pH
- invention is directed to negative-acting photoi nageabl &g‘ rgsg 9 ﬂ
as those used as photoresists in the art of printed circui The
phot oi mrageabl e conposition contains, ag a portion of its phot0|nag
conponent, a urethane oligoner mhich has acid functionality. ﬁ@@%@ﬁ%
of the Invention This invention is directed to negative- actlng
phot oi mageabl e conpositi ons which are devel opabl e in al kali ne aqueous
solutions. The invention is particularly applicable to primry photoi magi ng
resists, but is applicable, as well, to conpositions that are hardenabl e so
as to form sol der masks and the |ike. - A variety of such
phot oi mageabl e conpositions are descri bed. Essential conpositions of the
type to which the present invention is directed are A) a binder polyner; B)
phot opol yneri zable [err],[err]-ethylenically unsaturated conpound(s), and
C) between about O. and about 20 wt % b d on total me|oht of pl us B)
of a phot oi ni P4 ' 08} n DA EY ci ent

acid function ner a| o

bi nder pol yner %g@aﬁqﬁb‘r‘@n l#ﬁl@&?ﬂgﬁﬁg a@%%"éﬁ#@?\m %M%ﬁ sI}{@gsnders
t he phot ojygRES BRIsE uscaaaGhiotdrevistsimvae Qﬂ@lﬂbﬁmeﬂ circiigdyl I‘I&xeqmb&ﬁuageablwt i ons.
The phot opol yneri zeabl e conpound(s) WA are nononers and/or short_ chain

ol i goner sgompasitinn containg, apa pettion 051ts ptoimagepblecompppen, 3 urethane oligomer
[err], [errb ﬁtéhﬁ%/l eglﬁ’é‘ nsat. ated functionality. The photoinitiator
cheni cal WHE 1 Fi Chem cal s which generate free radicals upon
exposure to actinic radiation. These free radicals propagate the

pol yrrerlzatlon of.the [err],[err]-ethylenic unsaturated noieties of the
phot opol yBackigreurndl of thelnven u!uL. B). I—Iere| n, the photoinitiator syst emQC) is
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developable in alkaline aqueous solutions. The invention is part1cu1arly apphcable to primary

photoimaging resists, but is applicable, as well, to compositions that are hardenable so as to
form solder masks and the like.

A variety of such photoimageable compositions are described. Essential compositions
of the type to which the present invention is directed are A) a binder polymer; B)
photopolymerizable o,B-ethylenically unsaturated compound(s), and C) between about 0.1
and about 20 wt% based on total weight of A) plus B) of a photoinitiator chemical system.
The binder polymer A) has sufficient acid functionality, generally carboxylic acid
functionality, that the binder polymer is soluble in alkaline aqueous solution and thereby
renders the photoimageable composition developable in alkaline aqueous solutions. The
photopolymerizeable compound(s) B) are monomers and/or short chain oligomers, a
substantial portion of which have muitiple ,-ethylenic unsaturated functionality.

The photoinitiator chemical system C) includes chemicals which generate free radicals
upon exposure to actinic radiation. These free radicals propagate the polymerization of the
a,B-ethylenic unsaturated moieties of the photopolymerizeable compounds B). Herein, the
photoinitiator system C) is deemed to include not only chemical compounds which generate

free radicals, but catalysts or sensitizers which promote the free-radical initiated



2 pol ynmeri zation of the [err],[err]-ethylenic unsaturated noieties of

‘t he phot opol yneri zeabl e conpounds B). Circuit boards al nost

i nvari ably have through-holes to connect circuitry on opposite faces of the
board. Wth holes becomng larger on circuit boards, higher tenting
strength is becom ng increasingly inporjant; thus greater flexibility of
phot oi mageabl e conpositions is required. Inproved flexibility also
contributes to an inproved cross hatch adhesi on which allows for better
conpatibility with autonmated pol yester renoval systens. If the photoresist

Is britt l@ly@ﬁﬁfﬁioﬂc&ﬂﬁé&%@tﬁﬂ@ﬂ%%sﬁﬂﬁi&rﬁoﬂibi oftthe photopbRpictigedble t he

phot or esi subsequen circurt line defects. By repl acing a
portion ofompoundsB)onal photo reactive nononers (like ethoxylated -

trimet hyl ol triacrylate) with.an | ic, . ,
ol i oot o i GaPrit baFRES AL TRy HBve LRPrereRdrs @i seRE PRI TR ROrle v
obser ved. gy EMEE b Wi BHRA bbbl Gtk & d difcuitiioafts| higasDiestifgeitionth ishe

fine |ine esion was not inproved and the oligomer was shown to be a

maj or soubewniifig itevedsmgiynimpartantiithug. greater flexibilipebplwtoimageatle pempesidansdn
and | ower deyel oper sc hasg. been denpnstrated when, the,] LGy

ol i goner r@ueeﬁpfmg@ae@ﬂelﬂﬁal 8&8&1% es 1, f %PWX%%’&?R%%‘?%@%&@“&%
the i socy g ' bl WL diYdBRBd HolyeseyRiRIvEL syRfentse I€ thelitdtorésist
exanpl e, |r11 %E(?g%gglﬁl@&%@elnt ﬁyAppI | cation Egyo 738927 and Japaﬁe Pat ent
Docunent isbritfle, theeGrydter ferooval systéms will pausd gbippistg of the photoresist and

pol yal koxynononet hacryl.ate {n UV-curabl e photoresists enhances the
per f or manéePsgAY hc%éﬁgb‘%ﬁ‘#qr}?ﬁ‘i% over those made with urethane conpounds

based on the i SHCUBMIIAILodHibABE cotiveRGORIBASYS reGive mdRmEATaTe etkgReat day

commer cial requi‘refrents include further inprovenents to both fine [ine
adhesi on armethyiplploppms trincrylate)with an isocyanurigewnnsthane-basedyoligomies, a significant

gl S SR R e e A R s S e R L
functiona !ﬂekléogii WARAUMicE £l b8 HE finR3ind QURESHRE (vas Ao TiPYovdaung Ak Slipdriér

hydr ophilic nce of the oligonmer backbone. Wth the acid in the
backbone, was shewmic be aasdjer sauccesnfidevélbpinglseumaning.r e ol i goner nol ecul e.

QIC iogg with rrprl(t)r}/pirggedt ttl]r?c lgr?evaecihg ion and fowez ﬁ%%lg&r'sicﬁm a3 bggnedneragnusprgtehmaﬁen
the isocyanuric oligomer is comprised of the product of a polyethoxymonomethacrylate and
the isocyanurate trimer of hexamethylene diisocyanate, as described, for example, in
European Patent Application EP 0 738927 A2 and Japanese Patent Document JP 08-
2868372. The use of the product of a polyalkoxymonomethacrylate in UV-curable
photoresists enhances the performance of such compositions over those made with urethane
compounds based on the isocyanurate trimer of hexamethylene diisocyanate. Present day
commercial requirements include further improvements to both fine line adhesion and
developer scumming.

Herein, isocyanuric, urethane-based oligomers, as described above, are improved for
use in the photoimageable composition by incorporating acid functionality. The acid
functionality is found to minimize the developer scum by increasing the hydrophilic balance
of the oligomer backbone. With the acid in the backbone, it is much easier to emulsify the

entire oligomer molecule.

Along with improving the developer scum problem, it has been found that acid



3 functional oligomers inprove the fine |line adhesion of the
‘photoresist. This is |likely achieved by the acid functionality causing
faster devel opment. The faster devel opnent results in the photoresist

dwel ling for a shorter period of time in the-devel opi ng sol ution. In
addition to the inproved adhesi on and sgunning, the acid functionality al so
contributes to a faster stripping tine. Summary of the Invention

The present invention is directed to a negative-acting phot oi nageabl e
conposition conprises A) between about 30 and about 80 w % based on total

Funet 1 onatuncyion”pEhersers oty e i B e o B ieholAiE) TS s uReRT 2!
al kal i ne %%Q%lflRfﬁle%id)ﬁnc@mﬂ%‘ SHSig FaRet devBlopiene The faster deviddpamad on

total weight o plus B) of addition-polynerizeable, non-gaseous .

[err], [ er mésults iy therphotoresistidveelling for e shetennstiad of timsdp the daveloping sofution.
polynmer by free-radical initiate ai.n- propagati ng jdtd on. .

pol yneri zat i on?[néagm@}‘ 3 R dmaTo % eﬁ?’ig[écﬁg""a' l#l?tg" gmgqg&do};u ?@ onality also, t ot al
vei ght  of Bherfuss tBh Bitefdrippig@infe. " adi ation-sensitive free-radical
generating chem cal systemactrvatable by actinic radiation to initiate
chai n- propagati ng addition polynerization of the addition-polynerizeable
mat eri al . W.th the invention, conponent B) conprises between
about 20 ¥ DO ased on total weight of A) plus B) of a

urethane ol i gorpge HavdniSnvenfiod & Mifedted/td afebative-acting photoimageable[cofipositioher e
X is a polyvalent aliphatic, cycloaliphatic or aromattc hydrocarbon_nvoiety

a pol yval cmprises &) detwesnabout 30andabput:$ewt%bbased on totahweight ofA)plys By of ame

sanme or different, and. ar.e.selected from . . s NH- - .CY=

and orgatigRO IS JIndsT e e HegiE ek fonctionalipy Y pder e oiitghe e
where m = Qsdeisitibrideveiopable i afkafine adiféols sdlutibn, BYbetvasen@Bblt 20 and about 70
provi ded that” at |least Oone of the Rs is the latter of these; the A's are

the same owtdibasest emtotalwkightof /i ples Biof additicmpolpmerigrable; non-gaseous
(Lo CHY- G_lo\c(,_ﬁl-éthyle\tll\lhcgfl}? u}.'msha?u.r\a{teﬁ c%gn%o{url] s caegsa @e %g f&é{gﬁﬁ%&fynﬁ@%y%@qﬁ&kﬁm ed

fromH,

initiated chain-propagating addition polymerization, and C) between about 0.1 and about 20
wt% relative to total weight of A)plus B) of an organic, radiation-sensitive free-radical
generating chemical system activatable by actinic radiation to initiate chain-propagating
addition polymerization of the addition-polymerizeable material. In accordance with the
invention, componen"c B) comprises between about 20 and about 70 wt%, based on total
weight of A) plus B) of a urethane oligomer having the general formula:

X-R;,
where X is a polyvalent aliphatic, cycloaliphatic or aromatic hydrocarbon moiety, a
polyvalent isocyanurate, or a polyvalent biuret,
where the R’s are the same or different and are selected from:
-NH-CO-A,-0-CO-CY=CH,, and
-NH-CO-A,-[-0-CO-NH-Z-NH-CO-},-G-CO-NH-Z-NH-CO-A -O-CO-CY=CH,,
where m = 0-25; p = 1-25; t=0-1; and Y is H, CH,, or C,H,,
provided that at least one of the R’s is the latter of these;

the A’s are the same or different and are selected from one or more of:
-[O-CHY-CHY-]-, where the Y’s are the same or different and are selected from H,
CH,, or C,H,,
-[0-(CH,);.4-]-, and
-[-O-(CH,); s-CO-]-, as either homopolymers or copolymers;



-[G(CH2)3-4-]-, and -[-O(CH2) 3-5-CO-]-, as either honopol yners

or copol yners; 4
Z is a divalent alkyl or aromatic hydrocarbon noiety; and G has the
general formul a: WL- 5 -OV-O , where V

is an al kyl or aromatic hydrocarbon noigty and Wis an acidic

group selected from COOH, SO3H, and PC3HR1l, where R1 is H or

Cl 18 al kyl . Where it is stated above that the A's are the sane or
different, it is nmeant that the A's may be the same or different in any one
ol i gomer nol ecliisa divalentalky arlacomativchydroaditioheneinty; wi t hi n any one R group.

If the As are different within any one R group, the different A's may be

random y di st riddut @ds the gehieratifobalacnt A's nmay be in bl ocks.
5

- Wi
/
-0-V-0-, where V is an alkyl or aromatic hydrocarbon moiety and W is an
acidic
group selected from COOH, SO,H, and PO;HR!, where R! is H or
C,.i; alkyl.

Where it is stated above that the A’s are the same or different, it is meant that the A’s
may be the same or different in any one oligomer molecule or may be the same or different

within any one R group. If the As are different within any one R group, the different A’s may
be randomly distributed or the different A’s may be in blocks.



Preferably X is [err]

(CH2)6- N N-(CH2)6 O=C C=0

N (CH2) 6 Preferably Ais

-[-O CHCH3-CH2-]- or -[-0O CH2- CHCH3-] -, Preferably m = 0.
Preferably t O. Preferably CBB: 5- 6. Preferably Y =
CH3. Preferably G=0CH2-C ) (COOH) - CH2- O or

O CH( COOH) - CH( COOH) - O, nost preferably the forner.
Preferably Z = (CH2)6. Detai |l ed Description of Certain Preferred
Enbodi ment s Herein, unless otherw se noted, all percentages are

wei ght pepp&-&raggeﬁ.is Conmponent A) (the binder polyner) and Conponent B)
(the phot ol nageabl e conpounds) which are herein considered to equal 100
wt % and ot her conponents, ingj udi ng the conponents of the photoinitiator
chem cal system being based on total weight of A) plus B). The

i nvention is directed to phot o mageabl e conposi ti ons which are devel opabl e
in alkaline agqueous sol uti onCnd whi ch therefore have substantial acid
functionality. Such photoi nEgdabl e conpositions typically have a binder A)
havi ng aci d functi onal (€H,)tNpi ™&(CH,)s an aci d nunber of at |east about 80,
preferably at |east about 100 and nore preferably about

0=C C=0
4
N

| ] -
(CH,)s

Preferably A is -[-O-CHCH,-CH,-]- or -{-O-CH,-CHCH;-]-,
Preferably m=0.

Preferably t=0.

Preferably p=5-6.

Preferably Y =CH,.

Preferably G = O-CH,-C(CH,)(COOH)-CH,-O or O-CH(COOH)-CH(COOH)-O,
most preferably the former.

Preferably Z = (CH,),.

Detailed Description of Certain Preferred Embodiments

Herein, unless othcl;wise noted, all percentages are weight percentages. Component
A) (the binder polymer) and Component B) (the photoimageable compounds) which are
herein considered to equal 100 wt%, and other components, including the components of the
photoinitiator chemical system, being based on total weight of A) plus B).

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 A) having acid functionality, typically

an acid number of at least about 80, preferably at least about 100 and more preferably about



6 150 or nore, up to about 250. The acid functionality is typically
carboxylic acid functionality, but may also include, for exanple, sulfonic
acid functionality or phosphoric acid functionality. Binder polyners for
phot oi mageabl e conpositions typically have wei ght average nol ecul ar wei ghts
bet ween about 20,000 and about 200, 000, greferably at | east about 80, 000.
The polyners are typically derived froma m xture of acid functional
nmononers and non-acid functional nononers. Some specific exanpl es of
suitable acid functional nonomers are acrylic acid, nethacrylic acid,
mal ei ¢ acid, fumaric acid, citraconic acid,

2-acryl amldOoeme,hmltplabmaméﬁur[helamd famdtubmﬁwﬁywmoqlb'tdayboxaﬁcytidl yI
phosphat e, 2- hydr oxypro a,cr 0S al
Phosphat o fuEdiohaiSe S HieRIs BB SEraPlP LR A RORETRARD Maghaseidite ¢ o

formthe Q.bx'& ctRNaMBE Binder polymerl-ht%r ?ﬁdntgmflé:b@%lbQﬂﬁpoﬁﬁaﬂgg?&aﬂﬁﬁa@welght

copol ymerized with non-acid functiona norre such ers” of acrylic
aci d and meetage molécunlanoveights betwearaatmiug 20,000 apd abmtt)lloﬁloép preferably atleast labout
acryl ate, Bﬁ@étyl acrylate, n-hexyl acrylate, nmethyl nethacryl ate, hydroxy
et hyl acr§3 butyl net hacryl ate, oct yI acryl ate, 2-ethoxy ethyl

met hacryl at e, ai,mé:@ l?gﬁ:all%d lo6¢iM!f@ional monomers

NN- di et hyl am noet acry ene g yco diacrylate, 1, 3- propanggl ol

di acryl at monebsuhftmmquaé mrghpmlsmmeyifmteaanmbs&fsuﬂtghleamd gnctiohal

di met h | at 1, 4- oh .. di t 2.2-di net hyl.ol

i or | at dROtSerE B Selyicaty, FChacrylic Aeub aiee sbicy Binate Srionr GheaRlegbifoor of
triacryl atﬁacr?laﬁﬁ%-@%@ﬂi rp%%aéﬁmhéc 4oi D RARRIrGhy Ry A6 YSIFE Shospidt€t hyl ene:

gl ycol diacrylate, polyoXyethyl-2-2-di (p-hydroXyphenyl')-propane
di met hacr ﬂ-hy@pxmmprlwnéa@mm %hmnaalpba-awloxi ohospbats; eioy Oneiorandry of|

t t hyl | |
G ot her yioaf adid FugeiohalthaBiReS mevike daed 4 ot skl BRIy co
di met hacr yl at e, THe acid ﬁi&ﬁaﬂﬁ%&{on%rﬂ'ﬁfa? Be rc?éb@“lﬁrﬁmen?:ed it neHiREfuhéRnal

trimethacrylate, 2,2,4-trinethyl-1,3-pentanediol dinethacryl ate,
pent aer yt Hmpraners; such@h astcn,sloﬁtaet;yhstagld@ngllm@haoyymd, for mlmayylaceylate

75 pent arBS HLBERITy A scfatesn Reioe s Bal BROST mebtaB R A

and substifd#yiae, htyl ﬁi&ﬁxacx%ﬂ'&@ &%yl%cfﬂ&t@)d—etﬁb BRG] Methakiyinte, tikyieRe/ 1a8d

vi nyl esters, such as vin acryl ate and vi ny* net hacryl’ate to pr ovi de’ the
desired acl,&-pmmgdwl diacry ate N,N-diethylaminoethyl acrylate, ethylene glycol diacrylate,

1,3-propanediol diacrylate, 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
dimethacrylate, polyoxypropyltrimethylol propane triacrylate, ethylene glycol dimethacrylate,
butylene glycol dimethacrylate, 1,3-propanediol dimethacrylate, butylene glycol
dimethacrylate, 1,3-propanediol dimethacrylate, 1,2,4-butanetriol trimethacrylate,
2,2,4-trimethyl-1,3-pentanediol dimethacrylate, pentaerythritol trimethacrylate, 1-phenyl
ethylene-1,2-dimethacrylate, pentaerythritol tetramethacrylate, trimethylol propane
trimethacrylate, 1,5-pentanediol dimethacrylate, and 1,4-benzenediol dimethacrylate; styrene
and substituted styrene, such as 2-methyl styrene and vinyl toluene and vinyl esters, such as

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



7 The amount of the binder polyner A) may vary over a w de range,
‘typically conprising between about 30 to about 80 w % of the conposition
based on total weight of A plus B). Exanpl es of such pol yners and
phot oi mageabl e conpositions using such polynmers are found, in the foll ow ng
U S. Patent Nos: 3,953,309, 4,003,877, 4,610,951, and 4, 695,527 the

t eachi ng of each of which are incorporaffed herein by reference. --. The
phot opol yneri zabl e conponent B) conprises between about 5 and about 100

w % preferably between about 25 and about 75 w % of total anount-of B),
I.e., between about I and about 70 wt% preferably between about 5 and
about 52.5 wt %Tihe 2@tbuabof the dindeEpaihineOA) Aayplarss odr.a wide ringzeatpitaflyinct i onal
ur et hane ol i goner _descri bed above, haV|qg Photopolynerlzable poly

[err],[er FTmepﬂyg@ﬁweeaﬁbamoép@bﬁut 80 wt% of thecomposition bgsed on total weight of A)
phot opol y )eabl e conmponent B), i.e., between 0 and about 95 wt %

pr ef er abl ween about 25 and about 75 wt%of B, i.e., between 0 and

about 69 wt % [B)@fxtyléstﬂMu&epdlymermdlﬂmﬁ)magbabmnmnﬁﬁltﬁ)mﬁﬁfng w&lﬁfﬁdlyﬁefso
total of A) élusB is typicall hai n ol

havi ng. et AR AR xaqumom)ws é’arem Naraa 933, 3Q9emqosgsam £51083 o 695.507

unsat ur at lﬁenqz WP H[Z]g'? onpounds havi ng

a, [err]- e'ltt %%lﬁgégﬁéséalg ura unc 5?‘1%@“?& or gre%‘ter Typically, a

m xture of rmnaﬁetpmtopmmerbaaﬂldmkﬁponémrmtdomﬁisemwmm abouit 5lanf @b @0
Sui t abl e phot opo ounds include, but are not limted to, the

bl
monorer s M, PERS eﬁgsvlléé‘?lge%%ehq%gg? and ghout 45 WiteofspiakamoprirafB)y be., between -

articul alahYutt h $.u I
Dot opol 5 aodut DEEREF dude. Bieerg helnHRABRESS OB Es AIBHMEAth oral . 70
W % of t hevq»glntafmqgwb) of tigggeid functiondd assthaneroligoimet desetibéd alsdvefaviig!s B) .
To |n|t|at?1 merlz i on of the npnomers upon exposure to actinic

radi at i on P8P SIpeetBMll%’é‘éInﬁ?tBW 1©8nt ai ns a photoinitiator

h I t I
getevrrv]egﬁ az)cl)ﬁ t e o e @ olfﬁho E&M‘@&éé nﬁ:ﬁr@@t ?5“?'@ %@m&ﬁﬁtﬁ)ﬁ‘a%ﬁﬁ%%@%
PEot o: ni t |pg¢ferabmh¢tmaﬂ1 abou @5 uedd abdutt75axt®o 0OB, 1.¢.nbdteder 0 afid about 69 wt%,
phenyl acri

hen lyc aromatic k tpnes en engne,
-tetranet mfgzﬁbhabgtwee ﬁ'aqgﬁt%@egﬁbamwﬁf Falaliede’ tétak%fz%fgps BJ % typically a
N, N -tetragg, eRe E&Qﬁ?‘%
nmet hoxy-4' - |rre?t?119 aeﬁwﬁg eﬂzopﬁéﬁg ne, g&%ﬁ%e?ﬁﬁns% ng?ﬁog(ar%%url]%rgphenone

p, p' - o,B-ethylenic unsaturation, including monofunctional compounds and compounds having

o,3-ethylenic unsaturation functionality 2 or greater. Typically, a mixture of mono-functional
and multi-functional monomers will be used. Suitable photopolymerizéable coxhpounds
include, but are not limited to, the monomers recited above as suitable for forming binder
polymers, particularly the non-acid functional compounds. The total amount of
photopolymerizeable component B) is typically between about 20 and about 70 wt% of the
photoimageable composition based on total weight of A) plus B).

To initiate polymerization of the monomers upon exposure to actinic radiation, the
photoimageable composition contains a photoinitiator chemical system. Generally, the
photoinitiator chemical system comprises between about 0.1 and about 20 wt% based on total
weight of A) plus B). Photoinitiator chemicals'f;lclude, but are not limited to 9-
phenylacridine, n-phenyl glycine, aromatic ketones (benzophenone, N, N’ -tetramethyl-4, 4' -
diaminobenzophenone [Michler’s ketone], N,N'-tetraethyl-4,4'-diaminobenzophenone,4-

methoxy-4'-dimethylaminobenzophenone, 3,3'-dimethyl-4-methoxybenzophenone, p,p'-



8 bi s(di met hyl am no) benzophenone, p, p'-bi s(di et hyl am no) - benzophenone,
‘ant hr aqui none, 2- ethyl ant hraqui none, napht haqui none, phenant hraqui none,
benzoi ns (benzoi n, benzoi nnet hyl et her, benzoi net hyl et her,

benzoi ni sopr opyl et her, benzoi n-n-butyl et her, benzoi n-phenyl et her,

met hyl benzoi n, ethybenzoin, etc.), benzgl derivatives (dibenzyl,

benzyl di phenyl di sul fi de, benzyl di net hyl ketal (SIC), etc.), acridine
derivatives (9- phenylacridine, 1,7-bis(9-acridinyl)heptane, etc.),

t hi oxant hones (2-chl or ot hi oxant hone, 2- nethylthioxanthone,

2,4-dieth hi oxant hon di net hyl t hi,oxant hon - .
i sopr opyl lﬁ{der%aﬁhvm@ %spéoahen%r@ew%wé awinﬂeq?p%?nbap% anhrmquinose, 2-

p-t-butyl : .
2, 2-di met oi@bg- pﬁe%#écgh%gh%ﬁé rq’lf g g g %%ﬁ&hengjf%oé%’t ophenone,
etc.), etbenzoiinmaihylethentbeazdinethylethet, baimo@asqrrapyiemet, bemzodmntpityisthegne may
be included ip the phot oi n| t | at or, chem cal, syséekp as cataly

fidd

The phot oPsRFgELPReRYIethssomethylhenzeip, R AR o

| astici I i ght of
oy astt 1 26 MiphE NG IRA0 S ARSIl e SRR IGL W 9Tt o
G ooty pht hatat e o ‘f’ﬁ"‘F(9a‘t°F;”“F“*i"“?'“""?m’F e ey ‘?"““?ﬁ*“?‘t’m‘hﬁ’“" .

i oc , di.a al at e col s ol ye ene co
pol yp¥ogyw§y§iﬂ%@p¥wnay E e@ﬂ\é‘?’?“@% é’z“'ldl‘m%‘bﬁgfh‘@p '-é‘l’ t di acgt gt e,
cotors (1 PRRBURRENAGH, U)o p%“%“?‘*ﬁ%?%?ﬁ%’ﬁsﬁqsﬁl@%"&) Phosphat e
(p-tol uenpaihlﬁyidﬁhmw&etdphaﬁmmezmdwmemdmphéﬁdnebut yl acet oneani de),

al i phatic asic acid esters (diisobutyl- adi p di oct yl adi pat_e,
di net hyl s@ga@me@oxar%ehwa%t 101} %ar%ﬂﬂaw!- rzweethsmeap@) etc..

tributyl
R S BB HBER | ane- 1,
2- di car bophttairdtiatgt Mmmalestyswmtaydamysﬂ S. Addi tionally, the

phot oi mageabl eaﬁjsr%om tions may contain a wde variety of additional
conponents as AioRmageable eompasition ey e vagtagerusty inclde 98¢ prmcEe such as

th
hOSe i pRGs A0y Bk oo o fiof 10 BBl MELAERBRIHABAY O AR BFT
Pr ocessi n@xamptds@fpumabie phgticibdre mtmjepbmttar@ﬁou limited @, pl@uhulatet este grpnner .

In a typigal hot oi mageabl e conposi onla er, either forned
from a |y|p & lgﬁt?lalate dlheptylghthalate di%ctylphthalatg,pdlallylphthalate glycols (e.g.,

polyethylene-glycol, polypropyleneglycol), glycol esters (e.g., triethylene-glycoldiacetate,
tetraethyleneglycoldiacetate, dipropyleneglycol-dibenzoate), phosphate esters
(tricresylphosphate, tripheynlphosphate), amides (p-toluenesulfoneamide,
benzenesulfoneamide, N-n-butylacetoneamide), aliphatic dibasic acid esters (diisobutyl-
adipate, dioctyladipate, dimethylsebacate, dioctylazelate, dibutylmalate, triethylicitrate,
tributylcitrate, triethylacetylcitrate, tri-n-propylacetylcitrate, tri-n-butylacetylcitrate, butyl-
laurate, dioctyl-4,5-diepoxycyclohexane-1, 2-dicarboxylate, glycerinetriacetylesters.

Additionally, the photoimageable compositions may contain a wide variety of
additional components as are known in the art, including additional polymers, such as those
which might be used to effect a final hardened cure of a solder mask, dyes, color formers,
stabilizers, flexibilizing agents, fillers etc.

Processing of the photoimageable composition is in a conventional manner. Ina

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



conposition or transferred as a layer froma dry film is applied to a
‘copper surface of a copper-clad board. -The phot oi nageabl e conposition | ayer
is exposed to actinic radiation through appropriate artwork. Exposure to
actinic radiation polynerizes the nononmer in the |ight-exposed areas,
resulting in a cross-linked structure that is resistant to devel oper. Next,
the conposition is devel oped in dilute al kaline agqueous sol ution, such as a
1% sodi um car bonate solution. The al kali solution causes salt formation

wi th the carboxylic groups of the binder polyners, rendering them ol uble
and renovabl e. After devel opnent, an etchant may be used to renove copper

f r om t hos eompesitiomhetranstéreedrassi layer\from a dryofiloa, is applicddy afcopperrsyrfacqefiat ed

Chr et . Cofock STRH RS, TS0 algbiF b SPSR YR 5k 8 %8S B i, on
resist si q&n@#ﬁ %%g\l}vbgﬂmadh%ﬁ@ F¥gokure %o 6QRIE Fadbdtiohobfmerizes the mof{aﬁer in the

i nvention w | described in greater detail "by way of specific
exanpl es. light-exposed areas, resulting in a cross-linked structure that is resistant to dé¢veloper. Next,

Exanpl es A base phot oi mageabl e conposition was

f or nul at e?‘ ( Corgqasitgqtﬁls‘\s/%v‘%mgﬂ il

W ?/f:; 15 ARGRAk ¥aRousd bol iR SubEAS @ £%0sodiueh cdtbbdrasoluian cTHEAIRM SaEdGET V1 i
acl

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 remaining
resist is then removed using an appropriate stripper.

The invention provides a fine line (less than 75 microns) resist sidewall which adheres
well to copper surfaces.

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



(Acid No. 150, wt. average nol ecul ar wei ght 80,000) 2. Ethoxyl ated
bi sphenol A dinethacrylate 14.4 3. Pol ypropyl ene glycol nethacryl ate
12.2 4. Uethane oligoner (A or (B)** ' .

16.7 5. p-toluene sul fonam de (plasticizer)

5.0 6. Triphenyl net hane dye

0.056 7. 9-phenylacridine (photoinitiat &P) 0.17 ¥*Conponents 1-4

cal cul ated as 100 wt % renmi ning conponents-calculated relative to
conponents 1- 4. **The Urethane O igoners have the general fornul ae:
8:C 0 C e tive) and B CH2) 6- N N (CH2) 6-R
(CH2) 6 A base photoimageable compositfon was formulatedlas foll@vsrane ol i gomer (A),
the Rs have the fornul a: NH- CO O (- CH2- CH2- O ) 5- N

6- CO- C( CH3) =CEamponent (Sol d by International Specialti edVi%

PEMVBE) 1. Terpolymenofantthykmeshicgdate; bytplacrylate niethylmethacrydicragidnu| £6.7
NH CO- O CH2- C( CAdid N0, GitiZaveragOndibdubiidycight-80@O0D- (- CH( CH3) - CH2) - O-) 5- 6- C
O C( CH3) =ClFfhoxylated bisphenol A dimethacrylate

144

3. Polypropylene glycol methacrylate 12.2

4. Urethane oligomer (A) or (B)** 16.7

5. p-toluene sulfonamide (plasticizer) 5.0

6. Triphenylmethane dye - 0.056

7. 9-phenylacridine (photoinitiator)
0.17

*Components 1-4 calculated as 100 wt%; remaining components calculated relative to components 1-

4.

**The Urethane Oligomers have the general formulae:

0O

I

C

/ \
R-(CHps- N N-(CHp)s-R

||

O0=C C=0
N\ /
N

|
(CH,)s

I
R

In urethane oligomer (A), the Rs have the formula:
NH-CO-0-(-CH,-CH,-0-), ,-CO-C(CH,)=CH,
(Sold by International Specialties as PEM6E)

In urethane oligomer (B), the Rs have the formula:
NH-CO-0-CH,-C(CH,)(COOH)-CH,-O-CO-NH-(CH,),-NH-CO-O-(-CH(CH,)-CH,)-0-); ,-CO-
C(CH,)=CH,.



The acid-functional urethane oligomer of Exanple (B) is synthesized as

fol | ows. Into aclean | liter flask are charged 0.212 liters of

di met hyl f ormam de, 67.0 grans of di nmethyol propionic acid (DMPA), and 215
ppm (based on DMPA solids) dibutyltin dilaurate (DBTDL). Under dry nitrogen
bl anket, the m xture was heated to 48[err]Cwith mld agitation. 96.75
grans of 1, 6- hexanet hyl ene diisocyanaurat® trinmer was added over a 1 1/2
hour period, keeping the tenperature at between 55C and 60[err]C.
Tenperature was nuintained for one additional hour wth mixing and then the

solution was cooled to 2Q0[err]C, and seal e und rgg).drg %i t,r%gqgg BI anket .
In a separate dihefcid-fangtional ureghane ofigpmer.piExample RIRCFIZGAASJIOYPWS.

di et hyl f or mam f W NAAALd

171 ppm DBTDL (Igﬁsecﬁiﬁ%ﬁ 1%&@%}2 arcrlshgr%ﬂ er y}sgff{raﬂb ﬁ?n xt urg %E)h eat ed
t o 50[ er r imgthyblprogicniagtiddDMPA), had 2b$ ppimi (bmdanvIDMPadshinls) dlbatydilmqll\ldm'&te
manner, a sol utlon of 174 ans, of poI ypr.opoxynononef hagr, 48 vvel ht
per equi vAPBIDIny 'Hg'ﬁ Y‘g‘ﬁﬁ:‘("éﬂgia}?‘{ @ é ’g

hydr oxyci a;rgg% SE’% @"é%gffg@mﬁﬁ L

t hen hol d?ﬁg lE’?(f’[errpera?{};le for dn a |t|ongwlég[lﬁtg)étﬁl]r&’e{;I g/régé‘gé on
product ofketping Mrenmperhtirtat bidvetrs 553G and 60 ¥C.t Temperatuabems mantained for aneow y
added over a 1 1/2 hour, period paintaining 40 45[ er

t enper at uradditionakhougpyithmiting and then the selytian Vﬁ%gwiﬂdlf%%’ pand éeg'ﬁﬂéﬁné?méry
range for ﬁ@og&%&“&@al 1 1/2 hours, then cooled to 20[err]C and seal ed
under dry arr- 12

Properties of tlae sehatacd ¢teqgedbl 2 litp meﬂswbrewhmgdé) ZjJZ\/laarsmf diméthglférnivehide;

b e . 88 2ugrams of 1,6-hexamethylecs difsocyanate (HDD) and 111 ppm DBTDL (based on HDI
solids). Under dry air, the mixture was heated to 50°C with mild agitation. To this mixture
was added in a dropwise manner, a solution of 174 grams of polypropoxymonomethacrylate
(348 weight per equivalent hydroxyl) and 0.55 grams of octadecyl 3,S;di-tert-butyl-4-
hydroxycinnamate, keeping the temperature between 50°C and 55°C, then holding at that
temperature for an additional 1 hour. The reaction product of the DMPA and the HDI
isocyanurate trimer (above) was then slowly added over a 1 ¥ hour period maintaining a 40°
- 45°C temperature, after which the entire mixture was held at this temperature range for an

additional 1 ' hours, then cooled to 20°C and sealed under dry air.



Conmponent (8)
‘of HDI
of HDI
22
48
48 38
44

7(2) 33

| socyanurate (A)
i socyanur at e(B) -

trimethacryl ate urethane
trimethacryl ate urethane

Step 7 (nj.)
38

Resolution(l) at 3Rep 7(2)

Exposure

pr opoxyl at ed

Energy for a 28

Exposure Energy for a
Step 9 (m.)

and 2x Break point(3)

Resol ution at Step 9(2)

45
25
Cross hatch(9) at
4.5

5 2
48

Stripping Time(7)
9(2), after etch

4

34.2

34

and 4x Break pgipeities of the photoimageabdélb@fipesividns adé giSerfn Tékle 1 below:

and 4x Break point

42
Resol ution(l) at Step
and 4x Break point(3)
58
36
Adhesion(l) at Step9(2)

30 Tableshq 4% Rreak pai nt
Gle@irc Bligomer Ethoxylated 2X Br eal AR@intdbifidd3)
claipaa (812t ch( 9) tristethéStyia(s uSthane | propox@iattd
k Break Point ( 3pfHDIisocyanurate (A) “'Wg@ﬁ‘*@(’ﬂ#i me(7) at Step
25 7(2) Ao BPT isopyagqrarc(B)
8iposibe BRergy for a 52 _ 2 22 29
Step 7 (mj.) Rdact i vat Pon( 10) 3
5T 1 ppln I Me( {) at sStep 50.4
Eﬁfiﬁﬁ“‘g‘?}"é? pllating 48 Tin 38
Resolution(1) at Step 7¢2) 42 _ 44
and 2x Break point(3)
Resolution(1) at Step 7(2) 33 34
and 4x Break point(3)
Resolution at Step 9(2) '
and 4x Break point 30 58
Adhesion(1) at Step 7(2)
and 4x Break point 36 45
Adhesion(1) at Step9(2)
and 4x Break point 25 30
Cross hatch(9) at Step 7, 45 5
2x Break Point (3) )
Cross Hatch(9) at Step 9, 35 5
2x Break Point (3) i
Stripping Time(7) at Step
%(2), after etch 48 25
Stripping Time(7) at Step
9(2), after etch 52 »
Reactivation(10) 3 4
Stripping Time(7) at Step
9(2), after plating in Tin 50.4 342

(1) Minimum observed in microns, resolution as equal lines and spaces, adhesion as lines
with a 400 micron spacing.

(2) Stouffer 21 solid step
(3) Developing at 30°C in 1% sodium carbonate monohydrate

(4) Puncture strength with a 2 mm radius tipped probe through a tented 6 mm hole

(5) Hot air knife dried after developing and held at room temperature, 30% RH for 16 hours
(6) After 4 minute immersion in 20°C tap water
(7) In seconds, conveyorized spray with 55°C 3% sodium hydroxide solution

(8) As a 15% by weight component of 38 micron thick dry film photoresist formulation



(1) M ninmum observed in mcrons, resolution as equal |ines and spaces,
‘adhesion as lines with a 400 mcron spacing. (2) Stouffer 21 solid step (3)
Devel oping at 30[err]C in 1% sodi um carbonate nonohydrate (4) Puncture
strength with a 2 mmradius tipped probe through a tented 6 nm hole (5) Hot
air knife dried after devel oping and held at roomtenperature, 30% RH for
16 hours (6) After 4 minute imrersion in30[err]Ctap water (7) In seconds,
conveyori zed spray with 55[err] C 3% sodi um hydroxi de solution (8) As a 15%
by wei ght conponent of 38 micron thick dry film photoresist fornulation

13 See above structural formulae for (A) and (B) (9) By ASTM D714, 5
= best (10) Sdetabové stmedtugal forimtaeifor (A)rand¥B¥> best Particularly
not ewor t hy9)By AISTM Ddcs =dest N exposure energy, inproved cross-hatch
adhesi on, (BRy)0A fdtdAdsR platingiii BhY=tbesE. 14 VWhat is

Clained is:
Particularly noteworthy are the reduction in exposure energy, improved cross-hatch

adhesion, and shorter stripping time.



1. A negative-acting photoi mageabl e conposition conpri sing A)
bet ween about 30 and about 80 w % based on total weight of A plus B) of a
bi nder pol ynmer—havi-ng—aci-d—funetdi onal ity sufficient to render said

phot oi mageabl e opabl e in al kaline aqueous sol ution,

B) between abo mmmmnmaw wt % based on total weight of A) plus B) of
an addition- zab fion- gaseous [lerr],[err]-ethylenically

unsat ur at ed corrpound(s) capabl e of form ng a high polyner by free-radical
initiated chain-propagating addition polynerization, said conponent B .
conprising between about 1 and about 70 Wt % relative to total weight of A)

pl us B) Wha@lgj(r;m[ﬁem@ ol i gomer havi ng t he formul a: X- R>2
where X is a polyval ent aliphatic, cl oali phatic or aromatic hydrocarbon

noi ety, a pol 9vé|t@a%tlwes49&lyaamtmg e eOppAStiaN OMPrisingr et , where the R's

?{\"‘1 tcge Asp?ge CC())r CY_&?e%ea@ﬂ&t@b @nd %cﬁﬁ %6%5/ B4kd on total weight of A) plus B) of a

-NH CO Amr{de@mhmmmm@aﬁ@ hifficientit GNdaFsai pdtairgtihle composmon
where m 5 = 0-1; and Y is H CH3, or C2H5,

pr ovi deddFYﬂ?panéoiPéag?thnBH‘é“%Psf%\g‘%s is'the latter of these; the A's are

the same or differ @)befidtnabsut20/a88 aBSut 70ROBRbn IRAIBWEEAt of A) plus B) of an
-[0-CHY-CHY-]- , where the Y's are the same or different and aré sel’ected
from H, addition-polymerizable, non-gaseous «,B-ethylepically ugsatigrated compound(s) capable of

ool yyorgting & higbtymer by fec-baiPal iRl el ibpacalifc fodiiE] pOGIRRRAGESL ©'

and G hasa:ﬂheng:enemd?. cdmprimhgabetween about 1 and about 70 wt%[reratii/e to total weight of A)
-0-V-0- V\/r“E‘)I‘ al Ig/ or, aromati ¢ hydrocarbon noiety and Wis an
acidic Sta reihan °°h er havigg thefomptlaci ed from COOH, SO8H, and POBHRL,
where R1 is Hor xR, Cl1-18 al kyl .

where X is a polyvalent aliphatic, cycloaliphatic or aromatic hydrocarbon moiety, a polyvalent
isocyanurate, or a polyvalent biuret,
where the R’s are the same or different and are selected from:
-NH-CO-A-O-CO-CY=CH,, and
-NH-CO-A;-[-O-CO-NH-Z-NH-CO-]-G-CO-NH-Z-NH-CO-A -0-CO-CY=CH,,
where m = 0-25; p=1-25; t = 0-1; and Y is H, CH,, or C,H,,
provided that at least one of the R’s is the latter of these;

the A’s are the same or different and are selected from one or more of:
-[0-CHY-CHY-]-, where the Y’s are the same or different and are selected from H,
CH,, or C,H,,
-[0-(CH,);4-]-, and
-[-O-(CH,);.s-CO-]-, as either homopolymers or copolymers;

Z is a divalent alky! or aromatic hydrocarbon moiety;
and G has the general formula:

Wl-S
/
-O-V-O-, where V is an alkyl or aromatic hydrocarbon moiety and W is an acidic
group selected from COOH, SO,H, and PO,HR', where R' is H or
C,.is alkyl.



15 C) between about 0.1 and about 20 wt % based on tot al

wei ght of A) plus B) of a photoinitiator chem cal system 2. The
conposi ti on accerdi-ng-t-o—C-ai-m-1-wherein X i's

[err] - N N-( I I
O=C C=0 o I“J!lel i "(]Ul U' (CH2) 6

3. The conpositio i aim 1.15herein Ais -[-O CHCH3-CH2-]1- or
[ O CH2- CHCH3-] - 4, The conposition according to Claim1 wherein m
= 0. 5. The conposition according to Claim1l wherein t =0. 6.

The conposition accey g‘l[tg,gé Qoogt? l\r;%lér B @\Qt‘%_ﬁseﬁ ot total wglght ﬁfATEﬁls B)ofa

conposi tion accordin alm ition
accor di nq;lfomﬁiluatolﬁbhemhar@istenﬁ O CH2- C( CH3) ( COOH) - CH2- o. 9. The
conposition according to Claim1 wherein G = O CH(COCH) - CH( COCH) - O

10. The conposition according to Claim1l wherein Z = (CH2)6.

2. The composition according to Claim 1 wherein X is

0

J
C

/ N\
(CHp)e- N N-(CH,)s

-

O=C C=0
\ /
N

|
(CH,)s

3. The composition according to Claim 1 wherein A is -[-O-CHCH,-CH,-]- or
-[-O-CH,-CHCH;-]-,
| 4. The composition according to Claim 1 wherein m = 0.
. The composition according to Claim 1 wherein t =0.

. The composition according to Claim 1 wherein p = 5-6.

. The composition according to Claim 1 wherein G = O-CH,-C(CH,)(COOH)-CH,-O.
. The composition according to Claim 1 wherein G = O-CH(COOH)-CH(COOH)-O.

10. The composition according to Claim 1 wherein Z = (CH,),.

5
6
7. The composition according to Claim 1 wherein Y = CH,.
8
9



