9 March 2006 - 1 METHOD OF TREATI NG PHOTORESI STS USI NG ELECTRODELESS WV
LAMPS 5 10 FI ELD OF THE | NVENTI ON The present invention rel at es?™Marghe0§6ds
and apparatus for treating photoresist materials using el ectrodel ess W

| anps. The present invention finds particular application in the
preparation of circuit boards. BACKGROUND | NFORVATI ON Processes for form ng
resist patterns on the surfaces of substrafes typically conprise formng a
phot o-sensitive |layer on the surface of the substrate, irradiating
portions of the photo-sensitive layer with actinic |light, 15 and devel opi ng
the irradiated | ayer. |f tMETHODIIOF TREATINGPHOEORESISTSSI st i ncreases
when exposed to actinic |igSING ELEOTRODECES LASLAMPSsSi ti ve-acting”
photoresist; the relatively high nolecul ar weight positive-acting

photoresi st material depolynerizes, or undergoes breakage of the polyner
bonds, upog exposure to actinic radiation thereby rendering the treated

conpound easily 20 di ssol ved by Fqg}fﬁl@pi Sﬁq,llé .ﬁ@N If the solubilization
of the photoresist decreases Nmmﬁtv‘ag—nm radiation, it is
referred to as a "Mbgaréesent imaEnting refited tv eetisids ik apphrtiy trfrdabinvg

nol ecul ar wei ght, negati ve-actin terjal crasslinks upon exposure to
actinic radi agFBWr%ﬁ% m?ﬁ’ﬂ'@% 'i'Ft"qQ §F$%@dﬁ 'S Wi%mea- g—&ﬁpﬂfﬁﬁﬁ" H¥EMRL S0l ves
upon exposur eghgs Paﬁacd%v%gemmn% 'tHébP%bar%ﬁ?lfB%P&ﬁfbéér%s@re often used to

protect the underlying substrate fromthe effects of a subsequent etching
process. DBfects in the resist pattern, such as inadequate coverage over

certain parts of the substrat eBg{')Id(:ﬂ?ﬂa L?WFC)E{WJ[WM of the irradiated
—et-ed proatuctl . it

| ayer, can result in problens Frhe-€om _ Accordi ngly, is
important to enpl opreebos MirgirfiingHBSSephitémdicH #é difdcakesf stdbtragequat el y
be devel oped and that forns a unitorm|ayer over all surfaces of the

substrate to Weiglpcenrsige fproingraephetowensdivertayer e thepsurfacaphey usef ul
as bi nder resj i . | S €O it ; i oprent
of el ectroni cé@%%%'n'gﬂra@ fsa%égiiﬁ%a%&cwgéi Ho@%’%?ﬁgﬂg‘%y otrt@$m%r@%§¥®

Posi ti ve- ast i agd deseiepmgthdratiaiOaye? Hitiee sblubhizatiet ef tredphatotduist

manuf acture of circuit boards;, defects that wl in, thfi manuf agct ure

] | occur
of circuit boRFIRASEENVRENLPHROSES tPAshPIc gkt 5d§f%rree;§1%% Angosiliveadtingyr e

used as_compasROlofAidnefe BRAREH SR THOLELLPNERIR FsRvESRAng Bifdtoldsictdi ati on

of the photoresist, 1n the cas circult manuf acture, often 5
occurs t hr oughaterigl depolymesizest orundergoes bezstkagehad the @obfmenipands, upon” ar t
wor k" prevents_exposure of desired areas of, 6 the photoresist to | Lght.
SUMARY OF THETRVERNG BRI 5T LEEHETSRY e B HeAied cieipeast® o
el ect r odep@ssdisholvadby debidpthg§diatdn t [faRé sBRIbATzZaNBAIP RS pRbtor@STBOSI ti ons.
Both positive and negative photoresists can be treated according to the

present i nver@eFRases whsnExpesed txactnic sadigtien isisdafeims o as 3 "negaliveri vel y

hi gh nol ecul DOSH L F QR I X ynerizes

upon exposur ??tmhh%}ﬁgge%\éemgweﬁmwH@\%@“%’?‘gé{&? Hgbgﬁ‘@e gg@‘ﬁél ng the

overal | nol ecmbteriaberaistinkd updre etbosioapo sictinieradiBtion aod, thus itphthenest st
easi | y di ssol ved

conposition that i,.s exposed,to U/ light 1is therefore r
by 5 devel opi HEAEHICORRRG Rt HESOMRRHEPD EXPHESSLICLNG HeGEIaniaD ERNHOR: ¢ | on
that has bgen exposggoresidty dré%ﬁbn'u%e&qa@;{g ct tl-n'é!e&?dérm S QA8 g thé N

contrast, are relatively | ow nol ecul ar t conposi s that crosslink
upon exposur eeffectt)of hisghsequerft@tehing ghocesise efacts iadhewegibt pattdrpnsuch The

material that_is not crosslinked i.e. that ich i ot .exposed to W
Taht. i's rorbYRECREP ARG MR DL bads of oo praedfior IEASRe | no
particul ar apgevel@irmhent fithé eadlaRRARGE!, @AnPESUIEIrESIobRIFhE irftHeCrhpRe&] ds. To
this end, the present invention is further directed to apparatus and

net hods for niRAHEL aAesardioply. Boairaponwitite enmploy acpfueresistivivasst irradiated

pos ¢ i ve- S0t | RGBT PRl BRUCVRARE i pER AP R B R

circuit boar dsurfabee of ¢ sgiestelianaeberbfdater of positive photoresists are
often superior to ne%ative, photoresists, with fewer nechanical defects. In

addi tion, positivePkRlerangtivepobirearsare partiatamaunsefel as binder resins in
photoresist compositions employed in photodevelopment of electronic

components such as circuit boards and other products. Positive-acting resists



30 better than their negative counterparts. The energy needed to break
bonds in 9 March 2006 -3 the case of positive photoresists is t§pfaehiqo
much hi gher than the energy needed to form bonds, or pronote crosslinking
in the case of negative photoresists; this increased energy requirenent
typically necessitates a |onger exposure tinme to the light source. This
can result in a much longer 5 manufacturing tinme per piece, particularly
when using autonmated systens. Thus, notw thstanding the benefits achi eved
with a positive photoresist, because of -tdre extended exposure tine nass
production of circuit boards and other products often favors the use of
negati ve photoresists. The present invention addresses this issue. Because
el ectrodel ess UV | anps operate at a 10 higher intensity, their use nmay

si gni fi cant| yareesfstepidierradiniiie mhnllédcyrB et direuit boardd, defédts dhatngilipesuk | ve
phot or esi st s, BRI EF DESCRI PTION OF THE FIGURES Figure 1 is a Pal’tl ally
cross- sect i on@dhe seanufasture 9f@W'ﬁ\‘b%ﬁ‘f@@@ﬁé@@é@éﬂé@é“@@"lF&F&Vé’nﬂc@ﬂergy
Sour ce_accor deatt 8rd 165 e SBRindr0Y EWHRA nedlifl!fnfe rBs RGBT oTid oW of
an apparatus according to one ‘"enbodi nent of° th resent "I nvention.

DETAI LED DESGREEtON obfhd bIEotdWEb[l'hméﬁa@ef cprc&stdxﬂard mnanmﬁaoturesofmn ect ed

to a nethod for treating a photores on co (ising sing the
conposi ti og t%%ﬂﬁz{waﬁaﬂl ghp! aéi'%EPV o‘g? s ﬁs‘ishios %&nner,
the phot or es'\ﬁBrH"%r@O@Q§§gp6QJr@cﬁ%&reb%%é@hf‘&e%ﬂotﬂ@sait't@ﬂ\?ﬁ% I ght
in the 100 to 450 nanoneter nm') range e exposure shoul d De at a
dosage sufficient to effect the treatnent, as 25 further discussed bel ow.
As noted above, the nethod fi @M@&M&i@;eat ment of both
positive and negative photore f rence to a positive
phot or esi st refer sm@ﬁ@seﬂsufventl@n i&/dwastbatd Bk 68e a$ el tRideaSs UV lamps

depol yneri zation of t hot oresi st material, or increased sol ubilization

of the r&dj e effert tfaatlmagof photosgsistasnrepesitians eBath RSty BBH @60ative ef ers to
exposure to t oresi st
material, or 3‘8‘*% ﬂsq%%%%f%e@?@%g?@gﬁfﬁ’tem%ﬁ% %Eiﬂ vBa &Eh}e\ res?%t Thus,
treating or tresst msndhsgmmdadbqpe lseéeelst:tf@yeﬁgremmeé@lar WBfg"rﬂzcempesutnn
solubility between the ort i .phot or esi st ex;g W to radiati on and
Che por i on cuc s SRobERs I el masisairartarRas fo Byt abl o
positive phOtﬁHl?x%leFboﬁ@é‘b%ktthé?élﬁﬂre@‘ﬁﬁ tE;CihBQ)vbﬁaaﬂ Rdled£SRBIghTBE theds -

Exanpl es of suitable positive photoresis ounds are descCribed, for
exanpl e, 1 u:cfsnpmmtyntTh@poseve@momeslsspdmspsmgn tbatrig lexpesed te LBOtghtas:

5,489, 714 and 449 834 Pos|. t| res are availa for xanpl e,
't om PPG 1 nadsEneigre e ey digscbiaet BY A HVhelle Bona d s biimst 5

| mage Pl us(r)theipaetion &lﬁﬁb'o%fnhp’osu@dWlf@#'hTanﬂe@n@GﬁisequWllghﬁslrémwéﬂ be
used accordi ng to the present invention. Such conpositions are descri bed,

for exanpl e, Negatyephabaresists.\p sonbash are geativaly dove Tanlseeiar Weghti ve

hot or esi sts
R/arl boroI Nasc?arﬁ%usetisﬁlgﬁé C%L?gﬁr;( %&thalo%ﬂ%lgg%ﬁﬁ?at@ﬁﬁlﬁgﬁ H@%@@QSSQ 15
di scl oses2(h swueighbpalyeieest The epateriabihiae ispiattopoesdlinked coeqthat whizh. is ot  of

these patents and th ferences cited th re he eby incorporated by
ref erence. Tr%"ﬁ@ﬂ& g’f\}ﬁ » IsHEMAvES| ”'\gst Aegg?%ngﬁ ®kposure to W

radi ation generatmggh {;fee%@n‘eﬂ%@dg fr&ﬂﬁbﬁe@a%ppm'onmeme dr@ﬁﬁ’ﬁatu@h f
commercially 20 available, for exa rom Fusi on UV Systens,

Gai t her sburg, elqumfanuk;uutsb@arrdas 1fcht:ims anpsthie pre senmtrin FETEH 'e\fuﬂhwpdlse;.deém

i ne. Electrodeles UV |,a re al sp. avail ah fro [C ubsi di ary
of " Nor dson. RnrepLAuS gnp dhe g Snlmaking f i Bosiet SHIRIRE Piestrlder ess

bul b is @5(C|lﬁﬂ§hﬂ@>h |Blcﬂ'6cfeHQBHﬁ@Qbédﬂﬂnéh9W&h%th%é a«m hbgsgtijg om a
magnetron. Bulb 25 ignition is achieved by a snmall |ow préssure mercury
vapor | anp | dduit@esisks wosiva-aatinggpiaderesists ere aﬂeapeefemrlniheve W light,

power it i n TR aaEERe ot BLHPRo e T YRt e GeER P pOFRYE - cat i ng

t he phot or esigiotorByisksar Sitert m@radrltw rlelghti@sl phbidie STBIC With fadwr i ther al one
or in conjunction with a netal 30 halide dopant. Exanpl es i ncl ude nercury

i ndi um mer cunrgchgaieal gefecindimaddition, padve-acting photoresists often handle
30 Dbetter than their negative counterparts. The energy needed to break bonds in




-5 nercury iron bulbs. Metal halides wthout nmercury can also be used in
such lanps. The bulbs are commercially available in a variety 8Maglti®oper
inch (wpi), such as those ranging from300 to 600 wpi. It will be
appreciated that different comrercially avail abl e bul bs have di fferent wpi
values at different 5 wavel engths. A bulb can be selected so as to have the
maxi mum wpi val ue at the desired wavel ength or wavel ength range.

Typi cal ly, when turning on a conventional .UV | anp, an el ectrode attached
to the bulb or a gas inside the bulb is bdrned up or consuned. This
consunption eventual ly necessitates replacenent of the bul bs. Because the
10 el ectrodel ess bul bs of the present invention are "turned on" by neans of
excitation, nothing is consuned that would shorten the life of the bulb;

t hus, the elbetcaseadfgesitive ghattresists hadlypimﬁy mouch higheputhaklthe @aeapher UV

bul bs.  Thi dvant ft Fi
Shove' a sui ¢+ AT BLPTDHanESeSUVARE sramsiakingai the cabe Stnedaite,n © ©
schemati c for,ﬁhotWéshstgqh%r.ﬁafé%sbe éﬂe@ ﬁ‘eqlmeﬁnéntqg]ﬁwwe@eg%it&@@ a

el ectrodel ess di scharge |anmp 2, ted 1 nside housi'ng 4 having
refl ector nedRBIE! expagave tige @éhe hgbt awraehadms camegpdtinenmughdengsiri ed wi t h

Phar i s our acietRPEuiaARbY pht pirk eGP ARERDAMGT PG A BhBled sPerE Tong 20

m crowave magrtais, hotwithslanding ok bagefits a%hné\}éu&wﬂi h pegitiveqhtaregistagnet i ¢
field, the g}shln the el ectrodel ess discharged lanp 2 is_excited, so as to

radi at e ul t r REGUSE of thghexteadad sixppaweime tﬁ"éasér?@ﬂlécﬁ'(?ﬂ pf gfpuit hoardg and

radi ati on emalabi Hb ‘?f”ﬁ’ zf'@att h esi st
conposition to %eﬁt rdéjg%?cﬁ |V§rs'|cg1@tl3?% élilatlq ﬁgr%h%%gﬁég rg??@%&

means 6. |t whventms agressdsathixisshat %caua@eremrbddlefsfsdj\éﬂﬂmpebpecaterataand a
variety of.,cqnfiqguratigns, can be used t rec UV radi nto the
bhot or usi 10 * pbAtpBinstranbEdig mas Aoty Srducr e ampan i exbPrway
for —exanpl e tirhé fd¢ tieatifgpRRitiishot Ssekists 130; 5, 962, 860 and 5, 832, 362.

Al t hough those patents discuss different applications with di ffer ent

obj ectives, the 30 concepts of directing the radiati on woul d be rel evant

her e. Dependl ng on the 9 i f the user, the
apparatus taught in these'\§11E< IQIFpﬁ g eof, could be

useful for carryi ri@g@neutsrnepaﬂ@wmos@éémmedl§ch/unhénd)eue&mfrml ated that W
light is jn the ra egéa of agprom mately 100 to 450 nm_ The wavel engt hs

above abolf #i&ct B QY lEpan ew&veﬁep@:er@@corémsrteéh@ REESGIDIEBdPa: s
According to the figgens .sn.—pgas%% vichy B} oS lRshahlibgl depose the
photoresi st to an ray of wavelengths In range, Sartlcul arly the
320 to 380 nrembedjmenhnbtheleseniolentom.no desire to f| |ter out any of the
wavel engths in this range. The "D' UV el ectrodel ess bulb comrercially
~available from Fusion UV Systens is particularly well suited for 10

delivering W light in DETALED DESERIPTIORNIE THE INVENTIONAPPT €ci at ed,
however, that certain substrates will be covered wth, for exanple, glass

gnfj/ or ll;/;ﬂchr duri J@Wﬁé@'ﬂﬁr‘@"@@i@h’é directesiicaa mﬁih%tpretseaat'mg@gh@tor%wstgu on.
P11 ter ad_out COBASSIRn cfilriiha ERBG0HL 86 B8 bBSuRR IS FadabiBh S0BF 8 e <

Will 15 not letedtmuetess. UV arap. éxtas uignded, tieviHotogsis iDekysan tabigut, 280 and
450 or aboutm:i& and 450 are g(grtl cul arI rel evant to nany applications of

the current! ipa dut pptlingted & light ihen qor‘@af’tﬁ%'h@”%ﬂeiqﬁé MPROTBRERi st i s

effected can r he

t hi ckness of T‘gﬁ%eé&é)hotﬁggé}g?mg bgrbéépan %eﬁg‘h%ﬁtt % to |cﬁﬁ€rﬂéa£

phot or esiZx Iflﬂ‘tlmIdeSMSEﬂ bedawe Asarotégphabboe Sbeeﬂéthodffmds dppiitateoraimothet  of
actinic radl gﬁ |redt? effect treatnment of th ghotoremst film
Phot o speed Jeatmeate hath positivaiang negativs abatorasisis | {Trenient fefeterence
centineter?2 / t of

bet ween aboug@% ﬁzﬁﬁg?\]{g Wté@@'sﬁrﬂ?i@%%ﬁ% %?846% rﬁlgw‘%@éél 25% or
about 400 rrﬂ,depelymer[zee@n at thasalsmtomismmateaalvﬁndamreise:d golt:blltzatﬂ@dbblmt er,

St andard Probe. %‘2 I‘CI al Itg obt ai hed from El'S,, Tukw | a,

Washi ngt on. [%% ”ng? PIRNSE 1P 1RRedrlve PLOIORES ISt FRIBTsMQ $XPASYIR Fhrent
from ot hep W?ﬁﬁéﬁﬂrﬁé&as to BHES d’f’o&&hnglr% éfahel @td?ggk?f’nsaté'ﬁélng the same
type of probe -- can be significantly feren than t he val ues achi eved
30 with the EIS product. It will be further appreciated that the dosage
given 9 March 2006



7 above is that to which the photoresist itself is exposed. As noted above,
artwork or masks nmade of Mylar or other materials will absorb sBMrgr200he
W radiation, as will print frames made of glass or glass and pl astic.
These factors should be accounted for when determ ning how to adm ni ster
the 5 appropriate dosage. Thickness of the photoresist should al so be
considered, as a thicker coating will typically require a higher dosage of
radi ati on. The appropriate dosage to use for a given application will be
readily apparent to those skilled in thetart. The dosage needed to effect
treatnment results fromadmnistration of a 10 particular intensity of
light for a particular length of tinme. A dosage of about 400 mlJ/cnR as
descri bed can be achieved, for exanple, by exposure of the photoresist to
W radiation d@tr@mrigwtrermjmwtqfofm@rwsmmsy r8ating bt treatrhentgenerally
centineter2 ("mWcn2)) for five seconds, or an intensity of 40 mNcnR for
ten seconds re@f%t%?ﬁ%ﬂ'“ﬂcﬁs‘é'gérm g sRlubiityibepueen thepattiongfdne ng

appr oxi mat el o) fﬁgg f 2Ridthots of ten
desired to mﬂ#ﬁ%rzgsme ad tBnt @Ia‘r?]\;gqlﬂép% whi ¢ g‘tstpg tment 1s g?fect ed, the
intensity w Ielxpgeerbtcatdd}etlohe hi gh enough to deliver the necessary dosage in

the desired tine, ,such.a about five second n |es Lt . wWill further
be apprem%at ed thé&ny 6?&%‘6"@ 'B'é‘?t\%eeﬁﬁs"tor?éﬁ?‘? {jﬁ egrﬂfcloﬁ na38 e, ot or esi st
is related t%réélﬁlt tRBES, { ¥xamplexSdf JuRtable bé‘snfﬁh@ph@%ﬁéﬁ@t c@ﬁﬁ@é@dsaéﬁe

intensity is inversely proportional to (distance of Thus, the

di stance at deh¢iEred her elample ol & £ atent féﬂﬁ) g, 30908895973@ 479, 5 T5h0B8; t he

phot or esi st td.pg the
fosi red dos 200 M LT grd S e bR RO RGEANRRIC Bl POASIE ol
phot or esi st %5aﬁmm)ﬁﬁjrﬁp@f®ﬁ'hm$h¢b§?%@| msmeﬁrl_ﬁqwmmagefﬁla@f andl BEletivel y
quick treatnent (i bout  five seconds or less) but not so close to

cause hed® déiﬁﬁ@% leq®m$ Bimidasby @@Nﬁt@abtemﬁgthe Pﬁ'&ﬁl%[ﬁétséFé‘" ('ﬁesl&?éjsed

and the appl EeeriBr e Hende SN erloR, RoT3) S BF e 36 vrtorerb i be
uni formy expeaegld, o LS. RMenBMosadi7atioss aﬁh WM’GG@ONeQBtIJéle phot or esi st
can be applied to aﬁ% sui tabl e substrate. npl es include wood, paper,

particl e boaPhotadsiplscie gomiaersially auailaple, Fﬂi\ﬁ"f@@"P[%rflf%r%h'P@Y£% pl asti cs,
and metal i Z%rmoﬁétﬂnﬁ%acﬁﬂgeﬁ haYRHRS! KBWAPRANES. PaXr 196)5,865,859
applications, such'as in em ca I'ng T ndustry, frane

manuf act USi ndischsesfasiilable elfechpdepasitmbie phetosesistmmposiiomgAplohtlesendust ry

and especially, the circuit. board industr he otoreS|s n be applied
(0" the: subsPHIATS afY M etrmiveR it faialh e terBRe momsom et Bhg. ol
coating, dogdfefertleade coating, spraying, curtain coating, and

el ectrodeposition. Such nethods are standard practice in the various arts
in which the phot dfeimentof the phataresisilis effected bymposues tntV idiationon i s
further dire 1 ppar at us
general ly coﬁ%ﬁ?rsatggd gﬁ g[e%‘rgﬁ}aiéagé Lﬁ%’%rﬂﬁp%he%ééég al?ggl{)&ré?:%l ng- r adi ant
ener gy from tahandmp‘otexarhplephﬁthasmtuv@v@temeans Gzithefdburgng a mask to

t he photoresist. % and ref] ectl n8 15 means can ﬂe as descri bed
above. The nﬁ@%'aﬂgrs% ﬁ‘@(%g‘aﬂmﬁa@lg heip FROOSHAY darerisysteaninge t hose means
standardly uggdy Eo%e&é{}i%clﬂv'tiﬂ Suﬁgﬂfsﬂ ﬂaﬁlaﬁl‘éﬁror’n'ﬁrﬁné’r‘& B Bsidlyiigral 'y, this

is an apparatus in trate conprisin hotore5|st on either or
bot h si des |SJochsamed\rtﬂmmE@hia rlmgknemlcthe gialsdasnde themé(}trodnldsatbullslajes

Th bstrate/ I d t f h d f
Ol ase w1 ar SxBRRy bish e dieBey misfovie bR ik ay e gt odn SBAONHEOT, BHE
frame, tber eppibiagiaiidses BPR iRl bR Rk b RuAPIAS Il BcaR

phot or esi st he vacuum i s rai ntal ned during exposure to actinic radiation.
Pl acenent antiehidre eaﬂantc:e dhig tagliates ishejt-wave QY tight,mihicbionifzes thecgds boar ds

typically re reat precisi 0 esol uti whi ch,.cannot be achi eved
w th o5 vur  Bimde iU cthehublpetne B nolr i Althctpohes.

Typically, tbﬁ;mn@rmb@tmtlrleae@&é@%rfr@aﬁﬁ fife phStyRRAstt Bmesard hat  hol ds
the substrate on which the photoresist is deposited during exposure to the

radi ant ener typicaliydiiad avithieeegpy gaat ¢itheraflonendi wrmongwerigy witfvalroetak

uni form ndb ayse t.h d at |chtreat i S ed is,often 30
roort and0| hARESHSSanin BB Rlculdy Slriy ARt mt i g iande °t he" iy
| anp, or 9 March 2006



-9 both, be noveable. For exanple, the support neans can be a npvabl e
nmeans, while the UV lanp is stationary relative to the support Priviaseh 2006
Al ternatively, the support nmeans can be stationary and the UV | anp can nove
relative to the support, such as by scanning. Alternatively, both the
support 5 neans and WV |ight can nove. |In any enbodi nent, according to the
i nvention, rapid and uni form exposure to UV radi ation can be achieved. It
is further possible for the present apparatus to enploy a plurality of UV
| anps positioned at various angles relatit®e to the substrate. In this
manner, uniformty of UV exposure can be further ensured. UV | anps can 10
al so be positioned both above and bel ow the substrate so that the

phot oresi st conposition on either side of a substrate can be treated. Use
of | anps bot memuoy oabdltze| Metal haligedeithaliEmaiirp3ahifidd BE kel & SUaRt I N
the preparation of _circuit boards, which are typically treated on both
sides. Fi gur é8BP8edineiRulbsarecommareially evadablapphavariety efvaltsipegined t he 15

present invenjban i fd t S i . nmeans
" The vacauepl suchh s ke tabgfla 3 odoie ot AP T i B SBReifEE
Support meangliffeyehbiepmeneally availdhiabalbsthdve diffefent wipigalles dtalifdragt 16

cont ai ns I one el.ectrodel ess U/ lanp (not shown) and neans for
directi ng%ﬁ aafag’ﬁi%}gq??'oﬁeq”ﬁﬁcf‘"éﬁﬁ $ietiRd Sorast torhavesiherRaXIMUM W valusy &t t han
20 one | anmp WéldégirétﬁWévéﬂehbiﬂ“or"’ﬂﬁ%l@ﬁgﬁrﬁraﬁgéh as one or nore |anps above
16a or bel ow 16b support neans 20. The“exposed photoresist exits the

housi ng 16 at out (Typic2lly, wiren ispimgaerue convendidral B/ kypp,coi eleettpdean be

full [ Nt i i her ef f her di d
ot hods 1 or Shanaed RoE AR 2L A HE kbR R uBe ot Lms sl 166 (e

steps of appbgnsgnptiomboeétuany Aecédshitalte SIPAdePFORBIThé BAILEU NS the
appl yi ngﬂ%f mask over the photoresist; treating the photoresist with

radi at i orl U r GiRCHREElgES hyihs ofdhe presemdl inention arenpynad ca” dygagensaf fi ci ent
t ffect thgyt; Of L j St l.oni h
p(r)\oteor ggi st. %&I{\?E%F\rﬁg%gg '—Sl%ﬁxgp I cg{a?g\}r?%z)dfst @erﬁﬁ'u\éatelgggﬁ}g? B{J@; frf’rg circuit

board can bethgyeleniyodelass UVkbube domdtheeardut asugliclap ak boser Uvanshd.i st ed

above for the_application of a hotoresist to a substrate. Particularly
sui tabl e for?Pﬁé%BFPéiﬁgksa?'? Eﬂvﬁ?tagfar‘lfg{'? Preseft fweatigny ol | coating and

el ectrocoating. ThRR: §GHOARONGURAIIN @ISURRIIELAY ISR ihgaﬂfm metal Iic
|, beryllrum cop

surface such as stainless steel, nickel, er, copper alloys,
or nixtufés ewspegrliomgahematiy fapp! iWih referafcet todFiphmet brasiistowasea sui t abl e

substrate, a.pi; Kk or mask, i.s_qverlaid on the gircuit board.
The mask pr e%%ﬁ%?e?lﬁéiocg%%%%)é'3?'?%9%(}?"‘\5‘\(/27'3&?%5 iRs7de fopsing 4 ﬁa‘ﬁBQti ons of
t he phot or esteslectdraneaissé.t Aweavd)gpide! ® sasttached b tnagsetrarP Y8 Sipp e withi ch i's
to be retained on_the circuit board and for a negative photoresists the

mask covers RPMEr RMdReiPowes syaPI 12 The sepgriatem 1hesellatesia minsawave
Typical ly, t [ga@h' | : i n uged to the
board bet vveetﬁ:gf!i priﬁ%ﬂ@gﬁgb%ﬂgﬂ%é?@bﬁi}@%géb%bga g%rﬁﬁﬁésg&qgc or the
i kﬁ, az-?@ltes@rqr?‘eavam(etmﬁeiﬂw h{lmmmg'rag Equrmm?}t}frfgmimaw_?gbega@feﬁc[} ea]t Sdb
with radiati om one,, oOr r ecl.rodel e .anps, e dose shou e
suf fi ci ent tfgeq%'f#‘&qas 'FF%%F'%OE?%[SHJ'%WW‘ZE@@.Z IFgECiRG. Sl di scussed
above regar c}iaamte@mﬁé‘gﬁeg@“ragl egﬁttﬂé%fﬁ“ﬁ@?ﬂﬁ%‘@m e to the present

met hods for naki 33 circuit boards. ause radi ometers can give
very di vergent ddd¥dadiation eatinadieg ftdre lampducan be alireciexidtosiarys thas

est abl i shed ffer Step .Tabl et "SST") for stagndardi zation purposes.
SSTis a 21-%@3%%&%&%"@8? 'Oﬁﬁaﬁwwte%ﬁiﬁ i?e‘YP&?a@!égaﬂ%ubwtt & f@liaqte’s ¢ hat
can be czfpaneans 6garwillegsagiretizted G0 @ MRBbelSESlfeldne réli QLB RS 3 Used,

etc. For positive Phot oresists, a clear value of about 5 or less is
typical |y de@riebaot eanfioaratisnstagde vseptndiseedhetlty radiatiorstd the val ue of

greater tha i (o] X i .JFhe present nmethods , achi eve these

par anet ers. th%gS%FIe%r I:)va r%ét ‘%@%Eﬁ@zgﬁi‘é{g{f' @?'&%HQFQ?“BF ar%ﬁ'ﬁf‘ﬁﬁr‘}?sq- Prthat is
"cl eared awexangiie an LeSpPatart Nos. 81 181488(5,062 860 arflfy 8B2@a20 Affdligron. The
solid value that remains represents the exposure |evel for a negatlve

phot or esi st .th@s%?@ﬁtsz@'%uSslgiffﬁf%réraﬁpﬂiﬁdmfﬁtwiﬂh difiede ntarhyectivesf thehe
phot omasiy, %Bﬁc@ﬁ‘@td?ro‘ﬁ%bﬁﬁg tHe Adistion would be relevant here. Depending on the




devel oped. Devel opnent of the photoresist filmentails subjecting it to a
devel opi ng sol ution by spraying, dipping, or the like. Any deve?gﬁﬁﬂﬁﬂmﬁ
solution known in the art can be used. For exanple, a basic agueous
solution can be 5 used for polymeric materials, such as KOH, NaOH K2C03
and Na2CO3 solutions. Usually, the photoresist filmis devel oped at a
tenperature between 0 and 180F over a period of between about ten seconds
and ten mnutes. The concentration of the base in the devel opi ng sol ution
can be between about 10 0.05 and 20 wei gh percent in water. The exposed
areas of a negative photoresist becone insolubilized, i.e. less soluble to
a devel oping solution. The opposite is true for a positive photoresist.
Thus, there is a solubility differential between the exposed and unexposed

areas of the j h vel opi ng.,sol.ution renpves one or
t he ot her. or arﬁ’rs\g%%{ %gvéeﬁ%ﬁ&%gr ‘esr gqp% zﬁg ﬂ'é‘%ﬁd@é’hesfr%%tgn % he film
are rem)ved madifieatidrizetheeatsf] cqute bie, usdiel BOEhIrpingut the pratesit nidtRodifat is
not covered by mg‘gﬁ otoresist is etched to forma circuit. Etchin

i nvol ves t he appecialed thati WK lighbistin dre rangs of apprexineatelyr 100 wi t h
he ph f
Lnﬁoﬁe?tezr23E?i“?&%’?ﬂTﬁéﬁ%ﬂgﬂétﬁﬁa%m ol 39BN REE Bl SEfAdI 4

chl ori de ol dtsating, photgresiste hAccarding lodhkalresentanvantionait vesuaiidet s or
per oxi de in chant is usuall sprayed onto the

devel oped suf&rég ect??é‘p&s‘éﬁ&?lpﬁf’?'%ﬁﬁ'atpﬁﬂ afray Ofy" lengihy i Be Yt ween
about 0 and }affe, FuicuISARIHES3EN S BQO?Mf %dttflgre FHORIEENS defredo! | M

sufficient to renove exposed copper rreta ypl ca t ween ? 1 and
20 ninutes. ﬂtﬁfe?me@@h@d@e Vga\feli@’pgthg lmﬁaslmngmvﬁihe hD’fWelactrodelesemﬂ:oyed

to renove th £il t he circuit I ppi ng
is typicall y%con 1 ggaovgh%lt’%é %ﬁéorbgyh%ﬁmgnﬁé? PQF@WW'WW@HS’QF?$&% ng
sol ution 1@ detiesnrey diuight of tH@ﬂZ@WBWﬁH‘I ra?-%(al NewRlzE appfeciateler i od of

bet ween about ten seconds to ten m nutes. rch 2006 -12 The net hods for

maki ng ci r culMPWMEY&F deateastaivisHpstrates vell peeswared withclor esamede, daszarri ed
out by usi ngah@%rg@ﬂ%‘f ﬁﬁi}?}q’%ﬁ?@drp? tt‘?@@ rdﬁ?’ﬁ%?\eﬂwd"% & H@.wfl’%&lﬁﬁ%m herw se

expressly specifi ose expressing
ranges, armubebmabmwwmmgeﬁa@amnbdepemﬂngsm thepneleriafs) byed,aaybed

"about ", eve |f the tEr%Bm does ot expressly_ appear Al'so, as used herein,
the term:’ po s FPRRL& gt gfvgve?@g;he @6955@”&?!8" APOVE. ReWBpel Yikbr s
and COIOOHWTEhﬁt béﬂn&é’d’éﬂ"—’fﬁus Bosahd RNAfBNGITR! (RIWBER JbBLEDEE Grli%50

illustrate the invention, and shoul d not limting t

i nvention i noaAROW3R0 aRAABP @re pasticriry relewgpit ¢o weyrapplicaticos bf the t hat
treat nent of s, particularly positive photoresists, can be
effected in ?mngsﬂﬁgﬁ.‘og%s than 5 seconds. The |anp used in the testi ng was

conmercial l'y obt aThedlo&agmat Whﬁjl‘pﬂﬂeéi\ﬂhertﬂwtl’f_é'mgh@l&r&@qg etfdctdiéah vy ch

contains iron-do mercury, and "H' bulb ich is pure nercury were

used. As di s@%@%ﬁ”%@f‘dﬂ? Padicular phpteresist pseguthe tﬁldﬁbmoéﬂmmtwmﬁosure
" f

times in2d !gnduresaisite IGHORE phiSiRIRIETobidA i g.gr DY ehndegp of 2

conveyor. The hol der was adj ust Qt ance
bet ween t he $p€ghi rafedsmﬁ'lecammeybmf satimiacliatich reqireddo affechttes@iatt ofn t he

t abl e bel ow with the Power Puck TM a radi oneter
commer ci al | yi'§ ﬂréa&'si ﬁ[’B BJWO&PW gedosagesigdypigally ﬁEPfeséﬁG Rhe EIS
Di gi tal Radi mm&ﬂes pedgintiietefH BrlESCY ShtMEe doIQ@e%Wﬂ%hrt?%eﬁﬁlg %St ed

according to the present invention were copper rates ad been
wire bar coaREHORSIH qibth@len &iagdt(}\/ﬂtamdao madskamigploaily hbbuke4dd mJd/cm?

| ffer Step. Tabl f test

rtvor k s T SRS B dient BTV o Fsan redrdh Ao 88 SR exposed

to each of tradidnetenustandaid PR @bd Bsn%m%raﬁgfobt@‘}fecmaﬁﬁélsg March 2006
\'

-13 substrates were passed under the bul bs on coriveyors, at speeds that
correl ated tokilaepashington; dewdtbeappprexiated that dpsagepmisasured edth. The

di fferent vl mgl and the resuylts.o ned for each panel
are provi dead ? ﬁt ﬁ?@b‘ﬁgg%@\%{%f&%ﬁﬁ S QUSRI r)‘(ﬂlﬁ’été‘g lomptergasid B¢ bot h
with same type of probe -- can be significantly different than the values achieved

30 with the EIS product. It will be further appreciated that the dosage given



5 and wi thout artwork. Wien no artwork was used, a Mylar filmwas laid on
the photoresist to account for the UV radiation that woul d nor fléMdrgh H¥6
absorbed by artwork nade fromthis naterial. Follow ng exposure, the
panels were developed in a spray developer in a 1.5 percent NaCH sol ution
at 150F. Not all of the panels were devel oped. 10 Control val ues were
obt ai ned using a high pressure nercury capillary: electrode |anp applying
t he dosage and tine indicated in Table 1. 9 March 2006 r EU) totOto O
OC'" : OMNOU) ininOtoto MV O NNctqBt CONVNr Cl ) ~' - ND) Nr M wW
Cn00000000t 0000 Ot cal) OO nvencot hat hrric' vrithenv-coric'-iri NU a) O
ECF) Fo Oo0o00O- O- Oo- OEo'0Oo0 -0
above is that to which the photoresist itself is exposed. As noted above,
artwork or masks made of Mylar or other materials will absorb some of the UV
radiation, as will print frames made of glass or glass and plastic. These
factors should be accounted for when determining how to administer the
5 appropriate dosage. Thickness of the photoresist should also be considered,
as a thicker coating will typically require a higher dosage of radiation. The
appropriate dosage to use for a given application will be readily apparent to
those skilled in the art. ' |
The dosage needed to effect treatment results from administration of a
10 particular intensity of light for a particular length of time. A dosage of about -
400 mJ/cm? as described can be achieved, for example, by exposure of the
photoresist to UV radiation at an intensity of approximately 80 milliwatts per
centimeter? ("mW/cm?") for five seconds, or an intensity of 40 mW/cm? for ten
seconds. A similar dosage would be achieved by administering approximately
15 50 mW/cm? for about eight seconds. Because it is often desired to minimize
the amount of time in which treatment is effected, the intensity will generally
be high enough to deliver the necessary dosage in the desired time, such as
about five seconds or even less.
It will further be appreciated that the distance between the light and the
20 photoresist is related to the intensity, as set forth in The Inverse Square law:
intensity is inversely proportional to {distance of light)’. Thus, the distance at
which the electrodeless UV lamp is placed in relation to the photoresist
composition should be taken into accbunt when calculating the desired
dosage and intensity. The distance between the UV lamp and the photoresist
25 composition should be close enough to effect relatively quick treatment (i.e.
about five seconds or less) but not so close to cause heat damage.
It will be appreciated that the parameters discussed above will vary
depending on the photoresist being used, its thickness, and the application.
Generally, the photoresist composition should be uniformly exposed to the UV

30 radiation.
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The photoresist can be appiied to any suitable substrate. Examples
include wood, paper, particle board, chipboard, metals, metals having
primers, glass, plastics, and metallized plastics. The coated substrates have
a variety of applications, such as in the chemical milling industry, lead frame
manufacturing, manufacture of aperture screens, the printing plate industry
and especially the circuit board industry. The photoresist can be applied to
the subsltrate by any known means, such as brushing, dipping, roll coating,
doctor blade coating, spraying, curtain coating, and electrodeposition. Such
methods are standard practice in the various arts in which the photoresists
find application.

The present invention is further directed to an apparatus for making a
circuit board. The apparatus generally corhprises an electrodeless UV lamp,
means for directing radiant energy from the lamp to the photoresist, and
means for affixing a mask to the photoresist. The UV lamp and reflecting
means can be as described above. The means for affixing a mask to a
photoresist can be those means standardly used in the circuit board art for
this purpose. Typically, this is an apparatus in which the substrate comprising
photoresist on either or both sides is placed between a mask on one side or
masks on both sides. The substrate/mask(s) are placed in a print frame
having windows of glass, Mylar, plastic and the like. A vacuum is applied to
the print frame, thereby drawing the mask(s) into intimate contact with the
photoresist. The vacuum is maintained during exposure to actinic radiation.
Placement and maintenance of the mask(s) in the formation of circuit boards
typically requires great precision or resolution, which cannot be achieved with
current apparatus in which electrodeless UV light is used.

Typically, the apparatus will further comprise a support means that
holds the substrate on which the photoresist is deposited during exposure to
the radiant energy. Because the application of radiant energy should be
uniform, and because the speed at which treatment is effected is often
important, it is further desirable that either the support means, the UV lamp, of

o |--' ra
9 March 2006
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both, be moveable. For example, the support means can be a movable
means, while the UV lamp is stationary relative to the support means.
Alternatively, the support means can be stationary and the UV lamp can move
relative to the support, such as by scanning. Alternatively, both the support
means and UV light can move. In any embodiment, according to the
invention, rapid and uniform exposure to UV radiation can be achieved.

Itis further possible for the present apparatus to employ a plurality of
UV lamps positioned at varioué angles relative to the substrate. iIn this
manner, uniformity of UV exposure can be further ensured. UV lamps can
also be positioned both above and below the substrate so that the photoresist
composition on either side of a substrate can be treated. Use of lamps both
above and below the substrate are particularly relevant in the preparation of
circuit boards, which are typically treated on both sides.

Figure 2 depicts one embodiment of an apparatus according to the
present invention. The mask is affixed to the substrate using vacuum means
14. The vacuumed print frame passed into housing 16 through inlet 18.
Support means 20 holds the print frame while in housing 16. Housing 16
contains at least one electrodeless UV lamp (not shown) and means for
directing radiation from the lamp to the photoresist (not shown). More than
one lamp can be used within housing 16 such as one or more lamps above
16a or below 16b support means 20. The exposed photoresist exits the
housing 16 at outlet 22. The apparatus, it will be appreciated, can be fully
adtomated.

The present invention is therefore further directed to methods for
making a circuit board. The methods generally comprise the steps of applying
a photoresist to an electroconductive substrate; applying a mask over the
photoresist; treating the photoresist with radiation from one or more
electrodeless UV lamps at a dosage sufficient to effect the treatment of the

photoresist; and developing the photoresist.
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Application of the photoresist to the circuit board can be by any means
known in the art, such as those means listed above for the application of a
photoresist to a substrate. Particularly suitable for the preparation of circuit

“boards are roll coating and electrocoating. The electroconductive substrate
5 can be any metallic surface such as stainless steel, nickel, beryllium, copper,
copper alloys, or mixtures thereof.

Following application of the photoresist to a suitable substrate, a piece
of artwork or a mask is overlaid on the circuit board. The mask prevents the
penetration of UV radiation to certain portions of the photoresist. For positive

10 photoresists the mask covers that which is to be retained on the circuit board,
and for a negative photoresists the mask covers that which is to be eliminated
from the circuit board. Typically, the mask is overlaid on the photoresist and
vacuumed to the board between a ‘print frame, that is two pieces of glass,
plastic or the like, as described abové.

15 The vacuumed print frame can then be treated with radiation from one
or more electrodeless UV lamps. The dose should be sufficient to effect
treating of the photoresist. The parameters discussed above regarding
dosage and related factors are applicable to the present methods for making
circuit boards. Because different radiometers can give very divergent dosage

' 20 readings, the circuit board industry has established the Stouffer Step Tablet
("SST"} for standardization purposes. SSTis a 21-step gray scale that will
provide image quality results that can be compared regardless of the
developer used, the radiometer used, etc. For positive photoresists, a clear
value of about 5 or less is typically desired, while for negative photoresists, a

25 solid value of greater than 8 is typically desired. The present methods
achieve these parameters. The clear value represents the density of
photoresist that fs "cleared away" after exposure to UV radiation and
developing solution. The solid value that remains represents the exposure

~level for a negative photoresist.




UUU 9 March 2006 -15 Table 1 (Cont'd.) Panel Dosage Readi ngs Power Puck
(mJlcn) EI'S Meter 1A 1513159 mJ/cm B 1280 C 191 V 1165 3A 7861599 Marém086 665
C 100 V 609 5A 45898 mi/cmi B 396 C 59 V 356 7A 875197 mi/cmi B 752 C 114 V
678 10A 716149 mJ/cm B 608 C 96 V 548 11A 1178354 mi/cmi B 996 C 158 V 901
13A 2427324 mi/cm B 777 C 77 V 1460 15A 1118140 mJ/cm B 354 C 35 V 668 17A
1488283 ml/cm B 469 C 45 V 877 19A 2847560 mJ/cm 8883 C 82 V 1669 9 March
2006 -16 Table 1 (Cont'd.) Panel Dosage Readi ngs (Power Puck) mJ/cnREl S
Meter 22A 716145 mi/cm B 225 C 21 V 421 23A-2071402 mlJ/cm B 640 C 60 V 1223
25A 1022204 mi/cm B 315 C 29 V 603 27A 511102 mJ/cm

After irradiation and removal of the photomask, the photoresist film is
developed. Development of the photoresist film entails subjecting it to a
developing solution by spraying, dipping, or the like. Any developing solution
known in the art can be used. For example, a basic aqueous solution can be

5 used for polymeric materials, such as KOH, NaOH, K,CO3 and Na;CO;
solutions.

Usually, the photoresist film is developed at a temperature between 0
and 180°F over a period of between about ten seconds and ten minutes. The
concentration of the base in the developing solution can be between about

10 0.05 and 20 weight percent in water. The exposed areas of a negative
photoresist become insolubilized, i.e. less soluble to a developing solution.
The opposite is true for a positive photoresist. Thus, there is a solubility
differential between the exposed and unexposed areas of the photoresist film,
and the developing solution removes one or the other. |

15 For a negative photoresist, the unexposed areas of the film are
removed. After the development, the portion of the substrate that is not
covered by the photoresist is etched to form a circuit. Etching involves the
removal of the conductive substrate that ié not covered with the photoresist
film. Etching is typically conducted by subjecting the uncovered substrates to

20 an etchant comprising, for example, ferric chloride solutions, cupric chloride,
alkaline ammonical etchants or peroxide in sulfuric acid. The etchant is
usually sprayed onto the developed surfaces. The etchant is usually at a
temperature of between about 0 and 150°F, and remains on the surface of the
substrate for a time sufficient to remove exposed copper metal, typicaily

25 between about 1 and 20 minutes. After etching, stripping means known in the
art are employed to remove the remaining photoresist film from the circuit
board. Stripping is typically conducted by placing the etched substrate in the
stripping solution at a temperature of between about 20 and 212°F for a

period of between about ten seconds to ten minutes.




B 157 C 14 V 301 29A94 ml/cm B C V As can be seen fromthe above table, the
Dlanp was the nost effective. Particularly good results were AMAr&A40

wi th Panel 19, which was 5 exposed to light fromthe "D' bulb at a distance
of 10 inches for approximately 2 seconds. The clear tine, or tine it takes
for the positive photoresist to be washed off, was achieved in 20 seconds
when artwork was used and 12 seconds with no artwork. A developing tinme of
10-15 seconds without artwork or 20-30 seconds with artwork is typically
seen using conventional nethods; 10 the_qglpear tines when using the present
met hods conpare with those when using conventional neans, which confirns
that conpl ete exposure was achi eved when using the present nethods. Table
1 provides values for clear time, which will be appreciated as the tine it

t ook the UV expos 'ti resi to be.r ed 5
substrate either \?\lnqﬁw)%g hc’\%l ?ﬂp%kﬁﬂéb% boang? QFS%@ @g%v%gg?trlres t he
clear tinme. ifveraion dablbe tarrieliout 8yulsing Be dgirardlusddseribetieibotabl et . Al |
val ues were 9 March 2006 -17 obtained by visualization. Table 1 al so

provi des dosage readings as determ ned by the Power Puck and in EI'S nodel
87 digital radio | j affn e as
measur ed by each”?@{ﬂsﬁes()e%lﬁeg@%yglé&% Cﬁﬁghﬁ%gkg%ﬁt%%%us #%ﬁstra@% n\gé%!tcﬂ

poi nt thats dlafsfthowmxpmdsmgmadues gamslen}mﬁ\tsiof percemtagesaiaydee reldaamp| e 2
Thi s exarrple he illustrates the nethods for treati ositive

phot or esi st ﬁ' % e MR pf" \éhte‘ferﬂ/'gmﬁ‘ @ﬁmqﬂﬁi‘&?le%’&g? @53?88”
substrat es Jl@sélsasl{% hetel PR ml Wrﬁe@':ssﬁneléﬁﬁﬂ) REEEI0 SfgoMRerstdi "D W
bul b, comercial'ly obtained from Fu5| on UV Systens. The substrates were
cont ai ned wi bhtmhamegelymarpandtcopolymernsanp di st ance fromthe vacuum print
tray was varied from 11l inches to 30 inches, as indicated in the tables
below. The lanp unit was al so eval uated at several angles in addition to
the normalp 15 90 or vertical positi @xaMeRg enents were gathered using a
grid superinposed_on the glass of the vacuumprint tray to confirmthe

unifornmity of thd GJPHW'HQ@P‘a&P&%aWe'mQW@dﬁé”%%%gthq’i‘ﬂ)’@“ﬁaﬂeﬂd wer e
used at O”Ceaﬁggw r?clt'b%ﬂégﬁsﬂﬁeh%%'@hﬁg wweﬁt.a@m %ﬁ%a posure times of

bet ween 5 an seconds were us expose nel s were devel oped
using a 1.5 20 percent NaOH solution at 105F. The EI S nodel 87 radi oneter
equi pped with a standard 320-380 nm probe and a four UV band radi oneter W
Power Puck TM were used to determ ne Eé%%ﬁ%inables 2-8 showing results

using varqisous parm@%a‘inplb% ﬂﬁltbQ:onTﬁWtﬁat7t’re$tﬁfer§>é@5'ﬁbﬁ)reé‘lst’sap' d
devel opment (i.e. a 15 to 11 second clear tinme) 25 was denonstrated using

the current patticutiasly Psdiverpsiteresists, mandie pecledin Higwmst ofdesothaidd0. 30 nil s

wer e exposed i on at
105F and had® g@%&t hﬁhg%q%gg%%ﬁls tgfﬁﬂg “éﬁocsolﬁégcn%}y %ﬂsecond&h | ess
devel op ti neF(8dndgvothes Bior Emm'Im'adulbtwmeh mﬁfﬁn@uraﬁ-dﬁdememmﬁ exposed

for 5 seconds had 15 second clear 30 tinme (30 second total develop tine
to a 3.0 ssTRndTHe bylky whigh ispyre seeysHry ‘é’%fﬁ)@%ﬁ“b Ag Miicussgd belpw.u %ee‘gfo

cl ear ti g <%aafeﬂagﬁsé#éﬁbezadgﬁﬁ%%qa 3§ seddhd g

The 0.30 m | secon clear“time (56
second t ot al waeydhogd ini arboltder avér. top3FB) corasegot. hEhE hdlierivvas adjoptabde in t h 10

Co a3, 0 SaTihe ‘A eChor tnsaiataaRe PamesT BebhEagy P FPRIFS SLEBPEMR can
be achi eved ygjig®at iediL4ted DRithERANBE oW, MYsahe 204 rddotddboth with the
Power Puck™, a radiometer commercially obtained through UV Process
25 Supply, Inc., and the EIS Digital Radiometer, Model 87, discussed above.
The substrates tested according to the present invention were copper
substrates that had been wire bar coated with Liquid-lmage ™ to a thickness
of between approximately 0.2 and 0.3 mils. The Stouffer Step Tablet and
piece of test artwork were laid on the coated substrate. Duplicate panels

30 were exposed to each of the two bulbs at four different heights. The coated
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substrates were passed under the bulbs on conveyors, at speeds that
correlated to an exposure time of approximately 2 seconds or less. The
different variables for each panel and the results obtained for each panel are
provided in the table below. Panels were exposed to UV radiation both with
and without artwork. When no arntwork was used, a Mylar film was laid on the
photoresist to account for the UV radiation that would normally be absorbed
by artwork made from this material. Following exposure, the panels were
developed in a spray developer in a 1.5 percent NaOH solution at 150°F. Not
all of the panels were developed.

Control values were obtained using a high pressure mercury capillary:

electrode lamp applying the dosage and time indicated in Table 1.

(D
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Table 1 (Contd.)

Panel Dosage Readings

Power Puck (mJ/cm?®) EIS Meter
1513 159 mJ/em”
1280
191
1165
786 159 md/cm?
665
100
609
458 98 mJ/icm*
396
59
356
875 197 mJiem®
752
114
678
716 149 mJicm?
608
96
548
1178 354 mJ/cm?
996
158
901
2427 324 mJd/cm?
777
77
1460
1118 140 mJ/icm*
354
35
668
1488 283 mJicm*®
469
45
877
2847 560 mJ/em*
883
82
1669
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11

13

15

17

18
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Table 1 (Cont'd.)
Panel Dosage Readings
(Power Puck) mJ/cm?2 EIS Meter
22 A 716 145 mJfem® N
B 225
C 21
V 421 ‘
23 A 2071 402 mJiem*
B 640
C 60
V 1223
25 A 1022 204 mJ/iem®
B 315
C 29
V 603
27 A 511 102 mJ/em®
B 157
C 14
V 301
29 A 84 mJ/cm?
B
C
v

As can be seen from the above table, the D lamp was the most
effective. Particularly good results were achieved with Panel 19, which was
5 exposed to light from the "D" bulb at a distance of 10 inches for approximately
2 seconds. The clear time, or time it takes for the positive photoresist to be
washed off, was achieved in 20 seconds when artwork was used and-12
seconds with no artwork. A developing time of 10-15 seconds without artwork
or 20-30 seconds with artwork is typically seen using conventional methods;
10 the clear times when using the present methods compare with those when
using conventional means, which confirms that complete exposure was
achieved when using the present methods.
Table 1 provides values for clear time, which will be appreciated as the
time it took the UV exposed positive photoresist to be removed from the
15 substrate either with or without artwork; "total time" is two times the clear time.

"Clear SST" is the results of the Stouffer Step Tablet. All values were
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obtained by visualization. Table 1 also provides dosage readings as
determined by the Power Puck and in EIS model 87 digital radiometer. It will
be appreciated that the dosage of value as measured by each radiometer are
quite different, thus illustrating the point that different radiometers give very

different readings.

Example 2
This example further illustrates the methods for treating a positive

photoresist according to the present invention. Photoresist coated substrates
as used in Example 1 were also used here, as was the "D" UV bulb,
commercially obtained from Fusion UV Systems. The substrates were
contained within a vacuum print tray. Lamp distance from the vacuum print
tray was varied from 11 inches to 30 inches, as indicated in the tables below.
The lamp unit was also evaluated at several angles in addition to the normal
90° or vertical position. Measurementé were gathered using a grid
superimposed on the glass of the vacuum print tray to confirm the uniformity
of the pattern of exposure. In some cases, five panels were used at once and
aligned as indicated in the tables. Exposure times of between 5 and 10
seconds were used. The UV exposed panels were developed using a 1.5
percent NaOH solution at 105°F. The EIS mode! 87 radiometer equipped with
a standard 320-380 nm probe and a four UV band radiometer UV Power
Puck™ were used to determine dosage.

Tables 2-8 showing results using various parameters. Looking to
Table 7, for example, a rapid development (i.e. a 15 to 11 second clear time)
was demonstrated using the éurrent methods. Photoresist films of between
about 0.20 and 0.30 mils were exposed and developed quickly in the 1.5
percent NaOH solution at 105°F and had less than 30 seconds of UV
exposure and 60 seconds or less develop time (30 seconds or less clear
time). The 0.20 mil samples exposed for 5 seconds had a 15 second clear
time (30 second total develop time to a 3.0 SST). The 0.2 mil, 10 second
exposure sample had an 11 second clear time (22 second total develop time
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to a 3.0 SST). The 0.30 mil samples exposed for 5 seconds had a 28 second
clear time (56 second total develop time to a 3.0 SST), and the 0.30 mil
samples with 10 second exposure had an 18 second clear time (36 second
total develop time to a 3.0 SST). This confirms that rapid results with high

5 precision can be achieved using the present methods.
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Example 3

10

16

Substrates prepared as described above were subject to 5, 10 and 15

second exposure times using an F-600 "D" bulb centered over a 32" x 24"

effected print area. The tamp height was 15 inches and was paraliel to the

table surface. The results are provided in Table 9. As can be seen from the

table, the exposure times and conditions gave very rapid clear times and

desirable clear SST values.

Table 9

Panel No.

Expose Time

Develop

Clear Time

2x Dev. Time

Clear SST

5 sec.

19"

38"

3

10 sec.

11"

22"

3

15 sec.

8"

16“

3+

Whereas particular embodiments of this invention have been described

above for purposes of illustration, it will be evident to those skilled in the art

that numerous variations of the details of the present invention may be made

without departing from the invention as defined in the appended claims.
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WHAT IS CLAIMED IS:
1. A method for treating a photoresist composition comprising

exposing said composition to radiation from an electrodeless UV lamp
5 comprising emissions in the 315 nm to 450 nm wavelength range at a dosage

sufficient to effect said treating.

2. The method of Claim 1, wherein said photoresist is a positive
photoresist and treating results in increasing the solubility of the photoresist.
10
3. The method of Claim 1, wherein said photoresist is a negative

photoresist and treating results in decreasing the solubility of the photoresist.

4. The method of Claim 1, wherein a mask is used over the

15 photoresist to allow for radiation exposure in a predetermined pattern.

5. The method of Ciaim 4, wherein the mask is affixed to the

photoresist within a print frame by vacuum means.

20 6. The method of Claim 1, wherein said dosage is effected by
exposing said photoresist to radiation at an intensity of between 40 and 80

milliwatts per centimeter” for a period of between 5 and 10 seconds.

7. The method of Claim 6, wherein an intensity of 80 milliwatts per

25 centimeter” is employed for 5 seconds.

8. The method of Claim 6, wherein an intensity of 50 milliwatts per

centimeter” is employed for 8 seconds.

30 9. The method of Claim 6, wherein an intensity of 40 milliwatts per

centimeter” is employed for 10 seconds.



LLO VO pO O Na C E E UhN ONrr 0O 2 a9 March 2006 -29
Exanpl e 3 Substrates prepared as descri bed above were subject t & Mpreh 908 n g
15 second exposure tines using an F-600 "D' bulb centered over a 32" x 24"
5 effected print area. The | anp hei ght was 15 inches and was parallel to
the table surface. The results are provided in Table 9. As can be seen
fromthe table, the exposure tines and conditions gave very rapid clear
times and desirable clear SST values. 10 El;?bl_e 9 Panel No. Expose

Ti meDevel op2x Dev Clear SST Tinme Cear Tine. 15 sec.19"38"3 2 .10
sec.11"22"3 315 sec.8"16" 3+ Whereas particul ar enbodi nents of this

i nvention have been descri bed 15 above for purposes of illustration, it

wi |l be evident t&0thodé appdrated fonmakingaa circhibboauhioimus substrateions of t he

details of the. present inventjon be made w thout departing fromthe
i nventi on aswﬁﬁi%éﬁofoﬁe?ﬁ ‘Sé{&ﬁ’é’ﬁg%%cemfﬁmg-g March 2006 - 30 WHAT IS
CLAIMED I'S: 1. A met hognfefdctiddefddsigvaampet or esi st conposi tion conpri sing
exposing said conposition to radiation froman el ectrodeless W lanp 5

conprising emn ssions i means fandirectingoradsmt emevgy toemsaid lampde said a dosage
sufficient to eff f%tof%%g ﬁati ng. 2. The nethod of Caim1l, wherein said
photoresist is a ‘gom ’ é otoresist and treating results in increasing

the solubility of the phehsfesafikingldmask BeaiEpho@radistt aim 1, wherein
said photoresist is a negative photoresist and treating results in

decreasing the solubility of the photoresist. 4. The method of Caiml,

wherein a mask isqused | : . for radiation
exposure in a pre!j}'ej'terﬁlﬂ%ggp%%%&eg}ﬁ&%m%gahg%%%%ngbgﬁgai m 4, wherein the
mask is abfixed to thesupgpoet oeasstd hold Said sabptraty diidirgrexpysureddgaigreans.
20 6. The nmethod of,Claim1l, wherein said dosage is effected by exposing
sai d photoresist PIAUENEII6n at an intensity of between 40 and 80
mlliwatts per centineter2 for a period of between 5 and 10 seconds. 7.
The nethod of Claim6, wherein an intensity of 80 mlliwatts per 25
centimeter2 is ehgl oyEhke Bppamtseob8tiEm B, wikere methieaslipportGneans Ghewher ei n
an intensity

of. 50 m|]iwatts per  centineter2 is enployed for 8 seconds.
30 9. The nﬁ'ﬂgﬁocgqleﬁ Lﬂ%mp'm&m-@rﬁw\fﬂ $rsity of 40 milliwatts per
15
13.  The apparatus of Claim 12, wherein the support means is

stationary and the electrodeless UV lamp moves.

14.  The apparatus of Claim 12, wherein the UV lamp is stationary

20 and the support means moves.

15.  The apparatus of Claim 10, wherein the affixing means is a

vacuum means for affixing the mask to the photoresist within a print frame.

25 16.  The apparatus of Claim 10, comprising a plurality of
electrodeless UV lamps.

17.  The apparatus of Claim 16, wherein at least one of said lamps is
positioned above said substrate and at ieast one of said lamps is positioned

30 below said substrate.



centinmeter2 is enployed for 10 seconds. 9 March 2006 - 31 5 10 10. An
apparatus for making a circuit board froma substrate on whi ch? darch2006
photoresi st is deposited conprising: an el ectrodel ess W | anp; neans for
directing radiant energy fromsaid |lanp to said photoresist; and nmeans for
affixing a mask to said photoresist. 11. The apparatus of Caim 10, further
conprising: support neans to hold said substrate during exposure to said
radi ant energy. 12. The apparatus of C ai f21t, wherein the support means,
the electrodeless UV |lanp, or both, are novable. 15 13. The apparatus of
Claim12, wherein e RIS R j del ess W
| anp noves. 14. Thieéj'apf)-gﬂﬁ)d"z@atg Béaof CI6 I;F%ITZ‘F@WI%}%W]SZ?Q%pb%%tg%p%cflfslﬁ
stationary 2@utaméitedhe support neans noves. 15. The apparatus of Caim 10,
wherein the affixing neans is a vacuum neans for affixing the mask to the
photoresist within a print franme. 25 16. The apparatus of C ai m 10,
conprising a plurajgty RimetAbE % ABRINGSScikdlil BORE-cohfprisig: apparatus of
Claim 16, wherein at |east one of said lanps Is positioned above said
substrate and at | east appyio§ aphiatotesigido ian gestracomedtiv8substrate; sai d
substrate. 9 March 2006, - ,32 18. The apparatus of C aim 10, wherein said
apparatus is fully autiR¥iEga T@?’kﬂv%&%ﬂ‘qtgrresh%ki ng a circuit board
conprising: applying areiplgis bAbtdresidNwith P5AIEAGH RERT bh Lo dhRRILALIEY
applying a.mask over the photoresist; treating said photoresist wth

radi ation from an leMctaNaRKERg eMissipasin henptd ainrg % s waelengthirange5 nm

to 450 nm wavel en . 0 sufficient to effect said
treating; and dev%%p‘?%%%%%ﬁ‘o@e%@??a%v Ctg‘grrﬁmod of Claim19,
wherein s@ d phot or esi slevebpingtisi photérésigthot oresi st. The nmethod of Caim

20, wherein said dosage is sufficient to 21. achieve a Stouffer Step Tabl et
clear value of 5 or less. 22. The nethod of Caim19, wherein said

her oi o Sai d dosae s SorTCR e Rl 1 hclein B FFpRFERls A L oy o

val ue of greghetorehiah 8.

15 21.  The method of Claim 20, wherein said dosage is sufficient to
achieve a Stouffer Step Tablet clear value of 5 or less.

22.  The method of Claim 19, wherein said photoresist is a negative
photoresist.
20
23.  The method of Claim 22, wherein said dosage is sufficient to

achieve a Stouffer Step Tablet solid value of greater than 8.



