WD 03/ 024171 PCT/ US02/ 28647 NMETHOD OF TREATI NG PHOTORESI STS USI NG
ELECTRODELESS W LAMPS 5 FIELD OF THE I NVENTI ON The present invention

rel ates twomsibads and apparatus for treating photoresistroraisezesis usi ng
el ectrodel ess UV | anps. The present invention finds particular application
in the preparation of circuit boards. 10 BACKGROUND | NFORMATI ON Processes
for formng resist patterns on the surfaces of substrates typically
conprise form ng a photo-sensitive |layer on the surface of the substrate,
irradiating portions of METHODOFSFREATING PHOFORESISTStinic |ight, 15

and devel oping the irradi QSINGBLEECTRODELESSIUNMLAMRSI on of the
phot oresi st increases when exposed to actinic light, it is referred to as

a "positive-acting” photoresist; the relatively high nolecular wei ght
positive-acting photoresist naterial depolynerizes, or undergoes breakage

of the polymer bonds, upon ex h i I ation thereby rendering
the treated conpound easily 2 PRAY BF § ﬁ-'—Ir(ﬂ&ii ng solution. If the
sol ubi | i zati on ofTHehgregbnt inventic relatesto asethowd and appasatds far teetingi C

radiation, it is referred to as "negative- acting® photoresist; the.

rel atively IRWQtAESISEMaterialsiuging %5&’&?‘%}83%1&\4 'ﬁﬁ‘psr-rgpﬁpﬁseﬁ%’?m’?fks upon
exposure to Eedd G bt 3 7R - he: +4d reated conpound
t hat di ssol ves ﬁﬁc%iﬁ%@ﬂrcgﬂ?@'ﬂfhheet;ﬂ‘%@g{é&f&nn%f &S%FE{B?(%B“IZS Phot or esi sts
are oftetDused to protect the underlying substrate fromthe effects of a

subsequent etching process. m;wwﬁmmwrn, such as
| nadequat e coverage over cer . te or inadequate
devel opnent of tIgoeEqdl RF fshmiRY FésistoFatterRS Bhithé BuRAedd 8NSubistratée

conpl eted product. Accordingly,”it is inportant to enploy a photoresist
whose i rr aditypiedlyscomariee farming aqede-sensitive thyesiongbe saface vhthe orns a

uni form |l ayer ,oyer all .. surfaces of..the sub 0 LR ect :

Phot o eact | HEBAIRraciafs pRRERs i 1he Praltarishi BiaaEiR A8 6,

phot or es{st HANBOEIbPIAGIhe TRAdIRE layerP NPthedsilebiRastivnt ofdhe phetsresist ¢
conponents such as circuit boards and other products. Positive-acting

resi sts WO (B¢@ases wheomexpssed e egtinic light itds sefesiedipaasca rrasitive-a¢ting

manuf act ur e AP g3 aﬂi, ' : oy facture
of circuit anrtgrfsesg%lrf,eﬁ\gggﬁglgély oﬁﬁgﬁ%& ene%&?l&%&%&wg’lgr"%&g?s s are
used as conpaatdtial depblgmenizgatorumdecyoeebreakage of teepolyatr bbhds, iporadi at i on
of the photoresist, in the case of circuit board nmanufacture, often 5

occurs t hr oUgfPOSUER tesactyic fﬁdé%tfqrbthém repdeing the bregted fmp €aslyr “art
wor k* pr&ewﬁstﬁmp#@gﬁpﬁﬁﬁ%dl%rﬁrﬁ% ebiublizafiPbPlePIRtofedjdyY | 1 ght.

SUMVARY e present invention 1S directed to the use of
el ect r odel esdedivasemnwben exposed to actinic radiation, it is referred to as a "negative-

acting" photoresist; the relatively low molecular weight negative-acting
material crosslinks upon exposure to actinic radiation and, thus, it is the non-
treated compound that dissolves upon exposure to the developing solution.
25 Photoresists are often used to protect the underlying substrate from the
effects of a subsequent etching process. Defects in the resist pattern, such
as inadequate coverage over certain parts of the substrate or inadequate
development of the irradiated layer, can result in problems in the completed
product. Accordingly, it is important to employ a photoresist whose irradiated
30 layer can adequately be developed and that forms a uniform layer over all
~surfaces of the substrate to be protected.
Photoreactive polymers are particularly useful as binder resins in
photoresist compositions employed in photodevelopment of electronic

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



10 to effect treating of photoresist conpositions. Both positive and
negati ve photoresists can be treated according to the present invention. A
posi ti ve woasios4171 as di scussed above, is a relatively higlrcmaisezedear wei ght
conposition, such as a polyner, that depol ynerizes upon exposure to W
light. The polyner bonds break thereby reducing the overall nolecul ar

wei ght of the 15 conposition. The positive photoresist conposition that is
exposed to U/ light is therefore nore.easily dissolved by a devel opi ng
solution. In this manner, the portion of the conposition that has been
exposed to UV light is renoved. Negative photoresists, in contrast, are
relatively | ow nol ecul ar wei ght conpositions that crosslink upon exposure

to W light to orm t hat
is not cros@% Rh@ﬁ P eﬁ“fﬁi‘?e Wﬂ?’gﬂaﬁgrem@lt%@ %%se f‘ﬁ.\/glﬁ’ﬁ'ﬁ‘%lbgu renmoved
during the geur MBhOEcRirelof cirbgit Poarizirergisiards répaldwmhtposulvepacamgl i cation
in the preparation of electronic circuit boards. To this end, hé_wgr esent

i nventi on i sesiststateusgd asceasapared aﬂﬂkﬁfh@%&at%{ﬁc?%Fﬂﬁﬂ'§tsf§fP Yeed;
C bath podiffadifin B HeSIRRERRME iRing 4S8 of ERciEbdurithbRthakind herdrf eat ment

of both positive an hot or €si st's, positive-acting photoresists
are ofterp proei:elrsrtbtbugln a gmssrmrpldsitctanver oheeti rthﬂ uséofitrdaskstios "atir f ace
characteristics of positive oresj sts ar en _superiqr .to negative
phot or esi st VOl ?WVPBMXP%EEES%%%{TGC{)@FQEQ% F’%@G‘ﬁ'gﬁﬂ,%gg&i ve- acting
phot oresi sts often handle 30 better than their negative counterparts. The
energy needed to break bonds in WO 03/024171 PCT/ US02/ 28647 -3 the case of
positive photoresists is typ&MM_m.@Eﬂ@ﬂid@ﬂ@N he energy needed to

form bonds, or pronote cr.asslinkin of Si st's;

this i ncreased eh&egﬁf PERUNY MG 'S%/SCE‘%P @ﬁﬁi‘%&% de;eess lg?qérg'ngposur e
tine to fghe tbieHbEt teatingeof pHutresmt coRpakitions. inWﬁbsilthé@ﬂd rfegativelf act uri ng

tinme per piece, particularly when using automated systems. Thus,

not wi t hst an@hetpresistseanbe treatachaespsdingitokhe Prrsant im@naﬁat drrasitite  pecause
of the eXtef}gﬁgtr %%ﬁg&t{s%g&'a%vg%sa%ﬁ yhlﬁﬂ fbleClla fwe‘igltﬂ%hﬂfosﬁ% ot her

products oft use of nega otoresrs resent

i nvention a@dlbﬁ%%%pbllymbr} mueepﬁgmaesabentsxpdwmls Wllghnp'ﬁhe)perate at a
10 higher intensity, their use may significantly reduce the m? nt of UV
exposur e t.mévm@rrb@n%@rﬁa{gtwm.re UERG ths aversl |olpeylBEWEIERRT B oN oF THE
£ SIRES 157 Whiadhitich, &rrPé‘bBéuﬂJ/é éhﬁfo?ésfistsc?d?ﬁb S4)fih 1R ReERSddedtody Aghen 15
el ectrodel ess ener source according to the present invention.
Figure 2 is mthaarbfmaimme\aasvly dfssalvedm;aa deweloamgosoium@ t ko thissnasn®ndi ment

of the prese DETALLED

present i nvéﬁ? Ip'gﬁ}’q?ﬂéfdﬂpms&t@nath%g% %) pxpp@ﬁﬁ%k@%ﬁ% %\l%%\{oe&;he
ST oy o ST AR Rk b RN TORRNIGRL D o
compositions that crosslink upon exposure to UV light to form high molecular
20 weight polymers. The material that is not crosslinked, i.e. that which is not
exposed to UV light, is removed during the developing step.

The present methods find particular application in the preparation of
electronic circuit boards. To this end, the present invention is further directed
to apparatus and methods for making a circuit board. While the present

25 invention is directed to the treatment of both positive and negative
photoresists, positive-acting photoresists are often preferred in the
manufacture of circuit boards. The surface characteristics of positive .

| photoresists are often superior to negative photoresists, with fewer
mechanical defects. In addition, positive-acting photoresists often handle

30 better than their negative counterparts. The energy needed to break bonds in



including but not limted to, light in the 100 to 450 nanoneter ("nm)
range. The exposure should be at a dosage sufficient to effect the

t r eat mentwoas/2a87f urt her di scussed bel ow. As noted above, pcrasortdsed fi nds
application in the treatnent of both positive and negative photoresists.
"Treatnment” in reference to a positive photoresist refers to exposure to
W radiation so as to effect depolynerization of the photoresist material,
or increased solubilization of the resi¥dt. "Treating" in reference to a
negati ve photoresist refers to exposure to 30 UV radiation so as to effect
crosslinking of the photoresist material, or WO 03/024171 PCT/ US02/ 28647
-4 decreasing the solubility of the resist. Thus, treating or treatnent
general ly o j i j HBF tH &nep@n t he
portion of ?'Eée%%%%f%%ﬁ%{)h@gﬁ%s%g Igt ?pﬁﬁyg%oﬁﬁgﬁgrtH@MBgrt_i on of the
phot or esi st neeted d¢o farseblonds, oagremptencroSsiinking in thetsiase g siegative phot or esi st

be t t ed or di .t th t .neth L. . i tabl
e Vive phEGIESsSlS buSinsetei e BerGy Sehy PahER el BRkriBles™) 6™ het ont
Nos. 6, 100, @l}jerexpdsurdifne %o ﬂ?elliq}ﬁ%burc%. 6Diis Q3P reSulé #Pa Fikhdodgér, 449, 834.

Positive photoresists are available, for exanple, fromPPG Industries,
I nc., in % henanufacturiog timejeempigea\patieulariywhes using adlgenated systems: nes.

Simlarly, sui I Y i - : ding to the
oresent | nvantisorot@tsfridfiplia et 2HABUR Wil BB PhoBRei! "0 1D
Pat ent Nos. Hecadde 0Bthecexlefddd éxfiddure Negammase praduattionaficirtsit hoards and
comercially avail able, for exairt'gl e, from Sgi‘gl eg Co.., gﬁ{l boro
Massachus et ohefrRrogdusisiafien fRiqis\Be kise\9f segpliye RhotQEesidtss dhiegigsent qi sci oses
a suitable d dcfﬁ? i Oopgsk LbEO Q) St a

. patents an?ﬁgﬂbﬁe er%énstcegghgi I?e 'tﬁg§éel|§§ne glrggp ﬁ%lé%ﬁ@ivn@ﬁppsgépﬁrg?by
referencd Tigherintensity, théie upbmay sighificantly esfducetthe apyoust pb bivi expasurs/

radi ation generated from E{J‘I el egt rodfl ess W lanp. These | anps are

comer ci al | YMePrieating Rositive RholresiSts fr om Fusi on UV Systenms, Inc.,

Gai t hersburg, Maryland, such as the lanps in their F600S WV | anp system

line. Electrodeless W |anps are also available fromPrimarc, a subsidiary
of Nordson, Anmherst, OhiBRIEMDESGRIATIONQFGERE FWGIHRES he el ect r odel ess

bulb is _excited high frequency micr ve energv. emtt froma
magnetron. Bul b ﬂ'ggﬁ"ﬁnfﬁ%ﬂaﬁ'?ﬁ&gﬁqs \-/%%:%\éﬁeg, %9%"?%|cg\\avé%roggsnure Mer cury
vapor | oy |deatitlesVNEmp drif éfsry9sourdd Scdordingte shes prasentvmventibh.l i ght ,
whi ch ionizes the gas inside the mcrowave bulb. The bulb reaches full

power within a fduiguecdisc schematiuvienyofiarbapRABIHS FRLELIBENG ONBr treating
t he phot or esé{ﬁﬁt’%‘#mw"?%fg{e rtetgig'qgg@%gqlorjl |led with mercury gas, either alone

or in conjun I de dopant. Exanpl es include nercury
indium nercury gallium and WO 03/024171 PCT/ US02/ 28647 -5 mercury iron

bul bs. Metal halides wilhot LEUREMOR SB A% NEENTIORMC

20 The present invention is directed to a method for treating a photoresist

composition comprising exposing the composition to radiation from an
electrodeless UV lamp. In this manner, the photoresist is exposed to light,
including but not limited to, light in the 100 to 450 nanometer ("nm") range.
The exposure should be at a dosage sufficient to effect the treatment, as

25 further discussed below. As noted above, the method finds application in the
treatment of both positive and negative photoresists. "Treatment" in reference
to a positive photoresist refers to exposure to UV radiation so as to effect
depolymerization of the photoresist material, or increased solubilization of the
resist. "Treating" in reference to a negative photoresist refers to exposure to

30 UV radiation so as to effect crosslinking of the photoresist material, or



| anps. The bul bs are comrercially available in a variety of watts per inch
(wpi ), such as those ranging from300 to 600 woi. It will be appreciated

t hat di fweresme4iconmerci al |y avail abl e bul bs have differ ercnuso2eshues at
different 5 wavel engths. A bulb can be selected so as to have the maxi num
wpi value at the desired wavel ength or wavel ength range. Typically, when
turning on a conventional WV | anp, an electrode attached to the bulb or a
gas inside the bulb is burned up or conduned. This consunption eventually
necessitates replacenent of the bul bs. Because the 10 el ectrodel ess bul bs
of the present invention are "turned on" by means of excitation, nothing
is consuned that would shorten the life of the bulb; thus, the

el ectrodel eaécﬂégsitﬁﬂ'thé sQRxPﬂﬂLoY\fF\%rregféi. FRuSUtdting G3redithent §dhdralips.  This
represents an advafitage of the present invention.” Figure 1 Shows a suitable
el ect r odel erfetd\toleffgeting aptiffereate Ibsalubility betweieorthe portiareefithef orm Wt h
reference to Figure 1, a mcrowave-_exgited el ectrodel ess.discharge |anp 2,
is fitted i RBPQ ﬁﬂg‘@ﬁpﬁaeﬁ]t% I "?%‘?( pRytio 3&&9 %ﬁm reR °3ui de 8 is
attached t OepmeHRf toGadibloguppl i ed with power from the power supply 12. The
magnetron 10 oscillates a m crowave that is quided through wave guide 8
and i nt o5housi ngAny stitable pgsiivetnheteresist gar e dragerrding toitbed in housi ng

4. By this str i LG o j del ess
i sohar ged PiasgRELAdR B BES B shiabib poybholieslsl solBofhas afd

depi ct ed bydeS@ibad; @vexample e Sl Patént INud. 611000681E5)233,4991 5,321/088p 2 can
be directed towards the hot oresi st _copposition to be treated ngs is
typi cal |y d8f90R3%; ﬁé&%ﬂj"eé‘f‘@ﬁv“%s%aRQS@yel OWrP?'Sﬁear%ﬂﬁageplﬁ that a

number of dEg&ﬁbﬁptggﬁg{’b@chﬁh&r%gIrfg:h,"iﬁrtli\éﬂ'Mi fo fRgdd BHIST ARIEIGAD be used

to direct t lon to t ot oresi st. erent reflector
confi gunet i imagePiud@ limes. aSienitielyc any editalile megatiemphetorésistitah berasedt Nos.
6,118, 130; 5,962,860 and 5, 832,,362. Al though those patents discuss
different appeording torfhe Rresendinvestiant &s@h@@mmson&?ﬁeﬁ%%@ﬁp& of

directing t &l | t : engihngian the WO

03/ 024171 P%@g%%%ﬂgépﬁggﬁ?gﬁyﬁgeasrfb‘r%eg?gﬁphg@étg%lr@ t he appar at us
taught in t phewresisterdre conmenaizlly favaiablepfor exampid, frome Shipley Qesef ul  f or
carrying out the present nethods. Jt wll be,6 appregiated a Lght is
in the rangM%‘b%‘gd\%ﬁﬁaﬁ_ﬁPﬁ?§s ?L@@\)aPSCQJSNeW_ﬁ(orR'héE&(@é@F%éP%g"#oéégabout
315 nm e Griffdedld Juiftbld a@bﬁoagéosit%ble’ tbRgsistRehiodiont SAll dckesdi ng to
the present i1 nvention, It would be desirable to expose the photoresist to .
an array of patard$ andtiesreferenices ited thergin anedharebyinsorgorated B20 t o 380 nm

range, and there would be no desire to filter out any of the wavel engths
inthis rané ETeAFE "D' UV el ectrodel ess bul b commrerci ally available from

Fusi on UV Syst engréstnizat bf tel phidtirestdtlis efiédted byaxpodOredidl UveadiagiohV | i ght
in the 320 to 380 nmrange. It will be appreciated, however, that certain
substrat es @enerated fevrar glegtrodeless U\ejaimp! dhege lanps amisPmeeialy duri ng

eXposur &qf 0 L BfarlY i"o?g;(sﬁ\b%r,] fRORIFaSioR U\ BYsterh@9h@t GHithersburg,
Maryland, such as the lamps in their F600S UV lamp system line.

Electrodeless UV lamps are also available from Primarc, a subsidiary of
Nordson, Amherst, Ohio. In general, the gas inside the electrodeless bulb is
excited by high frequency microwave energy emitted from a magnetron. Bulb
25 ignition is achieved by a small low pressure mercury vapor lamp located
behind a reflector. This radiates short-wave UV light, which ionizes the gas
inside the microwave bulb. The bulb reaches full power within a few seconds,
| producing the output necessary for treating the photoresist. Bulbs are
typically filled with mercury gas, either alone or in conjunction with a metal

30 halide dopant. Examples include mercury indium, mercury gallium, and



bel ow about 320 nmor 280 nm depending on the material (s) used, may be
filtered out. Exposure to the wavel engths of 320 nm and above, however,

will 15 meD obe24impeded. Thus, exposure to wavel engt hs bet wearusabesst7 280 and
450 or about 320 and 450 are particularly relevant to many applications of
the current nethods. The dosage at which treatnment of the photoresist is
effected can vary depending on the particul ar photoresist used, the

t hi ckness of the photoresist, 20 and tge substrate to which the
photoresist is applied. "Dosage" or "photo speed” refers to the anmount of
actinic radiation required to effect treatnment of the photoresist film
Phot o speed or dosage is typically expressed in mlliJdoul es per

between aboTErGy Tehpubs' et rafaeeianblr e el aud nERSREMELE Doo; o
about 400 mamips? Tre BOfKs a@écﬁﬁﬁﬁetb%ﬂy\ﬁvbh_aﬂeﬁﬁ)d&}ar%éldf@iattﬁlpe_r inehi onet er,
St andard Probe 320-380, comrercially obtained fromElIS  Tukw |l a

. . El
Washi ngt on. (WRD).\&uch asdhassyranging frant 300 tei6Q@ups. Kl beaprreeiateddhat pnent
from ot her g AR i Wl i,@;ﬁ% i e same
type of pro & _H%rﬂ%gwrﬁ%r%lsaﬂl&r?ﬁ %F@%W%ﬁ‘%&egigﬂéﬁh n tﬁ{ae%va d@%egghi eved 30
wi t h t he5El Wapeledgthis. A bulbiddn liesélectddeso appo havethedmakinumhepidabzeyat gi ven
WO 03/02417) PCT/ US02/ 28647 -7 ab?ve is that to which the photoresist
itself is e&'ﬁ ed wavelength op wavelength {aRae.or asks nade of Mylar or ot her

materials will a??ﬂ&élly?mngﬁrﬁill_ﬁ oM crintibhaNuVaampl bh efddtfddel r ames made

of glass or glass”and plastic. ese factors should be account ed for when
det er ni ni ngattachedatodtienbuitksora gah dnside the bplbiiabernaduger cohswredsJhis t he

phot oresi st _shoul d. al so_bhe consi dered a thicker c [ i1l gtypically
Pequi re a_ heQmUmUlsLEraFalb I Rbdes rrliacdmisb it e i, Bisdlss "r or &
gi ven appl i grRktrodeless bulte dfeiRe presemt Rvienlibn afe "fuRssEorkby hishnsroft he art.

The dosage needed to effect treatnment results fromadmnistration of a 10

particul ar exei@tiont pothing is gensemedihaweuldshartendhgtife of theibrlb; thugosage of

about 400 j [ : I exposur e of
fhe. phot or 1 €PCraTeISSs Ol At §8 Rt Rt LS R B SRR LR ot B0
mlliwatts Phis reprasenteasadvdntayé oftie pfesent inventiesonds, or an intensity of
40 MV cnR2 for ten seconds. A simlar dosa%esswoul d be achj eved by

admi ni stering apﬁkg@kﬁ’ ﬂ'e&h@W a_!LSUi@P'?rWWd? é-l!)\f)_ﬁﬂmﬁi"bﬁ?rt_ conds. Because
It is Ogﬁenﬁn%%lsre%ﬂoﬁ Osdﬁ'eﬂ'Hﬁcngrm.t %it@@%?'}??gﬁtpei Y S‘gﬂ ét’@'icggwé{}éﬁt ment 1s

effected, the intensi'ty w ener al | rver the
necessary desciteel electrbdeldsesdisehiarngertamps2)as fitted irdiderhoGsing 4sleaimgls or even

A AR R S IR T AL E A
| aht ) 2. el B P T B Db g b e T e
i n rel ati onthad is geidpd dhrougbiwavecguige Si andinte housing ide faraieg a stkamgaccount
when Ca%”' %T“lci:rg atvg%géansétlrceffjeld in housing 4. By this strong microwave magnetic

field, the gas in the electrodeless discharged lamp 2 is excited, so as to

radiate ultraviolet light as depicted by the arrows in Figure 1.

UV radiation emanating from lamp 2 can be directed towards the
photoresist composition to be treated. This is typically done by the reflector
25 means 6. It will be appreciated that a number of different reflectors and a

variety of configurations can be used to direct the UV radiation to the

photoresist. Different reflector configurations and lamps are described, for

example, in U.S. Patent Nos. 6,118,130, 5,962,860 and 5,832,362. Although

those patents discuss different applications with different objectives, the

30 concepts of directing the radiation would be relevant here. Depending on the



dosage and intensity. The distance between the W | anp and the photoresi st
25 conposition should be close enough to effect relatively quick treatnent
(i.e. abowp oBioxa7seconds or |ess) but not so close to cauveThsat2gtamage. |t
wi || be appreciated that the paraneters di scussed above will vary
dependi ng on the photoresist being used, its thickness, and the
application. Generally, the photoresist conposition should be uniformy
exposed to the W 30 radiation. WO 03.@24171 PCT/ US02/ 28647 -8 The

phot oresi st can be applied to any suitable substrate. Exanples include
wood, paper, particle board, chipboard, netals, netals having priners,

gl ass, plastics, and netallized plastics. The coated substrates have a

ot ; L . h ot . b . "l ead
{rame 5 mndPas 800 HESren At au iR batr B et ha B B %Dl e
industry apgdifcatehatietedt) eoaidrisaiisefabfer ¢atrpiigsiutthe presepit otetheds.st can be
applied to the substrate by any known nean

) / Kk . means, such as_brushjng, d I ng,
rol | coating, dbaibpemppeeciatedithalgUVdighkis indhe éWQ%PW%&N"F%?'Ya |
Lectrod v . c : ¢
O SnepoRd 40, St waVBRGH AR SHAN1S Rhard oSt bGitate Fgus arts

in which th esi’s appl1cation. esent 1 nvention is

further girgeatny photeresistpariacordifigto thekpregeat ineention, tit woaldde The appar at us
general ly conprises an el ectrodel ess

) I , f di t di ant
e o batia o Srests etitormstt 1 an 3By ofatenthe i FEUY"S adi 2t
the phot or eg] épghﬁuw | tREB2ANE c{a‘ﬂ;( r‘rrﬁ%h@@, AR (FRAE o b8 hoafesirester | bed

above. The ne or affixing a mas 0 a  photoresist can be those neans
st andar dl y fiserdbutranyhof the wavetengtha i thistrahge. Thei "D" AV plestrodelgssdallby, t hi s

bot h i doe. Famprertiell pupiRklR 18 Eureh PV SRl Rohartilor SRl Shilh Bt s '

The subgpr agfvernig(I3V ligh€intha @20 tbragd mhirhgé ! fvill B dpprédiated, ndows  of
glass, Mylar, plasStic and the like. A vacuumis applied to the print

frame, ther bowevernthatgeriain sekatiates wilt be caverediwitis dot example: glaske

phot or esi st , uwm i s i ' ri . e Il radi ati on.
Pl acenent aﬁﬂa-}r%’gi%?%ncﬁﬁgig %#?qsﬁg@@g%( QY lrl'l"'ﬁ%tt 'ﬁé%@%ﬁf ?%sn&g%dﬁtﬁg uit boards
typical |y rpelow 850@r32® nircr @89 rim, dépereiing bhithe matbiisls)usedomdyebechi eved

with 25 current apparatus in which electrodeless UV |i ght I s used.

Typi cal |y, filteredppitr Expeswie to thewavelengting pf 320 amsand abeveshaneveiayill hol ds
ypical PP ST : ; s
the subgkrape, Bé‘g%g@é&é”u.t ?ﬁgag%zgpgggét @twé§?lgﬁ§t@§'ﬂeﬁﬁe&%899ts %%%’?ﬁ%“?"t o the

radi ant ‘energy. cause on o I'ant ener
uni form andr bboal.320 ahd 450 exeel patticutartyirelevaat temanyappli€atiaredofitheof t en 30
I nportant, it is further desirable that either the support neans, the W

| anp, or WOCHAERbIEOdScT/ US02/ 28647 -9 both, be noveable. For exanple,
the support nmeangneabsigeat WWAPHEatnTBRBY the'BhbRrédist iSéifeat8) éan $argt i onary

relative to the support “neans.
depending on the particular photoresist used, the thickness of the photoresist,
20 and the substrate to which the photoresist is applied. "Dosage" or "photo
speed" refers to the amount of actinic radiation required to effect treatment of
the photoresist film. Photo speed or dosage is typically expressed in
milliJoules per centimeter” (mJ/cm?). Suitable dosages when treating a
photoresist of between about 0.2 and 0.3 mils are typically about 400 md/cm?
25 +/-25%, or about 400 mJ/icm? +/-10%, as measured with a Model 87 digital
radiometer, Standard Probe 320-380, commercially obtained from EIS,
Tukwila, Washington. It will be appreciated that dosages measured with
| equipment from other manufacturers -- even with digital radiometers using the
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



Al ternatively, the support neans can be stationary and the UV | anp can nove
relative to the support, such as by scanning. Alternatively, both the
support Swomamsstand UV |ight can nove. In any enbodi nent, patasnzzssg’ t o t he
i nvention, rapid and uniform exposure to UV radiation can be achieved. It
I's further possible for the present apparatus to enploy a plurality of WV
| anps positioned at various angles relative to the substrate. In this
manner, uniformty of UV exposure can b&-further ensured. UV | anps can 10
al so be positioned both above and bel ow the substrate so that the
photoresi st conposition on either side of a substrate can be treated. Use
of lanps both above and bel ow the substrate are particularly relevant in
t he preparag f | r Gt ¥ L fa on both
si'des. P gureol Gihebbubiich e BhgredtY eIt RphiNd A O the 15
present i nvarwbror masksmaside of Mylar aedthieo mdterialavall abserbusome of thaulM means

14. The vacuuped print, fra assed.i nf o housi 16 rough—i nl et 18.
Support neaffdiatipn, gsydl PHB{TE?I &6 ”T‘?%ﬁ@* Qlasp o 9%&&!‘#@8%‘%“?%?& ng 16

contains at E,J&f‘c?é%h%% 5 S%ﬁe&ﬁsé ESrwheh HefPmirifg halaradrainisteranas for

directing radiation fromt lanp to the photoresist (not shown). Mre than
20 one | &npapprophiateudeshge t Thicknesssifige pbotiesisbshaine also breensidesed, above

16a or bel ow 16p. support means .20, The. ' i t he
nousi ng. 16 3¢ SqtieKet Coing D Hpifa G RGEr BRSAGK BBty e 1%,
fully —aut ogghepriaf@ostigestenise f@VQrgi\Pérngriﬁplidalﬁehwme readilyhappatenttat ed to
met hods for 25 nmaeking a circuit board. e net hods generally conprise the

steps of apfhiogerskilled intle aftesi st to an el ectroconducti ve substrate;

appl yi ng a nmask r keSts ' Y- Y=y (T
rggi )altt_i gn from oﬁ}éggro g%@? ggag g(li:(??ggéetlt{aésagﬁ%bk r%nl%tgqg{mgkjgggggéﬁosﬁﬁ?ci ent
to effeqp tparticukaintensitydf light fordpaxicalar $¢ngthod tidey eA dosage bhabout

phot oresi st. WO 03/024171 PCT/ US02/ 28647 -10 plication of th '

phot or esi st 408 "@Hémgiaﬁcd.ﬂspma%%“ @&@O&e"&?- ﬁ?{f%@m{e%&ﬁm% Q?HEe art,

such as tho [ ; 5 !agpé' i f i Ist to a
substrate. Eﬁ?@%%&h@ygﬁql?gﬁgt @rmttéﬁgt pr epﬂggglrgﬂegfs(&nr"%ﬁgbggar ds are
rol | coati ngentirdetsra'mWitnet") fog fivé secends; tar@nointensity wé 46up¥emt fordepan be

Copper al | o58SS. RIS dasagp S BB AsTieg Sy AP BEhg spblRmaey

phot or ?gisst 5HA/SHP FGHALDUE BRIt sBESnd? BeS&sse iPls GRENGEired toamiflze S
overlaid on the circult board. The mask prevents the penetration of UV

radi ation t theamoanhobtimeiinmdidy treatmertiis effectedt theriptensiy wilf genarglly

Poar 0, ancBedbo Al 1 Befeiy ¥Pefay Rebdagl B AsTeA Bl glonE O 1

el i m nated ahbaftivdSedondswrieviendesk., Typically, the mask is overlaid on the
phot oresi st and vacuuned to the board between a print fr ttgr?éti s two

pi eces of gl ass, It willfutther QﬂaPW@Ciqt%Fhaééh%lé?@"?%’éﬁ%@ﬂéﬁg‘ﬁgh he
20 photoresist is related to the intensity, as set forth in The Inverse Square law:
intensity is inversely proportional to (distance of Iight)z. Thus, the diétance at
which the electrodeless UV lamp is placed in relation to the photoresist
composition should be taken into account 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.



15 The vacuuned print frame can then be treated wth radiation fromone or
nore el ectrodel ess W | anps. The dose should be sufficient to effect
treati ng wbh whesiphot oresi st. The parameters di scussed abowveTresgaesiitng
dosage and related factors are applicable to the present nmethods for naking
circuit boards. Because different radionmeters can give very divergent
dosage 20 readings, the circuit board industry has established the
Stouffer Step Tablet ("SST") for stand8r-di zati on purposes. SST is a
21-step gray scale that will provide inmage quality results that can be
conpared regardl ess of the developer used, the radioneter used, etc. For
positive photoresists, a clear value of about 5 or less is typically

desired, while fono BRgRkier OlIPhOLERISS o ay SSaink Sbypdwe Blargpigat e than

8 is typically desi e presen chieve ese paraneters. The
cl ear val ueinciydeasesd, papee, phrticletboaod, chiphard eietals trhetals baviogear ed away"

ft e t iati d .d | i | uti . h l.id |
Thar | onoy Rlimgls iR Brshis N EGaRdRRRIGY T toalsubsfaRBinarely Vo
03/ 024171 P&YAk ?df?a%@ﬁaatidn]s,llsﬁéﬁ a5 i fﬁé‘&ié}hicﬁﬂnﬁmg? rr@metg?,l |ng& fidhse

phot onmask, the photoresist filmis developed. Devel opne f the
phot or esbst manutacturing, Ivanufactace phgperturescieense the pnting plateitndostryy

can be dsecmEapbag g it f e Rl el ihiGied dp SLliel o !
pol yneric nmeasubstrate EVQHYQﬁoWﬂTheMucK%@%usmdg!\Bﬁbﬁ%, rolbEodting)s.
Usual Iy, the photoresist filmis developed at a tenperature_ between 0 and

180F over adomdpr bladsrcoglingesayipaucurtain coatingrndplgctradeprsitionesSughe
concentrati t i - ki eI ols n about
100, 05 and 38 3F aTfrt hrhCHioe R VBLRG: s WG SHiUGRRISET P00
phot or e30st filkapplcatioaol ubi | i zed, i.e. | ess soluble to a devel oping-.
solution. The opposite is truye f_o¥ ﬁ Positive phot oresj st, Thuys, there is

a solubility difP@PEBRaNLINVERtIaR s, gugeteddo AnarparatisSen aof the
hot i St ' ' ther. 15
photoresi s cuf‘dv.hl[)(?}oar@.”q’ﬂe*‘fpﬁé?ﬁ@%&;ﬁ?g)‘%g%@é’éf}ﬁbﬁ%§ %f?@?é%ﬁ'o Bes8'UV gl her

For a negative ot or esi st ar eas the filmare renoved.
After the dmeahsporditectingeadiant eoergyffrarhé¢he lemp tathe phatorésistnand cover ed by

th hot i st i hed t i i.t. -Etchi i h I
of the condieans oieenpa wash g6 Merlosbresise T T HmprReLkSBeha, of T i
Et chi ng15s fntaihe ahibeL 8 dEsdmibdoabdued Bid hidank e aMigiRYel RAskRYbat rates to 20

an etchant conprising, for exanple, ferric chloride solutions, cupric

chloride, phetaresiet canmthose reeanmstasdardly usesk inithe; gircsit raard artfer d. The

etchant is ,usually s ont 0.t he Vi c S
asual 1y at W Baapkes MRl Bl s it Eh R VA bEESustits fpiBMg, e
surface of phetoredistsin itteerfarboth sides is pldcedibativeén armasiv on @npastdesl o opper
netal, typically 25 between about 1 and 20 minutes. After  etching,

strippi ng nE@sks ARG sidesh el hessybshiate/ataskes) te piageship\aPiiMdTaBemi ni ng
phot or espst pLlihgWiihQEWE BF gfiss CMytar, plastic and the like. A vacuum is applied to
the print frame, thereby drawi“ng 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
25 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

30 important, it is further desirable that either the support means, the UV lamp, or



board. Stripping is typically conducted by placing the etched substrate in
the stripping solution at a tenperature of between about 20 and 212F-for a
peri od ofwbasmeam about ten seconds to ten mnutes. WO 03PQ2AKGA28647

PCT/ US02/ 28647 -12 The met hods for meking circuit boards according to the
present invention can be carried out by using the apparatus described
above. As used herein, unless otherw se expressly specified, all nunbers
such 5 as those expressing val ues, ranges, anounts or percentages may be
read as if prefaced by the word "about™, even if the term does not
expressly appear. Also, as used herein, the term"polynmer"” is neant to
refer to oligonmers and both honopol yners and copol yners. 10 EXAMPLES The
foll ow ng exapples are  intended to illustrate the invention d should
not be consPPILASAROYEaRIE: FGT SRATPIR, dhR SURPGT MERNS,Gan e iYaPe 15 Thi s
exanpl e was pidgnst @hfie e UV Ibhﬁi isttaRE IR relgfivd iPiHer fippdtsmeanar ti cul ar Iy
positive photoresists, can be effected 1n tinmes of less than 5 seconds.
The | anp usédtetnatively, thessupprprivmeans eanrbs statignaryandibe WY amp casingevelV; t he

whion s pureafies BiihS sPoRsiEa S Goahtibec At BRr SR bt B umst * 5 b
al | oned gdegiezing aedPOVUight Eamesove) |h dry émbediaieig, aéﬂaﬁdih?gblthe was placed in

a hol der over top of a conv‘%&r. The hol der was adjustable in the "z"
di rection; irventipritrapickandunieim exeosurgie Wheadiatiorceaybe dchigyeface was

aried as indica : kth the
Pover Packi o 1t Bos Bl for e Bféser aBparalieid EnpIdyTofaty b D
Slﬁppl yb | ncUV ambst;lmsiﬂﬁr&dltgiarimluslﬁfglwmmiv,e thtitelsuBstratéi dndisised above.
The substrates tested accor to the pres i nventi,o re copper
substrates {MANh! é@ﬁy\ﬂfwg’é‘w%%fég%@H“Efﬁﬁ?lﬂgﬂngb@%w?%cggt hi ckness
of bet wagn %%r%eg?ﬁ%é’d Qoﬁaal?d(}ﬁg%rfqhﬂélbﬁrthl bstrattl $Sthavtisd paRr&disiand

pi ece of test art wer e e coated substrate. Duplicate panels
30 wer e expoempositionarheitiferiside ofm sbiostrateaanfomitreatietlf dJsenof lngipgthath The

coated WO 03/024171 PCT/ US02/28647 -13 supstrates re passed.under the
bul bs on cof 8\}%?9% bggr%tf@eﬂébﬁféf ar%B?F@PE?{& e[ agpﬁletfls&rgp%rappﬂg?of

appr oxi mat ekic@it 564@80Whth Aresgpicalietreatetiici both siged.abl es for each panel
and the results obtained for each panel are provided in the table bel ow

Panel s were expo§igure @ depicts@ngterohodioient wlf an apparfusjacreidingta ther k. Wen

For “the 1By PiselR fverfinlt Tbsmaehbi i et sPattohg BR i ReadGe "t Tom
this materi gl Trel Vaswuntedpnstame pabsedanehsusingel 6 thevadtointst 181 a spray

developer in a 1.5 percent NaOH solution at 150F. Not all of the panels
wer e devel ope@port 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
20 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
automated.
The present invention is therefore further directed to methods for
25 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.



10 Contr ol

el ectrode | anp applying the dosage and tine indicated in Table 1. WD
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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
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

N penetration of UV radiation to certain portions of the photoresist. For positive

10

15

20

25

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 above.

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
readings, the circuit board industry has established the Stouffer Step Tablet
("SST") for standardization purposes. SST is 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 photoresisfs, a
solid value of greater than 8 is typically desired. The present methods

achieve these parameters. The clear value represents the density of

photoresist that is "cleared away" after exposure to UV radiation and

developing solution. The solid value that remains represents the exposufe
level for a negative photoresist.



LOL'") rrrrtobl() rrrrr NNOOOtoO =00000COMN NM C
MMr-- Or- MOr- 0) NMInti 0 r- Vccrrr .- .- NNNNNMMOODO
acc 0wodspiu WO 03/ 024171 PCT/ US02/ 28647 -15 Tabl e Pch@snt/2ss4) Panel
Dosage Readi ngs Power Puck (mJ/cm EIS Meter 1 A 1513 159 mJ/cm B 1280 C
191 V 1165 3 A 786 159 ml/cm B 665 C 100 V 609 5 A 458 98 ml/cm B 396 C
59 V 356 7 A 875 197 ml/cm B 752 C 114 V 678 10 A 716 149 mJ/cm B 608 C
96 V 548 11 A 1178 354 mJ/cm B 996 C-1%8 V 901 13 A 2427 324 mi/cm B
777 C 77 V 1460 15 A 1118 140 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, K2CO; and Na,CO3
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 is 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 354 C35 V 668 17 A 1488 283 ml/cm B 469 C 45 V 877 19 A 2847 560
mi/cm B 883 C 82 V 1669 WD 03/024171 PCT/ US02/ 28647 -16 Table 1

(Cont' d. )wBanmb4iDnsage Readi ngs (Power Puck) ml/cnR EI S Metrarso2/2&4A 716
145 mi/cm B 225 C 21 V 421 23 A 2071 402 ml/cm B 640 C 60 V 1223 25 A
1022 204 mi/cm B 315 C 29 V 603 27 A 511 102 mi/cm B 157 C 14 V 301 29
A 94 ml/cm BC V As can be seen fromthe above table, the D lanp was the
nost effective. Particularly good resultg-were achieved with Panel 19,

whi ch was 5 exposed to light fromthe "D' bulb at a distance of 10 inches
for approximately 2 seconds. The clear tinme, or tinme it takes for the
positive photoresist to be washed off, was achieved in 20 seconds when

Ty e e TR Roe RSP BBl Byl BB cally

seen using gREMEBH ldahEBe certib@ @it by using the apparatus described above.

As used herein, unless otherwisé expressly specified, all numbers such
5 as those expressing values, ranges, amounts or percentages may be read as
if prefaced by the word “about”, even if the term does not expressly appear.
Also, as used herein, the term “polymer” is meant to refer to oligomers and
both homopolymers and copolymers.

10 EXAMPLES
The following examples are intended to illustrate the invention, and

should not be construed as limiting the invention in any way.

Example 1
15 This example was run to confirm that treatment of photoresists,

particularly positive photoresists, can be effected in times of less than 5
seconds. The lamp used in the testing was commercially obtained from
Fusion UV; the Fusion F-600 "D" bulb, which contains iron-doped mercury,
and "H" bulb, which is pure mercury were used. As discussed below, use of
20 the "D" bulb allowed adequate exposure times in 1 to 3 seconds. The light
~was placed in a holder over top of a convéyor. The holder was adjustable in
the "z" direction; the distance between the light and the conveyor surface was
varied as indicated on the table below. Dosage was recorded both 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-Image™ 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



10 the clear tinmes when using the present nethods conpare with those when
usi ng conventional neans, which confirnms that conpl ete exposure was

achi eved wioaa/opa7ng t he present nethods. Table 1 provides pealuses296e1 cl ear
time, which will be appreciated as the tine it took the UV exposed
positive pt otoresist to be renoved fromthe 15 substrate either with or

W thout artwork; "total tinme" is two tines the clear tine. "Clear SST" is
the results of the Stouffer Step Tablet13Al |l val ues were WD 03/024171

PCT/ US02/ 28647 -17 obtained by visualization. Table 1 also provi des dosage
readings as determ ned by the Power Puck and in EI'S nodel 87 digital

radioneter. It will be appreciated that the dosage of value as nmeasured by
each radi omet 6Ly A0E weld 8ol [H8EPHe By Bnidohyardral hipddi Rai nt_ t hat
different r |orre ers give very d|f eren readi ngs arrp e 2 This

exanpl e furcbaelatéd tcsam ekpesurbeumebhaptsrokmmatelye&sec@wds @dess.i Vbe

phot or esi st a cordin esen ent| 0] (0] S| St

substrates difteraat ‘(?srg@ SnftoEfé P@”? ear|e§3 %Qggrl"fédér e&‘&"\ﬁéggfﬁ’ee ‘D' W
bul b, "commey mﬂaéd |%E%éﬂ%%él6wmﬁzéﬂ@|%eké/e? "S- UV R&diation boai wRhver e

cont ai ned WI In a vacuumprint tray stance fromthe vacuum print
tray was 5vamnddvithoutativorkc Wéen no actwiork:wgs used, aidylaeiileywas laidenthel es

he nor mal _ PY8taReo d2puA &Y i EM R RundfV BB ndRfl e Abdi0El 10, 10

grid superi IROFRELIR MAREBhARE MhtdrRe. Fallowinglixposute, alye banélerWerem t he
uniformty oOf the pattern of exposure. In sone cases, five f%orl)%l S .were

used at oncelexalopediin grapiaydevelaperingildrparrent MaPEksolutionat, miat of
bet ween 5 an The UV exposed panels were devel oped
| & Shs BEARS MagpeSeliped The EI S :

using a 1.5 Ionh at 105F. The EI'S nodel 87 radi oneter
equi ppediguv th awmwuﬂaaldegﬁiéréfﬁibtmne@ueb@ aah@haprbesmreLMehmnﬁcapjﬂamret er W

Power Puck TM were used tq determ ne dos g ﬁ%}?ﬁ QIWI ng results
usi ng vari o@ecﬂ&d&d@m@plwaamh%gmﬂe% mezindicafedipl3hie 1-a rapi d
devel opnment (i.e. a 15 to 11 second clear tine) 25 was denonstrated using

the current nethods. Photoresist filnms of between about 0.20 and 0.30 mls
wer e exposed and devel oped quickly in the 1.5 percent NaOH sol ution at
105F and had | ess than 30 seconds of UV exposure and 60 seconds or |ess
develop tine (30 seconds or less clear tinme). The 0.20 m | sanples exposed
for 5 seconds had a 15 second clear 30 tine (30 second total develop tine
toa 3.0 SST). The 0.2 ml, 10 second exposure sanple had an 11 second
clear tinme (22 second total develop tinme WO 03/024171 PCT/ US02/ 28647 -18
to a 3.0 SST). The 0.30 m| sanples exposed for 5 seconds had a 28 second
clear tine (56 second total develop tine to a 3.0 SST), and the 0.30 m|



'

)
U

CO

«0€ o€ «06 nSy qe7-040 ‘wnnoea/m (,1G) rw 00z~ € 10u0)
«8l 0t «09 «0t qeT-2"0 ‘wnnoenMm (,1Z,1) MW 0GE~ ¢ |01ju0H
«0€ Gt «0Cl «09 Jd0 .0¢ } jojuod
S¢ o€ «08 «OoF uwy Ly 'a.S°C Q. 2>
WSy SY +081 «06 Ul 0L 'a.S°C Wl (2%
w06 auob wiy-,0.2 W0G1 998 GZ'0 ~ ‘uwAy 8. 'd.S vl \Wau 6¢
~uS¥ Sy «00¢ +001 09s G'0 ~ ‘UlWA OF 'd .S'PL QA JXA
nSC 0t «06 WSY 29s Q'L ~ 'UlWAY 02 ‘A .SPL WQu G¢
nSl o¢ «0§ WS¢ 998 0°Z ~ ‘UWA 0L ‘'Q.SVL WQu 174
«0€ o€ «0E1L wG9 098 G0 ~ ‘ulw/y oF ‘q .0l Q4. (A4
wCl 0¥ «OF W02 99s 0'¢ ~ ‘Uway 0L ‘d.0l Q. 6l
wEC Gt W04 nSE 99s 0’} ~ 'UlWy 0T ‘A L0L Q. Ll
w0€ 0t «06 WS 99s G0 ~ ‘ulwy oF ‘A .S ".4. Sl
«0C V% «09 «0€ 29s | ~ ‘Ul 0Z ‘d .S WQu €l
«0€ 0t «001 «0S 99s ¢ ~ ‘UlWMY 9 'A .SVl WH. b
o4 oY WSt WGl %99S Z ~ 'UWA 0L ‘A .S'PL WH. ol
nG€ o€ WLl el 99s Z ~ 'uwAy 0L ‘4 .0t uH. L
4 09 «0lc «S01 23S | ~ 'UlWAY 0T ‘A .0 ‘uH g
T4 o€ WOll WSS 99s | ~ 'Y 0Z ‘A .S "WHu 1
T4 oy WOkl «9G-05 298 Z ~ ‘U 0} ' .S “WH. b
MY OU/M Bull] Jeajd 1SS 1e9|D auwl] |ejol awll Jesl|d sSUojipuo)d asodx3 |sued
1318vL

“ 00 °x0
N~ ~— —~
mwmwﬁca
Stmmu~ —~
ossC fDO
(mT — VV

@]
md?.GNMM
—_——— O D —~
wrmwd04aN
S8 _oZ 5~ S
SE8°-g5038
O« v ~0
v.—_a>— .00
S;menN \)(\M
0 O LC— Wm\)
— O - w w X

[ —~ O
wsmv(o_o Z
dWQ@CO,w
g 3 Q“mow
eUMOWOﬂ(N
583942 =2=
n D @0
WOW @ oD.
eanW Szz
25°0AC7
§2cV87 5,
o @
emDLCm O o
(7] ~ @ Il\n
Oﬂmt ”@ —
" S~=0"_.
-gEg,E "3
s288es]
—_ D5 =
Ec2- 2972
tgd O

I.V—\I




>11) 0X OO0 O0. OCCOU>

McOcn 0>p Uc mN c7 0))n00) -

> N co Gvpo3lok41@ L UGMcO U N O N("') E MhcncO N OPQ@/uS0ERs6@7 ~, C ) C
~COONN~ ~r- NONQ M - 0. U > m (nQU>(n<m>>CO xU>u<cco>u<cO0>t n<nD>1 WWW
WWW7 0 (0Q C EU 02 UJXZZ mU If) W 03/024171 PCT/ US02/ 28647 z

t rn ¢ ¢c mmmd, mU2 c JOmMmUWL WOmU WOmU> WOQmU> WQ m
UwQmuU>NO OO (D04 to CO CDNi®-co Cv) - OC 0)ccoCl4 ITN -

C) UN-O- ONL.O- J (n LL.

ON(,,) N(V(Dcov N)1) )f) r- E -
;000 -0 Ecl) )0O0) (n ONUU

Vvv

Table 1 (Cont'd.)

Panel Dosage Readings

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

10

11

13

15

17

19
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Table 1 (Cont'd.)
Panel Dosage Readings
(Power Puck) mJd/cm?2 EIS Meter
22 - |A 716 145 mJ/cm”
B 225
C 21
V 421
23 A 2071 402 mJ/cm*®
B 640 '
C 60
V 1223
25 A 1022 204 mJ/cm*
B 315 '
C 29
V 603
27 A 511 102 mJ/cm*
B 157
C 14
V 301
29 A 94 mJ/icm*
B
C
\Y

10

15

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
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;
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 pHotbresist to be removed from the
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



tS LL Nco ONto EINCOONN "~ p. x.00 NOO Ch WOO cf) OtiNO)N ~
NN~OLVI EdoOENOP) rH- (DZ(~OE>C) cmr CNCN ! u>mm
Qri>c QUUW DD 2EON0>V) QCU>cn<m@> a mco t cntm N W W W WCWORLZ28%u7 3
ECr,tri 0 015 C) 2 --jazz mLL WD 03/024171 PCT/US02/28647 t rnrn U X
02 U U U U NU W WM WML WML W MU WmO WK mU> ~
fV NNO OO\ rr O xNOO .- MOUMXo NCA toMDr . r.r MtoCC r

O.r. ~--"---. 0 F. r'tor NOCD\N co co-M7\- .p t Nto~~ NO)co MOOto(O V -
Or 0) NVtoCYV)'- VO) rO) M IT OU a COLOMNNNMNO NCOco U N 4CO
N-tor MN VN _IT Vv . N. \\ N. . d) . N

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

5 different readings. '

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

photoresist according to the present invention. Photoresist coated substrates
10 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
15 90° or vertical position. Measurements 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
20 percent NaOH solution at 105°F. The EIS model 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)
25 was demonstrated using the current 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
tirhe). The 0.20 mil samples exposed for 5 seconds had a 15 second clear
30 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



t0 00 -CONCOco -MA.- t-.NOO LO 0)0) oooCcOrO fI-'T .-M\ M(Or r
coO00LO0404CT ANCDCOr NN. Mrr NIt NCDG C1 4 . N N
to e- O NWD(pogi70) OR 00t NNCNO) v COCOco N CO 0) M/Usnk/zsﬁu \ r.
. r.r\ O M.NNV LD .MD toNto\ Mvh ~ch co CMto C+)\r CQ D ~CD 0)
tolesr NN. NNMO)UNOCO r MMott)r TONNN.- V FUtorr Oin N N vy uI)
COr rttoCD0O) ovMCOU4) N.. r- NV r\ r NCONO .r. .Nr. =~ C- N
coN4) - torflC) OrM—~C MMCOCO w u1®-v MCDO)CV) Nto to (Ofor NC,\/)
O NNNr MMN MIt VCONr MMh N 3f0O O r CCL Nto MO CO
EEO0OhFO)NOCUOON a) 04 NQ L 't3 C7) NE O L O4)

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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Clear SST

Table 6 (Cont'd.

Total Dev. Time

90 sec.
150 sec.
14 sec.
110 sec.
70 sec

Develop Clear Time

Exposure Time

- Panel No.
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Example 3
Substrates prepared as described above were subjectto 5, 10 and 15
second exposure times using an F-600 "D" bulb centered over a 32" x 24"
5 effected print area. The lamp height was 15 inches and was parallel 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.

10 Table 9
Panel No. Expose Time Develop 2x Dev. Time Clear SST
Clear Time

1 5 sec. 19" 38" 3

2 10 sec. 11" 22" 3

3 15 sec. 8" 16" 3+

Whereas particular embodiments of this invention have been described
15 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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-29 Exanpl e 3 Substrates prepared as descri bed above were subject to 5, 10
and 15 second exposure tinmes 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 parall el
to the table surface. The results are‘g ovided 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 Table 9 Panel No. Expose Tine

Devel op 2x Dev. . Ti ST Cear Tine 1 5 sec. 19" 38" 3 2 10 sec.
11" 22" 3 W'ilé.rs@g&-@“ﬁ%é' 3+ \Whereas particul ar enbodi nents of this
i nventi on have been described 15 above for purposes of illustration, it

will be evident to those skilled in the art that nunerous variations of
the details of tHe préswvathadifeetreating mphoteresist ecompositiontcomepising ng from

the invention _as defiped in.the,a ded. cl aj _ WD,03/ 7 .

pCT/ USoa) 2684905 gald b el i RREAE ol BecttBucsy e Blwn e
phot or esisst 100 %6 K50 Mt RANElePyiOrarerstd desay sLificienow dffeth shigl r adi ati on
froman electrodeless UV lanp in the 5 100 nmto 450 nm wavel engt h range

at a dosagetre@fifgdci ent to effect said treating.

2. The method of Claim 1, wherein said radiation is in the 280 to
450 wavelength range.
10
3. The method of Claim 1, wherein said photoresist is a positive

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

4. The method of Claim 1, wherein said photoresist is a negative
15 photoresist and treating results in decreasing the solubility of the photoresist.

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

photoresist to allow for radiation exposure in a predetermined pattern.

20 6. The method of Claim 5, wherein the mask is affixed to the

photoresist within a print frame by vacuum means.

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

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

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

: centimeter2 is employed for 5 seconds.



2. The nmethod of G aim1l, wherein said radiation is in the 280 to 450
wavel ength range. 10 3. The nethod of Cdaim1l1, wherein said photoresist is
a positiweoopbmtior esi st and treating results in increasingCtiveossbability
of the photoresist. 4. The nmethod of Claim1, wherein said photoresist is
a negative 15 photoresist and treating results in decreasing the solubility
of the photoresist. 5. The nmethod of Claim1l, wherein a mask is used over
the photoresist to allow for radiation3xposure in a predeternined
pattern. 20 6. The nethod of Cdaim5, wherein the mask is affixed to the
photoresist within a print frame by vacuum neans. 7. The nmethod of Caiml1,

wherein said dosage is effected Q?CY, .ex7posi ng said photoresist to radiation
at an intensity & betlheemelimdeiClRin 723vhdrein; amintensityof S8rmilliwatts per or a

period of bet n . he nmethod of Claim 7, wherein an
intensity Ofce\é@ﬁ}ﬁtgfﬁﬁgpﬁgo%gﬁ(&%}ﬁﬁgﬂ% ‘er2 is enployed for 5 seconds. WO
03/ 024171 PCT/US02/ 28647 -31 9. The nethod of Caim?7, wherein an

intensity of 50 m|liwatts per, centimeter2 js emt)l oyed for i? seconds. 10.
The nethod of d aitn 7, Thaeethad abClaimdnyhereipramiy 8RS yiQf 40 gl Iyatts per

centi rreteg2rdg%#ﬁ{ggépyggg{gﬁyewf&qgg&%@nﬂs’gl. An apparatus for making a

circuit boa roma su ate on Ich a photoresist is deposited
conprising: an electrodeless W |anp; 10 neans for directing radi ant energy
fromsaid | anp to said, ghotor Si and _nean fixin mask to said

: f f
photoresi st. 12. Whe QPB?R?S” tr@i'%h"ﬁg ?if,'rcf’ﬁrblo%réq ﬁgmﬁp@ﬂﬁﬂg 95 support

neans to holghigrlabHotesistiedepédited @Riding to said radiant energy. 13.
The appar at us of gai m 12, vvhg‘?wei n the supp%rt nmeans, the el ectrodel ess W

| anp, or both, aran elggpdelespMlamprhe apparatus of Claim 13, wherein the

support ans is } . . I | 15. The
appar at us” of d ai'ﬂéé’% *W%Fﬁg?%‘ség@ﬁf{ﬁ%f@?’%ﬁ@??@%&? ?H@gnéﬁgeﬁ"#g
support neans novgfy 16. The apparatus of Claim 11, wherein the affiXxing
means is a vacuum neans for affixi ngjﬁt he mask to the photoresist within a
print frame. WO OBgans: for afiixing espaskotssaid photoresist. The apparatus of C aim
11, conprising a plurality of
12.  The apparatus of Claim 11, further comprising:
15 support means to hold said substrate during exposure to said

radiant energy.

13.  The apparatus of Claim 12, wherein the support means, the
electrodeless UV lamp, or both, are movable.
20
14. The apparatus of Claim 13, wherein the support means is

stationary and the electrodeless UV lamp moves.

15.  The apparatus of Claim 13, wherein the UV lamp is stationary

25 and the support means moves.

16. The apparatus of Claim 11, wherein the affixing means is a

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



el ectrodel ess WV |l anps. 18. The apparatus of Claim 17, wherein at |east one
of said lanps is 5 positioned above said substrate and at | east one of
sai d | anpwoios/opasi ti oned bel ow said substrate. 19. The apgarnmowsséef C ai m
11, wherein said apparatus is fully automated. 10 20. A nethod for naking
a circuit board conprising: applying a photoresist to an el ectroconductive

substrat e;

appl ying a mask over the photoresist; treating said photoresist

with radiation froman el ectrodel ess W3245 | anp at a dosage sufficient to
effect said treating; and devel oping the photoresist. 21. The method of

Cl aim 20, wherein said photoresist is a positive photoresist. 20 22. The
nmet hod of Claim 21, wherein said dosage is sufficient to achieve an SST
cl ear value of 51dr | Ebe apparatasef figinmot!, clormrising a@luralyrefi n sai d

phot or esi st
wher ei n sai

t han 8.

5

10

15

20

25

| S, a_ negat| 25 photoresist. 24. The nmethod of C aim 23,
8'68393‘5%%??\)5,%”9% ent to achieve an SST solid value of greater

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

below said substrate.

19. The apparatus of Claim 11, wherein said apparatus is fully

automated.

20. A method for making a circuit board comprising:
applying a photoresist to an electroconductive substrate;
applying a mask over the photoresist,
treating said photoresist with radiation from an electrodeless UV
lamp at a dosage sufficient to effect said treating; and

developing the photoresist.

21.  The method of Claim 20, wherein said photoresist is a positive

photoresist. -

22. The method of Claim 21, wherein said dosage is sufficient to

achieve an SST clear value of 5 or less.

23. The method of Claim 20, wherein said photoresist is a negative

photoresist.

24. The method of Claim 23, wherein said dosage is sufficient to
achieve an SST solid value of greater than 8.



