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FOR FLEX CI RCU T APPLI CATI ONS Background of the Invention Field of the

I nvention The invention is a process for fabricating electronic

i nt er connegy 66/{12‘3&5 ts, such as flexible circuits having et chedussygpoer ed
features on cE)ot sides of a dielectric substrate, especially |IC packaging
and tape bal| grEABRICATIONPROTERS FOR FLEXSCIREWIT ARRIICATIONS Rel at ed
Art Conventional imagi ng and exposure techniques used in producing fine
pitch flexible circuits require the use of a discrete photomask which has
opaque regions 10 which define gh& RIS ALV, PE exposed on the
circuit substrate. Registration ang exposure using a discrete photonask is
a slow process due to the nechani Egldgftheilateptoni t h i ndexi ng the web as the
mechani sm whi ch | ds_t he photomaskf iS,0 eined and .cI.otsed. C{r.cui.tt

conf i gurati ons r Qi PYSORIL BRGESTARGP AL MES R e daFreasmsst STt et

bet ween tshe ok Rk LS rdUts hBEnPBRAE bOplaicd Feat@res b Both izt bA4 Bielefticld | magi ng
process using discrete photonmasks requires that the two phot omasks be in

hi nged r el atsubsirate espgehnllytharackaging andeiape ball erihadetypp (O ANRICUtSom t he web
to allow for the indexing of the web. This opening and cl osing operation is
an operation that can contributes to: i sahl go tyjpet ween the images on the
two sides of the substrate as Mﬁ'&%—m active alignnent system
used to verify reaQistenddrnadimagifly bhdSexpdatire néchhioueSued n giddudng fhoprch a

met hod for form ng. a resist patter N substrate U as a printed circuit
boards, seni @%‘%E&r B‘I“tssrﬁ‘ﬂﬁfertg? B Og%%S?rF'&r@BME ‘@‘f‘%‘g?s BPaqyF Aeg1pns
substratgs. JhehBefitehBedagehhowill BYSposaIblEe Ued: fpsirslel Rejifhifogahyr es
such as circuitry layers or solder resist patterns. The nethod entails
formng a resxXposurt asiog akscegie pijtemask islastow gragessrduadpthearrchaniek substrat e
on the resis ¢} d.qbject, 2 | L shing a er irectly on

t he transparéesrsl Clgr@g%%ltgl}fﬁ%etxﬁﬁﬂewv%eﬁﬁatsa?l}% rlng%ajng{n %H?ﬁ?%@?‘%fé‘gts"%}agﬁ e resist
to |ight w tépened efideiotddorCigduitichafipmakons refuiving gws bide inmaisprqaind nemsk
substrate, and then devel oping the resist. The use of an ink jet printer
and the abseH@et FEnmgat E?twéerp%séa%qeﬁ@néhc npeeing sides of the subsirafee & of

Uchi kaway ar e; ; - i utility
ol at ng Lo PREABEs UHAR it bRoREAS TRl 1R Helo BRI posi ny
faces of an bbpettelation tdiead| @baduch thaptey ican bamovedt ivkafnem iedcasb toolloent i on
of a means fg)r r el ist.eri%ﬂﬁ{%‘na K *G~Z* d 0.4 APR 2003 WO 00l 22696
PCTNS99/ 030627 p% MEFHRE RhTERVERr & NS ORFRNEAN SRS FRyratiogdsaperation Ba)i ¢
substrate. Stdf donfribesto nifgilpdchehsbstiveed Beafhab@ronBetwdgdésedigd fudbirad

requi rements between dependent features residing on opposing sides for
ensuring t hads Beedptuncalysloastive alignmmsyt syvteranessd togerbt igRisEtiona key
limtatigqn in the ' i e I [

pr ocessea@has a pll)tchif‘"zrlla:{%'&%f y’%ﬁ?%gé\ﬁlsh%rsée%f:ﬁ%? ﬁiﬂ?%&xg@%}? egﬁ&gg%rﬁiotn , this
woul d nmean t katistrafee shiéhaskawintgal @ombtsboasdsnseEmibeidugtod Sedtrhtos, and dangpatene

t hrough holes, U S. Patept No. 4,853,317 discloses a netho or serializing
printed or fPBERTH %la%ﬂcr%lﬁﬂfat%éfff@soauﬁnﬁ iqsmj,?aé{ﬁr ?meéﬁe%ﬂrﬁf ping HRTRB ¢ hod
is stated toshg iS§lcUiiry BydrDat sdider@bdi@Wantmd! YhelhRinol Qafafl$ fdrhidea f6Hst al 1 zed
Wi th unique indicia, but wthout requiring a 10 separate photomask or
printing pl atlayef on arabjecdpkicinga teamspaitntznaskenbstiteomeie mesist eoteagd ebjgrtovi di ng

a flexibl,e or .nted circuit board,. printing seriaglization.infaormtion
Gi rect 1 y 2ot 6 EREMITE Bpetputery 0ty ot Faptarapf BednabRiar Phdndrd Bl ¢
patterning i fpR@er4Pbsihpeheatab ighsivithiifteadhiddd Mhé hAshGheViRstet and
finally devel oping the ghotorem st. The use of an ink jet printer and the
absence the tUASSEATeY mask ceksstateganst thes deyqleping heimsisthd hguprelsan ok jetlayes are

key departures:; e I o i . i i f i e
Cosol ut rons. FEa Al U RERIE b RUERHRRINCEr ikl HERL R STcnliERRE
fetters are kinokey depah@res fioapablpeeseft int@giong N meaises udbiyraladhd & the t he
mask pat t3%rn roduci ng neans of the present invention. Furthermpre) no

t

means for OENJIONAT FEREessing Of BatusgsgRsidNgonapgeEae Egeherandhistihe utility

(serializatiQfidciosed. In particular. Uchikawa makes no mention of a means for registering mask
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20 -di scl osed inherently require two side processing. In view of ﬂtheARR)cgﬂ&?,
. and because the speed for conventional inmaging is approximately 0.30 to
nmeter/mnute, it would be desirable for a process to allow high speed
fabri cati ow@ouk2890 si de processing. The process of the cur PERUSPIMIAERR i on
utilizes i mge patter ni ngf ai d exposure 25 sequence steps having hi gher
speed than dHedemeWhieh arp Thrseed onl ePPRFipG sdenvlehtiranarbssate dimilamadiong and

exposure 1 eﬁ? &iscliden rggb ﬁ'ﬁgggg?%fo%%cﬂlo&%eﬂ@%e%e%ﬁ%gﬁc%déﬁ%tprses' n

reduced man r| ng Ccost an econom ca nuf ac

smal | er quan‘EsrﬁmgWhﬂib.]b@Erlnﬁlﬁldéuﬁﬁ enaihmgpmee&@tab& amnhctad:phrfmﬁaacdol@t h
additive and subt racti ve fabrication_ processes. I n he pr esent
i nvention. 29Aiga shdey lisriraHen iytheeiaims ok Uelikawa ljrﬂéﬁm?eesu strads BYR&phi ¢, or

offset ig g;tﬁ‘chJs% rgil' %Idﬁlﬁ}aﬂg' @ftﬂxl;%ﬁbﬁ fiflel "Bdfic Pés'é%?% chﬂf‘ %?G/oﬁl‘a"rﬁéa%heet of

aphotoresr cIa ectri'c substrate, or alternative rint
di rectly on thiehpbohikaesi ;socess rseiof béihg ssetlypprcmﬁucqmbltr&omgmky)lésor mat is

di stinctly differ fro APR 2003 | 22896. PC .f / 89/0

conventional i magt %tgp\ﬂﬁe‘ ° 4&?%& ‘?‘éClB%Btaé‘?‘F\éE‘ifpgéselﬁ’s“gam%’Fmifgﬁe gt %g t he
pattern. Rat érermtbharastmmzn@tamrm Jebehmgr prrre/m@legd Qtaed foHRIRSUERth&UbSt rat e
such as glass, the image is printed with ink on the photoresist or on the

pol ymeric sudllosdndiveduahhoasds toths sprdlized eihsunique isdipipl btédvrtfeuwrewrmmge

he. contl hocr RS R RRE R mufl PR o 2 o B REBRISun i bl P on " <

from appr oxi el prodiding & fidkibR o hEnRecirbhinbdAd,. eremaltzia&oneihmmwtlens peed
islimted bg the sensitivity, of the photoresist the intensity of the
ll‘

li ght sour cedirgstiyontn kg rbgtorésist dayse péﬂmrrgagmow%ﬁkcet%er%r@rtrmmgty of the
phot or esi st , Qf &e[@%ﬁﬁes@ 1%&1&9@{&7}% sXaer %rrg%%rﬁéﬁg%“d to 0.16

net er s/ secon hus, Imaging s the | mting if the
processes ar phmmsrst)rfﬁhmw of amdreqjetpramier ehmdghe slpens thﬁiwusrdgpmedsemga)rfe much

faster. ye rintin ratesfggthe vgrr us hrggrs rrntrng elgﬁhods
ment i onett cah" B4R RC%S OhBaNE AT EPhTRETECS 89 ?9” ‘f“‘f’h"é“ Wention 15
The inventi Oﬂzrﬁﬂﬂmﬂrﬂﬁﬁa FoPfg€ fSofuibnd RBGir&Pok Pehcfical LEXiyRIf ehePrksthed circuit
with at |east one etched or pl ated feature on each major surface thereof,

conprising t neesmepsnl@reﬂe(Sarfe kv @i begneapablaphimagingatirates Forapasehlie tp fé\e
di el ectric sybst @Qzﬁe‘%n WZ,PS'dL% Ak o‘f”ﬂg dﬁ%g&%ﬁ%n% nbﬁéﬁhérﬁ%ﬁegpo tGnd

mat eri al havi ng or “SErTaces amnating a p oresis havr ng
a cover sheetwd sme@kmeaixhg(shmght her sgyestedottrdoed tht edisty (ssrmlizajon) surface of
t he inpu rrat er removing the cover sheet, and (d) printing an inmage
di rectIy Bnt G5 éedeg‘FEﬁ“é@r’%‘{““egW@ S|de\PEQREPIRE-al so provi des a process for

fabricating a flexybl&y Bf !h@taﬁ&echﬁ&b{éctauéﬁh (Pe'éd #r cbﬁ@e%hoﬁ’d]‘r"m@«hﬁ@%d or

pl ated feature on each major surface of sai l exible circuit,
approximately 0.30 to | meter/minute, 1t would be desirable for a process to allow

high speed fabrication and two side processing.
The process of the current invention utilizes image patterning and exposure
25  sequence steps having higher speed than are currently possible with conventional
pattern imaging and exposure techniques. This high speed patterning and exposure
results in reduced manufacturing cost and the ability to economically manufacture
smaller quantity production runs. The process is applicable to both additive and
subtractive fabrication processcs.
30 In the present invention. a high speed printing method such as gravure,
flexographic, or offset is used for producing a desired image directly on the
coversheet of a photoresist clad dielectric substrate, or aliernatively, 1o print directly

on the photoresist itself This type of patterning format is distinctly different from

-



conprising the steps of: (a) providing an input material includi nﬂ;quPR 2003
dielectric substrate and at | east one conductive base | ayer, said input

mat eri al haV| ng two major surfaces, (b) lamnating a photoresist onto at

| east one "RioYo23 face of said input 30 material, said photpefrasdeshoadssvi Nng
a cover sheet PR 3Iy attached thereover, and (c) printing an i mage onto

sai d cover skegfentidalim8gnhVheida dik&@&%hb&fnﬁ@k haued fdi ger@aitiggs phredraw. 0
4 APR 2003 WD 00/ 22896 PCT/ US991 03062 1. The term "phot omask™, If present

means a phot &edr ghandheipaticsn beve proyidedton piranppasent subprate peh ardasssthe neans
hot t d
phot osensi ti yg, @e.‘sepfr ttléa»Lttﬁ*nkro%%ébﬁ?ttttﬁgféiogtﬁtagﬂg,ggtb&bgttﬁ%ﬁmcwse in

subsequent proc‘ess I Xe neans that an article
is attached tle plvosdesist iasdpptieé. i n such a way that it will not easily slip
or becomne_renoved t hout manual detachment 6(El_[gfercents arts angd ratios

herein aré be wei gPERHPAEESXRIVES 41 VEAPPRSRIEATE BT GPHIUOYOPIREGSS V1L
Description qf ﬁm“@' Wc@gfé I{éld@g é%&f\tgytﬁmg RE [RASH fo¥ fhe\Hr&8hQhvdt@nii P Ut

material for t e process erspective view of the input
mat eri al whi dtonphmmxemtely 118ty Srimemcbes ovienshBewsy draht agtosdretspeaskish si de.

FIG 3 shows .a ctive.view of the nater,i wi th phot omasks
15 pl aced on FHE %@éﬂé‘é‘tvé‘y q‘%@ e @e " eB?—f@t?é\}g 695\;,0%& he
material af t gbegendingicatthOfy aetihgﬂ\/seh@ermatser@fuvttgaefmbcph@troeéstsstexb@sy@é ratdsl G 5
shows a perspective view mp | exible circuit after_the circuit |ayer

has been or rase apnzexma@ly 8. Oémtsrséegmdggéﬁctq ntergisesangs Thue theiimagiogis e
bstrate | &
substrat e |aygfe 1‘%12 f[ gg@‘ﬁt}{‘@] é’srd??ﬂot‘&& ﬁte'a mE% %ngmﬁ%"&?l 4 e

perspect| ve VI EW O e Clrcui ter con
| ayer is et Chﬁ(htm@lr@es 8re3h\mh§aaerpé]’}iegﬁﬁttin‘geatvs foriefvatibes higipsgeedptietingl f or
the alternative, 2 subtraati v%gr ocC FI G shows a perspective view of

the input rmat®BFHafs TeptensAsebhnakhe ééﬁé n?%"rﬁ’/ﬁ‘é't‘l%‘a thereto for the second

process.
Summary of the Invention

15 The invention provides a process for fabricating a flexible printed circuit with
at least one etched or plated feature on each major surface thereof, comprising the
steps of:

(a) providing an input material including a dielectric substrate and at least
one conductive base layer, the input material having two major surfaces,

20 (b)  laminating a photoresist having a cover sheet fixedly attached

thereover onto at least one major surface of the input material,
(c) removing the cover sheet, and
, (d) printing an image directly onto the photoresist.
The invention also provides a process for fabricating a flexible printed circuit

25  with at least one etched or plated feature on each major surface of said flexible circuit,
comprising the steps of:

(a) providing an input material including a dielectric substrate and at least

one conductive base layer, said input material having two major surfaces,

(b)  laminating a photoresist onto at least one major surface of said input
30 material. said photoresist having a cover sheet fixedly attached thereover, and

(c) printing an image onto said cover sheet.

As used herein, these terms have the meanings below.
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FIG 10 shows a perspective view of the material fromFib 9 with }ahfw:Ra%m
< pl aced on the coversheetts and printed. 30 FIG 11 shows a perspective View
of the material after irradiation and devel opnent of the photoresist |ayer.
-4~ 4 APRZRB3¥0 00/ 22896 PCT/ US99103062 FI G 12 shows ap@RUSPRRBEGYE
view of the flexible circuit after the circuit |ayer has been forned and
the conductive base | ayi&e iinChhdiontakk, iflFeshQ\wicads Pphaprsist wel ivd @wveof the
dielectric sugstrate | ayer with a through hole forned therein. 5 FIG 14
shows a persp&&tive view of the flexible circuit after the photoresist

layer has been sthi ppegy, It:érﬁ‘ ‘;&gt&&?gﬁsm@aﬂeﬂ’h%%gglﬁtéfé r%t@r‘sfé]l‘%flat"i‘&i%té‘ﬁ{ét

mat eri al havi ng an adhesi ve r construction. ows a face view
of a fl exi bl effeits end thewhethicpdisedint subsaggéntipodeessL0 al i gnment . Det ai | ed

Descriptign of the Invention E 1 to 7 illustrate the preferred

enbodi rre_n?s of the: pr e?«g’ﬁferf“n\;]é%]ycﬁﬁm&mn Mt @’%ﬂ’ rHclgds g‘éﬁ&?{ PeAHE i t
fabricating prRgemSucth B wah 1RAG] $1IMRRAAGARS br Bidoptdl bmblas Kfthetiiendtial t - up
onto the input material 1°in the desired pattern. FIGS. 8 to 1 ~ 14
illustrate t8taphra¢ndr r ed enbodi nents of the present invention when enpl oyed
in a subtractive py - L rocess, GLICUiL-tn re
formed by renovi n% 1g§q§§§mo#) Qré?%%djnltglhéﬂlgetﬁ%‘%ﬁz&e;%er&g‘%gtc%ﬁ%sﬂémg}%éarlr@ﬁl gicldgl from

t he i nput matogeralsel. The regi ons where the conductive |ayer 22 is renoved
forns the desired circuit trace pattern. 20 The input material 1 shown in
FIG 1 i 8' udes a dielectric sgbsérate 10, a netal oxide |layer 12 on at

| east onéVside of the diel ectrfEE 1 ofdheiDsavigasiuct i ve base | ayer | 1
on the netal oxi dghayhowsa pdrfectlfd FewSFdSinb@Ritertd thSthEBPMAsd N the art
to increase adhesion bet?/veenpt%cdi el_egtri c ghgstrgte 10 ag)d tﬁe conducti ve
base | ayer 11. Thé&'ldi 2kovyd persprstve view ofGhd igpprredteriabilyicla phatbtegistiayed

pol ynmeric mateni.al ~ hnel udi syuch,. filnms as polyesters, e.g.,

pol y(et hyl enca%?(??\éeﬁﬂfeﬁgll% lé"l)é%dggﬁ‘/cg‘asf%eOnat es and polyimde. Polyinmdes are
preferred pol ymer iRIGE B lsh®ws 4 perspedtingviennsidhd ma@riplofroth i gle SvigSphtedrhasks

nodi fied pol yi m des such as pol yester imdes, polyimdelmde-esters,

pol yani dé-i mRixed opdhe,qverskeste i mi des and other mixed inides. Especially
preferred is a polpfgmdg,p @W:ﬂﬂ]@ {?ﬁ% : onellitic 30
aci d and 4, 4di anmi no- di g oens% ¥ée¥1§é1€ecg?ga§ai a %Q‘gtgglg apltfrt])ﬁ%l%%ﬁdl. DuPont de
Nenmour s, | nc deBelopmat ofahd pitatamesistdiyesuch materi al are avail abl e as Kapt onTM
E, KaptonTMV, an aptonTM H. Sim | ar ri,al.s are avail abl e under the

r adonans -5 0 HCAPRIOBOR RPN 960 13ee /OBl RS bR SLE PAF A o
from DuPont, @RGeAPios@akdM the latter being avail abl e from Kaneka Chem cal

I ndustries. Typical I@y the input material has a thickness of from 35

m cronmet 4% to 12516 Ersbens @ perspetive Yevheldse flistectrisrsubsiepte lyenwithie oxi de

| ayer 17? incl o imted to sputtering and chem cal vapor
deposi tion; u@@ﬁﬁ“&%ﬁ%gﬁé&gé‘%ﬁq ncl ude thernmal evaporation. The preferred
mat eri al for forneRiGorT shdwt hperspéaive oidvdef thayiasl fleXibls ceduionfiatnhe Ot her

materi al s that%ga%/. al so be used H]CI ude iron, nickel, manganese, nolybdenum
zi r coni um and°RdREtiedass REsTdBEIChed G 2 shows a phot orask sheet 13 | am nat ed

to both sides of ipmiig KBhehipdlsnddlive-viel B k8l nflifiaPRRURIRRMARES! 13
wi |l be | am nated under heat and pressure, using
25  subtractive process.
FIG. 9 shows a perspective view of the input material with photomask sheets
laminated thereto for the second process.
FI1G. 10 shows a perspective view of the niaterial from Fig 9 with photomasks
placed on the coversheets and printed.

30 FIG. 11 shows a perspective view of the material after irradiation and

development of the photoresist layer.



st'andard | am nating techni ques. The photomask sheet 13 consists of 4aAPR 2003

". photoresist layer 16 which is sensitive to radiation of a specific

wavel ength and a polynmeric coversheet 14 which is transparent to radiation
of the spegidpeshsygvel ength. Useful photoresists include negatring®903062
phot oresi sts such as negative aqueous processing | S polynerizable

phot ohar denabl e cdfd2ishowns perspdttias viewoskthe flsxiblesadtuitrafter Be ciPatielayerNos.

3,469, 982, 3,448,098, 3,867,152, and 3926, 504., Such photoresists include at
| east one p}?i’ﬁ?r} r’i‘?ﬁ%é?ﬁ?gﬁe.coaﬁ‘ﬂﬁ“t"?(?ﬂng‘a "rrcfé@fzankabl e mononers and a
phot oi ni tiator. Examberowia Péalsyéa%irvs vidWe bl dRIdcYhd Subdinste MREPARRY! T C
copol yners, and copolfymers of (neth)acrylates with styrene and nal efic
anhydri de. Bheoyshdole fooheditherddmut are not 20 linmited to a pol ynet hyl
nmet hacrylate poly. vai |l abl e under the trade nanme RistonIM from DuPont,
(hose avel | abl e 1hSh! SRR 8 oEbiflE shatf ob el Beety F e g e o
CF series angyélaseeavahpgdd. e from H tachi as PhototecTM The coversheet is
fixedly attacF\;ed to the photoresist which provides good registration, so
that printing andF¥gdshpws aagrspectivervirye pbean Wput Matepial havinganadbesis of t he
processes, 2 inting need not be conducted slowy. ' Follow ng
| am nati on ogy%{lggﬁia%}()h'sheet 13, a nmask pattern 18 as shown in FIG 3 is
printed directly BHi.délshdtyvs adaensémveet s flkdibleldigupnivith patitonitohgldsolet i | i zed
i ncl ude ?(ﬁ)nt Wous nmet hods such as gravure, flexographic, and of fset

ec

printing RfEE. The specific printing technique selected will be based
at least partially on 30 the resolution, registration, and cost

requirements of a particul ar [Sduhifdd DesdBpliGNof theEnveatib®Us printing
techni ques have strengths and weaknesses which recommend them for use in
certain applicati 8BHsS. IRoekibiystegstiile rslgrred embpdiments affthepresephinyeritonand short

"make-ready" i .l esser..qual i ha riyQt i . . -6 0 4
APR 2003 WD &&f%%%@t"%ﬁcﬁ %S%@/r“b‘%o‘g%“f%a%’égf‘? g‘[ng,%efg'etlﬁtea%‘ %&%‘g‘gé grg’gésts'o a

I e; ser degr eeirfliexags a?mlﬁlt-]}?pioﬂtd the imrﬁzt hrogksial hid tl&t&&jsieaihpdtdam. 16808 esi st
substrate_to _a non-unjfor orce in the printing .nip.. This nmay. cause
pressur e?P nddééléfisaéfreéls? Er."?’j?ﬁéedﬂ‘?é@@“f‘%égp e P&SF%&*FH tiop vhsa &a%lveﬁm a"hj gh
end”) regist rsa{st}afanv@ﬁééc&%ﬁ% b QuiRtaciPapaled. Ei?(.ruittt?é?ﬁ?alre%nﬁ@d%iﬁr%mBQin?e used

for this invention 5 on the current generation of conmercial 'y aval Fabl e

presses. O f @das bf 2 hargimaphs/laperoficopducsive midierialinomethe unmit maetdriaghefhqual ity
i , d h hi,gh t W th Kke- dy tine.
e i T N (e

very fine i mgggegual ity, particularly for the line work which will be
inportant. for electronics, but requires very expensive 10 cylinder
preparati?8n, and sihewnrismaygrialil showndn ElG esinciudesp dielashic sbsteates 1, ganetal
benefits of ht r ' b Rl ' t he
sel ection of Q)If‘(F’l gg)l?esrwgt?g rag}l{akkyédsggﬁggmﬁ%@?{?rﬁ@?gcﬁu Bfthﬁgjgl@t ggﬁ@b%vreo%gaphi o
appr oaches arleydrypionahd meat okideldyenyz fhaietay pxidetayeelt P isskrowadn tlerarcioi ti cal

i ne work, and not nfigured for doubl e sided registration, They 15 would
ot be cons; dBFEGRS aEREH DRRFer, B SISTEN QR E 'R L CHORBG PRE S
ability to dojextHeRi@bytris bstraleliMSis pRiferlaBlyRy RN CErdd P phGitahatehinngl e

sanples, and finally silk screen printing cannot produce the line art inmage
qual i ty Wi chinpluding syenielnas dsypolicesicesy gigr.adly (Thilene skepiubalaie)a paigcarborfagasned of

opaque regi on i.nk, t bl.oc E 0 radiation to.prevent it..fromacting
on the phot or e, P uiged BERARILBAL R R I HECT Dass
through the cglginsitieelk validasasddified blgirpided auchsk @bgbﬁyﬁrmia&., pdiRtnide-
configuration of the mask pattern 16 defines the design of the resulting
circuit. Becaliyde-eHerscralyamidesinides palysloxancimigesapdadhermpigedinidesyery |ittle

risk of cont aﬁ!d%@i%hgpre%néd‘i@ a%@légléfri]’% Py Rl MB@eﬁﬂoHtR&&&l&‘ralrig%ﬁ%yr@ﬁelﬁi%S to

be used in the invention vary 1°'ng” upon e exa echni que
sel ect ed, 30 headld ynd\g 4&iamiid-AipBesaletier efapikle bOEasidR® ffh €.1. Doreimele, it is
inmportant to minimze particles and debris in the ink in order to minimze
defects. if iNemgurgekicdByPer).pVpriatiatisioéeuth/matarigltase prastablecasikapton{ &, i nk
must be sel ec HE o LE W QR i rfere w he ,devel o nt. of
t he phot oresi is([%gtoﬁ‘ypi{}(‘:ga%aiéaé}h’i viél's Sflrg}rlarurgéggéﬁ\?fet %Vag%b%&ﬁ%%ﬁge Jﬁ%dggdn bs
phot or esi st devel oprment techni que woul d i nclude acid containing nonomers or
ol i gonmers. Exposure of the photoresist Iasyer 16 is typically a "step and
repeat” type of process, in which a certain nunber of articles are noved
into a chanber where they



0 4 APR 2003 WD 00l 22896 PCT/ US99103062 are exposed to adequate rgd'faARR)rzﬂm
. and Exposing the photoresist |layer 16 on the two sides of the dielectric
substrate 10 to radiation of the specified wavelength initiates a chem cal
reacti on i nwigepdvgt oresi st | ayer 16. This chem cal reacti onpareIMOW03062N a
pattern identical to the mask pattern to be forned in the photoresist |ayer

16. 5 Fol | owPhglipEfaales from Quiwnt end Aaticads thedattertheing ueilablesfram Kaggka 16 can
be devel oped~ i . I i [ n exposure
o radiat) onCornE b, Tho CRVE B0 Bbu ARSI LGS orbor B0, OF

sol ution, theicregietnstoOf23 herghoteey esi st | ayer 16 (negative acting) which
were covered by the opaque regions of the nask patfern 18 are selectjvely
removed by the qe\T F Gprtiaqds fos r,n"pﬂt@am%@xm 1%65%1%@31%%“9@”8“ 21.
The exposed E@ﬂ!u%@ﬁn%Qn@@ﬁien"r)i(]:alqraa'ﬂoﬁ&epﬁﬁ%bﬁ:%&@ﬁxlBfétkﬁ)ﬂp??&%n}de%e%hlng and/ or
pl ating process stepS to produce the'desired circuit features. These

f eat ur es genevgioratianncThedee feond netténiad fari foouationtaf slwasetalnkidedagtud 2iive or

nonconducti ve, t hr.oug oles. .All, of the figures show a negative acting
Dhotores st " EhypBiiaa QetRRienals el qatiorirg b SR oHoRE. DifEe0Rbel angt h
whi ch passes pidlyRutalimCANBhaReStd AxtuRk iREdt el y, a positive acting
photoresist material could be used, providing the opaque regions and open
regi ons of the madkGpashewna pBotamask sheet telamingerhtodrposidesef apat me\esirbpi ng a

posi tive,gactin hot.oresi st mat erj al he.reai.ons,of . t ph I St
ateri o 06 n oRRRS &R sRbigHRRE bk 12 A ok ey ARy flad Hey ARPRBLIRN Shing |, 14
woul d 20 be rseimdwedamyhating tetbdiuen Tied pHidierask Bheeta B considts bfaysHotatesistcan be
formed on thf(sJ surface of the dielectric substrate 10 at exposed regi on 20
wher e the phd®¥sF d8ivdich mpensitee toFadighianotrsrscdisatpvelopeth@nd BIPPlymers ci r cui t

| ayer 23 is f I T Walel : I : oy r ting

w il result |c%w§ﬁ§ee(?|¥‘r‘?g?%t ﬁsgl%g?ﬁdégﬁ%%ﬂgﬁﬁg\sﬁ%{ky%n&q %vaeveqs%lngg{ o@tﬁﬁe

di el ectric sulhetaresiss iElwdeinepathasphohaessinsuphtas\negdins eqeayeprotdssimgposed. The

conducti ve base |layer.1 ts,to dnitiate netalli¢ material .t tfracted
cean el dot iR EEpls RSB detomea et aeh ot e Rurutenin g RefH ayer 1
1 and the solngd. asofosa, phag, 008 308471 52Vakd D936 syPesuchiphSbrsistsafdadd 4tg
apparatus and processes are known in the art; any conventional nethod may
be used. 30 Hp&toge pplymsric meatgril nadditimaberogslinkalie gleneraers and a phofoiniator.
dielectric s ] I NERTI ' hi | i | of
the I nventi oz@%ﬁgf%%%éﬂhfébrﬁ%@%eo%?ﬁ?ce%l?gh %ﬁ%cr?]ﬁcr %"Bawﬁg%' g‘,r?d g(%‘{owévr?as,
i.e., vias whofdmedrecrpbitesavicthagrenbnad gialdih enigdbide r Btaenplesiaclades dubae not

enpl oyed.  Dependi on the type of t hod used . form the through hol es
g_ o0 éoApdl@éeggw@amféyg CHEF R 925 83 A0 S fF’§‘§W%e_ sl oped
as shown or spigimntidh DuPBAY Hds€hvdiRbRaFdn Mei@lles KA kg skaeAg{ign of

t he through holes, as shown in FIG the remaini ng photoresist |ayer 16

7,
is stripped ahif ardel 5o ani€Fiseresrnsiehpsgyavpilade foohidigachoasdt ™shor t Thy

between the ipdjvidual -traces of .circui.t |ayer 22 The netal oxi | ayer 12
2t 5 the base e PRET: AETS RERdied o bR orgr B St TG T red B et y
of etchants net péntitfethdlip6ure 0abé ctatubled Aethe QIR sheedsiol e pRod@sses,

Per ma-etchT”', available fromEl ectrochem cals, Inc. Chem cal etching

typi cal | y2dr odRftedntyigoised net breconsurisd slvly.equi res a phot omask to define the
desired pattern A i l.g, i A p L] | ution
prevents the enti rng{»g[@j@ﬁ@ﬁg%ﬁPﬁg@@a r%)%e{)g?ﬁg S%gtg%r%g%gg é1!1(r§g165:siﬁer

met hods for f &G hiy prings] ditdetipwgto bath esvastaetshd. |Thk eriatighmashodastéizedbl at i on
wll typicall roduce wal s that are substaptially parallel but still
require the ugré:}? CQ“HB%%SF%“E%‘% %ﬁ@ﬁgr.ay%a ?’fﬂ%a%'fc* ?rffgogﬁfﬁ?ﬁ‘f&wghpl es 24.
Q her et hods (@hniqeedr Tie éﬂeamc%ﬂmhg%clhhhﬁe SelEtc@NilMBChARY Eﬁéas?&zﬁhhlﬁgo@nd
using a Yttrium Al um nunGarnet or "YAG' laser to form ng through hol'es 24
Wi t hout t R uske gholntiomskgisteation, andatasbregeirempitopfal pattieslar dhesit design. Dependi ng
on the requirenents.of the circuit, an alternate additive process for
produci ng the ci rcj-th VRHANP Y et Ry > h¥s %reﬂﬁg’éég W\‘iﬂmﬁgﬁeéwﬁgﬁ | eavi ng
the cover sheetreckinéhd MBmiBF Q4LAR BARLIR apbR&tishs.t PRxSIrAfHK dnd 1BdRpraSEo it i |
after the circuit layer is fornmed. Leaving the coversheet in place until
this stage of leWeoprandsbert iimaketrexayp tiotesdiut idseerigudiey: [tyanrsgmstpoinbngsiegtods.ay er
16 from damage due to physical or chem cak interactions. This process
sequence woul d require a second devel op step to devel op the photoresi st

| ayer 16 to enable formation of the through holes 24. As shown in FIG 8,
the input material 100 includes a dielectric substrate 10, a netal oxide

| ayer 12 on at |east one side of the dielectric substrate, a conductive
base | ayer 11 on the netal 25 oxide |layer 12 and an unpatterned circuit
llayer 22. In the enbodi ment shown in FIG 8, the circuit layer 22 woul d

Y T T - r o o o, . 1 . " - o - o
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". enpl oyed, the opaque regions of nmask pattern | 8 for forming the ci

traces in a subtractive process will be inverted fromthe opaque regions as
used in an“@%ztzk%e process. The inversion of the opaque regcpusIndzoshe
trace side mask pattern 18 result in the pattern of the devel oped trace

si de phot or dsiagditiah sSlettérpredgandieer lessdr ddpate Rexdghiphagtintieg pledmds svillt he nmask
profile as sho~n in FIG 11, prior to etching, results.in the undesired
regi ons of tSHBIEEY the phetoresisbubsatsdp AgoRUBHREN EaReR ntlr RINSMEIUP t RRISHRA r ed
trace patter | I fit, 1 QR ductive
base | ayer 1 U% o%ufﬂng?%d d%%c}s%ﬁggﬁgﬁgﬁgﬁpgﬁgﬁf ?Iglugﬁngzn)%p @ghgﬁ%}m 10
in FIG 13, regstrdtomnmby oeedad be pgtabedfog hhdsoteebnigResits beinskarfoaiteéniniventaon
subtracti_ve process in the.sarrfe f ashi og¥a [ n,an additive process.

S
Fol | owi ng f £ YR BRI I PgH  H 612 aﬁ%!a%{%esﬁ%t oresist layer 16 is
renoved. The net %ff@é%ilﬁﬁog}a?plh toré N18e LASR (Rn pr huf‘ehﬂ Higgégldéﬁhg« Aj%iflisgi:,san@| SO

typically renoved. The resulfing circuit as shown i -

subst ant i al | Berhaps adugiter sep spieed,ovithcalongehoeke-ieadyinge. Rotary graTere prispog
material 200 &h i FlG, 1 + al so be used in a subtracti.v rgcess. A
circuit | ayeorf§€'§§}ll\‘1|r1ggl IWSﬁB%%istagd m%gﬁré%etsﬁu@ SAP& ?13 & qﬁgs)liltﬁggaé'{ﬁ(:‘g%'@egqrve

| ayer 26. Tytk ¢iak ork svhidhi willdedaipoahnidopgedirdnids| bit Sequirps 0are @xpénsivee
material for circuit Iager 22. The use of an input material 200 as shown in
FIG 1 10| ¢ylindeicrrsparatien. apdplgwsset W HE: sel ected fabrication process

steps. Depending. i, AAESbHY Btk bRALPYZA i L S6ANE Sk knie, LDt

an alternate the process st or e ution w to renove
t he adhesi veinfimage ghdithase tlef seicogon bf mig s duadertdy SbinewhahBmated.gnment of a pad

region 28 to an agjacent, through hole 24 is critjic to adequate circuit
per f or mance and n&*‘d?'aﬂdtﬁﬁé‘lﬁr? §2PPARAIRBHS trrmcqss"p’@?ll%sm%a’?@%aﬁt¥~ PEGVEh 28

nust conpl et glipedq¥estRRl fi dw%m hoRehfgdéd fdvl%%aslﬁgildgmg%téaagnﬁmheﬁ

requi renent is acconplished by sizing the through ?-1 and pad Tregion

28 such that wovksrnogbe icansiderer. gkerpd [droent loav qualjiysverktwhieh reapiaed thetapility

attai nable wt er inti chiigue choes n s, the
printing eqmop(ljr;%%l Fevr\rnpqq)? gt}rowsu rHB %’ioﬁuépgsél%éﬁ@k'@yggsg@e %ﬁp\l/éeshm?ogﬁﬁae@gsiﬁl n ot her
cases where sa@ten pimivigdafiiotipsodue e Itk arcinfige duilooprhichgivaild genapatlyslst ens
capabl e of nonitoring and adjusting registration on30 |line are used. In an
alternative PfOYYESs, which may be either substractive or additive, after

am nati an of  ne TRGK ARl or 186: OKEE of EFLe [SHIor BRSH: Bk hbe | mRge 1S

printed directly onto t ot oresi st. otoresi st would then be
exposed, 2@nd rafidtem tolpa¢vendid fronDacdinABR tROAIB 1Mk Dstd8Ye? 28 9BhGHdnUER 21O 3G L

step, the un osed areas and the inl: both may be renoved, , and rocess
Steps cont | ningageaRLE R BTowEr Be ARsoRS s Sehay e rRRRtSi S Lo Thd

addi ti onal stgps morb@ftﬁérmawFﬁxeswbdaﬁnd@r@e &siphi I theaes\ROSE ciedehi Nng aci d
bat hs, wat er soais, and neutralizations, additignal |ayers 5 of netals such
as gol d, ni clBscagse the eovershets 1fpestlagr rempyed dbpreiivray lighs ikaf sgnemappiionay be

used to formgyfd &@Elo@fn%%ﬁﬁi‘on from the inks.

25 Inks to be used in the invention vary depending upon the exact printing
technique selected, the drying technique selected and the substrate. However, it is
important to minimize particles and debris in the ink in order to minimize defects. 1f
it is desired to print dircctly on the photoresist, the ink must be sclected such that it
will not interfere with the development of the photoresist. Typical additives for use

30 with an aqueous based photoresist development technique would include acid
containing monomers or oligomers.

Exposure of the photoresist layer 16 is typically a “step and repeat” type of
process, in which a certain number of articles are moved into a chamber where they

-7-



Crcuits made by the process of the invention are useful in the f@4 AXPRY603
. of electronic devices. Exanples 10 An assortnent of Toray W 80 I

fl exographic and letterpress plates were obtained. These were exposed as

r econmrendedyyaolBgemaNuf acturer, in a contact vacuum frame wpéfiydegaRaat i ve

filmcontaining Circuit test elements with Ii ne/space pai r di nensions from

4 mls to 32am dxposciga8edilaitl /28ia6h, ndOEKHORT E dbresikt 18¥eraloWh theivé N t he
first station of a "Little Joe" ink tester ittle Joe Industries) Belle 15

Mead, NJ) andidepREdie diclgcaiostbsimated 089 rq%tqmmhwafﬁéé wavplength heitintgs a
i ncl udi ng thenp f%‘éPr%Q&% Btreele},o?](geraﬁ%qa e‘?ﬁ%orﬁlslﬁ%exy‘c%l 9e%¥t% Q&ﬁs’m‘f’XZS taped

to the rolling drum across esur ce of

t he inked prlpatwmgddmlnaﬁleo tkﬂéllﬁaimb@etférrs@rmlferm\asmttheﬂmweadt1ayetr n6as placed in’
a Fusion WV henchtop processor and_exposed using a fu3| on F300W 6 inch D

| anp, at 45 fhollavmg IoEOTH BRI HETHRCINAS thoBhRIBRSIA! laygrdl oscambeslepsiapgd 1nAf t er
th I I th
€ sanpl & Wasg, Eﬁ]%ﬁ%?ge\'?e? pdY A'sgﬁéwn‘irl‘ﬁcmvﬁ%%h&ﬁ;% M’g?%a %@% Hom the

sanpl e and t he or €818t I 'mage was devel op solutlon

for approxi mespedified waeelm,_.,uum&i tofthe repirpd dewsdsp toheione thepregiopd @Itthd | n a
100gni liter SO4c § % Eltl ng bath w h 185 gnmlliter H-SOa a
anps/ square fR Ofoa?m WU affve aeding} WHICR Wer veﬁﬁiebyp@m?ﬂlﬁée%la?w 2~

filmwas therth@}dakl@{éattemﬂsére@égd Ay ferRbved btyqné)@é@ws%hﬁfona@@mesh@atel y 93C
for 3 mnutes fol %IQ‘lStrl ppi ng" of the photoresist in 3% KCH at

appr oxi ndtlel yeX&BQ@d rmhemf arid ?plarThWOSanlpnh%%mchﬁbcmbee@bjeICWkisf,O used

particre of 26 Erama R F S o P R e A R oA s o
custom WV curEigkse Maturéﬁgmﬁaﬂyeﬁhla& Eavldueivg: circuid trceARRd 20Rducti vy\6r AEH-22896

Ink 1 75 parts 12 parts 7 gorts 5 parts Ink 2 74 parts 18 parts 8 parts ‘
| ngr edi ent s SEEBMEItaBugDboles.50 Sar boxTM SB 510 E 3~ CDI 15858,

DarocureT"’ 1173 Sﬂflto?%rfIMé%hggl%egatlve acting photoresist layer 16 which is

15 sensitive to radiation of the wavelength which passes through coversheet 14.
Alternately, a positive acting photoresist material could be used, providing the opaque
regions and open regions of the mask pattern 18 are inverted. Upon exposing and
developing a positive acting photoresist material, the regions of the photoresist
material 16 which were not under the opaque portions of the mask pattern 18 would

20 be removed by the develop solution.

The circuit layer 22 can be formed on the surface of the dielectric substrate 10
at exposed region 20 where the photoresist layer 16 has been developed. Preferably,
the circuit layer 22 is formed by electroplating. As shown in FIG. 5, electroplating
will result in the circuit layer being formed only on the side of the dielectric substrate

25 which has the conductive base layer 11 exposed. The conductive base layer 11 acts to
initiate metallic material to be attracted as an electrical current is established between
the conductive base layer 11 and the solution of a plating bath. Various types of
electroplating apparatus and processes are known in the art; any conventional method
may be used.

30 FIG. 6 shows the formation of a through hole 24 in the dielectric substrate 10
at the exposed region 21. While circuits of the invention will typically have at least
one through hole. blind vias, i.e., vias which are not etched through the substrate. can
also be employed. Depending on the type of method used to form the through holes

-8-
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What is clainmed is: 1. A process for fabricating a flexible printed circuit

W th at Ie% oot ched or plated feature on each major supcaagenbosai d

flexible circurt, conprising the steps of: (a) providing an input materi al

i ncl udi ng a 24, eheowills flaysbdslbpedtas shonin at sdb@ﬁﬁﬁal@n@rﬂmwﬁch\oﬂmd@ase | ayer,

sai d i nput teri,al _having two major. surfaces, d:ﬁ I ag}lnati ng. a phot oresi st
having a cov uoé’ﬁé%forfﬁak@dpg/thﬁfllfaw%}é?l?%é?@W@rm Go7dhe FaRARINgne maj or

surface of [ to said
cover sheet Sﬂm%ggﬁgéﬁg?“tﬁtpeggaﬁg élrerclé ciﬂ F ‘lL't&IeesH%tg %%ygﬁgl&gdrg@é)ﬁoeérﬁ\é&?esul ting
circuit. 2. shopmgc@wembomdm@aﬂ cacdsaif wirguiagerel Theemprl onidayerst 2 at

acconpl i shed,b ontj huous dseletdfromf xogr aphi ¢ and
et tor pr obs BRPRTGIgRe Bron3Rlldl D Btalge R Ve ok ede G A B
printing is @@@&Hmmah&ﬁnchmammsp&fmma‘ fRY, eld. tmg@%mm ébauéblgmﬁess

according to claiml| wherein the EI’I nting i's acconpl i shed by neans of
rotary gr aqu]@CWQhﬁmlwﬁﬁ Ig. Cheproateisking exracadly pgoduseslaped sidawwalisdnd t he

printing is I,shed by of mater 8SS A 0 h ocess
according t o%glﬁ“e M Rho\mg?sg R geﬁxée %F flﬁﬁlfeﬁld)a ey cpg’r?]Eﬂ a%kzlgat %S St‘?%%ﬁ'sﬂéf a
nmet hod sel ectleghitdlomllingksolifion PRl e tROEraPR tieleRlricHubiteate Yrom‘beﬁﬂg)@lesmved

according to claim1 wherein the. input material also includes a netal
oxi de Iangr on at OI‘IEfiﬂethﬂﬁléf%‘lfG’ém@ﬁ viasethepughdelesiapd gheplikersieioas BSera process

#CE010 0, L SOShAYT A AR, B 5 30 s o R et
use of a mask to def'me the locanons of the through holes 24, Other methods of
forming vias and the like such as mechanical etching and using a Yttrium-Aluminum-
Garnet or “YAG?” laser to forming through holes 24 without the use of a mask may

15 also be employed where desired.

Depending on the requirements of the circuit, an alternate additive process for
producing the circuit could be employed. This process would entail leaving the
coversheet 14 on the through hole side of the circuit in place until after the circuit
layer is formed. Leaving the coversheet in place until this stage of the process would

20 protect the underlying photoresist layer 16 from damage due to physical or chemical
interactions. This process sequence would require a second develop step to develop
the photoresist layer 16 to enable formation of the through holes 24. As shown in
FIG. 8, the input material 100 includes a dielectric substrate 10, a metal oxide layer 12
on at least one side of the dielectric substrate, a conductive base layer 11 on the metal

25 oxide layer 12 and an unpatterned circuit layer 22. In the embodiment shown in FIG.
8, the circuit layer 22 would preferably be formed by electroplating.

FIG. 9 shows the lamination of a photomask sheet 13 to each side of input
material 100. This step of the process is the same as for an additive process. Ina
subtractive process, the mask pattern 18 which forms the trace pattern in circuit layer

30 22 isinverted relative to that used for a additive process. The mask pattern 18 in FIG.

10 on the circuit layer 22 side of the dielectric substrate 10 differs from that in FIG. 3
in that the opaque regions of the mask pattern 18 are in the areas where it is desired to
have no circuit layer 22. Regardless of whether a positive acting or negative acting

-9-



0 4 APR 2003 9. A process for fabricating a flexible printed ci rcuﬂt’\‘ APRhZU[B

- at least one etched or plated feature on each major surface of said
flexible-circuit, conprising the steps of: (a) providing an input rraterl al

i ncludi ng awe@iodize’déri c substrate and at | east one conducti ve"(Hlo

sai d i nput erl al havi WO or surfaces, m nat i hot or esi st
a6 ot | cas MG s aEls FHaloyeH. tos PHGuE SeoTal Sk pRIGR g TorBRBES] ot

having a covgy é@ﬁ??ra&é}ﬁiflg@MﬁFacuC@%)ch%Wﬂl% 1§@érféd(ﬁ%Yr?fhe§Jb§$&e re oels bd)
printing a mask pattern onto directly onto said photoresist, wher ei n

sai d mask patsedrinadeddities ptoaessd &inegnvmxom héthr: epaguE| |rmorcs| ofabe tracels(i)de A

01 "o cont 1 rubitet et 8 Bl e e Pl 4116 Biye ok Bade il RABr iR aEC Wi mo.

11. A progesgvage®@rding to claim9 wherein the printing is acconplished by
means of offset |ithography. 12. 011%rocess according to claim9 wherein the
printing is accomppi&suirapyvaprasessothe msskpiofde 2pslipenyie FHEi Hgpriedto A process

according to ﬁzégi:ga 6%1)1/1%? Jﬁ“é rhcfe?i‘ta‘ecp{egmnls Al cxr@l?f%qplj i’s&%gg %héﬁea%vr@ tﬁfe

waterless |if Pocese accord erein
printing is pmnpiﬁeﬁlaﬁebdxyacman&ncshoanniEFt@d?SeJoe@medthf:reamse@bomh ofnd
xer ographic printing rocess accordl ng to claim9 wherein the input
material al s6°F f%é@seéawé@ Fheyys Het] Cayéﬁs HR° %Iehqdeaarw (EHeé: KdésshovRe
di el ectr S te A
phot or es:lgt lr‘ljlgﬁdrilg%thgéfgrer?ﬁg gg?ﬁﬁe&%% Q!s 91§‘%orth§&gét?i‘é§ anﬂS% tlﬁleof sai d
maj or surf acesosss indhalsanrepliashiombaeimi i addilmfe pA&ess. Following formation of the

A&N. AL{. AY.

#. Tuxz| #w W%SA% @3 ‘é\—’ﬁ%eam?rsaﬁla é]*&aﬁ%%%a?hamwélgféﬁéj tgbpse) c: a]

caU] ca] cal] cakemd tﬁﬁﬂu@ﬁh@&]mk aRb ¢y ALAB] emdl &R Thededif rcuit as shown in
LErrr 1 $$MeT&a&] & val gb] X] cal ¢ a] ca] cal ca] ca] c”a] cal; calca]calca]c"alcalc
a] ca] ca] ca] cdfl }‘&:&]S@h?;télé]%la(]tbﬁaﬁ%@q 2%l eal]r@aq sajoal EK|&( ()R (///</' 2375a9h9

u9?Ar CvCee3 I—UTKM\/I\fIY% T ] v

a] ca] ca] ca] cal] ca] c' %p"g(ﬁg?]cag]g'gg &L’/} a%lg?altfcaa]yca cbac]use? in a subtractive

ﬁ] ﬁa] ca] pilrﬁq:]rca]sﬁ a]cﬁaﬂéxcmb/emxa]bb’haéctwci]élec]:tbbbtﬂs%ﬁtleaodmd@wﬂeﬂbésﬁ#ﬂgmgg] |
uhij a cko v c"alcalcalcal cal calcal ca alcalcalc

al caj] cjaj] Jc"a] 821 k@npi%ﬁ > %ﬁ{@ﬁf‘]&f ceapell oy dayerlay Sé‘éE] wakeriR m Hy '@1/% 111 $m

j MMmannnoopt pk agansé BM%&ﬁBhQuZ@M&%&RHF@ qg]»ﬁﬁ]n@@és@ﬁ&t@@ﬂaﬁ@]:ﬁ&] cajca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"a] ca] cfa] ca] ca] ca]c”a] ca]c”ha

U c*a] ca! sUt ube sdiensed/fabrivattomprocess steps. Depending on the adhesive used, the key

o) o] aaltk) o Cny Hefe ey Bros LR BRSC SR Ca TRl St SR saaGRhG®) o
remove the adhesive from the base of the through holes 24.

The alignment of a pad region 28 to an adjacent through hole 24 is critical to
adequate circuit performance and manufacturability. As shown in FIG. 16, the pad
region 28 must completely overlap the through hole 24. Meeting the alignment

25 requirement is accomplished by sizing the through hole 24 and pad region 28 such
that overlap is maintained for the registration capability attainable with the pattern
printing technique chosen. In some cases. the printing equipment will maintain
alignment by gear driven rollers. In other cases where more precision is required,
closed loop registration systems capable of monitoring and adjusting registration on-

30  line are used.

In an alternative process. which may be either substractive or additive, after
lamination of the photomask. the cover sheet is stripped. and the image is printed
directly onto the photoresist. The photoresist would then be exposed, and after that
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201094 (f ~ F &10%3 {korrhO% mr%pgﬂ-‘%o II flexographic and letterpress plates were

obtained. These were exposed as recommended by the manufacturer, in a contact

vacuum frame with a negative film containing circuit test elements with line/space

pair dimensions from 4 mils to 32 mils. These plates were mounted on a block of

aluminum in the first station of a “Little Joe” ink tester (Little Joe Industries, Belle
15 Mead, NJ) and inked as recommended by the manufacturer.

The substrate, including the photopolymer resist and optionally the cover coat,
was taped to the rolling drum. and patterned by being rolled across the surface of the
inked printing plate. The inked sample was then cured. It was placed in a Fusion UV
benchtop processor and exposed using a fusion F300W. 6 inch D lamp, at 45 ft/min.

20  The radiation was focused at the sample plane. After the sample was exposed to UV
light. the coversheet was removed from the sample and the photoresist image was
developed in a 0.75% NaCQj solution for approximately one minute. The sample
was then copper plated in a 100gm/liter CuSOacopper plating bath with 185 gm/liter

H>SO, at 20 amps/square ft for 1 hour total resistance time. The polyimide carrier

[39]
wn

film was then milled in a 45%KOH bath at a temperature of approximately 93°C for 3
minutes followed by stripping of the photoresist in 3% KOH at approximately 62°C.
The final part was then rinsed and dried.

Inks used included a black UV -cured letierpress ink formulated to have
minimum particle size from the Louis O. Werneke Company (Plymouth, MN), and

30  two custom UV cured ink formulated as follows:
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U&' () -esemajer surface of said flexible CerLllt comprising the steps of:

(a) providing an input material including a dielectric substrate and at least one conductive base
layer, said input material having two major surfaces,

(b) laminating a photoresist having a cover sheet fixedly attached thereover onto at least one
major surface of said input material, and

(c) printing a mask pattern onto said cover sheet, wherein said mask pattern defines the design of

the resulting circuit.

2. A process according to claim 1 wherein the printing is accomplished by means of a continuous

method selected from flexographic and letterpress printing.

3. A process according to claim | wherein the printing is accomplished by means of offset

lithography.

4. A process according to claim | wherein the printing is accomplished by means of rotary gravure

printing.

5. A process according to claim 1 wherein the printing is accomplished by means of waterless

lithography.

6. A process according to claim 1 wherein the printing is accomplished by means of a method

selected from ink jet and xerographic printing.

7. A process according to claim 1 wherein the input material also includes a metal oxide layer on at

least one side of the dielectric substrate.

8. A process according to claim 1 wherein a photoresist having a cover sheet thereover is laminated

to both of said major surfaces of said input material.
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(d) printing a mask pattern onto 1rectly onto said photoresist,

(e) wherein said mask pattern defines the design of the resulting circuit.

10. A process according to claim 9 wherein the printing is accomplished by means of a continuous

method selected from flexographic and letterpress printing.

11. A process according to claim 9 wherein the printing is accomplished by means of offset
lithography.

12. A process according to claim 9 wherein the printing is accomplished by means of rotary gravure
printing.

13. A process according to claim 9 wherein the printing is accomplished by means of waterless
lithography.

14. A process according to claim 9 wherein the printing is accomplished by means of a method

selected from ink jet and xerographic printing.

15. A process according to claim 9 wherein the input material also includes a metal oxide layer on at

least one side of the dielectric substrate.

16. A process according to claim 9 wherein a photoresist having a cover sheet thereover is laminated

to both of said major surfaces of said input material.
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