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1. PATTERNI NG PROCESS AND PRODUCT The present invention relates to a nethod
for providing patterns of etch-resistant nmaterial on flexible substritei 9
using an integral nmask and a.mask-specific renoval agent and to the %‘S—'
producti on of shapes of a predeternined pattern enploying a 5 siml.ar

techni que. There are many uses for thin films carried on rigid or flexible
substrates. Printed circuits are exenplary of such utility and are w dely

used. Ot her characteristics can BXTERNING PROCESS ND PrODUETDLY depositing therpea,x
in certain patterns. 10 TypicalTy, patterned thin filns have -.}
been prepared by depositing the filmon a substrate using a 1 deposition
mask or by etching unpat fThe rpresenti rinverkrien uil ates dove meithod fop hptowi dixigst

and etching, Theﬁaectzﬁﬁmlf NPV eand kBt Oby $SRARNL AR OB O

masks nust be preci se and
critical toler an@:‘bé“ﬁ@@‘ rﬂ)ﬂﬂkvénﬂ a mslq-spenwfﬁcctamovnb ageot candet&attihee

nmovenent “bet vveenp,tcjagcffﬁ?nkﬂﬁ%agéke o‘i*ei’cb?"eaﬁge?')r?wtrbd pﬁtté‘t"ee gp-%g "ques al so

particularly true, where e substrate’is chin
have di sadvar® agtiiiteEdeshniqyes techni que invol ves depositing relatively

| arge areas of an 20 uwn@qtet awe«ﬁnymgésffdrmtnﬂd fAledicadridd bR tidgddasi red

pattern. The deposi, er _a[ea nuous pr oduces
stress within th i1f° Hgsvta%ﬁg‘t egrlﬂt&ak?‘rﬁué a§Ba‘f’ief“mf"'~"Sf’fefsué:?‘pr obl ens
are accent uat ed utidriéy randt 2y eidelycusedaf Ol cidraotéresitits canvbenhuilt

di fferent therma.} 1:%ng ﬂ{f‘fﬂfsmbg e@B Pﬁ?‘ ?ﬁ%‘ri elg‘@%ﬁ,{ ﬁggtegié Mor eover

etching is not as" précisely co hecessary for
smal | - di mensk®on, tight tdypicaide,. pattemed. tlﬁnrf‘h'lms hmpeamtpeepaaded by e

difficult to etcéibs&%@fr@ @ﬁé*imf‘dﬁi Eaﬂlb&fﬁ\ﬁ' Ti‘% §7t15ﬁ%arskeﬁrc rate

is inpractically slow ts o u sve etch condit
are required thattching ‘%‘QFFWHG‘? rfé“Praﬁ’éfﬂﬁd#%“ﬂr@ﬂ!ﬁﬂf@é’i“ﬁbtﬂ*‘?taﬁsééte@d

- 2- etching. These techniques have a variety of disadvantages.
Deposition masks must be precisely positioned and held in place
15 where low critical tolerances are involved. It is difficult to
avoid relative movement between the mask and the deposition sub-
strate. This is particularly true where the substrate is flexible.
Etching techniques also have disadvantages. Use of
this technique involves depositing relatively large areas of an
20 unpatterned thin film and etching it to the desired pattern. The
deposition of larger areas of a continuous film produces stress
within the film and promotes cracking and spalling. Stress ‘%&
problems are accentuated where multiple layers of distinct materials
having different thermal and or chemical properties are involved.
25 Moreover, etching is not as precisely controllable a process as
may be necessary for small-dimension, tight tolerance patterns.
Further, many materials are difficult to etch by ordinary chemical
techniques. That is, their etch rate is impractically slow with
N common etchants or such severe etch conditions are required that
30 surrounding materials are undesirably affected. '




As di scussed above, the generation of patterns, in inorganic films is:known
and has found wi'de ‘spread use in the priznted circuit industry. The °.
process that is widely used is photolithograpbz; A variation on the 5
conventional photolithography process is to use a negative relief mask.
Negative relief masks are also used in electroform ng and in additive _
gﬂotollth?graphy but i-n thasedulehﬁﬁédsabbeeLOﬂPefgéhﬁraﬁsbnlanphteeahed
e use of a negatijVv nsya a S
esul'ts in the fobRofPRgafte,tink 1 KR ERR hhg ELBRACOARTEPERAE, use
mask ei t¥er throuéjﬁ bhe R&izBted f-‘hécwItniaﬂuﬁﬁmughi‘aeseéﬁseﬁau thas ig the

flln1along thededgeaemﬁ tubednaskphbtbYiehbyrapghPot hat bariaskoandnt BRef i [ M
so as to provide s

Creted i ot ehces CohE8hsARRET oo bIS e RBu Y EBhy, BbERETIE sk uBEE, deparave
advantage of the ﬁﬁéﬁef ﬂéﬁberaNagétéuﬂabﬁliFfeEa&ha ﬂéﬂealsapbﬁegréasure

in VaCUU”1”Eta||lé&bb&ﬂotb@ﬁbﬁ@sandvﬁﬁnaaahEﬂvbn hsﬁalstﬁsgaéphf,dﬁﬁﬁsihlOn
masks, the. nasks gﬁe nor ma ive et

acid. To date, 858S§Pﬁbaﬁ5 ggé FP§1?gdtP8 @ﬁﬁ.llfl ?g gg??ategﬂgnﬂse
only single f||n19ﬁ|gkneggésvabéeixeflmgskr}nthacuuMametbbbhzahagedprgsesses

It has now pbpgn dkEQQIQEe@ntEﬁE tBg thEHEﬁﬂﬂskpB&Qﬁgoéoﬁﬁéaa'nsQQ@Qﬁtslon

Bt processes. NOREER kcFF?XEFﬁigglPaﬁﬁseiééﬁrf%ﬂﬁagﬁ BLBhoLeR mpbbs: Fokm
processes will depasthrnugbrdéBceotinB&bseaninathg fhln alqegothslgﬂGGSOOf

that mhen used 'ntﬁ@”ﬁbﬁﬁtbgnbyﬂEﬁtﬁ?ﬁ&abatﬁtGﬁébhﬁsﬂaﬁﬁd”BESrfﬁiﬁ so as to

integral, etchable_ma ormed o noved, fr fle

substMat es. 1t naBrAVEfSLALReaE <pEhRFBaoF hahe caP FURNE cEerEBt MARE or i IR s5eRA

be built up ¥®» ustisitedsknayal8bes, dinenganis ﬂegabseemteh1ef masks have

di fficul t-to-etchypphnubblm BathreNadRhRELGES £50h0 RYGREE AFLhEEr A0

addi tive photolitﬁo EEE%C tech qu%s can Dbe ﬁse ?gﬁn1?ﬁe %agﬁ. re

8a ities and ower vapor pressure n vacuum

metallization chambers. When using inorganic negative °
deposition masks, the masks are normally removed by

20 selective etching with an acid. To date, processing has
been limited to small rlgid substrates and only sxngle f£ilm

thicknesses about 0.1 um thlck have been imaged.

25 It has now'been discovered that the "throwing"
power of certain deposition processes can be used to
\ advantage to overcome the deficiencies in prior art

processes. More specifically, it has been found that
certain deposition processes will deposit material

30 substantially in a line-of-sight so that when used in
combination with certain etchable mask materials, integral,
etchable masks can be formed on, and removed from, flexible
substrates. It has also been discovered that certain
etchable materials can be built up to useful masking

35 dimensions for use with difficult-to-etch thin film pattern
materials. Both substractive and additive
photolithographic techniques can be used to form the mask.
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3. Therefore according to one aspect of the present*invention“there is
provi ded a net hod of meking a patterned deposit on a flexible, film
substrate 5 conprising the steps of: providing a flexible, sheet-like,
filmsubstrate and, integral with at |east a portion of one major surface
of said film a first etchable masking-material which stiffens the flexible

filmsubstratepapdedebl aeéoealﬁgceb bRe aspeet’ bl m edd Y normal to
"sai d surface of theaﬁu strate

e itin r at as portion of the
e bed | LT ARG LCB ERETa, LB BERVIeS: PaPCLROR of mekIRG: & oot L om L he
first natpattérneliedeposit, opant €liexibleri £ilh5substtaate deposited byys
vapogr de&gﬁéﬁiggnarhﬁgr%hﬁp% o%he exposed areas of the substrate and nask:
o _

surfaces are“paral pl ane of said major surface of the
substrate, thprpmdeng of fﬂ#&lbésonshepm-ﬂékﬁ mkddm subskrate iand t he

subst rat e4fiebggabounbhe babe ERpbrtdoRlor off! Gt ctdcl ldpg the

deposition so~t I rst maski ng terial 1s nQl _conpletely covered or
seal ed; aﬁﬂlﬂpSF}Pngaaféﬁﬁﬁl@§Ph&§éﬁtmP§k§§Be@Pt9€P?1eF@HQ&way the first

rrﬁskl ng N8t efahs\MiReckYeripab! eilmokubBerate anaea@ﬂuw PHydlidagmai ns on
t he substr at

g The present h venti on,oyer coges th%FF Elgﬁfles in the
prid? ar t PEGERREIPEPgeReHR: EXenHEFﬁﬁd By S{tFc Er B € norganic filns
can be fosubstwhtee: (1) The substrate enployed is erX|bIe and may be
conti nuously gggos§£ag§sggg%egtpiggs g BEr@ﬁEﬁ @%pQﬁ!th tlons so t hat

large quantitre can I'’nexpensi ve e i nor gani ¢

filns enprggeqnaaeseppndeup@ttsretmnteanél(spemhgaﬂ&m- ﬂﬁﬂ&m can be

patter nedepbhhtRECel 88t mhea2iHll, ORhe second, pattern mater1a1 \J
15 being deposited by vapour depgsltlon_prlmarlly on the

exposed areas ‘of the substrate and mask surfaces which
are parallel to the plane.of said major surface of the
substrate, the pattern of the second, pattern material.
contacting the substrate being bound:by first, masking
20 material;
controlling the -deposition so that the first masking .
material is not completely covered or sealed; and
applying a chemical agent to selectively etch away
the first masking material whereby a pattern of the
25 second material remains'on the substrate.
The present inventioh overcomes the deficiencies in ~
the prior art by providing a unique'method by which g)
patterns in inorganic films can be formed where: (1) The
substrate employed is flex1b1e and may be continuously
30 transported past one or more deposition stations so that
large quantities of material can be made inexpensively,
(2) the inorganic films employed are difficult'to etch,
and (3) the inorganic films can be patterned with
excellent resolution. |
35 In one embodiment, the deposition is accomplished by
continuously moving a substrate past a deposition
station. By using a deposition technique having poor
throwing power, such as electron beam evaporation, the
second material can be deposited primarily on surfaces
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35 I n one enbodinent, the deposition is acconblishéd By cbﬁtihuously
novi ng a substrate past a deposition station. By using a deposition

t echni que -havi ng poor throw ng power, such as el ectron beam evaporation,
the second material can be deposited prinmarily on surfaces parallel to

t he pl ane of the substrate surface and does not conpletely cover or
seal the vertical walls of the protruding mask material. This vertica
separation or exposure allows selective etching of the mask nmaterial to
remove sit and to | eave a positive pattern on the second material deposited
on t he Wibstr at parallel atereherpranenbpdthe nsubsbeatecondrasceét &ha gokeri al

is'd it i ) ' f._the. dif t
mmteriars A1 oo cAElSeafPraBtet b SEIF Bhg vEnE SRy IS SECERE
used in this appretruding maskimaterial et CHhisrvexhicahadeparationi aks are
material s whi ch &ayssdrs SAd W@'é’e%é&ﬂ‘i@é C&éﬁixﬁg}[’\?}fa{‘tl?%%é{gﬂ ﬁéﬁ@i‘gél to

relative to the mask material which 1Is used suc e mask can
successful |y renkRBRVe thoand R cleryg arpesitive tpatberncon kheeseaprndlo
The nethod of thgaELEEDdépoEteé@ Non Sthé edubsELat® Ovi di ng patterns of a
variety of flexible substrates. The present nethod i s advant ageous because
precisely controlled patterns can be deposited within-very tight _

tol erances. In addition, because the pattern nmaterial is deposited as a.
relatively small portion of 15 material, the stresses can be nore easily
di ssipated conpared to a | arger deposit which is subsequently patterned.
This reduces the cracking and spalling problens associated with the
deposition of |arger portions of material. Yet another advantage is that
the ™-€xible substrate is provi ded with additional stiffness and



20 rigidity due to the presence of the integral mask. ThIS alds in the
handl i ng of the substrate and reduces the possibility of delam nation of
the pattern material after conpletion of the patterning process. In.an
alternative enbodi nrent of the invention the process can 25 be nodified
to provide precisely shaped pieces as $articles of the second pattern
material. Therefore according to a further enbodi ment of the invention
there is provi dBc® Rrafenred embodimeniy the isecend pattery matenipl isorres-

pondi gg tOdébd%EQc;:&ﬁ'ne@ﬁ@d’omtdfebﬁb Q)‘Pni’@ét*esﬂi‘_&ﬁsh@f ?ﬂh@pﬁn@f %30 ot w o
provi di ng s verin a of su st r afigewi
a first, e?bﬁuzfﬁ?% gﬁT‘r?jsn% ePfaYﬁ'"th%rg?r arf%rgﬂt [am stissid and which *

i ncl udes phy&nﬁa] protrusions norrmal to the surface of the substrate

partorh mat ori AF UsEtin TS dpbtfedbioh ' ATRP (A ol 6P BT o RBRRGHIEY e
second pat mekerials @rraauaueeliaf@ whicis hoeel apretatively show ledchirage naski ng

material wWoighal §i Mré‘{dlﬁhtt&ﬁ@ﬁé%fﬁ&eﬁaﬁ{]m’a m%&gtg udbd

dlscontan|Gaythe osition fore al rst nas naterial is
conpl et el yS¥dv bl thﬁdﬁﬁ%pﬁ?’yl Rosuccenstuldy reagm wighaud, ée‘f‘?"\ﬁéw etch away
the first gefdeitiag méeﬁambrmmﬁeéﬁmth the second pattern nmaterial whereby 5

th i f t I th bstrat
F Rt T " s s FPEWRERG S et Prieeiaspiatifl Ts: Bl Rre PO o The o
present appattexns of aFaBIRES df- 8lexiblelsubstrabes. arfdecpresent eethahs of a
sheet 10 %&Sﬁta\yeogé ﬁé@ﬁt‘g%’?ré&ﬁg g do’ﬂtwﬁeﬁaﬁéﬁﬁpn‘u?%? ess. FIGURE 9

s a schemitin ord arat Us use in the present
i nvent i on. dqnasited nighbn V?mé tﬂﬂggéﬂ]ermﬁt i dlﬂ addi than mbeeausecthe y

expl ai ned Bytte?haiictareat st dépodi fed B9Sa vkl SEIVR1} SHRIVSpoFti oW f

15 material, the stresses can be more easily dissipated compared to
a larger deposit which is subsequently patterned. This reduces the
cracking and spalling problems associated with the deposition of
larger portions of material. Yet another advantage is that the
flexible substrate is provided with additional stiffness and

20 rigidity due to the presence of the integral mask. This aids in
the handling of the substrate and reduées the possibility of
delamination of the pattern mater1a1 after comp]et1on of the
patterning process.

In an alternative embodiment of the invention the process can
25 be modified to provide precisely shaped pieces as particles of -
the second pattern material. '

Therefore according to a further embod1ment of the invention
there is provided a method of making articles having a shape corres-
ponding to a pre-selected pattern comprising the steps of:

30 providing a substrate and covering at least a portion of the
substrate with a first, etchable masking material integral with
the substrate, and which includes physical protrusions normal to S
the surface of the substrate,

depositing on at least a portion of the masked region a second T .

35 pattern material chemically different from the first masking
material, the second pattern material being deposited primarily on
the first masking material which is parallel to the surfaces of
the substrate; and
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15 chart of the various steps of a preferred process *according to thé °
present invention. Figures 2-8 ----------------------ooo---- are vi ews
of a porti.on of the patterned material as it nmay exist in the various
stages of the process. A substrate 52, such as a flexible filmshown at
step 1'of Figure 1, is selected for the process. The 5 substrate shoul d
have sufficient .di nensional stability, and et ai n such properties under the
environnmental conditions it will experience in processing and use, so that
the dif.ference between thernal expansion coefficients will be mninmzed and
the matefials it carFiseonifmyisgphe depagition deformalbeofi e ififest moskigar at e
frdmthe substraggfteri$t gel conﬁﬂémgc@gv@égb #r” gl ass, and thick sheets of

pol ymer are conmonly usled as rh%

ubstrates. Stain]ess steel or polynmeric
films are comonly u8BRYd8973 & ’Icé?siﬂ%“ﬂ"r .é§.]e‘iidl‘_’9i¥rie&€hqula¥rs§§ughr5§s
t hose whi ch are masking matktriallbnderneatt the esatofdrpatbern ngtaiial esherelygle mar k

"Kapton" (Du t kGl e f i bility t
etain i ntogr tythd BTSRR bt teltebnfl SitbrF R EER Frd s BRSSPI, Lres,
e.g., 200-[err].syRstsadkean in Figures 1 and 2-5, a prinmng |layer 54 20 may
be d ited the fd 1S, ayver is Jntended to i
adheston of _subsequent a0l 36T 4iphdm &Y dhe' Sl BbFEF Prosh,ieht g
art. For exanpl ejinvihe peesept gapilicatdonns and netal oxides can be used if

desired to irr_pr ove t lreciEtesi®Rref p1aAPPEdws! Q"Jp%k&smsg&ﬁ"%g' ?f \thllijéaett he
prlmer |ayer is not n_e?ded, it can be omtted. For sinplicity and clarity,
the primer t8yer mtenial ff variams $troeRein dheinathgriinguprosessThe next step

is to deposit a subl #IGURPOH iha séidmabie vies ofat pittaka @Fsﬁmn%a%uu_son
the Substrate. 'Qfﬁﬁﬁ grit hod, a thin subl ayer 30 56 of the mask rmateri al
Wi

is sputtered or NG PSSEPEFWRIH e substrate, or on the priner
| ayer 54, - if present The method of the present invention can be more clearly

explained by reference to the drawings. Figure 1 shows a flow
15 chart of the various steps of a preferred process according to
the present invention. Figures 2-8 ~-eemmm oo



typlcaIIy to a thickness of about 1000-1500 A as shomn at step 5. The

_ sublayer 56 may be further thickened by electroplating, as at location 7,

i f deenmed desirable for 35 further pr ssing. One met hod of form.ng an
integral nmask 70 as shown in Figures 4 and 5 which will have the desired
pattern is by the use of an "additive" process which will now be described

Phot oresi st nmateri al s | am,nat e ated p
step 9, andaFﬁeVpﬁﬂfoP sPsPOEPE8e %t%%I gfnfﬁpoug Eﬁilfyé%ﬂfas at
5 step llgxisthénstbeciviari®@usasthgesadd my6c®mm9ﬁﬁsonal photographlc or

other wel|-known techii gugs tthireh sean s*?f%hr eadial ¥198i00teek idapastiviy HB7t he
di mensi on and precision required for _th patterg:Ih It can be a ositive or a

negative of SERR de8&fr &4 IvE& laepéndiels q&ﬁdwﬁGFh S REYGSAP %r negative
phot or e5i st substizade shoullde haves euf fdedentpidimensitnaslt estcabilnitty, band

positive of _the.mask r I

pattern |inE§tB3n,BY Chbgt%? %%e%pﬁlg@eentl n;el teﬁié&ﬁg’s?s%'m“t R%Hﬁ Qr'we
phot or esi st 1§8wiillll expexiliengec dineprioressdng ansd Wee e 50 th %%l?‘%‘)ht strikes
layer 58 as dilf?.%eh'&e':'h@trvﬁe% thhetﬂheldreawmwid dore ficden ts1ketl 1 rbé he

remai ni ng area un e trans re f I

cross-sect i Bﬁ gfn izied é”gélthé p 3 'Itocgtr:r#ise%s%né rlsg't‘sttﬁcﬁ'irak%process i s
shown 1@ Flgotebé idklined to sepanﬁtﬂﬂfqﬁuaqhﬂn&ﬂhﬁﬂﬁﬁtQ%Brﬁﬁﬁﬁb

exposed to L gl ad %ﬁ{&# de) QYLS R 435 A8 slide i JOPELymé rwevel oper

i nes. 62 of %Sn&%gt’léﬁme%ﬁ‘c’a”sr AN e €76 15
shown in 25polpmewie Filke aaoeomdnmamoarsecs aehefl eot sk dsubs ex abesl. by
convent| ONa%q %C:.rfnql Uy 1 gsuch ads ltLﬁoess( iyﬁ;&?'&&té Oébxﬁ{ermally
15 available under the regtstered trade mark "Kapton" (DuPont)-are
particularly preferred because of their ability'to retain
integrity and dimensional stability at relatively high
temperatures, e.g., 200~ 300°C. _ *
_ As shown in Figures 1 and 2-5, a priming layer 54
20 may be deposited on the film at step 3. This layer is
intended to improve adhesion of subsequently-applied
metallic layers as is well known in the art. For example,
various organic resins and metal oxides can be used if
desired to improve the adhesion of copper to polyimide.
25 Where the prlmer layer is not needed, it can be omitted.
For simplicity and clarity, the primer layer 54 is not -~
shown in the remaining figures. The next step is to e
deposit a sublayer of the etchable mask material, such as
copper, on the substrate. 1In one method, a thin sublayer
30 56 of the mask material is sputtered or otherwise deposited
onto the substrate, or on the primer layer 54, if present,
typically to a thickness of about 1000-1500 A as shown at
step 5. The sublayer 56 may be further thickened by .
electroplating, as at location 7, if deemed desirable for
35 further processing. : -
One method of forming an integral mask 70 as
shown in Figures 4 and 5 which will have the desired

v




sulfuric acid, to prepare the surface for further electroplating at step 15
and then it is subjected to a 30 copper electgoplating process, at step
17, to deposit additional copper in the exposedbdareas to formthe integral,
nask 70 as. shown in article 68 in Figure 4. The copper mask 70 is built up
to a height which will equal or exceed the expected height of the pattern
material to be 35patderdedfedy \theppseedf amhd addiiglivedhpaiogeiss sifcheiwdndil

to allowthe nask56@1uelaayeﬂxbémpun@mwﬂa%eEQ@ttm%ta%hhqrsswageuhﬁxnaéehpto

b b tl lied, d t
sﬁbggqﬁgg%egtcﬁlﬁgpa?%ﬁq ﬁ@FéﬂﬁanEﬁfﬁ ﬁ“5§§ﬁ§Ct nsﬁfph Fl@%%etghas

Typi cal |y, a hei giphodforgsitss 2xposed $osdfiighdi 6dt theoughsia s¢enieiid 60 has at

materials. Hgwev@teg N )upp@he 'srﬂetnc'ﬁ. h@se:%nsweekn&d@nb? coﬂ%%tth%'al
congi derati ons such s the |nte of t

Goposi ted, the naBleiog:apn, B sohetsadiskapym Seghpdanea, vaind cag be
of interference bye@mglma§wla¢umdw¢apm@d§mus@qu¢h@ ddpevisiioon aptl precision

pattern materi al ﬂq Wired ¥or the pattern Tthp%hheb@ Eab%@u%&vwou&da
generally range in |ane%& reater th

appl i cations, rel |3ﬂ5ﬂ7% 16F % kPPegﬂgnﬁp°§r¥Eﬁ§BFﬁlp&ﬁdtﬁH§

range up to 100r br[@mghbawenmm@tmme$h5¢knss9seﬂs ndnedhet pirelsentfi | ns can

be made if ‘desire | 5 ol t ergh c n
be 2 mls (50 [er?esdﬂﬂﬁﬂﬁégltthek%tﬁnQﬁl leh chgsg?;%%:;ggﬁ%ggggr?a%

herein with respect™Sg { r§é§h8fséﬁﬂﬁé} &? Fhécﬁﬁ§R S $He pagéern
commonly used, et diatelse 62ewdlld deulogpaiuesnpireyedtibactbedpaesager gdnild ght.

materials t hat Camjpe t%c‘rfe's\i@ty sraem\ﬁd r\éhfafiﬁuhn%@\f%s%y tﬁEf 8¢kh3dvwhigte
pattérﬁ materpal 74 g@ aR Th var ous ol 2 strlggable
pol yners coutd be™s d9§§ ﬁ§§ﬂ gFV&F ¥§ a5 ¢ H&nai H 9“ﬁ8v3
drawing and be cross-linked in the remain;ng areas 58,
under the transparent portion of the stencil. A
cross~section of the article 50 existing at this stage of
the process is shown in Figure 2.

20 ' After the photores:st 58 has been exposed to
light and cured in certain afeas 58’ it is washed with
developer at step 13 to remove the unreacted portions
co:responding to the opaque lines 62 of the stencil 60.
The resulting cross-section of article 66 is shown in

25 Figure 3. :

The exposed copper is then cleaned or etched by
conventional techniques, e.g., a dilute (5%) solution of
sulfuric acid, to prepare the surface for further
electroplating at step 15 and then it is subjected to a

30 copper electroplating process, at step 17, to deposit
additional copper in the exposed areas to form the
integral, mask 70 as shown in article 68 in Figure 4. The
_ copper mask 70 is built up to a height which will equal or
. - exceed the expected height of the pattern material to be
35 subsequently applied. The height should be sufficient to
‘allow the mask 70 to provide boundaries for the pattern
‘material 74 to be subsequently applied, and still allow



sufficient integrity and stability to forma useful mask, 25 ~ arée not
" adversely affected by the deposition procgess or the pattern material 74,
and can be selectively renoved. Exanples f potential nmask materials are
organi ¢ photoresists and the |ike which can wi thstand the tenperatures of

t he dep05|t|o 9cess thout mel tin deconpqsi .0 QU ing-to
a- degree t h&t 0% i at°t r?erré;toé’lpegl "\ﬂgl tl?es W@Fé’(?l’\% zfq%él s\/\%’é"ﬁﬁ
deposi tion &e mhamn@g} din repnners ilons widdn Figwsleetded, 'I\Yfpé-qadriad.nmg
cross-|i nkeql,eg@httoroq;smg t582 m3 1% rllspl%%‘iﬂ‘&@.)énlty f%Q”‘ﬂﬁ%&'xQ@a'tﬁiQfoFﬂl%JeS at

step 19 and_t 5 ose p subl a tected .t he
phot or esi st ereigll,sé 3’8&'“5&&2‘5 Wplglrygﬁuﬂ“t s ng’azftei (fé’g‘te dn M. Wiile .
some mi Ror peacitdeadl coms idesiations: isaich as7Gheayintlegs ity odhbhed nasgke
anmount i s Q%Qrea:'ﬂa\l 705 Weliing @alpos tedh)s kit Inaltw..»afoffe% atsn |n any

-event, the hei the d 05|t d 7Q shoul d ted e v
flash etch &aé:% mtr‘l’d(i"ef%t0 %(féﬂﬁ %ggtee °tfb%15'z:' ?%d'e?(fet h’zﬁ tp’rfe
amount r enamaiskg 7&f wdrth e I%Wmdlelpopﬁ(twoaeo& dhiet paltdermsk. | n
anot her enmbgdivERila 1074, h@tidlvention, the nask is prepared by a subtractive,

ratherléhan an addltlvgg process. That éii er than SU|Id|n up t he
copper~10  screen as s @AtEES T At W(?H | GRNEIGdlys FRNELRR he
drawnngs- a thilickinessp gaeaiteirl than @nilnamedntdo up.sulFelr some such as a

pol yi m de S'&ﬁ:gtli%'&%io‘ﬂg t,h r&e*i%nt:‘i%v%l?f tﬁg‘&tkorf‘iihét otfe%h%' FandS uﬁpe Qleousl y

descri bed, I ons 0 copper are etche gﬁl aving a
copper scr edfedulygnd mﬁﬂ<§&§9§hﬁﬁhtPn FPgu e VR OrnBOTE dn, thickness.j g
process, it Asapotedyr dhdickielre £tidmise giam Wﬁthadecdﬁnﬂesﬂabby Aamilted e

pol yi mj ge/ capn uya@h@awzlgmmes it m%'s'k”%%h“g:ahhﬁee'zeﬁxtirl%p'(%to' N0 )Of
addi ti onal cop orn1 he i ntegral
ore th1c .

While the process has been described herein with
respect.to the use of copper as the mask material 70, other
commonly used, etchable metals could be employed as could

20 organic materials that can be selectively removed without
adversely affecting thé pattern material 74 which is
applied. Thus, various soluble or strippable polymers
could be used as mask material 70 so long as they have
sufficient integrity and stability to form a useful mask,

25 are not adversely affected by the deposition process or the

' pattern material 74, and can be selectively removed.

Examples of potential mask materials are organic .
photoresists and the like which can withstand the . QJ
temperatures of the deposition process without melting,

30  decomposing, or outgassing to a degree that the pattern
material will be adversely affected.

When deposition of the integral mask 70 has been
completed, the remaining cross~linked photoresist 58’ is
stripped away by conventional techniques at step 19 and the

35 exposed copper sublayer 56, formerly protected by the
photoresist 58’ is removed, such as by flash etching at
location 21. While some minor portion of the mask material :



20 nask at steps 15 and 17. Rather, the photoresist is lamnated to the"
copper foil and.light-exposed through a stencil in association with steps 9
through.13: In the case of the subtactive techgi que, the photoresist is
stripped - away/ devel oped where it is desired t$ deposit the 25 pattern
material and the copper is then etched away in those areas to provide an

i ntegral mask 70,70 may st rhet a‘eﬁﬁwa{d,smhm anmdﬁtgmﬂse generedd ysubl ayer

56). After stripgi r | Hﬂ%ﬁ? s

processed: t he sa%ed%sfﬁl%lﬁ{ié It ve t ?e were u sK forxb‘feor r% ng
the masR¥ An i nt & %%g‘aﬁ&/\/ P &hodArdx® on the
f1ekXi bl e subst ratsemiasi stichin tlhe Fﬁlgmi’e et cing ttelpe ijmatmieydn irfattdvaitalt ebhndayue
now be deposist ed Nt thee u%&astsr@t&aﬁg tt?\%ﬁ‘rdni%r{theréﬂ%ti‘?ﬂrr@' e Tﬂl@ash
patfern 35 naterkﬁh %ggs - of qag&gﬁ %:fflcul -to-etch materi al
which will provi #&The pr"é"d’ (?rét‘ﬁ M3S%-tari an function such as
netal s, alloys, ceramcs, ahdamthen:qmﬂqﬂnman¢ et dhiealinventiGandddiel wask

metal s such as shlgygreg YA AL VY AN ilan GR R €496 C.
magneti c, dlelectrl a so certaln pur el ecora ive materials nmay ‘a
be used with adv@RCEFSS-or Thatuifer WEth&T] bujlding up the gopp@Ie, of

convent i onall 0depaxirteemm ataacduani&md:&m hmnmfeextifomr wiilth sugprretscm—rcll of &he

| ocation 23. Howe&y, [ t qGhRi Iyl
t hrowi ng power be uieéigts' ;{ﬁﬁgﬁ@ﬁptﬁql qcs ria%%ah' @ r‘\tg,ur ?gtg?h t"t e

mask 70 are unco shegt;@nd 'nﬁ§$ 76“?5“&GCS§SPBR§QH§&Iﬁ§
mask- speci fic rertmchn iayms assmm\algomsrcrdmu,V\thuMaatmdt p@d-\taromsl y

affeﬁ\eﬁt he pattergy r@fer, o?gert %:ae' MR 354 1 aV A HRV S B gfef}es%%‘éﬁ. &

The ositign proc ss a has be operat ve at ténperatdres whic
not adversely af in Figure 1.
' In the practice of this process, it may be

preferable to begin with a commercially available
polyimide/copper laminated composite, eliminating the
electroplating of additional copper to form the integral
20 mask at steps 15 and 17. Rather, the photoresist is
laminated to the copper foil ?nd light-exposed through a
stencil in association with steps 9 through 13. 1In the
case of the subtactive technique, the photoresist is
stripped away/developed where it is desired to deposit the
25 pattern material and the copper is then etched away in
those areas to provide an integral mask 70, on a substrate
52 as shown in Figure 4 (less sublayer 56). After
stripping the remaining photoresist, the material is then
processed the same as if an additive technique were used
30 for forming the mask. o
An integral, precisely located mask 70 has now
been formed on the flexible substrate 52 as shown in Figure
4 and the pattern material 74 can now be deposited onto the
. e  substrate 52 bearing the integral mask 70. The pattern
35 material can be any of a number of difficult-to-etch
materials which will provide the desired decorative or
utilitarian function such as metals, alloys, ceramics, and
organic polymeric materials. ' '



15. material. In practice, it has been found useful to’ enploy any of a
variety of vapor deposition processes to deposit the patterning material.
As exanpl es, el ectron beam evaporati on 4bn be used for nmetal alloy
deposition and 20 i nducti on evaporation can be used for non-conductive
materials. These processes exhi bit poor thromnqﬁhfomer That is, they tend

to deposit very |ittICPRANeHIYE mAtaALF BRI 3or vely tHINGSHRRr R surface
because thecatbaamayfberaissfwl . befent afiap ase tamli @y emespsettic al |y i ne- 25

of - sight styfi Ok ﬁ;@' £ R1& N EOpH @#ﬂeﬁﬁé@éréé’{@é" &1&!%%&’1’

anot her way,_ poor rom ng power neans aces par aI tot

em ssion st¥eAPorused é’ﬂ%ﬂ agvaniage RE shinupher c‘b"at?é'tf-i d%s%%al ed. Thus, .
the vertical surfacesa aiunber el kconvéntivndle depesition techebglys t he 30

pattern nat T J s thickly as
.desired so o'{n;g@}leasu dp‘ﬁé eﬂ# r?éﬁe&rrca‘g%ffgé] a? ﬂf exc‘;ergﬁz';1 | f the mask »
70 were corfA%a8 s, ck k% eﬁ’ﬂé#lél%cihﬁ)ttﬁb }&m hawing fimkead equent
removal , asuﬁEowi i Mgk us’-\e@lé‘tg“ﬁmd@ys?dmé)rpdﬂitdrp'@f|ﬁyé3r\5et)lf1w1tern

material 74 c ited. .The | aye t a n be the
same or di f%‘% e%o #) ﬁbea%aﬁmhf/b "y "Iaecée ‘ﬁr}% %‘?e % perform
the dddiredashi 1kels cagressikle meﬁrlee wmmm %mp\eale agent,

undesi r abl YSth‘IEfH§GH | doperctd tich Wil dh Qlbeés Shotd £PrANBdlyE L Pxtintivd a

pattern 5 "o ANRALAIIS 2 JOT GO THOUSINE JISRAN LAdibVIRY & LIRLEL L) 1 S

shown. The "a para T Ees Feversib eup and suppl'y reel's 33, 34

on which t he0 yaskhs @mk qn grrqces® Akeo has e AR INE AL over
tenSI on r0|ﬂéiidp$el?§h&€e§%fcﬂ WEISidd e dabaitsly difeot WHe gl be heated

or codei {f necessary Two separate dep03|t|on stations 39 -

In practice, it has been found useful to employ
any of a variety of vapor deposition processes to deposit
the patterning material. As examples, electron beam .
evaporation can be used for metal alloy deposition and

20 induction évaporation can be used for non-conductive
materials. These proce%seé exhibit poor throwihg power.
That is, they tend to.deposi{ very little material on
surfaces normal to the substrate surface because the
streams of material being deposited are essentially line-~-
25 of-sight straight and parallel without substantial
turbulence. Stated another way, poor throwing power means
the surfaces parallel to the emission streams of material )
are not substantially coated or sealed. Thus, the vertical \.J/
surfaces of the mask will not be covered or sealed by the
30 pattern material.

The pattern materlal 74 can be deposited as
thickly as desired so long as the height of the mask 70 is
not exceeded. If the mask 70 were completely dovered,
there would be no access point for subsequent removal, as

35 by etching. A single layer or multiple layers of pattern
material 74 can be deposited. The layers of pattern
material 74 can be the same or different so long as they §

4 @
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and 43 are shown. They may be the sane or different. Although two are.
shown, the process may be used with only a single station and nore than two
stations, could be useful for sone applicationgy 15 In
operation, the substrate 68 is first fed fromsupply reel 33, around: roI

37, and taken up on roll 34 after coating by one bot h, of stations
43. The speed. of BRE SYSEirientdy FQmBﬁﬁééﬁetG°aPF6&PFHetgﬁs$F§ﬂr§an Fe'
pattern materi al eoghe-thpgsatihdrentbheneubsbthee 304 ace. noAIquﬁaﬂrngly

| ayers -of: differe deposited by reversing rolls 33 and
34, usimyg statlone§§E§ES&hgt§f%%g%°gdlrectlon and 43 .to coat in_the &ﬁher

Al ternatively, both coati ng X8t ZigYre ganabécbﬁQPéﬁdeéPﬁﬁPPaﬂ505599
operated in eBtheapéaEQQUBOBZtGoprcbndenﬂﬁuslyad29051taygrpaQtethemﬁSerihé

deposition statioRg Ik B%ﬁsenEﬁg Q%ggga@ﬂg g% E@ﬂa??s@gyr@@e%s!ﬁibeiikﬁﬁgeand

known, deposition syste pat
material to be defyPPly¥dresdsi d3nmddard Hﬁ}cbet88p9§g¥g§ bé&éBGFa?Poﬁs30
techni ques such a%o&hﬂctrQhebeaﬁsevameraﬁlpasseHoovsttabhséoaokpmlaHSeBEaBé

o orars pos 1 ad Rl 8 YR RIR ! 88RRLAY°2 0140372 0ny RlL EhhY BeCheb R bV

evaporation and t eposi t
conpl eted, the arcooleds;2 i mpcgaﬁerx cr@§§-§SEPFBﬁes§ﬁPP§Ft38n SFBtPHQF 39
shown in Figure 5aWheM@|Brbh%hbﬁhterwhﬁytﬁ&yabe74hba8aheebrddmﬁfetedton t he

surfaces of the c§ﬁg%% 8;? Whl%?°%hé Qﬂr ngghﬁagepgshgbgnwégﬂea Y a

Al t hough a sig ver
been obstructed bgimgdepsithgign GﬂdtW@rﬁaﬁhéﬂntWﬂtéFF&F°?& cS“ﬁQrPFoHSS
the copper mask 7@oiezonleN@pplR caltibhe.mask remai ns unobstructed and

O LBt o2 1 o S Ao, hpd JOBSLERES' GhC1eREVRL 208 kvom
supply reel 33, around roll 37, and taken up on roll 34
after coating by one or both of stations 39 and 43. The
speed of the substrate 68 is chosen to allow the desired
‘amount of pattern material to be deposited on the substrate

20 68. Alternating layers of different materials can be
deposited by reversing”roIls 33 and 34, using station 39 to
coat in one direction and 43’ to coat in the other.
Alternatively, both coating stations can be operated
simultaneously when operated in either direction to provide

25 various layering effects.

The deposition stations represented at 39 and 43
can be any of a variety of known deposition systems which
~ have limited throwing power with the pattern material to be

' deposited. Solid metals may be deposited by evaporation

30 techniques such as electron beam evaporation. Non-metallic

solid materials can be deposited by conventional techniques

such as inductive or resistive evaporation and the like.
When the pattern material deposition has been

completed, the article 72 will have a cross-section similar

35 to that shown in Figure 5 wherein the pattern material 74

. has been deposited on the surfaces of the copper mask 70

which are normal to the deposition-streams. Although a



can be be renoved as shown at step 25. Typically, the nmask material 70,56

I s-an etchable -metal and can be renoved by a chem cal etch, such as

sul furic acid for copper, that is 10 4Becific for the mask material 70

| eaving the pattern material 74 in place. Renoval of the substrate priner
54, if used (see Figure 2), occurs at step 27. Chem cals used to renove the
primer | aydd SHd SpHo PRt iR Q%éhﬁat"[eérﬁ”?qﬁt dalds of the masdkssiGection
of patterndchver daiert obstiructeavby ithe gmact; &fe thiee paiderenl edges 78 of

the pattern, rdlal'M?A' @%&%&f rf’lt %d peQ:l Qnas%f ?d)b*e M tOJ t he
mask nateria Vilew 0 rne arti %hown 1T B
Figure 8 wodr é’-h(%énﬁﬁi‘t twlfﬁﬁ éﬂ%svﬂqt@%m §xPoged s peRmidy ns . > .

set)?r ased '?mwl eRftiea mmu%?iy @dmefarﬂ&_? femdvad ed@er .78 of the . :
pattern materia Wi and preci.si.on o €Se .SPaGes i e y '
t he technol ogy ava| I ﬁ#{eﬂt (?ab &fé’r 55‘ 28R IthE?Omacs&%H% r&fas"'t Ejeoc'zgé
shadowi ng @R@redtes hearenpved e shovwne atasitepeiddht | Wlldhoﬂdts afask chi ng
material s, sAlt@HiA cmdaat li@%xﬂ@tdﬂ%ﬂé It £ 2t dﬂaca;tarpmeZQéai‘oaéae by qress

shown in Fi er. cony | rat ons erfqrned on
the 30 e[q't er m]aac} }rt[ il esucqh?rs 5)?;#5%‘% t gfrét “cI%€ f’b g Slit, or
punchd@ i ntswﬁﬂérﬂkﬂjsf@hm nagk mprerdalof? hlepydnigy dher paditesne nateri al
may be add%ﬁ&mevmtirpqmaam nation or allow bonding of additi onal

Ll e eto: Ttk e X WSHIRAARES WRUSHTA, 03 s
appl i cati ofigpre &ihesaqmlﬂsa)aé:r step Rdve Lheglicads hised t@4r&9l054e0\mla n
Figure 7. prihied N3yled MHOWId ndlteattackNehd’ patite rnNiatle:qa1TRY Af i Nd
Utlllig f°e£€¥€£¥£%é¥%%”&?"Q%éﬂkn%h?%&%b%%k 76 is shown in Figure 6
where the vertical edges 78 of the pattern material 74 as
separated by the void left by removal of the mask material
70. : H
A top view of a patterned article 80 is shown In
20 Figure 8 where the pattern material 74 is shown in various
patterns separated by precisely controlled spaces. formed by
the edges 78 of the pattern material 74. The width and
precision of these spaces is dictated by the technology
available to prepare the stencil 60, control of the
25 shadowing effects caused by excessive mask height, proper
choice of etching materials, etching conditions and the
like. : _
At location 29 of the process shown in Figure 1, \,/
a number of converting operations may be performed on the
30 patterned article. For example, the article may be cut,
slit, or punched into various shapes. A layer 82 of
protective or adhesive material may be added to prevent
contamination or allow bonding of additional materials
thereto. The flexible patterned articles may be rolled,
35 stacked, laminated, or the like depending on the ultimate f“
intended application. The adhesive layer may have a

‘release liner 84 as shown in Figure 7.
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applications, such as printed circuit boards and the |iRe, -wherein the-*
patt.erns’conprise conductive patterns of 5 carbon, difficult-to-etch
superconducting nmaterials and the like. In ar al ternat e enbodi nent of the
i ivention, the process shown in Figure 1 can ﬁé modi fi ed %o provide

preci sely shaped pieces of particles of pattern material. 10 Mor e

Fﬁriifﬁla;:y,hth? ﬁattermIﬂhdﬁg&ﬁﬁﬁiﬂéﬁ[Hf?ﬂdﬂéﬁioﬁﬁtﬂdlﬂﬁékﬁﬁt]inﬁﬁﬂxiﬁn

a e flash etg 0, NQr erforned at, step 21 to renoyv tion
of the.mask nat e %&g@:&ﬁt&r@g 23 Qi cdr?clc’s’p V"’dic’rgec ey&uﬁio%a?ft he
protrudnttg mask fageliasd izos s saidhiamtprintesl circuit boamds andsihe bike,
el *mnating this Hefid PPt IR Il i s donhdARRAS/ PhiedP &f the
mask subl ayeg 56. nggsquen Y, .when t he subsequent, etching of the mask
material 70 Gccuf@rdany fHiffdic) tatq-Htah FPPRFSOpduGiing Paterd fid the

subl ayer 56 undenitkee pattern material 74 is 20 al so attached and pattern
material 74 is rel eased frgpt a}l@ﬁ.}/ﬂqﬁrﬁ YaboMisieénd N Ratd Sy dmt r{'altgél
ands, sma

is in the shape of discrete Is preces or_particles of the

pattern material PXOcesf Shrem imIdIury HheIam hadabihest Yo RF I ERdS,
ComPI 1 6. one o T o Tl o e oy Aneste F e ol
previ ousl y-ggscri i ;5:'%10eiscsu.cial'{ri'B 'sitfee cﬁas%%el:onﬁjtsx}%%%‘{bepsasrtiiscIpersacctainceode' as
control | ed by thdmdtiignne dnplexeept thatritheurfd ash ol dtep marmaldy a
di stribution of pardddfinfediACSHP DL VY IV £ Pbridlon SFEAHE Mdsk
honbgeneous to a very,mnd&ﬁilze Istributio ’Qgiéﬂypkness f t mul tiple
layers within pamat&rdal ELTNEN pia r?a‘&’al ’tﬁ)ﬂ'{qtol‘f’eﬁfc ‘BT%% s
or past : cles so Wea:pMSnm&dgﬁmwa‘ Heathures G0 iis @Yimdnatedy th ot her
mat eri al s. r exanple, 35 t.hey i : d Juy Vard Qus [

I8" s ' Pe it B eqci%l&%t?{nf‘ggst%lﬁcsogsﬁeﬁys’ﬁ@.%?@ern

or matrices provi de rei Nforced composi tion pai

and the |ike. A matexiale|dd is depasited ereitgp £f the mask sublayer 56.

Consequently, when the subsequent etching of the mask
material 70 occurs, as indicated at location 25 in Figure
1} the copper sublayer 56 under the pattern material 74 is
20 also attached and pattern material 74 is released from the
sublayer 52. Where the pattern material 74 is in the shape
of discrete islands, small'pieces or particles of the
pattern material are obtained. These may be in the form of
long threads, rectangles, circles or other desirable
25 geometric shapes, and may comprise one or more layers of
materials just as in the previously-described process. The
\ size distribution of particles can be controlled by the
pattern employed. The mixture of particles may have a
distribution of particle sizes from very narrow and
30 essentially homogeneous to a very wide size distribution.
The thickness of the multiple layers within particles,
where employed, may also be controlled.
The pieces or particles so obtained may be useful
alone or in a mixture with other materials. For example,
.« 35 they may be incorporated in various vehicles or matrices to
provide reinforced composition plastics, coatings, paints,
and the like. Alternatively, they may be useful as
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abrasive or optically functional materials dependfng-on theiT cénposition.
The process has been descri bed above wth reference to rather specific
materials. However, alternatives will be readily apparent 5 to those
skilled in the arts to which the |nvent|on pertai ns when nade aware of this
di scl osure. EXAMPLE In order to denpd$trate the practice of the present’

I nvention, a printed CIrCUIt device is nade. To make the device, one

oo 5% soorri AL BB SR BB L e (e

sputter depmﬂpasrlbmn A Iayer of positive acting photoresist 0.5 ml| (2

e

[err]) thick Wafﬁ? [ﬁ%ﬁ@?g %QStﬁhetr\hEeﬁQ'F?Bé‘d abowd 'w'Wh rﬁ@ré}i%@t@é fathdr Was #

exposed and deve usi ng printed circuit at |, x&e{ as the stencil.

In the ar eaee%’féﬁé“attﬁﬂﬂﬁot dﬂ%@"g\f' @At%ma&l'vewmé’ﬁo 4PRAESHpi ng, the

copper #\as gl @ik ogdiat &d Oty @vtsletoawhishk theinnentd onepertthimd whess t han
about 0.5 m remai ni ng photo- resist was then renoved and

3
t he sanpl e'“?ﬁd%liaﬁaﬁé (ﬂfehzlfsfiﬁﬁce'%"re ‘aci d/ potassi um di chromate etch to renove

the copper filmin the non-mask areas. The masked sheet was, then put into a
vacuum chanber and coated w th seygjp|ghundred angstrons of carbon. The
copper mask material was then etcg'ed—l'érwa using a sul furic_ acid/potassium
25 d|chrorraténet)tdef't§°I®m@$fd‘a$¢|frheeﬂ"3&tﬁ€%u bbe PEesESt 1RENEiON 0N t he

pol yi m de gu nrt@H ircuiCledl i ]is nﬁldéEt him@ke FERKI didrige Pk esuredceleposi t on
a flexible, msu strate & ll t he sﬁﬁps of@grow i n aerX|bIe
sheet - 19 ke°ff¢lfr}\e§1m§t patyamide fijln; (comerciaf [y avajlable undsy ey, of one

maj or SUf1:&@Q1§ﬂér§@1ﬂiaﬂe|markaKéptbﬁWfrom DuPont) was coated with copper
by sputter deposition. Allayef of positive acting photoresist
0.5 mil (13 pm) thiék was laminated to the copper coating. The
photores1st was exposed and deve]oped using a pr1nted circuit
15 negative as the stencil. ' _

In the areas where the photoresist material was removed by
developing, the copper was eTectrop]ated'to provide a mask having
a height of less than about 0.5 mil (13 um) The remaining photo-
resist was then removed -and the samp]e flash-etched us1ng _

20 acid/potassium d1chromate etch to remove the copper film in the
non-mask areas.

The masked sheet was then put into a vacuum chamber and
coated with several hundréd angstroms of carbon. The copper mask
material was then etched away using a su1furic acid/potassium W,

25 dichromate etch to leave a printed circuit pattern of carbon on
the polyimide substrate.

-
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!chabl e emasking material which stiffens the flexi e film subst-rate and

defi nes physical protrusions generally normal, to said surface of the
substrate; depositing aver at |east a portlonl\‘bf t he masked region a
second, pattern le cheni caIIy different fromthe first material, the

second, pattern mat erAa*eﬂmah bn@f R fgwe\aﬁlahfpéenmpaﬁ%ly ?(r)\
t he exposed areas_aqf .t substrate. urf aces I ch ar

t he plgne of sa|dsﬁﬁf8?g§ 'aﬁ%sggﬁbpgate the pattern of the
second, “pattern mat er pedvidingra ﬂmuong, sheet<lilke] rtilm sudistgatwund, Eytbipfat

f Ki
22?5??2?"?26353'53%% etS#y covégéaﬂﬁp3§“5F9@ﬁﬁ§h%@§%f%¢ea55%5éﬂiﬁ? catimge ot

to selectively et€etchahie mmngﬂlmm thbef]edx\].blae [fa.uesubsbi'ate
the second mat eri ghg (RFRhdES %ﬁleré\.l gﬁﬁ%& of
Cldim1 wherein said deposition Is con- tlnuo S an I s acconpl1she

conti nuously nDV| Fﬁ@g§ﬁ$§frate past a deposition station. 3. A nethod as
claimed in Caim1l ordépdiiting okeitC leddtca JRE0N6Hh mtﬂﬂﬂagméae&égiaiaa

mat eri al sel ect ed fron electricall onducti Ve netj c dlelectrlc
materials. 4. A nECHN %%FH?REH %}Q‘B'F@]c]é gﬁgﬂ# e

second pattern rmmaalpd:hprsa:esdm!iatteﬂremh'egﬂam hdiﬁg&lepoeitéd%

| ayer is chem cal ‘ net hod of
meking articles ha ng{:i‘ol&g ape cof]r esponw a prg s%#ée%?b%zﬁg?tae?nm“

conprising the st@yfages W@hla:ﬁngamléebmmm ofvaaidnyajar secfaceacf the

portion of the sugidiehte Vichd @.%pgg&ln? W Ecﬂ?ﬁ%ﬁ%%lﬂﬁ
with the substrate, and whi c;h | nc udes sl ca otrusions normal to t
ke mm

surfaee of the suBhstERte mgbexiadh of the nmasked
region a second pattewml the ﬂﬂlbﬂ sdi ‘Elf:ﬂtné fm:ﬁ&&:ﬁ material is

the f1pst maski ng™ ?@ﬁ?ﬁﬁe&zeﬁhéﬁéf ghrsmied’ #%: na surfaces of the o

substrate; and applying a chanlcal agent to selectively etch away the first

masking material whereby a pattern of the second material remains on
the substrate.

2.- A method as claimed in Claim 1 wherein said deposition is con-
tinuous and is accomplished by continuously moving the substrate
past a deposition station. _

3. A method as claimed in Claim 1 or Claim 2 in which the second

@pattern material is a material selected from electrically

! conductive, magnetic, and dielectric materials.

4. A method as claimed in any preceding claim in which the second
pattern material comprises multiple layers wherein at least one

j layer is chemically different from at least one other layer.

g 5. A method of making articles having a shape corresponding to

£ a pre-selected pattern comprising the steps of:

- providing a substrate and covering at least a portion of
the substrate with a. first, etchable masking material integral

. with the substrate, and which includes physical protrusions normal

S to the surface of the substrate,

v depositing on at least a portion of the masked region a
second pattern material chemically different from the first masking
material, the second pattern material being deposited primarily on
the first masking material which is parallel to the surfaces of

the substrate; and
] O
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" discontinuing the deposition before all of the ft?st‘nﬁsking material is
conpl etely covered; and applying a chem cal agent to selectively etch away
the first masking material underneath the second pattern material 5.

wher eby the pieces of the second pattern material are released fromthe
substrate. 6. A nethod as clainmed in @QaintS in which the protrusions of
the first masking material define boundaries for the pattern material to be

deposited as discrete islands of material. 10 met hod as cl ai ned in
Claim5 or O ai mdiscontimuing tthe depositivnpbefore Qa1r1e°§et|5‘&r hiesd maskinghe -

et chi ng nMehlrdh ARG &ghﬁ,ﬁy@py cav&redhndarol | ected toget her. 8 A net hod'ﬁs
clained in daim7 |n whi qgghe colIectedﬁgﬁf es .ar Eéh d in a I|qU|cif
vehicle. 15 9. aPRI¥Gaqchamicalagent itg velyne coI | ect ed :
pi eces ar efﬂlsﬁzpﬁiﬂﬁdglm‘atérml Mn@énr\@atles:ha séc@ndﬁpmehodlaasrmnal med in Cair
1 substantial | rein By ng

draw nggel \itlereﬁy?ﬁ}ehﬁbecgg 'gf % (Efara%?:éﬁe'g tan lg?{/@aggaherel n 20

descri bed the substratence to the acconpanyi-ng draW| ngs. I
1111111111&.11}\1314%111351%]aimed in Claim 5.in which the protrusions of the

first masking material define boundaries for the pattern material
to be deposited as discrete islands of matertal
10 7. A method as claimed in Claim 5 or Claim 6 in wh1ch the pattern
pieces are separated from the etching mater1a1nand the substrate
and collected together. - W,
8. A method as claimed in Claim 7 1n wh1ch the collected pieces
) are dtspersed in a liquid vehicle. .
15 9. A method as claimed in Claim 7 in which the collected pieces
are dispersed in a polymeric resin. : _
10. A method as claimed in Claim 1 substantially as herein described
with reference to the accompanying drawings.:
11. A method as claimed in Claim 5 substantially as herein
.20 described with reference to the accompanying drawings. '
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