" PROCESS: FOR THE PREPARATICN OF FLEXI BLE ClI RCU TS" ThIS i nvention relates
te a process for the preparation of highly flexible printed Can&M%ST[C\
|nclud|ng multilayer printed circuits using flexible photohardengb

el enents. 5 - The preparation of printed circuits, including

mul tilayer printed circuits is known. Powdered materials such as
3§?t|culate netal s have been applied to surfaces having i nagew se tacky and

ht acky areas.by a nunber of toning nethods to produce printed circuit

patterns. 10 Representatlve met hods ar ¢ disclosed in U S. Patent Nos.
3,060, 024; 3,649,268:; 4,054,479, 4,054;483,. 4,157,407 and 4, 234, 626.
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circuitry or"(ad”fqgeﬂ“lﬁgé*"’f’-lslem@ﬁﬁﬁoﬂ‘g 5‘?%‘@&53 areags bg| acpupker| 9f
conduct i ve itdaindSuadthodsnttoi @rmﬂ&bebprdnmeduuuioumtypaatéhﬁscorrect

positio o] C It n_dri I he p uires
ski.l'l fulri'd;)rl g rets}'eg’n (i:;iveec?a%ﬁ:htop%n |g ﬁg UI g%gét Xg § gf’ ggggﬁ@ﬁg&l pes of
i nks used fcﬁn%ﬁbﬁ.ng’heﬂ@oﬂﬁ@m é:Q\Mbéﬁ@S d@oﬁéb4§3m§slﬁl?y4@b al!du formy
to give reprodisy = .condiel \(:'hEYp%Q%EBQa%Qhﬂ&Qm is aBplS?édtH@ thk toits
substrate is s netlnes i.nsufficient - .
: tacky 1mage areas and unwanted partlcles are removed, e.g. :
mechanically, from the nontacky image areas, the circuit is _
15 formed by one of several additive techniques including fusion
of metal particles, electroless plating and electroplating.
The pr1nted circuits formed by these addltlve processes are:
useful, but the processes have certaln dlsadvantages. While
the prlnted c1rcu1ts may possess some flex1b111ty, it is
20 necessary in the preparatlon of some. products, e.g.

electronic sw1tches, to provide highly flexible prlnted

“circuits which are capable of being bent contlnuously over a
small radius. Electronic switches can be prepared by screen

~ printing ‘the circuitry onto flexible £film supports by means .
25 of electrically conductive ink. Such printnig must be done

e

uniformly in the correct position for each circuit and then
dried properly. The process requires skillful printers and -
special printing equipment and dryers. The tYpeS'of'inks_
used for preparlng electronic switches do not always dry

30 -unlformly to give reproduc1b1e conduct1v1ty and the adhes1on

o



X |nvent|on seeks to provide a process i ncludi ng a continuous process
_ reby hi ghly f1exible printed circuits can be prepared by-addi'tive
rgcedures: such as electroless. 5 plating and sol dering, usifg .
exi bl e photohardenable el ements which are capabl e of being bent over‘a
al | radius:; the photohardenabl e conposition being capable of surviving:
t he pl ati ng. and sol dering and providing reliable conductivity and _ e
_.adhesi on. The inventi.on also seeks to provide a process 10 for the . a?ﬁh
~preparation of electronic or neabBanme switches using flexible : '
phot oh nabl t v 1 u ormation of the
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R . flexible photohardenable elements and additive technlques for
- the formatlon of the czrcuits. . _ |
In accordance with this 1nvent10n there 1s prov1ded a
| process . for the preparatlon of a flex1b1e c1rcu1t (as here1n
.15 defined) which comprlses- . |
- (a) ex9081ng imagew1se to actinzc radlatlon a flex1ble
' photohardenable element comprising, in order,
(1) a flexible support, _ :
(2) a dry, tacky photohardenable layer compr151ng a
_i20' photohardenable composltion, optlonally 1nc1ud1ng at least
- one organic elastomeric polymerlc binder compound, and,
optionally,
(3) a removable cover, sheet;
A {b) remov1ng the cover sheet, if present, and applylng
:ffzsf.partlcles of a metal, alloy or plating catalyst to the-
: unexposed 1mage areas of the photohardenable layer;

 optionally - o .
- (c) heatlng the element to a temperature of 25 C to *
_ - 80%; - then o
“ 30 - (d) remov1nq excess partlcles- ‘optionally,



actinpic radi ation, enbeddi ng mechanically, or any conbination 5  thereof; )
and (f) plating electrolessly or soldering the particle bearing or . '
particl e-cont aining areas thereby forming an electrically conductive

"circuit.. The term"flexible circuit" as used herein means a 10 circuit
wherein an 0.001 inch (0.025 nm thick layer |aninate consisting of

phot ohardened material and circuit nmaterial_can be repeatedly bent around a
structure having a dianeter of 0.6 inch (15.24 mm or less and preferably
0.375 inch (9.53 mm) without breaking~ & acking or del ami nating. For

~circuits 15 havipg) | #iseind H¥ HHLRFLnY tthe Pparitieaees tdi therent from O 001
inch (0.025 mm); the abque structyre digneter criteria wuld.be increased

or decrease@r@w&’?q RIR \Layet, By hegtingy, curdng: BY ARRPAIAZA Snet er of
‘the structuractindie rddiatsidre, emddinghmechadicaldly,( 6r3gngnpombihasidor a
circuit '-ayetghgroe f,argr[g;\te-of 0.010 inch (0.254 m) the structure would

i have a di anefer’ T % I nches (15.24 cm) or less and preferably 3.75 inches
(9.53 cm). It is (Rdelating ielactned qasdy e soddesinds kbgl aarkiele .

flexibility pdat BRplor £l & doh 1@ iind) Ar da@itheic@byT e ringhgEan
. * phot ohar denapl e"

an " phot,opol yneri Zabl e" as used herein refer to.
systens in V\?af%‘ht’flrféa e"t‘lﬁzﬁ'}c'%egiﬁ“&m * |'east one conponent of the"
~bhot osensi tive nerkeitdrm s*flreriddsed incwifoas ased heredncmeadsati on _
sufficiepd !y, Wleddi @ i ohelsogimsalenaes 1BGerRh sRgharbor
of the e%os%?%‘?ggﬁﬁ%%o{%?}@sﬁ iq'n 2bl e ?(r?lg g’h’gt ci):ai %er,i ngl e .
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- mm) without breaking, cracking or de_lamina_ting-:. For circuits
15 having layer laminates with t-hi_ck_nesse-s different from 0.001 :
inch (0.025 mm), the ‘above structure diameter criteria would

be increased or decreased propdrtionétely-with the proviso-
that the minimum diameter of the structure would always be
greater ‘than 0.25 inch (6.35 mm).. Thus for a.circuit layer';

20 laminate of 0.010 inch (0.254 mm) the structure would have a
diameter of 6 inches (15.24 cm) or 1ess-and-preferab1y,3.75
inches (9.53 cm). It is understood that the flexible support
should have-flexibility*at least comparable to the layer
laminate. The-te:ms'"photohardenableW and -

25 "photopolymerizable" as used herein refer to systems in which
the molecular weight of at least one component of_thé '
photosensitive material is increased by exposure to actinic

'radiation-sufficiently to result in a change in the
rheological and-thermél behavior of the exposed areas.
30 -Phbtoctosslinkable-énd photodimerizable compositions are
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T gxible printed circuits which are placed in register face-to-face and .
nj Batjed to each other.. Referring tothe drawing there is wused'a Ilexible
t ohar denabl e el enent (I) which conprises, in order, a 10 flexible®
. f a dry, tacky photohardenabl e |ayer conprising a photohardenable .
-_conposi tion,which may be a- photopol yneri zabl e, photocrosslinkabl e or
- “phet odi neri zabl e conp05|t|on including at | east one- organic. elastoneric
pol yneric binder conpound. and a #hotoinitiator or 15 photoinitiator
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composxtlon 1nc1ud1ng at. least one organic. elastomeric
_ polymerlc binder compound ‘and: a phot01n1t1ator or _

15 photoinltlator system, and,. opt1onally but preferably,
removable- cover sheet.- Alternatively an overcoat: layer, e, g..
of polyvinyl alcohol, can be present over the.photohardenable
layer in place of the'cover sheet. The ovetdoat layer is

- removed by agueous washout. - - .

| 20 - The flexible, photohardenable element 1 as descrlbed

© above having a removable cover sheet is continuously unwound
from a storage roll 2 and is supported'by means of a roll 3 .
as it passes a source of actinic radiation 4 whereby the-

L element is 1magew1se exposed... ‘The exposed ‘element: passes

i'”25_ fromsthe'eXPOSure-sourée into a source of particulate metal,* .

o ailoy or plating catalyst 5, the cdver'sheet'preferably' I e
present is removed.on a take up roll 6 prior to entering the .
~ particle source 5. The particles adhere to the tacky

L J]

_ .nonexpoéed image-areas of the photohardened element. . From ]
' 30. source S'the.particlerbearing'element-moveS'past a heater 7, -



contain-the water spray.. Brushes or other renpval neans nay be present:t
help renove the exeess partlcles The elenment. is noved past an actifiic .
radi ati on expbsure source 10 whi ch cures the photohardenabl e Iayer t-her eby
fixing the particles- 10--to.the layer. A conductive circuit is formed on
the particle-bearing areas of the el enment by passing the elenent into an
electroless plating bath 11. The el ement passes through the platidg bat h
éver a series of rolls 12 which enable the element to remain in the bath

for a suff|C|ent 15 tine period, e.g~= 5 to 6 hours, preferably 1 to 2
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phot ohar denat Fements- describ bove afe cr|t| %.the operatlon
of the proceggtgfaghggectroless platlng ath 1 emen passe

through the plating bath over a series of rolls 12 wh1ch
enable the element to remain in the bath for a sufficient . -
15 time period, e.g. 1 to 6 hours, preferably 1 to 2 hours, to-
provide a conductive: circuit of the desired thickness range,
e.g. 0. 00025 to 0. 001 inch (0.006 to 0.025 mm) in’ thlckness.
In the Figure, two photohardenable elements . undergo .-
simultaneous treatments as described above. After the -

20 electroless platlng, an .adhesive layer from ‘adhesive . source
13 is applied to both sides of a dlelectrlc spacer 14 with
‘openings in the switch areas, and the two circuits and spacer
are placed in-register by register means 15 and are laminated

~front to front by means of a heat pressure source 16. The

25 laminate can then be cut to sizé, e.g. by a die 17.

- - Subsequently connectors can be applied to connect the
circuits and after testing for circuit reliability the
2 - printed c¢ircuit can be packaged. It is understood that for

many applications only a 51ngle conductive c1rcu1t is applled
30 to a flexible support thus the duplicate apparatus and
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. ipyention. A flexitble layer of a photohardenable conp05|t|on S forned on

exi bl e support. Preferably a flexible cover sheet i's applied to
@ct the tacky surface of the 10 photohardenabl e |ayer, e.g. durlng
age The cover  shee-t is not absolutely necessary,. however. The type

. formthe surface nust be tacky and receptive to.particulate netal, alloy
-or plating - 15 catalyst and nust be able to withstand the rigors of ‘the
ot her process steps including tie6electrol ess plating or sol dering as- well

as anyg fadd i A e '&étxﬁﬁs reduirdddi t 0 ingille 'ﬁeﬁrlbfl'ecal that - the
fleXIbHI%R§(ﬁ t he | ayer -not be af ected by t he "process of _preparing the _
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conposi t1ons. Photopolynerlzable conposi tions. general l y- contain at |east

- 2% one of The: fHaxdhle phatohardemabdies ed emendsc ashlpsgadbedonbove |
-'folywqﬂlezaitwﬁa;llwlwm@ |o‘t:e1t%%qtdﬁ(rj %tfe;éheoeﬁ%?%% gV Bgsat 'elast two Con
~ternminal e eni ou ree radical .generatin ition polymeriza
i ti YRR y §1%5§F§?1§y§F€ﬁ§ Q@tﬁvgggﬁp ag; egéggﬁ|E°P98§§FF8H and at
| east meﬁanmmn ol Ftexridliec: spnplpptt&rb Al CPhelfldelabﬂlyeaeﬂekﬂbdep&ﬁd@m nant.
-mmum I n W I I.n the
| Qhﬁ%_ iﬁg qga E§ PQ%E%%&S%%? tg% Fggfggﬁ P?s%gﬁy wei ght., 10
eﬁ&&??hﬂ§4ﬁ§49§epéﬁW§rbyewshgﬁﬂrlﬂﬂeStpﬁﬁgeattheschGSeﬁheeh 1to 8

‘_;partsltwm @Msol@%%ﬁ%r allosdary,Shokaiet by weight: and the el astoneric

~binder in %%. %ype of photohardenable compos1tion used: is _

extremely impo:tant~31nce in layer form-theusurface must.be

_ tacky and receptive to'particulate'metal;'aIloy or platlng :

 f15 catalyst and must.be able. to withstand the rigors of the

other process: steps 1nc1uding the electroless plating or

soldering as well as_any heating and- curing steps. In

addition, it is critical that the flexibility of the layer

not be affected.by;thevproééss of preparing the flexible

20 circuit. Usefulﬁphotohardehable-compositionsfinclude

. photopolymerizable compositions capeb1e=of addition -

. polymerization'which are preferred, es"well.es ,
photqcrosslinkable'anﬂ:photbdimenizablegcompositions.-

. Photopolymerizab1e=compositions.generally'contain.et least

25 one of the below-listed | |

phot ohar denabl e conposition used is extrenely inportant. since in |ayer.
. V"
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50 parts by weight,- al |l -based on the total weight of the conposntlon Irllé)
| ayer fornltheconp03|t|on is 15 preferably ‘0.0005 to 0.006 inch (0.013(to0.,
0.152'mm) in-thickness. Mnoners: t-butyl agrylate, 1,5-pentanedi ol -~}
dlacryiate ‘N, N- di et hyl ani noet hyl acryl ate, ethyl éne glycol diacrylate, -
1;"4- but anedi ol din@nomexisy, H!Bﬁﬁmam&yem@dyticoLPQlX@Byﬂaﬁ@lehexanethyIene

,glycol di acryl at
\dre{crylate deca%et enﬁ%ﬁﬁ'ﬁ%&n@%ﬁ%%?éﬁmPGEﬁagebWI ohexanedl oI di
acryl ate, 2, 2-di O %'Im aﬁf@‘ﬂ%&*‘}l%’@upabygéﬁél tadligad adcryl at e,

trlpropylene 9'ye%hd@dﬂld%Eﬁdﬁxéﬂdﬁ*ﬁéiyﬁétQﬁéikéheinﬁ@ﬂﬂﬁdﬁ@(Hﬂﬂopané
triacryl ate, . _pentaerythr triacr g g dro&y%Peqy‘g propane
di‘acryl ate, pént&8#$GGQQQMsﬁ%ﬁ?@ﬂuﬁ%&%ﬁ%tag e by’ ctin adiation.

2, 2-di (p-hydr oxyahamalt-) 'lllfe@lﬁﬂﬁxéjl Mmyéaaetohérebhpbagm@wcﬂmder

dlacrylate polyox di ig? phen ne met hacr.yl at e,
d| -(3- nethacrylo? Hﬁ&fb Saih ¥ épgp ﬁgﬁ componencs: .
- (2- net-hacryl onpthﬂyldelﬂvh&rarﬁ&béo Beppeesénd, idi the compositz.ons.

| é.?’ (5 hery! oxyer OB Herier, & 1enent 1 10 8 F5°BAEYR by weignt,
4 - (3- mret haclﬁl omrﬁfsrramybw mmﬁi)puherbyjfweéghachtheomm Vg

2-met h | fa.t o
(5ot hacryt oy SEARNE A £°1e 0, PRO6E BE, BeoREp BEerbeatiy. 2,09 5,
d| (2- net hacryl sﬁyts‘athyymeiahﬁr Qﬁﬁ'&?a@léﬁﬁ‘@%éﬁe%ﬂdﬁr in 8

(g ne%ﬂacrylosn- Eﬁ?’ lﬁ eAErbased. Anbﬁhénﬁgtﬁh geight of .
(3-methacryl ox the b&%§QQQQi(ﬁn,) aye:oéozm tﬁgpcbﬁpggktion is

- 15 preferably 0.0005 to. 0.006 inch (0 013 to 0.152 mm)
 in thickness. | S
, Monomerss t—butyl acrylate;-l 5-pentanediol
diacrylate, N N-diethylaminoethyl acrylate, ethylene
- glycol diacrylate, 1,4-butanediol diacrylate, o
20 diethylene glycol diacrylate, hexamethylene glycol - -
- diacrylate, l;3-propanediol diacrylate, decamethylener 
-glycol diacrylate, decamethylene glycol '
dimethacrylate, 1 4-cyclohexanedlol diacrylate,'
- 2,2-dimethylol propane diacrylate, glycerol
25 diacrylate, tripropylene glycol d;acrylate, glycerol
triacrylate, trimethylolpropane trlacrylate,
_pentaerythritol triacrylate, - _
2 2-d1(p—hydroxyphenyl)-propane diacrylate,
‘pentaerythritol. tetraacrylate, ' _
30 2 2-d1(p—hydroxyphenyl)-propane dimethacrylate, -
triethylene glycol diacrylate,
_polyoxyethyl—Z‘2-d1(p-hydroxyphengl)-c:opane
dimethacrylate, dl-(3-methacryloxy-2-hydroxypropyl)
ether of Bisphenol-A, di-~(2-methacryloxyethyl) ether
35 of Bisphenol-A, di-({3-~acryloxy-2-hydroxypropyl) ether

&



-to 15 carbons. or .a

yl enegl ycol dinethacryl ate, polyoxypropyltrinethylol 10 _
triac.rylate (462), ethylene glycol dinethacrylate, butyl ene egcoI
veAhacryl ate, 1, 3-propanedi ol dinethacrylate, 1,2,4-butanetriofl

t ki me hacrylate, 2,2,4- trinethyl-1.,3-pentanediol. dlnethacrylate

- pentaerythritol. trimethacryl ate, 1-phenyl ethylene-1,2-difhe.thacrylate, 15
‘pentaerythri to tetranmethacrylate,-trimethyl ol propanentrinethacrylate;.'k_\},
1, 5-pent @nedi ol . dlnethacrylate,-daaLIyI fumar at e, 'styrene 1, 4- benzenedi ol ~* -
di'met hacryl ate, 1,4-diiso ro benze

5-1r openyl
DonocAd. BieahanadrAondts (2haCERboreRFRER] yoBRes: of BLEPRERIERL D) |
'nentlaned3ahatnactyeoa@onehgddengptepyayeethen afEso contaln at | east one of

~the f d d
potyniptPEEREobbeR pRAeRBA AT B ElnechlE ﬂgg*ﬂﬁeﬂﬂétnﬁghggn%¥é§3|ar
melghte&taahlbeasBlspbenoihbsedhnﬁbnﬂﬂshaﬂt esy-grkydrasyy, an al kyl ene or

4525 pPebyahkekaae. ekyeehrabesﬁxLa&spﬁéﬁaﬁbgg amomzaﬁeehxafynsxﬁuycol of 2
1 to 10 ether 11 nkages, and

a e
'thoseeﬁpgépogéaan°% SZtPé¥EHF°RBISE£989 '622 e.g. those having a 9
,pIurahubx39ﬁe&ddctymbxpebyh§drbaypeopymyIeuherloﬂkhg&sbupanedrularly when - ®

P esoRl 13- et AhARL1bLOkaTRsa, 8000EIBFE) Abbkot NBE albERRLIE sl RS one and.

- preferabl’y nos g e bonded
_car bottr iebylenaggdacpdndines gcsmﬁaﬁe.teo HPEBE‘GEBltbi@%%th@lero at oms

3]aion'bieasae eryidePyeREeShbRy GHh?léﬁé'?ﬂyébE auRbenBE eyl ate, wherein the
.;ethyl ni cal | Tsat tiedt rou i espec the,y ylldene groups, are 1Q
~conj uG%t¥ S e Y&ggea Betiafay 8tfac ﬁ??#é?g substituted or
--junsubﬂhmbmhedrylate, 1,2, 4-butanetr101 trlmethacrylate, 2;2,4- -
B . trimethyl-l, 3-pentanediol dimethactylate, pentaerythritol
'“'trlmethacrylate. l-phenyl ethylene-l -2-dimethacrylate,
n 15u;pentaerythritol tetramethacrylate, trlmethylol ‘propane
e trimethacrylate, 1, S-pentanedxol dimethacrylate, d1a11y1 :
-=fumarate, styrene, 1,4- benzenedlol dlmethacrylate, |
1, 4-dilsopropenyl benzene, and 1, 3 5-tr1isopropenyl benzene.
A In addition to- the ethylenically unsaturated monomers
7;_205'mentxoned above, the. photohardenable layer can also contain
'f;' ‘at least one of the follow1ng free-radical initiated,
'i_chaln-propagatlng,3addltlon_polymerizable,;ethylenically:
-unsaturated,cemponnds;having a molecular weight of at least
o 300. These monomers;ineluee, preferably, an alkylene or a
2i25- polyalkylene glyecl diacryleteggﬁepaFed;from'enaalkylenea
B glycol of 2 to 15'éarbons or a polyalleene ether glycol'of 1
to 10 ether llnkages, and those d1sclosed in U. s._Patent No.
2 927,022, e.g. those haV1ng a '



polynuclear qui nones whi-ch are conpounds having two intracyclic carbon '(z;/)
ators i‘h-a conjugated carbocyclic ring system Suitable such A
initiators:include 15 9, 10- ant hr aqui none, 1-chl or oant hraqui none,

~2-chl or oant hraqui none, 2- nethylanthraqU|none?‘2-ethylanthraquinone,

é tlgrthbut ylt ﬁnthr iUy 40y @Etmibi{bﬁﬂbbﬂ.yﬁwrﬂmiél ethylamidoqui none,
' pnenan ren ul.none ra .
22/3- benzant hr aqui 5??&R?Eﬁ£§9i ;ghv S&U%ﬁgﬁg%% as terminal

2, 3- d|chloroanapnﬁmmagesumand.ésyecﬁamyyanhbsaquhamaln at least one

.2, 3-di met hyl ant h n n
2, 3- d|phenylanthéﬁﬁjéyggéréggfgagée #E ght ?§&5%%§u§%ﬁ ??%1”?%%?% acid
25 3-chloro- anﬂﬂqheandauhﬂsrhmmdedecaanaunonsluﬂubg carbon doubly
, 9, 10-tetrahydro et@ lﬂ&‘x‘ an8"folstchk mﬁe&@ﬂ@wﬁ?%{g(a) |
er photoiniti at

anthracene 7,12- |one ors i.ch are so useful, even
though sonme may QﬂﬁgeﬁuI@KEEva%nétsﬂéﬁﬁﬁhat9ﬂé§ﬂ!? axnsy sacks

[err], are descrigahdiatd &WP&E&H EnePaEﬁm.eNQcaalzﬁ%&fa?cMé@cl ude |
vi nci nal ket al dony quégﬁn”mb uch as enzil, etc.; a-ketal donyl

adl cohols, such a$ ESPRTLRbl Y, tﬁ?c" #éﬁﬁeet%@’@s'e e benzoin -
mighyl alnd etyyy! %dﬁmﬂﬁm eﬁﬁé}fgbﬁcaﬁﬂiaﬁ swh ttuttai” Ibaromsttlc L
- acyl oi ns, including g EEE EEt 0.i,n pha- enzoi n
=al pha- phenylben20|n In : g pﬁBﬁﬁFé&H&Fﬂl QQﬁF Rt n

agent s di scl osed polgndtl &ant epri hbnes 2wBi8h44be ﬁﬂﬁﬁhﬂhﬂk HBWEHQOQﬁO
3,074,974; 3,097, f Zi ne,
oxa. zi ne, and. qw#ﬁgfaéygiékeéﬁkﬁgéeggggg inéﬁhgpi§$§5§§d)cqﬁﬁ%ﬁiﬁfggt,on -
initiators are MnﬂHQstsﬁemone$ubbabbph§ncheiaitﬁaﬂﬂﬂ%ﬂinqmuéﬁdazol yl.

15 9, lO-anthraquinone, l-chloroanthraquinone, |
2-chloroanthraqu1none, z—methylanthraqulnone,.
_z-ethylanthraquinone, 2- tert—butylanthraquinone,
octamethylanthraquinone, L, 4-naphthoqn1none,-_" _

9 lo-phenanthrenequlnone, 1, z-benzanthraquinone, - N
20 2 3-benzanthraqu1none, 2-methyl—l 4-naphthoquinone,.-5
| -2 3-dichloroanaphthoquinone, - S
4-dimethylanthraqu1none, 2, 3—dxmethylanthraquinone,
2—pheny1anth:aqu1none,_2 3-diphenylanthraguinone,
sodium salt of anthraquinone alphasulfonic acid,

25 3-chloro-2-methylanthraquinone, retenequinone,

~ 7,8,9,10~-tetrahydronaphthacenequinone, and
1,2, 3 4-tetrahydrobenz(a) anthracene-7,12-dlone.--

. Other photoinitiators which are also useful, even
_ _ thcugh.some-may'be;the:mally~active at temperatures
e 30 as low as 85°C, are described in Plambeck U.S.

Patent No.'2,760;863'and.incIude;vincinal.ketaldonylr'
compounds, such as diédet?l, benzil, etc.;
e~-ketaldonyl alcohols, such as benzoin, pivaloin,
~ etc.; acyloin ethers, e.g., benzoin methyl and ethyl
35 ethers, etc; a-hYdrocarbon substituted aromatic



3,265

Cdirner s. with hydrOQEn doners, and m xtures thereof' as descrlbed in U S
atjent Nos. 3, 427,161; 3, 4. 79 185 and. 10 3,549, 367. Elasteneric Blnders
thetic rubbers, e.g. but adi ene/ acrylonitrile, acrylonltrlle/butadlene
rboxy-nodified, e.g., 3% acrylonitrile/butad' iene/styrene, alkyl (I to
‘carbon at ons) nethacrylate/acrylonltrlIe/ 15 but adi ene} alkyl (1.-to 4-
‘carbon atoms) nethacrylate/styrene/- acrylonitrile/butadiiene |nterpolyner'
. 2-chl orobut adi ene/" 1;3-poliyners, chlorinated rubber,
“styrene/ but adi.ene/ styrene, st yrenkdisoprene/ styren' e bl ock. copolyners and

5 BB ITRIGEERSR O E B Blnatethpadion 2

yure ane resin. The
el astenérabpb&nabqisﬂzhﬂnﬁ@lmsedm| WMI T-k}eo? 9 toredns Hike FWe# th ni nor

' a”DU”LﬁdOI:eaeeehgsagaﬁesCdbsexi@séd mw.‘@plv@%ut ates 2Nz, S8 @ es5d kyl

B S ol D9 F, Sk 5B P RS 145,008 2, e

~ psl yviwegl aseagée/afryhatphena;ﬂnayloaaaimee/andhquq¢u&e;kanﬁ¢@oroIyzed o
pol yvhiyl pachkaas: 6£H¥L eQEi\é&ﬂi’é p@fﬁhéi E £25000h y{fﬁ{flatoreolyét yrenes;

vi nyl

or i de dene ¢C or| e/acrylonltrlle
V|nyIMdehéeéhﬁoKPHGFﬁnthaBF9Ph?B°aﬁd2v4n§T aipkenybitida : _
) '_aﬁﬁtaagmeeaowgﬁr d?@b&ﬂ'é&he@hloahdemﬁaﬂﬂur% el@@@édfreae, e.f.', POl IyVI nlyl.
.‘chl ori,de/ ag p e of - po yg ycol s
o SRR S D FRAGRE oo B PORLE DR L4, oL P
-'cmpolyeSt9;367e g., those prepared fronlthe reactlon product of a '

= fp0|ynethylﬁfgst9me9'¥c Jn'ErEhe §gﬁ9ﬂe@% ?5&e¥@er@‘§"s a whol e number 2 -

. t.0 10 i ncl - - - tere sebaci ¢ and terephthallc -

. butadiene/acrylonl r11e, acrylonl r11e/butadiene _

(carboxy-mod1f1ed, .g., 3%) acrylonltr1le/butad1ene/styrene,

_ ‘alkyl (1 to: 4 carbon atoms) methacrylate/acrylonltrLle/

15 butadlene, alkyl (1 to 4 carbon atoms) methacrylate/styrene/

' acrylonitrxle/butadlene interpolymers, 2-chlorobutad1ene/
1,3-polymers, chlor1nated rubber,'styrene/butad1ene/styrene,
styrene/lsoprene/styrene block. copolymers and other block

. copolymers descrlbed by Holden et al. in U.S. Patent

:2O 3,265,765, n-butyl methacrylate ‘and polyether polyurethane :
resin. The.elastomerlc binders: can be used 1nd1vidually:or
in combination with minor amounts of nonelastomeric binders,

e.g. polyacrylate'and“alpha-alkYI pdlyacrylate estersq7e.g

N polymethyl methacrylate and polyethylmethacrylate- polyvinyl

f;'25 esters, e.g. polyvinyl acetate, polyvinyl acetate/acrylate,

: polyvinyl acetate/methacrylate and hydrolyzed polyv1ny1

acetatey ethylene/vxnyl acetate copolymers;




acids, (2) terephthalic; isophthalic and sebacic acids, (3) terephthalic
~and: sebaC|c acids, (4) 15 terephthalic and isophthalic acids, and (5)

M xturés of copol yesters prepared fron1sa|d | ycols and (i) -terepthalic,

i sophthalic and sebaci c -aci ds and i&%*tere thalic, isophthalic, sebacic

and adi pi c aci dsPOMYESYFenRsiHTiny} tdene cchloridaecRpRlamera, 9. s
pol yhexanet hyl eneiwmfaeute cHIRid 1dé) @silsﬁstrne, v@.?x J.lilm acetate,

A IuI ose acetate uc a} nd c ul ose, ac tai e; (éa /J 0S
ethers, e.g., nef gélln ﬂﬁé\? i@ec%’l‘?uYggg gﬁ&“ﬁ E‘;‘P qdﬁi&@'
Fol.yc?rbon?tfs aleby:\ajt@ylcomg g&ﬁh LS £ @1¥eﬁnyD0bule}lBelblahﬁal pgl %/w nyI
or me pol yf gr ma es er op na clu | ors,
dyes, pigment CF&es S ¥‘5’b’|’ é# ﬁdﬁ ﬁgait?dtm
‘inhibitors 30 |nmb&éeq&anﬂﬂuighﬂmguﬂyehnﬂmeqe|ouméesanﬁ polylglyabls
aryl--substituted Q d% zﬁgaégwig@eaelage% BEt¥h0%a§E9h0| o

r si na

- pyrogal lol,. copper am nes thol™,” cuprous
chloride, 2,6-di DGDOTBNQW-qPkadﬁﬁQ qmmmbyasasrne epghudﬁhosaﬁirntroso

- dimers,e.g., Oy 5
w[3.2.2]- ngn 2- eng %p%:l& oxfgyli %‘lmr{era enzeg%@aaabeyﬁkw n r?é'yé“nd:hé'rﬁeo'}%nu
Various dyeslReydd¥csddef tthe rﬁﬁ@%@tﬁ@(@g’ H&*rty gf-'etﬁe Lsv@ge forned.
_Pignents may al Sqhbaed nimhd 1 6% SLE ARt a8ivaDyahal quant used, however,

mshould pref erabl ¥ o pdeanshar it {0 L e, 36LE1ECaha kel Lgheaite oo v
: . _aczds, (2) terephthalic, isophthalic and sebacic
acids, (3). terephthalic and sebacic acids, (4)
15 terephthalic and isophthalic acids, and (5) mixtureS-
of copolyesters prepared from said glycols and (i)
terepthalic, isophthalic and sebacic acids and (ii)
-terephthallc, isophthalic, sebacic and adipic acids;
.nylons or polyamides, e. Ger N-methoxymethyl _
20 _polyhexamethylene adipamide, cellulose esters, €.J..
' cellulose acetate, cellulose'acetate succindte and
. cellulose acetatg butyrate; cellulose ethers, e.g.,
methyl cellulose, ethyl cellulose and benzyl -
- cellulose, polycarbonates, polyvinyl acetal, e. g.,
25 polyvinyl butyral, polyv1nyl formal;
polyformaldehydes.
' - Other ‘optional addxtives ‘include: -
1nh1bitors, dyes. pigments, plasticizers, etc.
| Suitable thermal polymerization thib1tors
30 include p-methoxyphenol hydroqulnone, and alkyl and
' aryl-subst1tuted hydroquinones and quinones,’
'tert-butyl catechol, pyrogallol, copper resinate,
naphthylamines, beta-naphthol, cuprous chloride,
2,6-di-tert-butyl-p-cresol, phenothiazine, pyridine,.
35 nitroso dimers, e.g., 1,4,4-tri-methyl~2,3,-




‘_|tself e.g., a-’ dlacrylate ester , or any of the 10 cennDn plast|C|zers.
Wi ch are conpatible with the polymeric binder e.g. = dial ky pht hal at e;

-pdl yet hyl ene gl ycol, and al kyl phosphates. Suitabl e flexible supports which
gar the photohardenable | ayer i ncl ude2 polyethylene 15 terephthalate

"{)fae- t r caged JMLEIdNG-TE. 4 52 PRAbHAbABACHE 3-atcide pl ect rostatic

' "| scharge re ted e yI ene  erepht hal at i-m des; “pol yol efi.nes, e.\g;}g
oA - Cot Gebhena, gna SYCLRAES &

_pol ypropyl i tabl e renmpovabl e

" cover sheets that natioys adyes may: besaddednad rieaﬁmhsmlth)wpyl ene

T e 2

- ."shown. i B t bee#i dor hdisd. ca@aei:éssar&n?ocoﬂ.bemmnmseﬂ),ushqwms enbodi nent .
" The: el emren %3%5 p. Iy di however, but
“this is Ie%g‘c"%?'g?&r ]gri?%e{;.g%g? ?gh%wou \"{)edtﬁaéetnﬁﬁﬁy 30.and nore

‘expensi ve. radd atdion dedd ed description of the process that follows wll.

.~ process. The phat ohar

be exenplified by t s tfeﬁngb%lé icft@?gnfn bgoié %%%d'ﬁ%@ cont i nuous

- enent 1.5 . unW und erol . and noved
by neans. ot tgeddid €S- ot aprykate estgr, ﬁ’ﬁaﬁé‘k‘t ®farth&posure source,

~iire., 20 agbinfioh r‘3§£ﬂéﬂhéié”ﬁﬁicﬁhﬁfeb&ohbaﬁﬂﬂﬂﬂﬂﬁltﬁ;Eﬁ@osed |nageMAse |
- and tacky ihereqﬁ% e or |nage$ -ned Suitabl e . radlatton _ .
- sources deg OhYMGT 1GH PLIRARTH Fenab éaig £ - ’

G &SFre.
polyethylene glycol, and alkyl.phOSphatzgz o
Suitable flexible-supports which bear the
photohardenable layer include-' polyethylene _ '
15 terephthalate, flame-treated polyethylene
| _terephthalate (preferred), electrostatic discharge
treated polyethylene terephthalate, polyimides, _
polyolefines,i ,g., polypropylene, polyperabanic_,'
acid, etec. .~ | | | - _
20 .. Suitable removable.cover sheets that may be |
' present ares sxlicone treated polyprOpylene -
-_(preferred), polyethylene, polyethylene
terephthalate, etc. '
- The: element in roll form, . e.g., wound around
25 a storage roll, is: utilized in the process shown in
‘the Figure and. is necessary for the continuouS-'
process embodiment. ‘The element can be present and
processed in individual steps;, however, but this is
less preferred since ‘the operation would be lengthy
30 and more expensive. The more detailed description of
the process that: Eollows will be exemplified by the ,
use of .the element in roll form 1n a: continuous b
process. e | | f | |
The: photohardenable element is unwound from
35 the roll and.moved by means of a roll or other drive



5 Gener.al Iy, however, radiation sources that are rich in ultravol et
radi ation are useful. Radiation sources are disclosed in US. Patent Nos{
- 2,760; 863, .3,649,268, and 4, 157,407. The exposure may. be through a "
phot ot-ool , "negative or positive, having the circuit inmage including circuit
10 trace. Special phototools nmay have to be used for particular needs such
_as\/rossovers or the formation of circuits useful in nultilayer circuits.
Ctile metal and alloy particles, plating catalyst particles, or

~.conbi nations thereof are applied to thelB5- i nagew se exposed el enent.. The

particles adhere primarily to the t p ed . U|table
particles vWﬁ?ﬁF?:??tﬂPeﬁ%gﬂﬁﬁﬁ lélyate %ﬁ %gggggﬁlncﬁﬁat1o§0 pet
(preferred),soimndee) wheneby ﬂhﬁutlemanﬁeﬂs #WPP@P@SIBﬁQGUQEGraaﬁdtéé Her,

copper -tin allfiyerdd ¢y | Gt !dOVimady e@ﬂa&lémdecf%@a 205uiilthwé, raadatebal
oxi des such as tltanlun1OX|de and p cIe have an
average di anfQWices dgrand en the 2’3’0&%&*}0{"6@& YBfr M xed

Fart icles 3') Zeén SEELDE, uﬁﬁdave'ﬂlﬁ e latdlors soarces aqh|altl adet clbheinacky - '
unexpose ar.e no rs e cgtLon met hod
rfrted i AP TN . RetialedicdofRhehake |

%s by use oﬁ‘ escrib esearch
Di scl osure, Jdiseldssy, 1rNdJ 81-5%%5# MSistf @rr 7600 9\5(30d|3u161‘19 2@.3heP“ '

| application gr I
PoPent o 50 648 105?“46*23 a 9"Bﬂ{1 4§55 Ho édl?e nfag{G theC t@ﬁ:o%g% eeg%rtbegzgo H§§a§ﬁ§e

4,019,821, 9% P%Sltl‘tﬁef'b?‘?’e‘tﬂt tﬁ"@lggs lé‘F gﬁﬁ‘ﬁu &}‘FSQt he
- unexposelrio ar epacdy esmlﬂamgpndmmoﬁs) maye hawef doe beTasedpforepangicular

retention of $865 PAILA 48 %cddhsdvlit d U AR Reelaireblits! Bgeful

photohardendb ayer- o enent eat set by passing it under
or through aimesulbilayer cipcuifss of unlt |s an infrared heater such-as a

-CaI_Ray ' Ductile metal and alloy partlcles, plating catalyst
particles; 0r~eombinatiens-thereof are applied to the o
15 imagewise-exposed:element@' The particles adhere primarily to
| thegtacky nonexposed image'éreas. Suitable-particles:which=.'
can be electrolessly'pleted or soldered include: :coppet
- (preferred), nickel, tin, lead, solder, mixtures of copper
and solder, copper~-tin alloy, tin-lead alloy, aluminum, gold,_
20 silver, and metal oxides such as titanium oxide and. copper
oxide. The particles have an average dlameter.of.about_o 1
to 250 Fm, preferably 1 to 10 pm. Mixed-particle sizes can .
be used. _ : . o _

The partlcles can be applled ‘to .the tacky. (unexposed)

25 image areas in known manner. A preferred application method.'
is by use of a fluidized bed of particles, such as described
in Research Disclosure, June. 1977, No. 15882 by Peiffer and -
Woodruff. Other appllcatlon or tonlng means for the o
partlcles ‘are described in U.S.. Patents 3,060,024; 3, 391 455;

30 3,506,483; 3,637,385; 3,649, 268, and 4,019,821. It is

H



" fooel by General Electric Co.,- Schenectady, New York.. The el enent i S.
i ".;tal ned in the presence of the heater for- 0.1 to 5 m nutes.. 10 I“t

\ar¢hs. = Suitabl e nechanical and other neans for renovi ng excess partlcles

. are described in the above-nmentioned Research Disclosure. ‘Preferably a )
~water wash,..e.g. by inpingenent jet, is used with gentle nechanical 15 -.
scrubbing. Air inpingenent devices are al so useful as well as w p| ng neans:
.al t hough care nust be taken not 4+ d4 renove particles in the tacky inmage

- heat o
R e SR i S L b T
of theal}!mmb;‘!e@ﬂbgé) ding then ointaldiel siediagrs be inproved. The particles
.can be fixefly oimpesisl txe té@téﬁ\@i&h&rﬁiﬁlﬂ@ a?cw.eircllee hgptuhg, ta%lﬁr- inthe

tenperature range of 1 C.for ea 10 ‘s ds.,
t enper RS 9 m%ﬁ#ﬁ I RRASFEOAR AR ar, AF s he
. phit ohel ehmeret] s cheant ; secturbey pa/sseimgysm andemnan ihorauyh - & |!ma,tmgg by . - .
- means n t r %ﬁﬁ c cal o
enbed 19 aﬁ é@a&ss‘%éqﬁﬁé 0{%?\&% %ﬁ%}{??ﬁ %&g nt ps c#‘i ri&I?fam cal I
“roller mo hfenprabiElepttionhe schenagtady . Nay Yk .30 Ther eferred  ~
CFiXi NgeT@REYSE | B Waﬁ%@ﬁk&& 119 @ ipY dsdristl I Whedheatexth®¥ 0N 1t he

_-.--dravm g eé%e a]% % this exposure tine is in the range of O. 5 to 10 minutes. %
El ect ro? §°§T‘é? Yy procedures are known to those skilled in the art, e.g. "
U 10 - Pat entIt\Icn.s dinpolr teitt. that et texxtesss. mmneiQSJaidws:med)mrer cially '
o B O HER G it el B BRI
.to ens'l!ﬁ%ﬂ% h%thlf@“%Mg @XCHRIRAFL )28 b’:fé éﬁﬁﬁéﬁtbe An the.. |
' above-mentioned Research: D:Lsclosu:e. Preferably a water
wash, e.g. by" :.mpmgement ]et, is used wa.th gentle mecham.cal
15 scrizbbmg.- Air mpmgement dev1ces are also useful as well
| "as wiping means although care must be taken.not to. remove )
- particles in the tacky image areas. frh.e ;e_moval,o_f excess. . _
particles occurs subsequent. to. the. heat. setting._ if_._thi_s. step
) is used. N S S -
.20 - Again it is preferred that adhesion of the part:.cles to
| | the photohardened: ‘elements be improved. . The particles can be
fixed or bound to- the photohardened layer by heating, e.g. in
the. temperature range of 80° to 150°C for at least 10
. seconds, the temperature being below the degradation ...
| 25 tempe-r'a-t'ure of the p’h_o-t‘oh-arden.ed element; cured by exposure

to ‘actinic radiation, e.g. by means of an actinic radiation | R
source as described above, or mechanical embedding,; e.g.
passing the toned circuit through the nips of mechanical . -

_ rollers.. Combi_na‘-tfi'on:s. 'of-'-ftheSe.'-mean-s._a:ls.o-_can-be_,_.u..sed._- The'
‘30 preferred fixing means is by exposure. t'o-actinic--radiation as .



is maintained in the bath for a sufficient period of tinme, 10 e.g. 1 to

hours, preferably 1" to 2 hours.” Useful electroless pI ating sol utions-ares
‘descri-bed in . the exanpl es bel ow, Zeblisky et al. U S. Patent No. 3,095, 309, c

parti cul arl y Exanple Il1. “The tenperature of the electroless plating bath
can range from 43 [err] to 65C, and preferably is 15 50 C. The circuit can
aLs_o/be f ormed by. sol dering techni ques. as _known to those skilled in the
art,. e.g. Cohen and Peiffer, Published European Application No. 79100263.7
filed January 30, 1979. Prior to sol derlidg; the particle-beari ng areas are -

70 | onrared BMolOR PRECEEMLERe 1t (dodBlOly MHIE oI LT e 1P 40 che

fol | owi ng compositions e, organ ure er pene
acids in al ceapge QAt@r5S te W0 Hmma’mﬁoprl at e soI vent; |norganic acids,

e.g. HCl or 0fth0ﬁi‘@§99&1é§s léitiﬁ procedd:@é%%n’iﬁ}ri Sto &hHbgeZi NC
hl ori de and co a%lrons thereof us to roduce HC1

chloride, c

upon heat i nrmF iﬂ% PR etReicRT Yt Sued vV AT LS (—9 citric
g ol ei c5 Orghectrhhésgepla:ﬁﬂwms are cmgdemalw cxvhharable,, &Qg. :
Organic anin n S CORh ainn
®uring or ha‘rg;gleﬁl g%g(r%{‘if?l%fs o'?%’g’ggen?"er% MA'fI uxegwljlar%g’gé'%a eés%tl%re
subsequent | yCe¥peostemt B0 pbi t ard sothry  seurgeso| duchdaths mayohaveoltgebe

§0”p05|t|0n5m5d1f§é@ 86 é'ﬁ@&lre etmatttme %Mmmlwmeaﬁ%w@mﬂewtons

contai ning bis verﬁ%‘%%%yg ah(?%et e b
t be

i u
adher ent . fﬁr’f‘ﬁf‘th"?ﬁ&?’fhl T’l}e g?%'irﬂ ets°
used. elQ. eig, letd G)rhamrjsurpfeﬁémbk—m bkotale? siqpanrst.i cWiseflwl. useful in

the preparatefgcetoless plating solutions are described in the examples -
- below, Zeblisky et al. U.S. Patent No. 3,095,309,
partlcularly Example II. The temperature of the electroless
platlng bath can range from 43° to 65° c, andnpteferably is -
15 50°. - : - |
Thetcireuit-eaﬁ also-besformed-by soldering techniques. -
as known to those skilled in.the art, e.g. Cohen and Peiffer,
Published European Application No. 79100263.7 filed January '
- 30, 1979. Prior to soldering, the partiEIe-bearing areas. are
20 treated by known procedures w1th solder fluxes typified by
the followxng com9051tlons. : _ ,
Rosin type, organlc, e.g. a mixture of: dlterpene aclds :
in alcohol, water, or other appropriate solvent;
'Inotganic'acids, e.g. BCl or orthophosphoric acid;
25 " Inorganic salts, e.g. zinc chloride, ammonium chloride -
and combinations thereof used to produce HC1 upoh
heating'in the presence of water;

‘Organic acids, e.g. lactic, citric or oleic;
' 'Organic halogen compéund's,- e.g. aniline’ hydrochlor:.de,-.
30 °  Organic ‘amines and am1des, e.g9,., urea.,: '



prlnted circuits’ are tln/Iead in ratios of. 63/37. and 60/40. I t i‘.s
#odrtant to bal ance the ability to solder with the adhesion of the: .

- particles in the adherent image areas, e.g. ‘the areas should be tacky

~enough for the parti:cles to adhere not not too tacky whereby the partickes
~woul d becone coated: 15 or engulfed by the tacky material’. Once a . :
~conductive circuit has.been forned as:described above the circuit can be .
el ectropl ated by standard electroplatlng procedures-to increase the k*\fy
t hickness of the circuit. 20 = 16Two flexible circuits prepared as. .
-descr ik oMk dy A WoritidifcutaRY Yrelha rdeniingVdatad ety oas shown in-

~the Figur 2 can be used in conjuncti'on with one another "to formcircuits:

One. uSAAFEN S m is a nenbrane switch wherein the flexible circuits are-

-pl aced in regs sﬁlﬂme‘dadmatge faa:céaearut"ear’sanb&quwtay ‘exippsedi ted t oget her,

e ] ev € € NAr- d rfqrated |

B d| eI eclﬁ/r |@R %rd) i ceh al Iso%ws%ct;ﬁ{%sa Kg‘ggﬁ?‘r %%lgtg?ntcg}ﬁﬁﬁgﬁig%%%am cal

'. prfessuﬁ!l ibe a{ﬁﬁﬁ e® 4G d?i@sllfﬁadofc%n@trmstv and eempogidiondi tch can

-al so” tflrsifﬁtfh S'd%dnﬁ.tfn’l £Xinid i%me,) féi‘lv*e@%n@'a'n‘t%on?(’ (1) folding

1800 t e ctrl al | y .conductive .circuit -17- fir and second - -
*secti SEiFk Ak a13% Wanps - Loy, mediss im0, o
.cont aaﬁeﬂaslsaraiarmm sbeanfs - &Nt t:tm,edehdotolterl,ndamdl (2) i nserti ng, :

bet veqh Al 4 'é&%e%@?éﬁtéher 1313 se ofl I pregacslBavbo & v

. pluralit openin 3 ecti

nment . with the
~ cdiftam w (R)irﬁ%jtﬁﬁ freritda/dieadnin maety@us oif; 631/83. \ﬁﬂ%h 684AQuct i ve.
Interwrwtrwomdoa:&memé Ighe fabﬂmrtrsertogemaelrl wid@sehebed in

:lFTZQP beIongégﬁg a H%@ﬁbggeffgﬁetr %f@%i %magelg ggsor Lgyers of the :ﬂ
C the areas should be tacky enough for the part1cles ‘to adhere

_ not not too tacky whereby the particles: would become coated

15 or engulfed by the _tacky material. . -

' -Once a.conductive circuit has been formed as desorlbed '
above the circuit can be electroplated by standard _ _
electroplatlng procedures to- 1ncrease the thickness of the _

_ circuit. - SR o : y ' .

7'20 . Two flexible clrcults prepared as: descrlbed above. o .
prepared either separately or simultaneously: (as shown in the
Figure) can be used in conjunction with one. another to form
circuits. One useful form is a membrane sw1tch whereln the
flexible clrcults are placed in reglster face to face and are

25 adhesively joined together, e.g. by lamlnatlon at elevated

temperature, separated by a perforated dielectric layer which &
allows contact at desired po;nts when mechahlcal.pressure is
applied to one side of the circuit. A membrane switch can ' -

also be prepared“from'a'slngle,flexible circuit.ashfollows:
30 (1) folding 180° the electrically conductive circuit having



~as descri.bed in this invention. Additional information about the
preparatlon of mul tilayer circuits with conductive interconnections is
found-in U.S. "Patent 4,157,407. The best node for electroless plating is
illustrated in 15 Exanples 1 and 2, the latter for an automated procedure.
- Exanple 6 illustrates the best . nDde for soldering to formthe flexible
gi'rcuit. The process of this inventionis: eaS|Iy adapted to autonation and
applicable to the preparation of fine 20 conductive wiring traces and
Iom1cost flexible printed-circuits incddimg nultilayer printed circuits.

The printed Eif§t“énd)b§é’ddtﬁij éeeﬁmsprrm&@ mdaeﬁoa@ Addedohtadte,0id
backi ng nat er i a‘lb use as arll%lr om;?r%nessévmtc tAerX|bIe circuit
can be’l ani mreeeebiesty o el il GIREYREE, W neapt’s B 5

nul tilayer cadfac¢ent boareach A)tphreaf.erarmij (u‘ks)e inmerttingf betwelea- spiidntfedded

circuit is af I eded
S0 provide el elfo et ol ST g ?ae%?irﬁ‘gg?t? piuat ey BeC
are forned RPeRLRGF heiethirugh eshiva d ionmend: widdh &hecuits in

register to @o@tﬁéﬁ@|ﬁuﬂlcﬁixﬂ§adﬁd}:§heet 10 or film havi ng hol es
*orresponding to tch.: e acts. nat| el t swi tches can be
formed by foldi ngﬁ?%l\qo rj’rﬂﬁ‘t cllrfcl'“é'g:l t\ﬁ ?ﬁdr‘f@ghl Ng a suitably.
si zed d|eIecimtereﬂnnﬁctnr3|danthﬁ\nnﬁpadﬁﬁfnﬂ(théTm@nnnEnbeaRGaléW|tch is
TUseful as a désct pbepha Wrad d1ef g GAlr13RAb18NGEB g bea! Bh8L

t oys, calculators- or ects ul
Uopr bss b, LRTEE ST 1aYRRR OF R AR HHRe %}«g@mpem?aég CoRRSPLEdON

as described in this invention. Additional lnformatlon about
the preparatioh'cf.multilayer"circuite with conduétive
interconnections is found in U.S. Patent 4,157,407.

The best mode for electroless platlng is illustrated in

15 Examples 1 and 2, the latter for an automated procedure.
Example 6 illustrates the best mode for solderlng to form the'
flexible circuit. ' _ -

The’ process of this 1nventlon 1s easxly adapted to
automatlon and is appllcable to the preparatlon_of_flne'

20 conductive wiring traces and low cost flexible printed
circuits including multilayer printed:Circuits. The printed
circuit obtained by the process can be laminated to- a rigid
backing -




The follomnng exanpl es |IIustrate the invention mherel n. the

:. ' 5 nmenbrane SmAtCheS
t4 land percentages are by weight. In Exanples 1 to

fazL hrepargd u5|nggerX|bIe photoadhes&%e Iayers on aE&kﬁéLgli Zhgztasfgne

and-¢gf ectrol ess plating. 25 :

ot tiony is coated on
gt sahaltenha1.8£a): asen dsid(yr Eﬁt haPat e%h ) ms% 0. 005 i noh

30 of T Later b aed B0 0 a] O CELM BRSSO o 005" o
_égog(z)goryrr@r ctﬁri)@srigmd cirmmmrtiﬂ formn & h@“&ﬂhgﬁ%gﬁbhg‘{ ecdé)):%)eut s: 35

. ggr Ibgg;eg;)ﬁl e% acry?gﬁlfteflrleg( i‘?)e/ bftﬂzdégg%e%%’ff{iie ‘PEdnged gh rrpl ecul ar - '
viei ght, SaveFiRuibobgyi Ol§besptpgaraﬁidhPdﬂfmémbfahéfswhﬁhﬁ@%4) -
styrenel taMereraloguie LbChlbld WY YioNle ALEAERILTT! 2biAdtane

5 Trimet ropane triacrylate . n
"4 0 4, 4- Bi st‘%/ P&h&‘ n?%@?ﬂeﬁ,@@rmme Such (sl tches are formed

ﬁoﬁ §oLri mEdhdegueindd srattRuCkigure by blyide 2@ ormed e nylene

" terepht hal %‘tj%“'f"ﬁ g‘%eﬁ:e%i‘lﬁﬁ?‘: G°091 Suidgaile @Eﬂlmrib' sheets |aninated o

to thel@ryqrhcﬁidmlhamtngalmleﬂl oR@ebpROAdINY to the switch : |

o contacts. Alternatively, the: switches can be Eormed S N ¥
by folding the formed circuit in register and _ o
inserting a suitably sized dielectric sheet or. film -

" between’ the fold. The membrane switch is useful as a.

15 telephone keyboard, in electrical appliances, :
electrical toys, calculators, or: other objects which
require a: magnitude of depressions, e. g., millions,
throughout their useful lives._u. '

|  EXAMPLES : -

20 The following examples illustrate the .
invention wherein the parts and percentages are by
weight. In Examples 1 to 5 membrane switches are

- prepared using flexible photoadhesive layers on  a:
flexible substrate and electroless plating.

25 | EXAMPLE 1

| A methylene chloride solution (82%) of a
tacky photopolymer composition is coated on each of
two. flame-treated polyethylene terephthalate films,~
0.005 inch (0.127 mm) thick, and is dried [0.0016

30 inch (0.041 mm)]. The photopolymer composition is
prepared from the followxng ingredients:

35



. support - phot opol yner Iayer cover sheet sandw chs 20 (el ements). A posi
-transparency of a- -menbrane switch circuit (phototool) is placed in cont
‘Wi t.h t'he cover sheet side of the elenent, and the elenent is | mgew se
exposed for 30 units with a 5 Kw actinic 25 rA8di ation source using a

~Riston [err] PC 24 ﬂé‘mﬁenﬁ |. du Pont de Nenours %gﬂepﬁﬂgﬁsl o
_Vv_y1ngton DE. eet and phototool. are re el ement
W& toned in a flui R Oy d&ﬁﬁbﬁ,{miffmper powder, Al can[err]

- MD-301. Copper pOWera@@Qﬁ&ﬁt@ﬂ.é@?hﬁbW?@ﬁé@?@fPﬁs .58hg .toned
circuit is heated forﬁagnruarﬁcuxagidéigheye@vé@a@eat set the toned areas.

Excess copper powder iModmepveisaodityaieramnd mld abrasion... The
metallized el em#t is cured by exposing to ultraviol et radlatlon in.an
Argus 35 ul travi ol Metthyk assthactylkate(F400styrens(42rnds. 20 The toned
‘circuit is then plat eacrylonidteble(8 ihutadiese (T&pper plati ng bat h.

Cuposi t[err] CP-74, Stiptespakymemevere, MA. for one hour 32,550 [err]C
After plating, the circuit elements are registered and with 5. a hole
~punched di el ect ri c TrinethylolrrrRane rkrbadkybatel as a mendbefe-. switch.
‘«The resulting menbrane switch has a resistance of | ess than 2 ohns in the.

cl osed positiongg BRNZQPHRNPNE | epeat edl y wrapped around a%4® dowel, 0.375.

%-Sﬁgg(eab‘)%egc??cu.r%%feiﬁﬁ%ﬁym% fa?%‘%%“a@%u?@fLEaLo{f;afLifteL'eca'
- terephthal ate substlmagﬁggl} _f%rengggbbgygf&YI ng S&%E[ err]Magic

Mendi ng Tape and st -2-ene~2, 3,-dioxide

15 a silicone release coated polyethylene
' terephthalate £ilm cover sheet, 0.001 inch
(0.0254 mm) thick, is laminated to the dry
photopolymer layer nging flexzble
support-photopolymer layer-cover sheet sandwichs
'zo_p(elements). - - ' :
 p' A positive transparency of a membrane swztch
 circuit (phototool) is placed in contact with the
‘cover sheet side of the element, and the element is
imagewise exposed for 30 units with,a 5 Kw actinic
25 radiation source;usingfahRistoﬁ&~Pc:24 Printer,
E, I. du Pont de Nemours'and_Company,-Wilmington,
DE. The cover sheet and phototool are removed, and-

@ .. " the element is toned in a £luid bed toner with 8 um
o copper powder, Alcan® MD-30l. Copper powder adheres
—_— ' 30 to the unexposed areas.- The toned circuit is heated’

Eor 3 minutes in a 150°C oven to heat set the toned
areas. Excess copper powder-;s removed with water
and mild abrasion. The metallized element is cured
by exposing to ultraviolet radiation in an Argus

35 ulttaviolet.processo:-model-PCYLQO for 15 seconds.



215 . tape. EXAMPLE-2 This exanple illustrates the preparation of a menbrane
W tch in an automated productlon facility Aroll of. the phot opol yner.
2[ament. as 20 described in Exanple 1 is attached- to a polyethylene

rlephthal ate film0.005 inch (0.127 ﬁ“b in thickness that is threaded the

t ire Itehrmhé ﬁbnbdecﬁ.&@;ﬂtiﬁli@ tHeée. p weedtmetal saumhsﬁ“ ngl phot ?t ool st&f\{
. the switc ar.e: pl ace e CovVe ee el ement  as-

N5 drawn a 80 ﬁeﬂé nF%ﬁR?Qﬁé#%ﬁihﬁdh?ﬁﬁ gHB@?ggﬁag'igqerr] col limated"
~1ight soursbip:[ey eoposnlewene'v;egﬁs. o econedioar @t55D°d. | iAgEdrs/ cm

.'QAfter expos the ot at.ool .gnd .e [

. 1:iaut onat |B§PE§7 ﬂﬁdggﬁe‘%& uéx%po?éﬂgﬁg%eﬁg Eegﬂ‘?&gﬁ%ﬁ(ﬁn%%s t hr ough
Cafluid bedhobeepuaphsﬂaﬁialﬁ&tnxarﬁeﬂlsatnenrshuet are882, Peiffer and

?=Vbodruff ). ORIt : err] -copper, partlcles for about 30
. seconds. T#’ggoneéa %ﬁ%h rans or?%d under two 35. infrared heaters

and is heat ed: to. aThsnﬁ@ﬁ&&ﬁiﬂgﬂmembiﬂn%b%ﬂitGBChaﬁl@h heat sets the
t oned areafesighﬁnESaEESQng‘¥H§H Zsodﬂ§niﬂrtﬁéncﬂg§&da .cl.eani ng unit

“~ where it is spra -wash wat er an ent:ly abra _
~.count er - r oP@8 §§°§adsTheTﬁ¥ﬁRﬁhuﬁ%ﬂ%ﬁﬁ#ﬂt?ﬂ%$ SEéPB?dSaﬁQﬂRQ & source of

. _'-aCtl ni xg. ra&kbﬁélQnO\NB?Be iinch S(abcu® e fh) 0D Bidetedt withs@¥ cmto cure
G bnel sV, BhUesRal i A A Gkl PR R
I elements: are-firmly attached to the: polyethylene
*  terephthalate substrate and oannot be removed by
'applying Scotcna Magic Mending Tape and stripping the
15 tape. L - : -

o EXAMPLE 2 |
This example ‘illustrates the preparation of
a membrane~switch in an automated production: facility.
“ “ A roll: of the photopolymer element as
20 described in Example 1 is attached to a polyethylene
terephthalate £ilm.0.005 inch (0.127 mm) in thickness
that is threaded the entire length of the production
line. Positive~image-bear1ng phototools of the
switch pattern are placed on the cover sheet of the
25 element as it is drawn at & inches/minute
(15. 24 om/min.) under an Oriel® collimated light
souroe. - The exposure time is 20 seconds at 6.5
;_milliwatts/cm-._.After exposure the phototool_and -
~element cover sheet are removed automatically and the
30 exposed element is: driven'over rollerS”through a
- £1luid bed toner. apparatus '(Research Disclosure u:'
No. 15882, Peiffer and Woodruff, June 1977) ' |
containing about 8 um copper- particles for about 30
. seconds. - The toned element is transported under ‘two -
35 infrared heaters -and. ‘is heated to a temperature of



the curing. step. The cured elenent continues into an 10 aqueous sol ut}
of - annnnlunlpersulfate (10% for one mnute and is rinsed: with water f
one nifute. -The el ement transport speed-is s owed to 1.5 inches/mnutd i
(3.81-cnffin.) as it travels through an el ecttol ess copper plating sol utTon
(Add Plate[err] a&@utlassmwhmrimeagysetm then toneolaneasyen The pheat en

Cove, Mew York) gk WUkmdii!'iy el 8k 1fdncgadt! A" dl%aiﬁ'rfq‘ Aed epsC in -

A\a-d. Holland and Sons, 1nc. oratorg | ect ol ess copper at i.ng_nodul e.
As the plated C|ﬂﬁﬂﬁ§(§ﬂﬁﬁ¥nwﬁﬁh§@é8 Ehoratre ﬁBQtBS@Q&ﬁ|?b€§ﬁe¢tw4§h

][' lnlsed in Wﬁ] er, cHinleri¥b &@.Tﬁ TRYI Edn@anéil‘éiuentaﬁtﬁhn de@::,less

ol l.ow. as equence i S repea e Cir pa rn is then cut, is

assenbl ed as nﬁ%&e&né SRY %ﬁdaﬁ‘E bgtEﬁgBf &dt k%he sane

E;Opelrt I is as thex@dstélﬁ ﬂmemednﬁ!ri;utesﬁescal hmr Ecamﬂxfe JthééAl\/PLE 3
anple 1'is repe t that t e n Ir y

t hi ckness of 0.0@§éiqa§ixﬁ%%) @ g ggFég§ PP&#I g%%ﬂéaﬁﬁ 30

i ngredi ents: 35 parZicles.. Optiqu¢k¢|enr can be excluded to improwanunt

Srracryae - e g W¥eg 1 RG] Bhrad. o) sment, SEnt iR IS TERDe

*(di met hyl ani A8) bamqmmncmﬂ.ution of). ammtnipol peraoﬂ.fpchleywlétﬁarﬁmr cone,
Qthan[err] P2503d., é”éﬁ&“%scgin§%§ witl! 8368 £otOone d%ﬂd#ﬂ" Mheis a

wcrystal line, thernD
' element transport speed is slowed to 1.5

inches/mxnute (3.81 cm/min,) as it travels,through an
electroless copper plating solution (Add Plate®.480,.
15 PCK:Technology*Division'of-Kolimorgen Corp., Glen
Cove, New York) for one hour. The plating solutlon
~ is maintained at 53°C in a J. Holland and Sons, Inc.
laboratory elect:oless copper plating module. As the
plated circuit element emerges from the platxng bath,
20"it.1s rinsed in water, dried and wound up on a rewind-
‘mandrel, 'Other circuits follow as the sequence is
repeated- ~ The circuit pattern'is'then eut,“is _
assembled as. a membrane switch, and is tested.. The
switch has the same properties as the switch prepared
25 as described in Example 1. '
' EXAMPLE 3
Example 1 is repeated except that the
photopolymer layer having a dry thickness of 0.0009
inch (0.0229 mm) is prepared frcm the followxng
30 ingredients- : :

J

35




/SOl ids in

a resi

around a dowel

met hyl et

i

.'5|n having a Brookfield viscosity of 600 To 1200 cent.i poi ses usi ng 15%

hyl ketone and- a Brookfield spindle #3 at 12 rpm and an

. %b esive activation tenperature of abagut 63C, and a decrystallization.
erature of about 49[err]. 15

The resul'ti ng nmenbrane switch
esss than 2 ohns in the Ameuat (PARESH and | s. wound _

0. 375 i.nch (about ~in dianmeter wthout damage-.

"The anchorBgbYethex; podyursthana % by the tafé- @bst descri bed 20 iﬁ“f
Xa e l-is re eat ed except t 't he photopol yner. .-
%ﬁféengEPiREﬂﬁgif ?ﬁ%é%Fﬁch (0 0173%5%'is prepared from

i ent's n redlent : Anount

e?po$§ﬁbi g@ﬁﬁ&ﬁ?? Eagpte-i Gﬁ OSTP wethylolpropane .
gfﬁetﬁ§§éﬂ%ﬂ@%§@ﬁfﬂ§ﬁe 'dﬁﬂ%ﬁéﬂ%ﬁg Egguﬁtlng menbr ane sw?tgh'

stance of

Exanpl € 1.
‘| ayer haV|
the fol
(Parts)
;trlacrylat

- Bi s(

has a resj

- electricals
around a domel
good as shown

IS rﬁsgigeﬁa;(ﬁ%ota Y

- Exanpl ¥01

"t hi ckness

15

. 20

of 0

l.ess. than 2 ohns inthe closed 35 p05|t|on No

'e‘idgggtéfﬁbne ggsrgeeﬁ g§35&$h0h i's wrapped:

e anchorage is
\AWPLE 5 5

[LKEVJ-O .
_; '* %39 tgms,sﬁsy% aving a dry

00 centipoises using 15% solids ‘in

- methyl ethyl ketone and a Brookfield spindle -
$3 at 12 rpm and an adhesive activation
temperature of about 63°C, and a '
decrystallization temperature of about 49°c.

The resulting membrane switch has a

resistance—of 1ess than 2 ohms in the closed position
and is ‘wound. around a dowel, 0.375 inch’ (about

'9.53 mm) in diameter Without damage.- The anchorage
is satisfactory as: shown ‘by the tape . test described
in Example i. L o . . .
|  EXAMDLE 4 S

25 -

30

35

| Example L is repeated except that the
"photopolymer layer having a dry thickness of 0. 0007
inch (0.0178 mm) is prepared from- the foilowing

ingredients: - | N |
Ingredient : ] R Amount (Partsz
Interpolymer- described in Example 1 64.0_ o |
Trimethylolpropane triacrylate . | 29#0,5.
4,4'-Dichlorobenzophencne - 6.4
4r&'-Bis(dimetbylamino)benzophenones .-0.6

The- resulting membrane sw1tch has a

res1stance of less than 2 chms in the closed

position.

No electrical or physical damage is noted

v



|nch (0. 0178 mm is prepared fromthe follomnng_lngredrents | ngr edi ent
Anpunt, (Parts) 10- n-Butyl net hacryl ate pol yner, 68. 4 inhere
viscosity of :0..25 g- polymer in 50 m CH2Clgameasured at 20[err] using
No. 50 Cannon Fenske Visconeter is 0.5 Trrnetﬁylol ropane trracrylate
©21.4 15 Tris(4- drv&ﬂylh}wnéﬁ'étﬁbl }B) wiraPpede 350181‘{ a Qowel as :

.~Di chl orobenzopheg@g@ribed in the ptetibus éiaﬁple&ﬂhyrne1aﬁbhbea§epﬂenone
Q4 .20 The_resultin ge gane swi t.ch h Si gn is
than 2 ohms.in trﬂP‘E‘Fo%%dSBB t P8nt eN(‘}aQeed"t?'?"c %‘Fﬁé B
noted when the switch is wapped around axﬂmnﬂze& descrrbed I n Exanples 1
and 3. The anchorage is ¢ od 25 a hown b gﬁ tape te cibed in
" Exanple 1 EXA%%LE 6 A Iaye ge ioag £ rﬁﬁé#?? ﬁhﬁe Eﬁ?ed as
described in Examnhutdponyﬁétllayeh ¢@umuﬁgrandnyrthnckness ofipPof06d on a
0..002 "inch 30 h (0.076
nm silicone reIe |$§n§12§a¥§g]g§|§ Sgggke C v ?ngiﬂ§posed.to.
a. positive .circuingpadientistor 15 seconds on an uItravroIet exposure
. source, a 400 wat pressure, nmercury vapor | DM
JVL-HP Double Sid i Siaﬂk - 24 Frane, nanufacture?ggygg%réggggé%nc
™ nneapol i s, @ nW&@ylmerEﬁaEQYQEtﬁhwly'm%ﬂ em)ved and tég.4 :
- ' inherent viscosity of 0.25 g-
L | polymer in 50 ml CH;Cly

measured at 20°C using a No. 50
Cannon-Fenske Viscometer is 0.5

=-Trimethylolpropane trzaczylate o f 21.4
15 )
Tris(4-diethylamino—o—tolyl) methane - N

:4 4'-Dichlorobenzophenone o L 4.7

&,4?-B1s{dimethy1am1no}benzophenone | 0.4
2Q‘ The resultlng membrane switch has a
reslstanoe of less than 2 ohms in the closed
position. No electrical or physical damage is noted
when the switch is wrapped around a dowel as.
desor1bed in Examples 1 and 3. The anchorage is good
as shown by the tape test desorxbed in Example 1.
S _ EXAMPLE & ' :
_ A layer of a photopolymer compositxon _
S S  prepared as described in Example 1, 0.0011 inch
(0.028 mm) in thickness'supported on a 0. Ooz'inch
e 30 (0.051 mm) polyimide £ilm and bear1ng a 0.003 1nch
' - (0 076 mm) silicone release layer coated
polypropylene cover sheet is exposed to a oos1t1ve
circuit pattern £or 15 seconds on an ultraviolet
‘exposure source; a 400 watt, medium pressure, mercury
vapor lamp on a-Model.DM’VﬁéHP'DOuble.Sided.Exposureo

25

35



flexi bl e exposed etement is dipped into a fluid bed toner containing 8 --
copper powder. The exposed 5 elenent is fastened tehporarily for

_ ag rt to a rigid sheet of glass epozg board comonly used in the printed
b; it industry, and the elenent is fiéated in an oven at 150C for 50

ds. Bvame,rsanufiactused hy Sakight, ctoc: ngMionesgolisomperature, |

eXCess 10 ineese RO ehel SO WY s r 4b0EASERA) eneThe el onent |5 7
dried-and’ |s conveyed tw'ce through an Ar us- ultraviaql et processor nodel '

PC710 at flexiblenexnoseds edamant kg )d iEPF%thSGsaSGidéﬁ sk, Alphalerr]
. 709F Wanuf@&ﬁeweéohzaﬁha Bty coppEx g&«dsfseyrﬁht wxpblgadlersey, is

 feet/ni #ﬂeastﬁﬁ#ggefn%h?as SF gty £F CPURRBRENSardnu act red by
r'EbIlls EuxtgiquuﬁeacrgNg&hssll : rcomm?ﬁlytused ﬁnltnet a;eas ﬁo
L t t t
05SOTE Cmt e’ SRSk, inddla R aredbBn B OG0 A (0 ™"
“renoval ofimhansapenr atf 160°Ct @mlmmecoMSepe&fédryremmaﬁed around a
Ol et ol SER VBROURa] ALIIH, |6k Kotk UEMGECLLERY! edad0 IS col

suppork0 anmpnenopowdesvée b‘pmd heetwaeeerspeem-n E%&rrpl e 1. EXAWPLE

730 s eménehi?s‘)g??. el Y UoriefleaCkkbed LREBUARPIR O Vi thout the 4
- cover sheet Is expose secon s.to.a- osltlve 0 printed circuit .
trace- by ARgWs vitrapei 9%&65@#@@&9#Qk& 0L0% akanple 6. The flexible

-exposed el grepéet; mﬂhﬁ&&d (BQMaaﬂ/mm )35 tm éQﬁé&uQOBEﬂd@rng 8 [err].
; COpper pomglux, : phag %HS% manufactured by Alpha Metals, Inc.,-
| 15 Jersey City, New Jersey, is brushed on the- _
B metal-toned areas, and the fluxed element is conveyed
at 6 feet/minute (1.83 m/min ) through a wave—solder-
machine manufactured by Hollis Engineering, Inc.,
Nashua, New Hampshire. The toned circuit areas -
20 become covered with solder (tin/lead (60/40)). The
resistance of a 7 inch (17. 78 cm) long: 0. 040 inch
(l 02 mm) wide line is about . 0 2 ohm. After removal
- of- the—support film, ‘the circuit is repeatedly.
wrapped around a dowel, l 5 inches (about 3.81 cm) in
25 diameter without showing physical or electrical
damage. The circuit is firmly attached to the
polyimide«supoort and is not removed by the tape test .
described in Example 1. . | S - . ®
o . EXAMPLE 7 |
30 C A photopolymer element as described in
~ Example 6 w1thout the cover sheet is exposed for 30
seconds to a QOS1tive of a printed circuit- trace by
means of the exposure dev1ce described in Example 6.
. The flexible exposed element is dipped into a fluid "
35..bed toner containing 8 um. copper . powder. The_element |

By



25 is heated in an oven-at 120 [err] for 2 minutes, is cooled to room
terrper.ature and i s cl'eaned of excess. particul ate copper by neans of a R4
. Wat er =spray. The elenent is then dried and 4 %Xcured-by passing through 5\
the actinic rad| ation source as descri-bed in e 6 The toped circuit .

trace is plated il heaked cin cacoveneads 33056 f}ﬂratz Rmingkes, 8 pley Co.

Revere, MA for Qduidd @6 2O&m téﬂaﬁeehehe@ AnAHY dledifed esF | 8xaasgven at

- err]C.for 60 m nutes; and 10 di at el e. er flux descpjbed in
%xﬁrg[rrpl e] 6 is appBakEiqELate e%naa’& YeNean ePIEt &@%%ﬁm by{‘ibﬁs& ng

% heTL | uxed el errer&léfmfxﬁwgtsta@emaaexaal _dﬁa rt&clasmaamdqﬁgsh?@l tnrlgagrml e
e resist 0 e, Cjrcu | i r UJ is -
flexible and i 4ty E&?ﬁ%hﬁﬂé%BE?ﬂE §88§8Ft§ﬁﬂﬂﬁg§ﬁﬁ Hted as
described in Exalmiaﬁn;ile BXAVPIHe Stdhed eizoplie u:!cr:acs risg @aﬂ:md pimparation
of flexible nult r Ci S
preparéh as desch¥§??é§%§§$%f%l§gs-ﬁPPgﬁérﬁaéﬁiégﬂﬁgéh f%égﬁﬁﬁ% Cp.,
~ phot opol yner comﬁnﬂeneu1MK»(ﬁﬂriﬁchOQGSOEI 9P C.s IThe plated celément
flexible circuit. 'K% éé?rﬁﬁegna5ggﬁn%tri B6ROERE %%‘K?Hﬁ(é&“%ﬁ@ Exampl e -
00 I C _

&l using. a 25 photot | eaves on e areas unexpose where circuit -

“lines or "crdds: cimedlatﬁbYaﬂéeréqLﬂﬁﬁdflﬁﬁedsﬁaféqﬁeq dn Fxamplkeabrisgid
bed toner contai g fod o681 £@PEERIREYI0E: cBPDEE A EaTTG i Byheat ed

ghor 2 minutes in an oven at out [err S o r mder S
renoved as descriBARSing ﬁ%pEE“’ieﬁnﬂlﬁﬁé karﬁhﬁ&"@ st?ﬁ?r v@%ﬁe ®&ninate
i s exposed a secoiftHine® 49 dé@cﬁﬂb@dexﬁosuamp&wraqe \'ﬂ}ﬁ&*@sﬁ&ax@ééa@f o
contalnlng toneré%eaé¥}éggi Eggcgnls 5 i ohm. The-circult is

- 15 flexible and is firmly attached to the. support after

being tested as descrlbed in Example 1.
EXAMPLE 8 _
This example illustrates the preparatlon of
- flexible multllayer circuits.
20 . A flexible circuit is prepared as described |
in Example 1. A layer of a similar flexible
photopolymer .composition, 0.002 inch (0.051 mm) is
laminated to the flexible circuit. The laminated
element'is exposed as described in Exanple 1 using a
25 phototool which leaves only the areas'unexposed-Wheté
circuit lines or “cross-over" lines are-required;
The element.is-toned.inaa fluid bed toner containing
8 ym copper powder, and the toned circuit is heated
for 2 minutes in an oven at about 150°C. Excess

30 copper powder is removed as described in Example 1

and the laminate is dried. The laminate is exposed a
_ second time to the same exposure source whereby all

L areas containing toner are polymerized with the

| exception of the areas where interconnecting pathways
35 are required between the circuit lines on the initial




- exception of the areas where interconnecting pathways 35 are required
ehween the circuit lines on the initial 26 circuit and the "cross over"

‘I#res on the second flexible photopol yner layer. The areas left _

ol ymeri zed are masked by a second t ot ool defiring jnterconnections.

N Interceﬂreaﬁ.tnana geo | nurRSd g-ask €t Takinasconathed sadondi ng -
rrchitt nERegEPre, BRRRNRd JofRE: ShBRGBRBRodS e ayer hre 'mz'sh
S.oout with tunpebymertzedThmelnaskeﬂwbytaosecohﬂaphe&c&aeni)toned with
-copper po e |y % I s .then baked in
~‘an oven aﬁg§§6§3P§ §§ Aﬁgéﬁggéggéﬁgkcégggcgﬁgégego trggrem)ved as
descri bgd ahpobymendzed @meaﬁtgre»qnshe@ outuu3i39|olet radiation in an

.?ﬁwgus UItrﬁgrﬂ%EEhiess Sordﬂg§EidE goéoﬁiaéﬁﬁﬂﬁp e The toned

“circuit is elettro me I.n. Exa elfmmnga

" flexible nlmcatasiepncﬂ:h@mitmw %ircmi\thhﬁ sorregppmémged except 't hat

the tacky ZPeaBobghahdesadichd PHBLUIfler UayekhaglnemBnya LV2 i nch

0. 051 ) is prepared from-th follomnn di ent:s 5 30 35 27
( nn) ithpthg solvent. (ie interc nnegtions obta ned are

10 toned with. copper powder as described prev;ously
- above, the laminate is then baked in an oven at 150°C
L for 2 mxnutes, the excess cogper powder is. removed as
described above,. and.is cured by exposing to
ultraviolet: radiation in an Argus ultraviolet _
15 processor model PC7100 for 15 ‘seconds. The toned
circuit is electrolessly plated as- described in
Example 1 forminq a flexible multzlayer circuit.
o Control I
_ Example 1 is repeated except that the tacky
20 photohardenable- layer having a dry ‘thickness of 0. 002
inch (0.051 mm) is- prepared from the Eollowzng
ingredients:

25
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D - (3-acryl oxy- 2-
‘4m¥ Di chl or oben

oy 2 "Ethy'am”in?e”ﬁ he§§§§d( 8/ “ﬁ%‘é‘f%&f"ym Bscribed in
85

gﬁt hyl% %S’c'/ﬁ 2

- effectively w appe

309
- Exanple 1 Pol
menbr ane swi t

roll -

| ngr edi_ent a AnDunt (Parts) Interpolyner descrlbed
in Example 1 25. 4 N@thylnethacrylate (96% / et hyl - 7.9 :
_nEthaeryIate€4@600polyner 5 I nher ent V|s§2;|ty of 0.25 g polyner in 5Q
~[err]-"measured at 20[.err] using a No. 50 nnon- Penske Vi sconeter is
_0 5 Pentaeryt hri tkdgredient| ate o ©19.3  Amount (Parts)

hﬁdroxxﬁropgldescribed in4E%e%§& ethfg 2f_b|sphenol-A

= 23.0 The resulting
£ Qn&§<ﬁ | ess than 2 ohms cannot be
Example 1. The

.phot ohar denabl e Ia%E;-ﬁmﬁfggﬂ 8 Qggggaggg%%ﬁfq_r-{e polyethylene

terephthal ate fi

- except that the taclky.D gf{:gp? g%n?EESFEsF_%tehas a dry thlfé(ngss of 0. 001.1 | :

inch (0.028 mm

e

fF

Ll ngredient
reacting 0

15

20

ntrol 1 is repeated

iI's  prep OW ng i ngredient’s 0- 35

Di- 3-acryloxy-z-hﬁﬁ?ﬁ&bpkgﬁﬁhﬁ) Pol yestgg, prepared by
hér of bisphenol-A

454J-Dichlorobenzophenone | | ' : 4.6

4,4'-Bis(dimethylamino)benzophehbne- 0.4

Monastral Green® (pigment 30%) roll- 0.1
mill blended with the 1nterpolymer -
described in Example l

Polyethylene quered.talc, 5 um - -23.0

The-resultingrmembrane'switeh while-havingtax
fesistance-ef less than 2 ohms cannot. be-effectiVely-”
wrapped around a dowel as described in Example 1.

" The photohardenable layer cracks and the adhesion to

- 25

30

35

the polyethylene terephthalate £ilm fails.
Control 2 ' B
Control 1 is repeated except that the tacky =
photohardenable layer has a dry thickness of 0.001l1

inch (0.028 mm) is prepared from the following
1ngredients-



: 1 __ nol e et hyl ene gl ycol O. 5 nol e azelaic acid, 0.17 nol e isophthal-ic

% andl 0.33 5 m)le terephthalic- acid, the no. average nol. wt...,.is
v 19,000 and the wt. average nol. z\gt i s about 37,000 . .

Ygt hyl ol propane triacryl ate 25. 0 10 -

o Di chl Imgbedienkenone ' 5.5 ~Klméuh#:B(IIE’ar:ts) .
. (drret hyl am noibenzophenone 0.5 The resulting ‘ng nenbrane sw tch has:a . \V

. _resi st ancPqlyestert puepasedobyireactime pl ating §9.0bath blisters the

conductive cl+Qunolgi ethylener gludokadd.30 the flexible support. 20 25 30
'35 -29-- mclwsazelaAcpﬁcdde,s 037 tllmlgrepar ation of a flexible circuit

' (as herein disopbthaiiccacidmpand .33 (a)  exposing i magew se to

actini @ radlmlentarﬁpbﬁhbﬂécpm%r%abl e el ement conprising, in order,

S (1), a flexi @ sagﬁéﬁge Qﬂ--a"ﬂ-’ry i ‘b‘hotohar denabl e layer conprising a.

- .phot ohar denak?¥ 9 g _ (ﬂﬁﬁg including at |east 10 one organic

. el ast omeri ¢ MRFyn¥FrciBi A QI“tc' i, "'and, optionally, (3) a renovable

-~ cover she b ving the . c . | i.f pres and- appl yi ng
- particl esq%‘F ‘g %@ygg?prg Sfr’1I’g’:%at aI yst. tggt‘ﬂe |

10 4 4'-Dichlorobenzcghencne

4 4'-Bis(dzmethylam1no) benzophenone 0.5 - - o .

'rhe resulting mem'brane- switch has a
resistance greater than 10,000 ohms. . The. platlng
' 15 bath bl:.sters the conductive clrcuit giv:.ng poor
anchczage to the flexxble suppcrt.

20
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15 "unexposed inege areas of the photohardenabl e | ayer; optionally (c)
heating the element to a tenperature of 25 C to 80 then (d) renoving
. excess- partlcles optionally, 20 (e) fixing or binding the
particles. to the photohardenabl e | ayer by heating, curing by exposing to
actinic radi ati on, ‘enbeddi ng mechanically, or any conbination thereof; and: -
() platlng el ectrolessly or soldering the particle bearing or '
tlcle contai ning areas thereby formng an electrically conductive
CIrCUIt - 2. A process according to ct @Im=1 wherei-n the phot ohar denabl e

| ayer conprises (i) an addition pol y medylaz e 30 ethylenically unsaturated
conpound havi ng: gt |least twe term nal eni c group at | east.one

‘organi ¢ el ast onef? PIRFSHRrIQT pihridr RARA AR of xﬂbéefFéécPaﬁlééF
‘generating aﬂdtéiﬁwaémﬁnaay|ﬁnﬂ¢unhdmpﬁjg§gy or |n|t|ator system E .
act'i vat abl e by ac i g a 35, . 3. r QCeSsS Qrdi ng im 1
- or -2 wheTein. the %ﬁéégané:ﬁ#Egegg (ﬁﬂﬂﬂcéiﬁﬁf 16% 'f& x%tie
et hyl et hacplwmusd%%bﬂee akeneant twmmlﬁngadlleh@nﬁetrer pol ymer' and a

‘car boxyl at ed acrylonlgfyI;foggfghéﬂgh ppdier conpound. 4. A process
- #according to claiml or 2 ereln the b|nd r

nethylnethacrylate/st&?kd%ﬁ%ﬁ%yl%ﬂﬁﬁ%|HQQ§£§%£§QQi?¥eh@éﬁEGI99@9’15139 A
rocess accopubﬂ@xaodaiﬁm lcompos e pgtidnallderincl vd ipgl yeeleakt -

h-buty| "gahasag'&z sl hRERE AR 0 ee” il WHELEL T e,

bi nder IS a po g er yure yier acdéordi ng to
~any.one of t ot perably ng clalns
~ (3) a removable cover sheet,

(b) remov1ng the cover sheet, if present, and- applylng
_ partlcles of a metal, alloy or platlng catalyst to the
15 unexposed image areas. of the photohardenable layer,.---
optlonally
(e) heatlng the element to a temperature of 25 C to
80 C then ' S _
- ' (d) removing excess particles; optionally, |

. . 20  (e) fixing or binding the particles to the

o _photohardenable layer by heating, curing by ‘exposing to
actinic radiation, embedding mechan1ca11y, or any: comblnatlon
thereof; and : '

25 (£) plating electrolessly or soldering the partlcle :
bearing or particle—conta1n1ng areas thereby forming an
electrically conductive circuit. _

2. A process according to claim 1 wherein the
photohardenable layer comprises (i) an addition polymerizable

o

30 ethylenically unsaturated-compound having at least two
terminal ethylenic groups, (ii) at least one organic
elastomeric polymeric binder compound, and (iii) a free
radical generating addition polymerization initiator or.-
initiator system activatable by actinic radiation.

35 3. A process according to claim 1 or 2 wherein the blnder-'

-
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hmh rein the steps of the process are perfornmed contlnuously ‘8 A

' ocess according to any one of the preceding clains wherein the erX|b[e
ttrically conductive circuit is 1.5 adhered to a backlng sheet.. 9. A
)cess according to claim8 wherei'n the backing sheet is arigid substfate
surface. 10. A process according to any one of the precedi ng cl ai ms
erein the particles are -of copper.. 20 11. A‘process according to any
_ﬂone of claims 1 to 9 wherein:the partlcles are of nickel.. 12. A procesg‘"!’
“according to any one of. the preteﬁﬂng clainms wherein the: partlcles are

“appli g9 BOcbHELHREXORSEE REECRPLAYERIDRFTL w/éﬁ% hapdeiPRosiid aggy 25 13-

A process._accor d % to any one of the ggecedl alns erein tHe excess .
”partléPE§ é?%eréﬂﬁ ERelyper PR R e LY Qﬁﬂeﬁcrﬂkpn1§¥¥}%kess accordlng
~to anbuaaeieheCkabBSr1c6Mden@hereln the excess particles are renoved by

a n e r n) precedi ng
2: ;.I ngphhgggpé?ﬁggpa%? c‘?é g $f§(§§c€ 9%;%%[“;{3‘%1}':{ héh ﬁ?)’[rﬁi?ﬁfr dened | ayer
© by heksi agnethpimethasoybate/ stmeta@/ ¢@B$10rlt)tlslabeyfms#admet enper at ur e

e.belnglagépﬁbiyﬁegggradatlon tenperature of the photohardened elenent

5. A process-according to claim 1 orzz.wherein the binder
is a polymer of. n—butylmethacrylate. S _
o 6.. A process according to claim -1 or 2 wherein the binder
.10 is a polyether polyurethane polymer.
E 7. A process according to. any one: of the preceding claims
wherein the steps of- the_process are performed.continuously.-'
8. A process-accordingfto_any one of the. preceding claims .
. wherein the flexible electrically conductive circuit is
”915_ adhered to a backing sheet.. |

9. < A process’ according to claim 8 wherein the backing sheet
is a rigid substrate or sur face. '
10. A process according to any one ‘of the preceding claims
wherein the particles are of copper..

20 11. A process according to any one of claims 1 to 9 wherein
the particles are of nickel. D o
12. A process according to any one of the preceding claims
wherein the particles are- applied to the-unexposed-areas-by

_ embedding them into the. surface.. ' o .

-~ .25 13. A process according to any one of the preceding claims - o

i wherein the excess particles are removed by impingement w1th _ ii.

water. '

- 14. A process according to any one. of claims 1 to 12 wherein:
the excess particles are . removed by air 1mp1ngement. _
30 15. A process Aaccording to. any one of the preceding claims -
‘wherein the particles are fixed or bound to the photohardened
layer by heating at. 80 to 150°C for at least 10 seconds, the:
-temperature being below the degradation temperature of the
photohardened element..
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