2f80102 HEAT M NI ATURI ZABLE PRINTED CIRCUIT BOARD Since their discovery,
pr|n 2d circuit’ boards have beconme an essentlal part of al nost every area
ofg“t*he el ectronics industry. Printed CIrCUItry has been formed 5 on

ceram cs, glazed netals and organic resin substrates for lntercon% $ (pz
i ndi vi dual :circuit conponents such as resistors, capacitators, uctors
and sem -conductor devices. Printed circuitry has becone the only
economi cal |y vi abl e techni que for the Intercohnectlongof 10 conponents in
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Integrated,055CHudmponents in low as well as high volume productlon.
K,;- o Conductive printed c1rcu1t patterns may vary from
simple patterns of radially extending conductors for

connecting an integrated circuit chip to a lead frame, to
- highly complex multilayer patterns for interconneoting.a
15 plurality of complex circuit components.
. A variety of methods have been dev1sed to produce
~ these prlnted circuits and the prior art related thereto
can be exemplified by such documentation as found in the
. form of U, S. Patents 2,692,190, 2,721,822, 3,181,986,
20 3,350,498 and more recently 4,159,222, 4,440,823 and
4,465,538,
The supra enumerated and additional patent
. . documentation on the art of developing printed circuitry
% _ clearly allows one to deteot how the art has increasingly
25 endeavored itself in essentially every phase of consumer,’
commercial, industrial, and military and aerospace
applications to meet two conflicting demands. first, the
complexity ‘of the interconnection required, coupled with
'the inherent miniaturization'of integrated circuits



-2- thensékves have led to increased demands for further and further @
mniaturization of printed circuits in order to - accompdate the desired.-’
integrated circuit functions within a package which is not to becone SO . iJ’
large as to 5 |l ose the advant age of miniaturization in the inter= e 9-
connection process. Second, -as circuit densities increase in response to

the demand for niniaturlzatlon and the conplexity and nunber of

I nterconnections |ikew se increase, the eppostunities for failures

simlarly 10 increase thereby giving rise to a demand for inherently higher
reliability of interconnection techniques. The response to these demands

has been a sdhemsedivesihaxenied sto ninereasedcdenands nﬁqnf ﬁuruhengand

processes wi tgyqanse W‘ié&hﬂﬂi‘@ioﬂ%‘ﬁ'ﬁffﬁt@&%iﬁéhﬁ Ed@?' pg 15

obt ai ned. The above shoul d Imgg# be achi eved a e price to the

ul ti mate con&fRAMMO IRAintpgrated seiscuit f§§G§é°§$ further
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of heat it HORA SNGATTEREES ThA Rt LFFLFR IR ohes1afes® ey *seom
essentially Idarinestiion pricesss Beednd 2maproircubh dénbbtieshinokebse
Slch prior art ?ﬁé&%ﬁlﬁh‘%ﬁﬁ@ ?ﬂrﬂixﬁ?r%?@f“%f?ﬁsaﬁ%' fagred by
4,479, 031 anfompi@xidy ang umbem o frintercenneecticns %ikﬁV%ﬁ?ed CIFCUIt
30 boards, triexd&rea:sre,arﬁhéfﬁwm\iﬁ&iw £or afyikhpés osifeRirly-
10 increase thereby giving rise to a demand for inherently
hlgher reliabllity of interconnection’ technlques. The ;)
response to these demands has been a series of
improvements in printed circuit manufacturing processes
 with consequently hlgher den51t1es and reliabilities being
15 obtained. ' '
The above should always be achieved at an affordable
price to the ultimate consumer. The present invention
addresses the issues of further miniaturization,
reliability improvements and cost reductions of circuit
20 boards. ' ' ' '

DESCRIPTION OF THE PRIOR ART
Within theé context of the application of heat :
shrinkable materials to the electrical/electronics area,
they seem essentially limited to such uses -as the NS
25 provision of heat shrinkable protective sleeves for
electrical cables and connectidns as evidenced by such
prior art documentat1on as found, for example, in U. S.
Patent 4, 479, 031 and 4,487,994. '
Within the more specific area of printed c1rcu1t
. 30 boards, the prior art showing the use of any kind of heat



*3 - shrinkallle material does so within the context of describing the use
of ggld-naterials to hold in place conponents to said boards. Thus, in DE
397, published January 31, 1980, teachings are provided with 5

respect to a retaining systemfor fixing conponents to a circuit board

whi ch |ncludes use of a heat shrinkable insulating sheath which holds said
component s agai nst said board. Furthernore, U S. Patent 3,800, 020

descri bes a nethod of producing a printed ci«cliit board nmaking use of 10 a
heat softenable substrate in order to effect an inproved bond between the
applied conductor and said substrate, said substrate not being shrunk in

t he process. FinahrﬁpkabaehMagsrdaiodbesiB@ wedtth igh rtitvek sioindenakt @fi al s wit h
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bond between the applied conductor and said substrate,
said substrate not being shrunk in the process.

Finally, teachings associating heat shrinkable

_ materials with electronic applications also find

15. documentation in the form of Swedish "Utlaggningsskrift"
No. 7713-220-8, published August 14, 1978, which describes
a protective sleeve for a circuit board which is made of a
heat shrinkable material, said sleeve being characterized
in that it carried a conductive material for shielding the

20 circuit against electromagnetic interference.

Nowhere in the prior art does thefe,seem to be
explicitly or implicitly an indication that the problem of
miniaturizing a printed circuit in a cost effective way is
solvable by using as a substrate for said printed circuit

25 a heat shrinkable material. In fact, one prior art
reference, U. S. Patent 4,115,185, contrérywise addresses
‘itself to the proposition .of thermally dimensionally
stabilizing a-printed=¢ircﬁit board produced by the
conventional etching technique which includes a plurality

30 of steps comprising submitting Said.board to_etching



-4- solutions, high tenperature treatnment solutions, hot oil baths, nolten &

sol der and the like. Having thusly covered the subject invention's
background and prior art, we now proceed with a 5 description of .its

essence and of detailed enmbodinments thereof. As stated previously, it has
becorfe an achi evenent of the subj ect invention to produce conpl ex, dense,

| i ght weight printed circuits and boards therefor which can be 10

mniaturized rapidly, easily and in a cost

OF THE | NVENTI ON The present-invention rEIgtes to the manufacture of
printed circuit boards and, nore particularly, to the manufacture of

mniaturized SBIGEE‘IDHELnhSGhPEéﬁP%EaQ%%d%relﬁqteng sdfltutii% Shdd diyr t her

obj ect of_the:gresent nventlﬁ 0 pr.ovide_a_nethod
circuit boar db : aeﬁiﬁ
repl acement for' t hHa¥Rhg eheblly eb¢elriede thensuljeetd inventidnelech net hod.

of producing printed

thSenmalten, 8 &t &hez38ke- said nethod being a

20 Thesg_and_ot h rrogjegﬁ of Lhe present |nventi w || beconme nore
obvi ous as thgagggﬁ?PBgiSH oP _%E PRven |QH°HfSE€§&§ BE%Q BED DESCRI PTI ON
OF THE | NVENT@ércripbiohngEy itshessktoce, ande ofuidedat liedy embiodin@nts

characterizesghbpgbk.i n the provision of a novel nmethod. of producing high

density, niniaturlzedﬁgrinted circuits which are fornmed by enpl oyin

screen-printing t eBfin

H gh-density PHé sub§ettsineantionhiphptedacey cdhpliexUidenpaGkagdighg and
conpatibility wit

10

15

20

25

30

welgﬁt'B&ggggaegircuits'and boards therefor which can be
miniaturized rapidly, easily and in a cost effective way.

o BRIEF'DESCRIPTION'OF THE INVENTION:
The present invention relates to the manufacture of

printed circuit boards and, more particularly, to the

manufacture of miniaturized screen~printed circuit boards.

It is a still further object of the present'invention

to provide a method of producing-printed circuit boards
which are easily miniaturizable, said method being a
replacement for the more costly and time consuming
print-and-etch method. o

These and other objects of the present invention will
become more obvious as the description of the invention
proceeds. ' ' - '
- DETAILED DESCRIPTION OF THE INVENTION

Accordingly, therefore, the subjeét invention _
characterizes itself in the'provisioq of a novel method of

producing high density, miniaturized printed circuits
which are formed by employing screen-printing techniques
usihg polymer thick film (PTF) conductive inks.
'High-density PTF circuits require high density
circuit packaging and compatibility with integrated
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-"5 - circuit :leads, which calls for circuit patterns with conductive
eleggnts at tirnes as small as 2 mls (0.002 inch,0.05 nm) wide. The
cgn¥enti onal nethod of screen printing PTF patterns on a substrate cannot
consistepntly 5 produce patterns with [ine widths less than 8 to 10 nils
(0.2 to 0.25 mm. Photolithographic techniques have been ‘used to produce
PTF patterns with 2 ml| (0.05 mm) wi de conductors, but tne process is
conplicated and costly. Conventionally, addrtbve, thick filmcircuit
patterns 10 are formed via a process which consists in the application of
conducti ve and/or  resistive _"inks" onto_ceram c substrates through a

prepared patter nCbRCRiti LeafBshwhicht eadle. FoRecAEFBit: PAtERENEaWEEPN and
substrate. are subsaguetiis elbmentsnad timeacast sma2loue thaiis! vemoe 15
fromthe conducti,ve "blgg" astg anghthe renma nlng natgélgl S sintered to
the ceramc base ™TRa® 85 BHLFEAB of NP FENVRRGECAL BelpPE AL BCLEERcI | s
al ready difficul printingi PYE, pattierhat onsacsupstindéd banhbe tendésegntdy
the thick filmp o_" " run 20, . after it has been .printed.

These and oth ?%@%%%%ggmw%é&lﬁgn%ﬁ%yfﬂsﬁm ﬁetop‘r?gcf?"i 3am‘ﬁ1‘zﬂi9rélm“)‘
wi dth of |ines aRBotpdithggraphinetpehniaues| barat begn ueeth &Pr pupdyceVTFe

line resol uti onspattdriibCi@Bhhavaibeq) ost Liah Nedad5 conBueeBlrsGoBdUctak
integrated circults, the, best r?solutlon éhat Ii currently conmercially
avai | abl e for -pr PRPERSEi FELFPPPLERREPEoARECEPRG ¥ on- monol i thic circuit
conponents is 5 m| (Cofidentjonalidyli additivép thickOf2Imnujircadtr pattébase

limtations 4§ tQfef EBPmbaNG1R h"bk80ess which consists in the application
Y of conductive and/or resistive "inks" onto ceramic '

' substrates through a prepared pattern on a wire mesh or
stencil. The deposited ink pattern and substrate are
subséquently "fire" in a furnace to remove the solvents

15 from the conductive "ink" paste, and the remaining
material is sintered to the ceramic base. The
feproduction of fine images on a screen or stencil is
élready_difficult to achieve, and that is compounded by
the tendency for the thick film paste to "slump” or run

20 after it has been pfinted; These_ana other conditions
cbmbined generally limit the practical minimal width of
lines and spacings of the printed elements on film
circuits.

- While line resolutions of 1 micron have been attained

25 on semi-conductor integrated circuits,lthe best resolution
that is currently commercially available for printed
circuitry interconhecting non-monolithic circuit components
is 5 mil (0.13 mm) wide lines on 10 mil (0.25 mm) centres.

These limitations in the fine line printing
techniques used in the manufacture of printed circuitry



technlques used in the manufacture of printed circuitry -6- therefore ¢
severely |imt the degree to which a printed circuit could be mni aturi zed"

‘-

in a cost-efficient way and the need arose for devising an alternate = %
techni que of mniaturizing said printed circuits. 5 It was wth’ the ¢
af or dent i oned objective in'nmnd that a research program was set up to
determ ne the feasibility of new concepts oriented at -satisfying the ever

i ncreasi ng denmand for production of conple% hi'gh density, |ight weight,

| ow cost, printed circuitry on mniature si"zéd 10 boards. The subj ect

I nventi on was consunmmat ed when i-n the course of experinentation directed at

Lo propost | @fephedtll gbyek2igo1 hiR! eflechigibl RECLICHTS isaoue

concei ved and rrc. hea
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havi ng had thenarheé&dafbéeurbi-yademeshtgednt BeeeeRatieachatge ofapidly
and |nexpenS|veI%? niaturi zed eat? Egrlc ation. Before . eXpounding on

b
this and ot heft® EEF%szgtﬁéléogFﬁVEﬁ FHt&Sgh a nore detrail ed
descriptign thereoft wasnvithbthefhyofemaatmanéaeobgbpeabeOEnhﬁahd that

shri nkabl © oy L2k 3x 8ot 06k bn Weklt bde! QS HboRRlRhRBCIRE! LS psg ey,

technol ogy are Roessen %
bi axially orl@ﬁtedwaﬂqnﬂeatsshr ﬁkteé epesabnefxsng thesevere ingreasing

i ncl udi ng bOt&hxﬁéﬂ&Sféfkﬁéoéﬂétﬂeﬂ Sfoééhbﬂléﬁd ey B@hs:.lﬂ?at 13ghienkabl e,
pol ymeri ¢ naterlghg'aiow céétf”8¥ﬁn€23 cQPcz1tg§uggnhgg1ature-si;;%r
10 boards. _

_ The_shbjeét invention was consummated when in the v/
course of experiméntation dirécted'at'the proposition of
miniaturizing printed circuit:bdérds the idea was
concelved and put to practzce of using polymerlc heat

15 shrlnkable material as the substrate for said prlnted
circuit boards whlch, after hav;ng had the prlnted
c1rcu1try deposited thereon, were ea51ly, rapidly and
1nexpens1vely mlnlaturlzed by heat appllcatlon.

Before gxpound;ng on thls and other objects of the

20 invention through a more détrailed deSCription thereof, we
must briefly focus on the subject of heat shrinkable
materials and their utility thus far in the electronic
technology area.

In essence, any polymer film wh;ch can be axially or

25 biaxially oriented and heat shrunk is operable as a

| substrate herein including both crosslinked and
non-crbsslinked_material. Heat shfinkable} polymeric
materials are well known and amply documented in the prior
art. Thus, heat shrinkable'poiymeric materials operable

30 herein include, but are not limited to, polyethylene,



aft. Thus, heat shrinkable polyneric materials operable 30 herein include,
buty are not linmted to, polyethylene; - -7- polypropyl ene, polystyrene,
pgl¥am des,. pol yvinyl- acetate, polyvinyl chloride, polyvinylidene chloride,
pol yeﬁ{gers and copol yners thereof. Methods‘of crosslinking the above are

[ ] 1 i | b i t hod i di i
be i oh o ALYt Ppddndt Bat eI, RhYRFLET, SR WEIVIOSSARE, S O 27
| Y o o 1o e IR ™
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such as nat MeghodsUEE VrossiIrkE Ay &nk UAHRE . ade i1l KHORE in a{ehxkerﬁap{mxb@%ah

copol yner rubbers and m xtures thereof. Thus, the polyneric materials use

as a subst r gheémital eméthods dndoseradistivncss by iyt efdrgyn&lectbénsiogaidiikimkage

of these polyners when used in the instant invention is at |east 10% and,
pref erably, rafidtden; These Mrosslinked sater ialbecustab] y containenpitanlpr ovi des

for the manufacture of polyer thick film (PTF) circuitry on polyneric
substrat es boossldhk/ihiodd meleduldrewsightes Addithonally, other heaftichr dmkabilehout
acconpanying | oss_of resolution by virtue of said printed circuitry being
applied to hmma%ti%uma@zemgl%memma@m rubbess sikhj 3 aptural rubber,
material. The fresent I nvention thus provides an article _conprising a :

conduct i ve Phkiganearulbet yihutyhsubber » #thyleagrPropyleneseRolyBes Fupbers and

substrate. Such art{cles can | ater be heat shrunk to create mniaturized
substrates MEXEIESERE5RBEtive circuit pattern thereon. It is still a

further object of t sg{g%ﬁ%}%ggg“agg%{&q?p@e\g de 2 gﬁge- gté%]:eiérbﬁéﬁc?ﬁ%

mniaturizing printe 0S| hereon in ormo
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in that heat application to sald containi'ng s ctive 1nk

ther eon acceRPlinsbat \hviitabhyis A¥Uldsst oSk Ppkbedrabi§) Bkatesiak?0d.on Of

said board with said circuitry thereon and (b) cure o
' ' More specially, the subject invention provides for the manufacture

of polyer thick film (PTF) circuitry on polymeric substrates both of which
lend themselves .t':o drastic size reduqtidn without accompanying loss of
resolutibn.by virtue of said printed circuj.try being applied to a board or
~ substrate which is made of a heat shrinkable material.
| : The present ihvention thhs provides an article canprié_ing a
conductive ink in a circuit pattern on a héat- shrinkable polymeric substrate.
\_ Such articles can later be heat shrunk to create miniaturized substrates
having ‘a conductive circuit pattern thereon.

It is still a further object of -thé present invention to provide a
method for miniaturizing printed circuitry deposited thereon in the form of
cd_nduc_:tive inks through the screen—printing process, ‘said method being
characterized in that heat application to said board containing said
conductive ink thereon accomplishes virtually simultaneously both (a)
miniaturization of said bbard with said circuitry thereon and (b) cure of
said conductive ink deposited on said board and forming said circuitry.

These and other aspects of the subject invention will become further

elucidated as the description of said invention proceeds.



sai d eonductive ink deposited on said board and formng said circuitry. Y
These and ot her aspects of the subject invention will becone further N
el uci dated as the description of said invention proceeds. - - 8 - This ,me(
irnwwflon was designed to nake use of the so-called PTF inks to produce™

hi gh "density, fine-line resolution printed circuitry. The present invention
thus provides a method for miniaturizing printed circuit boards 5 through
the use of said PTF inks at |ower than usuag conductive filler. |levels, by

t aki ng advantage of the | ow cost screen printing process and by using heat
shrinkable materials as substrate for said printed circuits, all of which
contributing to enghivuinyvermdiedvad desigried tamilasugé nge ditie nuti ve

ted t h finit f i t4 board h PTF
Pechn que | FEreeddss padt e, e iodics £, gy, ierlind'®
printability oksplations prigdedSedgraiitmpes The. cnr&.kmt vimverktsi dmvishween
PRI 5 eacgeaaasf B O dT r-TfH dr s Rpddage’ s
vent

u S Patept teac es eat -cur.a e €SS, 'Screen

printable conghEPpgh tﬁ@ OSRH&S EFprink s pta %Rrﬁ han jypudhbi nati on

with an et hyl eaha&bltiwﬁtmre&t asémm,rm:ry tdking advartajd ief ghd he
|nvent|0n

s al so paossible t.Q | o radlatlo curahle onducti ve i nks
such as- thoselggt c8& slg':rsensprlg.& eﬁpgs%t g gw That i s, :
one coul d appsyruhkabdmdm@henaahﬁ<ag/snhsﬁmaqalfnnrgpid)nﬁmnmmht
shrinkabl e 5”8&?}-&%&% Rahqr Iy ic?P*Hd?Fé fﬁ?ﬁtﬁ% LY e rfe¥ad ﬁéd@éé‘ato

heat to cause the su stra e to rink reafter subject
conducti vd 9 nrogs Gor manufacturlng dlmlnutlve printed circuitry.

The line deflnltion of circuit boards made by the PTF \J
technique is limited, inter alia generally by the '
fine-line screen printability of the inks used.

Several types of conductive inks have been used in

15 the prior art, and as an example one may refer to W. R.
Grace's U. S. Patent 4,406,826 which teaches a heat
curable, solventless, screen printable conductlve 1nk

"comp051tlon comprising a polythiol in combination with an

ethylenically unsaturated monomer.

20 In pract1c1ng the 1nventlon, it is also possible to
employ radiation curable conductive inks such as those set
out in U. S. Patents 3,968,056 and 4,008,801. That is,
one could apply the conductive ink by screen printing to
the heat shrlnkable substrate patternwise, subject the

25 thus coated substrate to heat to cause the substrate to

i;) .

shrink and, thereafter, subject the conductive ink to UV
- radiation to cure it in situ. | _
' Using solvent-based inks, the practical limit in
production seems to be at about 10 mil (0.25 mm) wide lines
30 with 10 mil (0.25 mm) wide spaces (i.e., 10/10). It takes a skilful



r'adiation to cure it in situ. Using solvent-based inks, the practical limt
I n/prroducti on seens to be at about 10 m!l (0.25 nm wide lines 30 with 10
rgJE?O.ZS mm) w de spaces (i.e., 10/10). It takes a skilful - 9 - and
experiezced printer to reproducibly print 6/6 (0.15/0.15) lines/spaces. In
the. predent invention solventless inks were opted for since one can easily
thereby print 5/5 (0.13/0.13) dinensions. 5 Furthernore, by conbining the
excellent fine-line printability of the solveptless inks used with the heat
shrinkability property of the board used as a substrate for said inks,
2.5/2.5 (0.06/0.06) dinensions have been achi eved. Theoretically, the

smal | est achi evande expanisingesd minqex depareprodusibly printhef6iti al
screen prlntlng(mquywtng f@ﬂ Adunction of ink rheol ogy and screen
printing tal ent on the percen a e ot shrinkage achieved by the
substrate -used. G verdh e BEesaRR ANANEIND Aekrenklesr tWexte qptadhe

sane-in all diredy @ihcel brideadl adgily %Wb@ﬂu@lsyswot 18201 188 ik¥nsions.

becone | ess fourth area of t or| nshr un

ci rcui t/subs%r a%é‘rq%?xgnoggrfstb Lﬁoé@’ i} nﬁaﬁﬂ% %dlfcﬁ’tﬂ? in the
board's "real efﬂam¢abxiﬂt¥ﬂnﬁ'ﬁHQHSQkyanﬁ1&8§xink§nusaﬂth;h the heat
m ni aturi zati on o9fr 1§lxaH:! 1(1@1;: p?x%;;arﬂgp%ﬁ tHd i ,{?ééf Y 4 haa

i nvention can be produced In of m nutes, e cost of

conducti ve i nks 5o & dnkE 1 ZoddFert (On0fHe. Qﬁdmmsr naveebeaewsmwéd
l evel s of 70 to TheYrietivailght, tiegmdllexy dohieialbleSidigreridiomPRENqt i ve

trace Sh‘f”k?oa%e%%%a primarily on the initial screen printing-

N\ - resolution, which is a function of ink rheology and screen
printing talent, and on the percentage of shrinkage
achieved by the substrate used. Given that the amount of
shrinkage of the substrate is the same in all directions,

15 the area of the shrunken circuit can easily become less
than one-fourth the area of the original unshrunken
circuit/substrate. This constitutes a very significant
reduction in the board's "real estate", a factor that is
all-important in the miniaturization of electronic

- 20 - products.

Circuits made by the subject invention can be
produced in a matter of minutes, and the cost of. the
. conductive inks is primarily dependent on the conductive
— filler level used; levels of 70 to 75% by weight being

25 most typical. Since the conductive trace shrinks as the
substrate is heat shrunk, the point-to-point contact
between the conductive particles is improved and,
therefore, in the subject invention conductive inks with a

- lower than conventional conductive filler concentration
30 may be used, a factor which contributes to the reduced



substrate is heat shrunk,

t he point-to-point contact between the conductive,

particles is inproved and, therefore, in the subject invention conductiver™
inks with a | ower than conventional conductive filler concentration 30 nay*’
be uied a factor -which contributes to the reduced - 10 - cost mhlch

r esul

of the present invention. The feasibility of the present invention's
concept is denonstrated by its reductiontggractice in the formof 5 the
exanpl es which will follow. GCenerally, the procedure used was as follows: A
conductive ink test pattern was screen printed onto a shrinkable

pol ystyrene substruhéchThesui&BsEmmﬂethﬁspmﬂuﬁaﬂnnﬂﬁqnxﬂﬂmaﬁuﬂaCﬁﬁrﬁ

t Kk
8ckPAiAg €pDEBLTBALGUIHAN R dP hed inaddht, VGRS, | N ﬁ*;‘s
step. Better resul The fereibilifyr ofovhe pressmn inmm'@r candept sis d

appl i cation.
cured with

ink by W i ”ééinéhb@i‘até& Si'&%&eﬁk&'&:@idﬁ“ﬁ:‘d"%ﬁa‘&i%“et U3 diRAlFoYM dﬁﬂ ng

step of thg
undert aken

ts fromthe printed circuit manufacture according to t he embodi ment s

ly be

15 said su stra gh heat cure may preferentia
|ﬂﬁ€ﬂ|§¥éﬂ? eS8 ¥ %Fﬁg“&iﬁd Héip“éhrlnklng step. In either case,
as rFIporEEd sgpr? Geherallposthbl grb@eﬁm@mdaf was wlﬂmjtmwtsaatterns 011:
excel | ent conducti yi . cent rat.i 0
conductive filler %naéaﬁgggékg |vg%% Hgéﬁtlcnll % (% onto

i nproved poi n@- sbrpokqbleoppévstmem ns@asrbnr@trer-omw rseﬁptsmmatsest

circuitry pat 5@5geqiaﬁtm9abhaan§tsg heathapph it i90St 18] &rand cure the

carried;out by,conventiQnagl neans_such as in a

i nk can b?o

15

20

25

30

experimentations carried out, the conductive ink was cured
with UV radiation before and in other cases after the heat

- shrinking step. Better results, however, were obtained

when, instead of curing said ink by UV irradiation, it was
heat cured during the actual heat shrinking step of the
said substrate ‘although said heat cure may preferentially
be undertaken immediately following said heat shrinking

. step. In either case, as reported supra, it was possible

to produce high resolution patterns of excellent
conductivity with lower than conventional concentrations

of conductive filler in said conductive ink compoSition in

view of the improved point-~to-point contact which results
from the heat shrank test circuitry pattern.

The heating step to shrink the substrate and cure the
ink can be carried out by conventional means such as in a
conventional air oven or in the hot vapor phase of
conventional, commercially available liquids such as
perfluorocarbons, water, etc.. '

In the heat curable conductive inks-employed herein,

' conventionallthermal initiators are usually added to the

system. - Such thermal initiators include, but are not
limited to, free radical initiators selected from

“

2

¢



25 conventional air oven or in the hot vapor phase of conventional,

coqgercially avail abl e |liquids suchas perfluorocarbons, water, etc.. In
fheat curabl e conductive inks enpl oyed herein, conventional thernal

|n|t|aths aré usually added to the 30 system Such thermal initiators

i nclude, but are not limted to, free radical initiators selected from

substituted or unsubstituted pinacols, thiurans, organic peroxides and

m xtures thereof. A thermal ‘initiator is added to the conposition in an

anount ranging fromO0.001 to 10% preferably 0.1 to 5% by wei ght based on

the 5 weight of the ethylenpicall nsat urated gr menber in the "ink
When the curing %#L g#ﬁdl%rc Fy bﬁ?t%§ %S}ﬁn,t?%uFémﬁongﬁ?BiFo
ei ther use UV rqﬂeﬁﬁxbmemrammnmixﬂ@réﬁdtnétéwﬁ Vkethébmabdinitoatos wsed,

fhe. al dehyde and S cCaFs SOPeEHENtn A8 ol 0wt Eafothd Hdhraredl®
nucl eus attachedteli ¥@ti Igrefexakly A5l to 5%, by weight based on theC

group. Variou fe ] I t ed
to, benzophengnge%%he?o%%gﬁz)ﬁe o- nﬁ%ﬁl%%ﬁiﬁgﬁg‘i Srbup RefiBér! 141

acenapht hene- qU|?Rﬁm; methyl ethyl ketone, val erophenone, hexanophenone,
al pha- phenyl 20 but ywiogh etlos ecuping r ¢ oth@ oo pi sptervied chbebgo-

e et G QBB e I LT G EE W PERLkion or

p- di acetyl - benzen
benzal dehyde, aJ*ﬂnnzangﬁaﬁﬁatlon. When UV radiation is used, a

- 10 photoinitiator i$§ added to the ink. One class of
U photoinitiators are the aldehyde and ketone carbonyl

| - compounds having at least one aromatic nucleus attached
directly to the '

' 0
]

15 _ _ : -C- -
group. Various of this type'df photoinitiators include,

- but are not limited to, benzopﬁénone; acetophenone,
ro-inethoxy-;benz_ophenone, acenaphthene-quinone, methyl ethyl
ketone, valerophenone, hexanophenone, alpha-phenyl-

20 butyfophenone, p-morpholinopropiophenone, dibenzo--
suberone, 4-morph¢1ino-bénzophenohe, 4'-morpholino-~
déoxybenzoin, p-diacetyl-benéene} 4-aminobénzdphenone,
4'-methoxyacetophenone, benzaldehyde, alpha—tetralone,
9-acety1phenanthrene, 2-acetylphenanthrene, '

25 l0-thioxanthenone, 3-acety1-phenanthrene, 3—a¢etylindone,

o 9-~-fluorenone, l-indanohe, 1,3,5-triacety1benéene,
thioxanthen-9-one, xanthrene-9—6ne, 74H-benz[de]anthracen-
7-one, l-naphthaldéhyde, 4, 4'-bis(dlmethylam1no)

' benzophenone, fluorene-9-one, 1'-acetonaphthone,



9- acetyl phenant hrene, 2-acetyl phenanthrene, 25 10-t hi oxant henone, N
3-acetyl -phenant hrene, 3-acetylindone, 9-fluorenone, 1-indanone; ::;ﬁ
1,3,5-triacetyl benzene, thioxanthen-9-one, xanthrene-9-one, 7- H—benz_ﬂh;_aw“(
de] ant hracen- 7-one, |-naphthal dehyde, 4,4' - bls(dlnethylanlnq) ' o
bendophenone, fluorene-9-one, 1'- acetonaphthone - 12 ;

2' - acet onapht hone, 2, 3-but anedione, etc. Another cl ass of phot0|n|t|ators

is the substituted and. unsubstitut ed beanﬁ?(ﬁPMNs such as benzoi n net hy

et her, benzoin ethyl ether,- benzoin isopropyl ether benzoi n isobutyl 5

ether, 2, 2-dpwe the 1ik thir clas of
phot0|n|t|ators %§g§§€%ﬁﬁnﬁﬂ*%§ ’be%?qga§4?§%%ﬂ é%ﬁl #n ?fﬁ] | P of
phot0|n|t|aton°§9éPathétWGEEMﬁ|ﬁhﬁ @mbahmqutaﬁﬂqndxqﬂauhstﬁthted o-tolyl

phosph e. ThepaligbdnNekhirdl, YudH e Mehadiel SReHyIC il fhan 10
anmount ranglngB 0005 to’ 10% by melght of th organlc re5|n portion of

the ink. It s S@ ﬁGPe@QHﬁﬁﬁﬁiifq&qga¥ othaziy ikgnpzain eyt wit h
‘most ot her shegthel,i 2% 254 meaihxiy™ 25-phenydecetdphe wﬁl%rﬁilchhd\/fliﬁ a

h,th nd d f | | whol
o e at e sat | e, R lE B Bl e BRAR 5 SRR AR B HERASY o g
mat eri al s: poﬂ;mehhyénkgtpdl.ypﬂhhﬁmm&otpdm&ﬂqﬂm/qpﬂgqhm)hmn
copol yners anﬁnegha&' %iéhgﬁ'&hgﬁb%%sp%‘ine n’éh%ﬁfe S%Uiéoi "Ofa?hé  feasi d ty -

tests were sati stactor to consi e mat rzgroprlate
candi dates f oP 9§elmﬂ=ﬁaﬁ%9rpmerés1§e§arc&m aFe&f (Uhig-hadiub) dant an

inventionjpexambanénéahgtifg from 0.0005 to 10% by weight of .the :rganic
"resin portion of the ink. T L S gJ
It should be noted that the present invention is
| operative with most other heat shrlnkable materials
besides polystyrene and, while experimeﬁtation with these
15 was-not_conducted following through the whole
miniaturization process,,feasibility tests were conducted
on the follow1ng materlals- polyethylene, polypropylene,
polyethylene/polypropylene copolymers and polyv1ny1
chlorlde.' _ o
20 _ The results < the feasibility tescs were'
satisfactory enouc: to consider these materials
appropriate'caodidates for use within the pfocees
parameters defining the subject invention; extenf and rate
'~ of shrinkage were suff1c1ent, and shrlnkage was observed _ U
25 to be unlform longitudinally and latltudlnally.
'Furthermore, other materlals which could be considered as
useful in the present 1nvent10n are polytet:afluorof
ethylene/propylene,'polyvinylidene fluoride, neoprene,
silicone rubber,'polyethylene terephthalate, i. e., a
30 polyester film used in packaging, electrical and industrial
applications, and "Tefzell" (Registered Trade Mark), a DuPont Product.



of shrinkage were sufficient, and shrinkage was observed 25 to be uniform
| ongd;studi nal ly- and latitudinally. Furthernore, other nmaterials which could
fokinside[ed as useful in the present invention are polytetrafl uoro-
e-hy1en?/propylene, pol yvi nyl i dene fl uoride, neoprene, silicone rubber,

pol yet hyl ene terephthalate, i. e., a 30 polyester filmused in packaging,
el ectrical and industrial applications, and Tefll" (Registered Trade Mrk),
a DuPont Product. - 13 - DESCRI PTI ON OF JHZ DRAW NGS Qur invention

continues to be described hereinbelow in the full and concise terms
required under 35 U. S.C. 112 by reference to the acconpanying draw ngs, in
which 5 FIGURE 1 is an actual siDESCRIRPTION[OF CTHEDRAWINGST the art work

of the switch circuit [ S5s MSE . ean
Pl GRE 21 a phot oqr b RERPLGR Ko indds! 88 the "B Eibad hdfe fiferon
after the heat siri nfpbhand reoncise tems requized condenr 3 d i$ n thk2

10 art work in HEEEdredde £ atke HEGonpany B arahtndds fhgslici | ver
cont ai ni ng, conductive k. The area depicted b tkmiigs ted cjrcuit board
i

n
n FIGURE 2 i3 EXGURE 11is amactyal, size phosdarap BAEHAPD.O% R | n
FI GURE 1 bef or e dite vmxt ofirtheki switsdleciddnit whidihewdenpsedit o efdim hied

shrink the subst wid | | I i el | . as. t he
Substrate. Such Page o | SRt o LG T8 £ R EiGRah e B8 i da®
skilled in the &% ththaaskual myitelycineuibifommd shftenithe theat
pol ystyrene subsdfpirk #a5 arid Kutihg tdSridink tthdesdr & U Smad! £ & Cerid
[err] for a heating duratjon of 5 to 10|ﬂrg§es. Under  these condi i ons
10 art work in FIGURE 1. The ack area in FIGURE 2 is the
(N - cured, silver containing, conductive ink.
' The area depicted by the printed circuit board in
FIGURE 2 is smaller than one fifth of the area of said
'board as shown in FIGURE 1 before the heat shrinking step.

15 The temperature to heat shrink the substrate will

depend on which polymeric material is used as the
substrate. Such heat shrinkable temperatures are well
“known to those skilled in the art. The heating range used
- of heat shrinking the polystyrene substrate was 120°C to
20 160°C with best results obtained at 150°C for a heating
duration of 5 to 10 minutes. ' Under these conditions
shrinkage and cure are affected simultaneously. It can
also be advantageous even though slightly more time
. consuming to carry out the heating process of the printed
25 substrate in two steps; a first step at about 120°C
temperature, to bring about shrinkage, and a subsequent
step at 150°C to effect a final.poSt-shrinkage'in addition
to cure of the conductive ink. Such an approach insures
smoother texture of the substrate and conductive lines.
30 "The following examples are set out to explain, but
expressly not limit, the subject invention. Unless
otherwise noted, all parts and percentages are by weight.



shrinkage .and cure are affected sinultaneously. It can also be advantageous . «.
even though slightly nore tine consuming to carry out the heating processyr™,
of the printed 25 substrate in two steps; a first step at. about [err] = >
tenpgrature, to bring about shrlnkage and a subsequent step at [err]. to - F
effeCt a final post-shrinkage in addition to cure of the conductive ink.

Such an approach insures snoother texture of the substrate and conductive

lines. 30 The follow ng exanpl es afelgeé out to explain, but
expressly not limt, the subject invention. Unless otherw se noted, al
parts and percentages are by wei ght. - 14 - Exanple 1 The ink used was a

sol vent | ess heat curable acryl ate- baJtxampheluytti ve i nk with benzopi nacol
as a thermal init Iﬁi@rng@r\wwws%q #6100ht Yo sk HEat EhirSbie T Erylate-
substrate us&éﬁ a 10- me Oég m‘% t.hi ck heat shrinkabl e polystyrene
film The i RABTEDFS it B lmze,rabgﬁ?a%ea?hﬂoﬁgﬂraa 25 nesh
En% o44dm1? Sh&iﬂﬂﬁﬂ&)xstdﬂitﬁumr\ .%t‘#ezbglstrtusilﬁéi't finléﬁvl nghslml (0.2
wi de page ine

The substrate #% 4? (ﬂﬁ%ﬁ?l#ﬁqghf 36(28ncu ﬁ%% 9tp?35|%53P%8

i nked subst ramr.lystxxeerma fiole  (Phe cink ‘b@slsqgeéhuprmtaed 6ntp the321 (BP
[err]) for 5 ggyuit é"\ﬁxf | tpley ﬁjmsﬁerbuagmwt QthhA1¥aROLRRase of

boiling Fluorinert BP [err for 151 mnute, The sanple was
then al | owed stctfeced'bl r‘b(ﬁf‘l’f ferRA T X DAV NG 8t} okR: "FF'F&’ |Yh@espace
Wi dt h neasur dnerss. anﬂ 4-kr&lcw.admhlwudk@paces between the lines.

‘10 . - The substrate was shrunk and the ink cured _ )
(conéurtently)-by placing the inked substrate into the Q.)
vapor phase of boiling Fluorinert (TM) L~9321 (BP 132°C)

- for 5 minutes and immediately transferring into the vapor
phase of boiling Fluorinert (TM) FC-40 (BP 155°C) for

15 1 minute. | : o _

' The sample was then allowed to cool to room
- temperature on a flat surface.
The line-space width measurements of the cured shrunken
circuit were 4 mils and 2 mils (0.1 x 0.05 mm), respectively, as

20 measured under a 45X magnification with a Bausch & Lomb
stereomicroscope. Resistance measurements for resistivity
calculations were made with a Simpson (Model 461-2)

.digital multimeter, with film thicknesses being measured
with a micrometer. A resistivity of 3.1 x 10-5 ohm-cm was -/
25 obtained.
Examples 2-16

The followxng examples show the ability to
miniaturize printed circuits and the resistivities
obtained. In Example 2 a conventional solvent-.

30 based ink, i. e., "Methode-1727", commercially available



Gircuit were'4 mls and 2 mls (0.1 x 0.05 nm), respectively, as 20
measgred under a 45X nmagnification with a Bausch & Lonb stereom croscope.
‘Res¥st ance, measurenents for resistivity calculations were made with a
§inﬁson{(h®de1 461-2) digital nultinmeter, with filmthicknesses being
measured -5 with a mcronmeter. A resistivity of 3.1 x 10 ohmcmwas 25
obt ai ned. Exanples 2-16 The fol | owm ng exanpl show the ability to
mniaturize printed circuits and the reS|sF|§§tTes,obtained. In Exanple 2 a
conventi onal solvent- 30 based ink, i. e., "Methode-1727", comercially
avai |l abl e t p i cago, inin
70- 75@6by wei g %§o @§g§b§§58§28%55¥§£8 vén?ﬂicgggvagg(af htaigghglor ?o
heating in the V&p%ﬁ%phxswelghtExanbves 8a§6usadsolantseégenheuascurable

acryl at e- based évEﬁSQHEEBVSfEnﬁrieftEbnhagt@ﬁazﬁﬁ'@ﬁéobaﬁ§ra BQQE”B|In
initiator was exa AkS wer e ggreen

through a 325 n@%ﬁm%ge§4371§crEeﬁ°£§?ﬁtéeﬁﬁky§?9FeﬁEr§ §tr§?g¥i§F?ePased
printing, thgs scbadtetteevenk ebhritakning bbﬁzopknaubmdabyap{:nermglt he i nked

Lort]) for 5 m hLEbaEnt PARBRBFEYSS, A anr P nEShRESE khe Lube afes i nio

t he vapor phasesofeéni prigteéduthirough QT&?SFEBQD (BPOR&Pr screenlontaute.

lﬂgwlqi inﬁ/ space ééi&QEyPSEQrEuBQQré‘{é?r Reebpkpgentiflgl NEndosuBstehtukty are

: were shrunk and the ink cured by placing the inked

10 substrates into the vapor phase of boiling Fluorinert (TM)
L-9321 (BP 132°C) for S minutes and immediately
transferring the inked substrates into the vapor phase of
boiling Fluorinert (TM) FC-40 (BP 155°C) for 1 minute.
The line/space ratios before and after shrinkage and the

15 resistivity are shown in TABLE I:
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TA< 2% vto FA IA to (A wto co co CA IA W go
fQE C U U . Uy U (A W IA U (0 (0 (A tI |

] 2CU) |t (A to (A (a (a t o (A
T(f{ Wwwo .0 0 0 0 0 - 00) 0 O 0 0 0
-r4 .-4 e 4 p.4 p. 4 p4 V.4 p.4 9-4 *- p4 e-4 p.4
p.4 ‘p4i 1.' O 04 0 0 0J. 0 0 0 0 0 0J
0O .  0J O0.CH4 10 41 - 17 -
4. ) 4) 2. * “x*hnd P .4 p.4 V-4 9-1 9-4
Z.4 r.4 9- 94 p.4 94 9-4 a Examplen b o o oo o 0 o 0 o
0 0 4-4 to.- co '

(a v) 9-4 - 5%%11"73 A%%ﬁﬁ%& iR %?W&é—%&%ﬁpwﬁ%
pr epol ymers, beﬁmqmﬂmmeasasa PIpicticiidi talatfomthd 4 Avaiagifhth gerdntofoft he

kot o1 ver R hes TRIAK BRSO BRIk WP A R,

w de spaces thetrl'e:tmtghe@q R%meﬁl’pdlw.sﬁt%ema) sa;imeratm g‘ﬁhBa i ik el 1s Ulfst 2 Sa tmen )

was heated at vﬁ,f lzlif esl Qi J‘I‘L'lt(fr%ﬂ”q(f@nﬁﬁ()p‘?@.%t adéd ac@lﬂéﬁ’mféé}fn a
np n

Colight U/.|la secon he resultant aresistivity of

x [err] ohm50m°1hr?d RHYsthmane sYhstrade ci M inked ISuRstGits was f{ﬁ?tﬁ@

m) width wthak0 {S0°d fd¥x 1D riﬂi)mﬁﬁ%:%ﬁ'ld Rafeabimpated to 'Uv r@dilatidn S
’ __18 - GAM o a Colight UV lamp for 24 seconds. The resultant ink

~ had a resistivity of 1.2 x 10'3ohm—cm, and the shrunken
printed circuit had lines of 5 mil (0.13 mm) width with

10 5 mil (0.13 mm) spaces therebetween.



..Gcess f-ot nnnudtur|2|ng printed circuitry, which conprises forn1ng~¢ﬁ

sal ry on a polynerlc circuit board made of a shrtnkabl e -
“ﬁ ﬁﬂ&ﬁﬁ“ﬂks when heat is applied thereto. 2. .Process -, -
acc in which the said printed circuitry is dep05|ted onto ‘ )

t he sald heat shrinkabl e polyneric substrate by a screen printing nethod.

3. " Process according to Claim1 or 2 B which the shrinkable material is
pol ystyrene. 4. Process according to any of Clains 1 to 3, in which the
shrinkable material is shrunk by heating to 120 to 160 C. 5. Process

according to Claim4 in which the shrigkAdMSis acconplished by a two-step
heating process consisting of a first step of - heating at about 120 Cto
effect shrinkage, fol]owed by a secagnd ste heati ng gt about, 150 C, to
effect cure of said c nduct?é@cFﬁE gﬂ& Hﬁﬁgﬁ§P6ﬁéF"§tgﬁﬂﬂ?ﬂ%nQi¥qﬁﬂtFﬁb

circuit. 6. whléhocemprﬁSGQrﬂongxhg saidobrﬁhaeascirbolixy onMai ch the

B ocecs accdreiTetEe AEPEHLE hPafatRaiErolrs ehf KRR  make A FBltch

achi eved wi t$hinkietwheenbeatyiafapplied thetekg.resol ution and :

conductivity is incregsed aﬁrbgggg ;eugrgzhg tg CIa%ﬁ” aghlgchﬁp@mr|5|ng a
a

conductive ink in a circuit patt on a ble ymeric:
substrate. oaid Bhi%ﬁ?¢c¢brﬁEéBFﬂlh§ @69€F&Fﬁ¢80ﬂ59r§hﬁ ﬁﬁédcbﬁéﬂctlve i nk

is sol vent| ester idkable Ap61 et Ecb8ab8teqER! byl Bdsarbeat peintihgn meehyar! i C
o R

substrate onto which g curaple conductiv been_appliedq in 3 IrCUIt_
pattern prior to shrlﬂklngapﬁﬂﬁeﬂﬁlEﬁc?ﬁglﬂﬂstﬁegﬁagﬂ dg 2°1in which

the shrinkable material is polystyrene.

4. Process accordlng to any of Clalms 1 to 3, in \'J
wh1ch the shrinkable material is shrunk by heatlng to 120 to
160°%c.

5. Process according to Claim 4 in which'the

shrinkage is accomplished by a two-step heating process
consisting of a first step of heating at about 120°C to
effect shrinkage, followed by a second step of heating at
about 150°C, to effect cure of said conductive ink and
dimensional stabilization of the circuit.

6. Process according to any of Claims 1 to 5, in
which the printed circuitry is formed with a solventless
conductive ink system. | _

7. Process according to any of Claims 1 to 6 WE
wherein the miniaturization is achieved without
detrimentally affecting tracing resolution and conductivity
is increased at least four-fold,

8. An article comprising a conductive ink in a
circuit pattern on a heat shrinkable polymeric substrate.

9. An article according to Claim 8 wherein the
conductive ink is solventless. ,

10. A circuit board comprising a heat shrunken
polymeric substrate onto which a curable conductive ink has
been applied in a circuit pattern prior to shrinking, and
which ink has been cured.
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¥ %
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.hﬂﬁhonto a heat shrinkable polyneric substrate and the

c L MS *-19 - 11. A process for. mnraturrzrlaiua printed

IR

heating the thus printed substrate to a tenperature sufficient t0 chuse

sard substrate to shrink and exposing the printed substrate to UV radiation
for atinme sufficient to cure said condg Ive ink. A process for
mniaturizing a printed circuit which ¢ ﬁprrses screen printing in a
circuit pattern a conductive ink onto a heat shrinkable polyneric substrate

and, thereafter, heaging sgirgj,e SalgeQ°§UR§hggQgrﬁgﬁn§ 5'5E¢ﬁ eE'%&?BBéEQ

shrrnk sai d substrate and cu conducti ve aturi ze
printed cir¥hifhycompidses BCE86RcRrANtinG pRodcSirpuis padtera a

part|CU|ar'&oﬂé&@khbﬁd1hﬂ BﬂiooﬁehQEtEéﬁEEhRSbiet901§meric substrate ,
and then in either order heatlng the thus printed substrate
to a temperature sufficient to cause said substrate to
shrink and exposing the printed substrate to UV radiation

giLcuit which conprises screen printing in acircuit p

for a time sufficient to cure said conductive ink.

12. A process for miniaturizing a printed circuit
which comprises screen printing in a circuit pattern a
conductive ink onto a heat shrinkable polymeric substrate

\_ and, thereafter, heating said printed substrate for a time

sufficient to shrink said substrate and cure said conductive
ink.

13. Miniaturized printed circuitry whenever
produced by the process hereinbefore particularly described
in any one of Examples 1 to 17.




