
EP 0 414 362 B1 Description The present invention generally relates to the
formation of electrical traces on a substrate, and more par- tlcularly to
the formation of electrical traces using an ink jet system to apply a
circuit pattern, followed by the 5   application of a thin film metal layer
to the pattern. The development of increasingly sophisticated computer and
electronic systems has created a corre- sponding need for circuit
production methods of improved efficiency and economy. In order to achieve
these goals, many circuit fabrication methods have been developed and used.
For example, U.S. Potent No. 4,668,533 to Miller involvs a printed circuit
production method which uses an ink containing a conductive metal 10  or
metal-containing activator. As a further example, EP-A-0003364 discloses a
printed circuit production meth- od using an adhesive ink on which a
metallic powder is applied. In a preferred embodiment, the ink is delivered
using an ink jet system, followed by the application of a secondary metal
layer using an electrolees metal plating solution. Other methods of circuit
fabrication involve the use of screen printing techniques which are well
known in the art. 15      However, a need remains for an improved method of
manufacturing conductive circuit traces in a rapid and efficient manner
with a minimal number of process steps. The present invention satisfies
this need, as described herein below. Summary of the Invention 20 It is an
object of the present invention to provide a circuit fabrication method
which Is capable of producing conductive traces on a substrate in an
efficient and rapid manner. It is another object of the invention to
provide a circuit fabrication method which uses a minimal number of process
steps. 25      It is a still further object of the invention to provide a
circuit fabrication method whih uses readily available, economical
materials. It is an even further object of the invention to provide a
circuit fabrication method which uses ink jet tech- nology to deliver an
ink pattern to a substrate, followed by the application of a metal layer
thereto. In accordance with the foregoing objects, the method of claim 1 is
provided. 30      These and other objects, features, and advantages of the
invention will become apparant from the follow- ing Detailed Description of
a Preferred Embodiment and Drawings. Brief Description of the Drawings 35
Fig. 1 is a schematic representation of the process steps, materials, and
components used to produce con- ductive traces on a substrate in accordance
with the invention. Fig. 2 is a cross sectional view of a flexible film
sheet having a metal layer thereon used In connection with the invention.
Fig. 3 is an enlarged schematic representation showing the formation of a
conductive trace pattern on a 40  substrate using an adhesive-based ink
composition. Detailed Description of a Preferred Embodiment The present
invention involves an improved method for producing conductive circuit
traces in a highly ef- 45   ficient and  economical manner. In accordance
with the invention, an ink composition is first used to form a selected
circuit pattern on a substrate. With reference to Fig. 1, a substrate 12
is illustrated. A wide variety of substrates known in the art may be used,
including thin-film polyester, ABS (acrylonitrile-butadiene-styrene)
plastic, PC (polycarbonate) plastic, PVC (polyvinyl ohloride) plastic, and
PC/ABS (50:50) blends. Other sub- strates may be used, and the invention
shall not be limited to those listed above. 50      To implement the
present invention on a mass-production scale, it is desirable to dispense
th substrate 12 from a roll 13 (Fig. 1.) although the substrate 12 may
consist of a single flat sheet if desired. As the substrate 12 is delivered
from the roll 13, it moves toward and through a computer controllable ink
jet printing apparatus 14 known in the art. In a preferred embodiment a
thermal ink jet printing system is used. Typical thermal Ink jet systems
include an ink reservoir in fluid communication with an orifice plate and
resistor assembly. These 55   types of systems are known in the art, and
described in the Hewlett-Packard Journal, May 1985, Vol. 36, No. 5. In
addition, exemplary ink jet systems with which the invention may be used
are illustrated in U.S. Patents 4,500,895; 4,794,409; 4,791,438; 4,677,447;
and 4,490,728. However, the invention shall not be limited to any 



particular type of ink jet system, and may be implemented using a wide
variety of systems known in the art,    EP 0 414 362 B1 including those
listed above. The ink jet printing apparatus 14 is designed to dispense ink
in selected circuit pattern 20 on the substrate 12 (Figs. 1 and 3.) The
geometry of the circuit pattern 20 may be varied as desired, depending on
the ultimate use for which the circuit is intended. In a preferred
embodiment, the pattern 20 will have a thickness of about 5    0.5 - 2.0
mil (1.0 mil = 25A [err]), with 1.0 mil being preferred. The printing
apparatus 14 is supplied with a specially formulated ink composition
designed to adhere to the substrate 12 in a rapid and secure manner. The
composition includes about 5 - 40% by weight adhesive (30% by weight =
preferred), and about 60 - 95% by weight solvent (70% by weight =
preferred.) A preferred adhesive usable in the invention is a product
manufactured by the "Loctite Corporation of Cieveland, Ohio un- 10    der
the name "Loctite 408." This material consists of a cyanoacrylate-based
compound. Another adhesive which may be used is manufactured by Emhart
Australia Pty. Ltd. of Victoria, Australia under the name "Bostik Super
Bond." However, the present invention shall not be limited to the specific
adhesives described above, and other adhesives known In the art may be used
accordingly.  These adhesives should be non-toxic, non- flammable, have a
viscosity of about 5 - 100 cps (1 cps = [err]a.s), and a surface tension of
about 20 - 60 15   dynes/cm. As previously indicated, the adhesive is
combined with one or more solvents. Exemplary solvents include ethylene
glycol phenyl ether, gamma-butyrolactone, methyl ethyl ketone, water, and
mixtures thereof. But other solvents known in the art may be used. In
addition, the solvents may be mixed in a variety of experi- mentally
determined combinations, depending on the substrate/adhesive involved, as
well as type of ink jet 20  delivery system being used. A variety of
specific ink compositions are described below in the following Examples: 25
COMPONENT Loctite  408  (adhesive)                                   30
gamma butyrolactone (solvent)                              50 30 methyl
ethyl ketone  (solvent)                           10 ethylene glycol phenyl
ether  (solvent)   5 water  (solvent)
5 100% 45                                         EXAMPLE 2 COMPONENT
WT% Bostik Super Bond  (adhesive)                              30 50 gamma
butyrolactone (solvent)                              50 methyl ethyl ketone
(solvent)                           10 ethylene glycol phenyl (solvent) 55
water  (solvent)                                           5 100% 3    EP 0
414 362 B1 COMPONENT                                                WT %
Loctite  408  (adhesive)                                 40 gamma
butyrolactone  (solvent)                           50 



methyl ethyl ketone  (solvent)                          5 10 water
(solvent)                                          5 100% 15 In a preferred
embodiment, the ink composition will have a viscosity of about 5-25 cps (10
cps = optimum), and a surface tension of about 30 - 60 dynes/cm (50
dynes/cm = optimum.) Following application of the ink pattern 20 to the
substrate 12, a thin, flexible sheet of metallized film 30 is applied to
the pattern 20. The film 30 is preferably provided in a roll 32, and is
more specifically illustrated 20  in Fig. 2. With continued reference to
Fig. 2, the film 30 includes a backing layer 36 about 5.0 mil thick (1 mil
= 25.4 micrometers) preferably manufactured of a plastic material known in
the art including but not limited to cellophane or polyester. Detachably
secured to the backing layer 36 by an adhesive (not shown) is a metal layer
40 which is about 2.0 mil thick. The metal layer 40 may be manufactured
from a wide variety of metals and alloys including but not limited to gold,
copper, silver, aluminum and mixtures thereof. The film 30 and tech- 25
nical details relative thereto are specifically described in U. S. Patent
3,519,512. Also, the film 30 is commer- clally available from Omnicrom
Systems Limited, U.K. In use, the film 30 is urged downward against the
pattern 20, with various portions 42 of the metal layer 40 contacting the
pattern 20. as illustrated in Fig. 3. In a preferred embodiment this step
is accomplished si- multaneously with the application of heat and pressure
to the film 30 and pattern 20. An infra-red lamp, oven, 30  or other
conventional heating apparatus 41 is used to heat the film 30 to a
temperature of about 20- 250 de- grees C, with a sub-range of about 50 - 70
degrees C being preferred. In addition, the film 30 is applied to the
pattern 20 using a downward pressure of about 3 - 5 atmospheres (1 atm = 10
newton/sq. cm.) This pressure is generated using a pinch roller assembly 43
known in the art or other comparable pressure-generating device. The
temperature and pressure levels described above enable the adhesive in the
ink to securely engage and 35   affix the portions 42 of the metal layer 40
to the substrate 12. The unaffixed portions 44 of the metal layer 40
surrounding the portions 42 shown in Fig. 3 remain detached from the
substrate 12. After the passage of about 3 - 20 seconds, the film 30 is
withdrawn from the substrate 12. The portions 42 of the metal layer 40
contacting the pattern 20 tear away from the metal layer 40 and remain
adhered to the substrate 12, thus forming a metal trace pattern 50 on the
substrate 12. The pattern 50 has a configuration 40    identical with that
of the initial pattern 20. The unaffixed portions 44 of the metal layer 40
remain attached to the backing layer 36 of the film 30. In a preferred
embodiment, the remaining film 30 is wound onto a residue roll 55. The
substrate 12 with the completed trace pattern 50 thereon is then cut as
desired using a cutter 60 known in the art to produce individual circuit
units 70 suitable for use in a wide variety of applications. In ad- dition,
any residual substrate 12 is preferably fed onto a collection roll 80, as
illustrated in Fig. 1. 45      The present invention represents a highly
efficient method for applying metal trace patterns to a substrate. It is
especially suitable for use in high-speed, mass production manufacturing
facilities. In addition, the use of an ink jet system to apply an initial
pattern to the substrate enables the pattern to be applied in a highly
precise and controlled manner. Accordingly, it Is anticipated that suitable
modifications may be made to the invention by individuals skilled 50  in
the art which are entirely within the scope of the invention. For example,
the chemicals used to prepare the ink composition, as well as the materials
used to prepare the metallized film may be selectively varied. Claims 55 1.
A method for applying conductive traces (50) to a substrate (12)
comprising: providing a substrate (12); applying ink from an ink jet system
to said substrate (12) in a pattern (20), said ink comprising an 4    EP 0
414 362 B1 COMPONENT                                                WT% 



Loctite  408  (adhesive)                                   40 gamma
butyrolactone  (solvent)                           50 methyl ethyl  ketone
(solvent)                      5 10 water  (solvent)
5 100% 15 In a preferred embodiment, the ink composition will have a
viscosity of about 5 -25 cps (10 cps=optimum), a surface tension of about
30 - 60 dynes/cm (50 dynes/cm = optimum.) Following application of the Ink
pattern 20 to the substrate 12, a thin, flexible sheet of metallized film
30 is applied to the pattern 20. The film 30 is preferably provided in a
roll 32, and Is more specifically illustrated 20   in Fig. 2. With
continued reference to Fig. 2, the film 30 includes a backing layer 36
about 5.0 mil thick (1 mil = 25.4 micrometers) preferably manufactured of a
plastic material known In the art including but not limited to cellophane
or polyester. Detachably secured to the backing layer 36 by an adhesive
(not shown) is a metal layer 40 which is about 2.0 mil thick. The metal
layer 40 may be manufactured from a wide variety of metals and alloys
including but not limited to gold, copper,silver, aluminumand mixtures
thereof. The film 30 and tech- 25   nical details relative thereto are
specifically described in U.S. Patent 3,519,512. Also, the film 30 Is
commer- cially available from Omnicrom Systems Limited, U.K. In use, the
film 30 is urged downward against the pattern 20. with various portions 42
of the metal layer 40 contacting the pattern 20, as illustrated in Fig. 3.
In a preferred embodiment, this step is accomplished si- multaneously with
the application of heat and pressure to the film 30 and pattern 20. An
infra-red lamp, oven, 30    or other conventional heating apparatus 41 is
used to heat the film 30 to a temperature of about 20 - 250 de- grees C,
with a sub-range of about 50 - 70 degrees C being preferred. In addition,
the film 30 is applied to the pattern 20 using a downward pressure of about
3- 5 atmospheres (1 atm = 10 newton/sq. cm.) This pressure is generated
using a pinch roller assembly 43 known in the art or other comparable
pressure-generating device. The temperature and pressure levels described
above enable the adhesive in the ink to securely engage and 35   affix the
portions 42 of the metal layer 40 to the substrate 12. The unaffixed
portions 44 of the metal layer 40 surrounding the portions 42 shown in Fig.
3 remain detached from the substrate 12. After the passage of about 3 - 20
seconds, the film 30 is withdrawn from the substrate 12. The portions 42 of
the metal layer 40 contacting the pattern 20 tear away from the metal layer
40 and remain adhered to the substrate 12, thus forming a metal pattern 50
on the substrate 12. The pattern 5,.Q'has a configuration 40    identical
with that of the initial pattern 20. The unaffixed portions 44 of the metal
layer 40 remain attached to the backing layer 36 of the film 30. In a
preferred embodiment, the remaining flim 30 is wound onto a residue roll
55. The substrate 12 with the completed trace pattern 50 thereon is then
cut as desired using a cutter 60 known in the art to produce individual
circuit units 70 suitable for use in a wide variety of applications. In ad-
dition, any residual substrate 12 is preferably fed onto a collection roll
80, as illustrated in Fig. 1. 45       The present invention represents a
highly efficient method for applying metal trace patterns to a substrate.
It is especially suitable for use in high-speed, mass production
manufacturing facilities. In addition, the use of an ink jet system to
apply an initial pattern to the substrate enables the pattern to be applied
in a highly precise and controlled manner. Accordingly, it is anticipated
that suitable modifications may be made to the Invention by individuals
skilled 50    in the art which are entirely within the scope of the
invention. For example, the chemicals used to prepare the ink composition,
as well as the materials used to prepare the metallized film may be
selectively varied. Calims 55 1.  A method for applying conductive traces
(50) to a substrate (12) comprising: providing a substrate (12); applying
ink from an Ink jet system to said substrate (12) in a pattern (20), said
ink comprising an 4    



EP 0 414 362 B1 adhesive therein: placing a sheet of metallized film (30)
comprising a backing layer (36) and a metal layer (40) de- tachably secured
thereto against said substrate (12) so as to allow at least one portion
(42) of said metal layer (40) to contact said ink and adhere thereto; and 5
removing said film (30) from said substrate (12), said portion (42) of said
metal layer (40) in contact with said ink remaining adhered thereto with
any non-adhered portions (44) of said metal layer (40) being removed with
said film (30), said portion (42) of said metal layer (40) remaining
adhered to said ink forming an arrangement of conductive traces (50)
identical with said pattern (20) formed from said ink. 10    2. The method
of claim 1 wherein said applying of said ink to said substate (12)
comprises the steps of: supplying said ink to a thermal ink jet printing
apparatus (14); and activating said apparatus (14) in order to deliver said
ink to said substrate (12). 3. The method of claim 1 or claim 2 wherein
said substrate (12) comprises a material selected from the group 15
consisting of polyester, acrylonitrile-butadiene-styrene plastic, polyvinyl
chloride plastic, polycarbonate plastic, and mixtures thereof. 4.  The
method of any one of claims 1-3 wherein said ink comprises about 5 - 40% by
weight adhesive. 5.  The method of any preceding claim wherein said layer
of metal (40) comprises a metal selected from the 20       group consisting
of silver, gold, copper, aluminium and mixtures thereof. 6.  The method of
any preceding claim wherein said placing of said film (30) against said
substrate (12) fur- ther comprises the step of heating said film (30) at a
temperature of about 20 - 250 degrees C. 25  7.  The method of claim 6
wherein said film (30) is urged against said substrate (12) at a pressure
of about 30-50 N/[err] (3 to 5 atm). 8.  The method of any preceding claim
wherein about 3 to 20 seconds are allowed to pass between said plac- Ing of
said film (30) against said substrate (12) and said removing of said film
(30) from said substrate 30      (12). Ptsn.tanprLiche 38  1,.  Verfahren
zum Aufbringen leltendar Spuren (50) auf.ein Substrat (12), umfassend;
Bereitsaelen sines Substrates (12); Aufbringon von Tint. aus elnom
T1n*ntrahisyaem auf das Sub  trat (12 In dnem Mustr(20), wo be, dio Tints
aenn Klobtoff qnthift Pliazieren elnor Sqhiqhsue aUe-nor metallbslerten
Folso. (30) mit melnr SOtWlage (36) und ener darn 40      s.n~tfe~rnbar
g~esichertewn- MUtep.11ps (40),  f dam futbot (12), ur niind     amen
Abschnitt (42) der Meotliage (40) die Tintp Xju konaktleren und daran
enkleben Iu Ian; und Entfernen der Fdjie (30) von dam Substrat  (12),Wob.i
derienig Abschnjtt (42) der Metailage (42), der in Kontpkt mit d er Tint.
%,dn aqnmr*  bt W1it, w.hrenO sItlchh nOWt enaftenden AbAchnitto (44) dor M
gtallg.e (40)o maemmrnen rnitdir FJ eillenfqrnt wqrdon, und ierieniqe
Abchnltt (42) der Metal- 45      lqigg (40), der an der Ti apitu  A'ioiung
ae Jlndon Suren (dD)  ut .di Identia  mit dem von der Tinto gaiorm1en
Muster (2P) sind. 2.  Vorfahrgn nech Anspryph 1, bel dan dft   Afbringsn
von Tinbt auf ds -Substrat (12) foigende Schritte 0peolen der Tini, zp
qjnen thoermlsghn Tlnt4natradrcker (14) und Aktloteren des .Q Wit  (14) z
Aum A  dgq 4r p ntT Tiau, des ft Stt (12). 3.  Vorfahren nach Anspruch 1
9der 2, bel rdim dp S ubetrbt (12) elnon Werkstoff der Gruppe Polyester,
Acryinitr&l-Butadien -Styrol-Kunststoff, Polyvinyi-Chlorld-Kunststoff,
Podykarbonat4unsto. ff und Geml- 6Che davon UWmfat. 4.  Verfohren nach
einem dr Angpgahe 1 bI 3.., Ibl d. m die Tinto etwa 5 - 49 ewlohteprownt
KIebstoff enthAilt. 1111111 1!1111HEI11111 111111 * C   L   M   S *    EP 0
414 362 81 



5.  Verfahren nach einem der vorangohenden Ansp0che, bel dm die MOtallage
(40) sin Metall sue der Grup- pe Sliber, Gold, Kupfer, Aluminium und
Gmischo davon umfalt.  : 6.  Verfahren nach olnem dervorangehenden
Anspr~che, boldeom des Plzleren der'Folie (30) auf dem Sub- 5       strat
(12) ferner don Schritt des Hilpens dor Folie (3P) auf elne Termpesltur von
etwa 20 - 2500C umfallt. 7.  Verfahren nach Anspruch 6, bei dem die Folio
(30) unter olnem Druk von etw 30 - 50 N/cm2 gogen des Substrat (12)
gedrfckt wird. 8..  Vrfahren nach elnem der vorongshenden AnsprOche, bel
dem zwleohen dem Pioiren der Fqile (30) auf dem $ubstrut (12) und djm
Entfernen dOr Folio (30) von dam SubOWrat (12) 3 - 20 Sokunden verstrel-
chon gelassen werden. Rewvepncloations 1.  Prgoo*l d'appllcatlon dO traces
conductrioes (50) sur un substrat (12) comprenant: la fourniture d'un
eubstrat (12); I'giplic~tln d'une on' en prvovnnoe d'yn syt*ms de jet
d'oncre sur ledit substat (12) selon 20       un motIf i), Igcits onqe on
npremnant un  [.0-sif qn #on aein; le. p.gement d'un foe .de, filFm
nkffaiLs (30) c Omprinant uno couche de support (3.8) et une cou- K..-'
cho de mitol (40) qui luy qqIx 4.do foWn d *.chabo cur  idit suibtrt (1) q
manlre A permeotre a au moro uno partle (42) Cbd 1iits qwch, do. mM*Il
(.40) d'On tr on aonta.t .v, tdi.t eonare et do lul aodhwrer; et
I'eni~vement cW(itfln (3)           u .(1  : nar  (4Z)0 dte     g
mde (4.0) qi eat en contact avoc ladIto onci ugnt ntuhlgtIi 11hfrer,
cartAln* piarties nqn ,dhence (44) do IndIt couche de m6tal (40)
et.ntOtsduditffm (30). isdite purtie(42) de iedto coucheg m6tal (40)
continuant A adhirer A  AditP encre en fQrmant un agensment-dye trOes
condvc.Ch8s (50) identIque audit fnotif (20) form4 i partir de Isdite
.eoic. 30    ,  Pwd4 oglon Ia revendic,.,aOtlign 1, d eanse lequel Iadite
application de bdite encre our lodit aubatrot (12) CqgPrend les etapes de:
Oppliction de 1titte encre i un ,.pp.R  d'imprepbn a jot d'enqre themiq'e
(14) ot activation dudit qppa.reil (14) ofin di dilivrer lIlWt encre our
lodit sybotat (12). 36  3.  Proi.046 .sIon Is revendicatlmn I ou. 2, dOne
loquo leOdit wubstrat (12) comprend un materlau choleI parml l.e groups qu
comprnd . igp  yr, du pl  ,qu.. fa ryinitrile- t -ine-tyr  ng. du plstiqup
de chlo- runM 4a Sgyvinyio, du glWW   4Y e t e langes ( cez-L 4.  Pr~ccd~
solon l'une quehonquco e des revend4iclonP 1  3, dane lequel ld1te encre
comprend environ entre 40       5 A 4,Q% d'sdhfmH par unl!A 4, Pcl.o 5.
ProcWdi solon l'une quelconque 466 rovendicctlons pricidonts, dans lequel
ldIts couche do mitat (40) comprond un metal cholsI parml le groupe qui
iomprend I'argont, Arm, le o'iivre, I'aluminlum et de mA- longos de
ceux-cl. 45 6.  Proc.6di solon l'une quelconque des revendIcations
prichdontes, dans lequel ledit placement dudit film (30) contre lodit
subetrat (12) pomprend en ou4tre ItWipe de chauffago dudlt film (30) a une
tempbrature compriop entre environ 2Q Ce et envlron 3Z0  Q. so7t. ProXdA
solon Ia rovondlcaton 6, dans lequsi ledit film (30) est pouss6 cont.
tacdit subitrat (12) solon une presslon d'onviron 30 A . N/cm2 (3 A* 5
atmospheres). 8.  PrQ~c. (I selon l'une qulconque des raveyqndioq ons
prc..dentea, dans lequel environ 3 A 20 socondes peuvent e'Acouler entre
leqlt plac ement dudit film (30) contre edit substrat.(12) et ledit
enlevement dudit film (30) dudit substrot (12). 55    


