‘- 1%- 11111111111112222111111222221111112221111 - 5(4159%*—-.... SUPPORT FOR
ELECTRONIC CIRCU TS FIELD OF THE | NVENTI ON ' -
111211211221122122171211211221122112112111 *@00002* 5 TheJ,mmmm,muml |ates to
a support material for printing electronic circuits b e inkjet
printing process with electrically conductive inks.. TECH\NkGAk: BACKGROUND OF
THE | NVENTI ON

SUPPORT FOR ELECTRONIC CIRCUITS —

F15LD OF THE INVENTION LT

_*G00002*

5 The invention relates to a support material for printing
electronic circuits by means of the inkjet printing process

with electrically conductive inks.

TECHNICAL BACKGROUND OF THE INVENTION

10
An essential step in the production of electronic devices and
circuits is the manufacture of conductive connections between
the components. These connections must follow a predetermined
structure in order that the componentfy or the device can

15 carry out its intended function. Such structures can be
manufactured from conductive materials in a variety of
manners, usually from metals or carbon (graphite). Printing
processes are particularly suitable for cheap mass
production, whereby the circuits are produced by depositing

20 printing inks which contain the conductive materials onto
flat electrically insulating, preferably flexible support

materials in a single operational step.

When manufacturing electronic circuits, inkjet printing

25 technology can be employed. This means that electrically
conductive structures can be deposited on insulating support
materials, or components which have already been deposited
can be conductively connected, whereby in contrast to other
printing techniques such as screen printing, a previously

30 prepared printing mask does not have to be produced; thus, it
is possible to carry out manufacturing on a small mass-

production scale, or even to manufacture single parts, simply
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20 USA, under reference CCI-300. The particle size of the silver
particles in those inks is in the range from 5 nm to a few

hundred nm.

In addition to using rigid support materials such as glass or

25 ceramic as the support materials to be printed, flexible
films formed from polymers, in particular polyesters, are
preferably employed. Following inkjet printing on such
support materials, the solvent contained in the ink
evaporates and the non-volatile additives as well as the

30 silver particles remain in the printed layer. Since the
additives are electrical insulators, the conductivity of such

printed structures is low. For this reason, as described in



"films fornmed frompolyners, in particular polyesters, are preferably
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washi ng again, thereby constituting a nulti-step process wth subsequent

r epeat ecsehlyi Wity US 3882 BIPLA afesthre debgh heenperafups oiedeiipgdris 25
materials, i articul ar .coate ffset printing paper, to print conductive
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process. The printing inks described for producing the conductive
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describ int atent, preferahly standard graphical _papers coated with
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20 Following use, however, that salt solution has to be removed
by washing again, thereby constituting a multi-step process

with subsequent repeated drying.

US 3 652 332 A describes the use of porous support

25 materials, in particular coated offset printing paper, to
print conductive structures. The printing process used in
that case is the letterpress process. The printing inks
described for producing the conductive structures are carbon
black or flake silver printing inks with particle sizes of

30 distinctly more than 1 um, which are unsuitable for the
inkjet printing process. That patent teaches that the

printing medium must have a certain absorbency in order to be



"US 2009/ 0087548 Al describes a process whereby a netallic 10 ink is applied
to a support material having a porous jJayer. The porous |ayer prevents the
printed structures from spreading, so that very fine structures are

obtained. In that process, the nmetal particles enter the porous |ayer; the

porous L 3Mey tos gridindee MR drid Jute prubgaGie udieatesl vitdreat ment . Even
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especially suitable for inkjet printing with netal or carbon
(graphite)-containing inks and neans that - 5 - high resolution printing
of fineudrocboyesscamsbrlcaesceibesdta probassnehesabpr asmaghylbeen

di scovered that the thermal 5 post-treatnent of jnkjet-printed structures
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100 nm I'nvention-also pertains to a process for producing an
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process, the metal particles enter the porous layer; the

porous layer is then removed in the subsequent heat

15 treatment. Even though very'high resolution structures can be
printed using that process, a subsequent additional process
step for removing the porous layer is required. In addition,
that process step involves the use of high temperatures of
300°C, which means that the invention cannot be applied to

20 the preferred flexible support materials.

SUMMARY OF THE INVENTION

The object of the invention is to provide a support material
25 for printing electronic circuits using printing inks, which

contain electrically conductive particles having a mean

particle size of less than 1 um. It endows the printed

structures with high electric conductivity even without

thermal post-treatment of the printed material. This support
30 material is especially suitable for inkjet printing with

metal or carbon (graphite)-containing inks and means that



‘"Finally, the invention pertains to a printed circuit, 15 manufactured by
printing the support material defined fabove using a printing ink containing
el ectrically conductive particles using the inkjet printing process.

DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS 20 In a preferred enbodi nent
of the iHi@Ntiebldthionprieondmus diafe s UmRas pone ks zanmdde range 5
nmto 50 nm Particularly preferably, noreover, the surface of the 25

m cropor®i¥s | ayer has a nean roughness of less than 1 Am neasured as the
Rz paraneter in accordance with DIN 4768. In a particul ar enbodi nent of the
invention, the outer mcroporous |ayer may be a pol yner foam manufactured,
for_ 30 examalse nassingaisainglel hEer ebisscdweargyl ashadf the Hhemraolpor ous

| ayers have been described in WO 2007/065841 Al. - 6 - | further
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hydr oxi de,__al umni ' xi de, al um ni um oxi de hydrate, silicon

di oxi de,Slrrzaegno(Lagsl}luen%%? rorgielddé?/q-&gbl in, titanium dioxide, zinc oxide, zinc
hydr oxi de, calciumsilicate, magnesium silicate, cal cium carbonate,

magnesi um 10 car bonat e and bari um sul phate. The antity of, pigments in the
m R Bporkifs AR 1Yy DEAPIHIBE O 1y RERGHE FerAIBSEd Mo 90 % by
vei ght, Wb fespect dehdlie: tal i r@fcdhe s ik | ortdondterparticle size
of the pignent 1 n the mcroporous layer is preferably |less than 1000 nm
but in pi¥Esdicibed B 500 nm The nean particle size of the prinmary
particles is preferably I ess than 100 nm in particular less than 50 nm 20
The m croporous | ayer contains a water-sol uble and/or water-dispersible
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using a printing ink containing electrically conductive

particles using the inkjet printing process.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

20
In a preferred embodiment of the invention, the microporous

layer has a mean pore size in the range 5 nm to 50 nm.

Particularly preferably, moreover, the surface of the
25 microporous layer has a mean roughness of less than 1 um,

measured as the Rz parameter in accordance with DIN 4768.

In a particular embodiment of the invention, the outer
microporous layer may be a polymer foam manufactured, for
30 example, using a sol-gel process. Examples of such

microporous layers have been described in WO 2007/065841 Al.



"25 containing acetal groups, gelatine, polyvinyl pyrrolidone, starch,

car boxymnet hyl cel | ul ose, polyethyl ene ¢f ycol, styrene/butadiene |atex and
styrene/acrylate latex. Particularly preferably, conpletely or partially
saponi fied pol yvinyl alcohols are used. The quantity of binding agent 30
my be G0 % trarkn¥rbyrefiegiied phefoeriatdnt SF %teo iifrehthpnieitgle outrer
particul ar however 35 %to 8 % by weight, wth respect to the weight of the
dried | BJEroPOrotFe 1fYETo SO F NsayfeiiS di TSI Us 9%t ti ves and

auxi | i acy t e i Qs andlRpran-ioni c
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i mprovi ng substances as wel| as other. auxiliary sub.st.ances..dThe coat wei ght
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parti cularim Bnef efadakiHe ! QI3Gid i ckieidTileFRatiaus, |Ayaiicam be formed
as a single layer or in multiple layers. 15 The base material used as the
suppor t ords insdrater. Wi ldirathdiRrerdhomAgng syt Lg% idftedadntbe a

rigid flat _material s O ass; - Ffrolr &f erabl ysudowever, a
f 1 exi bl et taaggg‘lr?r[{at er?’%]%er’saztsjlsrg!d, su%{f gzslma@;tf?ast? clc?él'l m nolnli woven 20

mat er i alsidri qesgEer .magness ipar tdidulcartey, prasfaiume it teentmagnes bk e
material is a base paper.. The term "ba aper” as used in the context of
t heL P nv GRTRTAEA S P el SR B S 1 e Bt o PYE St as
cont ai nigyk fldiespRfofel1d)r B} asd alo A hasH pARsy wadywoNtain si zi ng
agents such as al'kyl ketene diners, fatty acids and/or fatty acid salts,
epoxi dedpAeftanaky Qi des,9 @l %y | wakghl kst FefReGei eP dHHy dfg et

\évteﬁ e?\tg[ anigttt}leaqfrnitésd slu§§;1era_s pol yam ne- pol yam de- epi chl or hydrin, dry

15 The particle size of the pigment in the microporous layer is
preferably less than 1000 nm, but in particular 50 to 500 nm.
The mean particle size of the primary particles is preferably

less than 100 nm, in particular less than 50 nm.

20 The microporous layer contains a water-soluble and/or water-
dispersible binding agent. Examples of suitable binding
agents are polyvinyl alcohol, completely or partially
saponified, cationically modified polyvinyl alcohol,
polyvinyl alcohol containing silyl groups, polyvinyl alcohol

25 containing acetal groups, gelatine, polyvinyl pyrrolidone,
starch, carboxymethylcellulose, polyethylene glycol,
styrene/butadiene latex and styrene/acrylate latex.
Particularly preferably, completely or partially saponified
polyvinyl alcohols are used. The quantity of binding agent

L) [

30 may be 60 % to 5 % by weight, preferably 50 % to 10 % by

[ o

weight, in particular however 35 % to 8 % by weight, with

respect to the weight of the dried layer.



"30 agents such as anionic, cationic or anphoteric polyam des, optical
brighteners, pignents, colorants, defoam ng agents and other auxiliary
substances which are known in the paper - 8 - industry. The base paper may
be surface-sized. Exanples of sizing agents which are suitable for this

pur pose are pol yvinyl alcohol or oxidized starch. The base paper may be
produced on a Fourdrinier or Yankee paper machine (roll paper 5 machine).
The gr arfgy@ist cpes aves d JyR¥e CafayE BE FiTb hlso usyads RAPIHEIVES g3t ti cul ar 50

to 150 g/ nR.-.Th r §gq N At:he . ?%gﬁg}eng{-ccal ender ed
(snoot h%&l)x olrarﬁgl %gﬁ%lt(%u arl ;%t}?teaé%l e éasgellgg{plg&gac{ e tHose vﬁth a density
of 0.8 tamd/.d3d5 mProndHniicn perftaandrers 00236 tticr 1l -0 rglicnB . s uks tarargs es  of
fillers which may be used in base paper _are kaolins, calciumcarbonate in

i ts Pat @l BE ARETNRR YT OMRGBIE oV VI ARTATRET or ST PEEI T ci um
carbonatg,y Gl UM HH PhalE 1 0BT R e d i deiHdEM digpd g L al C,
silica, 15 alum nium oxide and m Xtures thereof. In a further enbodi nent of
t he i nventbstmnces laastelonea s wtheyr dusidrigmy postrangrfed bet ween the base
paper and the m croporous |ayer, which further |ayer contains a hydrophilic
20 binding agent. Particularly suitable exanples for this purpose are
filmformiengsttaneiemts idr ahdedicrambiowed Istrches, ben pard i@ul ar corn
starches or, hydroxypropyl ated starches. In a Ereferred for%of t he

i nvefti &M oRreteEebilyy Sstar éR gdlut i BRECAFBLIAEEY RARERTARYE BPobRfiel d

Vi scositgda%/%ﬁ_i n the range 50 to 600 nPas (25 ' % sol ution, 50C/ 100 Upm,
in particular 100 to 400 nPas, preferably 200 to 300 nPas. The Brookfield
viscosity is nmeasured in accordance with International standard | SO 2555.

Preferahly, the binding agent does not contain any. synthetic |atex. The
absence F'g?/e AT R i %acfarfbstéege%?r% i tana%llr\l/%]s‘? e Tan bogil re-utilized
wi thout fhamifpnd adBg»orked up. - 9 - In a further enbodi ment of the

invention, at |east one pignent is contained in the further |ayer
contdi ning a hydrophilic binding agent. The pignent nmay be sel ected from

the aroupd QLBd fyedPiAl Qxlden SidIafisore SRIOANAIPover SHhRI dase and
sul phates.” Pignents such as kaoli1n, talc,

microporous layer is arranged can be a rigid flat material

such as glass or a plastic. Preferably, however, a flexible

base material is used, such as a plastic film, non-woven

20 material or paper.

In a particularly preferred embodiment, the base material is
a base paper. The term “base paper” as used in the context of
the invention means an uncoated or surface-sized paper. As

25 well as containing fibres of cellular material, a base paper
can contain sizing agents such as alkyl ketene dimers, fatty
acids and/or fatty acid salts, epoxided fatty acid amides,
alkenyl or alkylsuccinic acid anhydride, wet-strength agents
such as polyamine-polyamide-epichlorhydrin, dry strength

30 agents such as anionic, cationic or amphoteric polyamides,
optical brighteners, pigments, colorants, defoaming agents

and other auxiliary substances which are known in the paper



"cal ci um carbonate and/or barium sul phate are particularly suitable. A
pigment with a narrow grain size distrg hution, wherein the 10 di mension of
at least 70 % of the pignment particles is of less than 1 gm is
particularly preferred. In order to achieve the effect of the invention,

the propeiiiseRyof ThicdMaRle Waldar! ReyN¥el GilrFarich siized dirxandlels @f shoul d be
at least 5 % by weight, in particular 10 %to 90 % by weight of 15 the
total qedmtingy aglengisgrdch paet isgditally osd thesuP I PASE @i ned with a
proportion_of. 3Q %t % P f t .sgsﬁ%é [ : pi gment
with a ﬁ’gﬁ' oW Eiai'—’lor}Cgflhzzé)(ei |Ilso¥jrxl d%‘rétgn%tﬁga&%do?g?ngg 20 vvitpte\r{?et"%g/t ibr?\?\enti on
al so comddsr: diogiman Fowidi ra egr aim Ysinke edipstpeith mteichni nehelmshl aper

di mensi on of at | east approxi natel 7%&0}/‘? bé) wei ght of t@ecﬁlb%%eq:t particles
i s | Bss TR pr PRSERE PPy Mt UPRT0 B RBOHHHHesE pignent
particl es %29“ EBEPSBE%{EELWE@B_ tRe1BboERRE . Whd bAge Z5aper grsy Beain
size (dianeter) and the pignent with the smallest grain size is less than
appr oxi neteal yir0 thegmnRdraridadest lor madfendayed  (smaethed) @ um car bonat e

with a d50 % of, appr oxi. ly.0. 7 am In.a | Gl | ye|ptyof the
i nvent i o1¢* & Bt t sﬁl%tt?ﬁgéofnseb%a sed \%%echt@g%stnés%tg{o tﬁe 1?3;{10@' um
car bonate g -tolQ -oxlefidéd ahoperandukael bnosThe ecaloei gicedr bonat e/ kaol i n
proportion is preferably 30:70 to 70: 30. The bi ndi ng agent/ pi gnent

propBrtion in the layer may be from5 0.1 to 2.5, preferably 0.2 to 1.5,
but i n %{aln\pﬁllésafof t 419 ARPLAN JRIRlY K Udet L balie daayeF Hentaining a
ic

hydr ophi I nding agent may preferably contain further polyners such as
pol yam deadl0irenpadalmeingn aretftomadod yivi rivi sarmatarsol of game rsiciTias polever may

be used in roportion of 0.4 %:t. % b ight  wi pe he mass
of the ﬁag‘?@ré) .°]1pﬁ{%\1°d‘?]etfee’r rpe]EFcelrﬁ)Jgtaalstrfeea;\té,/a]t %&grco%é%%ﬁé’of%ﬁ%nir is 0.5
%to 1. H¥bdhate] WHridd sulphate, titanium dioxide, talc, silica,

15 aluminium oxide and mixtures thereof.

In a further embodiment of the invention, at least one
further layer may be arranged between the base paper and the
microporous layer, which further layer contains a hydrophilic
20 binding agent. Particularly suitable examples for this
purpose are film-forming starches such as heat-modified
starches, in particular corn starches or hydroxypropylated
starches. In a preferred form of the invention, low-viscosity
starch solutions are used which have Brookfield viscosities
25 in the range 50 to 600 mPas (25 % solution, 50°C/100 Upm), in
particular 100 to 400 mPas, preferably 200 to 300 mPas. The
Brookfield viscosity is measured in accordance with
International standard ISO 2555. Preferably, the binding
agent does not contain any synthetic latex. The absence of a
30 synthetic binding agent means that waste can be re-utilized

without having to be worked up.



"The 'l ayer containing the hydrophilic binding agent may be arranged directly
on the front face of the base paper orgon the back face of the base paper.
It may be deposited on the base paper in a single layer or in multiple

| ayers. The 20 coating nmass may be applied using any in-line or off-Iline

coat i ng id FurdtieHuaiBddimdial F sleecitraten drhatataflerstdronieng, the coat
wei ght per |ayer is a maxi num of 20 tg/mZ, in particular, 8 to 17 g/nR2, or in
a parti @igmant preferted nathodt it Dither gianeT PR O ¥ ther | ayer can

be furt %ﬁg- -'-J@ﬂ@QC r-§§%§ ahglerd or
ferrot yglﬁ;ndg; 0\/\%{9&\9/%31r]C,HL%lc{hgn an al so behégégl Sited “ﬁ%fn%éisaés;]faé coat ifnlg?n 30 In a
parti cultatd Wwrred eformceerhodiatexlt afiddwe isnleidators, tdrrlaseteamterial is a
base paper. provi ded wit t |least_one polyner, |ayer an the front face or
back>f acgl ec%rarﬂa{\/:‘sr'“g]rﬁ at?easc'e"PJ%“‘?.TEte% HER ar%j‘r%é)ltjﬁé‘t e of the base
paper on:AnH Ghn e KRNOUC A e/ Sit rBIcH Uine d181 gHA tY efkre IpneLOITrBEe Wi th one
enbodi nent of the invention, the 5 polyner layers of the front and back
face muyswidgrl@in t he same polyner. In a further enbodi nent of the

i nvention, the polynmers enployed in the polyner |ayers of the front and
back face are different. 10 Preferably, the polyner |ayer arranged on at

| east orre wigheernd witeh basepapergicoit aive alpat yitent vt h ehewer Vapour
pernmeabi | ity of at post 150 g/nP. 24 h for a |ayer_ thickness, of éo Am
meadQr e HREROHMRE Rf AT At TVe® i e P98 ep%‘fjgfﬁg Si%Spreferably a

t her mopl Astd C 1ok ViTBim, BXargl 081 Of1 St 3bk&r d hesdoptassiepotymers are,
pol yolef ins, in particular |ow density polyethylene (LDPE), high density

pol yet hydanee(¢DRB)  eflidnt ene/ thel Eiventtopol yHee SPXPRDPE On pof ypr opyl ene,
pol yi sohut yl ene, | yoet hyl pent en d n : f viel , . ot her
t her rmpl%g“llecn o"f%?rrlergﬁesu%%lp]gos& %ﬁ%ﬁﬂ)%%%‘.&%%%%@tgis ar® %{?ryo\%o %/rrae?s,
(net h) acredde mct besteiggopolynpisticiyt ol ynes s96ut hbaswediyvi of |
butyral, polyam des, polyesters, polyacetals and/or olgcar b0{|at es may be
enpﬂéyedﬁhe total quantity of pigment. Particularly 55 results are
obtained with a proportion of 30 % to 80 % by weight of the

total pigment weight.

A pigment with a narrow grain size distribution in accordance

20 with the invention also comprises pigments with a grain size
distribution whereby the dimension of at least approximately
70 % by weight of the pigment particles is less than
approximately 1 um, and for 40 % to 80 % of these pigment
particles, the difference between the pigment with the

25 largest grain size (diameter) and the pigment with the
smallest grain size is less than approximately 0.4 pum.

Particularly preferably, this is a calcium carbonate with a

dso s of approximately 0.7 pum.

30 In a particular embodiment of the invention, a pigment

mixture can be used which consists of the calcium carbonate



"25 In a preferred enbodi nent of the invention, the front face of the base
paper is coated with a polymer layer yjich contains at [|east 50 96 by
weight, in particular 80 96 by weight of a |ow density polyethylene with a
density of 0.910 to 0.930 g/cnB and a nelt-flow index of 1 to 20 g/10 mn,

Wi th respecthe30 i emohw@rid ayele calckdm Jddriordadd elowref erred
enbodi nent of the invention, the back face of the base paper is coated with

a pol yolpefopartiiom pgar minaflearalgol A dte.7ParG-i cul arly preferably, a

pol yet hyl ene bl end of LDPE and HDPE is used, wherein the 5 LD/ HD proportion
is 9:1to 1:9, in particular 3:7 to 7:3. Furthernore, the polyner |ayers
may contm@ien paidiggoigiend /o iseihtapidgart ion diroxitte lasyeneldayasoeotfirerm

auxi liary substances such as optical brnghtener,s, colorants and 10

di spersithd d@id-iSvePrefiftraddat el it Tof> t R HoI RATY & ot thie front
face and, i 1Ry eaGgh, be S to 50 g/ n2, preferably 20 to 50 g/ nR or
parti cul y preferably 30 to 50 g/n2. 15 In a further enbodi nent of the
invention, further layers such as protective |ayers or gloss-inproving

| ayers e deposi ted on the.qufer .m_croporo I rovi ded for
printi ng[ﬁ}%)/ﬁ tblt?%‘?fﬂacij’&tleﬁ}ﬂ 7 SPEEF WG ¢ F\ben}&jn]%ge?/ erfrlltgtr%?ar% 20 process.
The coatpyeicibef csiednimyRier peleiats ysudassad haol iangid®. The

followi ng exanples are intended to further il]Justrate the invention. 25
EXAMPLESopolymers and/or polyvinylamine copolymers. The polymer may

be used in a proportion of 0.4 % to 5 % by weight with
respect to the mass of the pigment. In a preferred
embodiment, the proportion of polymer is 0.5 % to 1.5 % by
weight.

15
The layer containing the hydrophilic binding agent may be
arranged directly on the front face of the base paper or on
the back face of the base paper. It may be deposited on the
base paper in a single layer or in multiple layers. The

20 coating mass may be applied using any in-line or off-line
coating units, the quantity being selected so that after
drying, the coat weight per layer is a maximum of 20 g/m?, in
particular 8 to 17 g/m?, or in a particularly preferred
embodiment 2 to 6 g/m’.

25
This further layer can be further smoothed using mechanical

processes such as calendering or ferrotyping; however, it can

also be deposited using cast coating.

30 In a particularly preferred embodiment of the invention, the
base material is a base paper provided with at least one

polymer layer on the front face or back face. The term “front



"Fabrication of base paper Eucal yptus cellular material was used to

manuf acture the base 30 paper. For beatipg, the cellular material was
beaten as an approxinmately 5 % aqueous suspension (thick matter) using a
refiner to a degree of beating of 36SR. The nean fibre - 13 - length was

0. 64 M The GRNGRIAT dHdren mefarkeldnd@ars itk &9t alhd ideses gaperhert hitnamt t er
was 1 % by weight, with respect to the mass of the cellular materi al
suspensitde cPmeutHiiyenmtraictvge sigpFrEmd®ced with additional substances
such as a neutral 5 sizing agent, al kyl ketene diner (AKD), in an anount of
0.48 % by weight, a wet-strength agent, polyam ne-pol yam de epi chl orhydrin
resin ( Kreres)rdante wjiantdrtey enfoddlidert mf wighinvearidian ndtheal CaCO3 in

a quantity of 10 96 by weight. The %ﬁhgies q%iven are spect to the

thr
mass® of REYMALarlaMe Gy e fet Tt a9 &PH It as adj ust ed

t0-appr dpat RN me®, MRS HARHE letbddiMaithe haatboananit dhe e een of
t he paper machi ne, whereupon sheets were formedcgé/ dewatering the web in

t he screerlypms emmfoyd papgdre mehimer, layetfe P dde feantorrnd R Paper
web was further 15 watecred to a water content of 60 % by weight with
respect 15T & Sweb- Wi 'ghit~" Further drying was carried out in the dryer
section of the paper machine using heated drying rollers. A base paper was
obtai ned with a gsm substance of_ 160 g/ n2 and.a noi sture content.

f
appt-Bxi rAitei§raply . SR ki FYXWIFUILAD 159 fie Pafer was
coated Qi télfe fgand Ja68- andhdacks f@gﬁ‘owxﬁ& ay 0ORtd Neh s SrHemed sting of a
via

styrene acr te binding 25 agent an a pi gment m xture forned from cal ci um
car bonatpe mmehtddol iyn of tdt aneatl ki g o430 dorp 3 layier THIEKT@FE 20 g/ nP

(back fage),, then igd apd, SUPPRAUEIE ! o SIROLIIGH, 5T fa £8) ender

15 The polymer is preferably a thermoplastic polymer. Examples
of suitable thermoplastic polymers are polyolefins, in
particular low density polyethylene (LDPE), high density
polyethylene (HDPE), ethylene/a-olefin copolymers (LLDPE),
polypropylene, polyisobutylene, polymethylpentene and blends

20 thereof. However, other thermoplastic polymers such as
(meth)acrylic acid ester homopolymers, (meth)acrylic acid
ester copolymers, vinyl polymers such as polyvinyl butyral,
polyamides, polyesters, polyacetals and/or polycarbonates may
be employed. .

25 In a preferred embodiment of the invention, the front face of
the base paper is coated with a polymer layer which contains
at least 50 % by weight, in particular 80 % by weight of a
low density polyethylene with a density of 0.910 to 0.930

g/cm® and a melt-flow index of 1 to 20 g/10 min, with respect

30 to the polymer layer.



"30Support Exanple B (conparison) - 14 - The front face of the base paper
was coated with a resin blend forned hy 100 % by wei ght of a | ow density
pol yet hyl ene (LDPE, 0.923 g/cnB) with a coat wei ght of approxinmately 20
g/n2 in alamnator at a speed of approximately 250 mMmmn. 5 The back face

of the bgse papemaprecRiraddiddbainain dd ent fiorveacdt inn Lohdedycmei ght
of a |ow density polyethylene (LDPE, d = 0.923 g/nR) at_a coat weight of 20
g/ ne. c&aqen@ﬁ/vetélecmaeedvamrlw £9aRhAigh @ l%ﬁ?—@&@‘ﬁﬂs’i'on‘-%peed of 250

10 mmn.__The o treated by corona
di schar é)ea -a‘tt“n a%némlgyetqﬁy e W 1 éualr%‘lr ?nﬁ? ayer %r rf%ed froma

sol uti orpd]fyepniwsnéjlbladmi)mﬂ I(]ZMEI\Aa’ﬂdE HRP®EL € Sadadm e e il )then water wth
a dr coat wei ght of 100 ng/ n2 then dried. Su ort Ex ane AI nventi on)
20 SBppdfR/ HE HRARC T ks J(ﬁ)a9[é‘d W th & cdatk s ids content
of *23 % consisting of 80 parts boehmnite pigment (D| spersal HP14 from

Sasol ), 10 parts pyrogenic al um ni um oxi de pigment (Aeroxidee Alu C from
Evoni k %giré'm-)mm& parhes polymanylays Bo Gty (Iviain 088 R RS- Kur ar ai )

and 2 part bor acid,_then d |ed g coat.- Wai 20 g/ n2; the
mean pore(::rl1 ze otf He n331Ci(;lromrréeasure sfiin% Mer cury );g)%%om try, was 30 nm
Support iﬁhﬁﬁ&ﬁtéﬂ.dudhﬂﬁﬁldpﬁlcéﬂ)brlghteners, colorants and

10 dispersing additives.

The coat weight of the polymer layers on the front face and
back face may each be 5 to 50 g/m?, preferably 20 to 50 g/m’
or particularly preferably 30 to 50 g/m’.
15
In a further embodiment of the invention, further layers such
as protective layers or gloss-improving layers may be
deposited on the outer microporous layer provided for
printing with conductive particles using the inkjet printing
20 process. The coat weight of such layers is preferably less

than 1 g/m°.

The following examples are intended to further illustrate the
invention.
25
EXAMPLES

Fabrication of base paper

Eucalyptus ggllular material was used to manufacture the base
30 paper. For beating, the cellular material was beaten as an
approximately 5 % aqueous suspension (thick matter) using a

refiner to a degree of beating of 36°SR. The mean fibre



- 15 - dried. The dry coat weight was 30 g/nR2; the mean pore size of the
| ayer, nmeasured using nercury porosinmggry, was 30 nm Support Exanple O
(invention) 5 In the same nanner as for support nmaterial Exanple A, a
comercially avail abl e polyester film(M/lar) of 125 Amthickness was

corona tlieafred ward os6as eftlentley eoriceft reitildra JB eedjlarielss raweariaand then
dried. The dry coat weight was 30 10 g/ n®2; the nean pore size of the |ayer,

gga_srlﬁr ed idpgiasg ivertder sy ASGRET W2 BEMMe TS o5 iBRSRTE Dridher ti es
e t terd.al 1.8 - sq{gg) WHICO AR y
avai | abﬁ:gl%gg{afgg?)éf tlfhleél % : l\]iy]‘ﬁéar e)mav\tErrelagri nt ﬁkmltlagp %tlg%d t?{/ipe saiCﬂItRE/geIIr i nk
from Hamasn stipglievarsed mo,th) st iusialg sutVRIREE0 dutd] ets pr infuErdl om
FujifilmpD MATI X. To iis end, 25 nm| ongﬁ%ﬂjﬁ 2 nr{:n wi de silver. conductive
‘at

t .
strips F0adt% ﬁﬁ%ﬁucé@% S {Hn% d in A fure for 1
hour. The & eCtdy Gali JifSi S aRae Mrdipprddund JYd MemiGendistyaedd ri ps was

measured using a GDI\(+8251A electrical multinmeter 25 manufactured by

G?N NST_Eleplltaﬂwamycmlma@sam Bumenedat idre saHantity & 136 & he

el ectrical, resistance agdj ace i.nted -cqnduct.i v ips. In
addi ti o_r‘ffelt%hgc ’pra}nn aqtfl%q%%\,\lia,el iéna par ?Ljinc%I aﬁ% gn?ffo?% t"y‘jo ngleg n;tdur

defi ni t i efudrteal thréntgiweas aties waldly esgmssedoithe tiressial ofelalbRNF 100 30

m croscope from Fibro Systenms AB, Sweden. - 16 - The results are
suntlr i 2895 ahe | @l A%t Bupgdit %t%fri"éPlCh was adjusted to

approximately 7.5, was transferred from the headbox onto the
screen of the paper machine, whereupon sheets were formed by
dewatering the web in the screen portion of the paper
machine. In the press section, the paper web was further

15 dewatered to a water content of 60 % by weight with respect
to the web weight. Further drying was carried out in the
dryer section of the paper machine using heated drying
rollers. A base paper was obtained with a gsm substance of
160 g/m* and a moisture content of approximately 7 %.

20

Support Example A (comparison)

The base paper was coated on the front face and back face
with a coating mass consisting of a styrene acrylate binding
25 agent and a pigment mixture formed from calcium carbonate and
kaolin with a coat weight of 30 g/m? (front face) and 20 g/m’
(back face), then dried and subsequently smoothed using a

calender.

30 Support Example B (comparison)




‘Conductive strip resistance Resistance between adjacent conductive strips
Print quality*) Film(conparison) 600,9hm > 100 Mohm O A (conparison) 480
ohm 2 Mohm - B (conpari son) 580 ohm

The front face of the base paper was coated with a resin

blend formed by 100 % by weight of a low density polyethylene

(LDPE, 0.923 g/cm®) with a coat weight of approximately 20

g/m® in a laminator at a speed of approximately 250 m/min.
p

The back face of the base paper was coated with a resin blend
formed by 100 % by weight of a low density polyethylene
(LDPE, d = 0.923 g/m?) at a coat weight of 20 g/m®. Coating
was carried out in a laminator at an extrusion speed of 250

10 m/min.

The front face of the support material was also treated by

corona discharge and subsequently coated with a primer layer

formed from a solution of polyvinyl alcohol (Mowiol® 04-98
15 from Kurarai) in water with a dry coat weight of 100 mg/m’

then dried.

Support Example Al (invention)

20 Support Example A was coated with a coating mass having a
solids content of 23 % consisting of 80 parts boehmite
pigment (Dispersal® HP14 from Sasol), 10 parts pyrogenic
aluminium oxide pigment (Aeroxide® Alu C from Evonik
Degussa), 8 parts polyvinyl alcohol (Mowiol® 40-88 from

25 Kurarai) and 2 parts boric acid, then dried. The dry coat
weight was 20 g/m®; the mean pore size of the layer, measured

using mercury porosimetry, was 30 nm.

Support Example Bl (invention)

30
In the same manner as for support material Example Al,

support Example B was provided with a microporous layer then



"> 100 Mohm O Al (invention) 7 ohm 50 Mohm + Bl (invention) 9 ohm > 100 Mohm
+ O (invention) 7 ohm> 100 Mohm +_ 5$:-*) Print quality: -: unsatisfactory;
0: satisfactory; +: good. It can be seen that the materials of the
invention exhibit a low electrical resistance for the printed conductive
Strips, dgried. The dry coat weight was 30 g/m’; the mean pore size of

the layer, measured using mercury porosimetry, was 30 nm.

Support Example Cl1 (invention)

In the same manner as for support material Example Al, a
commercially available polyester f£ilm (Mylar®) of 125 um
thickness was corona treated and subsequently coated with a
microporous layer and then dried. The dry coat weight was 30
10 g/m?; the mean pore size of the layer, measured using mercury

porosimetry, was 30 nm.

Test of printing properties

15 The support materials A, B, Al, Bl, Cl and an uncoated
commercially available polyester film (Mylar®) were printed
with “NPS” type silver ink from Harima Chemicals, Inc, Japan,
using a DMP-2800 inkjet printer from Fujifilm DIMATIX®. To
this end, 25 mm long and 2 mm wide silver conductive strips

20 were produced 25 mm apart and dried at room temperature for 1

hour.

The electrical resistance of the printed silver conductive
strips was measured using a GDM-8251A electrical multimeter
25 manufactured by GWINSTEK, Taiwan, at 23°C and 50 % relative
humidity, as well as the electrical resistance between two
adjacent printed conductive strips. In addition, the print
quality, in particular the uniformity and contour definition
of the print, was visually assessed with the aid of a DPM-100

30 microscope from Fibro Systems AB, Sweden.



"10 a high insulative resistance between the conductive strips
print quality. The preferred enbodlneq
herein are intended to be illustrative,

not limting. Various

and a good

s _of the invention as set forth

15 changes

may be made wi thout departing fromthe spirit and scope of the invention as

defined herein and in the follow ng clains.
for printing electronic circuits by nmeans of the inkjet printi
Wit h el dite imsdulytcethuctinvmmrides] igoridre diadylea dsalsev nat eri al
5 m croporous |ayer arranged on at |east one side of the base
wherein the mcroporous | ayer has pores with a nean pore size

Claims 1. A support materi al

ng process
and an outer
mat eri al ,

of less than

100 nm 2. ? wHepor t B@@Iﬁdﬁétg@@ordié‘ggig»@m@i m 1, erdmt t he |{10nmean
pore size of e layer ijls in the range 5 nmto 50 nm 3| The support
material ac@@teérdglio cllpSwriPor 2, wWeSITER RATRRMNes SUGH itHe )sur f ace of
the mcroporous |ayer is| 1ole ﬁg@n T M cBas Wed the Rz parjaneter in
accordance|(with DI N 4768, % %%a port nﬁ%erlal acé%%dinq to any| of
clainms 1 tor31imnherein theom1@hmporou3>IIQ@NM@mmtains anai norgani c
20pi gnent and a hydrophi|ic binding agent. 5. The support materi al
accor di ng 1 dSOMRRHRIECAher ei n the ingrganic pigment is silicon oxide,
al um ni um ¢xide or al um N gH g¥khde NY[F &am 2o -

(comparison)

B 580 ohm > 100 Mohm o)

(comparison)

Al 7 ohm 50 Mohm +

(invention)

Bl 9 ohm > 100 Mohm +

(invention)

Cl 7 ohm > 100 Mohm +

(invention)

5 *) Print quality: -: unsatisfactory; 0: satisfactory; +:
good.

It can be seen that the materials of the invention exhibit a

low electrical resistance for the printed conductive strips,

10

a high insulative resistance between the conductive strips

and a good print quality.

The preferred embodiments of the invention as set forth

herein are intended to be illustrative, not limiting. Various
15 changes may be made without departing from the spirit and

. scope of the invention as defined herein and in the following

claims.



‘6. The support material according to any of clains 1 to 5, wherein the

m croporous layer is present as a foam 7. The support material according
to any of clainms 1 to 6, 30wherein the base material is a base paper. - 18
- The support material according to any of clains 1 to 7, wherein at | east
one further |ayer is arranged between the base material and the m croporous
| ayer. The support material according to claim8, wherein the further |ayer
contains a hydrophilic binding agent and an inorgani c pignment. The support
material according to claim@8, wherein the further layer is a polyolefin

| ayer. The support material according to any of clains 1 to 10, wherein the
base material is a polyner film A process for manufacturing an

el ectrically conductive structureCdnaa support, conprising preparing a base
material and printing the base material with an electrically conductive ink
by -nmeans of the inkjet 20printing process, wherein a mcroporous |layer with
a nean pore size of less than 100 nmis arranged on the base material. 13.
A prinfied chAreuppprtomptesiag dozuppontingt eleakrboimedi2&fiicom dybase
material and a_m cropgrous La¥er ar an%ed on t he bgﬁe gat%ri.al1 wherein the
m cr opor ous™FaPEr ChaS ForBE Gt REAT A BEPESEr 8 15F FASSTERSR180 nm and
the print edcehatutlivesipkedueeaply sphgnti Bgskheaseppant af@t anl autekt h an

el ectrically conductive_particle- 30containing printing ink by neans of the
i nig et prinfiggoporous layer arranged on at least one side of the

base material, wherein the microporous layer has pores

with a mean pore size of less than 100 nm.

2. The support material according to claim 1, wherein the
10 mean pore size of the layer is in the range 5 nm to 50
nm.
3. The support material according to claim 1 or 2, wherein

the roughness of the surface of the microporous layer is
15 less than 1 um, measured as the Rz parameter in

accordance with DIN 4768.

4. The support material according to any of claims 1 to 3,
wherein the microporous layer contains an inorganic

20 pigment and a hydrophilic binding agent.

5. The support material according to claim 4, wherein the
inorganic pigment is silicon oxide, aluminium oxide or
aluminium oxide hydrate.

25
6. The support material according to any of claims 1 to 5,

wherein the microporous layer is present as a foam.

7. The support material according to any of claims 1 to 6,

30 wherein the base material is a base paper.



'process.

10

15

20

25

30

10.

11.

12.

13.

The support material according to any of claims 1 to 7,
wherein at least one further layer is arranged between

the base material and the microporous layer.

The support material according to claim 8, wherein the
further layer contains a hydrophilic binding agent and an

inorganic pigment..

The support material according to claim 8, wherein the

further layer is a polyolefin layer.

The support material according to any of claims 1 to 10,

wherein the base material is a polymer film.

A process for manufacturing an electrically conductive
structure on a support, comprising preparing a base
material and printing the base material with an
electrically conductive ink by means of the inkjet
printing process, wherein a microporous layer with a mean
pore size of less than 100 nm is arranged on the base

material.

A printed circuit, comprising a support material formed
from a base material and a microporous layer arranged on
the base material, wherein the microporous layer has
pores with a mean pore size of less than 100 nm and the
printed circuit is produced by printing the support
material with an electrically conductive particle-
containing printing ink by means of the inkjet printing

process.



