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PRI NTER HAVI NG A PRINT WRE W TH ALTERNATI NG

HYDROPHI LI C AND HYDROPHOBI C AREAS TO FORM DROPLETS FOR
WERIBIMNG | NKS BACKGROUND Two conventi onal priPECT/0§2008/050013

techni ques include ink jet printing and screen

printing. InkJet printers work by depositing small

ﬁﬁﬁ%ﬁﬁ@&l&%ﬁ&lﬁf&@ﬁ%ﬁ%@ﬁﬁ%&ﬁ YDROPHILIC
$N§5ﬁ&?§ p“ |ng ‘%‘fb leﬁﬁiﬁ‘i‘s'l% | pRIEREE INKS

i nc several nozzles an
thernal el enent s. Ink IS expelled fromthe nozzles in
a jet by bubble pressure created by heating the ink

usi ng the thermal el emdBACSKGROENIhe nozzl es and
the |00%L;§ %%lls%rﬂ{tﬁg t&hﬂq%%? m?[u%é lnﬂl Prnlf[m% %td &Qtreeﬁ]i)rmtmg

heads use r I Ces,

Ith@EIZﬂllﬁSrsfv(Mrk @9memﬁmﬂysnﬁdledxdpﬁtsr@dnlqmarahbwccﬂﬁﬁl g@laally cyan,
Ink on the print medium_  Therefore, very fine grade
maigﬁm@, wlevvra@élhl%cgdom A DUAG Bedipararisapsiratd todarmpp colgs image.
Coﬂbgﬂ%pﬁlsth&dn{a? 1ﬂt{r\é§1e%s 1n1§ GRs setvgra"ilng%ﬂq s%ﬁ!tﬁ%nﬂ%l@ments.
e orl nozzles 0

Inksiy ekpmeﬂrfm ﬁeqmmzlnglmd fegbe tubblaipssueecremed by haging th&ink

Is forced through a design-bearing screen onto the
usigg ey thesmal glemegBSpyhilertheynozples apd theamal elomarts agrin glgse rqximity.
i BRI MU DARELS SLECURI RO phe

demeﬂmuant[’tp ang easlmeablh]e omahepridtimediurat Ehetefore Wi fing graae inks are
gative. of the i.mage to be printed. The screen
req&ﬂlrﬁé gywBish tpaﬁlc&ﬁ Slzaespﬂf decepigmenss wthins s ks e kenifie éﬁnmmum to
r |
o AR 1forlrREG ityet P St ARt B o RmTorh BECRARE Eaged.
t he Iis sarempropen) mQSS fonebdahtongh helesgh%bz[ratgescre'Eh@ntdﬂhe substrate

passes through the o spaces in th cree t.o the
beiggprifitedy Joe seicen 15t ?ﬁélecepé@ﬂr% i wavwggﬂc fiched over

a woldoF QhﬁlﬁFuﬁ?raﬁﬁe d@%gs éﬁﬁe OukLd Ak %lo%ﬁpd & VQL %errneable
I mage, and cl eane at er use. nore than on
maamiad;ra stancewhigh iy & né¢gadvonf ﬁlhemsgeme t&tprfnamie Thehsercien ks plsced on

owed to dr and then the process |s re eated w.th
tory d’tIH%‘%e Y B NbS e o fanragan ST aan le#lm& cduytgp9f the screen,
an®5drifer ‘BQadE GANCH &5 gﬁ’s%ech fnk' &%ﬁl 'tH&séi‘eJn?g%hfné?hﬂd Hitdhe
viscosity to prevent all the 'k from s assi ng
sulishateu dhetillepssesgbroughtle dite spadenin thabstkemomo the print substrate;
need_exists fo

thegﬁgggpg%q%gla Ylftg? AWRY- n?lile]ﬁcreqq@n I:be ?en-ulsergip 019 Xl%ﬂlp?g g %rlgsto the image,

and cleaned for later use. If more than one color is being printed on the same surface, the

ink is allowed to dry and then the process is repeated with another screen and different
color of ink. Screen printing requires use of inks having a relatively high viscosity to
prevent all the ink from simply passing through the screen onto the print substrate.

Accordingly, a need exists for an improved apparatus and method for printing inks.

SUMMARY
A method, consistent with the present invention, can be used to form a pattern on a
substrate. The method includes coating at least a portion of an exterior surface of a cable

with alternating hydrophilic and hydrophobic areas, coating at least a portion of the
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SUMVARY A net hod, consistent with the present
i nvention, can be used to forma pattern on a
waaws9eate. The nethod includes coating at | eaBCT/HS2008/050013
portion of an exterior surface of a cable with
al ternating hydrophilic and hydrophobic areas, coating
at least a portion of theexterior surface of the cabl e
exwwuaf@c‘i: pkthe grblesithig iak difceting seaifstaean wehppertipsef g cable
o4
coegcgdne g mE Vegenc\é\fgltr}%%{ly gorgjfbif S%a{tﬂrgﬁéeo s %{H ﬁc@%ﬁk&ﬁ of the cable

thrbiilglﬂtlh |alrtsﬁ€an’:l lsﬁctsttlammib&mdmrﬁdtm oBthegdleis eetnamallﬁ’dm e exterior
the ink is renbved fromthe exterior surface of the

surgags|of thergblesanddpdenosierl QHe Srorwhstsain & fosm @ negemaniheg substrate.
pat tﬁx faﬁ)g%tésh&) SKRSE LR {n%he rﬁ@%@g H%feﬁt‘i&hs cat?&’eq;%' %B&‘ ﬂ{k ona

res I nven osI't

sul:istt’a&t Tk appélfhtﬁs abatea bl Slebﬁt@tiluﬂfgscoaﬁoﬁﬂﬂe tiflﬁfnmedidnysm and a
control |l able drive nechani smand a structure

strgatarg @ spcEdedayith theysivgmerbanpm e mayrbls dhgrpRyapigleast a portion of
an %%te{lgp%TfaAé of tﬁggtsrugﬂu%q{ag Eﬂéhl%r@grrdg%{]hﬂﬁél %{dalﬁgﬁr(gﬁl%&cqafreas. An

structure ternatlng
inkyugplpk abtanmdusiastionARith the ssupley/for Sepaitmgrinton atalbm @ portion
with the structure for dep 3SItI ng i nk on at | eas
of Bl@ﬁtmeﬁreofAt gest eng fleidaogzle Apving gEleass gae ppgglgo <‘zez1|S eosmoned

and'GMLAG gﬁ it LSty £ ﬁ‘&s(‘&?eétkte?f%fﬁ foSard St IQQS??tpPﬁLbl‘ﬁg)fqmstmcture

oriente Irecting east one | et
to teoware dn atnoeasittha@inidrdn dre sofuctubearst ditect theentoant @mRwKEa

an ampunt of the k fromthe . structure and |rect t he
subsiaint e GVgHernea! ﬂfﬁ%t%&t@e relRave eV Rhrifashpng Held nozzle

subcste[) Hﬁltlﬂr‘ E@nt{o% AL LMBuh tttﬂﬁln%tretllﬁ@ec& fr étHie@hr@ hd ltl?e amount of

stantially controls the anount o e I nk renoved
thefinbdirtdted i theisthstrete famal a phttera onuind sﬂvﬁtratb.e i nk directed
to the substrate forma pattern on the substrate.
BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng

draw ngs ar %RTEPW@RWFIGNWT@HE‘EMWI@G@ part of

this specification and, together wth the description,
ex p Tae acdonepanyivgitagess andnqorparated iresndofonstitete a part of this

ention, In the Fl G er spec
PRSI OR SheOBABAN A CORTRIn SRl iRs g4F t@ﬁ%ﬁ@wr&}wl% of

thddh L SBh; Iﬂh@dra?m'ngs a side view of the fluid delivery
systemof FIG 3 is a diagramof a systemto

use FlGel prai pﬁr@ecm\@ pew of onatebodmsniorftadlad delivery system or

printer;

FIG. 2 is a side view of the fluid delivery system of FIG. 1;

FIG. 3 is a diagram of a system to use the printer to print materials onto a
substrate;

FIG. 4 is a diagram illustrating a first type of ink flow when a print wire is not
moving;

FIG. 5 is a diagram illustrating a second type of ink flow when a print wire is not
moving;

FIG. 6 is a diagram illustrating a print wire having alternating hydrophilic and

hydrophobic areas; and
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substrate; FIG 4 is a diagramillustrating a first

type of ink flow when a print wire is not noving; FIG
W®G2008/0247¢8 agram i | l ustrating a second type of PERUS$2008050013

when a print wire is not noving; FIG 6 is a diagram

illustrating a print wire having alternating

hydr ophi |l i ¢ _and fdro phobi c areas; andFIG 7 is a
di ag Hand isia diagrpmtillngrating the aligpneaing hydmepbitie ad hy drokpic arcas

rmng droplets on the print wre.
%&%ﬁ%@[é’s%ﬁﬁgﬁ “Printi ng SystemFIG 1 is a
perspective view of one enbodi nent of the fluid

delivery systemor pri nt er ener ally indicated at 10.
FIG 2 is a side vi E%?Nvery system or

j nt FIG 1. A puI I ey 13 havi ng a circunscri bi ng
Prg{t%%vsgstfgdefi ned therein is secured to a shaft 15 of

a nmpleri ﬂséh pe{égpeeﬁwxgab of bhasmbednmber of3Re flsidsktuegdyitom or
frame or ate 12 and extends into a reservoir of ink

pripigr, g&ﬂ@fékhatnaimaéedoaﬁ 19+ K16 ohirasidpuyigw of shq fduid delaegse gystemn or
4.
p“?ts?g?ﬁﬁ%tlregf B‘gﬁ% f3 a c%géa %}fﬁu%% mg%pgr%%{e a”tgg’bflg%ﬂ fig eg“ '

sedundad tog shafyn 6 o¥ @ mdorCi4. cAmrslongdie ﬁgn@uneiﬁoeaézlmsmmedho &ame or
wire cable 36 can slide during rotation of wheel

13
plapg | 2pbgtenss ynto gurssevosuotdnk 2he A ieptabie i et iaRepheuide 34 is
atté%%@éd?@ gﬁtaﬁﬁp?f of &ﬂﬁ eéﬁ%eeﬁatﬂg FT% T g@eG{l%, @4 1§ ﬁpllsﬁate&) 55 a

ongat e 'segnent” I's nea
cyliralrical howeothfablecusamladr having ra%romfeala)tdueuﬁl@cﬂt&ﬁig glide 34 in Wthh a
aw t oot h whee)

pl d
Wl%ﬁﬁﬁﬁ g%%vgm iffefrgie owioR ok aiFel 196 Alger%ﬂﬂsvskys geids A4 can be
imPleRNRd %\?It ?J. LotHIBE Eﬁe mfgg A ﬁs ?ém IRe fing "'051319 " QONEred Qr "wire

|rcunBcr| I ng gul ongate reservolr
cabrle't @i "elomgateBogeent’l B rheanata mclluéel tHeaisplofit evirk2a axtde formed of

i ncludes a flange 18 defining a.notch 20 between_the
MURIE Jaretat i de #V6iogkt Wi GBRTOTShelFof NYITFrEMiE PO 1pdisposed

T S L
end A2&|afgaed rémmlermasmgvmmbdr dbas attachedreniiar 12Gnavitdhudes a

ﬂagge 18 defining a notch 20 between the flange 18 and elongate reservoir retaining
member 16. Notch 20 is configured to receive a top lip 22 of ink reservoir 24. A bottom
plate 26 is secured to a distal end 28 of elongate reservoir retaining member 16 with a
threaded nut 31 that is threaded onto a threaded shaft 33. Threaded shaft 33 is secured to
distal end 28 of elongate reservoir retaining member 16. Bottom plate 26 abuts against the
bottom 30 of ink reservoir 24 and holds it between flange 18 and bottom plate 26.

An air supply hose 42 is secured to a nozzle body 44 and supplies air through a
nozzle orifice 46 that is aimed at a portion of cable 36. A cable guide 48 defining a
longitudinal slot 50 is positioned proximate nozzle orifice 46. Cable 36 rides within slot
50 and is thus held in relative position to nozzle orifice 46 so that air passing therethrough
does not substantially move cable 36 from in front of nozzle orifice 46 or cause cable 36
to substantially vibrate. Slot 50 can alternatively include a small rotatable guide.

Rotation of shaft 15 may be controlled by a controller, generally indicated at 57.

Any type of controller may be used. In one embodiment, the controller includes circuitry
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threaded nut 31 that is threaded onto a threaded shaft
33. Threaded shaft 33 is secured to distal end 28 of
W@L@AH2L7ES r eservoi r retai ning nenber 16. Bott oP@PUS1088/050013
26 abuts against the bottom 30 of ink reservoir 24 and
holds it between flange 18 and bottom plate 26. An air
supply hose 42 is secured to a nozzle body 44 and
54 gup que@ X thattrmeéwﬁl%laﬁcfﬁozm 8 signpk generaigg gpec P35 sufthesh
f |
mlﬁjoﬁt%c?&él oL.¢ héS)rI dgtgl%g%ﬁlag’ga sﬁpﬁl?qﬁsgc d&&' klgﬁalgrﬁ glgtl;rl'ud? ?Igctaie

rot@tﬁ(btf ofaBe 4iuft Badt the dfotdr (d:&ﬁ:umﬁ 3 ﬂécéﬂv@i a SenARYfrom ddnbiting
held in relative position to nozzle orifice 46 so that

deyirg Spardiofjes theftdornf dirghows according suhssignei(®l |y move
b t:
ca :[r? o@ gatE mk'b&)tn eQi ip %seﬂ% 4els 8{%{3% Pﬁ ]J;)g %ge:]cag?eu%eand

cab I y Vi
adadntet byatdtateinyofi Ivﬂ&bhﬂﬁ uailsami lby th@ta&b&b irefronti o @ozzle orifice 46.
Rot atign of shaft 15 may.  be controll ed by

FluyidHiaf 51 hlewn ﬂg@%%mw rifer dgcesperes wulmvaW§@%ﬁable 36
o SRR TRty LRk 3B BT AER iy epgin. o o

sedtiead dtﬁﬁetSﬂ @habk Jo; omnd te dignadr gfeviechll, ageldavdlg erdode amount
m cr o%r ocessar or other devices tha

of girfﬁweé?sgewée 8¢ Yrkdp 15pgrsphentp gSHbYBIG: Py é}qsgﬁfa@ ipRIG. 2.
o.f t[ﬂ? Pﬁ?@ﬁ;etad:h? g)%fterﬁ 'i‘@ cgﬁ)fnglél\(/ile gleté@gﬁ gn El_’e%né'n?ﬁfdng oy fsﬁown n

si gna rom generating ot at es sha
FIG51 ofn Ulte thDNo 25864, 80nandt deserditedsn gmaio(‘mﬁponﬂmg text. For
oper ati on, contgl ined.in reservoir 2 pi cked up

exwplwt %peafbheé 67 HTtHIG AFITERUNISYS MoTCagY! ?1 610&%@&%@6 a
spt'll:tfgjﬂl gﬁ{nﬁa Hﬂl)écﬁ%ﬁ rﬁ%ﬁ udel, {ldORt uo;olé?ﬁfdzéa% ‘t%gdsgdl &Pruftbthe air

rough nozzl e ori
supghlg peasesffor pul |'s the ink fromcable 36 toward the

e The BRARTY o Hareet G s Ga o i aievsiondt CesgRg priter
tecﬁﬁolo%;pqlajé ﬂ%legér&)‘éﬁtl@fj LpaieRbs ]5394438%? ,@%‘I‘Fi Yo LS e

anou can be dispensed. "Thé in di’'sperse
6,00014d526,$U0434; 6130 958 5; @398, 86U snd ét7§d %71, EFH ﬁwlﬁch deancorporated
IIprl nt head in system 10 can include alternative
he H‘pl?ye At ons, as shown in FIG 1A in US. Patent

NO. AR, ﬁ@&hé@fﬁ ﬁl%%xﬁ?ﬁﬁl@ i %ah{‘to 1H&u&é3£ﬂye;§§ﬁ%b@ that®l,-

For exanpl e, the print head can i1ncludeé a
inctlidsiog i mldmmtadi to gnkg ulycke p3iditse partible loated isadpleasiomss, or other

. spr t ens mechani sm can be used, and an air
Sm%“%tﬂé(ﬁ’ IBGIES(LP Hgsed to turn the air supply on and

of f AsTR& ﬁérelhdth@%myfﬂ@ﬁt %ié%lu%[n A sistite® bredhedn® include any
pr esent | nvenfl on i s based on prl nt er

print medium known in the art, including but not limited to paper, plastic, polymer,
synthetic paper, non-woven materials, cloth, metal foil, vinyl, films, glass, wood, cement,
and combinations or variations thereof. The print medium or substrate can be a rigid
material or a flexible material.

FIG. 3 is a diagram of a system 130 to use the printer to print ink onto a substrate.
System 130 includes a print head 148 mounted on a track 142 supported by vertical posts
144 and 146, a wall, or other support. Print head 148 corresponds with printing system
10. A drive unit 134, using a motor, controls movement of print head 148 along track 142

in an x-direction as indicated by arrows 140. A substrate support 150 is located on a track
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technol ogy that is described in U S. Patent Nos.
5,944,893; 5,972,1 11; 6,089, 160; 6, 090, 445;

W@ 2809455, 6, 319, 555; 6, 398, 869; and 6, 786, 97RCT/EHE1008/650013
whi ch are incorporated herein by reference. As used
herein, the term"ink" is nmeant to include any

13€i nented material, including, but not limted to,

ich gpuls begapperecd bz YQTB‘F?’é DPPYarald o odjss epnens A grive unit
t L)
13? edrl% a%B@ok Ay hédfolB %%Iggl ubsgﬁéi a?ezwpﬁgsré‘iﬁgglﬁtﬁg tu% L0136 fifa y-

dirtdttinug énditite by o B 81 MA kiigstatd dantbld encamted drivehandise@ffixed to
but not limted to paper, plastic, polyne synt heti c.

SUbSBISSUDPRSH Yo Bha Hap F Daffcen Cail b FIntebBAN i pRbstrgicriy) print head
14§. kﬂ@%orﬁiﬁgﬁﬁrﬁer La .hr%eoq‘fbg{terﬁtqp?%gﬁ%um {h% '}8 al%aéedcnal%vement

varl a m or subs

of pentehetd g4 flalong aﬁclal42)ztnd&hé bebstrble@nabearata@suppbit G50 Along track
a diagramof a system 130 to use the printer to print
139.nk onto a substrate. System 130 includes a print head

148 4 147,
Taa e 190, SrdepRSiKidd i BRANE Sy LRI b RRbIGRRRE S
cotevlfee Spaietsronichlly portriils prgntsiesd e48 ikl drivedimiity e 3RRhd 1318fr

usi ng a not or, contrgls nmovenent of P int _head 148
moavw bytraie puppgyt 15 and punthsad A8 gissnestivyeiyi €amptepy00 can

1nc?1[d'eoﬁ §%&?&9€\]ﬁ1 Cﬁlf@mfb&f gé goe g&&ﬂ{st. al'gfg-gbl%r 119G q‘ﬁ@ oft rnore

trac upported by~’a verti post
applidationsor140t ketondarppairige 1R0dbr previding ndk3glatils istogage of

notor, controls nnvenent of substrate support, 150
infgynaa{igni phRub aRyiqen! 18 Torentering la?Pr%ﬂ?w OBEN s yNig P BIRELCT

106“3a8pr0%s§&b@t2rf31t &e%@tﬁhg?%gﬁ?é’t%@ do e,rd 19%{1 5§72 at Eéc’éﬁ&iabrg

t’o 'substrate support I ne or ttern can
stoprge rifZé;:bnﬂs atceived feumb stiathdresobnce pan (mtpli?teiadlc&488 forfeatputting
confjgura of the Ilng r pattern is determned,.b

infpypatiof oty ﬁéfrefa%\?a&éwl infarqeonyes dudigdonmging adistay
de\;%@ 1 ?ﬁf‘ﬁ{)r Hﬁﬁla?”%shfo?ﬁﬁtl&{‘mss}igﬁi 5@%&1&11(%}1'%9%1‘1111 %Iﬁﬂu@é}g 00 can

track mput er , corresponding w t
opnmraﬂlyoﬂldlmde bionancionged meoverkphenethe tomeiohh mtraﬁé’t,, or other type
electronlcally controls print head 148 and drive units
of %O,y 134 for noving substrate support 150 and pri nt

h ea@oi‘xﬂ)%ter 166 PEEDHA ﬂl%byamm%ﬁfroljrggv&%t bf]ﬁtllﬁ{ql%ad 8% along

exanpl e, the follow ng conponents: a nenory
traglt 643 engi swbstrade suppog 150 along track 136. In particular, cornputer 100 can be
programmed to electronically control movement of print head 148, via drive unit 134, in
x-direction 140 laterally across a substrate on substrate support 150, and computer 100 can
be programmed to electronically control movement of the substrate on substrate support
150, via drive unit 132, in y-direction 138 vertically with respect to print head 148.
Computer 100 also controls print head 148, as described above, for movement of the wire
and delivery of the ink from the wire to the substrate. Computer 100 can also be
programmed to control an air solenoid in system 10. The use of tracks 136 and 142 for
coordinated movement of substrate support 150 and print head 148, respectively, thus
effectively functions as an X-Y stage for using the printer to print a wide variety of shapes

and configurations of patterns, lines, or other elements. As an alternative, lines or patterns

can be printed using one of the following techniques: coordinated movement of print head
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applications 114; a secondary storage 120 for
provi di ng non-vol atile storage of information; an
WO pa4devi ce 116 for entering information or PORS200%050013
into conputer 100; a processor 122 for executing
applications stored in nenory 112 or secondary storage
120, or as received from anot her source; an out put
149 tihe &/-dinegtiom andhanbpiiate S¥RPOFEOrE oriregigahmayement of print
r- 0 r 0 I
el LA b, RS ol ARty B Blo B P LR sBfePis0 in
bothi tﬁ@laldu@lﬁtlcﬁuﬁidquﬁsmlonf orm Conputer 100 can
optionally include a connection to a network such as
t he Copwatdhd PO cynalpabe Bipgrammed torqeatrot thp grigter futrpdplprinting. In

g O A AT RS it R
purkbPOradlad dgedtioacwhilS6thet orifdas sipgplyiap aircanputegled bbveahe air jet

be pr %ranned to electronlcally control myvenent of
cregied by theHest euBce t9jhelmelingidatgsonicakdivergence.of itheRaint@s itig gulled

ﬁn gLl % g 1%8%K%1&yp§érate on substrate support 150,

conmpu can be programmed to el ectronically
control novenent of the substrate on substrate support
via drive unit 132, in y-direction 138 vertically

Usgl Hyﬂé@ﬁalef apg nyﬂmhq%ér&wn @sHsiRtaVireoo al so
CONtALQoSerf) feh Q&o%efh‘é ep]r Jugéﬁ HERERI D Eis) F{eQﬁk res%rvmr to

m)vemsnt 0 e Wr Ivery or ‘the |n rom-t
thwmmﬁtWﬂnﬂhmos@Hﬁhﬂhbﬁ%h&ﬁﬂﬁmhébnmﬁﬁemaﬁmabsmgbeﬁed The
control an air _solenoid i

t
qua%ﬁgy é@%‘%ﬁ’l @pnlw tqAle spuface e?pea%?laﬁﬁs Vie feeﬁ%@aé%éh?ologw
eat%S??%Zf%*f%@ B R er PR P RRR g prgt hped o the

surficaganéror othai thpgs h&h@micctiamisnt for phik itk taampmieisxsaowmy Ft(ﬁS 1
a and configurations of patterns, |ines, or ot
ani? R Sillugatesy arsedinigy pystem or putige. a JLe(O& PALCTR QR aﬁ@ strate

iR Rt shiysi ng one of the followi ng techniques:
uﬁ'% Jﬁnated nmovenent of print headl48 in the

y-d Tlhe ptintomg systbnstebds togirevide ppasray 60thiennk, lwéhich can be
x-direction;. movengnt of print head 148 in both th
undsgipplgden SHaHCy e seysTb i Nt R GYEARHL maY PR pbere it s
notsrléﬁﬁ%dt Whbh 4 PixRPls I?néaﬂteto)%e%rfn?&f RN ROH %rv@ir&&ﬂ%';ﬁﬂ the ink out
mput er 100 can al so be progranmed to contro
of meldobuar bfades amsidn dionpof the ionice.| Wheathd systear is tmstbp psmtlng, the

witkipBbesh; The S b o Yhodidionts ol gt fanne (ko hgeess
thethhihicPRst THRRLY HRAFuds m&ROf 08 0AghEY oA RtddN BBy ink Rloving
on the wire. Simply stopping the wire does not stop the ink from moving in front of the
orifice. This effect is due to either the ink trickling back down from the wire above the
orifice due to gravity, or the ink getting pulled out of the doctor blades back up the wire
due to the venturi effect and cohesion of the ink.
These effects are shown in FIGS. 4 and 5. As shown in FIG. 4, an orifice 162

provides an air spray 164 across a wire 160. When wire 160 stops moving, ink flow 166
and 168 occurs down the wire and into air spray 164 due to gravity. As shown in FIG. 5,

an orifice 172 provides an air spray 174 across a wire 170, and doctor blades 180 and 182
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created by the first orifice to help elimnate conica
di vergence of the paint as it is pulled fromthe
waBasEss of the wheel or wire. Use of Hydr ophPdT/5S2081050013
Hydr ophobi c Areas on the Print Wre As descri bed
above, the printer uses a wre to carry ink fromthe
ink reservoir to the air jet, which blows the ink off
arepsitignedadipgfnbiis 1t/ Ae Vhipnvaiee ! Heitory wewtednk flag 176 and 178
' ' [ ' t f -
oo O (AP URUE UL, 250 BPRIA 6,8 ATEGBULAF Sy e
t he OnsknetiRdd tofdlighatotHi§ petentitigrmidesisabrndfcdi Bivalvecudin®@aternate
the print head to the surface,. am)n? ot her things. The .
str%%ﬁghﬁdg%mm arey K2 4 hyeleanbpbie argas 18hena wire FH0gess shpwn in
J A4l . . :
PIGHE e ol Fop 3abis st} G E Ry AR B B e MG SRl groples. s
sh@vn imtEG. 7THae dedphdts gh s be blohventiem tige wirowiithehe air jet, creating a
.overspray of the ink, which can be undesirable for _.
disgista walwmi gl oF he helreghobicareas 1R afsorasktodilesksihaflonesf ink up and
. i 17 e Ot eaU] L el
L I
redubkg@utrspfaytaneé qdaaizing the ades @aviten Dependingluipdhithe type of ink
orifice. Wien the systemis to stop printing, the wire
usqdg itapgypsthgre tgeheyithe hydsgehilig pr @fdr?m%&qrﬁqség thg wigp, For
oS S0 B B AR BRSO TRl ELGh Rkt n
wibydhank tanthe hpdrophotitiercas.re. Sinply stopping the wire

does not. stop the ink fromnoving in_ front of the .
or i flhg &Virean de &pyted pr PLacHyjee Wt@g inppader it grepigehe hydrophilic and

i . 1 W r V r . . . .
R B8P AR O AR ER IR PUIRL R s
(DHG;t bambn dbles cavbark(RIRCY, fl@owipolynotue pblyntdie andwtlarres. Example of

ffect and cohesi of the ink. These effects are
S@H&ﬁm?mé pegide the %ﬂawsqg- ASCHRS P 13PNt a4l qrPig e
treffenP! P @%?op[ﬁ{ﬂi@ér_%asscﬂf @Y whRA A G038t e M b8t €Dard iR Bons of
wre 160 stops noving, I1nk flow 166 and 168 occurs
thedwinm witheutviny €oating. i Exaopddsrof spmtayal st d dal erctie hydeopholyic and
As shown .in Fl 5. an orifice 172 proyi n ajr
hydigpaiic 1%0%&10@% Sy fgierod a1 #8iclaHg by nf qu Betelgo 352,758
whiddid EcoBR2atbd RAeMH lﬁﬁﬂe?&@r{&% Wxﬁﬁgl%zgf pl\é\g}ﬁﬁ] tréhthRntlAf corona
stops noving, ink flow 176 and 178 occurs upward from

tregtoehoare bicsuibsd 180espadives2 U Sit Rutait Nos pf, 888, 39PandiLie93%I1 82, both of

the venturi effect.. One method to elimnate this
Whgﬁ%&aéﬁmcamogﬂtﬁ%%rgﬁnﬁ%fﬁgﬂwect i nvol ves usi ng

al t &¥@fs®in amorphous carbon system including a substantial quantity of silicon and
oxygen that exhibits diamond-like properties. In these films, on a hydrogen-free basis,
there is at least 30% carbon, a substantial amount of silicon (typically at least 25%) and no
more than 45% oxygen. DLC is an amorphous film or coating comprising approximately
50 to 90 atomic percent carbon and approximately 10 to 50 atomic percent hydrogen, with
a gram atom density of between approximately 0.20 and approximately 0.28 gram atoms
per cubic centimeter, and composed of approximately 50% to approximately 90%
tetrahedral bonds.

The use of DLC, or alternatively DLG, is desirable to create a durable surface

energy differential. It is desirable to create a very durable surface on the membrane of a
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stripes of hydrophilic areas 192 and hydrophobi c areas

194 on a wire 190, as shown in FIG 6. The ink 196
wW@ri0skst7enl y to the hydrophilic part of the w PE&/US2008/050013

creating droplets, as shown in FIG 7. The droplets

can then be blowm fromthe wire with the air jet,

creating a discrete volune pixel. The hydrophobic
wigigiyin §a1chl HUs deeblesuBheKOUAelIpw e pintheRd tepbceatgened

v

oc&?fﬁﬂalﬁr\gr Ay eﬁlﬁg ?h%?le\é}@g sta %c@w@%e% tgﬁ élg%\ellgﬁg rerhéé@egstugf"age

maﬂfh‘ﬁdlﬁl |121sr1@s§1h1e td ﬂkpdsn attl’ﬂm unti foem 143ep sﬁDLE@wpcnymhﬁsubstrate If
pe of ink used, it may adhere to either the

therﬁﬂiiyra@lﬁubmatw TR élgﬂwmt g dhpsousside pretage o themgpzle membrane
wER s PLCRSLENRERE dNtaioy SRR TR WP v atfaesmerey

malte@ial, ieakiyglit eplaahtlo ddfifieals for Btuititd @eic@n abé radadh ol tioit surface.
otherwise treated in order to create the hydrophilijc

Thigrfgathirdr gpa grike iteh Biealt fesagmpire et gk G GaSCRETR g&undesnfable
!
effé@% %ﬂétﬂg _pI'lF eféla I, %Wcﬂﬁ’cztbl_ émr%dnér# l§6ra easﬁﬁfaé% w1 asl%ser to

car bon of opol' yners;
wipdithe Shﬂf@d&eﬁeanﬁfr’diimhﬁ totingu chetlogpdcrm Rtadilitn eﬂlde@bﬂhys of the print
fol |l owi ng; etchjng; pl.asma treatnment; and a corona

hegdsavauidb ¢ impraged '%BbHWPP% areas on the wire can
aI t P;@Eﬁ&/ BLY £0 H&U‘lﬁ% ?eﬁﬁg { 109{10rf @&ane 11/185078,

ut any coafing terials use

ﬁlezdr]a&,t 20,2005, o;plholblsanmploﬂagedﬂmmm by ecferegecons on t he
surface of an article are described in U S. Patent No.

6, 352, 758, which is incorporated herein by reference.
Egs of plasma treatnent and corona treatnent are

escribed in, respectively, U S. Patent Nos. 5,888,594

and The 988t Hd usébtolprof inkhfioc theaxempleaofepotoat rtht hesde¢amsistent

: f DLG h b
withflf B G To05 T FaIETQELAREy TOF (S EaoRnib<eh i
exérﬂ@% d@%lﬂ'bpé e d‘fjsltm 'Bgtwle'eh @neosffﬁ)@ &h Eﬂegnt?mt h@a(f a{h%stﬁ‘e falllflt'lﬁedlum

on a y rogen- ree basis, there is | east
The &arindhajr paessuils! reforsita theaﬁgl,lwlbd ofr pséskure cappléetdytplth@d)ﬂlﬁcedﬂock

Th, P BT s e s (R e O TasRES SeR v osives of
thel R bRIdeMThHe @ﬁﬁ?&’é@émﬁﬁ‘&q{%@ g%t@@cﬁ{ B 'eHQésedehe]&cE& e and

atom c percent hydrogen, a gram at om density of
thebetrove€ne @pps tpaiimtaekcity'Q ”ﬁiﬁnaemdelampom'x ian@' p}illyt @cPBragipahmefer to

the, wgqcbt%' %:rg?lé%%fogoeg%%tnc{? glgﬁ?lw p?'rgglg?eg ng‘%gg prograrn controlling the
motor. The orifice design OP-001 refers to a three-hole orifice in a substantially
equilateral triangular configuration in which a center hole at the top point of the triangular
shape has a diameter of 0.023 inches and the lower holes at the bottom two points of the
triangular shape each have a diameter of 0.02 inches.

Alternating hydrophilic and hydrophobic areas were formed on a print wire in the
printer. The hydrophobic areas consisted of TSS 8881 acrylic screen print ink (available
from 3M Company, St. Paul, Minnesota) applied to the wire. The ink was diluted in
methyl ethyl ketone, then applied to the wire in regular intervals with a cotton swab. The

hydrophobic areas were approximately 0.5 centimeter (cm) long, with approximately 1cm



tetrahedral bonds. The use of DLC, or alternatively

DLG is desirable to create a durable surface energy
waldoBeyeems i al . 1t is desirable to create a verRCHUS20$/€50013

surface on the nenbrane of awire jet print head. This

durabl e surface would allow the print head to be

cl eaned occasionally by w ping the head across a

gapschsbepieredppd helhadionhilicareas spwerisadr thabere e theal on gaps,

to deposit a thin uniformlayer of DLC on

Wlﬂh%upa[é’ OQ 1!S%Jbstrate. If the polyner substrate is part
of Wkaemitlm prebe@sbd do@ingutss apglisdifof tae vifant Reas I@BZ@HI@ adhering
menbr ane woul d have the DLC on it at the end of

onkygp tcaltdgentilic pantef the warcy giegtingodiorlgtst ddie deppdetgyvere then blown
I t [ f
et onn SR SRS shOsu SRl Gl o URLret St E b
Digvadte spdts of the igedehtw dt@rdrapletsiffotn jhetwitdkete@bsauseonthegapa
or undesirable effects.in the I n addition,

print head.

sulpfrate; dahlelepipvidas ths|ceating pasametess foptiyryemplser to wi pe

the surface clean fromtine t

o tinme. The long term

stability and usability of the print heads woul d be

i mproved by this cobilileg- Coktn@Pslabkrar e described in

Coaﬁmg'/Pazeme@ooa which is incor

pYiat ed herei n by

AL

Y EI grence. EXAMPLEE The pr Tt lﬂ%ﬁl({l Ub dl.v%ré)l Tt
61 he exanple refers to a pri neRe aeconsnstent Wit h
Paﬁlhﬁ)rﬁﬁlldﬁ“bnhead in the printef Cﬂ@&pﬂ’ob@%ﬂoﬁhgﬁﬁ’d wahe
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e
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Airh Sstuggm "shimthi ckness™ re
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ece+erat| on paraneters of ti

e programcontrolling the

Orifietdesigihe orifice design OP-

three-hole orifice in a sybst

@PLo0lefers to a

antiall \ nnlll |l at er al

Palt“ﬂ"%iﬁ@ﬁr{ ar configuration in \

WG 28ringhesspos (WéDe at t he

Pa%ﬂ) cizgperdﬁ of the triangutar 3

|nc es and the | ower hd

8 aS d OI alret er OT
)I%Zgg)tgthe bottom two

Pai@d&deter@font he

62.8 in/s’

Wire multiple

Wire feed = 3.14 in/s

Number of passes

1




10

15

20

25

30

triangul ar shape each have a dianeter of 0.02 inches.
Al ternating hydrophilic and hydrophobic areas were

WO orosegh7oh a print wire in the printer. The hyRCTpPEW0s/es0013
areas consisted of TSS 8881 acrylic screen print ink
(avai | abl e from 3M Conpany, St. Paul, M nnesota)
Igf ied to the wire. The ink was diluted in nethyl

C ?ﬁﬁ ket one, then applied to the wire in regular
intervals with a cotton swab. The hydrophobi c areas
were approximately 0.5 centinmeter (cn) long, with

1. approxttiisl ef forhéipapatchebie eibsat@asompidndlydr ophi | i ¢
areas conprised the bare wire, the | cm gaps, MAthOUt
any CES8HRS Ay at Ipest 8 poriontef gn ssteripbyufase pHR p@%@]e fkgnating

hy;‘ﬁgh%lggnaﬁ%&]ﬁﬁhd%é?re?snd was observed adhering only to

ydrophiI'tc part o6f the wire, creating droplets.
The celatingl 2 lastepetidh efnthb hourphilionmt hedisphebioaicas an the exterior
paper. substrate with the air jet, creating a discrete
Sur@%ﬂelﬂiféhepqa?@l"vlt@%mkete spots of the green water

dr o, gétﬁlgfal}]%q?b_{nl%glll t'ﬂ?e daSt é’ﬁ&%l\{ SP'th%réaBlQ%oQt@{P%th the ink; and

substrat pr OVI es the coati ng paraneters
t hi sleettaipdlB. donAbMug hdv#cemehtast thd cdbds thirdughah@ait ttegam such

(B PEIGH! SPORH A o1 ST PAGETOh BXEapl Wit &) HaeHlg and is
I t | t
de@é?t@gﬁb ﬂlflecﬁﬁgﬁlﬁg)gﬁ hﬂ I C andﬁ@g S%%E)elblng gr eagagn i

the exterior surface of t he cable W|th an ink;

dlretln an air stream,at the at | east portlon
2. thel Wrcdimyl, etk the pksatig gteg I“é“é’t“&‘é SPRHE Lgpmons of the

ext‘éﬂ&t sru?fal:é Qﬁth@qyﬁg GRITERE o? dhet ﬂaﬁo&‘?ﬁ&l %12{ cétﬁ]?"%% élgﬁ @lafnond-like

stream such that a netered anount ~of
carbempyv/dubrbpadymeh e pektnstri @ra slané.ace of the cable and is

deposited onto the substrate to forma pattern on the

substrate. 2. The nmethod of claim1, wherein the

3. Cr eqhl BRI Al U %%re‘ﬁ?ﬁ‘ﬁe'c?&tlﬁg ﬁkg Qﬁ@u(%fs tltegt@ng portions of the

exterior surface of the cab ne o
extenbi mnfang of tik aatn dsihg loee gf tisSollaiiagpadhinigke pkaamb tneatngent; or a
fluoro mer; a polynmer; or a silane. 3. The nethod
COT&P*‘EFQFW‘ wherein the creating step includes
treating portions of the exterior surface of the cable
usi ng one of the follow ng: etching; a plasm
4. t r edt methb¢ obdig#al printing to form a pattern on a substrate, comprising:

providing at least one paint injector, the at least one paint injector having a wheel
rotatable by a shaft of a motor, an idler at least partially disposed in ink contained in a
reservoir, and a wire-like member disposed at least partially around the wheel and the
idler, wherein the wire-like member has alternating hydrophilic and hydrophobic areas on
a least a portion of an exterior surface of the wire-like member;

advancing the wire-like member with the motor to apply a coating of the ink to the
wire-like member;

electronically controlling the position of the at least one paint injector relative to
the surface and electronically controlling advancement of the wire-like member through
the fluid stream; and

directing the fluid stream at the coated portion of the wire-like member, while
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corona treatnent. 4. A nethod of digital printing to

forma pattern on a substrate, conprising: providing
W@Ro0BO2E515 one paint injector, the at | east oneP@HU1008/050013

i njector having a wheel rotatable by a shaft of a

notor, an idler at least partially disposed in ink

contained in a reservoir, and a wire-1like nenber

confradlegs g pasitipe akthepaint indpetgr anddhaadvanecrogié ef therydre-Hise member,
[ rejnt i ' r : t
thep i RE L Lo i bl S8 FRTAR e S, 8LV IR M ncrmber
an®lcpaRit@xtiediten sebytfafae feim & hattarh bethd ddstimeber ;
advancing the wire-like nmenber with the notor to apply
a coating of the ink to the wire-like nenber;
el e Leal 1AL.G L - i t he.. -
5. Foadtt BRMRRLJELISANE Seld theiphfiBRE plch Bl opRi nortions of the
extetiecduifane 68dhk witehite membagyiddvenetne fdllovfing: héiamond-like glass;
wre-|like nmenber through the fluid stream and
disgonddikersgrhonea flpgrogolypiceanpodymeth 1 & §i%6d porti on of
the wire-1ike nenber, whilecontrolling the position of
the paint injector and the advancenent of the
6. W 1 &ht inleghoaieoflettin 4, e ediyy thegiaviding seep ihdadds teeafiog poraidns of the
of. the ink froman exterior of the wre-I|ike nenber
extgpar Y36 Pt the gviverligingmaersisig ngrod ﬂteofoﬁ Vs SHiigeaplasma

tre&ﬁnehp%rﬁlégﬁﬁﬁ%gnneﬁt The met hod of claim4, wherein
t he i ’

provi ding step i'ncludes coating portions of the
exterior surface of the wire-like nenber with one of
the foll ow ng: %i anond- | | ke gl ass; dianond-1i ke, .
7 car @@rﬁppéraqu%ﬁrr ﬁ’é"f‘l nting agigHeRn a Hbsifate; qogpuising:
Theargglg Q0 Rfngl-ai m 4, wherein the providing step
i ncludes treating portions of the exterior surface of

t he awhmragt adseciardivath argl mgvabieinait 1dabteonkealideowdmigiative to the
etching, a plasma treatnent; or a corona treatnment. 7.

SUDRRTSYNEMEus for digitally printing a pattern on a
subgf batigiecRPTRK BGhe SyrIHRP Helin® G ofnprRipar I i age
associ atlejcfcvvi t uand rm?/abl gébic’)n ealt I éast ooneprﬁi1 ection
rel ati veatnmtothevengpptdtatde shedt,ure; an i nk i njector

secured 1o nafrofiinié B e shif of I mthe et O compri sing:
an idler; and
an elongate segment disposed around at least a portion of the wheel and a
portion of the idler and advanceable by the wheel, the elongate segment having
alternating hydrophilic and hydrophobic areas on a least a portion of an exterior
surface of the clongate segment and has a quantity of ink coated onto at least a
portion of the elongate segment;
at least one fluid nozzle positioned and oriented for directing a jet of fluid toward
the at least a portion of the elongate segment to remove an amount of the ink from the
clongate segment and direct the amount toward a surface of a substrate to form a pattern
on the substrate; and

a controller electronically connected to the motor for controlling rotation of the

wheel and for controlling the position of the carriage relative to the support structure.
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a notor having a rotatable shaft; a wheel rotatable by
the shaft of the notor; an idler; and an el ongate
W@ ewaem713li sposed around at | east a portion of P€TES2008/050013
wheel and a portion of the idler and advanceabl e by
t he wheel, the elongate segnment having alternating
hydrophlllc and hydrophobi c areas on a | east a portion
8. of dhc erpasrtpdef deipt cehaeinpreions of fetextasioy serfrce g therpdangate
ont
seg?ﬂe%:’ @{%odr?%%aé legﬂe&lr%e o%?ﬁaé Fo?lol el cﬁ%rﬁé (fﬁfte glag d alnpolﬁdq ke carbon; a
ﬂugm@bbmﬁmeﬂmﬂﬁmegbtelﬂad;for directing a jet of fluid
toward the at | east a portion of the el ongate segnment
to reane an amount of the ink fromthe el ongate
seg
O cuberr apERy b Atk F 10 ATRABH A OUEIE L bARRERN U clongat
se gt ml ttaaredalsaptonenif el fojlowipn ecdhexh; agpldsher traatraéntf @ra corona
controlling rotation of the wheel and for controlling
regti¥nhosi tion of the carriage relative to the support
structure. 8. The apparatus of claim?7, wherein
portions of the exterior surface of the elongate
10 s egmenpparaeusdoafoeding 4 utterreorod sutisaate pddnopm sivgs:
di anond- 1 i ke ?Iass di anmond-1i ke carbon; a
f 1 udh slssrgmedly congslishiedriveomeghagismine. 9. The

app sﬂ'ﬁ&ﬁ%eoafs%&llé%%c{%zch tPM‘éﬁrf\%' Iﬂeéﬁgﬁlgﬁl%a n?cfv gféech&)éf) ,g)%]l%'fein at

surtace o e elongate segnent are treated usin
lcasffa pdraoi of drossteripr setfedd ofghe stryzinas has dltcemdtimgitydrophile and
orona treatnent. 10. An apparatus for formng a
hygraphehinaisas; a substrate, conprising: an electronically

con gl RAbE if e EARGNANLSIhAsRlchite Rt RpAS8 inRlofht least a

with rve nec ani sm and nova erein
podionlo At st@ctuoe;tandn of an exterior surface of the

structure h s al ternatjng hydrophilic a d hydrophobi c
ar edkleas{qng wdsrm%f giavwgéa%%ﬂrﬂneél%ﬁo 16q,pgpfapncd and oricnted

fo ifdGh ét%efsPBnéjj%Pgisﬂﬁlh Rkt RBstApdrEABEf tBe RAIHRR0 Fmove an

e St uct ur e;
arnount of the ink frorn the structure and direct the amount toward a substrate,

wherein movement of the structure relative to the at least one fluid nozzle
substantially controls the amount of the ink removed from the structure, and wherein the

amount of the ink directed to the substrate forms a pattern on the substrate.
11.  The apparatus of claim 10, wherein the structure comprises a wire.

12.  The apparatus of claim 11, further including a biasing device associated with the

wire to maintain tension in the wire.
13. The apparatus of claim 11, further including a mechanical metering device in

contact with the wire for removing an amount of the ink from the wire before the wire

passes in front of the at least one orifice.
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at least one fluid nozzle having at | east one nozzle
orifice positioned and oriented for directing at | east
woer@sjoet71Df fluid toward at | east a portion of P€TES2008/050013
structure to renove an anmount of the ink fromthe
structure and direct the anmpbunt toward a substrate,
wherei n novenent of the structure relative to the at
14) eadte aprargtpyphiclpay 19, éwksezmg paritona pf she esterippputacpef the structure
f
areﬁ%’éﬁt\mﬂ} &e og &%Q%tllo% ﬂa&%ﬁd’ﬂdfz@ gla g%%xf) Hjltdﬁl(;‘\keacggoon, a
ﬂuamgsbmﬁﬁgiﬁﬂp@@n@r@aﬂ&grn on the substrate. 11. The
apparatus of claim 10, wherein the structure conprises
awre. 12. The apparatus of claim 11, further
i nc [ :
R B T R LA
areCthaatod uking dngrdf ey fol lowingdi ihidy; Mgtdsani teatmer] @4 d@ona treatment.
device in contact with the wire for renoving an anount
of the ink fromthe wire before the wire passes in
front of the at |east one orifice.14. The apparatus of
cl ai m 10, wherein portions of the exterior surface of
the structure are coated with one of the follow ng:
di anond-1i ke gl ass; di anond-1i ke carbon; a
fluoropolynmer; a polyner; or a silane. 15. The
apparatus of claim 10, wherein portions of the
exterior surface of the structure are treated using
one of the follow ng: etching; a plasma treatnent; or
a corona treatnent.
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