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v ELECTROM C Cl RCUI TS AND COMPONENTS Reference to Governnent Gant This

i nvention waosoormate Wit h Gover nnent support. The CGover nnment FERyUSY8RE08S

certain rights in the invention. Field of The Invention The field of the

i nvention is prPRINFINGIORERECTRONIC CIRCUITSAND COMPONENTSBackgr onnd of

t-he I nvention Electronic circuits and conponents are ubi quitous in al nost

every field of the ' 10 nodern world) from conmunications to conputing,

t r anspor Referéiiee t6&GoVELANIENO Gadt ON, storage and control, consuner goods,
radi os, navigation, and so ftorth. In each of these fields there continues

to be a demanpyl oveARAAGE he il Gy ?rﬁﬂéix?gu RS ThE BoVernifentth lﬁﬁLS’ and
this demand in turvn nani%estswe{s a 6us ordpgver nore 1 nt ggr%tde circuits
and chnpeemain rightslit thhimventioni est el ectroni ¢ products were, of course, wired

. by hand. While sonme products are still produced at least in part by hand,
hand proﬂu&g&ﬁ rgui t!.boards have | argely been suppl anted by machi ne
printed 8 and discrete conponents have | argely been

suppl ant éd by.hi Nt egr at ed _conpo ts such as LSl Cs and VLI Cs. Despite
t hese advance?zrlkerﬁ"’gf5 XE@S {IVERIQN 1F BHPtg“D%fgefreég'gmﬁl‘:gc‘gfsiaf‘&c%‘@ﬂ%'?eﬁst y

manuf actured 20 by printing a circuit board, populating the circuit board
wth Cor@m&ﬂd olle Thwentiohve sol dering or otherw se coupling the
connector pins of the conponents to the board. There are a few devices in
whi ch por t i ongle@ifonidéiftufts afddompdfiéhts A8 RBIGANGSE: i aBndsPeRrPlicldF e Pri nt ed”
using ordinary printing techni ques such as silk screening, and perhaps the

nost & ombderk world, Bsmeomannicadonsde cemputingstransporaiohognerzyqmoduatiamd ot her

Il co ner. 25 ies. An ex lLary . descriptdion §s fou in US
02505 TR neCsnRR ol s SRR B B SR o ap ROt o1
limted fields thetetoantines tebela dedigad ex plodusf evensmaller and lessexpessiveyoditts;) and
t here remait[_l,ts§ a cocﬂsi derabl.e need for_nore versatil e apparatus and
t echni quid thisdemand,in tep manitests a2 RN feosHsHMOFR integrated circuits 9d 00/ 10736 , ~ 9
~F~E B 2%05%598/ 25088 This situation results at least in part from
production "of circuit boards by processes that are incapable of providing
the nultiple layers needed for many el ectronic conponents. For exanple) in
a typf cal phoThd éarliesteleqtopicpradictstwere, of tourse; iwirediby handir Whilaserseal il m such
as copper i,s applied to rigid, nop-conductive,substrat.e, ch as
fiber gl aBoduots €k Ul pedupedat edstih nert by bandy hind procuceR St hAsrs N (o ¢ he
Subst r at ggefi ket sﬁk}ﬁ&ﬁé@&y‘ rﬁiqhﬁﬁ.%ﬁﬁ:d%%&t bbidad, aha Bisérete chipopQRd KhveS exposed

to a light” patter sing "a I1ght mask to reproduce the netal pattern
desi r ed) largely beep supplantedsby highly inteprised edmopanentsisuch asd S ECopndbMLICSEi nal |y, the
entire board is imersed into a bath so that the applied netal |eft

unpr ot ect ed : i C .
phot ol i t hogr g%ﬁ%"@%‘?‘gg%&“?é‘%"f‘ FSQESF}%\%%G{)%Q? g‘{‘m e %gtl?%%gﬁl?%ia&ugag%ﬁct ive
net ap0 pabypastinglcircan board, popalating thatcircuit board withepmporednts) andihieaivavelgy a

duci bl e netal conflex. In one such prpcegtsh;; a substrate is coated with a

Or bi t ol saldgsingror pEicRise caupling the §oRASAIOR Pl B4 ths comBPRRRLS tohas beprd. ddges ng
o coppert P RETSIn fhict Berdhte B B cAER b mpdRBRE ARG BPREET L%V e
such t ectprinted® usiag @rdindara piftingfte¢hniiius sueh as sitigsceecningpaml perhaps die mosal i ty and
{videly known examples are battery testers employed on AA and other small consumer
25 batteries. An exemplary description is found in US 4702563 to Parker (October 1987).
However, such devices are severely limited as to the type and complexity of the circuit and
components, and there remains a considerable need for more versatile apparatus and

techniques for printing circuits and components.
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defiinition, they are not well suited for depositing nultiple | ay]egs,pr
especiaply multiple layers of different materials. Especially inconsi st@ﬂ%
W th stand%rd circuit board printing techniques are printi ng of nultilayer
conponent sYAWAYEE patteries) which require specialized mat EFTHPS2508 ¢ he
anode, cathodg ,and eJectrolyte layers, 20 Silk Screening O her techniques
conmmonl y usegﬁi‘bsﬁgﬁnﬁ‘f‘ resufts &t leash Bipagtfyom pradugtionsoficircuit beasds bygprocesses capabl e
of printy | inting
ﬁxggurut céﬁafsﬂlgo{ provid gtm{'ﬁ-nuftﬂ?é'lag&s H&tdng g?%?%@ﬁ&ﬁf%ﬂé%ﬁgﬁg 5148355

anyt hi ng I npl'est elfectronrc conponen exanp

to Lowe Fé&emhmpltdihZ) typicabpliditalithappaphg pedduetiicol 4 ircuh bodrdod merrfilesuehn by
reference) circuits and el ectroni c conponents 25 such as conductors,

resi st or 28 coppgras applied to amigid, Ranrcondyetivessubstrate; Sucheas fibpralass desheetaf thecr een

printg¢ ng, Qf . ' resy sid s |5 clainmed that
Cove: & "prbulRle i R BRI eyl SR EphlGielilBoned bupiel 2 70 15,
of one alaniifdte. Theibohrd!ib exposed o Llight patteny Asing @ tightahask tartepfodace themeétalli Ni mum .
spaci ng between_ adj acent conductors on_the order of about 0.01 inch. 2 wW

O 001 107pastepsiesized and euposyys is Lollowed by phatsresist developmentaFinally, the entire s

accordin . L f.fer | ' | suspended
as di scrg%a%&)gg %ﬁtégsl ?ﬁpar%#lgéga%%hg?&\}lgg "*ﬁ%ﬁ%‘%w@@%‘ﬁp‘% %{}}gkﬁ(’s‘%ﬁﬂpart I cles
may neascancbeetdhgd away. 30 anbtherphetolithagraphizt process, iri khovastodosm electfiedlly t r aces
and |layers in which current is carried by particle-particle contact rather
t hanlby gpndyetivermetal pathways by coating asubsiiaie with a sompesitinn qoptaining4 segudibleat i vel y

poor con h reksl ls i s : ﬁgﬁ{: trace to

sever al {tﬁ:d{r;r%g&t lg*'dﬁxa&n%tsglrﬁgl?c%hﬁ“g%%&gg% cégtrk%‘ i\‘}(l:‘ihrepssb?bé‘wﬁp ur{’ﬁag%, t he

@t ent i asolation cdntaining & photbaativaied reducingagentatipsn axpbstreito ultrapioket tadiatippear s to
se a probl of suffigcient significance that .rgpeated depositions, at

T gt ovigasked Sreasa rediosto chupks sl g papaitye? SEbt board pasied 10

Anot her gdepgpdvantage is that Lowe is linmted to printing electronic

conmponents that include only conductive, resistive and insul ative portions.
Lowe offers no guidance, for exanple, in printing batteries where the

el ecl¥ odes maWhaldsuch teghniques wrecapahle eEpreducing single tayers fhighiqualisy and r ol yt e

o nt 1 ngotsiih el it ot S b ab¥o a1 lel, e ARAe B < 1o
scr eeni ngf difféfeAt MaRFaMCEecialpitconsistent Withistangarditirclit beard pintingGeshhRfled Or

el ectronic conponents, they would still be too slow for nmass production of
ci r cui t / arc/psinting ebmylileyer compancatsuehas batteriess which sequise speciali teddsed

printing Q%Em d intaglio printing are desired. US
5127330 {Jcl; a?g%eatel}%ug%@?jﬁﬁlﬁg " 20 discloses specialized inks that

can be enployed to produce very fine traces (3 umwide and 2 umthick) in

inta@0i o prinSilk8crdening here i s no teaching or suggestion of enploying the
speci ali zed inks for producing the nmultiple |layers. Sone work has been done
on hi gh- speedOdies téchniqaascotienardy usedrto printdircniy boérds Isech asailk screemigm arent s) and

resentat|ve discglosu f such ,prqcesses.are di scussed bel .
@p capaklc of prinﬁng muit?pie ﬁye,rs,%ut I}Pey ?lo not lend themselves to p%ngng anyal\%g but

the simplest electronic components. For example, in US 5148355 to Lowe (Sept. 1992), the

disclosure of which is incorporated herein by reference, circuits and electronic components
25 s}uch as conductors, resistors, cap;,citors, and insulators are produced by successive screen
printing of polymer based conductive and resistive inks. It is claimed that Lowe's process
may be employed to deposit as many as 30 to 50 layers on top of one another, with thickness
control variance of 5 microns, and minimum spacing between adjacent conductors on the

order of about 0.01 inch.



25'* In US 5403649 to Morgan et al. (April 1995), the discl osurd ®fF mhi2is3
‘i's«incorporated herein by reference, two-dinensional inmaged netal articles

are fabri cav@do/eov3éebs by el ectrol ess deposition of catal ytiPCTiUShs25088 ng

rotogravure. It is clained that by layering thin l[ines of differing

mat eri al s, nuWhileedvaitagebusininanyomgys,protesses accobdingtoi Iweecsuffenfsérti thenge di odes,

oo 300 BEIR WHC PR SPERA B PR NPy ik By
centi poi qﬁ%% bfe d - isrbndinfdi i 6
PCTNS98i g@g%}é&k@ i n(?l?ses t atash&a no'isku? %S%IS%F?QSEI&% \%% Péﬁ@ggg’g{oﬁﬁ to
permt ptraces and layérstin mhichcament is carsied by parfivle gutticlercontattrathenthamby £5 mi cr ons.
Morgap al so. refers tq the.use of Jinks containin redutchi ble petal ions in
con; uhct PO ESS, Ao & Jorming spvely BRoEeanRuctateths SAEIEIeSHE The
- Leachi nogrgkivBRBARS the Sheles! FRID15 SvRra infls BRMAder oftictirge BEicRESN
contenpl ated by I\/brganfall contain a polyner that remains as an rnpurity in
t he depofirther] theapatential for iscontinuitiesiin harsovatreves and thiredepesits appeatiitotpbseid y and
ot her func%’ on.  A_pr.evipus_patent, US 4921623 to Y, H_chi et at. (My
T00) i BYOLlegPESoeRFiem sfasiticRies b reBppsceBe R HORS, 2t SHBIM BGOSRt Bierrea. f r om
a sol uti ao..cOR @ dehidde feliaRRRG@EesPOWder, a binder, and other ingredients as a
"copper-t%hpe" c%adta}‘ngg rha!tﬂher ?shan a "copper" coating. 10 Anot her drawback
is that even though Mdrgan reduces the particul ate-containing portion of
the 1@k to | edgothendisadyaniageis thas Lgwe iskimited tognioting electronidromponents that
particul ate content .. As descktibed.above w th sRecCle10 the,Lo atent,
par 1 cul mcﬁlde;s’ngeﬁgds%gfrEimfa?ﬂé?@% feﬁﬁ*’gﬁﬂ%&ﬁﬁs ﬁwﬁ%@ C

ssi bl eexdiiié, ih Prin tteffes wher @d dl€dttodésm antBgedus idemetdl€© | NKS,
@t even there rggiri\gteaches that the [retazlwions In the sgrlts woul d he 15
reduced owidesrand thefelpetrolyts way eemprissadiquidser polymsr-hkeweialsopffem np guidance
Morgan' s. cant | ) be limted to plate-based printing
t echni qulengﬂpl‘f'él. g@%ﬁ?‘%ﬁg‘f&ﬁ'igh speeds of several hundred neters per
m nute. Plates for such presses can be difficult and expensive to
manufifict ure, Elattholes Depositiovvari ations in a design may require costly
redesign. 20 US 5758575 to Isen (June 1998), the disclosure of which is
i ncor por at ed Eeerifiknbynsitk soresning tetledqies sveteroapahleof printing therfinehéssg of i nks

using a roto vure process inmplenented in nmultiple stations.  Thick filns
are cont é‘?ﬁb‘!’g‘g &i,‘icéffﬂmﬁﬁm’?'i‘%’ 4 I’f"qu(ih/ﬁﬂl Bsrtag ﬂﬁwﬁ'gff Bpss W%@‘Fﬁ‘ﬂj’ Hown a
subseque : | | o1y hi hef ] fers
o muner SRt SHiohll SolBikAGH FoF sRABMUR hgIRF hebl iigiahnuts

el ect r op sachpiseffsetcandtintaglip pritgingrar@desired N8 §1 2733 fita Okazgki et2). (Bl.d992)ochr oni ¢

li qui | ect.rol ur.ni li qui d h f. spi k

o afly) diiosssperiabeer itk A SRR be emloy S o F1Eist 4T B8 radks (LRR Bdr 3R K7

that hi s 2RmPRR8S iﬁﬁﬂadém d#ﬁlﬁﬂg,tlﬁn Riefid 66 teckifig bf sughestibs 6f éfploging Gigponent s,
I odes,

i ncl udi ng 'swi t ches) , Capacitors, transistors, resistors) inductors,
i |'s, bapecialized inka fier predusingsthe multiple lagers. Borpe wotkhapbegdone pa digh-speed

prr/ustré

-

ectroless deposition printing of electronic components, and representative disclosures of

such processes are discussed below.

25/ In US 5403649 to Morgan et al. (April 1995), the disclosure of which is
incorporated herein by reference, two-dimensional imaged metal articles are fabrig:atcd on
webs by electroless deposition of catalytic inks using rotogravure. It is claimed that by
layering thin lines of differing materials, numerous electronic components can be printed,
including diodes, resistors, capacitors, batteries, sensors and fuel cells. The invention seems

30 to arise from an especially low viscosity (about 20 - 600 centipoises) class of catalytic inks

3



Processes according to Isen suffer fromseveral drawbacks. As #8HFIBv0and
Mprgan) |sen still teaches deposition of a carrier (liquid, ink, etc)

cont ai ni ng&@‘ﬁo\%ﬁ particles. The existence of such parti cﬁm%&g&gel y
or

-affects co y and other function. In addition) the earner | sen's

parti cul S | | [ € S, e taught to

Phcl ude Befifgs tiaRabbu 09 LoRED ahd whitHehlio TRl Blding tifges i o

envi r onmimeral (viiith) resolutionssof 25mmiordels.t Merfgan kise Refersas R st binks eintakhe
carriers ipclude oljgoperic materjals, which may | eave undesirabl e residues
(see gen&dicibls metakions in onjyngtion with a redueing agent sighiap Reetate andaMIBEBRES t 0
Hoover et al, May 1987). Isen's process is particularly poor in handling

I nst ances whe 10S, ' ' i : ion as a
l'iquid. For e@ﬁ%ﬁ%@?ﬁ%@@fﬂﬁ@éﬁ#ﬁ%ﬂoﬁ%@ dé%@#?%%’%ﬁ?@&use in formng
bat t efi esontemplatddeydorpan el ositiih @pobimertifat fmaimsae an tmpwity &l @6 degsitéEs
presumably because sinpl.e deposition of a liquid electrolyte would |ead to’

evapor at ftery. Pycb impurtiesadyersely atfeqt condustivityaad othes functien. dvpresions pri nting a
| ayer on [ 0Ok i JofAL: . . | .appears
to be li &L?g'?je{go@p%?g%ﬁobas e%u%ﬁ?gtai Q\gg't iedc9 ﬁmlgﬁl«@p@&l@ ﬁﬂ%g L‘?‘%?B&“Z@H?‘E)

f | exogr apithe depdsitformeyt from asolution contiihing a poppes powded, sbinderpimitatifercan be
costly to mapufacture and mpdify. |sen suggests, for exanple, that such

pl at es cé‘?ﬁ’?fg"%ﬁﬁ é’@?&?’éﬂ’%@ﬁé‘&@?ﬁ’mgnﬁwg AN fficult techniques as
di anond-styl us engravi ng) chem cal etching, and |aser inscribing. 20 Still

anot hgr set OfAngiHet dfaWbhEIETS thik Evﬁbntth&gh%&&Fﬂf RAfCES tﬂc%&m&tél&gﬁagéihgr oughs or

i nterconnects) between layers are contenplated to be produce pi kes
(ginet r at pagionws therinkto lkess theme & wt %p Margan stitl yequiresia substantialpattieutste hod of

oduci ng _inter,-| ayver 40N be espect al | roblematic in
i nt ercon @ﬂgth(f‘ﬁ @é%'}béﬁgﬁﬁ‘g’m%?&ﬁ%@%wtﬁ&%ﬂ%%ﬁ ?&éfﬁ‘h’g _
layers. 3Zffeétd findfbn. OMotdaniddesduggesk podibld sibstit@iontT nfdtdl paitRlate WiReRAENt S i N
whi ch a portion of the conmponent is printed using conventional high speed

pri nt i ng salpintheinks, buhevenitkere Morgandeachesthatithe metal ions inghgysalg woslil besi ng sone
ot her,.t echpi su s lam nation. A good exanple is US 5603157 to Lake et
al . (léeb.ru{i'@%gﬁ'”?eﬁﬁL %P“%{r‘}glgﬁg’ ?'891 ve retaining ring for a button 5 i1
9 F EB, 2d43 wo oono~3s pcrNS9gnsosa battery is printed on a substrate,

cured, and t henotliek deatvbatk i8 titat Moupents coheeptiomwapfietrs t6bé limited foyslatasbaskd f oi | s
are lam nated ontq opposite sides, of the ring, and the | am nated product is
t hen cut PERHDE teghniguesthat canprint at high speeds,pfseyeral hwndred metess perapiputes partial |y

but not ' &g%& vaf bt B 1aS ool of
printi ngfpg%%%foglg*c@ | ?racggalafﬁgmeﬁggét%%ﬂﬁwg t@@%ﬁpﬁé‘ﬁ{e’s# hg?rﬁ%dc?nbi nation
pri nti ngiariationatirea dedigromiay rekjuive costly redgsigmt t eri es are described in US

5350645 to Lake (Sept. 1994) and US 5055968 to Nishi (Oct. 1991 ), and US
621Q35 to B 986) . t i .need_t id

reohibaues Tol ST to fipe (e, FS4E) nt B0t BEVEER B BRRRorRRaBERIIE "
NPoNneNntéferefed) &aches the EStitiniG® piintifg bfifiks @ingtdFbtdprBRrSprocsts hfipleikmted Ng

paratus. 0 Summary of the Invention The present invention is directed to
met hods amthultiplestations. Thickfilmaarerngntemplated; 8gd by drying each-layeriof inkdyefore
el ectroni,c .copponent,s, and, opti o l.y, ci reui ts, containing. h _components,
in whi ch 12ng 4o aB‘fF&*Wf‘?H&% nyliple i an P embloyed, BeneEifealy et by
redox r egtrefdhs/spec?RUnks, HthidhgahéiaiRRlohicinks) lelctrdphosphorescent liquids,

25 ;nagnetochromic liquids, electrochromic liquids, and electroluminescent liquids, and teaches

the use of spike rollers to make electrical contact between separated layers. Isen claims that
his process can be used to produce electrical electronic components, including switches,

diodes, capacitors, transistors, resistors, inductors, coils, batteries, and sensors.



Conterrpt ated el ectronic conponents nay advantageously conpri se a
seni conduct or such as may be found in a transistor or diode, a] QfEE%B 2003

oxi de or el g doploydee such as may be found in a battery or fulﬁtl;—r,ggadghsog(ﬁx her
cont enpl at ed conponents are capacitors, inductors) and resistors. In .

preferred enbomoe@ﬁéssaccéraﬁlg% lséh zﬁrer%n{ RYeraFEA%DAKEC A Wath' IS0 Oﬁkr ong, 20
oxi di zer) and the reducer of the redox reaction is a strong reducer.
especi al | qugaaf bsen till sathod deponition oﬁmcamexe(aqmdomk ac)enostainﬁmg:dxweéty
exot herm ¢ n t han, dr.iyven to caonpletion, by
a nicrowa oﬁﬁe‘%’%&c ﬁsﬁcﬂ gﬂga%,agv&[ﬁe et sPRdvcHXitL and pthes functighai ns
.appropriate rret al" salts) such processes may advant ageously yield
substanti al |y mdaition] thk cﬂheﬁféb&%ﬁ@bbﬁhﬁlﬁm@W:&ell’??dﬂler@&ﬁcd%uitﬁﬁéfzﬁnerg5 I'n

e

anot her aspect, the solution being deposjted preferably has a very |ow
.concent r atfe &awght tojingludesa quiekedrying seivents which sreples mapufacturing gnd %erEmpaualal ly

preferred I £ nd are therefore
substanti gﬁ{#ﬁﬁl WE’S @ﬁ'ﬁ fs%ﬁ?e[&h%e%% g@%?%%aﬁk@%w@lu@%gh@q%wcr Yon in
par ti cul ajvhich rtydedveihosirdble réxidues (s&gﬁéhﬁral/ Qifsb’usﬁxbﬂ@f ﬁirhétﬂwoﬂ&xmﬁé‘ﬁ\ns as
t hose havi | ateral resolution of < 5 pm or even <1 6 [
T WD 00/ 11!178345@7@5@509}/6!9%. M@I’WMZSOSS Varl ous objects, feat ures
aspects and advantages of the present invention w |l becone nore apparent

fromthe foll A ts. of the
I nvention, al grrng‘wPﬁ?£$ F%éggngaﬂr?m iﬁﬂ{}agﬁh E\)ﬁé&{e% ?‘&g Qﬁeﬂ
r epr es®nt inkdnked to fonctionrae atliguid> For e:ain;m $ichis Idéscﬁptm‘tf of M&ulalyw fopesefh gur el

|s a schepqatic of a nethod of forming circuits and nultilayer electronic
onent formimghastericsalsen tegches ésa,osg'eem’ BiRIP-cOsapplared glectipluies.rsesumablaluced

accord| ng . I w of

il apaCPétchg&egmﬁ}lQ dh;?ﬁémk of & lﬁﬂial cfictrolfRl Wéild 1dal ché\?aggﬂtlgﬁ of"‘th? e 2Bt

cr 0ss- secitsetfh dsen doleenot(:bntmqblmjp-lmg dlhyedommpmf dlpruguduslyt deposxteddnquldv e

subj ect rT[atter Figure 4 is a cross-sectional view of a transistor produced

accordi ng'®®-the i nventive 1S subject matter. Figure 5 is a cross-sectional

view of a resistor produced according to the inventive subject matter.

Fi gures 6A i s ajseqd ﬂ§§aﬁﬁ§§s't@8@ixmﬁb@w pHteBiseld PrinfihPlechiigebdsaeh According to

the inventive subject 'matter. 20 Figure 2B is a plan view of the inductor

of fi gur ercsegravuire, flesographic, offsetgravures and leten presseandsuck:plates can be eastyitec ed

i o of SR HpgelAt Fs e 1PH Rodihen TR e AL Pl o BF RpBEEHCTY o

a capaci tﬁfm@&&dl&ﬁﬁ&sﬁefaﬁa difficuld technbtfies AvdiahontPstfMP eRGhving chehicald Fi gure 9
is a schematic of an ink jet printing process for dep05|t|ng net al s,

ceram cs, et&hdgmﬂﬂmrmsmmgg CADI CAM data to control the printing process.
7 .~ 9 ! FF~ z0o03 WD 00/10736

20 Still another set of difficulties with the Isen process is that vias (throughs or

1

O interconnects) between layers are contemplated to be produced by spikes penetrating two or
more layers. Spiking may be an inaccurate method of producing inter-layer connections,
and may be especially problematic in interconnecting layers separated by more than one or

,iwo intervening layers.

25 Lamination

It is also known to provide electronic components in which a portion of the
component is printed using conventional high speed printing equipment, and the remainder
of the device is produced using some other technique such as lamination. A good example

is US 5603157 to Lake et al. (Feb. 1997). In Lake, an insulative retaining ring for a button
5



pc~rius9snsoss Figure 10 is a schematic of an exploded unit cell STQJCFIESBW
for.a battery lamnate with an integral functional device. Figure | i &8 2003
schematic of an interdigitated el ectrode structure for inproved power

capabi lity. vofurdse 12 is a graph showi ng theoretical speci fpcgagpimys
density versus equival ent weight and cell voltage of sone rechargeable
battery sbattegyis pribtdoon eshbBeate,rouped] amd therpfiled With ladigeidelevablyed Cattiodpandit i ng

2 oot miadgoifrest L BuEd BHE apr e ldbs AEIDE PRI IGE AR IO g o
surface Zouduay téiorh the bathey: Iﬁﬁﬁ?fnﬁn&n_tﬁé’bi&é‘d{ irs?aﬂihl@tbuiﬁﬁ‘ 1l & addre

redox couple constituents in the solution nsferring t solution to
t he surf ameany eventithé piiocesy isineapableddf printirgg-hathy niréyit traves anshgdeottonicg t he

t b ddi t | t . .additi | | . . d h in, th '
Corm - 51 o omiReRts: Ofits ramBuaH{n BraiE AR e PO Re ProdGinE bafienes Ao useq | n
a circuit gbRribddifils 5950848 €SLARY SEHELIoR) St USS055968 t5NEH: (O RogpaRPNENt S

contenpl ated herein may be classified in many different ways, including
cl assi fi chiSi463193% to Brudén(Novol#86hent s and passi ve conponents. Active
conponents are el ectronic conponents capabl e of sonme dynam c function) such

as anplificati scillatiaon signal control lch.usuyal Jy.requires a
power source fﬁ;ﬁsl’ '%‘Ef&)aéﬂsi“dgf."gE&%{H%P%E"‘&?"e“i‘ﬁi%ﬁ é?pwﬁlgwﬁ@p@rcg,cm%o

fiel d- ef f gad muktitdyeted eMcironidROmipbhcily, espRéeially foruise Svith Masfet mgmr_ma@ nts are
el ectronic conponents that are basically static in operation) i.e., are
or di ndfi | printingAppamatusof anplification or oscillation, and usual ly require
no power for their characteristic operation. Exanples are conventi onal

C?istors ol i} n'e H&gtors, di odes) rectifiers and fuses. Electronic
C rrponentg—rggﬁﬁ#pmﬁmi n may al so be classified as conductors, 25
sem conduct ors LSt S.. C L.or onaent at all ow
charge carri eri-h{)é{ﬁéﬁé&ﬂéﬁ&e%{srdﬁégd Eoorg%{j'/ée)s a\?\.ﬁdﬁqséggjg?%w ;"%?S‘H’E%E"as in an
electric: atultlayer elebronip campsientpalsprionalyaifeaiis tirtaining sﬁdhfdbmtpbnénl@ﬁﬁs_ and
vies conprising netals. Insulators are conponents where the function is

subst ant i Avhich a leastiang of the;layersisifprmed from a matgrial praduged bya redax resptipy

resi styant 1.0 ¢ Ctl f ent, such as a material enployed to

el ect rxlgcalo"y %gﬁ(ﬁg@gaé’CTNS%I Z5088 separate ot her conponents,

whi | e sem conductors are conponents having a function that is substantially
rel ated to theCabtehiplatedéleciromict comipohentomay adivantageoustysomprise & semicenductar

i stivity bet . tors, and i,nsul at ors., Exanpl f i condyct
o onent SIS may e (PO tpsisaeer digfensr p ekl o R efeprdlie sodh Stk o' o
phot 0sens @hghd ik hbat?eirggﬁﬁﬁl A0 DR RfhiphibE cSiRPRRABAFScapatiMoRIAded, her ein

may al-so be cl assi as power sources or power consuners. Power source

conponent andiresistoyspi Ingireferredserabadimpntsshe oxidiger efahe tadex reatianig aismongude

batter,,es, capacitars) .coil and fuel. cells. As dy_her ei the term

g 3D oERE and e e By atbtion BasftonR TR sy AT e
rough chgibbditlentsS fchir@dtonshrdshffitieltly E@ttmIcHR BePéanbRGnifated Yathat ter i es

are devices that store usable 10 anobunts of electrical ener t hr ough

chemi cal thanckivemta carapletions by 8 mitnowaveenasherexternal energesquecs: %wmhc

transistors, .ICs, sensors,.and the.like. Still further, electronic

conponent SRR SIRRnG e@’ﬁ@?“gﬁ W’ﬁgfﬁhé’l sé'fe)h PoceysaLwrY ?cgvgntggeoa\?lg ¢ Fth or

ilnt etgrat eﬁubﬂnﬁﬁﬂfsﬁmmweﬁss&nﬁmﬂﬁuhfe&ﬁokmtlaﬁist er one particul ar

el ectricag

25 In another aspect, the solution being deposited preferably has a very low
concentration of particulates, such as < 5 wt % or <2 wt %. Especially preferred solutions
have essentially no particulates, and are therefore substantially homogeneous at the
molecular level. Such low reduction in particulate content provides printing of very fine

structures, such as those having lateral resolution of < 10 pm, <5 pm, oreven <1 pm.



pr dpérty, concentrated at one place in a circuit. Exanples are re$i%BFgBsp003
capacitors, diodes, 15 and transistors. |ntegrated conponents are

conbi nat i onéyggwgoqlg?onent s that that can provide multiple el ?E’ﬁ#@@#&?‘ed

properties ace in acircuit. Exanples are I1Cs, i.e.

circuits in whi : js ﬁH&O vahia [ nbined to
perform mul ti plg&ééﬂgc@ﬁgt%§& unét o{r:gﬂg% as%?é%%’éféﬁ‘ﬁg‘}d‘%h@?v n the
vari ous f oberemefmorsapparent ffomitheifolowing détaidel deseription of prefidred enpodigiRhs offeans

that the fungtionality of the conponent arises from having |uxtaposed

| ayers of Heanventa, alopgsvithyihs aceampanying drawings ip jhichdke Pumerls epmienthier | s
.'bOns'i'deredc' oﬁeﬂtsto be a nultil ayered-conponent because its functions
arise from ] Uuxt aposition of P and N doped sem conductor | ayers.
Simlar§y, a battery is considered herein to be a nultilayered conponent
.because its functions arise fromjuxtaposition of anode, electrolyte and

cat hode, ZBringagtrgtMcthéDi-a\ivﬁ;ggonsi dered herein to be a multil ayered
conmponent because its functions arise from juxtaposition of a conductor
plate, a insul aFigure Pisch seherbdirerof @@l sPohiBg ircui® akdBuRfldyer elbdfsic a
conductive trace on a circuit board would not generally be considered to be

mul ti| ayer CRMROPEALS; f t he trace had been manufactured by successive deposits
of the conductive material, because each successive |layer nerely increases

the current car %hg:g%@ £ ' Lh it u : jonality of
the trace. 9 ? %B&BZ%S%E%%?}I 18’%%@5\% ﬁ\g&ga%ﬁﬁ%iéz)

Pcr/ ~s 98 nsimventivei subjekematterf aces for step 2 arc contenplated to be any
@face upon which a layer of an electrical conponent can be deposited.

t likely, the, surface will, be_the snmpoth.%o bottom of a sheeted
material such a I%@rﬁfﬂ@wﬂ"&fﬁe%awﬁf%@eﬁaﬂ other surfaces are
contenpl ated as long as they are capable of being printed upon. In terns of
the material deFjghtedWistd@ossiseétiingl view 3Pa Hiodd Yrodatddheirdmg 1o the Mvethivent er i al
can be usédfo provide a suitable - surface. Particularly preferred surfaces

are those subjdchowttesy rel atively firm substrates such as fiberglass ci rcuit
boards, glass, and netal objects. However, the scope of suitable materials

| msul at or o, 11 e ret B pris oV beh faiflor follERddbif M fad |

mat eri §§ s) subjett amattknrt h. For exanpl e, other surfaces contenpl ated herein
are the sides or tops of previously deposited or installed conponents,
circuit tracts) por |layers coupled t.o or. formn ary of .other, circuits or
conponents. TheF&Yre S%ea ggsrs%gtbqqa}ﬂxgﬁ °ﬁ§é’cf‘sr’\?ftpg‘f)‘@° ?“8?“‘81&% e nYSEYS. o
formpart gfpiéetladét.bl € 15 ~ sheet, such as that found on plastic or paper
bags) or even a textile. The existence of a sheet is also not necessary)
and contenpl ated surfaces include that found on substantially any shape)
from solid bl ocKigure6hds 2 eraesisestionabviewyafian drdpctop prpguced\zeeprding thibeg nay

ovide a suitable seugfa e for printing. Still further, surfaces
@nterrpl at gﬁ'eﬂté\ceeﬁ“#] e 3ry widely in size froman extrenely.small area
such.as a square mllimeter or less, to a |large area such as 20 a display

nmeasur 20g sever Figuse2Bisa pleh eiewv afitherimdectoMifdigardiX.h an el ectrical circuit
pattern and el ectronic conponents will be printed on a substrate, preferred

substrates are generally electyicall on-conductive. |n. general, all

di el ectrijc mat eFIENS7 d&CPHEYIR VIS io?&&agerg@&dpfegtaggqrgggé? @EHPY?}"“

materi al s W%Qﬁeﬁﬁm oyed conprise a resinous material. if desired) the
mat €ri a )

resi nous may i ncorporate

Figure 8 is a cross-sectional view of an integrated electronic component circuit

comprising a battery and a capacitor produced according to the inventive subject matter.

25 Figure 9 is a schematic of an ink-jet printing process for depositing metals, ceramics,
and polymers using CAD/CAM data to control the printing process.
7



25 | fibrous reinforcenment. For instance, paper or cardboard) gl ??QJFiElBEQUM
‘or other fibrous material may be inpregnated with a phenolic) epoxy or

f I uor ohydr ocar bon _é‘e. g., polytetrafl uoroethylenc) resinous nmaterial and
pressed or r¥PPORMIOBH a uniformthickness. Ceramic substrates PREUSPRIFE se
be selected. Thg subgtrate may be substaptial |y uniform or it may be doped
or nodified in é@ﬂfﬁq§t“h%Fc?’ﬁ'éﬁgfe?f?mﬁehh%fgmﬁﬁﬁehﬁHP%FBTeerT hbatiery laminatewithpe 30
formed, p ¥ 41 the substrate. 10 WO 001 10736 ,19 FE8 2003
PCTNSQ8125%‘§ %ra?fglrng?gﬁtljggw%ﬂe substrate may advant ageously be cl eaned or
degreased enpl oyi ng techniques well known in the art. Preferred degreasing
agents are tri diguredédti$yschematicef angnterdigitatidtebactyeds staiofurs fop improved/palieng, _a
Redox Coupl eléls& 51n step 3 a redox couple is provided conprising at |east.
t wo corrporf@m Yone oxi di zi ng agent (oxidizer) and one reduci ng agent
(reducer), that react together in a redox reaction. As used herein the term
"redox's reacti @y anss & SHowiig 1 ' d ' Jh 6L} and
one conponent isg‘?gduced.gﬁ?ﬁr: pr ef e??%%ﬁugﬁ%boﬁ?ﬁeeﬁ??bggwrﬁéuﬁﬁuﬁ%gg and
reduci ng SWeightand etll voltage ofl somelechargqable battery systdmsded t oget her in sol ution)
but in other enbodi nents these species nmay be present in any phase or

conbi nati on of phases. For exanple) a reducer present in a liquid may be

coupl ed wi r} seous, oxi di zer such as oxygen. The redox conponents arc
pr ef er abl M@ﬁﬂiﬁg&al ly stable in solution together under nornal
conditions, andg.chemcally react. w th one anpther only under the influence
of 15 an exter%a!@?ﬁe?ﬁwsé | for PPQ‘W&P‘H@H-‘%@?’ clectropicsempepent dinai d to be
LI i 0ed dayorbiibe SHUPE HveRN dilieBaier THE Hittholi2BMbH inare
@so grgner al‘l)fy pf?erred vteo be E‘Ilegh y exot her mocz shé%gﬁ%?ﬁéﬁieng{}gg g'onents
act subgrevidingla surface 2; prgyiiding aredop ooupled,isplubilizingat leastone ofitheiredox as
opposed to requirin he external, ene source.to i ve.the reaction
t hrough 1 d"%@gﬁ'f’ y "'gﬁ?%s B e Wg"u(?f‘ﬂe}mﬁ?f%f‘g s&gn%‘r‘?ﬂé‘?ﬁﬁr@f’%g’ PRBHNE R e edox
react i ons Fedox rREGRNG, Whd &Qnﬁléﬁr&"thé/ c&ﬁﬂoﬁ@ﬂt'bﬁ' a8dink REfeRSt 6ne ATMkiSHRY layeres) be
endothermc. Preferred redox systens are those which have an appfopriate

activation energy) usually at about 2Z0 C to about 550 C, and that react
subst ant i#al | y tAs usedpbersin, the termytelectrpric comporicnt| meansianyi denicewr pardthat easact i ng

inder Bhe tepbed R ireaih o Bmg g ST RERLC BT kR oeplili 00t ' 2
Q her di sfoartehfpatédRearsinSixytbe thassifiyd iGhanyelifferprhtardyy, dnclbdihg slassifidatioh ite

reactive that excess heat production is problematic. Nevertheless) it is
pr ef er r ed acH¥e camponentsand passive omponents, Activecasnanents areelgstyonicicamppraitsagent

o o ARG ol S RSSO0 P it 1

met al oxi or ~ot her ance preci pi on.” In
especi al | ywiiel itiallg dequieos peweeiissured fur ito operadoni. Exaniples afielbipolar transistors,

20 field-effect transistors, and integrated circuits. Passive components are electronic

3

O components that are basically static in operation, i.e., are ordinarily incapable of
amplification or oscillation, and usually require no power for their characteristic operation.

Examples are conventional resistors, capacitors, inductors, diodes, rectifiers and fuses.

Electronic components contemplated herein may also be classified as conductors,

25  semiconductors, or insulators. Here, conductors are components that allow charge carriers
(such as electrons) to move with ease among atoms as in an electric current. Examples of
conductor components are circuit traces and vias comprising metals. Insulators are
components where the function is substantially related to the ability of a material to be

extremely resistant to conduction of current, such as a material employed to electrically

8



,* g FEB | u~~ WD 00/10736 PC fNS98/ 25088 sol ute conprises a salt ﬂghp{g 2003
‘anot her 'conponent of the solute conprises an appropriate |igand:-As

herei n theyw®bffe7z¢al t" nmeans any conbi nation of an acid (A}cpmggamwe
(B). Exanples of netallic salts are copper formate, nickel acetate,

al um num scpzryieanhqr cgmpaonents, whﬂasmner)ndactdrsta'rd aonipoaento Haviieg a fonefigh tat i9f

non- et a o sal{x g j.um ]‘or nat and ammoni um acryl ate.  Addi ti onal
usef ul s‘F‘mﬂl d@laﬁgt“?g‘g‘é °r|‘ﬁ EANGUCLAIRTERY; Wit eaterml Ristivty acet at e
nitrate, g, edhuopliitatis %fn@ﬁlﬁtorspr%gié argeaﬂcahuerur HellcieRE SR BRLARRS TT O

the solution onto strate ma ccur concurren or seque ly, or

. in sane doiodespstmelasens, rﬁdnéetsv\thynsth\smdpl’moseﬂdot‘s.cont ains a netal) all netals
are contenplated. Preferred metals, 10 however, are conductors such as
copper,) silver and ol d) and se éigct ors s sr | icon and ger mani um

. For some pur pdeigetro {ORFIS © greigmay, Sa’l %SS‘ fied a5 oS SPWRES! at ed
t hat rret d gp@tb,i, ganese,
ni ckel , toﬂ%ﬁﬁgxﬁ mE{% umso%gl %&cn ' ve ‘“‘t"?’fr‘%d tA niu m;Z]I nc, etc. can

be used. o&mpments,rwdmdudetuaucriesraapﬂamrsabd'ilsadndcfuclreelluahfsaxsed lmgm,_ thermml / met al

conposite, mej al cer r C 0§l es, s wel |
oDt her R BispiAeTise Batprogdiri SRabis b B o sloBhebl Bt B R e mioal ot al
sal ts) thRadiioRs] Bintifatlg, mmbmp a&bﬁ‘daei bt @A Gt B@ﬂcé&lﬁiﬁ SHore aéaslgug h the

flow of electrons. It Is also contenplated) however) that the redox couple

may clénpramsantsoofielestritat mwhmughplmme ofactiansd Powengpnsuming compgnentsns, as i s
t he case |gH§oI uti ons of, aci ) base g’é salts i n many fused conpounds.
20 Pr ef erlPEYAE ERSISIOTS frapsistors ¥Fi ch generate a gaseous or
@quid product which is readlly rem)ved fromthe solution. To this end

dox systens SHiEfupther, eletteshid EdipoRems Bifteniplated heréinGha cfﬂsd\Q‘clasg@éd aPx) N2
and N=0, or that produce wat er, al cohol or other readily evaporated
subst ancedisareet oninjegrated. aRiscreet:domponanisare M@ﬁmt pfleaneparticulap elettriptle r edox
coupl e) [ I at one or
nor e of ts‘#épe tﬁ%usngxlg 4 aE Bﬁﬁﬁcg@gagﬁ%ggg?m % résrsf,téé cg %?ggbxm zing
agent lsrrayadaetransmdrsd deitegaredrcoinpbiyents dre canbinations 6ecbmﬂmtntathat thaséanone of the
netal salts w have an aoxidizing |igand) and th the reducing agent wll
be separ QTBY‘Q"M*’F’G‘#’ﬁéﬁQﬂ"m%‘Gh"“" %‘Fé’i?@&c‘?‘e&i@"rﬁg’ sl%or this
pur pose giak EP‘EPB'Q’ I Joyen ci ds such
as form gihgcgf’% crct%rﬂ?@‘g@f:%t an é’g‘%g’r c%g}g{%ﬁhﬂgoﬁ%?}ngrr zr“#rég grganr c
aci ds suoﬁemmrmﬁlﬁphroyhomplenﬁmhomsudrstloglcc acid, etc. 12 ;19 F E B 2003
WO 00/ 10736 PCTI U898125088 may al so be used, although such aci ds may

conmbine to pro uce uct .which is diffig uIt to geparate fromthe m xed
metal oxide prodHed ﬁ’ﬁl”é“%rf?)‘i"é‘)?% "’a %&PB}E% ¥ be

conbi tlﬁﬁlﬁp thBCth ﬁrddf% ga{tg, ci ds)
for &f dggﬁe?eqts'zsed aé‘ﬂfri%%nglh ele}%t S. &%@ ?%:"Iedﬂ g)?g%pflaes of

mpl ex rlayrm of different materinlsd Eor cacamle; ctyamabl’-aha naes;atmbus congidered !mu tas the
®t al's 1Ny d D red Dmponéi Beduse it ARlibnd e 078 the Juithisftibh O P 'and N

doped semiconductor layers. Similarly, a battery is considered herein to be a multilayered

component because its functions arise from juxtaposition of anode, electrolyte and cathode,

25  and a capacitor is considered herein to be a multilayered component because its functions

arise from juxtaposition of a conductor plate, a insulator, and another conductor piate. On

the other hand, a conductive trace on a circuit board would not generally be considered to be

multilayered even if the trace had been manufactured by successive deposits of the

conductive material, because each successive layer merely increases the current carrying

30 capacity, rather than altering the functionality of the trace.
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prop'ortions to produce the intended m xed netal oxide) the vari gﬁg Hgaﬂﬂg
‘enpl oyed in the redox systemare preferably included in stoichi t
proportlons to react conpletely with each other. 10 As used herein the term
“ligand" (LVOMYWIIS {5 any substance which can be thermal |y RETUSH2508% o

di spl ace one oi,rmgg E@@ﬁﬁ& Ezi the salt in a redox reaction, such that .AB

+ L => AL + B BL. In processes cont enpl at ed

her ei n- pr ef err gg. non-cryst al | eave no non tallic

resi due, and asg't gﬁ@%ﬂsﬂ@gf Fﬁa‘l"" T :‘aé to bs ARy SYrLAts upen g’ﬁ@ﬁ?é@%‘éﬁts

contain | hﬂalee@lcmahxgbﬂaﬁm Be &@bﬁiddOMo%lnl&Ws%}fdé@&xlFﬁe tﬂ.ésmooﬁ%ﬁbg, 4
referre

nore preferably < 250E C) and still nore pre f’erably C.
cl asses obotom gfiashegted matenia guch asarresinqusicirenitibivand, belsppé othat $uyfaces are

ovver . sayepleidal WHEHs iy ot Oehe o OSBRI i dimes. qui nol | ne

and i soqui noI I ne, cycl opentyl am ne, cycl ohexylam ne, cycl oheptyl am ne,

cycl ooctyl anm Determasof the matiiahdefihiigsthe aurtacelrioqt ahe volkilora¥mithidmatétsarever ,
and many ot her aliphatjc primary, secondary and tertiary am nes and/or

aromatic 61 POWER tpeNIds asuijable fusfage Pmlarlv preferred sisiacesiape thpsegdefined by
nbod I /| 2+g+3r/ 2
can_ be. pr Vel i fbGuued Slet S5 6crababotct BbAfR Mikeh Yot e ot 20075112

car boxyl i Homvdsuﬂtscdpmf&mwmmas 1sdemfnelym‘He Qangiihg from m&alglo soat de under
25 these conditions is tho %9_2 o.bhe faciljtated, by spontaneous reaction

bet wedf t metalscanductass mgs Ie tingexjhlsimaterials, absorbent tp nen-absorpentt e)

net hacryl | C cabat, i cyl ate,
A 4 Hefral P ort Fdrthino B b e OB Ra BRI LS RSO L 01 Y T
these sopstof pteviomslgnddpusyad pymsthkezl components,Girduin agesharisyersodotpled e arnav e

oven to gi.ve.the c?_trég[‘n then be sintered to get the final

product . jeming pajt ?GHS“’M’GB‘“E “prr~us9ansoss Sol ubilizing At Least

One of the Redox Couple Conmponents in Solution (41 In step 4 one or nore

conponents CONThE irfide bEifg pAARY nelikYt Be RArd, &ﬁmyﬂﬁﬂedﬂ‘fbﬂnﬂaﬁklfﬁﬂ&ﬁcsm vent

or m xture of solvents, and possi bly other solutes to forima solution.

Sui t atib e * shéctsnetsasshas fowtssoreplastic oz papen bagsodr even a déxtiler gTheraxistence ef dosheetnce t o

forma unif rn1 L sper X rod i ze | evel.
Thi's incl Lﬁfg f/"g%%%ﬁ rség %" %8%(@1?;‘2?‘“E@dggﬁjaé?‘;““g%é‘éﬁﬁg“‘g‘raﬁlr #8r gani c,
Vi scous Orshiliénfrﬂm%ﬁmlﬁlocmv%llswé& oUt @R exxfiided fsrmsPE @ dlothing ddyGrovide a

Exenpl ary solvents are water, of the al cohols, aromatic hydrocarbons,.

esters) eishitable sufaee,fos printing. ﬁ@B f“%hﬁ&, surfages coutemplatedrhersin pant vary widslydBar bons)

AI t hough t ion, -
s Gon bt B SFRRAY sohal e SichGl o s RlfRier P RS DU R eyl T

an or @eni stgpﬁiy msemwcmérsafmorencapabl e of bei ng soI ubilized

into the solution may al so be i ncI uded in the solution, including ceramc

rticles, netal partlcl es, and ynmers. Séch sol ut es are}wglfgl gned to be
{ﬁcor porated i NYRsre hth apelseirisal %\Té’“‘épﬂ% prhelpgirpnicrompanents rinted on

“Suspensi g@u &eg E{efé}&q cf?ﬁstﬁtes %yés%e‘ﬁ@?all? eleBHELy nY rﬁo'fﬂg‘{dvepﬁ Sg‘zg&heﬁ j(solid,

sem -sol i are nor ess unifor | sper Ih a liqui d
or gas eousheimﬂunmtehﬁls m:ethatfmé sumbhteshbmuksdéxekc&mnﬂmdecmbmm wher e one

h ' f fi di vi ded l, I stributed t hout bul k
Subst a(nggSI RGeS FompRse TeHPU GHER. EFaisi O T UIOHS MEIHELIGY S0 Lt i ons
may ing rSls1Ehf; c?ﬁ%ﬂr%?uﬂ%béi%ﬁpé% Eaddard 'g'ldi@ﬂg&*or ottfer B5RUP hiaterigl

mxture of "copper ormate I a nitrogen donor solvent wth or wthout
wat er 20 mmay tedmpeeghated ovithiat phenolicatpodyok fluarchpdrotdrbant @.gli spensing irk an

N N T AN T

Ceramic substrates may likewise be selected. The substrate may be substantially uniform, or

-

it may be doped or modified in some other manner, such as by including holes that may be

30 formed, punched or drilled in the substrate.
10



adj usting the rheol ogy of the precursor solution for ink jet pqiganng,ZD@m
‘to.inpart better filmformng properties. On the other hand, |arger —armounts
of hi gh boiwowgieeé vents and/ or additives such as triethyl plrcgpbsIsR5088rit on
X 100) glycerol, etc., are preferably avoided as 25 these have a tendency

t o contam nat &rion¢o vsejthe gubsuate mayadvantagsously be cleaned npdegreasgd emplgying over

tenperaturge sensiti ubsirate ch, as_KaptonT"' or. er, ,Still further,
¢y baCHBRURE el KoRH g g B Ricttbich Enepdht Abones S bisBRPoR e 09

i nproves mgbsnsideRrgeht idMgtigheposi ted material to the substrate. The nost
preferred sol vents, however, lave little or no residue other than the
metal, 30 netal oxide or other intended precipitate. Thus, when depositing
‘pure netal s aProviding a Redox Couplei3) 001 10736 ,1 9 F E B 2003 pcTNS9ar ~soga
collectors or circuit traces, any binders, surfactants, viscosity

modi fi%®rs, andnsipBdrredox eaupleris prayided semprising pt least Fubtampenestsranei n t he

“sol ution jp.coll i V&4 L ORS. . < % 4 Wo% < 5 w% or <
> w06 Tib R B (SRR AR LR URAR aelpe Dol s rel Shheriraredth | not ude
pani cul atregctiofUAl upet Ker tefin BfedoX)T réiction MeinPi AACYN ih WHidkFor@i ven

| at regck 8 up&d lieréin it dction i iU Hidheo
solutions at < 20 w% nore preferably < 10 w% nore preferably <5 w%
and sti | | compoaen isexidized gndone compenent is redugeds cont enpl ated for the

deposited solution.to be substantially particulate free. On the other hand,
when deposi ti g ptefdifdde Sy W Mgl & i such as
cat hodes or anoges I n \/‘\%b?&mparwgu ate %ngiaﬂdszl}on Pg?ﬁ;&;ﬁpg@%g&tog achi eve
i ncr eHs e cconple farcigeladedhtogetherdn solutiom bt in atlier gmbodimentstthese spazies amtydep| at ed.
For exanple, i.n deppsitin 0 cat e or, anode layers it is contenpl ated
¢ Spar (HEERLAADY Rse Ry GNP RS A RPSi5R A dEABEe A ek Brebio e L. ar
rmul at i Qiy bedtupled RWith £EisERB RNz Suchlu kygtd. Wt % - 50 wt/ of a the
conposition when diluted by solvent. The preferred viscosity of the

deposited sol ution depends | argely upon the nmethod - -- -- - ~~ being used

to deposit thelhsardax componentyarcpigferaplythermodynamically siable-in selution together i es

1.51t t LpOi se : i ot ! . 0
For 3 i e thoef gl AR ShATRALY Bl R obEro ) AREPREGIRL A0 P2
gravur® adicextetizl ¢hérgy schirce. Ikt iianfehdractitnds sdid ¢ bo iniiateddythe@deriat al

oxi de product in several different ways. In preferred enbodi nents the redox
react i on srEyspwrceRedox reastions usell herein are also penerally peeferred tp be bighly, | s

at t ai ned) ' ' ' ' (o]8 . t he
reacting 3‘%“‘;%@‘?11%}’ ﬁmgﬁg‘&gg?{ﬁglﬁﬁe%nw@ tﬂtaﬁg%géﬂyn\}gn c"gﬁh E'gh{)t{/ogzzgg nti nui ng
to heat theraletns s ephosed wtrequiring\theleyierml efvegySslurtieito drivothe neacGoi theaughi 51 | n
step 5 the solytion.ig apgplied, ta the surface ysing any device capabl e of
form ng. ogampletian, s the,oer had ftis eqnrerpleed ghat the cedhy refodion mav rpeeidgvm

SOl Ut 4N Qbhfy Highty Exferinll, QhOag Svénehiiy@erfaycment bet ween the surface
and at | east so#e portion-of the device. Conceptually, the device can

i nclude two parts, a reservoir for holding the solution, and an applicator.
1) one cl ass direforred eadox Systemvbare thase whichdiave anagnrepriatactiyaionesergiin be a

2 Cnen g ) O . ' - _ n
b, e r ol Habalic2 T Aok 350 +E, anithe rbict Sl Ol Blendhy Rk e Y
simlar tgadioRRoAditiohsRithout Feattiigtod Vivdehtlye Mhas, fdSexample, some redox systems

would be explosive under the expected conditions, and are therefore highly disfavored.

s
25  Other disfavored redox systems may not be explosive, but are still so reactive that excess
heat production is problematic. Nevertheless, it is preferred that the redox couple will

include both a strong oxidizing agent and a strong reducing agent.

Preferred redox reactions result in a2 metal, metal oxide, or other substance

precipitating out from a solution. In especially preferred embodiments one component of the
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,19 F E B: Z003 , WO 00/10736 PCTNS98I| 25088 the reservoir is a1fga|[-'cEB1Q_003

»tank for the dispensed fluid, while the applicator is sone form of drawi hg

head. Dependi t he specific enbodi nent, such devices can dispense

subst ance \r/]\)gpﬂ’%@ﬁggccur acy anywhere fromtens of Angstrons d’mﬂé@gl,zsqsg a
mllinmeter or nore. It L‘z E&t n q‘essar({ for. the reservpir to be fluidly or
even nmec h%‘i’tﬁﬁ?m?“ﬁﬁﬁﬁa WRIGE 20E<T COip nentqf the seljpte comppses.an IPECPERIS i cator
May CONDrjighda AsUBREE herein thé RSP heaiPfhyTomBihatia 6 dn'Rid @3 hY Q'bﬁserfpz. .
conprise a stanp pad. In such enbodi nents, there need not be any relative
movenment &xamples lof metallic salts arenopperdommate, nickelragetateyaluminunratrylatefgoidl a
relative venment between tqfhe aphol i Ciito and tne surface can bg used to
formthe fnaes 38 P&"H““F ide, jHxamples of nonismety Wéﬁlltss‘,“mgmaw OFRRSr need -
not transhpf Snlieiulyacribi! mwai&oaatdalefluﬁmhé feRilic AlralRUbIkEBYC ﬁl‘ct)rltafﬁ, ?ko{i&’é ate to

produce the desired pattern. In sti ot her enbodi nents, b ne reservoir

and t he apgthlomte;rcetaty niteate, and birylatemitraie.i Rrecipitation®f sutiphe precipitates faemf | ui d
di spensed, thrqugh the applicator nay be ditrected b neumati c, magnetic or
ot her T or tesolugor gata the SISIral May opeHr eRUTERLOTSENEBNHD. EESOMS| at ed Lo be
di spensedqdishingticigrahédwts and net hods described | S herein include any
arrangenent of points or dots, whether isolated or conbined to formlines,

filled in spaces and so forth. Thus, contenplated patterns include straight
and curved | i nBerd the salt cantainna motal, lall metals are gontemplatedaPreferend metals,ar r oned

i bb I ' ' 1t i al,l | at ed t hat
st l® paPRaRRt SFEGPIABRIRCR A Pt B A5G BT P ESRRBh G Stes gns.
The pat t egjfjgor@d genntni@f. Fob Sdife Plirpoes, lespdcRll® pRsdutih dTRatalystadt gRY 20

vol ve printing on one or both sides, wth vias being printed to

t er connestemplated tat setals suclias cadmipp, ehrgmiupp sobdlt, ren,deddymangapesee may be
enpl oyed | i acly. At A t rinting are
cont onp ab S el I TUA. PRk R Shd, o KacRAETRR, OE cAREE 8, Plaultd B

over | ap whérBinpthe teraothetal” alsdlingledes Rlloys] megl/metal @atpositespneal ¢xgamigpr ayi ng;
stanping; all types of lithography or wet offset; dry offset or letterset;
rol | ed3 pr FomPasies, matalpolymer cowpasites, jap well 35 othermetakcopinositssn Qf cowrse ayhere
printing; gfl [ [ de VG : ' | Otihg: ot ng;
i oo gr alig et toRBld conflsBheeMlal WRIARGARN faPbd Gbithélof GltiingUirtly [

t echni quethrough the lowasf electrons. Itds sisaicantengpslated, hgveeer thattheredot couplerhhy any
printing process that uses inks can_be enpl oyed effectively wth

enbodi rrenF%mB‘Fs%q‘?E‘PﬁPB‘g‘éﬁ?‘ FrecapAbls g condyceting cyrrgnt;byons, 3598 e kasei/ 10736
pc~r/ us9s Fa, Yeusedtto nmes) ink jet type printers
may be adngi'ﬁ?%&@g&%%%é?rﬁgﬁﬁw‘n'ﬁﬁfyet pri }rll“lplxﬁgdgl s already known in the
production of printed circuit boards using silver, copper, lead or tin
cont a2hi ng conBreferredredonsystemissicsalsn hoseovhiclk gengtate a/gaseas or iqwidiprpdast nay be

found in US.5,.688..1 46 tq . .NeG,ni et al ... v 99 lech 4.5 .S

I ncor por atwib"ii ‘?lwlapgy éﬂ??vl’gtfv.mqﬁ" el\é% n'tgoc%lhsl(%gées@&ﬁ%@ﬂé\% ?ﬁ\ﬁ?ﬁg@e i@%tol ved

QOX sol piddassa g4 slilils NG SO CD, NN, BRY/NIEG, or sied prodadeawater, alcoliv] of etheed
ocedures utilizing an ink jet type printing apparatus are set forth in

copendi ngreadilyevaperatedhsubstents: on set. no. 09/ 042182 to Narang et al. (Mar.

1998), and US patent appltcation ser. no. 09/105858 to Narang et al. (Jun.

1998), both of lﬁ"ﬂx'aﬁy irﬂ{aﬁcésr{ﬁg&a& @s?eﬂm Whl @dxﬂbrﬁé( a 'éﬁ{p% fel&€ couple, such as

25  pitrate and acetate. While it is possible that one or more of the metal salts will have a

reducing ligand, and the oxidizing agent may be provided separately, it is preferred that at
least one of the metal salts will have an oxidizing ligand, and that the reducing agent will be
separately added to the solution. Preferred reducing agents for this purpose are organic
acids, including non-polymerizing carboxylic acids such as formic acid, citric acid, and

30 ascorbic acids. Polymerizing organic acids such as methacrylic, acrylic, crotonic acid, etc.
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10 The use of info jet printing technol ogy al so expands the hars f&%ZB%

- enabl ing fabftication of power sources of flexible size and shape that can
be conf or nB¥O 00810736 | ous surfaces including curved surfaces. PEIYUSISASORSr €, a
resolution dowmn to | Qom and even 5pmis possible with present ink jet

pri nti ngneuise B uséd) dlthéughistiet atidsndyeombiticay prbduée dprbdiict PBIchagddFRGMHTENL S (N
ink jet printing technologies. Still further) CADCAM can be used to 1 S
control tosepampisl framtheomixsd metad oxide prodyctal | owi ng bot h excel | ent control of
the printing devices) and highly flexible systemdesign. For sonmewhat

| ar ger runs) ' ' | | W n XYO

. production ta&u@?mgéudéw lggég%sggggp%gé‘?&n&%gﬁ%ﬁ%&f x?ogzx%%ﬂ(illﬁra et al.
(Jan. 19fHuting Apert§ PE6MBinhtions o heids, €8t exahpleay be hsad'ds Rédubingdgatits.es i ncl udes

CAM type direct witing 20 systens, such as an Chnetraft, Inc M cropen 400.

_I'n that Genteoplateexamities of spmplex mdonsysismsinclydetanaris apjdandaseptbicanider

direct, interactive, synchronous conputer control at all tines) and each of

t he vari abl es b j r: . i.t thickness,

depos 1 wi i nj oL Bf U fdal R el s 3t frlfefibyathucclif ity * T U2

i ndi vi duptdpgrtiohs ¢ prodeck thd intended mibiedmdsalionilepthp saridus digarsls emiployed imthe he pen

he " our FRHSE SERTB Res BTSSR SEIRAERHS PRBRRIORLBa a5bEoBEl Wil

t he ' sur f0¥ Syfem :

substratga&q{'é}g witing. '"this permts all contours of the substrate to be

foll owed,” WhiTe providing constant thickness if desired. Fine lint patterns

can be produced at 4 m| or less, with 5%tol erance. By enpl oying
contilAuous substused bereintthditens "higand'b@) defersio dnysubstance mwhiahfcambe shermally 30 or

er, it | I . ible to print | arge n er of ideptical circuits at
b 5peetivaisd 19 diplags one prmore 3ppegts of e SRR O eacHoRr SR 75088 of

met er s OMERI=PRL BN £B +3U69 ACH BEUIH SrofcdSes (cBRBmpRited BerimpReerfedOm One
anot her, such as by cutting with a suitable blade. In an especially

pr ef er r edigandsads nanrcrystalline, ieavie ng nonroietaliec resigdud; endearpistabledinderatormals nul ti pl e
substantially. independent. printing,statigng.. An exanple i.s the Cont

Co mrandél’ml"fﬂ\{‘“?'?‘ﬁﬁ‘?% %ﬁf"?#ts@h%fgfaé'hg a“(af ﬁﬂ At sogvo.n %\??W%EWS ﬂgc hi nes
an enkir g [ i??m" ' EI(E Wi \ofeSprétemblyadnpotti ¢.f erent el ectronic
corrpgﬁen'f“s gg:’ l{‘)%m ri n%%%nﬁg%gﬁéfﬂﬁég?%ubstréTeoglud(;h as a pol ymer

sheet. In such a system different solutions of nmaterial may advant ageously
be deposited ®refeiréd dases offigandscme nitrogeredomarsnineludinglespeoialyt o deposi ting

different golors i.n a,multic printi ro s. Alternativel iven
ataton FUGIORERY il AToEbsE Sk Sher Biton Bdholt e mi¥osEL BV by 58 15
for printeged Miatipés dr¥ 39icolihé, TRidawds, ditdlink Ribisoduindling, dydlbpan 1
Reaction (61 . In step 6 a redox reaction is initiated in the deposited
sol ut i on .cy¢lahexytamine.ccycloheniylaming: eyploperyl amine and so fosth; Theseare anlyp few

appl igat i f AR (I i iNg any
cour A3t 58RnPles BENEPE R e b iy B, SoR Bt dBHIEE, Sl E il
@hout Qedihdtitthifsgensdoness manalgebetused.he substrate or the coating.
rticularly preferred energy sources are m crowave generators) although
radi ati ve and _convection heat .sources) such, as infrar I s and hot air
bl owers may bdn a8 &xemplagyAlgss °€f‘ﬂ@9d“§ﬂ?‘§'é'5?‘%d mea ‘69&?8?]&’653 ncl ude el ectron

Do | OS¢ . ; ;
eans a{}f‘?‘ﬁﬁﬂ%ﬁ‘%?%’t\f?m“%@F‘i , VPR aduedsifiixiife S M¥tal J2MME

ray and ernativ the redox reaction nay occur
spont aneditstys amicabaxylivhcdsat dovy temperaturet The fogaatianrof tireemetahoxighender r eact s

L, hReanicbne s Aanghra e ooty bpimbels Rhof GGty B g "
exper i MenE,.NoRahd fH otgatid lighnadich h?&r?&t_e,%étﬁ&drﬂht@; fol‘iﬁat@,ac\lfﬁatp,ea%@taﬁps'[

* successful “Usi gg m croWave energy for i's purpose. In such experinments the
sol uti on dsearbate, picolinate, salicylate, etc. A significant advantage of a nitrate-carboxylate system

o

is the ability of these systems to undergo pyrolysis in an ordinary household microwave

oven to give the ceramic, which may then be sintered to get the final product.
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25 -general |y been deposited on a glass surface, and the m crowhyg Qep gaz
. been provided using a comon household m crowave having a rated caE @3
1100 watts. Under the concentrations discussed above, nicrowave ener for
-about 10 niWMAPUKTE gener aIIy sufficient to initiate nany ré’&%%’sg% )
during and af

exot herm ¢ naRiptellHnE QL easl e 0L INe P egnx PSS AR 2R UIONE3)30 usi ng
radi ative or gonvective heat such asthaI od ced by a hot te, Still
further) ot hef s?@gon%%gplceyggn@tﬁgogpgs%%agé? }11'2’5?) E‘ﬁé‘f Wihaour ces
such as ghitdbfedoNeft or thikhire ofSvendsS Sid disxa%uhea%slmes itd'for@ o futior P, Sol ar

energy, and electric current are conterrp ated. O course, the anmount and
i nt ensi t Puitdble sndventy dre sulistagcescapabje ofadlssbbrmgaanbmcc substancsf todfoime a unidaratly on

d d th d '
el Sy o dispe Rt misnuce 358 Mg ToRlar g Jobic-Shoe Reve O Fhis gl A CoBataT B T ot g
i i at | 96120 br ddABola SpnfH iiFharhdl sk OISR AT R0, adieBulibrHioNAuEhiii O :

processi Ng can anywher e between about and about 500 'C) and nay
vary or peatigion apmns.t Emmplw.snkg/ems amesmmmy dftthe alcohols, Aromatio hydnopdrbansd t hat
the reaction t fall W|th| yera nute veral days
ange. - atieByHHFR KElons gRinss And i Eased o Ryt EBonsr a R ager
clearly g&vaarngmﬁm dM‘hini}ﬂsz h@vxmrehtapﬁomom@immrﬂwm&aﬁrm of the 10
final product, but there are wide |limts on such m xing. 1n sone cases,
espedfal Kmbaﬁmnﬁg@rg/m&mﬂwa@mdysmenmcusucthMB advant ageous to age
the contents for a short period ranging froman hour to several.hours.
Hovever, over salAdhafak iREap@E bf bélnd ColRSIRELIAR hESBRRIRR ikd be RLnBlRSC
aration V\here e ernal energy sources are used to rnitlate the réeaction,
fﬁgy nmay wﬂ\eaalphomdnclﬁdmglceramcqmmdmymetal particled, and polymetso Suclesdlwtes d&re ener gy

source is dir d,at the nrec rII| nd deposi,teq.on the substrate.
However , dFﬂB%(a gﬁHl“PV@ ‘H%FR “°’T”gra NSRRI %qﬂé@(’@ﬂnl i gand coul d be
appl i ed “'Qgﬁaexfs%ﬂ‘* i rrent Sﬁy@ﬁﬁﬁ?&ﬁﬁfes%ﬁh%ﬁﬂ-s Bdloked to a

cold ligan Stl ubstrate itsel could be
heat d§) 3iquid} arempre orrhss nmﬁbnnlyt dmnetaad $oa liquid or pasetrssanediamd UDispemsion2i3 As

not ed el seg re here , i s .preferabl not negessaty,t.o drive the redox
reaction dfﬁg‘g‘cﬂ’fﬂﬂ?f" ﬁﬂ? Y "‘e?&eéﬁ‘ﬂ%g/ copfiats g ﬁg@& %b‘édedéﬁ&’ql?f‘st ead the’
ext ernal Jaiied thiougRout laxbulkesﬁmstmdwﬁem\lm\ﬁwpbekms scldsit nffe@c essi ng of

indi vidual layers is contenplated. For exanple, where an undesirable anount

of solvent renmmins in the precipitate, additional energy may be enployed to
drive of f sonontemplatedssolutions mayinchidegthes compeounds hesidessaltomd; lm@nfes

on v ekeRE i of BsHedr AN Fhm RSk diRbF I ullR br RERRGSHR L 0
adgs 28N otdi?rbcloamine‘dgw?xmtwdo??t tbd‘ﬁmtitlatbgﬂi?em m]a)n mk-gaa‘l Wpet;ilrima.f A&inallhe
redox reaction js substantia conpl eted in evj ous in sone

i nst anc e aMayBtRf\Rselvepthasadpol Ymg’ ) aggg'acwnma)\e&sggqe 7%&3 NlBéBfQZSOBB

ﬁg' tio naah ﬁ%xqﬁg tol?%‘i)scﬁi’sﬁp scﬁ@tﬁd fof mkﬁb@hano @rt@ ithPéit Btet'filnp NS Of

two |'a arere nm Scible I n or'intermxing is
deened t dohmn@pm@mhl(m the vthey kandgiiasger emiounts of high boxlmg solvents and/or

additives such as triethylphosphate, Triton X100, glycerol, etc., are preferably avoided as

25  these have a tendency to contaminate the film produced on account of incomplete pyrolysis
oVer temperature sensitive substrates such as Kapton™ or paper. Still further, it may be
worthwhile to treat the substrate with a coupling agent that improves adhesion of the

deposited material to the substrate.

The most preferred solvents, however, leave little or no residue other than the metal,

30 metal oxide or other intended precipitate. Thus, when depositing pure metals as in current
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It is contenplated that up to ten or nore additional |ayers ngygbpfperggd
+to conplete’'S all of the circuit elenments in a circuit, depending on the
conp! exi t y WOBMIY ) as described bel ow, nost circuit el eneRFYUS

constructed with only three tp. four | ayers, .and it i,g probably rare to need
mor e t harFOHBYRRS OF EFCYILYAceS, any Rinders a\ﬁl‘éﬂ‘évr"d’i@“ﬁ’o‘%‘ﬂl p1s; andesg forgly thatddi ¢ i onal

| ayers. b ihd I | It ' or a

i 71 er ent Tt LREa preg PRl FRbsch Ot SRSl SHERERER L B uBR) 0] s

conduct ors}0 wmtéLE awaves; or S 2witbe didsjotldledt is ebretemplated fersthe depbsited solutioh tas

di scussed el sewhere herein, or perhaps_sinply a sealing |ayer such as a

_non- cond %a%%% § s, af%&&f%@@ﬁa%sq%wﬁg BHYaY s%l}‘%%“ﬁbﬁ g9l ead
lines’s T aicte brefdiably LAoaisd, rn&egﬁemb@ \Ouag HaRes Ho?&lﬁﬂeﬁ%&flgﬁ dance

with the teachings herein. Figures'2 - 7" depict some of the
_cont enpl awt$el Héssdlspreontemplated for fthedepbsitedisolution itbecsubpantially particulateifger e 2, a
capacitor 20 has a first (nearest to substrate) layer with two | eads 8

o nl ate 257 KBS Sl Rald SR Uhosting IEEhA s8PSubolal i R Pafipaigy, 2 9
suppor t i nich BS¢dttRIdes oanedés i vglgﬂﬂq_lﬁﬁédlﬁc irichSion35desitible & Adhidve ierraskdct i ve

| ayer enlarged to formplate Jhroughout these exanples, the |eads 8
f orm par tsucﬁcaarea, geeater ampyats gEpreripisatey argiepriemplated; Fpr exampld, irodepositinginst ance

to cifcu whi e {heref nl.y . n. i medi at e Ximty

to tHY conone A uRaepa3ts SRkt B BaReRiis A Se' s BT TR 66 ey

i ncl ude aRs 08B0 Wis offtieadrs farmubition] which 614 cOiréspOnE RUSERUNGIEL 50 widk of

preferabln‘% consi st of substantially pure copper, and may be formed using

@e t ec hrihg cemmpositioa,hen|diluteddwisglyent. n addi tion, throughout these exanpl es,
e supporting insulator |layers 9) as well as any other 25 insulating

| ayers) may b Yol ' I i gure 3,

2o odb 301 o Tapeasied eckie) Bl AEpALEN Riun SRS Mgty BoPtic meboll 911

--suppor t i rispingwssed to deposit tha selutiom dn kheyspbstiatey i Rrefemedappareativisensities a1 tor

terjal . ti ' I .9, d a,l f
conauld | i émsdeRRlgses) i it g BRPrstebop R o BB srBFiond ResEFR #5901
34) anot h;UoJoz%ygo‘;g; for OPREY! lekOEraphie, ardinfAgkb.2 | ayer of 20 1 9 FEB

2003 WO OO | Pc~rfus9snsoss conductive riser 33; and a fourth | ayer
havi ng a conduct or 35. Throughout this discussion, n and p dope

d
seni conduct or Theyselventgap b éena&tﬁ%&oméhﬁ@ixsﬁmalﬁmeMEmpvq%ﬂtdéﬁfwwts and

dopant s) v ' | ] ' in. In
i garc: 1) s T caRARint Bl CAEAGNS Suftch Bul i SASBLBATHARRE - o
separ at edinviseysigLip prdihed) qurimgswhizh timeSthe soleent isrlargklyeespopated fromahgreaaingd
sem conductor material 42, anoélher | ayer OL E{g{;porti ng insulator .9, and a
| ayer 2bf Wbt ciniother embediments, thesplvert can be by FoffinHigs 40, ieat Bositedi conduct or
material d4ligqnot her layer of supporting insulator 9, and a Layer of
conducive riser 43; a fourth layer having a p doped sem conductor nateri al
@ anot her | ayer of suppor:ti ng insulator 9) and a | ayer of conductive

S

er 43; and Applyinygthe Solmtion®othe Smface Shnduct or 46. The p and n | ayers

may be formed as in the diode 30. In Figure 5, a resistor 50 is forned from
a first | ayer slnistepi Sthe solotidreimdppBedstophe sarface wsingsanyglevice papablefifferming ®; a

d | ' | .S 53 th | f [
heul at or dsired et heslly; s ot ihspenany B soltihomh » 3HAEE divieh
resi sk verddiive cvemeek YERVeel¥he surface and at least some portion of the device.

Conceptually, the device can include two parts, a reservoir for holding the solution, and an

applicator. In one class of preferred embodiments, for example, the device can be a "point"
dispenser such as an ink jet type printer cartridge, a capillary nib, a roller dispenser, 2

sprayer, or even the end of a compacted mass similar to a pencil lead. In such embodiments,
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formed using known resistive materials) sol vat'ed and deposi tgplgi FER. %003
.- accordance with the 15 teachings herein. O course, the resistive materi

I al
coul d sinp be t joined with the |l eads $, but such an a e i's
-t hought to O‘?’Qggé reliable. In Figures 6A and 6B) an i nducf‘éﬂﬂgﬁ%@% or med

froma fjr | separ at.ed . S orti.ng i.nsul ator 9) where
one of tﬂ’gﬁ%ﬁﬁ’&‘??&émgéﬁﬁﬂgmﬁge @‘gﬁ??ﬁ?ﬁg‘ﬂ@%#ﬁgﬁa phf%%’ 18 FURGIOm A uct i ve
ext ensi OrabRng Feade DRPendiy 66 tHeapedific értSRmER) Suklp 86vi&s carPdibFRisy subbtare@

i nsul ator 64 and supporting insulator 9; and a third layer having a

conduct owithan aceyracy anywhenctron tensl of Angstrams ok lesss te@millimster opworei ons 63) and
conductor b4 are all electrically conductive and continuous. In Figure 7, a

uppor 11 ng i nbif AEEReGRT R bt b Bs AAP clotinerBligy S ERE GRS oY o

| ayer5 of apilicatep pPért éxagple; ¢l applitatét mayrdmprisOf fibbér or dithiogfph nipestabp) 73; a
third [ayer having an electrolyte materi al 74% anot her | ayer of supporting-
i nsul at ofndthe sesgrvairanscARprise astamyypadoIn sush embodiments, thens need not beany ng an

anode na ial t | L. I nd a

conduct i 5"254"?55%?7‘%8‘5 rﬁpﬁﬁg ﬂ%fé&&é% g@%‘?ﬁ%g&g&@g%@g M rclads ? ﬁ%‘ﬁa’%

elject ri Cﬁiolvyxlnmbrwu?éeh\medqs;ﬂibaot aid thesuefacéban e .usdde fomh thediesired pattern.

advant ageoug] y. be forped using 50 wt %to 70 wt 21 ‘I 9 F~E B 2003 WO

00/ 0736 Bestkaher zehwgimments, theAnplicatprnepd potdrRate Ry relaue (o the surBicsit e | ayer

may v aphanHPt OBGkeURid 86 Y & f ' ( et hyl ene

car bgﬁat ggl di rre?lﬁgfot&gﬁo.l;%nat ee;m? ?%g%#nﬂ%gggé ?tggétgeprhosp igggfs, gan : oe)pt lonal |y

i nert paresexybirand thetapplicaton may be/inunabile s¢lativedo thessuifacks andsthel flaidudispessed ( The
ode | ayer advant ageously be . formed using 50 wt % to 70 % lithium
bai t | ofteomgh e ABRiRiap ey P ciferici REProRal . A Aoy Evesh o firmahe

f or mat i Ogegife® &R | bed bel ow in connection with the discussions of Figures

10 and | 1. OP course, In Figure 8, a conposite conponent 80 conprises a

conbi nation battery and capacitor. The battery portion is forned as in
Fi gure 7 wi t Rhejpatterss contepeplatad td bedisprnsed aisiang appargussandzmethasds describebpor t i ng

I nsul ato .. .a.second | a L.ng. cat e terd 2 nothex |ayer of
suppkst [ h@'%}%gﬂflg @%“éﬁ'h‘@a"&ﬂ@ﬁc pé&g,%\‘neﬁe ‘{%%q %ﬁb@fne’éﬂ{ {?Wd | ayer
ha\d/i ng angad, €illed il gpacesnmnd 8o forth. gmus,ado]gtemtart]ddﬁmemﬁlncmppmiglinrzgd gmud at or I9,
and a conductive rjser_ portjon D urt ayer haying an anode materia
85, anot HBFs, pigresctigps %ﬁ}mlﬂeﬁg"@ﬁgﬁmﬁm ngrowgd preas hhens OVFEBPPINGer port i on
83; and | f LS, hod ' | I ector
mat eri al %g ﬁrﬁeek@éeégdgg?tﬁ %t?' ordtzl on |s§ﬂ%§irﬂr%reﬁﬁl%ﬁgé%lg%ﬁgﬁﬁgggg%ynagﬁgur es 2A
and 2B, wcomporentdésignsh Thepatterhemayiajsd beesinglé bemtlticlayexedddsigns,36d amyi ng as a
pl at anot her | ayer of su rting.insul.ator 9, .and yet another conductive
ri serYpo H‘Pg‘f? W%&HB oge of 5‘?‘& sidéﬁg?&hvéﬂfi BelpERTEIHIdP “&%/’EWF § P ¥iduct i ve
pl ate 88. El ectronic Devices 20 - ~ Methods and apparatus taught herein may
be used to prWﬁﬁd?@n&%etcﬂ‘pﬁﬁlﬂng?_@émm&eﬁﬁﬁ&&eﬂﬁhﬁi&%ﬁi&ﬂt%bﬁj&ctm&i el d of
rom’communi calions to conputing, transportation, energy

moder n wor | d) mur ¢ : ] (
gpgduct i &) commemmethedsiotprintingl are eaptemplated, 18 the followingtgchnglogiesn) and so

forth. N r vant f J Lacl udi . i . system
el gt il B ARG Ae 906 ohe RAGHER. Bk ol i MIbAEBINED SRR 1251 T
and by 23gtagipingd uil fgbeb bf ihOgraphy 6 wet@ffsetpdigroffatt dr Netfersdn rélRk phtitey; fefter

w t hstand the nechani cal rigors of conventional fabrjcation techniques. Cur
appr @4.ch prese priping; grrvyreprinting; sczeee printing: dexqusenhiq printing; pjgnagraphiepeci f i c
power for__.a

e ds oPRybkaseiiinf bt BaRif By ARREeh oIy St S Gt 11

printing techniques; as well as brushing and stenciling techniques. In short, any printing

On

process that uses inks can be employed effectively with embodiments of the present

teachings.
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,1-9 F E B 2003 WD 00/ 10736 PCTNS98/ Z5088 One cl ass of contepBaFESB 2003
enbodi nents-includes relatively sinple circuits that often command fairly
| ow prices WQM¥10336 produced i n hundreds of thousands or evBET/HSI¥2588Es of
-units. Exenplary products are battery testers) sensors, catalysts) small
batteries) m dio5REAIHPesaad varysmadvolimes; mkyetdyns Rsipters may beadvantegeousiyal
contacts, C Lr . ' : met hods
Caught narateyedchucel ik uregsPRASin iprBaudih of e SFERTRNG wiRR
descri bedsilver, téppef)4éadior 8x contatriingconduative inkALDisc\dsSidh of exefiptirigdichc! ass of
specifically, cont eg‘gl ated epbodi nents includes nmass-produced, relatively

i nexpensitodinigues may be faund dn VS 56851 46dedisGinley etal: Qlavs 18, 3R%Npwhish fser e

inclu d . e j .simlar to
that - dosdntpsfatel o o pHBHYS Shad et b5, i BE ARG B haBs " Sl €

. may be r estemplarediereiadmay boustd ethils dfpréfeded prosaturdsanilibiag ah thk-j

circuits are expected to be superior to that previously known because the
traces cdifintag Appasatns &g sefiforth in copanding LS pateat applicatipn senne 19043182 to

honmogene [ i . al lexibility and
crack re?yé?'%éctg' (&ﬁgtl—ég?)?éﬁtgtsllgrb%&né%gg%ﬁogaskfﬁ’o&%ﬁfg%if g’t]g% @rﬁ.‘) di nent s

i ncl udes (Gurt. ¢998)sbgth bfivhithare ihcSipblardihetetn byfetéréecs such as cl ot hing or
other fabrics. The circuit of the theft detection tag described in the 'l sen

pat en, di scussed aboye, .for, exanple, may be produced. accor di to the
ot ot t aughti HeREPHkIErRSISHER 1EoRy Ao FhRRLiALe RUUDR Do n
conf or mal g,Ega4ti6R o PEWerdBNREY GIARRIbHE Hizd Aidl sHelS tRak\AR b dolfBimd? id Rsibugdvanced

el ectronics, and functional devices. Thus) 1n sonme contenpl ated enbodi nents
@bat t er ysudfaces imdluding Curwed,/surfhoesn t(Fagbeaumire; azésobitiontdownito hoeu, and evencipmred

j ect) such a.pallogn or the.inside of ,a.pressure vessel.cantaining a
Fubl - ghs 15 Bpistie S8 Prrart apiist PAming Eiepan Ry iR S mimat wik e n:
i ncl udes LiRhdceineR ik ilt-jEHintingéchnoldgies. CRNPHundEd, OAD/CAM bsbeabd o W th
transmtters, receivers and tne like. The batteries may find particul ar
usef ulSheseonirol the applicationef the layerssllowing bath exqcHent sontrol of theprintingidévices, ot her
conmmuni cat i,Qn ,deyi ces, as .| as systens that enploy the button type
batteri es‘}““?‘&“ﬂ"é&’“gﬁ&?ﬁ%ﬂ‘%%hes_ The ink jet printing process 90 shown
in Figure 9 is particularly useful in building up a power source structure

and ul ti mat el Yok sbmewhatYdrgertond, otvh prifiéers may be operatad irsonjurietish withgn head 92
of an ink_] lotglype devi ce 1(lremai nder. nqt shownéé depasits a . .sqQlution (not

t
shown) 23X 8P ugtion tablepsugh as hat drseribed an USHPREEH widasiuta stal I AP1d: r edox

| o g . . ' t t 94
W ih depod EpEtialifbrefirRa ety o7 prphNReFirt il CAM uBé dirdSneC T L0 gy
sour c20 96systeimscduch as & Qhmsrafthincr Mikyapenat®0t i lonthat Beyjoe, ¢heliien| tablagnd at es a
I til t, ture f lithi i t bat | 00 t hat
or oduced Byt PR Seg are pitkr dree Bierab e Fporiinees EPmplfieorl aldlnc s
lithiumi@Bed YitPed2filof RleWarilBI¥s, Parifing éﬁ@&cﬁ%m@ﬁigtrafeypem#o{;cgg&peﬁt Bicknéés,noNi nal

d 4.2 Vtop of charge. Lithiumion chem stries are p erred because they

pi cal | ydepositwidis, colugiressr usjiderigth andeolngyypesfunit tignedfmayns individsally
o br oducoBRRgIee Jhe Solfion Bring rnestieiS puEped Bule fen B aPE BERRLEN 85" ° 1%
Fi gur g5 10puléed @f BBduit 2% PEDRET TR penaites o theGrfibfitheioliiRn bringareeid101 with

anode current collector 102, a cathode 103 with cat hode current coll ector

104, and 'and needoottongh the substrate udng writiogs This pemits allgpatoyrs of thesubstraigioous| y

bet ween 3, cpn,and, 20 .cm wi.de, 3 _em.an Qegmel ong. _a u 150 um
t hi ck, exkeeﬁlmt"ﬁ%rtw 'f?e"’%ﬂg‘lngﬁf‘“siﬁ‘ ﬂg@&nggs 'igilguleg' ?9’5?@%?#’8&"1‘0‘{%:"80. 5 pro

) thi ck. Onpfogice@lat 4 el SrALIONRh Y foffdnce.0l | ector 104 is a bariumtitanate 1 S
ceram c |layer 106 with copper points 107) which are contenplated to be 25

umto 150 pro thick. Leads 8 are also show for charging or discharging the
battery capaci Bpemployingeantinipus substratgcsugh avimay ba diap fsaim a relbefaaetal foil

wni on 8 cBEBERC kP AR P e i udmls o SRRt PREVARADRTERERoNEE 17,

collector is generally limted to foils with good nechani cal properties to
all ow for the nmechanical stresses durirnd the coating process. |n approaches
contenpl ated herein, however) a nuch thinner copper or other current
col l ector can be used because the current collector does not require
mechani cal strength to withstand the coating process. This thinner current
col l ector provides a weight saving, thus inproving the specific energy of
the 25 pattery. The cathode 103 preferably includes |ithiumcobalt oxide
(l'ithiumion source), acetylene black (to enhance the electronic
conductivity), and a pol yner binder. In approaches contenplated herein, a

.




fabrication of thinner el ectrodes, a lower |evel of acetyl ene tﬂagcﬁrgaﬁﬂﬂyse
“required. 24 ' ;9 9 F E B 2003 WD OO 10~36 PCTNS98125088 Preferred '

cat hode natﬁ’?“%{ﬁpﬁre m xed netal oxides, in which different @%&’éﬂ%e
r

bound t oget oxygen in the sanme nol ecul e. Such corrpod’

articul . | |

Bl ot r od ot el SERIROGR bk, Seh BEARL Cl B B eepERR BRI ord3hOREY webasy ¢ a
great extigrouttigowith b suitableblade du an especially prefeired embbdimenth# phip mathare. As
used herein, the defjnition includes ¢conpounds having the gerenal fornula,
M-x~ . . maypecrployedthathaymultiple substagtially indspendennprinting giations: An exsmple s, and
the vario | ad ati.ue atomc ratios
gi ven by lg ﬁfrﬁéﬁéo égxﬁm(a%ﬁé&?? ﬁ?gﬁ%&e@% I@%‘f“ya‘%ﬁ'm‘ef?@npﬁ)'ow‘ sé'ghi ncl udes .
M X, .5 . madHines @y eatrgeincailsinélnding siccit trhepshd nimnyidiffdretst ielebtrétiic ot her

non- honogeneously di stributed chem cal species, such as nmetal, ceramc 10

or ot her SOEMONERts.£anbe pPrintedon@ continugus sHPsras sush s A golner sheeldIfwehs of such
rowevor . SystEicaffeherd solifnle nltet il i hNanGELAGE SRRl & iR Bl

oxi des aria amrameyaralagoanto depositinpdiffereatddlets ir a muhieolonprintinggrodess, her t han
bei ng che

1 cal |y, bonded t oget her. The defjnition al so does nqt extend to
conpoundsAREBMIVEL. fgiuen s 0n ey davemultila deosition Jaisor other %&a&ewaﬁwes
pr ef e ] ' claimed in copending PCT patent
appl ie{:qatt ﬁkggbser %ﬂ%g9@§§ﬂ§§g@8§% Narang et al., (Jun.1998), which is

Il ncorporated herein by reference. Mst preferred m xed netal oxides are the
l'i thiated net dnitistimjes RedoX\Readiion (6)Ox, (i ncludi ng, for exanple,
@Al 02Mh, , alx, LiCoQ2 and Li Mh=04) which are increasingly used in the

-cal | ed re- dnatepdiadotedox omakiiomis diitited imthe deposited sblutienidh prefariedes t he 20
met al oxi des ,act as, cathode materjals reversibly intercal at| and
ol nt er o ATAQIFGETtE, T AP RIS F bt SPICRIoR CF EXVaal SHETE MK Pafagle Rgerey
addi ti on doprded Ricluditifary solRe ik istapablé sfifebligthe esird® ehefical factigi(h)h 1 N
PCT/ US98/ 13366 are al so of particular interest in many of the applications
cont elpl awithbut causing dxcess ge {orthessubsteate or the toatingRartinmlaglyprefemresh i npart s

o ¢, PR shhfegs b afierevis BEPRUD ool Ve BB Fre b e’ o (1
Yt tri um Bach dsinfRpsdcampX httbhdt ¥idbldwesOmpay Bedsed l oell"ONRE suibR¥hergpi net s have

been investigated as superconductors) and,lithiumniobjum oxides {Lihlb03)
have beersouysgs inciugeelestran beams, andradiative deviges at nogrIR wamslengths includingi% 130 may
advant ageQus. ¥ ﬁ I ALibthiumsalt. In previously 30 known nechani cal
assenbl y '%y'é)a %@gga%!% J's"bﬁ’?iyer has usually been at least 50 um (2 ml)
25 ,9 9 FEB Z003 , WD 00110736 PCTNS98/ 25088 thick. |In approaches

cont e2pl at ed hAhematively the/redox rtactionendyoeculi spemtaneapsly,isuctt asomheré oxygen or

el ectrolyte to the surface of the electrode). ch.thinner electrolyte
Cayor | 1 oiBeeas i the abme@bpredract W & maaeen fhe Segosid seuisan. i

vi des | | ; -lpgag,; ' (a thinner ionic
ﬁ?;er bet%x‘e@ﬁh% e et\!ce'E1 ?%E:gs t!.: mlgg%%n%’?ﬁ?heseé@g?%?és@%%%ease t he

speci fic energy of the battery) with the | ower resistance inproving the
battery perf orf;mm:equnm reacting small quantivies;of materids wedhaye heananeltt i ons.

Waile liquid elect.rol vtes ar I r Lfed r terials
are subst%f?séhﬁ?&”%m{?r?ma&c gqcmg%t@%&gécﬁ sglts:ﬁo frrrlglr“ggfees%k&r@gﬁy es, and
especpsil | yeresiltyd RéB& 4 glass surface] ad thgmicrbwaves haveckiten plovided usingla as
those discClosed in US patent no. 10 5,830,600 to Narang et al. (Nov.1998))
and in presmmon howssheldmicrysvn hiavieg AxBteskaapanity 851 (0cwatisoHnderthe no. 601 067226
to Narang et al .. filed . 1997 h ' .l ncorporated herein by
r ef er enceORFFRYAUSRS 91%8‘#‘5?%%’@8’1 %%{owglgéf%eg& &%‘g&é sg""{c‘ig%t‘éﬁ%r{egﬂl@d to enpl oy
pl asti ci Zgifficiero initiale MRS redsx Qﬁtérﬁﬁ‘ﬂuriﬁ’% giddftep vhivhahd feadtibalissed-e f ashi oned
after the teachings of US Patent No. 15 5102751 to Narang et al. (Apr.
1992)) whperpetuatingdugrtp thegxothermicdianref the reastiane &e haye alsehad gapdiresuits at

evel 39 o gl e REpoRlifh el KRR HRL el BBy Ul e SRR e L
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patkagi ng and the device. A still further enhancerent of the bgk 8eFgB 2003
‘el ectrode structure is possible if a high power level (current’-drain) is
required. F&fo@k@ﬁﬁ e, the battery 110 of 20 Figure I ~ has PGRUS9828088 5t ed
el ectrodes 111 and 112. 1S.Stru e i nproves electro utilization and
pover per USO8 &8 f“i’ci‘c?é .u“méﬂﬁftil@ﬁgﬁbé !laég'F fi{.‘)’é%?afﬂpw&\?éﬁg » SQI8F CBERBY£ or t h
in 0 pendaniDelséeriddilrpdtt artitBhiefplatdd) Oftoindt, thoamdupt AtFidfedsityPoNRE adidathlg al -
(Jun. 1998). Figure 12 is a graph referencing other battery chem stries,
al | of whenemgyisplspa fungiionypd atherreacsion eanditions, audiihischutemplated thatstroeg ei n. 25

O her Devic Me | I | C Qi ' nd conponents can
be. advant SHEBL SR RTRAEEIPERRLE BBr i B s it S dhioRE RerRS 2o,
exanpl e, methods and apparatus taught herein nay be used to produce surface
castings for dRsitywing ittigtionpd drsedoxsyiiedsthe enmpenitire 0f themikhige datitigs of
.nmotorcycles or_ the sides of cars and buses and trucks. For such 26 .99

F E B 200propgssing|can falanywhess dhetwesn abaus 59 °€ and 2hoat S00:°G, ard may vesy9s pri nt er

wi th head y r i | . her

ol ass o SABSEERaE BdRrb S 1t Wi cBRERL ] ol the tepciR B b AL '
se, the mafthinthe sevéral prinuted toseveral gays rasgecam evempodssiblyhsevémbsecondsi Sxitriag hi gh
per f ormance ceramc filns, not attainab g by. ot her co rcial]y avail abl e

printing PECAMTHRALISH gdvapta AR pHeng “&Péﬂc&f‘f"ﬁ ?:mef_éﬁ‘?g%?ﬁthi:eram c
devi Cfy Cfinkprddilt, bEPHER dbd wiR AR o iciPmBlif. 1H sGthe LS, Udclalig W I N an

organic solvent with a polyner hinder to enable the fornation a high
qual i ty f polymeritingiacids anomsed it may be advahtageansta agedecontentscfior ashart pesiodde and

titanium al kpxi de cgn be ad%gg to )t_lhe solution to e hanc&dt he c%amc

I d and'ﬁ“ﬁ@ﬂéﬁ?&ﬂ? RRFAR Seyem) hoHrg H HAVEY L AVFE-28IREHEY hevaleadmprecude ey a

w te”peg@srsﬂﬁlﬁyl&?bh s&ardtiog il m Techni ques described herein can also be
used in depositing gold and pall adi um usi ng a non-vacuum non-el ectrol ess,

non-el ectropl ati ng hi gh-speed process integrated for electrical )
i nt er connect s. Wheresextersaleprigy youress aprusad todnisiateshe reactinaptsy maydspppliednd

r hodi -.- -. ---for, muldichi ul nd riaid. kiai-flex, and flexible,
b nt S8 it veguR v e S g the Bkt ol s Btleds B, ool ooy
can depospiectd@igind depaxited oniihe sabsuatel Elowevér, inlaeiatvedmisodifiens, foet al s)
ceram cs, Kapton~ and _ paper. Experinentation with these techni ques has

resul ted PFRMR® adsatediligandcquld brappliedtoArold precnrsonr @ hratsd grecueses sawldba ng
t . qf t ke c i j t
Ohi nge | ¢ ABblie to 8 EORAAE 1t Qufek Eftbodibn i A GBLEI Blafhuld SPMGL Y |

any 20 deenergylinparied ivits the sohitionbp héateenduction. por es and cracks (as eval uated
by SEM EDAM (c) are continuous and el ectrically conducting; (d) have a

hi gh rface snoot hness), shi.ne nd iptegrity: and (d). have good adhesi on
to th Hsubst rag .“%é&kbﬁﬁthﬁ?ineﬁi%ﬂcf?%& ’6‘(’%‘8‘.{5&’?%%?%{%%%3% %f@%@" from
whi ch many, &infRlbti G ising?diexBehil Sh&@ gy SoufdeS ariRiteddahé OREmANoufR S intleRAl | Y
mentioned herein wll be readily apparent to 25 Chase of ordinary ‘skill in-

art. Byploxed tsf Neverthbless, post processingtofi indiniduab layers is costemplated Fodescri bed
Terei 1 ar . Soan 20eous |0 bt TS M BBl A6 SRR M Sl O O

energy may be employed to drive off some or all of the remaining solvent. In other

yQ

25  instances, especially where metal oxides are concemned, calcining may be needed to achieve
)

the desired functionality.

Completing the Component (7)

Step 7 adds another layer to the electronic component 1, preferably after the redox

reaction is substantially completed in the previous layer. in some instances, however, the
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They require no resist for patterning; 27 ~1 9 F E B, 2003 wm1&9§6
+ PGITNS98125088 CAD/ CAM data can be used to control the deposition wth

coati ng tecppopyRse such as ink jet printing; ' They yiel ds pgaindossseas | N9
performance equival ent or superior to the electroplated coatings in terns
of appear;anfidnal ayerBar be ddded \Rhiearlied, su@4s where flds01R6 §d'{'ttﬁ‘%ﬁu}otl¥y7e arfey can
use | ow tenperature deposition process) and can thererore be use(§s on a w de
range of relativdly imraiscibic in ont enotheryordntermixiyg io lediied16 BEacceptable, arevelpased on
easy-to-?/n,t Resi ze, air-stable netal conplexes that: ( 1) are soluble in
beni gn s s, such as isopropyl alcohol and ethyl acetate; (2) 10 have
good filmfoam ng properties; (3) have |l ow thernmal deconposition
t enper at ur es; ToXaqoYa) A Akl Aalli@n by
appropriate Céﬁggg’&,@g%&ﬁ# ggﬁgr ent %ﬂﬁ%ﬂl?%@sgyﬁg‘%bggQixﬁ‘egé?gdﬁ lﬂ\gl, 00%
~-. 5 all of the circnit-elementsrih a girguity; depandingarthe complexity. dgyever, as déSojedcan be

used to deposit bath.thin and thick . filngs:..15, Ihey can,be made. .

oot r on et gesh Sl eronf Kap 3 cSaenapted i qnty s e PR 1R i s

const i t ugitbbablif rafet6 néedbibrehdnbaut ted lggrscan provi de air-stabl e netal
precursors with (a) high solubility) making the solutions easy to di spense

e e R
S b o U el L, LU f L T ATy

assi spe ;:I bt nTis ixtcllualbs ccﬁﬂml:tog. insulatofs, semikconductors, electiBlyés] ﬂrﬁl?s’b&'oxt')th as g
PCTNS98/ 25088 Exanpl e Exanpl e 1- Copper Traces Coppey tracts can_be prepare
deposidiscygsed elsewhere berews orReshaps smlmwfmiw e 8hf DeR-conhicting h a

trogen gt bAEH! Qaafiofieltepls HAPRSS forhleal HER! Frd SIARUFIILE) 10S ©

taken in mL round bottom™lask and 6.8 cycl ohexyl am s added
to it. Theednotteyerbe depositedrin dceordancewithdhmteachingsderetc- 30 C) for about 5 to
6 days to obtain ‘a honbgeneous vi scous mass. Another 0.5 g of

| ohexyl ani d_and Stirri i f hegr 24 ,
Thck past o waiBBEt A7 a8c e i (st OB pfRIE ach s B Shetifc ARl ",
addi ng5 ancoigRhehts. "RIMEYre2, 8 cafaciiorCl0As % irst Thedfest thNabSAA) TayeP wittwd O

di spensed using an ink jet type printer in lines approxinately 25 pm w de
and 0.2 ueadsi&separated bmemmmdns&tm%ovhmonmf sosaniatged ot plat® 22:conds)

yi el di ng substantial l.y pute r tpaces, anple 2 lpnsulators 4.5 g Kynar
721 PVDF 4§=°m@aw§=&%§55r%‘%?°ﬁ2%ﬁnaﬁ%f ity @W@“&g ‘ﬂﬁ?ﬂ?‘g‘rﬁé'_‘ xture 15 is
heat ed t ocohdfkctive ¥igercI5s aiica thitd chMRictité Bager enfipgddUtb lform Pld@ 28| uni num oxi de
powder was added. The slurry is mxed tor 12 hours. The viscosity of the

slurry is adjysted using NVWP dependj ng op the printing nmethqod. anple 3 -
Dielectrics | ﬁﬁo‘}‘ﬂ\“!“ @%‘&F%R%gﬁﬂ%feﬁ&q ﬁ’m’tpﬁ'té’lﬁéfgc‘ﬂgé# gifs of %f‘%‘ri al s
can pr Wﬁﬂ : uﬂgtsxg& \ ' I QP4 ' ' of
isop?%l’pylﬂfai COo g? i(krllﬁa 1 #b?%ﬁ?\%g'tat\%rﬁflask%fﬁﬁghwrgr rnbar. In a
@ ml beainemediate prokimisytoithe compoments Siigblefleads, andiindead anyy of the cdndudtoisn 20 ni

Bl ok e gl i e €
was cont | &g;g&aﬁ@? ﬁg& ?ﬁg&?’d{cﬁri’ﬁ be fpEd GIREME kéthRiqués ¢HeX@hpRA BHIdW Il S

obt ai ned. resulting solution 25 was taken and added to a
sol uti on addition, tiroughout these exarhples, dhessuppertitg Bsulatoe dayers % bowell 89any othxdr

L G i A o 1 00312

In Figure 3, a diode 30 is formed from a first layer having two leads 8 separated by

supporting insulator 9; a second layer having a p doped semiconductor material 32, another
layer of supporting insulator 9, and a layer of conductive riser 33; a third layer having ann

doped semiconductor material 34, another layer of supporting insulator 9, and a layer of

20



~'*9 F'~ B ~~~ WD 001 10736 Exanple 4 - M xed Metaf Oxides PCT/T89BEBS2003

* M xed netal oxi des can be prepared by taking an aqueous m xture of the
metal nitr MW acrylic acid followed by | ow t enper at ur ePOUPHBPSI88 ¢ o
yield the netal oxide free from orgaaics. The relative amunts of the netal

ni t r at es canfpchiyRrIsehdAirand adawrthclayerdaying @ canductordSc d Arqughentithis disenssion,at ~cct a

conpl ete | ' ' . L/ntering -
cessi on AR oniior Btk b forBI U ERRNA tifieafoudiPbie ERE | 02
successf dopants, sslvatedanid deposited do pedrdance withl theaekchinigghereinl des of the type,

Li Al o, ~Mh,,, Ox) Li CoG, LiW1l04, etc. In a particular experinent, 46.4b g

. of Mi(NO-)2.4Hz0 was di ssolved in_about 90 mi 10 of water in a 400 nil gl ass
beaker. To t hila Figurad; aHansistoy#0gs farmed from a-figst layer jaying dwe deadsr sepawgtedent s

was skir : . Al e d and the
5ot ut P on by funmkr Mibdiauds 4i34bcond 1534y Haftng & b Wb AicdiBhGoriiRe B4 B0C |02
and t he andtheérilayer of supporting instilatdr® amd alayeradoondietiees rsen¥B; a thiré layanpl e can be
printed as ,in ex le 1, with the printed solution decqonposed to the netal
oxi de us%mgn&mg&&ﬂéemm@or_mgt% i #pother l“ﬁF’oQ%HBP%@“&%“‘ﬁS’?:%@ato dope
a wder al soxisde r h A ' : fromthe
met al s J‘“Sf%ﬁ%%ﬁf%?k f'?%,@'r ?f%@é?ﬁfvﬁ%&% A%g%é)a ﬁ‘%‘%‘%“,“"ﬁ,*@??ﬁ"‘%&ﬁa’ VIl and
t he | ant lansthetdayenafisupperting insnlathe 9, atdaslayerl of conductbve riser #3 Cudladifth ldyeb g Kynar
721 PYDF.i s used fo dissglve the, binder .,in 5. .0 he m xture 20 is
hoat A0t beigh R EondySior 48, Tha R ahd% 1arert oy pevoiet 1§ tnesiode B0 )" 1 5 Chevr on
acetylene black and 5.5 g of Lonza KS6 graphite are added. The slurry is
mxed for 12 kpPigire 5, uresSoESHistfmdd fidhea first 1dykr havimOtweieAl 8uepansicd\bP

@pendi ng on the printing method. The above mixture was screen printed.
anpl e Suppostingrinsulater %3 seconddaysr hayingtworisersigopnd anathes dayevefsupperéng g of a

i o TR 95 TR RO R Ryt B TRERBGRL St aingial ™ 1 ¥
m nut es. fdmtedRemg khbwh eitivendrialspsolvtsiamdidepdsited i adcordanderwitithe sl urry

m xed for 1 hour. The m xture can be printed onto an el ectrode surface. 30
' 459 peachipgplreiny@f ourseothg sesiativismisriabemid simphybebutt-joined mwiththe leadshode

2.969 of gt § ' ‘|~ | i tanium (I1V) isopropoxide were
di ssol veg’?’% EEI Ei 0 g%%‘%?%@??ﬂgf‘g%%f&%bézm xture was stirred for 2

hours. Ink jet w- ~ - - - - - printing followed by CO | aser deconposition
provi ded a t himFiguies @X aiid 6B, arbinductar 60sis formeg dront 2 Girst hivdng twerieads Snd

c o bonanehRaIgbY, Bipofing trsylater . wbetrane of e Bonditiie BTt s SoFfsp e
appl i cat iaQfifee sidbd s&m&&bet&taaﬁsarsggé sechtVRY&havihg ris isiel] £Rydrivft he art

that many nore nodifications besides those al ready .descri bed are possible

wi t h@0t drswatori64and supporting insulatar 9;a8d @dhirdlayer having a conductor 64. Obviously,
the leads 8, extension 62, riser portions 63, and conductor 64 are all electrically conductive

O and continuous.

In Figure 7, a battery 70 is formed from a first layer having two leads 8 separated by
supporting insulator 9; a second layer having cathode material 72, another layer of
25 'supporting insulator 9, and a conductive riser portion 73; a third layer having an electrolyte
material 74, another layer of supporting insulator 9, and a ¢conductive riser portion 73; a
fourth layer having an anode material 75, another layer of supporting insulator 9, and a
conductive riser portion 73; and a fifth layer 76 comprising an electrically conductive

collector material 76. The cathode may advantageously be formed using 50 wt % to 70 wt %
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10 ‘herein. The inventive subject matter) therefore, is not to blgré}tBr izaﬂaad
* except jn the spirit of the appended claims. ' S| 31 ,1 9 F E B 2003

CLAI M5 What,,, .med is: 1. A nmethod of printing an el ectroni nent
conpri si ng:wb%gﬁgékdi ng a surface; providing a redox coupl eﬁ#@r’.ﬁ’gﬁg an

Coducer i impIERHES don BUNPY. 11 eliirBivie IR inaf Btvibtast U ik peli '
wei ght ; opulyvinylident floudde PVDIY)| ethylene datbohite, dimethgbearbonat, kthiuini ed pattern,

rather than coating fhe entire sun~oe wth the first solution) to create a
first |ai}ax95mpphowﬁﬁg apd opH WMR*‘BPFH%SP‘BI erﬂyfenpasy@p cariidle,

canpl et r%dtmn&%rrponent by adding at | east one additional |ayer. 2. The
met hod of clarm1l wherein the conmponent conprises an active conponent. 3.
The nethod of claim 1 wherein the conponent conprises an integrated
conporfent 4. THke anedé dayerxay advantageonsly be formetl atsing 150 ovi dhto HWomPbilithisma power

. 5.,T #l rod of clai.m 1l ' I t. '
bat tery. GoualkxIdhaR hgediyL-roraliooe. Aidican defils SEbaneBr Brgsicht Sssfdbesor anc
t he- r eduCKilow MBS NS AforPwills e diRAEsidns bP FiRdres PRAY M. OftBGrsEEt 2l sel ected from

the list consisting of copper, im, cotaal ~ tin, gold, silver) palladium
plati'num nickel) lithium alumnium and titanium 7. The nethod of claim
1 wherei n t he »¥igures, ajcompositercomponsat 80 gemprisesi a combinationchatteryand st r ong

reducer. 8. T t f clai.ml er.ei.n t r.edo uph e .i ncl ude

ater i o @BpalF, 50 Py hofioR i PormptCR IR ik Wi AeCRR nfying B R o
nitrage, sephaieddy sappdrtih@instlator 954 écabifd lajdr havifg caBydedhaeril B2 AinBthePlayerhe
nmet hod of claim erein applying conprises depositing the first solution.

@i ng at 9fsypporting insplator 9 egnduetive giserpprtion’3; gehirblgyeshavipgam 1 wherei n

Least b Rpt r 1. Lot | ayers
conpri sesagﬁmﬁ‘gﬁ}r?ﬁ%F lg,.angg%efa,y%é) f&i@o@h%%%&&olr@i ?ﬁ%g?r@tqﬁgyegg@ljcl ai ?1/1 1
wher ei n Itﬂsm»tim]?dm fbanhﬁdyenllammlz @rxﬁammhﬂeﬁalaﬂﬁ atotlihayagmrl mnplbcﬁ-l_iﬁgﬁg?]ulator |
essentially a pure netal ., od of clajm erein the redox
reaction ’@g@alatcgngwhf'ﬁammﬂoq %{kve?de%gﬁﬁram &df@%’éﬁ‘ﬁ%l‘ W“G?'?Ya ni xed met al
oxi deyg 13 iVeEo LIMA t (o1 o0k L1 +Q el s fgqlg'ﬁn
conpr }Ssi n%on-raa I atl Rg&?ﬁ%a%%%lﬁ%(}h %&?igﬁ ﬂv‘f’% ‘%ﬂ'ﬁ%&éﬁ%‘é‘%%ﬁsi‘gﬁ . The
met hod of 2A&land 2B with ¢hefifth layentiavingthe doliectormuenialr86 actimgasi asplate, another di ng a

second ~edox coupl e.conpr.i Si second oxidi.zer,and a sgcond r.edqucer
SOt oDt 11 SIRHeF ST EbPRaRne BRUABE O and YECROMET I DE FisehPrapes SRR SR oy |

a second Wﬁ&%ﬁer@ﬁ@&ﬁhﬂié&db@@ve%@@ﬂ solution onto the first layer) and
edo

initiating ar X reaction in the"second solution. 15. The nethod of daim
1 wherein the conponent conprises a battery, and applying conpr<ses
deposi ti ng t heElectronicDevieeson usi ng at | east one of a stamp, a rotating

plate, and a jet. 16. The nmethod of daim 1 further conprising:
20 - Methods and apparatus taught herein may be used to produce circuits and

components used in essentially any field of the modern world, from communications to
O computing, transportation, energy production, storage and control, consumer goods, radios,
navigation, and so forth. Numerous advantages are contemplated, including reduction of
system weight and volume by minimizing the electrical interconnects and packaging, and by
25 employing thinner layers of material that do not have to withstand the mechanical rigors of
conventional fabrication techniques. Our approach thus provides an increase in the specific
energy and specific power for a wide range of integrated apparatus, including devices in the

fields of hybrid electronics and microelectronics.
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provi di hg a second r~edox couple conprising a second oxi di zerrqﬁ_-@(jg@md
* reducer; solwubitizing at | eant one of the second oxidizer and’t d

reducer i nw® @aowsd sol ution; depositing successive | ayers rdrnssyenrsossond
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. lateral sqiseH siich@stHeakaneréidasiibed Sn US'564 Y hoHiret al. eAug. 199nherein the

circuit includes a transistor, a power source, and a capacitor. 33 (? 9
FEB 2003 20. The nethod of claim 1 dependent on claim 1, applying the
oxi di zer and Asatheeelassiofspecifically contemplated embodimenty includes mass-produsedi m 1

her o1 1 LV RMESIna0d oL e Rilflh el EnRRORARL! Sl BEeTifCe 10 Che
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oxi di zer solub lizing | east one of .the oxidizer and the

r edud@r ﬁﬂl 1&23.«» &ptzsqsphiwn Qm.tfoemhngwmbe Frafily prRdveed aogoxding Ul at es by
ht : t f t
poT N Bl e ey i, SHoh HHROa bR Bl AGEMIORRBIRRYC! 2,11 202

redox kaowh bmusentht hace‘slcmbe aeppatqd mﬂﬂucmmﬂmﬁngpmgmmmmmﬁ nt by addi ng

| east one addi fi Ah3. Al {2. AY. A
N Al BOTASESTERS SVotian. bk adkpion shoud allow Erater TRTbifly AR crack Fesgianag.
r. AY( YwHdcl

: zuoj e [ V] ca] cridthdrichisS af Spedilicalyl contehphitdicanbiodimentl indladsaireaitd prakedrdd cal caj
ca] ca U c"a %oca U] c™a] ca;ca U&}"aU] ca] cal] ca] cas% 7BX
$) * 7 k&T Z figxibjecsubbtrates such as¢lothingor other fabres q@mt@é}hséwh]i@eqt@auqa: aU] ca] ca]

S G HERUDR GOME TS Bnfen Pl GOl b by Efaile, B E piducsd accordinm o the. 1 1

al ca] cahsetiods iaughthdréia) Miiré&]cﬁ,&]sm lechhiqadsaiedctibed herein, conformal dcv1ces
U] cnal I\/$$$X%&k&&y ~trrre ))*E ***+ f,--@.//cl 0q0| wWr nhc’\ al calca] ca] ca

] ca] ca] c&}ad' E%f} Bﬁ!é&}‘lﬁ&?@&ﬂn&%ﬂ‘@&]’ E‘HT-B‘H’FG Frenics, pag fyng ‘B ]ca]ca]calc

] e T B G R i 2

U] chapc a]cmbe:px]:maa onh cajved bbjatd] sue]\ asa balloon or the inside of a pressure vessel
; K<KKX===] >??27?7?27% q @\>AGASAAUByB| BBC} wgl ga\ Wrhc”Y] ] ca] cal] ca] ca] caU] calc

A contammg a fu
O Still another class of specifically contemplated embodiments includes batteries and
fuel cells, and combinations of such cells with transmitters, receivers and the like. The
batteries may find particular usefulness in conjunction with cellular telephones, radios, and
25 ,other communication devices, as well as systems that employ the button type batteries, such

as digital watches.

The ink-jet printing process 90 shown in Figure 9 is particularly useful in building
up a power source structure and ultimately a battery/functional device combination. Here,

the head 92 of an ink-jet type device (remainder not shown) deposits a solution (not shown)
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20 caul ca] s FREGHRE T bEGinE0 Aot AR GERR LAR (R idon fie®] o1 C2H ©
+10% | & Goetyiéfedlack (to enhance the electronic conducthty) and a polymer binder. In

+10%C( C( & () - Hdc} A 2&10% & () - 9! 10% & $10% (& ()-F!'l & $10%.L& ()-F
f 10()/&6(&% ypér%mgqn}mmmgd b'(:r)amoa/shf&(ge( y\gﬂ)"-‘&t oltester é‘&ﬂg M&@/ﬁ’&ﬁ@c 9#( -

10% & () Tabnc&tlo]'zooﬁxﬁnér cle‘%‘t%&)eé( FioWer Yevel of acetylene black may be required.
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C 1 109Re )battery deprad (9 a greaexgent ypont thosiprghiplogyl aadebmapdsition 01'0%& ( ) s
+ 10%? ( )t.he lgc%-ogg/s& As) usg} her%i(r)x? ﬁc glﬁmtx%cpudé‘s Qmpoun&soha ég) the g c<n(\j=1YaNC| + 10
formula, My . . . M"0,, where M, . . . M",; represents n different metals, and the various
metal and oxygen species are present in relative atomic ratios given by x1 ... xnandy,
respectively. The definition also includes M',; . . . M",,0, compounds that are “doped” by
inclusion of other non-homogenecously distributed chemical species, such as metal, ceramic
10  or other particulates, as well as the hydroxide and hydrated forms of such compounds. The
definition of mixed metal oxides used herein does not, hcwever, include compositions in
which individual mono-metallic metal oxides are merely present as a solid-solid or other
O mixture, rather than being chemically bonded together. The definition also does not extend

to compounds such as metal alkoxides and alkanolamines.

15 Especially preferred mixed metal oxides are those claimed in copending PCT patent’
application ser. no. PCT/US98/13366 to Narang et al., (Jun, 1998), which is incorporated
herein by reference. Most preferred mixed metal oxides are the lithiated metal oxides,
LiMPM%,...0,, (including, for example, LiAlo2Mn; s0x, LiCo0O,, and LiMn,0,) which are
increasingly used in the so-called re-chargeable rocking chair batteries. In such devices the

20 metal oxides act as cathode materials by reversibly intercalating and deintercalating lithium

during repetitive discharging and charging.

- In addition to their use in batteries, mixed metal oxides as set forth in
O PCT/US98/13366 are also of particular interest in many of the applications contemplated
herein because the presence of different metals often imparts special properties to
25  the compound. Barium Titanate (BaTiO3), for example, is widely used in capacitors,
‘transducers, thermistors and so forth, Yttrium Barium Copper Oxide (YBayCu;0;) and other
mixed valent spinels have been investigated as superconductors, and lithium niobium oxides

(LiNbO;) have been investigated as ferro-electric materials.

The electrolyte 130 may advantageously comprise a lithium salt. In previously
30 known mechanical assembly of batteries, this layer has usually been at least 50 um (2 mil)
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10%r& () - 10%&With polymer type electrolytes it is also contemplated to employ plasticizers that

decrease resistance. Preferred plasticizers are fashioned after the teachings of US Patent No.

15 5102751 to Narang et al. (Apr. 1992), which is incorporated herein by reference.

In addition to that already discussed, additional advantages are possible at the
battery-system level, as well as improvements in the packaging, and integration of the
packaging and the device. A still further enhancement of the battery electrode structure is
possible if a high power level (current drain) is required. For example, the battery 110 of

20 Figure 11 has interdigitated electrodes 111 and 112. This structure improves electrode
utilization and power per unit electrode. Additional electrode improvements are set forth in
O pending US patent application serial no. 09/089313 to Narang et al. (Jun. 1998).

Figure 12 is a graph referencing other battery chemistries, all of which 'may be

employed in conjunction with the teachings herein.
¥

25 Other Devices

Other devices besides electronic circuits and components can be advantageously
manufactured according to the teachings herein. For example, methods and apparatus
taught herein muy be used to produce surface coatings for decorative purposes, such as

decorations on the tanks of motorcycles or the sides of cars and buses and trucks. For such
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O a non-vacuum, non-electroless, non-electroplating high-speed process integrated for

electrical interconnects. This technology has been extended to deposit copper and rhodium
-~ for multichip modules and rigid, rigi-flex, and flexible, printed wiring board applications by
15  ink-jet printing. The technology can deposit several metals onto a variety of substrates such

as metals, ceramics, Kapton" and paper.

Experimentation with these techniques has resulted in the deposition of gold, copper,
palladium, and rhodium films onto a range of substrates with excellent characteristics.
Among other things, the deposits are advantageous in that they: (a) have substantially any
20 desired thickness; (b) are free from pores and cracks (as evaluated by SEM EDAX), (c) are
continuous and electrically conducting; (d) have a high surface smoothness, shine, and
O integrity; and (d) have good adhesion to the substrate.

These characteristics provide numerous advantages, from which many electronic and
non-electronic applications not specifically mentioned herein will be readily apparent to
25  those of ordinary skill in the art. By way of further guidance, the deposition techniques

described herein are advantageous in that:
o They can be practiced without resort to vacuum metal deposition procedures;
. They require no resist for patterning;
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o They are based on easy-to-synthesize, air-stable metal complexes that: (1) are

soluble in benign solvents, such as isopropyl alcohol and ethyl acetate; (2)
10 have good film forming properties; (3) have low thermal decomposition
6 temperatures; and (4) can be decomposed to yield metals by irradiation by
appropriate coherent or non-coherent radiations, such as infrared, le. CO,

T - laser, argon ion laser; and IR lamp;
. They can be used to deposit both thin and thick films;

15 . They can be made environmentally benign, with CO,, H,0, and N, making

up the major constituents of the waste stream;

° They can provide air-stable metal precursors with (a) high solubility, making
the solutions easy to dispense onto the substrate; (b) facile decomposition by

O thermolysis/photolysis; (c) high metal loading; (d) high stability at room
20 temperature; and (¢) reasonable shelf life;
. They are compatible with almost any printing techniques; and
Y . They are compatiBle with thermally or photochemically assisted
decomposition.
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continued for another 24 hours, a thick paste was obtained. The viscosity of the solution

was modified by adding an approximately 2 g of cyclohexylamine. The solution was

10 dispensed using an ink-jet type printer in lines approximately 25 pm wide and 0.2

pm high,

The deposited solution was then microwaved for 10 seconds, yielding substantially pure

@ copper traces.

Example 2 - Insulators

4.5 g Kynar 721 PVDF is used to dissolve the binder in 5.6 g of NMP. The mixture
15  is heated to 120 °C to ensure the PVDF dissolves fully. 97g aluminum oxide powder was

added. The slurry is mixed for 12 hours. The viscosity of the slurry is adjusted using NMP

depending on the printing method.

Example 3 - Dielectrics

In a particular example barium titanate dielectric materials can be produced. 10 g of

20 titanium (IV) isopropoxide in 30 ml of isopropyl alcohol in a 100 ml round bottom flask

20 ml of isopropy! alcohol. This solution of mixed acids was slowly added to the

with a stirrer bar. In a 50 ml beaker 4 g of isobutyric and 5.5g of acrylic acid dissolved in

stirring

solution of titanium (IV) isopropoxide prepared above. Stirring was continued for three

hours at room temperature. A clear solution is obtained. 23.2 ml of the resulting solution

25 wastaken and added to a solution of 7g of barium perchlorate was dissolved in about 80 ml

of isopropyl alcohol. This mixture is allowed to stir for 1 hour to obtain a clear solution.

This clear solution is printable.
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LiCo0,, LiMn,0y, etc.

In a particular experiment, 46.46 g of Mn(NO,);.4H,0 was dissolved in about 90 ml
10 of water in a 400 ml glass beaker. To this solution 21.60 g of acrylic acid was added. The
contents was stirred for about 1 hour. 6.89 g of lithium nitrate was added and the solution
O stirred until the material dissolved. 7.5 g of AI(NO;); was added and the solution stirred for
14 hours at room temperature. The sample can be printed as in example 1, with the printed

solution decomposed to the metal oxide using microwave heating

15 Similar procedures can be used to dope a wide range of metal oxides, for example,
LiMn,0,, with dopants from the metals of groups IB, IIB, IlIA&B, IVA&B, VA&B,
VIA&B, VIIA and VIII and the lanthanides and the actinides.

Example 5 - Batte thode

4.5 g Kynar 721 PVDF is used to dissolve the binder in 5.6 g of NMP. The mixture
20 is heated to 120 °C to ensure the PVDF dissolves fully. 89 LiCoO,, 1 g Chevron acetylene
O black and 5.5 g of Lonza KS6 graphite are added. The slurry is mixed for 12 hours. The
viscosity of the slurry is adjusted using NMP depending on the printing method. The above

mixture was screen printed.

.

’ Example 6 - Electrolyte

25 1.4 g of Kynar 721 PVDF is dissolved in 8.6 g of a 2 to 1 mixture of ethylene
carbonate: dimethyl carbonate which contains 1 M lithium hexafluorophosphate by heating
the mixture to 105 °C for 30 minutes. 1g polyethylene powder was added to the mixture

and the slurry mixed for 1 hour. The mixture can be printed onto an electrode surface.
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10m 10m electronic components have been disclosed, as well as components for other applications. It

should be apparent, however, to those skilled in the art that many more modifications
besides those already described are possible without departing from the inventive concepts

10  herein. The inventive subject matter, therefore, is not to be restricted except in the spirit of

the appended claims.
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initiating a redox reaction in the first layer; and
Q completing the component by adding at least one additional layer.

2, The method of claim 1 wherein the component comprises an active component.

3. The method of claim 1 wherein the component comprises an integrated component.

4, The method of claim 1 wherein the component comprises a power source.

5. The method of claim 1 wherein the component comprises a battery.

6. The method of claim 1 wherein at least one of the oxidizer and the reducer comprises
a meta! containing compound, the meta! selected from the list consisting of copper,
iron, cobalt, tin, gold, silver, palladium, platinum, nickel, lithium, aluminium, and

titanium.

7. The method of claim 1 wherein the oxidizer is a strong oxidizer and the reducer is a
strong reducer.

8. The method of claim 1 wherein the redox couple includes a material selected from the
list consisting of formate, nitrate, alkoxide nitrate, alkoxide perchlor'ate, acctate
nitrate, acrylate nitrate.

9. The method of claim 1 wherein applying comprises depositing the first solution using
at least one of a stamp and a jet.

10. The method of claim 1 wherein at least one of the first layer or the at least of one
additional layers comprises an electrolyte.
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14. The method of claim 1 wherein completing the component comprises:

providing a second redox couple comprising a second oxidizer and a second reducer,;
solubilizing at least one of the second oxidizer and the second reducer in a second

solution;
Q depositing the second solution onto the first layer, and initiating a redox reaction in
the second solution.

15. The msthod of claim 1 wherein the component comprises a battery, and applying
comprises depositing the first solution using at least one of a stamp, a rotating plate,
and a jet.

16. The method of claim 1 further comprising:
providing a second redox couple comprising a second oxidizer and a second reducer;
solubilizing at least one of the second oxidizer and the second reducer in a second
solution,
depositing successive layers of the second solution, and initiating a redox reaction in
the successive layers to produce a solid conductor that electrically couples at least
O two of the layers of the component that are mutually non-adjacent.

17. The method of printing an electronic circuit comprising:
printing a plurality of components according to one of the methods of claims 1 — 16;
and
applying the first solution to the surface in a desired pattem that connects at least two
of the plurality of components, and initiating the redox reaction in the desired pattern
to produce a conductive trace between the at least two components.

18. The method of claim 17 wherein the pattern has a lateral resolution below 10 um.

18. The method of claim 17 wherein the circuit includes a transistor, a power source, and
a capacitor.

33



8NCRB-_@43L610%me: () - 4 109 ()-2! 109w () - FLI10%w& ()-! S/ &1 ff“ é
10%8' ()-|Z9! .*10% & ()-11*10%4H& ()-1! G-10%H& ()-1 ~0*10% ' & 9 E
10m 10nmP10%m& ()-a}~SH=! 10g 10g 10gL910%g& ()-f/ MLOYg&E () -

TMLOYg& () - ! *109%KOKOE ()-1!*10%b& ()-1d' _=SH=! 1 1&10% ()- | &L0%& () -
109&' () - @QMLOY%& ()-10%&' ()-!q" L(10%H +l& ()-G 8 |]>SH=!

'Z>1(gos/f‘|:l( ? &3 é%&#@%‘? %&@ag 1 de;leﬁ‘ ent o élglm 1, app ymge&e(ogudizer a%% J& ce(r in thgs

410% { & () -, besiradp4tiesi. () - | H* 109 V& () - - ! H&$10% V& ()-s! 109%& ()-

RN GEEERRY 10% & ()-@\ 1098%$& ()- @ QLOYBSB&' ()--Y%' 10%& () Y 10 10
10=10%’ é} " H#ESS] SYSWXO~\ 1 1111098 () - S&L0%&' () -! W 10%) 21 o #10%1a&
()-m " #2 %<k§be( mewmp&hewmmmwd}mmdw ammam"ewd 8 0% () -
10%<<& () - @&Q%»&Médess%@%(x& ()-S#109& () -'d(g(h(i (j(x((M{Y7L!itV
10% & ()-@QL0% & ()-@ "&3(10% & ()-3 10 10
10&=T0% () - | Q/810983& () @)))o**" +i +yX6{Y7! "Y' $109%& () -

Y’ $10982: () AMmelfiod otyyintin)aniejectorxomoENt comprisingl 0%&: () -
3QY $10% () progidifig ,ﬁg&(G{ Y7l 1Y $10%& ()

Y $109%& | 0% Y' $109%& Y $10%& &=10%&: Nor mal "

"Headi ng 1%% 'J’Ne B’f&" prising an T’E’a"ﬂl?ﬁdl % 43] c" I—k(aZadl ng 53]c"
"Headi ng 63] sdlubliziegal leest 6r@|of the biidizetiand)the Baduter ir-iefirst solytichhat tontaimef aul t
Par agr aph
Font ( } $u- 6<E'8\?B?'&/"k 5&1%%?’"%95'568 <>@DFHILNPRTVXZ\ A" hdf hj | nMsq0: CQo[ e
p~0s5WPk #| +RPPl m*ﬂ%@@vy '@SRMMW!BMWS“&W

S Yo[\]' ~ Fbdsgplym dntubrﬁnﬁoaﬂ t 11 p\ ACXW2vTOQ I 0"Vv§' )i+l +
b i e R LT
| " #$0& () * +, compigingthe congpenent by adding at least one additional layer.

<= >’7@\BCDEFG-II JKLMNOPQRSTUVWKYZ[ \ ]~ " abcdef ghi j kIl mopqr st uvwxyz{| } ~
" #$UR' ()*+, -./0123456789: ; <=>?@G\BCDEFGH JKLMNOPQRSTUVWKYZ[ \ ]

34



