AERCDYNAM C JETTI NG OF AERCSOLI ZED FLUI DS FOR

FABRI CATI ON OF PASSI VE STRUCTURES CROSS- REFERENCE TO
WREMHDEIISAPPLI CATI ONS Thi s application clai ns POBUS2005/045407

benefit of the filing of U S. Provisional Patent

Application Serial No. 60/635,848, entitled

"Sol uti on-Based Aerosol Jetting of Passive Electronic

Structures” filed on Decenber 13, 2004, and the
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pur poses. Various nethods for deposition of passive
structures exist, however, thick filmand thin film
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deposition, as well as physical deposition techniques,

such as sputtering and evaporation. U S. Patent No.
&mér3§§9&97 di scl oses a nethod for the fabrication of

I mresistors onceram c substrates, with

t Ol AL INE FEIBWBY Edidcubdidnn rdidt926 d @ambsrest p@iications and references.

m croelectronic circuitry. In this nethod, a
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Various methods for deposition of passive structures exist, however, thick film and thin film

methods have played a dominant role in the deposition of passive structures, including but not limited
to resistors or capacitors, onto various electronic and microelectronic targets. By way of example, the
thick film technique typically uses a screen-printing process to deposit electronic pastes with
linewidths as small as 100 microns. Thin film methods for the printing of electronic structures include
vapor deposition techniques, such as chemical vapor deposition and laser-assisted chemical vapor
deposition, as well as physical deposition techniques, such as sputtering and evaporation.

U.S. Patent No. 4,938,997 discloses a method for the fabrication of thick: film resistors on



passi ve structures on flexible substrates by using ion
bonmbardnent to activate the surface of a substrate
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film precdsnescrue tHehalttivelly e g mininm g inemitishieat wssechafactedsticunithe technique, the
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I ncor y refere
and ﬁhluﬁ%kéa%ﬂ&omhdyeaaﬂ%r&egseasl ng an aerosol j et t o deposit
passi ve structures onto various targets, but gives no,
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therern vent ea lure of the system due
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passi ve structures w th conductance, resistance,
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| ess than 5% and runtines of several hours. SUMWARY OF

interipypf {hR\AENKSS: dq a result, the maximum runtime before failure of the previously disclosed
system is 15 to 100 minutes, with the electrical tolerances of deposited structures of approximately
10% to 30%.

Contrastingly, the present invention can deposit passive structures with conductance,

resistance, capacitance, or inductance values with tolerances of less than 5%, and runtimes of

several hours.



The present invention is an apparatus for depositing a
passi ve structure conprising a material on a target,
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auto ceasli ng operation i
further comprises the steps of determining the existence of a leak or clog based on a value of the

pressure, and automatically purging the system if a clog exists or automatically ceasing operation if a
leak exists. The method preferably further comprises the steps of shining a laser beam into the
aerosol and measuring scattered light from the laser beam. The measuring step is preferably

performed by a detector oriented orthogonally to both the laser beam and a flow direction of the



| eak exists. The nmethod preferably further conprises

the steps of shining a | aser beaminto the aerosol and
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nmeasuring step is preferably perforned by a detector

oriented orthogonally to both the | aser. beam and a
aerogelo‘#’ngﬂnfeﬁ% brefarddly fikHRASIH9bs thd Bigp BBIaRME tRd SdwRk 8&ddyin the atomizing
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beari arid eprﬂlm'@@wafeemPf alvadiaimgtiha depasited materizlofith a laser beam preferably
enatifect BRI Rs P TAKEUP B R oY EorR s Cicen rdiaing the
depc{gﬁ tht@ Har Wt l%%é?—:? bed\prdferRI0RY hoBhSé %n ;vé]%éer t@rﬂperature of the target
rating the deposited raterial with a l'aser beam
to apve beaabdeth@eesd. not rai se an average tenperature of
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The accompanying drawings, which are incorporated into and form a part of the specification,

illustrate several embodiments of the present invention and, together with the description, serve to
explain the principles of the invention. The drawings are only for the purpose of illustrating a preferred
embodiment of the invention and are not to be construed as limiting the invention. In the drawings:
Figure 1a is a schematic of the embodiment of the preferred M®D® apparatus of the present
invention capable of extended runtimes and depositing passive structures with tolerances below 5%.

Figure 1b shows the general embodiment of the preferred M°D® apparatus of the present



explain the principles of the invention. The draw ngs

are only for the purpose of illustrating a preferred
wepedsivent of the invention and are not to bePCT/US2005/045407

construed as limting the invention. In the draw ngs:

Figure la is a schematic of the enbodi nent of the
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capabl e of extended runtines and depositing passive
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EI\/B@H‘{EWESC (a&ESEheﬁ@ESuE@?tKEAW NeacekdT inT BEhybrid additive/subtractive
| NVENTI ON)

technique to fabricate precision metal structures using an etch resist.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
(BEST MODES FOR CARRYING OUT THE INVENTION)

introduction and General Description

The M®D® process is an additive direct printing technology that ope'rates in an ambient
environment, and eliminates the need for lithographic or vacuum deposition techniqUes. The method
is capable of depositing a passive electronic component in a predetermined pattern, and uses
aerodynamic focusing of an aerosol stream to deposit patterns onto a planar or non-planar target
without the use of masks or modified environments. The M*D® method is compatible’ with commercial

thick film and polymer thick film paste compositions, and may also be used with liquid precursor-



I ntroduction and General Description The M3D(r)
process is an additive direct printing technol ogy that
wo@pesatoss i N an anbi ent environment, and el i m PeER/BES20031645407
need for |ithographic or vacuum deposition techniques.
The nethod is capabl e of depositing a passive
base@l RMNIABhE FRARRYASEY fdriulations,eaRt RFAlIARAs RBAISNG of ANEbmbination of
uses aerodynam ¢ focusing of an aerosol streamto
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usecPloT2drIsbiIzE SheVWivb Qoﬁpés"ﬂfogﬁ Tha RgRufions @fd SERBS }g\ﬁbé&@@ through a single
rangi ng fromunder 50 Wsquare to over 500 square -
depasiibo hedng zmelrumnldayemay ddeer MBD( raeraselt tepdpart ocanpabltrm adrosol droplets

bl ending different formul ati ons, for exanple on
compiggory &1e faragin dhis method iowsaion éUtE'Bﬁ‘ﬁE')é"’}”P"”‘@rPf g fﬁr"%LFaé‘ﬁ%l gllowing for the
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inks t vagersloids (incwdingh byt nphléni@é ﬂ%@bﬂ?mieﬁrl @rﬂcé'lsgr wbititrisneartigie suseensions of
get, hod al |l ows for auto d tailorin
cleclSTco RGPt P GRS B RPAF B TeiRa A GEMERYGR ) 0 STy hereot.
eI % i ougﬁolﬂ%g@;gemﬂ@moh GR cI iR, PR&WE CRlctRE: q{'?@inglé sficture having
eposi t cont I nuous y varied fromthe | ow
a dewéwaectmnat meaghétgh o athereprogdntg, fntladich bg rat Goessstoca boralustor, resistor,
be applied to pastes, inks, various fluids (including,
capasiier. wewcteri ivpylater. diglectinetHPEEESQHr Biel VatTiors SIgpgnes, adhesive, and the
like. particl e suspensions of electronic, optical,
"bi ol ogi cal and bi o-conpatible materials, adhesives),
anehg me%é&g%réfagﬁlﬁggposﬁs e t&ﬁ%%@liﬂed k4. Aerosolization of
speci fication and cl al ns, "passive structure" nmeans a
mosk partictd suspertrsions rig pefeuhemneédmbesmglacmeummnmclec sudbras a nebulizer,
ot her property, including but not limited to a
howe\gh Hifatavic, aef"ég'izéi'%‘rmayc%f‘p'éﬁ??tf?frpa’ticﬁcﬁh‘éﬁeﬁﬁ'O”? FROgiISURaY small particles
I £ t 0
or qu} dﬁgeng ﬁ/ artﬁ:les dlﬁfﬁ %EE ethe .?hl,d q Bﬁégxgdysc}reo{:uggésn%éé g'n?\gér}grgér an organic
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Aerosolization of nost particle suspensions is
genguatiop ohdroplets or froplatdriigtes mijh aizemitgpicrly irg betengt ireited doidie &§ micron size
a nebulizer, however ultrasonic aerosolization my be
fangfsed f or part| cl e suspensions consisting of snall

parLﬁtFa@!)rﬁgally aerosolized compositions typically have viscosities ranging from 1-10 cP.

Precursor and precursor/particle compositions typically have viscosities of 10-100 cP, and are
preferably aerosolized pneumatically. Compositions with viscosities of 100-1000 cP are also
preferably pneumatically aerosolized. Using a suitable diluent, compositions with viscosities greater
than 1000 cP may be modified to a viscosity suitable for pneumatic aerosolization.

The preferred apparatus of the present invention, which is capable of depositing passive



or lowdensity particles. In this case, the solid
particles may be suspended in water or an organic

we glogestvsand addi tives that mai ntain the susperSI/O$2005/045407
The two atom zation nethods allow for the generation
of droplets or droplet/particles with sizes typically

strudtites RENing'@lerdnt &8 bl 5@, withékidhded RinGiMes) i$ kRdwr iAHGRre 1a. Figure 1b
U trasonically aerosolized conmpositions typically have

shows ol esparausgconggired fior lpnk0matie. atPmizations @nd aiawils the most general

precursor/particle conpositions tgrp_i cally have _
embg@g\@@tsqftttpeegop@fanfo_ﬁlrb@g% BATIEN QRS 4r & ;S'Freﬁiéq ébqrgerably used to deliver the

A . l o

o 83 ELAAEE PSR, CPTRSE S LBAS Y Aot o sercstcer

carriBNgasnpéie@aly leyitereth® 88pdstien] heddsimi@ dateLdfteAthle exetbsblizamin, process. The
conpositions with viscosities greater than 1000 cP may

- carrigegasoady ¢ambrisecanpressed §intap i8eit gashiweich Gray samanagra golvent vapor), or a

mlxt?rr%\rpgﬁ?%gﬁﬁet éﬂ%p@ﬁ{l&h{erc@@%&ﬁc{nr er%c}eg%%g{g%s?eﬁs%grer tggsefloe/rrgt%?rgt preferably

excdd@s HeV Rl UR HEED "GN e Rl BloBgH 85pobiBdPMeaa@2M tdlenable the use of
extended runtines, 1s shown in Figure la. Figure 1b

larges laavier ydzefldvB BXtes) (farp@amatel spmroxihatglyr@2l td ar litgyMmeniat vitual impactor is
atom zation, and details the nost general enbodi nment _

prefeypbly Weechiopgeepeitse flawraiendlrthe carip] 83s, Y4ROU APRIEFiplIR joss of particles or

fluid i fer e 0. I, i
dropéeésﬁpﬁliéé ﬁ%|¥\)§% eo‘? %g%% Iu%é?i dﬂ tlﬁr%\élﬂﬁellr}{;?alr’gt(% ﬁayggbé%gé i g&endent on the
amodhtldf 8sRdtighs MEOALsE 86 tedibved. MReaBEHS RlintloddRa iftathe IMPD® 8@Sosition head,
preferably enters the deposition head i nmmedi ately
whegef areannulae fleve isoteuélopeait cansisinood ewsnneTheroselstréam sgamingedyby a sheath
conpri se conpressed air, an_inert gas (which may _
gas.c Jhe) Fp-Hewing ¢ fl%ﬁtton\)%lﬁ%ﬂaj)l’e QSFOCHS'PH &Fd’}e sBIfstrﬁar[nH_ angmately one-
tenPREUPBL fie BFEOTARLERLI ON process requires a carrier
gas ow rate that preferably exceeds the naxi mum
al voneablagricgfsy pdseve sadduréd Loy bn demosi fiowo theh&aokol 2treahO preferably
enable the use of large carrier gas flowrates (for
entegsc rpvDie poripppeRedvan despsiorp heasl 22 pid isrdirastad towgrdg) the gfice. Aerosol
impactor is preferably used to reduce the flow ate of
carpf P E P e et S iocRrR T e el R e el heao. e
aerd2bl HeQR! €l ieterhhl§ irﬂﬁﬁﬁp%l_lir‘ﬁgte§tt@g|§a§sng9@r906q§ 4 BRuiMbel 4 orifice. The
i npactor may vary, and Is depéndent on the anount of .
emeggeht pagticlegariearh hathemuehbilkel withrroshedth gaber ftid, éamingsan annular distribution
i ntroduced into the MBD(r) deposition head, where an
congigiing plan (mqebwrpsyl-@g%q:aérﬂpéggs FERE; ositer p@agnfgagﬁr flyigh él' pe sheath gas most
comgh7 Raps® CaMpRasrath onen ¥ JaS R S ond gy cpain = modines
solvafR VAR boritrt ERRB dHaaMIRAE EMbrdBkBligh tRSH-aMtdY itifidefwzBe 8drosol inlet and
the orifice dianeter. Wien fabricating passive
formstan@wotwardew wdth iite @emosahstighar Gdsdlayw cottelleret2gueferagly rcertrpls the sheath
preferably enters thr ou%{g)sport s nmount ed on deposition

gas.h $hgicoPINgd FirpamspyitdRe BRpMosHArYeh P ariseicirpaied aligrggisis This annular

ﬂow(fc?crugéselﬁe 8435 ofl Etpé’é{ C&HP(S { Pdek Eé anifpalBalgffcﬁ rd@}bt{qs}fioﬁ 8%%191& m’i’tn%imensions
mass t hroughput. | nside the deposition head, the

as small as 10 microns or lower. The purpose of the sheath gas is to form a boundary layer that both

. focuses the aerosol stream and prevents particles from depositing onto the orifice wall. This shielding

effect minimizes clogging of the orifices.

The diameter of the emerging stream (and therefore the linewidth of the deposit) is controlled

by the orifice size, the ratio of sheath gas flow rate to carrier gas flow rate, and the spacing between



aerosol streamis preferably initially collimted by
passing through a mllinmeter-size orifice. The
WErsgesIse particle streamis then conbi ned W t PCEUS2005/045407
sheath gas or fluid, form ng an annul ar distribution
consi sting of an inner aerosol-laden carrier gas and
the Gfic®bicBiargeNBR I §@isal @bnilglirdiich, taldte 28 Redhdheg aSa PREH that moves in two
conmonl y conprises conpressed air or an inert gas,
orthegeealglirection®undeo cdmpntay conjrel wip iX- litage stapesd s tlay inticaty @p@'ﬁetries may

content. The sheath s e ters hr Qu t he _sheat h

ve GoRPRIED b AN HIPTTIE ZEIRUGU ARG IRoR e 23R A " o ortrogana
I I I

ool I, RAEET B8R ach 28k, P52en THu"GEHEP cafion slows fo

moveh B Bem@sitibn héwa R2habhedirdctivn white 1aryen2s hbws itliardeedtienl orthogonal to
at target 28. This annul ar flow focuses the aeroso
that Qt Jepagitiapriread ?-%r'@@tpf@sssa%*ﬁ? eapblpwbe ﬁ@?osﬂe'b@sihfﬁﬁ -gimegsional structures.

a%'f}‘r ﬁ\%ﬁgﬂ%&ogo@ge gIFOF%aéﬁS%Sg??pta ed w@ tF%a?rg?o tPeam the flow does
not angﬂgﬁééé thdYeH mbI%aﬁarb&Iefbrﬁ.w.H%%rwge;ﬁe.r m.llﬁkr&mwmms In the

prevents particles fromdepositing onto the
dep@sitiohiot @ 1erhicron Tihé, ghes MPRY ohiethgd efpfeaityt aamiemesta ZIe\s didnegayi cagstriction of
of the orifices. The dianeter of the energ % stream .
apr@&WéteiWeﬁ@ﬁ aay pe an"l*Péﬁ/\PfquqS‘ﬁ?"Whé‘ %P@ﬁ%?s?ft) Psfor this “single-stage

depcbsélon £ o g)glaIb%n trxc?org ralref hge% %h& ﬁ‘l Shows. t&&édllg dgfr{o?l I?eea%rﬁ Ilupersomc flow

wrate I er "gas
veloSIRAC tHAE pREEMRS %h@rn%nbrf biagrbaBst flod! @Bkn édtid pdlermallyibddctdla complete
configuration, target 28 is attached to a pl at en t hat
congmiptiersofitime flowo or t hogonal di recti ons under conputer
control via X-Y linear stages, so that intricate
geonetries nmay be deposited. An alternate

Aerggﬁ}fa{i ngt\/r&g @]I L&\’)‘ﬁ for deposition head 22 to nobve in
‘%mrtgwgcm'zﬂ—&rm‘c ons while maintaining target 28

I N R thd ¥REbrea Ipbiatidh onmb FHRehNET the prdseaUhadntion dataliedWn Figure 1a,
for novenent of deposition head 22 in one direction,
Colliggri-lyee p@ﬁtg@tlc aiemiren Ik adresolizeditheemaiedd ibthersegoratal-t Bhe aerosol-laden
t hat i.tion 2. rocess, al so en
oes e anAEVPRO® S1OVF NP SE T RO RBRAET Sor HePTIBC e Ph REhavs! fow
contPdREX 84, aﬁ@tpmgure QBLEhd %s&fb@ﬁ&@ @RSssi 30 i€ PreARY c¥itlylied so that the
the aerosol stream the flow does not need to pass
aerdshrfrawgnlnetnabﬂodsmine aBes@ Ifibl ioateti Theosutigtris tanndepd i the MD® deposition
sub-mllinmeter linew dths. In the deposition of a ‘
head.0Exgess 6#/Ti¢r 478 is Prﬁ@r%txxrlauswtfmvthﬁmt@aﬁoyfrara Hipeeasesopinletioutlet
line oII trav%Idll\/Pass ﬁ con é]% Ct Ie?el?%b useQ Po c%%*rm %ﬁcgggsatﬂ?t is exhausted

S ric ons N excess

fromt Ilﬂb Systérh n@&rﬁoﬁr‘i Ge ex%ﬁpﬁd\/\l Ly a how @éfdt@llerqwﬂéetséé the Yrécision of the
are used, and the flows typically do not reach.

depasitipe rrisones < by laidmgviel tbe icontess of theumags Buxeoft thagnatér@l that passes to the
formati on of turbulent flow, which could potentially
depesition heéf-a conpl ete constriction of the flow

Ae neage Ialltér?att #«9 Qrﬂ@&qne lt ﬁﬁ&&%mlk%ﬁ?ﬁ)‘:&gﬁdll&ﬂ} gbZac@ﬁtqg ﬁ{ervﬁ'glaI impactor.
operation o e systen10 e present t1on

Posﬂ@{uﬁg thedirtua nﬁb@ttfr Beak@he pneumatic atomizer output results in the deposition of larger

droplets, since the aerosol ultimately spends less time in transit from the atomizer to the target, and

undergoes reduced evaporation. The deposition of larger droplets can produce a considerable effect

on the characteristics of the deposited structure. In general, deposited structures formed from larger

droplets show less particle overspray and improved edge definition when compared with structures



Col l'i son-type pneumatic atom zer 32 aerosolizes the
material in the sanple vial. The aerosol -1 aden gas

WG Raeaesose del i vered to cross 30 that bridges ECDUSZ05/045407
32, deposition head 22, exhaust flow controller 34,
and pressure sensing transducer 36. Cross 30 is

depddit&d Witneda ait t€MBAdratel 6ieélddPlets Nahe LibRIzaSE BRhallylagiitédtb @tevent material
is opposite the aerosol flow outlet. The outlet is

agglcoemtet ed to the M3D(r) deposition head. Excess

carrier gas is preferably exhausted fromthe s

¢ Qo et e B VRS RRERLT PTEHE U8 SPP ST LR Sauced atr he

aerog&q &%@JOOH &lier3dr the adlb l@fr@am o 6é3|ﬁt¢oo‘u9eocxﬂ{6ttﬁ@heﬂoglﬁon head. The
un gas t that 1's exhausted from the system

reunélﬂtedebtlohﬁgc&rh& @xh@w&ne flfiew asimoch as BL/ewm ©oatt (It het0 mi/min - is

i ncreases the precision of the deposition process by
prefefpkly aggomplishpd ugineha vigual gmpactee Hﬁ‘%@’ef I“ﬂB(US@fOf ?Wé‘tuﬁiaf“é?qt%(lmay cause

the %Vﬁ-%B’df) %eﬁ;?r%ne: %ectzlgqegg%e é;c?éqtstxglqrb 3 er%imaI |r K C?feywe gr Ql?a s tto as little as

sever@ nliflResY vhifeURbedidPR AL PEasinG ¥ thleRALA&X tﬁé’@ep‘éblfeﬁ léﬁhcture For example,
[ rrpact or near the pneurratl c atom zer out put results in

the &pparatiespd stigurenb odayl depgetr catlronfblasdds ressiorecior nhdittlaexs o$ohinutes before

~ultimately spends less tinme in transit fromthe _
failurgy Wity 2delerppreetindhg @F'@@Fce ‘@H’&s Fha®Fyekas PRy g apparatus of Figure 1a,

cont%%@rg;% ?etp|a9& thJ Q%ncﬁjﬁ% Pl:lb ?Lﬂal erpaklgr ﬁ‘ﬁ{ crﬁé’som tﬁgtsexﬁé’t@ts excess carrier

e a considera ect ont aracteristics
gas Bbm tthesydRR0 ShileflinfhizinE the eds of Parfi@eredral buil PR Dhitieds with the system.
structures formed fromlarger droplets show | ess
Crogsa0t dctd @s @Vidpal pmeactaimdth icapsidevably ledgeietatd edlledteyrprifigrediameters than

co red wwth structuresdeposited with small to ..
sy e 1, S8R BIPBERT TTRGSa RIS T RGeldrii dameters may
incré'%gé LRl ef o J?rrﬁé(tglnetl R LRI BhroBGHO hRMRREY lﬂBactc;FyrmnSrahJ)vV axis, while

the carrier gas flowate needed for pneumatic
miniglzDgitzeedccarnulanes bof eteria dilte thtexfot efrthd tevicaer osol i s

generated, in order for the aerosol streamto be

i ntroduced into the deposition head. The required

Leal dugtlon in carrier gas flowate - fromas nuch as
#@%-rr—t-o as little as 10 mM/mn - is preferably
ac QB Rldsehl gl ehtioh Pekidtadly ($6da@ lediBRRCIRS0r cHIRPRIR preskhte transducers to
use of a virtual inpactor may cause the systemto be
monjierdhe ptesswé dgglapgd adeteraierswrggaSheefoMratthﬁgheatmasowet In normal
the apparatus to as little as several m nutes,

* operite SRR el RS BT HoS B BITOR AHEEY 1 1 IS dlsp Y (aytrou the
syst réﬁ%tcgﬁ Be cEQ{I}a}t ag:g@ e?secgmorﬁg'pébﬁa?BM%I ﬁutall: t{ngl“}{ ﬁot]é? pF¥ure versus

eposit car resi stors e as 156

totalMoR tresghlued geenfigbhawnen Figirel2. a thobyeteagressurt it higher than the pressure
resistance val ues of as nmuch as 30% The apparatus of
predlzvitetgmyéhemrvemﬁ Rigure B ngt-igeal flay My dgve dryelgpeshivihinghevapiem) as a result

' h 30 t h
of mélgf ial. ag?ur‘r&l %{? fjf th? Wﬁ%sugéé?(goﬁ]owvﬁ]wsgn}ﬁe% %1%;0}3%5 e%(q(%:lgnaﬁ%rggdeposmon

mayQ)E ifditkd & Shpadehtidy. |ﬁ1‘é%e&3‘nd Rrfet b&yn%% ;éNe&J&n&rh& tﬁeycﬁﬁf\f:e%presentmg
Cross 30 acts as a virtual i eraC or with considerabl

nornmahbgpedtion &tof &redorewl | ect or orifice dianmeters than

P=M,+MQ+M,Q*

where P is the sheath gas pressure and Q is the total flow rate. The total flow rate through the system



those used with the standard i npactor. The use of
| arger jet and collector orifice dianeters may
w0 nwsee®dss t he anount of material that flows throOLgsoddiess407
virtual inmpactor mnor flow axis, while mnimzing the
accunul ation of material on the interior of the
is giv\dyce. Leak/ O og Sensor The present invention
pre#erably uses a | eak/clog sensor conprising pressure
transducers to nonitor the pressure devel oped at the
atom zer gas inletnhand at the+§heath gas inlet. In
nor mal operati on, Qﬁ@”bresﬁﬁﬂe ¢&re! oped within the
systemis rel ated @9 the=toLaH Bas,. . -oM,at e through
the system and can be cal cul ated using a second- order
pol ynom al equation. A plot of pressure versus total
flow through the systemis shown in Figure 2. |If the
whemyfSisdim ¢aviss Sow eate.ST hhicgﬁ@qienGWn M1h@dd\ﬂze?§% aenstapiscioli eack deposition tip
by the curve of Figure 2 nan-i deal flow may have
ciampla; ALE BRI R EEC g S REC BOP BBl t of materi al
ac GHAYL Aldd nsenéJr &ﬁjegraev?aﬁ}éﬁl% StefrOftadnBWic tﬁatsééﬁtafﬁm/ for continuous
leak is pr sent and materi al gep03|t|on may be
manuallor E\Utbmdteormdﬁﬁcﬂmpedd edtitior &ltye sybteen. $eeongematirdein an unassisted mode,
pol ynom al equation of the curve representing nornal
the @Géﬁnamameu rgongpred [{gr ‘f'?ﬂsn?“qDaUIOWBt'C?M PSR NGthar éncreapg in pressure
res e.and Qis the total flow rate.
bew$ﬁgr¥ ?mW%%VmgsFé% %gugh the system s given by:
pxi ultrasonc = Fsheath + Fultrasonic Cpneumatic =
Fsheath + Fpneumatic - Fexhaust where F is the device
MistfSeosing at e. The coefficients M), ML, and M2 are
constants for each deposition tigwdlaneter but are

Vaqué‘Btlit%“Vﬁ/inieﬁSLF%’gf{éG{ hf: Bmﬁfmgiﬁﬁ i %enﬁpéegsqhﬂée atq{ﬂger units is critical
for ‘{ e%?éoc lnggua]“? ?pgtﬂ mﬁgé)gh%&%naof YI%I M%@l st%}ﬁsmrﬂté#awgsg l:&'nstant mist

can or contrnuous nmanual’ or autommated

dendii RIS foP Bredibith @esUsition, sice tHtemagssiur Il a¥ibeslizepartialBlivered to the
in an unassi sted node, the system may.be nonitored for
t&g@megbemamwmﬂuméﬁaﬁmwaiIy purged when an |ncrease |n

pr sure beyond a erm ned value is dete
TR Soe B e Rr T Sh im0 VR SEisnpigh preferably
com?ﬁsregsaoblsxﬂg RELAbRh ﬁ%)éert Nose i Z Rk sditintotigh $he95ér5éo¢ 8litiet tube of the
or extended manual or automated operation of
atonVBD(un). TEhesbeam isMiirtablyaniested fpeendeudr a0 ttharues oﬁlmestubey and silicon
all ows for precision deposition, since the mass fl ux

photggioggsags prefesably Regitiened Adiagat ta e gﬂ)etoa appgis perpendicular to both the axes

of the tube and the laser. As the laser interacts with the mist flowing through the tube, light is
scattered through a wide angle. The energy detected by the photodiodes is proportional to the aerosol
density of the mist flow. As the mist flow rate increases, the photodiode output increases until a state
of saturation is reached, at which the photodiode output becomes constant. A saturated mist level
condition is preferred for constant mist output, so that a constant photodiode output indicates an
optimum operating condition.

In a feedback control loop, the output of the photodiodes is monitored and can be used to

determine the input power to the ultrasonic atomizer transducer.
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target can be nonitored and controlled. The system of
the present invention preferably utilizes a m st
WG ensn65986\hi ch preferably conprises a visi bl e PCT/US2005/045407
wavel engt h | aser whose beam passed through the aeroso
outlet tube of the atom zer unit. The beamis
Prodds&h£r ably oriented perpendicular to the axis of the
ube, and silicon photodi odes are preferably
posthei aermsdizad jreateial carpositivgs tudyebeoprocassaixinglight — during transport to the
per pendi cul ar to both the axes of the tube and the
dep?%f@érheaqxgz {Rie-Progesing] ntos PGS ePRpited anHRe fArgat 2P| (BRst-Rigeessing). Pre-

procegglrrge ayﬁ_hnlé!fﬁceléng@gg/s J&Aet i Ct?d gy Eﬁgﬂtdﬁﬁrgggg {1@5? L\*rgegaéaf?%gl ggmer gas or the

shedlf QBT trh® Rgthidkitatibh @rideds0ne) bélattdmbplshed bl troBlididy Adrébdtized droplets
As the mst flowrate increases, the photodi ode out put

and/ionzarpeam@sthe: narrier gesdiowt & hefevanaratiom piogessiis pnemame@bcorap"shed using a
i ch the phot odi ode ou%ggt be ones c&ﬂstant
hea%’&tﬁﬁ?%‘f%\ﬂt°ﬁ1v%‘l°rﬁt%?/@ gy t”?eosr‘? VPRl 38 BFLPPRA f or
Cor]:%ts?ﬂ'&c iR mQWnQIHBe bads B&%n@a E)%ﬁ]b%% oPQ%Mﬁé?Q#of the following
out put I ndi cates an optimum operating conditi on.
prodesdbackthedidly Gbatingaps dégoeiteaiufeptute, ) stubjectpbotue)de@dw feature to a
Is nonitored and can be used to determne the input
redtﬁe«a&v@reswe tq!f@oaphqre a@roﬁv ('!faétaéj'i*ﬁ Her feﬁt#%fn%ruél@ﬁtrqua@a@§sr|aﬁ'gt'°n Post-
proce sa ef oss(%ve?zll ure en f } r n‘% %e earll r sré/n n fprogesse tely 25 to
ﬁ F] M9 ?'Ji5e & ﬁjq %ﬁsypgf‘? fo e depos it Port hed ™3y
" 1006 PCE- PSR SIAGing sBIler® NGBpSISRAS bit %R‘)s@fhktn'@ear%afyg@&!ly2§rocessed at
(post-processing). Pre processing may include
tempeobtules rof tapploximatelyu?s i 2501 1y @Erecdrsyi ngndriopariede-basel deposits typically
carrier gas or the sheath gas._ The hum dification
reqwd%%gs'weagﬁm@@raw&?oﬁpﬂpp@wé@tebm 1 P e i tje semBesial Heable pastes
requ(firr (Pn%r %v&ﬂ.%a‘?ané;"%Qr%eSerét[]FeQ fo gbg;ﬁs@ﬁ%%yg %5#%?% 0@1 Cc;m}ﬁermal polymer

thlcihﬁlﬁht bé’!s@asaé?ré eyﬁniayy bRcaéaPal RieiPeObi dPpFdxintdtel) b6° to 250 °C. Post-
sol vent and additives. Post-processing may include,

prodeeing Srapotptivrially @@ pleceudi Ay aidizingr eryviroromdnk reatd oadugifg environment.

the foll owi ng processes 1 thernal Y heati ng t he
Subjggiiodhe SRPOPbG A iPaicet 9 esgﬁ%f%vefwﬂaﬂtbﬁ@ e 5lgera (g healing step, in order

to afdeﬁttHJ ?erﬁo‘?/alaof S%Q%gggﬁféﬁ\?f%ﬁufgcm}mgy% fallf tat(e%rocessmg of passive

|rrad|at|ng t he ectronag etic

struttavds ah hetserl3isd tapje@Cessi ng of passi ve structures
generally requires tenperatures ranging from _
appmexirefatres petheristoh repgiog e, feqyéﬁ@ﬁﬁopsﬁsmqﬁtmana’ﬁges are by heating the
sol-vent evapor at | Or .Cross- King are t

dep SR BT oL N at oS e RBrecs B B wteap U b B i adigtng the feature

withMser REEHIH $Q5er PEatindBPRABEISH QITOQ@%QJe%QQﬁdnto‘?trééftﬂinQIQPllxl:folm pastes
requi re processing tenperatures of approximtely 75 t

on He@0scbllivevhigeB. CaanEtotdcadmital ipebssihgoastase been usardetormccanpose liquid
conventional firing tenperatures of approxinmately 450

prequgsorgdo fprp mid Wpr@ge&pmij%y%}o mid-range dielectric films, and highly conductive

metal. Laser processing may optionally be performed simultaneously with deposition. Simultaneous
deposition and processing can be used to deposit structures with thicknesses greater than several
microns, or to build three-dimensional structures. More details on laser processing may be found in
commonly-owned U.S. Patent Application Serial No. 10/952,108, entitled "Laser Processing For Heat-
Sensitive Mesoscale Deposition”, filed on September 27, 2004, the specification and claims of which

are incorporated herein by reference.

11



thick filmpastes are typically processed at
tenperatures of approximately 25 to 250 0C. Post

wEemeac®sng may optionally take place in an oxpdi/BsIWgs/045407
envi ronnent or a reducing environnment. Subjecting the
deposit to a reduced pressure environment before or
durtinBehali erétRadednstrtued®, have Ofilddihd Ghadi glei partdl@ determined by the
renmoval of solvents and other volatile additives, may

depdsition Ihpadhara e @ewglpngar@fnefsees@tn@éa@ta ummweém@mdth of approximately 5

heat-sensitive targets. Two prefer t hods of .
micrpEa e RN s et pe I BB Ry el tpes. Shewidgys oreater han
200 PI%I’\IS tbla%bgfz'ngﬁ ﬁélﬁ%fﬁ‘%gte]:e%rog%sn%ﬂ té'%hm&@et eskePbRb&RePfines may have

'na furnace processing), or by irradiating
lineviidtgs faegmgm@n wbprbximasgn to aoh maicions (fol aseitubeddpbsigd ofth tsagle pass).

deposit allows for densification of traditional thick
Linewvidiha gieateretBarp Oth@igrang hayi ke %a'@%’r @féftgsa rasgegeq processing technique. In

gen%gc gg%gogggegﬁarl&ﬂjggjg%f E)C({?ngg L or}vgll;t ppesn%e%gsﬁteﬂ on heat sea%tlve targets,
suc &S {h8dPlh 10WoBMmb&aillifa3Ra® 8#' RS bF leSs,fdr Wien aamgwmth of less than
hi ghly conductive netal. Laser processing nay
approgiinaielya8 hicrdre ip eedirer mezbpssition| df aime eers$o) staednin and processing may occur
deposition. Sinultaneous deposition and processing can
simyfanqeady t o deposit structures with thicknesses greater
than several mcrons, or to build three-di nensiona
structures. More details on |aser processi ng may be
TypdsQBEludtites ANATBRY Fomidifidnd). S. Patent Application Serial
No. 10/952, 108, entitled "Laser Processing For Heat-
SerTmatnrwnﬂ\/mmeralps)vwep@\smenhw 'for nremw tﬂbr!@m @M@é%lve structures,
27, 2004, the specification and c] q ar e
whefeif e JBR&ia GORRISEPR INRHdpR Rt SRt ies T 'ﬂvd pﬁhsreags%acwm inks,
r \c d Uil &
pestGh AhY S G R PRI 1R el Bk can gopest etetronic
matddRlsanaidiigSout aBdinfi@y & sondLdibsLesikiorse diedtticsdand ferromagnetic materials.
ap rOX|nateIg 5 mcrons. The maxi num single pass .
Metql sypiemadingiudes b g ok limiadde yslimcpom% rasifs plalinuie gndipatgdium, which may
reat er.

Si
ve PSRl AR PP o BT £ HoRRG . Seed 88t i o systems
compBd hawesuwr/@%g& dtfienb@89IBYmES QRLIA PO Xiofigiods, 1 aﬁ@ carbon-based
mcrons (for a structure deposited with a single
formpmm)s thmnmtwrd:tims dgpasiibe rof tchmltlié)@trmtwes)mlunaybttbeare not limited to,
obt ai ned using a rastered processing techni que,

barilﬁ@ﬁ@ngp bariga rorﬁwglctggr@f%ﬁlup@ums@Qpet anqjgﬂg‘up’yow {rguctlve structures
have Oo%éﬁ réepo%]{egs ugr%{) QaS|n]i &g?r%gelgﬁ@tfeﬁl?gﬁ Fn'u ﬁ rf ggeg\g% 4\%%108‘” melting

K 10\ ammauuetres

tem$¥ratlre Yass RArtIVEE TR dréde@iWhenbiorDEanl spSblérdaito uv-curable inks to produce a
approximately 5 mcrons is desired. Deposition of the
final gem pesdion with gmwmm@é@igj swgh m@,smkﬁg refractive index.

si mul t aneousl T f Struc : teri , . .
e e i opF BEufRior RUBRIT SR Hagies dssl i 2 sutable
solvER! THY §fsterd MRy faRBr doh@h Qitidls Pas SiteY treShdid CdninRSs physical, or optical

properties of the solution. Inks may be comprised of particles, including but not limited to metal

nanoparticles or metal nanoparticles with glass inclusions, of an electronic material suspended in a

. fluid medium. Depositable pastes include, but are not limited to, commercially available paste

formulations for conductive, resistive, dielectric, and inductive systems. The present invention can

also deposit commercially available adhesive pastes.
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wherein the material conposition includes, but is not

limted to, liquid chemcal precursors, inks, pastes,
W®200an§5980NDI nati on thereof. Specifically, thep@resm»ni/45407

i nvention can deposit electronic materials including

but not limted to conductors, resistors, dielectrics,

and ferromagnetic materials. Metal systens include,

but are not limted to, silver, copper, gold,
Resipfostt i num and pal | adium which may be in commercially

avai | abl e paste form Resistor conpositions include,

butA ives/olRgs rasister foggulatipn nwg)p@ﬁ@p@@ﬁﬁbg liquicypolecular precursor for silver,
‘ alon$ &Ltﬁ%{%?‘?‘%ﬁéh o{ ﬁ%sgsoglﬁggs p?vey a?é Igl p r%lﬁlcleﬁsor silver particles in a liquid

Yased
prechiRbiidl hdsONG rithatd &pQsh trrﬁa‘?'bectfor’r@m%f cbVRicie B LA Bxide particles
i ncl ude, but are not limted to, bariumtitanate,
and Inaulatingngsiss parti¢lemruthenmmadxa@le pattioles manprecuirsbe for glask, or a combination of a
tant al um oxi de. | nductive structures have been

ruthiTh S {eRICTHEION N H2 RFEFHTERN & 8185 A ANfRIUAIPSMPGF FLT§EY 3PH compositions
and ?%]rﬁgg%gur% pgrtlclgvg'o{ﬁﬁi)sqﬂoﬂg mta | e ﬂ% gclJf roE?lﬁw 31810:8 100 cP, and

resent I nvention can v cur
mayibBlesrds8lizBd QiEtasbRicalyf i%&ktoﬁﬁdm&ldylb@ftomﬁsfédw bitheg&tdeh of ruthenates,
characteristic, such as a specific refractive i.ndex. A
polylperetmqksfﬂm forgufatigrise 9f carborf- basnﬂnIfqmuwﬁorﬁon§pr9m'raw'@llsoﬁvaé!able ruthenate
lute or sol ut a suitable solvent.,

Th
pasigy MRS e Fuan ot gt R T iR aabies 51 G000 cP or
greatér%sk, b& Bﬁﬁemln 2 emeé%%lvem%crpgé b ﬁeopfoo@e.ezsdsﬁ,sopfooo cP or less.

he sol uti on. be conprised of particles
Po|yrn|@f: tHitati fivg dastes rnﬁaly dlsonbet aithteidoin e dthbla anbgartd iacsiaar odscosity, so that
nmet al nanoparticles with glass inclusions, of an
pnet@@@@pr@mligatﬁap@c} flowy- g@q?@%iﬁ §Baplgd, Signilarly, pgb%teﬁsgﬁpastes can be diluted
with (?0 Sr}tgslaq'l zlaes tpu"ﬁ gar ga \ESECE) |tgb ¢ Pparg)felm?to% r}'obqn FI 8rqestsoTherefore many
com%@%@ﬁés&é’&mpﬁﬁﬁdn%t\mm Qiscdiities §ehtel ®an 2T dPVHLCEd W 6dified and deposited
systens. The present inventrion can al so deposit
using thetDE packss. avai | abl e adhesi ve pastes. Resistors A
silver/glass resistor fornulation nay be conposed of a
l'iquid nol ecul ar precursor for silver, along with a
ResiStdrP ¢ é)& F%fsisﬁl\ Behiat u|l|ﬁ/l & Te?r{per?altdré( éBem ncm gfl FiRtance
partrcies in a recur sor
f orrngl r@§§we Atitttiles nRbesitey &Eﬁmtwwsb@ ;ﬁ&l’é@f insegdeapfprise a resistance
conductive ruthenium oxide particles and insul ating
spar@mﬁpmimaiedm s ordeigtoh EviguiivA®xTage 1 gamttp d| ahm. nThis range of resistance
a ruth

valugg(r%aygge;? W&é’%e%ﬁg'h%%lﬁgeﬁg E;gq, | nat | Paﬂ |t§g~§ aBProgrha?e geometncal cross-

' sectioRS Wrél. iIThg tHBGheHTbr WAL §0the Q%%bt\}aﬁb@§ ~A0Hin&PYE the ratio of the
precursor/particle conpositions may have viscosities

diffeashca frp thexiepistsdey valii@ dfothd Gighe&, aran bwestypdssivastraswé iane dhe average
ultrasoni cally. Resistor pastes may be coqprlsed of o
resigggnep dpliugy f °’t?o%eﬁ olofePpite et kesas Ipyag #é’temﬁhtr clibeftgmpgrature coefficient of

rems&% ngr (2;{) af?rnég/ Igsrs %%r Ptggr}ag g:%g%e%rrg}avs ¢ eéeo ﬂ? aro%rgi(ifn)a}tely +50 to £100

ppmconsi sti ng of ruthenlun1OX|de and gl ass partlcles,
havi ng vi scosities of 1000 cP or

Geometry

The present method is capable of producing a specific electronic, optical, physical, or

chemical value of a structure by controlling the geometry of the deposit. For example, properties of a
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greater, may be diluted wiwth a suitable solvent such
as terpineol to a viscosity of 1000 cP or |ess.
wadognevsd hi ck film pastes may al so be di | ut edPCTIUS2005/045407
suitable solvent to a simlar viscosity, so that
pneumati c aerosolization and fl ow gui dance i s enabl ed.
strucﬁ]réﬂ:éraﬁé YierdePHPRAFORREE DBSL&Rtidhanarbe ofthé Hltr%ré‘v' dslshdwn in Figures
sol vent such as butyl” carbitol to a viscosity of
3a aapB3bo)AesEtasdey valE30mey beraltereg Sy dduagerhateds! toreanyexisting trace, thereby
~ commerci al paste conpositions with viscosjties greater ,
increppipgthe GRgs eEstipRa) 2198 OhHE 93! daceays egisﬁ%,smgé%e i§8istagea ke as material

is ac%g pea%’ aE%?ﬂ%ﬁ %race ﬁﬁ étf%éd? % tarl?ﬁtg;%& olﬁ@f‘denﬁ/: @g? %ser trimming methods,

howévRBingeAd) %dﬁb@raﬁ@sthﬁﬁ rarfoved. I THetadbieweydapeet baskivd 3iabg)3s is deposited
the MBD(r) process may conprise a resistance spanning
ontoapple@ixﬁngmaeisiye Yiace 0. ddss bmhﬁ'a@@rnlpl@dé spegitavalueomay tbg dbtained by
IS range of resistance val may, be oht ai ned.
connGUSOETEN A% LREEbF BISTAre SREVRIT SOURL g RETest Fesistor has a
greafépQéﬁsqéﬂc@ttﬁangﬁ@mﬁﬂjﬁlbCs"i‘JlJ?tGlre‘)%?%%E'dmﬁé gl lenff€of resistor material
tol erance or variance o he’ resi stance val ues -
betwdef ihB@enta@d phde Thatmahdafof tHeerebieh imreatmemaynalédige used to add material to
resi stance value of the highest and | owest C;oassi ve o
- a sekgftrigeqsir BetAEN PROraRAE? BRjR OCesiReltPafit #2 crINe@ed P Prereyding electronic

C‘VC@Q??SSE‘%&? d{ gtérssg?%/ arz:de %ﬁts lo aazslsé E{gé E ng% Q%dded to existing passive
tracd \90. ITRIS SR dndbibe ﬂ.ﬁtng o UGSl 8Sa BRIl 38GRndd &Bharacteristic value.
approximately 50 to 100 ppm Geonetry The present
The mesthodds iatsocapatitd ef ckatingarssvengtratusgselstiéan leyaes tof olmuttry by making
optical, physical, or chem cal value of a structure ?{
pass@’@ﬁp?'?ﬂc"qnﬁéf‘ Y'fre g EYJW?PP'QQ giston g'atféﬁl(fél groung dpe %qgﬁr?bF'éCU layers, as
iges of astructure can be altered by controlling
Shovﬁhgpgp%ssg sectional area of the structure, as shown in
Fi gHE @8ssBB sB06lurdH defRR RS lsHICRe WAD® PRocEaRYof iR pretdt @fledign typically
adding material to an existing trace, thereby
have iinepregasmetjies.nuick rodhe eat paspivd trateetd giownrie Figgteala. Other geometries

. trace, thu re t resi stan val ye as :
ool 7 19t s SEBOTRE SEAFSEING € PR "SI Shdp fgfca patterms.
. t ,
Lo o R P e P b Sy T 008 microns, bu
coul@ddidgréate| of 1bwernMBtwiAIssS breatet that 208 Snicrend eyag diet mianmdt )y depositing
the existing passive trace 40. As a further exanple, a
- matesigeini ﬁaéteﬁﬁdlféﬁ’iqmyh%@i%msﬁi%éﬁ PpogiGA ity May igngeHeom a few hundred
A Ieneqtr of osited structure; as shown in Figure 4,
nanqrELeTy [OgRY D §T'° ®sistor has a greater resistance than
the mddle structure, by virtue of the greater |ength
of resistor material between the contact pads. The
Via Fiddhod of the present invention nay al so be used to
add material to a set of traces or between one or nore

setlse M'DEPrRoget cRhBe uast Kofih¥at stotdngelprtical Migpemageiivity between

adjagen?%yepsn ofC an electronic circuit. The present invention allows for the precise, uniform
deposition of an aerosolized material over an extended period of time, for example into via holes.
Figure 8 shows a resistive connection between different tayers of circuitry. Conductive layers
in a PCB (printed circuit board) are typically connected by metal vias, however, the M3D® process also
allows for deposition of resistive structures into vias. The resistive via configuration is advantageous

since, by moving the layer resistors into vias, additional space is provided on the surface of the circuit
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circuit, as shown in Figures 5a and 5b. Ladder passive
traces 44a-b are added to existing passive trace 40.
wa bios/oemsdod enabl es tuning of the circuit to BCT/US2005/045407
speci fic response or characteristic value. The nethod
is al so capabl e of creating passive structures between
boald@y@fss of circuitry by meking passive connections in
vias, or by wapping resistor nmaterial 46 around the
edgegucﬁ 9 denigtud melhay tor depogitingsherating en e y@lissang botfere of a via. In Figure

on 55 RS UEh R REEHS T SRS S5 PR 09E B o2 s

the &@W Will EdherS 48 1h@ validhd thEHomRA TR W Ie%(nﬁ({"ﬁue%do%‘&%b via hollow,
in Figure 7a. O her geometries include, buf are not

as shbwh tredigtre, 9bs eCqating theewB0Owirasigisi comtuictive i gferia rédojts in a very useful
- spiral, and helical patterns. Linew dths of deposited
StruGtigr, hepRsse ISk ithel CUreBincaYia JowsAIRNG the wih ang ﬁP'dRmH%*t tae (piddle.

10 to 200 microns, but could be greater or |ower.

Li newi dt hs greater than 200 m crons may be obtai ned by
DielSl@RQsi ting material in a rastered fashion. The

thi ckness of the deposited filmmay range froma few

h und thectasmpidai@tcetics df diefeivie stlictures; RO Tsk, caviba CFmbtlseld g)f Tlpeecursor for

r) process can bhe used to fill vjas, Cégrow

MBI r )
an insuigof SuehRs RIMBIPR RIS E PRYIP Iy B%?\R%@H‘a%ﬂ] @Wt”glda%ﬁéf@ particles and
I t
low e eBoEELECRAE sl mg BSisRh BaRitlioh GHE b Re Bl B venton
critidiPloGabrahtion Vet high NolershNeHPakitpR sifck @é tHidkABss drarunBarmipbla capacitive
into via holes. Figure 8 shows a resistive connection
film b@erwé@n thi dapagiteme andVW@ﬁWfﬂ@W efihe papacitop hawdtdielastric materials such

in a PCB ted c rd) .are typical
as géaa% 8‘@1 "'Eﬂ? I?.Fé({a e ggosxtqﬁilo{%glgfectnf %é( %@BW?B“%& gyons and as
msu@ka‘po?‘lplagéf‘@m%1 rlaygﬁpeédogﬁe‘antoofsolﬁﬁsbl@&tl'o\‘l% é&rﬁdx‘)ﬁ&ﬁ{g eﬁhd k and high-k
nto vi as e resistive via configuration is
dielezticasuch Ge bariunsiitarcs can\be epasiigr bheaphetpesppli@siost or s i nt o
vias, additional space is provided on the surface of
the circuitboard | ayers. Figure 9 depicts a nethod for

Etﬁ£$20fiting a coating on the walls and bottom of a via.
gure 9a, via 60 is conpletely filled with ink 62

usivpg pmemwn&ua@.ﬁﬁenpéf ORI HEERE ) \WRNUsk® h a Avbrit HKdiB@/subtractive
dries, the solids 64 will adhere onto the walls and

techhinee tmoflabrmaieowred:m@ veR| sthetvasnginghen etthd disist. oEtch hiesist 78 is preferably
hol |l ow, as _shown in Figure 9b. Coating the wall wth

atonHEegANg SeRATIRRLMIOVEN I8 cEPTeAn PEAC AT mﬁﬁglavw.zyaw@wn fn Figure 10a. A
subt?‘ﬁc{ \}éqg%%ue pﬁ e§%§l noﬁﬁ]? qi th'én secéHB Fe?nﬁbga lﬂQ} & ée@ nﬁéteﬁvﬁ%ure 10b. In

hroug the Brerectric

the thét s?ebeth@ a6k redfst ik AdMdve@id=0Rg BetallbtRlcREd 74 6h tBé UntHYh@Substrate, Figure
an ink can be conprised of a precursor for
10c. The additive/subtractive etch resist process can be used to deposit reactive metals such as

copper.

Targets

Targets suitable for direct write of passive structures using the M®D® process include, but are
not limited to, polyimide, FR4, alumina, glass, zirconia, and silicon. Processing of resistor formulations
on polyimide, FR4, and other targets with low temperature damage thresholds, i.e. damage thresholds

of approximately 400°C or less, generally requires laser heating to obtain suitable densification.
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an insulator, such as polyinmde, while a paste may be
a fornul ation containing dielectric particles and | ow
wWoredobioerysd enper at ure gl ass i nclusions. The preRPCEUSIN05/045407
deposition offered by the present invention is
critical to fabrication of high tol erance capacitors,
Las&'pﬂ@t@cﬁehﬁcat ﬁb&é&ﬁﬁ%ﬁa@ﬂé’ udéitd BiFdEt Wite Aiid @ HigARASgetrésifor materials such
| m determ nes the capacitance and the perfornance of
as strbrelumaptamatmnpdwmdtk dielectric materials such as
gl ass and pol yi m de have been deposited for dielectric
| ayers in capacitor applications, and as insulation or
AooR@fisisvation layers deposited to isolate electronic
—Qgcvrrpv ents. Md-k and high-k dielectrics such as
barApgiatibrisanabied pabiatiche padsive diriidires agriCthé m’D® process inciude, but
applications. Etch Resist The present enbodi nent of
are ocné;mm@[j()rq|reptrvg¢@@gnsqq§yortﬁtecggr@@mrqqltsa hﬁaylbg glgments, thermlstors and strain

addj | i ve/ subtractive tech ue to f rec
caudis, Be SRieTiRPaco e SR Reke poupEBha B AePRERLE' Gets sueh as
alunjldﬁa MeSiebably ALPaLS 64 pﬁméh deelﬁ)é?ﬁ-hérﬁﬂvé ﬁ?déﬁgghcﬁ RA€ polyimide and FR4.
eposition head onto netal l|ayer 72, as shown in
The D8 IpeocEamayalsel bé st to\peint enatieddefligssive strlﬁmmemd)rt‘eo pre-existing circuit
etching, is then used to renove the exposed netal,
boaqd]s,ggm@ pmgr on por-planar Sytfaces, e:rtpd iNveviat eq:pn,eggmgsstevqargl layers of a three-

oG SRRA SR T S S 1 RS YR s

elenfp® fo%%ul@t(oﬂ§ ESHrodRe DpUSRE strictdeRRA 'atspéaﬁ?&éﬁy\.{i@alnb'ﬁt@élselectncal or
such as copper. Targets Targets suitable for direct

chemicalt gopfrtyp@esit v passive strunt@ss umpmgpcmhbtewmcmly beardsc @8¢ deposition of
i nclude, but are not limted to, i mde, FR4

paS%quﬁsrwa"eSgP%fgsore PPRYESSH aafg%&msf%’ﬁpe se of Gllglg; fig Rjwsical. optical

elec¥rl%gl g‘r c%m %ﬁgﬁ%@%%ﬁp g%gitﬁ??ﬁgg}ﬁeggrg |r§/E§4tgg%g é%ttngébove applications

wﬂhd@é‘iﬁ@@sﬁr‘l‘ﬂf@&t@bd&edﬂfca@@b’eﬂ)@% o832 byle000C or | ess, :
generally requires | aser heating to obtain sui tabl e
derSthpighathe areseals Brenipothae feer éaﬁcrilpﬁdot@e@%aﬂngitWere@e to particular

sed to direct 0 _hi gh range resi r _ . .
orel P e RO U eSS BETAPR BRE B ORY] st o whi s
inveAftN deft@ihd Qﬂ%p@gagtb(ﬂ%ﬁ LIRS RIdBRREhIdfRAREHEREAS ﬂwa?Ee made without
passive structures using the M3D(r) process include,
dephrtitg feonetheapiril dndister df the Glaime tiat falidvt, end 8l st legibbdiments can achieve

el ectronic circuits, heating elenents, therm stors,
the gaTRP ree4ia ﬁh@wg@ssconwt@@%tnetthéveégewde@dabwﬂ g ingnded to educate

the relagermgouet 3Qr\r/eednatnld oaﬂernatk\)/le %ﬂq b&? ng%, aatné ra?e ﬁcﬁrr’?e%&lgd Ic"ougolﬂst?a?n the limits

um na

of tH%QﬁVehﬁ&lrb? ittd 3¢6pd @Bt RN G)&nétﬁm@ @r'\d’rhﬂﬂhﬁt@tlcﬁiécbf thR%reséManvention will
MBD(r) process may al so be used to print enbedded

be gbaisss tedhase skilkedur s ad Aot sridensien &4 ¢avey allispeuinedifications and equivalents.

The entire disclosures of all patents and publications cited above are hereby incorporated by

reference.
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boards, onto planar or non-planar surfaces, and into

vias connecting several |ayers of a threedi nensional
we@bk®ens9sé ¢ circuit. OQher applications incl udegT/bDst005/045407

are not limted to, blending passive el enent

formul ations to produce a deposited structure with a

speci fic physical, optical cglpgstrical, or chem cal

property; repair of passive structures on

pre-popul ated circuit boards; and deposition of

passi ve structures onto pre-popul ated targets for the
Whabigreed it al tering the physical, optical, electrical,

or chem cal performance of a system The present

i nventi on enabl es the above applications with

t ol4er anG@SapbirafdB Y& lde@dsitifg a phRf/e IstrGddre RorORRINgIaa6ateial &V target, the

or less. Although the present invention has been
appatetgs cortyeingn detail with reference to particul ar

preferred and alternative enbodi nents, persons . , _

possessi ng ora&iartf’é?'?@kifqr'l“'”P i Fﬂ@gﬁf?m?fap‘amedﬂat?frﬁ' gnd a carrier gas;

| nvention peratn%'xﬁ]acusf'mow coRPE ! hSustifxc¥& daPlds gas;

nodi fi cati ons and enhancenents nay be nade w thout

departing fr anadpbstionpiead for endinggaieacddsot ihe c@indiicabstehiatgas flow;

follow, and that other enbodi ments can achi eve the

sanme resul t s.aPressuigSePHEraesMCEGur at i ons t hat have

been di scl osed above are intended to. cat. .

reader about HFererd 8 ang AU T ‘T(')a\'/aggéépr%’%%%? h%aﬁjf gaid exhaust flow
contfer, BhEsattankdlicended to constrain the linmts of the

i nvention or the scope of the Clains. Variations and

nodi fi cati onsvhefeirt Adolgremerita dasiverhpriopettyvaf (the passig® wirgtige is better

to those skilled in the art and it is intended to
thanappeximately ¥erch nodi fi cati ons and equi val ents. The

entire disclosures of all patents and publications

cited above are hereby incorporated by

r efer enceeGpphidusVWiadlaims1 Gihateife daitl SdepdsitioANheap peidadaits atomizer are

for depositing a passive structure conprising a :
conmegtedtg thk crpas al inlet gerosite ¢ash aiiprar at us conpri si ng: an

atom zer for form ng an aerosol conprising the

material and a carrier gas; an exhaust flow controller

f org exhaysthngaB Gehem & Whkleflsad@Xhadt MRARBAISIbPEnBGR excess carrier

for entraining the aerosol in a cylindrical sheath gas
gas &l DeitectonegRadic Barseasaangsot dirnid wt gavel trooglossd cross.

connecting said atom zer, said deposition head, said

exhaust flow controller, and said transducer; wherein

a t40 |l er alrh%%gg%%t?% dfe c?aiinrw qq/vh@’:e%oseagat é&h%st FI(QA? C(H'Iﬁ‘gl?eir Y&tuces the carrier gas

5 0
structure’i er
flowrate.

5. The apparatus of claim 1 further comprising a processor for receiving data from said

transducer, said processor determining if a leak or clog is present in said apparatus.
6. The apparatus of claim 5 further comprising a feedback loop for automatically purging

said apparatus if a clog is detected or automatically ceasing operation of said apparatus if a leak is

detected.
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than approximately 5% 2. The apparatus of claim1
wherein said deposition head and said atom zer are
weonneeed to the cross at inlets opposite eacPCDUR®NS/045407

3. The apparatus of claim2 wherein said exhaust flow
control |l er exhausts excess carrier gas at a direction
perzpenditey badardt@s cRlaMel ABBr ddinpigiig: on of travel

through said cross. 4. The apparatus of claim1l

wher ei n sai d adadenwkesefopamrassas mupétherﬂemmc@sromieand

carrier gas flow at The a of ¢
further conpralpgf"i‘?@'o‘zefﬁ%eéeecg%?d%& %Qg‘ifé?’(}ﬁ?ﬁ%a ta from
said transducer, said processor determning if a |eak
or clog is present in said apparatus. 6. The apparatus
of gcl ai Mhb appardthest conp mhsiemgadl 1isee tixact ks petpepdiéutar to a flow direction
automatically purging said apparatus if a clog is
of hQReS PN BCERET G PIeed GHEPaRGe e riath S0 Brerdipeg and sad flow
direcg&gar atus if a leak is detected.7. The apparatus of
im1 further conprising: a |aser whose beam passes
through the flowi ng aerosol; and a phot odi ode for
detecting scattered Iight fromsaid | aser. 8. The
ap@ar at Use @pparétas oh claimiveiudtien cgraprisingaeseantrbitea far iagtomatically controlling
perpendicular to a flow direction of the aerosol and
the aé,%w'aer;?ﬁwom ode is oriented orthogonally to both said
| aser beam and said flow direction. 9. The apparatus
of claim7 further conprising a controller for
autiomat ixcakihyd 60 Bégositihd APatdie AluoiieZz&mppiong a. matbrial An a target, the
nmet hod of depositing a passive structure conprising a
methedtcemprigingdie sfepsaafget , t he net hod conprising the steps
of : atom zing,the erlal entraining the atom zed
material in %t%?'?qng?mﬁﬁ to forman aerosol; renpving
eXCesS carri hyLfsg fh@%ﬂﬂ'rﬁﬂ%@ nREdr@BRh ciigr Qt@f@ﬁﬁ‘brﬁ‘gerosol
oriented perpendicularly to a flow direction of
aer osol ; nonirgasvinyg exepy essienr ganfromaihd @eososola; an opemng oriented
surroundi ng the aerosol with a sheath gas; and
[0}

perpendicularly to a flow direction of the aerosol;
monitoring a pressure of said aerosol;
surrounding the aerosol with a sheath gas; and
depositing the material on the target;

wherein a tolerance of a desired property of the passive structure is better

than approximately 5%.

11. The method of claim 10 further comprising the step of determining the existence of a

leak or clog based on a value of the pressure.

12. The method of claim 11 further comprising the step of automatically purging the

system if a clog exists.

13. The method of claim 11 further comprising the step of automatically ceasing

operation if a leak exists.
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depositing the material on the target; wherein a
tol erance of a desired property of the passive
WGERe0t398& i s better than approximately 5% 11pCi82005/045407
nmet hod of claim 10 further conprising the step of
determ ning the existence of a |eak or clog based on a
val ue of the pressure. 12. The nmethod of claim 11l
further conprising the step of automatically purging
t hd4systTdmmethad of Fleigy Exfiighes comisinghiee stershad ghinihg gllasenterm into the
1 further conprisin he step of automatically ceasin
aemaﬂ@f*ameaﬁ*“m ttF@ﬁi&%&?’Bf@e 'ig%r 3% et hod of %:/I ai m 10g

further conprising the steps of shining a | aser beam
into the aerosol and neasuring scattered |ight from
t hesl asdahebeand dbclaihh® weérhiodheimeablingsldp wherfeintedtbyea detector
measuring step is performed by a detector oriented

oriensed arEgERTAIY tp bolb theaser bpR Racb NowdieNag A g 2Piose)
direction of the aerosol. 16. The nethod of claim 14
further conprising the step of varying the power used
i N fghe athaMeidadhs ShfP1PRARY cORpRhgdRDBBS olfaryithe Esm used in the
light detected in the neasuring step. 17. The net

atonofingdtep basé@or am drhamt ciengteresiiligigt deteeted iretpe oleaguriogggsi ng
the material. 18. The nethod of claim 17 wherein the
processing step is selected fromthe group consisting
of um . .
et ng (A el Ao er Y ERGnE Ao BELBER g e mterial
irradiating the deposited material with a | aser beam
and conbi nations thereof. 19. The nethod of claim 18
wheBei n Tiherraethett Dfnfgailmh‘e7 wepoinithe grasessingi P (s setected from the group
| aser beam enables a |inewdth of the d

d . .
consip@ Pl B TGa o P BTG FERRIeaIH e APEF Gnfeast the deposiec
mate;r '?:\19 w&‘arat?%hggep%gg%d%v\%%ﬁ\/@ a?l'a&er'b érﬁ,déngrcblﬂﬂnétiaﬁs thereof.

posited materl aser beam does not ralse an
aver age tenperature of the target to above a damage
t hr eshol d. :
19. The method of claim 18 wherein irradiating the deposited material with a laser beam

enables a linewidth of the deposited material to be as low as approximately 1 micron.

20. The method of claim 18 wherein irradiating the deposited material with a laser beam

' does not raise an average temperature of the target to above a damage threshold.
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