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M NI ATURE AERCSOL JET AND AERCSOL JET ARRAY
CROSS- REFERENCE TQ RELATED APPLI CATI ONS Thi s

wappisiossa7son cl ai ms the benefit of the filing 8CTWSR05/045394

Provi sional Patent Application Serial No. 60/635, 847,
entitled "Mniature Aerosol Jet and Aerosol Jet
Array," filed on Decenber 13, 2004, and U. S

Provi sional Patent Application Serial No. 60/669, 748,
entitled "Atom zer Chanber and Aerosol Jet Array,”
filed on April 8, 2005, and the specifications and
clains thereof are incorporated herein by reference.
BACKGROUND OF THE | NVENTION Fi el d of the Invention
(Techni cal yfNigtGRe AERBSORIETAND Am@sm geT ARRAkes to
direct printing of various aerosolized materials using
a mniaturized aerosol jet, or an array of

m ni aturized aerosol ets The |nvent|on nor e
general |y r &BQESREGERENGE £Q EL , GAT 1N nt i ng
ont o_pl anar or

al so 'BE gpRlicaign g abrpﬁ ﬁ\{e narl,g?cf %gfugh?ro il at?rﬂ AnB%atlon

nto heat-sensi
éeﬁél At §0/635384P ee’,frfnﬂlard”ﬁfﬂnéﬁﬁ}g %ro@& Getsa% et daolQRNAHdylGR8 on
i s capable of deposition of mcron-size features.
E@bW&RYS @604 ldhd UNVENMsONa Hagenp Agsieation iSana hbi €0669548, entitled
deposi tion head assenbly for dep05|t%3&%a mat eri al

on

“Atomizetfetambenandigiess] et 6'f'ia 1éied RS Pal 8RHINP SPesicgfions and

%ﬁrpsqtﬁértsl orr1e lﬂe?’ oratgémerel{\ ggefg}?gclgannel for transporting
erial, one or nore inlets

for |ntrodu0|ng a sheath gas into the deposition head;

a first chanber connected to the inlets; a region

proxi mte to an eBAGKGROWNROERMEAINVERBION-onbi ni ng t he

aer osol mnth t he sheath gas, thereby formng an

F thgIn n outer sheath flow

surr %n%l']%gn@g/eh&rherglaﬁg El al% agsr’gﬁn)r(‘go?f%goﬂ%e% lﬁ%&ﬁ%&erigs using

nozzle ositron e prefera

edinfiERiresd QEroE&S]&_, tohan Q&Qr&?ﬁhlﬁﬁfuﬂkédla&ﬂéol The TH RUsntion more
are preferably circunferentially arranged around the
ceadlyeklate¥ he meelgéssn n@mqntanh}brlnyng:omtprplagersormog@mmsurfaces The

chapber. The first chanber is i onal ky external ;to
*rtVﬁ@t'Oaéws%'%O. SrHshG P T a0 PEROSR e ﬁa?rpﬁtm ip ferformed under
%{rc cbn 50 E réng ystda 513!69 f d%F(ﬁsﬂfon obARrdALd 5about
anne efore t gas I's co |ne with the

aerosol. The first chanber is preferably sufficiently

| ong
SUMMARY OF THE INVENTION

The present invention is a deposition head assembly for depositing a material on a
target, the deposition head assembly comprising a deposition head comprising a channel for
transporting an aerosol comprising the material, one or more inlets for introducing a sheath
gas into the deposition head; a first chamber connected to the inlets; a region proximate to an
exit of the channe! for combining the aerosol with the sheath gas, thereby forming an annular
jet comprising an outer sheath flow surrounding an inner aerosol flow; and an extended

nozzle. The deposition head assembly preferably has a diameter of less than approximately
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enough to develop a cylindrically synmetric
di stribution of sheath gas pressure about the channe

woebwroesd7he sheath gas is conbined with the aePOs@IS2005/045394

The deposition head assenbly optionally further
conprises a third chanber for receiving sheath gas
fromthe first chanber, the third chanber assisting

the first chanber in developing a cylindrically
symmetric distribution of sheath gas pressure about

1 he. dhanlstsl arprrpigrabivtdireunsiaeatisly grianded awonhinaebnnel The hagion
%ﬁro§Pl. The third haqper is preferably connected to

P @”?Vfg?mgﬁ%ﬁﬁ%Pn%éﬁg‘6Furality of passages which are
par al el firdQnamshr & JoROHHILEREH A1 hY d88dsRBYREhNAWBId0S
channel . The deposition head assenbly preferably
odinpicalyegmmpigic districttioa castetintoas prebalie aticantk ahdnngl tefore the
tilting the deposition head relative to the target.
sfieathigag isrsemBineq wittalhe gerasel-apedfirelichamipes is niefpiesly shifigierdly long

mat erj a nata .the a tus.conprising a

FRUFL oty o F e 8P B RERERH B iy o=d aiaB avout e
SRARY b&rbaand HRaBESTsicBhbindd RERE Berdést, FRAIR8Sition head assembly
surroundi ng the channels, a region proxinmate to an

eptibhallp furtbacomofises ehichmanbérsorfredeivingrshedih Hgs ftdnethaéirsdS@imber,

W th sheath gas, thereby form ng an annulagﬂjet for

BaEd chrmhee psSistingthp 8ist esmbeT I8 dpeloping Gy idrieais ayrpmetiow
%%leﬁlgﬁ] gf' sﬂgathag%sl npg:gsﬁsrare?agggtzrgl ch%%ﬁ)%’lv Hgg%ﬂ%%%ggéfg%g%ggmbined with

Zle corres

b HEBEdIL YnethirCHAMBE! 1S piRTeduR) RRhokiddQS Medifst Bfdnér byldBiurality of
aerosol optionally enFers each of the channels froma

[EseapeR Wo lla pegraralidhe armesirogroferantiallp medreyed bloynd thdicwardien | Ty
fed to at |east one of the channels. A second _ -
SROPYUBI e BSSRAP Y PIArab§ CRRRTSeTIe| oy MPERRolgtos or eanstatings tilting
L abl86 AN e IR BRGpsO! mss [l ow rate 1 at

ea 0 e’c

one annefs is preferably individually

cont r pid idehson id Bigo aPAHaRkUsSorieBéRing RlInYat&RINBH 4 BR5et, ¥Lapparatus
or nore actuators for translating or tilting one or

sommpesiog a plhelity obeiasheds antthnepdrinycmcenselzdomgprising thé maeritipa
the target. The qP_aratus preferably further conprises
a8 SEIIFPFIUNSTEe Saris: RAPYICHIrOERARTRAN xof each of the

' . [ gl fil m di sposed .on
RO SBRRL o it ho Rl YR SR e
drefmil, \hd 6t domﬁrigﬁgaémer@nwrdmdmrbm | iR Bdr6s B IRGY, Ad an
up through the film a carrier tube for introducing
exandednozga sorraspondingdo edrhirdd the chanmelsobe ploralitg obEchahmdtaupeferably
tubes for_delivering the aerosol to the plurality of

euphara. Thiaeresy priepally Gpiersaaeh efthpthaneebninm a samparchgmber.
%%FQSQE%rg@F%‘BWI&%‘%?mg%:&% {e%gtteoﬁe %fatR(le &h afnlﬁlélg.hg [second
aerosolized material is optionally fed to at least one of the channels. The aerosol mass flow
rate in at least one of the channels is preferably individually controllable. The apparatus
preferably comprises one or more actuators for translating or tilting one or more of the
channels and extended nozzles relative to the target.

The apparatus preferably further comprises an atomizer comprising a cylindrical

chamber for holding the material, a thin polymer film disposed on the bottom of the chamber,
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tube for recycling large droplets of the material.
Addi tional material is optionally continuously

wonreesiodedst o the atom zer to replace materi al ROTAIS2008/045394

delivered to the plurality of channels. An object of
the present invention is to provide a mniature
deposition head for depositing nmaterials on a target.
An advant age of the present invention is that
m ni aturi zed deposition heads are easily incorporated
amtlgasepiapaibiioraeqelying thevghiamhersind direqiing vlirpdonicdogray i thervgh the
ar al t hus atly reduci ng
480 G eGP o Bk i st o S B GRS OT ot G up s
o
L 0 A P SO
it drinlopslogbamgs.i Phd gppatatusipediérany fuktakeBmbses @NjinhBICdtiaghed to the
with the acconpanying drawings, and in part wll
Eb%t@ﬁ@cmbp@ia@ﬁtdrqp@tq ﬁd@éﬂ@kﬂ&l | Acplitionaltniateriat is optjsoally continuously
be Iearned by
P eortees ol MR Thie® s B T B gt
of th [
of e PREE PSR ST eubaR b ARt Rlig i nPEAR
(Epositietndittiald on dth@eappended clainms. A BRIEF
DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng dr awi ngs,
whi ¢ hAra?@anTﬁ%ﬁafﬁfaﬁ riesedt inyangoraia éhat mmrﬁtlalzmaﬁetpoaﬂort tipads are easily
Il ustr everal enbadi ne
FREEHET Pl Bitppos e CBREN g FoTiRas Gashe BTGy pereel,
ﬁ@g&@mWQmﬁ%ﬂbaé&B&agmpélnCIpleS of the invention. The
drawi ngs are only for the purpose of illustrating a
pr ef edDihebbiizoativermagesaind hbwesl feawedst arartudied sche oldpplidadility of the
be construed as limting the invention. In the
RIPSARH YOIV e ast foithiing p%rt i ithesdptalled deseription todolianwnh fakienine
head of the esent . nv
GLRTe) L B FR e ke BV BEE Ab bPE Wi EoG e asiens hose
AIEE MRS &1 TRIREHRKioH BPAS tdilbPRg, B8 Ay b8 RbEmkAbY QQ&R €3 the
the sheath gas fromsix equally spaced channe Fi gure
ihensdroVitheiobjoste tind anvamegesrod his-rsestion onglbe véativa! b atifiged by
deposi tion head of Figure 1b with an acconpanyi ng
'BEIE ChHP NSHWBR AP P ® Hiantives pariruiaily eoinigd sHde appended
% tric and a cross-sectional views of a deposition
ead configuration that introduces the aerosol and
sheat h gases fromtubing that runs along the

A BRIEF DESCRIPTION OF THE DRAWINGS

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 cross-section of a miniature deposition head of the present invention;

Figure 1b displays isometric and cross-sectional views of an alternate miniature

deposition head that introduces the sheath gas from six equally spaced channels;
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axis of the head; Figure le shows isonetric and a
cross-sectional views of a deposition head

woanfeiogsa7at i on t hat uses internal plenum chambecs/uamms/045394

i ntroduces the sheath air through a port that connects

the head to a nounting assenbly; Figure 1f shows

i sonetric and cross-sectional views of a deposition

head that uses no pl enum chanbers, providing for the

| argest degree of mniaturization; Figure 2 is a

schenbigire 19fsh<aNssi$qmgeltr@ ami gioas- mqtizr@dividw)gféhq Yepsitimndebad of Figure
ted on a npvabhle gantr ure 3 conpares a

Wit <o misues ergeiagasih Dianom SHamhed 0 WBo( 1)

depos [

a1 P o] R A YR oBoRRAIERE bfa Rooklth negy

tdnaguratiohitipl exedlcbeme agesdl gnd sekih daseli fminthuding yhaf @Ak along the

nozzl es; Figure 5a shows the miniature aerosol jet in

axig e fgﬁaﬁat i on that allows the head to be tilted

about _t wo or sﬁona a an _array

o1 o oF BB B R S 8 BB Pey E el o Eorg ke
étlﬂﬁéﬂ’frat%ﬁ ke @Qs'nﬁi@rnérb%n%tcﬁéﬁ@é’eré’ ér%v}ﬁtfdatxcéshﬁe %Qﬂ‘aﬁ%{rough a port

assenbly used wth mniature aerosol jet arrays

DEISCRdEE thi\hé2id td Hin obRiE EREEDIEVBODI MENTS ( BEST MODES

FOR CARRYI NG OUT THE | NVENTI ON) I ntroduction The

pres eﬁ‘ﬂurﬁﬁf/W§ @ﬁmg@ﬁ 8RhErpss- %eeﬂ'oaﬁté@ev\tswf apprasiioubesns taaigses
met hods f or I S. pDSIt on of
PR e PP AGREt e oo R8T Bty

aer odyip&@eoGs 4 SHeRaiof a|s|?| klﬁﬁnlﬁfgﬁﬁed%MBh Me%ﬁﬁ&hnted ona,
enbodi ment, an aerosol tgr eamis focused eposi t
mn\tableagapﬂryanar or non-planar target, formng a pat ter n
that is thermally orphotochen1cal|y processed t

achi eVigUrpRyrempes 2 @matwapepoaﬁev pyadde actapdaraM D deF’OSl’ﬂon head;
pr opetg élltrgizi.%eagchérﬂa ltc o?{he ‘PféX%J %%ndl ng bul k

mat er I'OCess " Maskl ess

Mesosgigirg 4W£§che%at@%9@§ 'rﬁu!t?iéxeoeﬂ&d 'd§sx$h'9\ﬁ ith lﬁ&l&%ﬁ%ﬁ hozzles;
aerosolized materials with [inewidths that are an

or der Figire fagmwsuiceempizhird amrodohjahin laicneiguckipoibit sicwanhé head to be

conventional thick film processes.
tilted about two orthogonal axes;

Figure 5b shows an array of piezo-driven miniature aerosol jets; and
Figure 6 shows perspective and cutaway views of the atomizer assembly used with

miniature aerosol jet arrays.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

(BEST MODES FOR CARRYING OUT THE INVENTION)

Introduction

The present invention generally relates to apparatuses and methods for high-
resolution, maskless deposition of liquid and liquid-particle suspensions using aerodynamic
focusing. In the most commonly used embodiment, an aerosol stream is focused and

deposited onto a planar or non-planar target, forming a pattern that is thermally or
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Deposition is perfornmed wi thout the use of masks. The
term nesoscal e refers to sizes fromapproxi mately 1

waizeremasd7® 1 millinmeter, and covers the range BeETWS205/045394

geonetries deposited with conventional thin filmand

thick filmprocesses. Furthernore, wth

post - processing | aser treatnent, the M3D(r) process is
capabl e of defining Iines having widths as small as 1

m cron. The MBD(r) apparatus prefer abl}/ uses an

RBeterhisMicRi Prereseast to jaghic\rarivisiead dpiea anr/onplaciTicat prpperties near that

[ | et d t heatshef
] SR SRR Sy AP AR\ e
AREPEIMDepbSitidn, B BRI REE %Sdepbﬂﬁa@@sro%glma?&rfa%f\mhelﬂe\gfrdﬁ\ts htgé‘;t‘ are an

deposition head, preferably either directly a
aeien 90 hiageitube rsrpllacias lines dédogitedpaits coryehtvhaluglek tie processes.
heat er assenbly, and is directed along the axis of the
Gerqséian tsovpdPErRedi o diroeset 9f Gipskre athedPint meeoscdip eefera dassizes from
I referably controlled b aer osol .
Sl BB RS FURR ERDEp 1 el B RS S5Reries deposied

e esivEhtBRal RIRAEim értb‘éth@@ KRS Stbosa b Bt epm BYe o8 ;‘):’J%{-Mrocessing laser

initially collimated by passing through a
tredthentethe MR precess isfdapahle dfhiefiremyeinge Rdvirgawidthshesnsdiirae amicron.
is then preferably conbined with an annul ar sheath

gas. TP MHr dpexatyareieiably Heess A #epsglaist Aerssiiien rpeshioyform an

S SRR B0 B e Gy e
BoANMP R, aniiBNadrbR1 RAING DRIcedsS tHeCd MR SiFBM SHler@HAERSsition head,

sol ution, water vapor rmay be added to the carrier gas

preferdivly aitheradifectlyasitet e pemedizbticropless oeafip pasinigamoughhi®e heater

sheath gas preferably enters through a sheath air

RPRPIY LIS dirpriedaripnskisp axialobiheainyice dnyasdsathe sapasitign head orifice.
0 i As with the aerosol

ool by RSFARUY FSLERR /0, A LG BRERER) o convoter

P6iaé iRl dep@sitidh ReaBRES dekddl GRBMI QlpkGErably MG BRIIMAE by passing

streans exit the extended nozzle through an orifice

thrqugle eacillimeteasitapiffice.. ThEhérsergemh phuicle fstreamn fisothes pfdrétdy combined

aerosol streamonto the target and all ows for

WHbEs PINUSH SBFatt gad Jhe saript $rSANHER Fensh g masiicomaenly comprise

I TR > i Gro In.t r t hod, ..once
SRR o el B0 e L Rl B05T L1 A QR en e
édngent. | Po¥ Xa@Ble'Rher B8 GefoBolNATIMEN FrOM A JPRESUSt /Mo Witer vapor
orifice in order to deposit sub-m|linmeterlinew dths.
may bevaldde ipdke ¢dridan ges ordhd Sherihqas tv dréveet drofiet evBidgatipn.
met hod typically achi eves a fl ow di ameter constriction
of ap O%eﬁiatgé[s )preéget’)ly gﬂtarsr;ﬁryu%a CheRb R Nkt below the aerosol inlet

i ot i [ . 0] for, thi ,

TR ELpATR B HETDP sllost e e WL B gL oape o, e
sheetel gaafshritb és gritemsBlyloyiioned bya mass flow controller. The combined streams

—

exit the extended nozzle through an orifice directed at a target. This annular flow focuses the
aerosol stream onto the target and allows for deposition of features with dimensions as small
as approximately 5 microns.

In the M°D® method, once the sheath gas is combined with the aerosol stream, the

flow does not need to pass through more than one orifice in order to deposit sub-millimeter
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do not reach supersonic flow velocities, thus

preventing the formation of turbulent flow, which
woaunletheposentially | ead to a conpl ete constri cPComsefos/045394

the fl ow Enhanced deposition characteristics are

obt ai ned by attaching an extended nozzle to the

deposition head. The nozzle is attached to the | ower

chanber of the deposition head preferably using

pneumatic fittings and a tightening nut, and is

imewfdéhsa bih §heajepesition ok B&l0ynieron Bna, thelM¥P eethddntppically abivags a flow

The nozzl e reduces the diameter of the enmergent stream

AR ROPINPHEOR ST fRREOXITFIRY AYY &”‘imﬂ/ Qe CRRARIEAT CPRlicHyE D gxcess of

infd.ce: A » kSt a ' I ,

b oE BB 8o Sbp LU 208 P SonMAGL K TBLE oy B ypicary

& hdt irexeh dipprehie flo® elbéiesPzg bl@vérﬁn%{h@wmaﬁdﬁ AEGHOUSHRNEGS which

with the range of desired |inew dths of the deposited

¢ratdenoientially iad tex pampudate eorstsicimmof Havlewa di anet er rangi ng

}c Ir g?ﬁ@%%ﬁt e!oﬁﬁggrséggﬁ’?{gsg?r%n ogéi%g Y '-artl’?eggxﬂg gr? g(tgr?d%d nozzie to

- [ j I.fl j ter
PEEREE Bl T 1SRl Blachal Wl b HafBE' e BlooBfen heaa
erfeenyeding pacunexiakisiogseanal wptching nel, a8d RiprA@psIP bRekimately 0.95

structures to be varied fromas small as a few mcrons
pol.dsentipeirss deanga The aeedo medybes thei dikmetet ef theuemergertt lream and
same, deposi ti Qn arat us. The di aneter of the )
AT Serndfio FRAEP BHEP armeorIFeorT Hecdtdiangrs ¢ papromately
SePOMifihetbrs Hé?&hftﬁé Ih§shid¥itt RRe €% b %@!Jrih&aediﬁﬁw%tﬁr ot 1€ nozzle is
ratio of sheath gas flowrate to carrier gas ow

craban in acdrdehee wittstharunge biedegeeninkhiethe of thie @epaanét h&xerial. The exit

target. Enhanced deposition can al so be obtained using
Aticewpenaer AgPeieerantiag P apaKimetly $hiodb0o0 eicisory Thsf deposited

t he deposition head. A mpre detail.ed description. of,
SRR e o R o e RN R (S P B mprr, or
a4 1Rge B3 tRNrindPRAMEBE | B2 13810t 8ldefPnankldithdePRE e also enables the
entitled "Annul ar Aerosol Jet Deposition Using An

dizet @ idecsitbid zdodltes foi heevhrion fromcandyedl dk3g feR0REronahd @k ldrge as a
incorporated in its entirety herein by reference. In .
frAghen dpphniliegier.dising the same dapPaiitagppeFlist Shepdipmelpnef the emerging
Ltipn fro ul t.i.pl e.depositi.on heads. The use. of .
BRI PR ORI AR08 RSPy DSt 358 o

rafPbii shdth GaSIoWEHteRE cdradridab HeW Rfle, RKd Wl digariah BEEEH ihé 8Ffice and
deposition heads to increase the nunber of nozzles per

thenitargeir Eshanddre deronitiat vare alde pesottaion tedar ap reefeadeaibhyzzle that is
conprises the sane basic_internal geometryas the

EHGHIRA O {eeabRaYi of the dePosiiomARRH: af MPIG\Asialed gpsaetion of such an
SEUBEAIP RSRR I AIGR) By FBP i, Py it Sl e
AEN9366,1 tidacAdnuI Adredol 1é1ZBdpoSiorPsihd) An Extended Nozzle”, filed on
December 13, 2004, which is incorporated in its entirety herein by reference.

In many applications, it is advantageous to perform deposition from multiple
deposition heads. The use of multiple deposition heads for direct printing applications may be

facilitated by using miniaturized deposition heads to increase the number of nozzles per unit

area. The miniature deposition head preferably comprises the same basic internal geometry



10

15

20

25

deposition head also facilitates a direct wite
process in which the deposition head is nounted on a

wonvierngsgant ry, and deposits material on a staPCoOmaR0P5/045394

target. Mniature Aerosol Jet Deposition Head and Jet
Arrays Mniaturization of the M3D(r) deposition head
may reduce the weight of the device by nore than an
order of magnitude, thus facilitating nounting and
translation on a novable gantry. Mniaturization al so
fstoe F’fﬁt‘%@sbe&dhie ﬂ‘feébm anratar tew igfeime betaeérothe eérosat parygeath
degositio constructi on and operation

GFRBS A Besferepisuto it & heatbr posiva dpaindBnirzadon o te
JEXbLiRh g@ ggg RRalds Qlire AMWhifd ap?&:e@@rn%@ h tlﬁeetﬁe%o&lr iAW gg isHhbunted

I NnCrease eposition rate, arrayed

on8 tnbvimpdiry and deped haefal oﬁ\érs&}ﬂ@dar)alafg@ﬁ ol jets aI SO

provi de for increased nozzle density for

hi gh-resolution direct wite applications, and can be
: het spacing and

£\

Fat Rie'e4elbdSi ti on applications.

NOZZ| I@m%ﬂfﬂ&étBH roﬂh'ecm’%@ 'd@&!srﬂlgﬁ hegﬁ%a{?‘l:e%ufg) e l\A} @nlt &9hd Gavice by
l'i near, rectangular, circular, polygona vari ous
maraltharear oaler ahgegitodss .thu};hacnnmmgaﬁwmgja&osartsla%h b€ admovable
functions simlarly, if not identically, to the
ENEnddbieiatdsien ﬁ'ﬁ@fﬁacﬁ@éﬁf thbd@brh@@naﬁrdu epetatien of Auayed gleposition

AR T SR8 ) i BB e A RS e
rﬁ'&%ﬁ%ﬁnﬁ'd@ﬁoé‘l%ﬁd Nrt%yeﬁir &R, r@\ﬁcﬂH %kn@%ﬁ?&%d%oﬁmn e arrayed
could be smaller or |arger. e severa I ment

ddpbsitidnednd muttifmhaeriap gbpositibn. OArreyRIChassd! Yy hios Hrovide HediBcreased

of intrqducinaqand distributing the sheath gas within
RoREe depiyifen en-eaelefion iregiawrite ﬁpl@mwed@%camManmfagured with

h ath as flo 0SO Deve
P Ra% RC 2t Pgae™ Nelieb, R (ok ceftiion Hreltps. Nozz
d’éﬁﬁdul'eﬁl@rks Ineiubdl Bl @ROab iR Ctbafr%‘é?; Qéétaﬂ%%ﬁ éﬂ%ulgm%olygonal and
system determines the final w
\adowsohlinetr @a@nyeamshitst he anount and the distri butl on of

satellite droplets degﬁﬂlted beyond the boundaries of
t he prherm'ﬂvtub%ﬁ%ﬁltlon RGP %@éartyl th g identiedllyt ivethe standard

SEPTRHLS0 B { AL PG BT ER E8Eb) oo e

Ul OFBusIRE bk BtePér AdioNtha iriifud&RA&ithoh ABadE peféracfblf Q;ﬁ)%klmately
in Figure la. An aerosoliaden carrier gas nters

deposi towh bheadier lor bgh Aes ssetal pobbdikBs detaitkdiis this application
directed along the axis of the device. An inert sheath

dpgoseMriors mPWéd%%fprﬂéqu'aﬂwaﬂﬁ‘éhﬂ”hUa@@haIShgaﬂ‘n BRsOWIlN the demosition

head, as well as methods of combining the sheath gas flow with the aerosol flow.
Development of the sheath gas flow within the deposition head is critical to the deposition
characteristics of the system, determines the final width of the jetted aerosol stream and the
amount and the distribution of satellite droplets deposited beyond the boundaries of the
primary deposit, and minimizes clogging of the exit orifice by forming a barrier between the

wall of the orifice and the aerosol-laden carrier gas.
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connected to upper plenum chanber 104. The pl enum

chanber creates a cylindrically symetric distribution
woRowhest7h gas pressure about the axis of the PCT/US2005/045394

deposition head. The sheath gas flows to conical | ower

pl enum chanber 106, and is conbined wth the aeroso

streamin a conbi nation chanber 108, form ng an

annul ar fl ow consisting of an inner aerosoll aden

carrier gas flow and an outer inert sheath gas flow.

The afArrdsarsedtionwf asnipiatupﬂag@psﬁbrt heedLig lshewn isﬂi@medeel An aerosol-

zzl e 110, and exits at the nozzle orifice

'r'z‘ usaEre] gas AR t%deéﬂ%'ﬁ%%ﬁag Qe pqﬁm%?f&fs fisested along
E%Ql‘é % ﬁ@%?k?;‘e 'A'ﬂtlﬁe?'péﬁ(égtq ggg 85’%0 the g%)%@li $r¥ hed 3553 fda ey '({uﬁ)ugh ports

anne I's configuration es n I ncor pora
tahhedietato PR WRrtihaBiReiser abs.t e g@ﬁ@ﬁldl'\bmﬁerhéiéﬁes a cylindrically
pictured in Figure la. Sheath gas channels 114 are
pinafeticadistjbuigual Bealipgasertessbeuabotihibe @xissof difie dépesition head The
%FVICE The desi n allows for a reductign in the siz

aihzs g g £ W&aap‘iw chaiebes 105 B 6P B wih B acroso
étrégmqﬁg'cgrﬁbmélfgﬁ off Q?o?mﬁ %p'aﬂﬁﬁ’ 3@%'& ﬁsk%in&gfragsir%er aerosol-
carrier gas in co |on C anber i P

Eegrosdriidr @as Meadnd t%& dMetr helthehefth @)ék Q0w RS hriHilar §IB@ is propagated
conbi ned flow then enters an extended nozzle 110 and

@mugfsarf exendeth aoazls AP cand ekifsi at the nb2zle Sifined12.hi s

depo t on, head conpri se enum chanbers
b dp FE Al eE Sneef Bt MBS B SBRe ore i drocuced from

0% SSSHY %péc%dpcrhgwsa% &R Og%wt.bﬁfasgs f.% Jﬁas tﬁéﬂﬁqegﬁhl plenum

gas is injected info the p03|t|on igure

sHambers aof i fdegasitioh i Head fpturete e FigpreNgh. t lssaeiﬂecyals lfghnels 114 are
sheath gas pressure distribution using external plenum
RRlarebyrequally spagedtapy theondd ¢fdireadavise, Thedesirealtolvs gasﬁ reduction in

R R ST 8 S B ¥ e o
&Jﬂ%%@ wgﬁﬁwe%léﬁﬁ&%laﬁlel]ﬂa% in Edn%Ha%orJ-gjaﬁ%gn%g do? HEbbticAMad. As

cross-sectional views of a deposition

witnthé gravels desigrh éite ¢ontbined lioe Shenhanteae B 2Rlen@ichosheat f and exits

gases fromtubing that runs along the axis of the

fHREn e nogzle ﬁrlf§3ec1dgf iige dtis é?POSQO'tngQ%QﬂmP@wSl Bo Rlgruvechampers, a
re distrib ion ' ned . passi t.he

SHETEHY SutnBif BTV EP of edRich BRGuRY pRERGeRE shigawapsisre e

dHBafl] %ﬁ 4 2Rie&EM iR QR QBpdshien q'?éhé olfngrQelch%%s d B uratlon for

sheath gas is then conbined with the aerosol carri
dpasloping the caipechsttenib yas handves dididBtiBN gsingextens pRwem chamber 116.
isonmetric and cross-sectional views of a deposition

'R &URICBBHIRGLr AT PhsAthaRS eHErsHheRienm shatent TenPark (s lpseied on the
é &t & Ehe%lnare !3er an@ﬂ%\ng HJQN [ Fto tﬁengweleﬁrpwtg%g gklfla%ﬁgls tl p AF

Figure 1d shows isometric and cross-sectional views of a deposition head
configuration that introduces the aerosol and sheath gases from tubing that runs along the
axis of the head. In this configuration, a cylindrically symmetric pressure distribution is
obtained by passing the sheath gas through preferably eqqally spaced holes 120 in disk 122
centered on the axis of the head. The sheath gas is then combined with the aerosol carrier

gas in a combination chamber 108.
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sheath air through a port 118 that preferably connects
the head to a nounting assenbly. As in the

woanfeiogsa7at i on of Figure la, the sheath gas enPerTAISA05/045394

upper plenum chanber 104 and then flows to a | ower

pl enum chanber 106 before flow ng to a conbi nation

chanber 108. However in this case, the distance

bet ween the upper and | ower pl enum chanbers is reduced

to enable further mniaturization of the deposition

head. Figirguite shbws hiseetiie dangt eioss-gattionat odswss etta slepdsition head

vi ews of depositi on. head that uses no plenum X

RloHERIPE of 5 BUFFET Iy TiGR Tk LoR AT e PlagiigyBambgrs. and introduces the
leBin Bt rbgddtd @5 118t L&k

%%g%tr?@hgﬁzgﬁﬂggeﬁingﬁ%ﬂég gﬁﬁop gfﬁggggg%ﬁggﬁﬁgg%%g&w'As

imhiee sdne@urdtion @6 Figufeeras tHehoRedtr @ds tite@UBNpb&NIINUPOEHambdB104 and

which is ogéionally oriented perpendicularly to

her gaws tora iswen pignuny soRrekanid 06 dsforg fdwinghie aeeroestion Icamber 108.
t the hottom of .aeroso|l tube 102. Aerosol tube 102

ey Ble R BRI RISt e Pa% et ST Db euitgi reduced

BRI ARG ik Brizat Mot RN L Bsih Heligat h gas chanber 210

shoul d be sufficiently long to ensure that the flow of

t he skigat hf gassiisonstirzsdnanddsalskbytiopal views eff atdepdditdn head that uses
aerosol flow before the two conbine, thereb

RfcheTuET FegParspRraYidpgisr (hedgpesh dpgrea Pl inisiration Ehe arragdhenters
as,. pressure distributiaon. . The sheat as, e

RS A 2 biokdl b BPenunkf 1St Oih e, 1K Ty rean ces

&Hadrs MRnehd BRREA MpBEdrnARa TR i€dQioAdld olifiBe L YTRINBRHAAS aerosol
flows are directed into extended nozzle 230 by

tolon 12 gndmpmbiozg vith B2 Gerokol dow et e bbimnwsof acmeblautet1ioe. Aérogol tube
single mniaturized deposition head 124 nounted on a

Hovam exepdmertipivi ofullyriedhe pelftashpipthepibragp Ichambrs|21Be Thadength of
| , rocessing |.as 30...Th

B S o BRI EE o B R RFE35 e B35 o iy Soatn oas

i§ QUbdtAHHEIRT pedliel 10RO FBIsbIOTdWAREora | thd) IR Bdmbike RS ety Qherating a
and | aser processing are perforned in a seria

drefstably reylinfiheally eyrfiingitic ahéatngas gesdurec disttibytion eTtheceeathhgas is then

wei ght of the deposition and processing nodul es of the
(WEE?‘P? willy e e[osgf@iSF 895 Y N hstisrrdisheatls grsghepRet 210 and
-ohl f J n rinting of

S SRR\ RS DRRAT 05l BELTEN Bl o2z
MBIX rpiguile P 9dvisl PEhBiR R ot 8 inGle GeniAMriRY d8p bR heAd M 2atHufited on

deposition head 124. M niature deposition head 124 is

apprade gattyl 126oibke fsyfterh préferably ambides aofalighraerd aaciera 128 and a
epositjon head 132. M ni aturization of the deposition

qcﬁl asuéq.llgfﬁrélgo.fTéﬁrqr%cg{ssfi%la%qar cgn Hﬁlatfibﬁq'%?%‘a laﬁ%ra this configuration,
recognition and alignment, deposition, and laser processing are performed in a serial fashion.
The configuration significantly reduces the weight of the deposition and processing modules
of the M®D® system, and provides an inexpensive solution to the problem of maskless, non-
contact printing of mesoscale structures.

Figure 3 displays standard M®D® deposition head 132 side by side with miniature
deposition head 124. Miniature deposition head 124 is approximately one-fifth the diameter

of standard deposition head 132.
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design. A schematic of such a device is shown in
Figure 4a. In this configuration, the device is

wounwloetd18c, and the aerosol flow enters aer osBCTIS20EN35394

chanber 103 through aerosol gas port 102 and then
enters an array of ten heads, although any nunber of
heads nay be used. The sheath gas flow enters sheath
pl enum chanber 105 through at | east one sheath gas

port 8, . In this nonolithic configuration, the heads
deposi tMEHEZHEE & ithg derasiipn @ﬁé‘b@%@?s farieatiorof aywditiplexed head
f L OR. ; i thi ' I on can_ be npunted _
80RO RSO S  ovic

Sy SloaoiteE And theNaRMIAbERWOhidls S6rB&0I BleAh ShaRYE: 1¥3 i
target fed in a direction orthogonal to the rmthl OL&?H(??“)SO] gas

tee 19804 hen Pitgigran anby sttembeaals satbounth ang nirmigeiroRhé=@s nf9be used.
ure shows ten

al_hrrugti Iexf d head. The fi

li'RE ?ﬁt@%ﬁ E’&’fé‘&?r ?f‘fi‘ﬁhé’?”("glcf‘%?@ﬁoﬁﬁkyowbﬁ’b'@ﬁs’f@ﬂe sheath gas port
is ' t i S| I .

a8 s oo BOMRY Efler, e Raa Mol drt A BE By Rousy, n an

ERdyedTiaehia0mhé giohaltihi® Gordlglraish éaﬁ’nrbéiﬂbtflrﬁédTbr{rﬁst\ﬁo-gJ(iQWantry with a
bet ween each nozzle. Gven a spatially uniform

Staipraraterash os b sysiem carebeamounted of a sisgloads gatedyj wigr £@rdedfed in a
eq,cch nozzl e ilga (ﬁ*leﬁendent on the mass flowate of the
Areiion 8Moeghd I thg o e SR ol | ers. and i s

i ndepes; It e nozzle. in e,

array. Eégbc%fﬁ?’% 83?‘%? I& ggr)lﬁf@P}a@ndchraemﬁ@é?feg&egﬁ"}%ﬁ\ggLfr% phows ten

theag-atrayed nofzigs0EholiGHaanyfehbeBRbE{dzAbs MEPPR 8rra)e A &ny one or two
deposition head. These different materials my

gistenginal pyitane. erspdsing éadl hyi individushaeyosl yoro134s Eheleonfig@htion allows
'#Org uﬁxlp% desi ;Iedb%attern or_sequence. In such an
appli CBITSR IOE PGV PInesAe PO7Fis: GVPAR Shaiglpeifers) atomizatipnisgurce, the
am6lht P 2&hbSo! gWih ri.al i at.om zed and
del i ver od by dyﬁ,tgréggﬁgg%qﬁ@gnﬁg% id%%%ﬂﬁ?qt°”atﬁ%m88%{'?“6ﬁtﬁeqf the flow
oontrioljerionhw ectitrallersatras FabpedBentivk the pB&GhnCd HekHEMShe array. The

F%%ure_Sa shows a mniature aerosol jet in a-
ESTETBRANRT iFlgiret Mheriscadlipwsior dirositiemdt moreliigant dnletnederboth a single

ort ho | axes. Figure 5b is_a representation of
g%%‘??”aﬁe%'? qﬁ?seez%f?%?'?t\i’é%ef gy GPeenabr g%éﬁpqS@%asimw?@eously or
Sdguatiallysi - ian tion along of ,
B D OB Pt B Bl st A e it «fsert maera

ey bk ebliveredrtb @xcit fozW BEH. mARal HRAEStMifedl ddt RIVDY by the

g%‘?e{éi ng a lateral force using a piezoelectric
praieatiop unippndeonizalipty a1 By indjviduat atamizatipnanies and comtrogiers.

(pref Eiptﬂ'gls s W%a c?ll. \(anorret r$ The aerosol plenum can

be repfaced "W WRAPE Y 14 b sondgwRtiondeatiafigysaie head to be
fidiagbdumbd oHRRRAdI a8 FRAfsh la (ke flA gulatl.on, the .
Nt oaol o AR AR &y ! §Hn%rad b ple2&driven
miniature aerosol jets. The array is capable of translational motion along one axis. The
aerosol jets are preferably attached to a bracket by flexure mountings. The heads are tilted
by applying a lateral force using a piezoelectric actuator, or alternatively by actuating one or
more (preferably two) galvanometers. The aerosol plenum can be replaced with a bundle of

tubes each feeding an individual depositing head. In this configuration, the aerosol jets are

capable of independent deposition.

10
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capabl e of i ndependent deposition.Atom zer Chanber for
Aerosol Jet Array An aerosol jet array requires an

watewissa7st hat is significantly different fronPCinS2005/045394

atom zer used in a standard M3D(r) system Figure 6
shows a cutaway view of an atom zer that has a
capacity sufficient to feed aerosolized mst to ten or
nore arrayed or non-arrayed nozzles. The atoni zer
assenbly conprises an atom zer chanber 136, preferably
a glass cylinder, on the bottom of which is preferably

Polyner filmwhich preferably
03ql JeAAY 5t oni zer assenbly is

prefe e LWt
P ksl o e, U LARRR Gy ok BLSER A i o
dibrinerf idetirt & atdEart M°DRQysHnt.r FHORI & sNRID¥utdviyt Y of an atomizer
functional ink, which is then atom zed to generate an

Taétrfws‘@l capasiiytseifieiens i fered ﬁﬁ@sollz%misswen@pemarbl ayrag@hereoadrayed

er cha and | s.conn
Wt Pr.0. 7R St A TR o P e, Gt 3 Geeferably a glass
t

%@d&?‘é&grﬂ%ﬁg&dﬂgy %&6@@ %gerf%’r%ly Qfspéslaﬁ eartglﬁ p?/)fy[:ntgﬂ@p which preferably
@ngriess Kaptan®s | Tok Satdiizan @b sty @Cb@efér@ﬁl@fseﬂ n$idS kn alr@MRIc atomizer
funnel 138, which allow the carrier gas to enter
Raarieihe viigsonk asedy dfscseobwhmuafsth?rﬁlén | HTIQ;;@mdFa@m@ttBe ultrasonic
thm efo ur i on and allows themto
TBRETE LR o e A R e PR ed.
Smal | EontalirRét: firdeed 3B 18 PFe'féi‘éWgthJPeé Bnifs BloiZf cither 386 and is
del i vered as an aero0so mst fromthe atom zer
@ssaEidyl ty caririer gaseodri4dovhishpirafirally totb@ised 4 AoNui talbe BkiEextends out

preferably nounted around funnel 138. The nunber of

Hdtespr! B eIz Feamben &3t Ran %@rpr%fg@élwﬁprypnsgs one or more slots or
f he
r%rtﬁ%teg ﬁt?(ploé{ oa][lét%%\?e f@_g et(&j:@peﬂl Ié?l%gll tB garB?r @F%? a%{t? chamber 136.

P Sho2t e array
MAREIMBE BEHaIRNNE |Ba$gé @BpI &t tHahSre3drah 264 ngCRRIbn 2RPalRfs hem to
seal and is preferably sandwi ched between two pi eces
apfvnwerdadlongTthe tupask éte bt ertiealec\cledatSasaller dreplbts arsemdined in the

i ckup tubes 142 and carrier gas port 140. Although a
o7 Pyl 28R Seliverey 2d pn AePed wanlsg o @ea%twez@asmy Yj& one or more
pﬁékﬁ ﬁfgeé Ji]42t\:{l\'ﬁchaeﬂ@ @gﬁ%ﬁl%oﬁ? %ea%'néﬂ fung | 19@ tch

ope ation contlnuously fed.into

the atferua®er aseessbi d(xtpuﬁérf%f 216 ARz YssbntRVik GRefSis v@Rible and

a syringe punp, through one or nore material inlets

deherois oartle sireed Sreabiiy natizie pose dGadkeougihriab iserajerabip pesitioned on the

hol es in the gasket material. The feed rate is '

i @it aigmizet ﬂ%"%’ah’e*% 2358 angierraterahlyi saRdvwighed piyeen gvo pieces
t.0 .

(9 ‘?ﬁert@ ‘rﬁé‘ﬁé(&gt Jwgﬁgﬁgl che%te@ Qa?%%@?’cﬁs;ﬁgjﬂbﬁubg% ﬂg? arﬁgagaerp?r ac‘ias port

mal nt al ni constant volune O
140. hugh kb |qu§ht|ty of material to be atomized may be placed in the atomization

assembly for batch operation, the material may be continuously fed into the atomizer
assembly, preferably by a device such as a syringe pump, through one or more material inlets
which are preferably disposed through one or more holes in the gasket material. The feed

rate is preferably the same as the rate at which material is being removed from the atomizer

11
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chanber. Shuttering and Aerosol Qutput Bal ancing
Shuttering of the mniature jet or mniature jet

wanro@yssoan be acconpli shed by using a pi nch vaCvais2005/045394

positioned on the aerosol gas input tubing. Wen
actuated, the pinch valve constricts the tubing, and
stops the flow of aerosol to the deposition head. \Wen
the valve is opened, the aerosol flowto the head is
resuned. The pinch valve shuttering schene allows the
ASEpbl. thes FRintaiiRg edonsien vokeesydek Peather @gtegaldn the atomization
ﬁga | es deposition into such features, while

Falnlng a shuttering capability. In addition, in
the operation of a nmultinozzle array, balancing of the
aerosol output fromindividual nozzles may be
fledesseangd Acfebldaodut Babpdiig bal anci ng may be
accongllshed by constricting the aerosol input tubes
| eadi AFtiedna 9fdhg MiiaHreligher rwalgtzrreegt argys md?te acePTRishgddyusing a

érﬁc aFT‘v r eI |olpe\>r1 gor? ‘:rr( g%%lﬂf o ggub%nlgﬁ oar?ﬁrggg {?’re pinch valve

B9EFLS theﬁmrg &Ad 5epSthi A% |0Véérgsoﬂtorfhepdéﬂogrﬁ§1 ﬁe%wmén rhetvalve is
or aerosol jet array include, but are not Iimted

brEngd: tae @go9ol flovt forthe head iayesdmede pidsipiricb valve shuttering acheme allows
mul ti-material deposition, and conformal printing onto

Be IPERENY) Qﬁ’n‘ﬁ‘f"eréﬁj""@b fegespep lﬁ%ﬁt‘ﬁﬁsafﬁi}(ﬁ’@b\‘?ﬁtdﬁw'tlom"ﬁm supfeatures,
&Qﬁr§£§$ éasténtlon h S been described in detai

nce rm%f%@mkblar preferred and alternative
embodinrRiaien, i &eSRFELBP SEE FRANE AR SHdyapMartiry! d tﬁéqaerge%l output
art to which this invention pertains wll appreciate
frdwa tndivinal muszlermmhyfhecrabesem AemckoboLiaun balanmirigandyebe deeomplished by
made W t hout departing fromthe spirit and scope of
'f%étf'dnarwer%a't'nrf%rqbeweacar@Otﬂrﬁdﬂdlwtﬂwé Rozziepqitha Aeréectiens to the

h f
B AT 50 e W OB oo

&ﬁgereader about preferred and aIternatlve

enbodi nents, and are not intended to constrain the

['i m t Apph¢ativieeinvainirend minfatwe atloeol $8 opeerodol jeherrdyl iatlmks, but are not
Variations and nodifications of the present invention

WRTier 1 e2rgh W SuRITie. 1Y d3pppificse mui- mﬁénaérdeposaﬁd qnd gagformal

i fi.cations and
ﬁe@uﬁ{}q\ P,ﬂreﬁéﬁﬁ%ﬁo %éltsr%S %s@?‘g’s of all patents and
publ i gbigNheC pleSsht aﬁkﬁé\ﬁﬁbnahﬁs Re&rE R¥sciBEL P @ERY &fthbMeterence to

ref erence. CLAl M5
particular preferred and alternative embodiments, persons possessing ordinary skill in the art

to which this invention pertains will appreciate that various modifications and enhancements
may be made without departing from the spirit and scope of the Claims that follow, and that
other embodiments can achieve the same results. The various configurations that have been
disclosed above are intended to educate the reader about preferred and alternative
embodiments, and are not intended to constrain the limits of the invention or the scope of the
Claims. Variations and modifications of the present invention will be obvious to those skilled
in the art, and it is intended to cover all such modifications and equivalents. The entire

disclosures of all patents and publications cited above are hereby incorporated by reference.
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What is clainmed is: 1. A deposition head assenbly for
depositing a material on a target, the deposition head

wagsemrmesys conpri sing a deposition head conpri sPAQ@GUS2005/045394

channel for transporting an aerosol conprising the
material; one or nore inlets for introducing a sheath
gas into said deposition head; a first chanber
connected to said inlets; a region proxinmate to an
exit of said channel forcicanii ning the aerosol wth
the sheath gas, thereby form ng an annul ar jet
conprising an outer sheath flow surroundi ng an i nner
Whaer flow, and an extended nozzle. 2. The
YES ?V%n head assenbly of claim 1 having a dianeter
of less than approximately 1 cm 3. The deposition
head assenbly of claim 1 wherein said inlets are
ci rcunt ey @pbsidnlhgadtdsamgig toraepashiclg 3 aistbriahamn@liget, e The
deposition head assenbly of claim1 wherein said
depgsiigh bepdasapntseosnpaisisg e derpstipmngnsicomprisinthe  deposi t i on
head assenbl erein sa d first cha S

external to )séaﬁ 8”%&5%6@?'}3?%”%8@5&”% OgRIiging th myater erial

chamber develps, rﬁon@Yr{lété"Q)F Infr8duciig SRBRE E4<Cinto said depositio
di stribution of sheath gas pressure about salé cﬁanne?

headyef ore the sheath gas is conbined with the aerosol. 6.
The deposition head assenbly of claim1 wherein said
first chanber firs camber eenepetedtolsgidnleiiough to devel op a

cylindrically synmmetric distri

pressure aboﬁfe%é]%D%Wgﬁgeﬁq%@f%?%ggﬁ@n%ﬁgﬁ?ﬂgﬁagﬁﬁs
aero§& With HRGh¥AH Bas.t PereB@FRRAL an Bnrldar LR CorfiSRAS b bABr Jﬁ%ﬁq ﬂow

assenbly of claim1 further conprising a third chanb
surrdupging et Bheriaempssiie@tdndgas from said first chanber, sald

third chanber assisting said first chanber in

devel opi ng a 2B PKPHEAiNe&ds-y symetric distribution of

sheat h gas pressure about

2. The deposition head assembly of claim 1 having a diameter of less than

approximately 1 em.

3. The deposition head assembly of claim 1 wherein said inlets are

circumferentially arranged around said channel.

4, The deposition head assembly of claim 1 wherein said region comprises a

second chamber.

5. The deposition head assembly of claim 1 wherein said first chamber is
external to said deposition head and said first chamber devélops a cylindrically symmetric
distribution of sheath gas pressure about said channel before the sheath gas is combined

with the aerosol.
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said channel before the sheath gas is conbined with
the aerosol. 0 8. The deposition head assenbly of
wobheierned78her ei n said third chanber is connect edTHS2005/045394
said first chanber by a plurality of passages which
are parallel to and circunferentially arranged around
saigl chapilepostion hB&d S48BAGHY bi Kim h@/@gr@f?’mg%h%bé} hal m
1 conprising one or nore actuators 15 for translating
sufﬂorenttyl [brtgi emgugtatb deebepasdytindeicallp egdmetet ditrividtioh of $aeath gas
target. 10. An apparatus for depositing a material on
P’eséuﬁeé\b@‘étsa'd§5@rtﬂ‘e‘al~’ﬁﬂi‘? e §8eatbeasHs caRinedaviththeragrgsely  of
channels for transporting an aerosol conprising-the 0
material; a sheath gas chanber surrounding said
channel stheaich&BtioR Red LXEMBY 6 didin 3 Mursi &onqafns.ﬁ@s ﬂnr@fchamber
sai d channels for conbining the aerosol w th sheat
for rgmnngtslheaitb lggs fram said{ysiaahaaberLdait thirdthafber ms’rmdamnml
sai d j ,. conprising an outer sheath flom15urround|ng

chargeri 'wﬁé«?ba@s agmnquawvmmwsﬂsmumcéﬁa@aﬂ grs PFasgure about
said SN BRRANE LAY A, BAG0COfn S i SRRSO

erein sai urality of
channels forman array. 12. The apparatus of claim10
wherein the aerosol enters each of said channels 0
frd@n a cdwerdepostionhbmrasiSnbliTdfelaap fauhateinssaafthicd chiambdrQs
wherein the aerosol is individually fed to at | east

°5nfz?ﬁ@d &t saiiref cERBRTIEY & Pluflty of resagrsathinn e earaltel taiant! 13
circq&mgfe tlly & 8&’% AELRS QLN fed material is fed to at
Aty drapeedioy s

annel’s.” 15. The apparatus of claim

15 wherein an aerosol mass flowrate in at | east one
of said channels is individually controllable. 16. The
ap Far at udedpasitian heabGseanipy éfSlang 1 coepringrope er aak @alaivs
for translating or tilting one or nore of said

for tiapsiaing I°§m%‘ﬂ$cFaé’>gﬂeé?ﬁht§’8 hﬁi‘)dz"ﬂaé‘ée tPdledigdle to the target.
17. The apparatus of claim 10 further conprising an
atom zer conpri sing:

10. An apparatus for depositing a material on a target, said apparatus

comprising:

a plurality of channels for transporting an aerosol comprising the
material;

a sheath gas chamber surrounding said channels;

a region proximate to an exit of each of said channels for combining
the aerosol with sheath gas, thereby forming an annular jet for each channel, said jet
comprising an outer sheath flow surrounding an inner aerosol flow; and

an extended nozzle corresponding to each of said channels.
11. The apparatus of claim 10 wherein said plurality of channels form an array.
12. The apparatus of claim 10 wherein the aerosol enters each of said channels

from a common chamber.
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a cylindrical chanber for holding the material; a thin
pol ynmer film di sposed on the bottom of said chanber;

wanowsloesasoni ¢ bath for receiving sai d chanmber PanaS2005/045394

directing ultrasonic energy up through said film a
carrier tube for introducing carrier gas into said

chagber Th@%a%?s & :amf{@wmar&m dekdR6%s lﬁ&{}ld@aﬂg*e\ﬁ%]éﬁgast

the aerosol to sai urality of channels

one eippidcBirnslsof clain117 wherein said carrier tube
conprises one or nore openings. 19. The apparatus of
cIain117 further conprising a funnel attached to said

clln e droplets of th terial. 20.
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baﬂkﬁeggﬁhumgggﬁgy provided to the atom zer to replace
the material which is delivered to said plurality of

channel s.
15. The apparatus of claim 15 wherein an aeroso! mass flow rate in at least one

of said channels is individually controllable.

16. The apparatus of claim 10 comprising one or more actuators for translating or

tilting one or more of said channels and extended nozzles relative to the target.

17. The apparatus of claim 10 further comprising an atomizer comprising:
a cylindrical chamber for holding the material;
a thin polymer film disposed on the bottom of said chamber;
an ultrasonic bath for receiving said chamber and directing ultrasonic
energy up through said film;
a carrier tube for introducing carrier gas into said chamber; and

one or more pickup tubes for delivering the aerosol to said plurality ofA

channels.

18. The apparatus of claim 17 wherein said carrier tube comprises one or more
openings.

19. The apparatus of claim 17 further comprising a funnel attached to said tube

for recycling large droplets of the material.
20. The apparatus of claim 17 wherein additional material is continuously

provided to the atomizer to replace the material which is delivered to said plurality of

channels.
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