M NI ATURE AEROSOL JET AND AEROSOL JET ARRAY 5CROSS- REFERENCE TO RELATED
APPLI CATI ONS This application clainms the benefit of the filing of
U.S. Provisional Patent Application Serial No. 60/635,847, entitled

"M ni at ur e igbRSRlsordet and Aerosol Jet Array,” filed opcPRGRIIHRE043, 2004,
and U.S. Provisional Patent Application Serial No. 60/669 748, entitled
"Atom zer Chanber and Aerosol Jet Array," filed on April 8, 2005, and the
specifications and 10cl ai ns thereof are incorporated herein by reference.
BACKGROUND OF THE I NVENTION Field of the Invention (Technical Field): The
present invention relates to direct printing of various aerosolized
materials using 15 a mniaturized aerosol jet, or an array of mniaturized
aerosol jets. The invention nore generally relates to maskl ess, non-contact
printing onto planar or non-planar surfaces. The invention may al so be used
to print material s onmNARStE SERESAL JEE ANDN ARRGSOL JETPRRIAYT med under

at nospheric conditions, and is capable of deposition of mcron-size
features. 20SUMVARY OF THE | NVENTI ON The present invention is a
deposi tion head assenbly o pd@RERLE rBRRATE £bbi R ARt target, the
depositi on head assenbl'y conprising a deposition head conprising a channel
for transporti ngriadepaRanselaincamgensit bighd flieg cumJtSﬂPrcaispna(bﬁaemmpmmwem nlets for
introducing a sheath gas into the deposition head; a first chanber

connect ed t §efehido- iGWPﬁ%W %t'tfeéngB‘ﬁwﬁrAﬁfasﬂd‘Etén‘f’ 6”3??‘ %é%"f“‘e f5f % he channel for
conbi ni ng t B@ceﬁ’a%éﬁ%oéoox\‘ah@ UtSh Brovl &Rl Patd@RpplitA6T SOY NLBIRRFs@RnARAUI ar | et
conprising an-outer sheath flow surrounding an inner aerosol flow and an
ext ended nozamdrgizer Emuéemetqsdrdewerad” fdesgmmipling, 106 aad Hlslspediiaadioss aidanet er of

| ess t han appr oxi mat el 1 The i Iets are preferably circunferentially
arrangedoarBﬁﬂﬁﬂFﬁ@f%ﬁéﬁﬁ%?mq#ﬁ@%T%ﬁ P8f"Sptional |y conprises a second
chanber. The first chanber is optionally external to the deposition head
and devel ops a »

BACKGROUND OF THE INVENTION

Field of the Invention (Technical Field):

The present invention relates to direct printing of various aerosolized materials using

15  a miniaturized aerosol jet, or an array of miniaturized aerosol jets. The ‘invention more
generally relates to maskless, non:contact printing onto planar or non-planar sutfaces. The
invention may also be used to print materials onto heat-sensitive targets, is performed under

atmospheric conditions, and is capable of deposition of micron-size features.

20 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

25  exit of the channel 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



cylindrically symretric distribution of sheath gas pressure about the
channel before the 5sheath gas is conbined with the aerosol. The first
chanber is preferably sufficiently | ong enough to develop a cylindrically

symetric fokBibison of sheath gas pressure about thegcghasnghsB&f ore the
sheat h gasqijég(é)o/nﬁlbr?ed with the aerosol. The deposition head assenbly

optionally further conprises a third chanber for receiving sheath gas from
the first chanber, the third chanber assisting the first chanmber in
developing a cylindrically symetric 10distribution of sheath gas pressure
about the channel before the sheath gas is conbined with the aerosol. The

t hi rd chanbetcm. sTfpﬁrédfﬁeﬂfrabrlegem@bﬁmm@@ﬁ@lu atrgrged frogtd teshchetyet Ty remiopl ural ity
of passages whic e.par (J H band circunferentially arranged around the
channel . The™¥p (iof"ipréﬁsﬁ Cana%sa@r%ly preferably conprises one or nore

actuators for tramskaidagbedls obiidnbllyRgeinBifo the p@SkitidnRad @Rl RBLI Ve to the
target. 15The invention is also an apparatus for depositing a material on a

target, the wafipdsaly yamebiagisiiatingoizheriugasipressuraboetiammente! fafare eanspor t i ng
an aer Osog C%”B{\ |8assl |sn g)mtbmgd rr%ttﬁ% éegc%sbléipg mgtf%kg}n&ﬁ‘% (S)fe?e?’%}esuh‘gxgntlrgl und| ng the

channel s,” a T gl Ptor
conbi ni ng th@oa@rt@wblom tin@hen byinrgass didribatioa bystkah ghdigedreabsudtar j et for
each channel, the jet conprising an outer sheath flow surrounding an inner

aerosol fl ov@ha'%fﬁbpe%{’t‘? Do eheriB9aRia Coreied &ite bie peretb ndie HgPashionkeen atemplie
channel s. Th tn&Jan@xltHeL%m?BseQ %ﬂ@%ﬁa’?‘ntﬂf #f éée@)ﬂ!g%héa%@rgmg{eﬁﬁsx challbgr, @er osol

optional Iy enters eac channel s from e aer osol

i s pref er abl e ihnmdéhambtlerabdisiing B fisiahahbdr @alstelaping acflintidfvellyclyamag@t s. A second
aerosolized material is ogtl onally fed to at | east one of the cha‘nnel s. The
aer osol thssUFoylpratheal gaspresswg Spoubihe csng! REIOE g TREAS 935ds (omBings Wk v

i ndi vi dual | yyneondd0hhapl@ehahbs u@ﬁ?&%@\{r Eb?\ngcmrt@{h@'ﬂt@péh)ﬁmsé?rﬁgélpl%%ﬁtygine or nore
actuators for translating or tilting one or nore of channel s and

ext ended nozEbsgey wlichtaroserdiiel tq dral ctramentlally arranged Erhwldalpmauaarteu sThpr ef erably

further conprises an atom zer . c risin ndri cal r for holding
e mat er s a) P EH G gE WGP TN G SHESEd BT SO oT s Unbe
the deposition head relative to the target.
15 The invention is also an apparatus for depositing a material on a target, the apparatus
comprising a plurality of channels for transporting an aerosol comprising the material, a
sheath gas chamber surrounding the channels, a region proximate to an exit of each of the
channels for combining the aerosol with sheath gas, thereby forming an annular jet for each
channel, the jet comprising an outer sheath flow surrounding an inner aerosol flow, and an
20  extended nozzle corresponding to each of the channels. The plurality of channels preferably
form an array. The aérosol optionally enters each of the channels from a common chamber.,
The aerosol is preferably individually fed to at least one of the channels. A 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
25  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,



an ultrasonic bath for receiving the chanber and directing ultrasonic
energy up through the film a carrier tube for introducing carrier gas into
t he chanber, and one or nore pickup tubes for delivering the aerosol to the
plurality Qf,shaniglss- The carrier tube preferably comyd$Rs QN8 nore
openi ngs. e apparatus preferably further conprises a funne? attached to
the 5tube for recycling large droplets of the material. Additional materi al
is optionally continuously provided to the atom zer to replace materi al
which is delivered to the plurality of channels. An obj ect of the
present invention is to provide a mniature deposition head for depositing
mat eri al s onenaulttaaeripetath for receiving the chawbenahyaivecigeulpdsobihenepgyes émeugh theent i on i s
that mniaturi zed deposi tion heads are, a il Oi ncor porated i nto conpact
arrays.  vihi ciMa B A PIBCAEEOEP RO G To  BEPHP EOPREd P BYPARFEI |  t hus
greatly redug dw\/eFlf‘?O(Q@éérésgﬂo Ik BRrality of channelsOrReEanRPILBE bréteraBY ¥Rt REES and
novel features, and further scope of applicability of the present invention
wi Il be set dnerthoienpqnings. Tie aphaaideprefietabld fufibscrinpiseoniunee! fibichasip theaken i n

conjunction wth the acconpapyi ng draw.ngs,.and in part will beco

appar ent Y o PHJELEVEY aﬁelréFoé’gysiOﬁ%F ﬁ?‘%ﬂ?lt ggdﬁtgﬂgé’i?%‘?‘ﬁsa?ﬁth%'}v%ﬂ%@me8“%I | owi ng,
or may be | gasunrdidiie RbrAESr kdepife Méf@iali%%ﬁgde%redT@ﬁeQma@c?t)’rschmm.advant ages
of the invention may be realized and attained by neans of the

i nstrument al i ti ed\ngRigctebid Prazent byestigyds iptuidar Mgk aencetianiead far t he appended
clainms. 20A BR | PT] OF THE DRAW NGS The acconpanyi ng
dr awi ngs, wﬁ%@ﬁﬁggggéﬁgggﬁg?g?%d into and forma part of the specification,

illustrate sever an savapagé oreni Seseft itvBiop QSR Rinidit@Ndep@iion néhds bregasiper Wi th
the description, serve to explain the principles of the Invention. The
dr awi ngs'Car dnrcipieddo ¢waE aF PESEIGRIQY PYERS dappsiignatope eséarmeddn eabisli nent  of
t he inventiqmm%ﬁgﬁﬁ%gxﬂﬂ%e&gmggm&pnstrued as 25limting the invention. In
t he draw ngs: gure la is a cross-section of a miniature deposition
head of the presenier bijauenbdvamageragiiionellidritdss pridayrthet opeRdf Bpplicad of the
cross-sectional views of an alternate m niature deposition head that
i ntroduces tHEeRIAYERIRN YU §e pFt i &) Rartdyiafeig/ied fescdriort R dnipi taken in

conjunction with the accompanying drawings, and in part will become apparent to those

15 skilled in the art upon examination of the following, or may be learned by practice of the
invention. The objects and advantages of the invention may be realized and atlained by
means of the instrumentalities and combinations particularly pointed out in the appended

claims.

20 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

25  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;



Figure | c shows isonetric and cross-sectional views of the deposition head
of Figure Ib with an acconpanyi ng external sheath plenum chanber;
Figure Id shows isonetric and a cross-sectional views of a deposition head

confi gurat ivﬂﬂz(ﬁ) fkointroduces the aerosol and sheath g33§a;shfo9mssibi ng t hat
runs al ong the baxis of the head; Figure | e shows 1sonetric and a

cross-sectional views of a deposition head configuration that uses internal
pl enum chanbers and introduces the sheath air through a port that connects
the head to a mounting assenbly; Figure if shows isonetric and
cross-sectional views of a deposition head that uses 10no pl enum chanbers,
provi di ng for th&duerigestwsdegreie anf cresssedibnat vigws of 6e;deposition heaffbiffligues 2 is a
schematic of a si ngl e mnjaturi %ed \ﬁjleposi ti or})ehead nmount ed on a novabl e
gantry; Fi guiPd3ap geRapaying eXierpd gl a¥p8aMe6n head to a standard MBD(r)
deposition head; Hu@UHRhAR idohefic 8RLEBIsIs6ctBhal LiBRs faldepRlisxiedahead desi gn;
15Figure 4b is a schematic of the multiplexed head design with individually
f ed nozzl es;configuration it intrp@ucaihs froves! anf ehagihrtasgstitom telengdisad fung alond the a
configuratiaon. tptgt heald_l ows the head to be tilted about two orthogonal axes;
Fi gure 585 sHORS 8h"4rray of piezo-driven niniature aerosol jets; and

Figure 6 shows peigaRectshd® isRdiie didaayss\se@vhal Obwé HiR dBfRmbziRhdassenbl y used
wi th 20m ni ature aerosol jet arrays. DESCRI PTI ON OF THE PREFERRED

EVBODI VENTS SCBESTIMUESS o OrerGARRMINGATRITS FHEntoiNERThe ehgath air through a port

that connects the head to a mounting assembly;
Figure 1f shows isometric and cross-sectional views of a deposition head that uses
10 no plenum chambers, providing for the largest dégree of miniaturization;
Figure 2 is a schematic of a single miniaturized deposition head mounted on a
movable gantry; .
Figure 3 compares a miniature deposition head to a standard M°D® deposition head;
Figure 4a is a schematic of the multiplexed head design;
15 Figure 4b is a schematic of the multiplexed head design with individually fed nozzles;
Figure 5a shows the miniature aerosol jet in a configuration that allows the head to be
tilted about two orthogonal axes;
Figure 5b shows an array of piezo-driven miniatyre aerosol jets; and
Figure 6 shows perspective and cutaway views of the atomizer assembly used with

20  miniature aerosol jet arrays.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

{BEST MODES FOR CARRYING OUT THE INVENTION)

introduction

25 The present invention generally relates to apparatuses and methods for high-
resolution, maskless deposition of liquid and liquid-particle suspensions using agrodynamic
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



I ntroduction 25The present invention generally relates to apparatuses arid
nmet hods for high- resolution, naskless deposition of |iquid and

| i qui d-particle suspensions using aerodynam ¢ focusing. In the nost
comonl y usgd,fibQdisment, an aerosol streamis focused g soRpRsided onto a
pl anar or non-planar target, formng a pattern that is thermally or

phot ochem cal |y processed to achi eve physical, optical, and/or el ectrical
properties near that of the corresponding bulk material. The process is
called M3D(r), Maskl ess Mesoscal e Material Deposition, and is used to
deposit aerosolized materials with linew dths that are an order of

magni t ude snelidtasheniepinpro¢asess! tol aphinse PRYEICa articab @ny/errfidcisinal Ipropériiesknefi thah
processes. position is,perfor wi .t hout the sks. The term
nesoscal e re fe%rgg ? %ésylmzd e bfu}ko%atg%aﬁ?gﬁ? et & Sy'sflca‘r?ﬁdc&iﬁ’ Noasqgsﬁiiﬁ‘fsf’%lﬁer , - and
covers the rmagea bepssmet) ageRNRE] b @SpIe RO niitdrills GANRMdNe Bk akhihn film
and thick film processes. Furthernore, wth post-processing |aser

treat ment, tfEer & BIYOHUde pimstsstian dneg slprasited with eravertipney tidkrfés peessay Wi dt hs
as s mal l 8s é%{gglﬁcrnqg Berf-gnﬁedl\mt i }heaug(fp By S ﬁ%qgr%rnge%kwaé%ggrs AN ash gns10| J et
deposition he to rman annul arl'y propagating et conposed of an

out er sheat hagptaaimastydi @idroh INEmilBRia0l chadais Radd Hetfeeh beMetrleR déddsiteannul ar
aerosol jetting process, the aerosol streamenters the deposition head,
preferably elVimepvediionaidhip fimyanddpick fie PrspssaH FRREMH Wik BestBigcassing Peasy

passing thro b , i i .axis of the
devi ce towar ﬁ%n?éﬁgﬁ‘égggs %f%ﬁﬁﬁg@é%g; Cl?e? ﬂ%delﬁe%%ﬁggggsg rgﬁ%lgaﬁgﬁl@%ﬂé
preferably cont r ofheed’DByapparatae pesablyc@es iaeraegad jema@podiodwesD Rt fooh laer . 15

I nsi de the deposition head, the aerosol streamis preferably initially

col | i mat & b PEYLTRGITRY BLAAPEH! 9 otist Rieatd flomanganfnneraeroppiladeneaipsnt
particle strgamu e biHRr REEIELIARY YrotREhdSo W LiflaRRnRRM @erpo§t%ﬁgwtegﬁ, gas. The
carrier gas and the sheath gas nbst commonly conprise conpressed alr or an
i nert gas whereferabipeitrer ditpotyheitraije egrpdolidatiorapromeeld 6 afier odinethioughaip@heatdnt ent .
For exanpl e, when the aerogsol is fornmed froman aqueous sol ution, water
vapor 20may H&°® 58‘? fsod'r?‘%éd ?:I%ngrtf‘ee?x‘sg%{éheo?e"‘[cﬁ@%Wgéq%de@%’“of’ begst et

dropl et evaptfeahds®hroughput is prefdiolSERAIBd Bpsh Rr&bedAR) ¥astisShsy thAfaEgh a
sheath air inlet below the aerosol inlet and forns an annular flow with the
aer osol & r elaside ihg dapastion headathe gsiobol skigan erorgershly inlallysiolimethd gasadsihgwr ate i s
preferably controll ed a ss flow controller. The conhi ned streans exit
the extended 8% gﬁpﬁ@%ﬁﬁ g@ﬁ&&%Ffpgge ﬁ?@gfégaglBi“?é%%@%%’%ﬁﬂﬁw nnul ar
f1 ow f ocuseswithhe haardsah &l MeaBAMAGEs bitend araRt gaa Rtbs@dohmtaly tohprdeposi ti on

of features wth dinmensions as snmall as approximately 5 m crons.
compressed air or an inert gas, where one or both may contain a modified solvent vapor
content. For example, when the aerosol is formed from an aqueous solution, water vapor
20  may be added to the carrier gas or the sheath gas to prevent droplet evaporation.

The sheath gas preferably enters through a sheath air inlet below the aerosol inlet
and forms an annular flow with the aerosol stream. As with the aerosol carrier gas, the
sheath gas flowrate is preferably controlied by a mass flow controller. The combined streams
exit the extended nozzle through an orifice directed at a target. This annular flow focuses the

25  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 siream, the

flow does not need to pass through more than one orifice in order to deposit sub-millimeter



In the MBD(r) nethod, once the sheath gas is conbined with the aerosol
stream the flow does not need to pass through nore than one orifice in
order to deposit sub-mllinmeter linewidths. In the deposition of a

10-m cron Iw(pg¥,6/541§78NBD(r) nmet hod typically achieves a fdqu,sisansser
constriction of approxi matel y 250, and may be capabl e of constrictions in
excess of 1000, for this "single-stage" deposition. No axial constrictors
are used, and the flows typically do not reach supersonic flow velocities,
thus preventing the formation of turbulent flow, which 5could potentially
| ead to a conplete constriction of the flow Enhanced deposition
char act er i stlinegidtas. elnotst depostiidn biya 20-thzchiling tanMER restrebe dypivalyzichietes atilos
deposition head. The nozzle is attached to the | ower chanber of the

deposi ti on HERRFSS CTBIPURR 9] ARREpH ! r?e‘sﬂna&j iM&Y PP £3ReRIg < SrEdions g RYeERs Mg nut |
and is pref efaly t@&e,@éﬁgtg@é B4pbsifion? NotaRialeostGeIt érgﬁ;e%ra%dltmws{@ean gozzle
reduces the dianeter the energent streamand 10 collimtes the stream
to a fracti ol nof reedhesuprosopkc Gowrdlddties thilis aresending e faingioantiesulerft flapprhaki mat el y
3to5 mllineters b t he Xi t he size of the orifice dianeter
ot The nizzI GO0 SHEHBER A SO aRTAT Tiher

A& range of desired |inewidths
of the deposited gaRdngsd dbositibh EndPackdristRE hiel BRINBRYY DAY Partix@ABIhLAA891 NY
from approximately 50 to 500 microns. The deposited |inew dth can be
appr oxi mat eltye depogipal Head s Theneozeipisnatiaeier te He 19W62@h@ﬁbet hiethe defosiien hadnet er
or 15 as lar s the ori of . a detachabl e t ended
nozzl e al so é%%r%tﬁ &Y neumag'%gto gségdaliﬁtend]g ' ﬁ% bPesT glaﬁﬁrm\()rg?te'éa% rom as
smal | as a fiew. SN:éhfnﬁ@lSrsU&hgﬁS’hé AbgR @Bucds fiteagibhasr &fih@ efetdehin@leh ,aniSi Ng t he
same deposition ap\g?r atus. The dianeter of the errergl ng stream (and
t her ef or'@ t HEINAFRYP BRMAP 2 irfrliotid HissIopyle Préice girpeiesiaf eiganpgs efipppienetelyri fi ce
size, the raik0 hiSRRAD.GR IO dKRUe LPo SRREIfHfcedii ol QP 881 @Nd Lhe
di stance between the orifice and o ar get nhance eposition can
al so be obt aheed instadaenwitxbemo@ch desrad etiiat of tse amotiied edietint Tnddxg body of
the deposition head. A nore detailed description of such an extended nozzle

i s contai ned % TAHE JEBGRE"LNISOMPARPERMAIHTY 1 209 BiFraSer iThg deqgsited
111011, 366, nﬁ&/&x&ti’% b&the ngmn%y%@rsmépés HelwRRAHeL i8Nt W3 ke ARhnfeih &inded

Nozzl e", filed on Dece 04, which i's incorporated in Its entlrety
herein b1y5 r e dgrgasahe Qr@bendlameﬂgr a'ppbsa:fatal detashabletexiesdegichoanie igrediasled ibe per f orm
deposition from sition use of nulti Ie d%)osition

heads for dis8& Q%’PP‘WB |sWQ°t"§‘%ptP|b8é’? ei?rf?"h%ilsrﬁ%' ﬁse?cﬁel”lr?‘%(f"ésdtow YL

mini at uri zegr@RRQEA hilibidR 8RAS tHeQsamB GeSRAR6n marawnﬁ@rdlé&fetéﬂg%& %:%eﬁaﬁ% uni t
area. The m niature deposition head preferably conprises the sane basic

i nternal geacireaw {and WGZC@@@POG@WBPUW So0B/194880led by dhe ¢1d os;hcarsdiarﬂje head, in
that an annular  fl o

d .
cont | gur at | SFOS! Rk AT Bt N Bl IMadrd TagBBr 1o h dgrie g "

M ni at urdozatiheofardf. Hhh@cste papdbitidnosnneadhabigand@gdilg drabesdad db&RChatiE i t €
process in which the deposition head is nounted on a noving gantry, and

deposi ts nateachiggd ipie the 8edtaf divadspotitipngwed. % wpAidataligdedeagivbaopt el an
Deposi tion F@t@ﬁde@”}%zﬂgtls cor(tQXe% in commonly-owned U.S. Patent Application Serial No.

11/011,366, entitled “Annular Aerosol Jet Deposition Using An Extended Nozzle”, filed on
December 13, 2004, which is incorporated in its entirety herein by reference.

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



M niaturization of the M3D(r) deposition head may reduce the wei ght of the
device by nore than an order of nmagnitude, thus facilitating nounting and
transl ation on a novable gantry. Mniaturization also facilitates the
fabricationygigheppgiati on of arrayed deposition 10 hegdgyssndhlssng
construction ang operation of arrays of aerosol jets capable of 1 ndependent
notion and deposition. Arrayed aerosol jets provide an increased deposition
rate, arrayed deposition, and multi-material deposition. Arrayed aerosol
jets also provide for increased nozzle density for high-resolution direct
wite applications, and can be nmanufactured with custom zed jet spacing and
confi gur at i oxeshd fandgradiead;, indhal epasilti flon isdppled beltveariiss asNszizh@shbbth
configurations i.nclude, but ar ot . limted to, Jipear, rectangular,
creular o bl euRars e st Rese RebfrudsPuinge Rt binetrsor rpise

mini at ure deqpsdiloh 88ad R iRE bidAtBwEd Plobadt InYivhich iheMBboshiSeithl &8 dueq t O the
standard deposition head, but has a dianeter that is approxi mtely
one-fifth theadpewnstoertryodnddarosisapaierial an statiofinuigrgethe di aneter or wi dt h of
the mnigture deposition head is preferably approximately 20 1 cm but
could be smaller or larger. The several enbodinents detailed in this

appl i cati on Mihis@lerseosuiaki MI6siteR HBatEd 06t ArBys oduci ng and di stributing the
sheath gas within the depositiqn head, as well as nmethods of conbining the
sheath gas flow WitiUiZRENLEt6IHP” fenesiioniesd Mmeyirdvae tesf waighe ofsheedavice s 1 ow
within the L4 LSwCld Bi.cal .. t eposi.tion characteristics of
t he systen1qﬁ%??#ﬁfﬁggafﬁgm?@ﬁgk’&#gtCm%ﬁ“&ﬁﬁmﬁ5&¥§&%g%%8%8 aP98%M and t he
25 anount apdint holinthiusitatiob aksbd eniiafes siat Rbldatid dhiapbetie depasktRfodigyond t he
boundaries of the primary deposit, and mnimzes clogging of the exit
orifice By A% AGFOANARQPTUlion Bod IRsEHOT PlearmRkn 97 apipsql el Gapable &f indgpriderhe

aer osol - | adefy i . ; = i f m nj_at
deposi tion ﬁggg@?glgﬁgaﬁﬁiAV%FSJ?3$QQ§£gﬁ%gi%gég%gfgggﬁ$@%$%%%%ﬂﬁg% enters
t he deposi t i deposiiemdant tmutirghierie depssitionp okrtaydd 2grosmh @tsi Ssodirsveietiedinabsg t he
axis of the de iﬁe.,A@ Lnert sheat h gas enters the deposition head .
lateral |y t HPERGATTSON 105 MERBIRYUPR §red WiHl5 FepP issliaRRuRRY (334 kB drendiagiured Weh pl enum
chanber creal,§meL Y| il i r i 6l LByt i ! S gas
pressure about the gxf?g%épﬁhtxgg%g§¥ﬁ?§% ﬁ%%ﬁ%%g‘%‘ﬂhégﬁﬁﬂégéhﬁﬁgas to
coni cal 15oweenfighiatinmn indhaerbieut afeOGot limitel tos limanbeneduiwm tivuheoggmalsahd st r eam

in a conbinq}%%n chgnber 108, form ng an annul ar flow consisting of an
i nner aer osof T SA¥NEAFTIEF Y s f1 ow and an outer inert sheath gas fl ow.

The annul ar f| oWThs @R g&JoSEort He@ UBRIAN s BN ENEBH I RRFENE 1lHhO sty eXi t's at
the nozzle orifice 112. 10Figure | b shows an al ternate enbodi ment in which

t he sheat h ¢aresitign hepdy e brserdigmaiantisl it ageodhtgly spaldie chectiramsive bisthe Tges

configuration. S.not incor the, internal plenum chanbers of the
Gepostti on ka5 £Bemsr i G B0 i RedlPp Bl RS ety

pref erakdoy eqglblycotinaeaehamdh tifargbherndxieserffembbinHVitfed if R8s S9RéMoh al | ons
for a reduction in the size of the deposition head 124, and easier

f abri cat i on d§flogen@riesiededs girirodysingtand giatgbutingthe ghdsthraas wihin the dhmsitier osol
carrier gas,pf, C i i mber,.108 of the depgsition head. with the
previousgdegkg%fggﬁgp%%ﬁﬁgﬁég%¥f%&ypﬁggwéﬁWEEBgﬁﬁﬁa&ﬁgﬁggﬁaﬁ@?ﬁﬁéwllo and
exits from teecispareni @ toy sHehtt @ad Ad wiinee dbfisBorlRPasd &g 1d B8 deliBH | Ses no

pl enum chanbers, a cylindrically symetric distribution of sheath gas
pressure i s pAafsistips|ofthe sysipn deipreien e dingd widleoldhroigitad ageso! skeamjrnddieed i nt o

the deD%i t ia%ﬂg %tﬁ 'theFjiig(%uﬁonlofcsa 1 &V\@roa%tg %@£és%r @é&!)n%nth% %{)undzr%s doz\{}s"l opi ng

S e
the required s gas pressure distribution using external pl

num chanber
116. |1 n thi gricapbiegal,ahd eimmitdselgfiapthhgas @ndeayJorhhg apaeBursedanher from
ports 118 located on the side of the chanber, and flows upward to the
sheath gas CHaN 8 Kifiee@pd the aerosollagenygrier #sd shows i sometric and
cross-sectional views of a deposition head configuration that introduces

t he aerosol and sheath gases fromtubing that runs along the 25 axis of
the head. In this configuration, a cylindrically symetric pressure
distribution is obtained by passing the sheath gas through preferably
equal | y spaced holes 120 in disk 122 céntered on the axis of the head. The
sheath gas is then conbined with the aerosol carrier gas in a conbination
chanber 108.



Figure | e shows isonetric and cross-sectional views of a deposition head
configuration of the present invention that uses internal plenum chanbers,
and introduces the sheath air through a port 118 that preferably connects
the head t jong assenbly. As in the configurati <! la, the
sheat h gasqueﬁtz(glr?/g&gﬁ upper plenum chanber 104 and 5 tﬂgjﬂslzgkv\g%% a | owner
pl enum chanber 106 before flowing to a conbi nati on chanber 108. However in
this case, the distance between the upper and | ower plenum chanbers is
reduced to enable further mniaturization of the deposition head.

Figure if shows isonetric and cross-sectional views of a deposition head

t hat uses no pl eruerrssirartiveros ¢ npmawe dieprgitibro headhie shange Figudegr g a@bsol-

m ni at uri zatii n. The aer.osql (?nt ers. 10 s{@ath gas chanber 210 through an
openi ng i n tAECBHFHS SEPEIH dPeen 1ER PHE EHeRtetdds ahisetrecidriongead

t hrough i npute BEY &t telRvicdMnGlert sheAPEds ARt e @édogﬁﬁn%a@%fe%m-o%w Bdsy 1O
aerosol tube 102, and conbines with the aerosol flow at the bottom of

aer osol t ubecon@eied A ruigpas| Planubechb@Rerntdd. éka eledupahamtar [cyeates o aflihgricélly t he
bott om of. sheat h .gas, chamber, 210. The | ength of sheath gas chanber 210
ahould b& sUTTErEREr SRR G e dis APETATY KE 2k G BrotRU L ks Hngas 15
i's subst ant isabdtly gk i€ bordid@l bhe PRuRSBbmbd av6 ReH & &nibhed LR e RLH e,

t hereby generating a preferably cylindrically symretric sheath gas pressure

di st ri buti orfreamhis asiemaip#iion skaniber 108 darmingravianeidar fipw ponsitngabarossy agemor-i er gas

t t . f th 10 and t mbi ned fl
e di et ec ALY SaE AL e 8b 2B St OB s DAY oG PE onhecef o 2"

shows a schenrailgh@nekteries hel@le@10Tiand &dtsIstitzadzaeadisd 1420n head 124 nounted on
20 a novable gantry 126. The system preferably includes an alignnment canera
128 and ¥ procesS$iHG P&RAYs apgtiemamambndinestis ivhigh 1ha seqathcara istrirogucedl biem - based

| aser. In thi fd-gurat. Lt d al,j t. deposition, and

| aser pr oce&f%qgggrégg%g%%&%n{gd%ﬁ%g%m %%tﬁglﬁ%gagﬁi'}é%&g%%em%(ﬁrﬁ rf‘aglﬁ)?ea’frp on

si gni fi cant |cyiamigtiucfetse tdagosiien gbdd piftuetien dgpesia | eReadnghspErasessiagargodul es
of the MBI r% %Xste and provides an inexpensive solution to the problem
of maskl ess,PHEHY SBRYPAREH 2yt giaNg obhe ARsSs dB design allws preasredution in ™ Fj gur e
3 di spl ays : bA i 32 Si Sl i Lniature
depos & | on head1ad™ Mret kT Ra® qeb, oo oran fetcod bf o B S Ml
one-fift1 tlvemidesmith ée sefosgcariearsindepasatibn crareatds bBRe depdddion head. As

2006/ 065978PQT/ us200S/ (%4539 ed i M gi aturization of the deposition head
enabl es fabr{" 4t BAHF & i BT RRETONAD T gh eXINded g 1e atdt ©dpich a
device is shemnind Rozkib @HEB 148. shbe hRi Rps&sRiBh heidr @hRRs nb RRNEE ¥ elsSa

monol i thic, and the aerosol flow enters aerosol plenum chanber 103 t hrough
aer osol gas cpgicalyzemaatic tibtdpitient! shenteges aressiye iobrefesablyrrsabisheddietonotigh any
nunber of heads may. be ysed. The sheath. g flow enters sheath pl enum
chanber 105 SE %&oﬁ%%'sa'f”e%{%ogé o §i5et%® ﬁ%tgpﬁ‘eég'sa%%% qif§9ws1 A CHIU=RBN B i t hi
confi guraat i @dveldbiig e eaflBedkDPAS bis PdteurBBE@AbUiah uskidBrlctRANGOUS| Hamien 10 arrayed
fashion. The nonolithic configuration can be nounted on a two-axis gantry
with a st at ihaegnfigystpatthe %‘Patg Hes aest laerplenin Bembesdram edrisold 8 tpcetpheyl the axi s
gantry, with ed i i i rthogonal ,to the notion of the
gantry. 10F?8§?@ﬁ{1%g@ﬁ5m%dggg% g’%@qﬁﬁ%%aﬁ’rgtﬁf g%ﬁn qso’lrma mul ti pl exed head.
The figure showsFig@n 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
256  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.



| i nearly-arrayed nozzl es (although any nunmber of nozzles nmay be arrayed in
any one or two dinensional pattern), each being fed by individual aerosol
port 134. The configuration allows for uniformnmass fl ow between each

nozzl e: G \gH,Reaidtsd al Iy uniform atom zation source, the RIREMs;Af aerosol
delivered to each nozzle is dependent on the mass flowate of the flow 15
controller or flowcontrollers, and is i ndependent of the position of the
nozzle in the array. The configuration of Figure 4b also allows for
deposition of nore than one material from a single deposition head. These
different materials nmay optionally be deposited sinmultaneously or
sequentially in aFrr@aredesi s'meds pedntedicn argsy cm@qmtwel views sufich deposdtippl ieaat i on, a

di fferent mate{ ﬁ%ng?/ l|vre tto gﬂzze with each materi al

bei ng at omi 20" "4R{YR We\?éef S tpREA e m%tp H‘i”?é?ﬁ"l?ﬁ'suarﬁdf“traﬂﬁe%‘ﬁﬁt rol l er,
or by indi vighdah a@ihih7 apdrOMsuik ?r’éfeﬁaﬁg c6iMBELS B In84Sto a mounting akdeHily € a9a shows
a mniature aerosol jet 1n a configuration that allows the head to be
tilted aboutn ﬁhﬁ@odrgtlﬂﬁWmﬁﬁlQU@)éésthe Fliegitiraas shjefﬁsanazpweepieetswemaatbprowwd an array
of piezo-dri aero The, arr

transl at |Sgnare rr%)tW ron it gt| on R §ha>?1 ' 1t0%h SRl BLS i i Ctog)gm%@” ﬁ?aé‘?%é?F Wy
attached to wombr,ea@hmg c&y thd @gtwcebawmttmd@@er aﬁm@w&mamaﬁ@qﬂe}shé RbucedS by
applying a lateral force using a piezoelectric actuator, or alternatively
by act uat i ng° 8teledyrthaigpipiatpizaiaef iBIsPoeiignhegdl vanonet ers. The aerosol pl enum
can be repl aced N i.vidu

deposi ting head. \ﬁ%gtﬁlsg&ggéﬁﬁ\ eggragy?rg% < Ba'élgr%gsoi‘gd&%%déong‘re %é g‘agbésﬁ? e of

i ndependent reejEnsh tchanbers, Abmmngerrthé]’aéy@heibgré@bf rﬁkﬁﬁto&@inon\] &he AsrbsdYenters An
aerosol jet arraéa Cl;l res an atom zer that is significantly different from
the at om%ershgRil P EHBRPY WBBETO Byerient’ apiogrl be 80% Hbueheath gt away
view of an al,Qn &&head %réuﬁﬁkp&fl%@m ML ARALE B%(}mﬁél'ltlf)r'iéﬁleg'agr ér%;ct:!gﬁﬂo agpQpol 1 zed
mst to ten or nore arrayed or non-arrayed nozzles he at o zer assenbl y
conpri ses ariutst10fiane conginasivisy thé_%psorﬂo@faethabbt;omaof géresDStulm%ﬂ()lzndebsol obe t he

bot t om of \/\hl h is_ preferabl hi n_po r m_whi ch preferably
conpri ses Ka[g? E’éd R %'ny'g 5@?’&9‘?)“ ésr‘ﬁ?tﬁfg@? %Wers?éf’ iTHe fegeh &h

ul trasoni c ahedm ga%rchmtehzw dhbBuld b@sdﬂcfeﬁ@st&?'t@er%nr%rﬂgﬁ'thg'ﬂB\FS}Itﬁ'éjsHéchthg ough the
film This filmtransmts the ultrasonic 10energy to the functional ink,

whi ch i s!5t heﬁst@@@nﬁaﬂedﬁr@l@l igethfera@rp@l How Befpregid two combine, thé@ent gehemtingta f unnel
138 is prefe o nered om zer c er 136 and is connected to
carrier gas f)‘%r %ﬁ?’g Gt”vﬁ"ll}' c%mrﬁ?trécf %}egthlgﬁs REAPTS %gbb E:\O”hgm g?ﬁatf‘lﬂ?é SHE ext ends
out of the tcopbigdd wilhehederi¥biZarie Chta b Mmed3fs bdteh lof I RESERMBE Mo GRYTPr i Ses
one or nore slots or notches 200 | ocated just above funnel 138, which allow
t he carri er ppembipedses dewsctiafiseled Mp@xtended npgzier?dP byl @8vargire wEas220he | ar ge

d I h d d
al ong the Tube t 6% RE it FhE bR AR s B YTt L el T 2 nea

in the carrisenogas,gaatdimelrhe eysath ﬁﬁfe&ﬁbly&ﬁiﬂﬁ&@bm Qlignfet came@M2shdat om zer
assenbly via one or nore pickup tubes 142 which are preferably nounted
around funné@rocasspg 'aFP(e"?'HuTP?BePfOC&?S'”a@S@Vs‘@P bp atfipertogseudaset iethiatconfioyraionassenbl y
is preferabl t he rruJ nozzl e
array. Gas ké%(cogrﬂog??% 'gm&t dgE? Sﬂﬁﬁ?&q%%eg § %%%n%éréﬁ fﬁmed "0p°% ffi ﬁwh'onat om zer
chanber 136 Tas canfig@ation a;gndﬂdastlypécejfc&rtaé)wMgtsaandmadmeidorb@tj\mﬁébstnmoaul@ceS of
nmetal . The gasker3 faterial creates a seal around pickup tubes 142 and

carrier gas °pBFMR4ystery FFiQifes ap BexrrrTVedalirn to Jhedroblert & maghless.oope

at om Ze%ma)éor?é‘ctWnﬂ%ﬁﬁe%s&i‘@st;@&g&Zat' on assenbly for batch operation, the
mat eri al nmay be contlnuously fed into the atom zer 25 assenbly, preferabl y
by a device suchFigsea digpicys gandaepi’D® depoditph heae132r sideDsyesidealier mdlatuten| et s

whi ch are pref erabl%gdl sposed throu h one or nore holes in the gasket

material . THEPPLEHFLE* | '”‘6?‘@‘??’%98 0 a1 24 dpprsimelcly opgrfiidh the digiete
material is pP&idasdaERNMGthehd P45 t he atom zer



assenbly, thus maintaining a constant volume of nk or other material in the
atom zation chanber. Shuttering and Aerosol Qutput Bal anci ng 5Shuttering of
the mniature jet or mniature jet arrays can be acconplished by using a

pi nch val vey@ponkhdseed on the aerosol gas input tubing.,MhedRfidated, the
pi nch val ve 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 nozzle to be | owered
into recessed features and enabl es deposition into such features, 10while
mai ntai ning a shutteri ng capability. In addition, in the operation
of a nultinozzl e dF¥alyzaten|ohire frpogiont hrad sepiiesofabinatigpuel & mufiplexedi headual
nozzl es may i : . .ancjn e accaonpl i shed by
constricti ng@?ﬂ%ﬁgﬁﬁ%ﬁ}{mi‘)ﬁ%ﬁg? %Jvllocggg #‘ggﬁpﬁéégau ?eoj'at' &etﬁ}saé%i‘ig%rﬁiﬁa’lth st es, so
that correct icongnofitbictdnd theedeatsolview aeeselosaleputh cRimbehf3NAZEESrEaybe Made,
resulting in a *@ifgrm mass flux from each 15nozzl e. Appl i cations

i nvol ving a RPhT%aiF &1eREPEIEGD 3jratof & NsetsodBPugheny ayribey ofihsedsutky, belygrtd. ar e not
limted te, HaggRaBLESIJN dnidtd Lt mul ti- eri al

deposi tion, and conf of mal n%ﬁéﬁ%t%géiﬁ%qggﬁﬁﬁéﬁgugﬁglIeag{ﬁngége‘;aﬁh PRY 4/ 5

axi s noti on. 114 tisghoroliteic gerdig@nation] thy beddsarpdtanb ekrgassithady, h get ai |
wth referengreratle %0 pﬁrti cylar preferred and alternative enbodi nents,
persons poss&sarng ordi nariP eI Forigralip ey e Meunigei e tisiaxisigavenwihon

pertai ns W | kta@pptfy €Gdedior thk Bateny & LE L cahd QF ne nts may be
made w t hout _depgﬂryt i gng fromft’&ftt he%ﬁ??ﬁ#ﬁgﬂggéga%%gﬁgat éw@‘g%&;‘?{éﬁ&a fol | ow,
and that ot héfecimsgeareshtoshemetioachhesestry.he sane results. The various
configuraions th}%ureh vg‘obeen di scl apove are intended to educate the

sed )
reader about preferred and arter %‘1’?&?’&5‘“0@@ BREBIPEE Reag; Therdigurg skowsden
i ntended to mreastdnaidd rokfes! (Biifblidh 4§ nirhiger bNYENEd QR &rargape% iR ﬁﬂp&eoc{r fv«l} he

Clainms. Variations and nodifications of the present 1 nvention w e

obvi ous to t W@%@@R‘iﬂaﬁ%'@’ ?ash beieg faf by indiMdudl perpsl pant BAdNE cowigrancaraliadsd  such
publ | cati ons e 1ed M3 Bk R i chPn o ifel Bl ePariroctioin B vihat
i's claimed ignount of aerosol delivered to each nozzle is dependent on the mass flowrate of the flow
15 controller or flow controllers, and is independent of the position of the nozzle in the array. The
configuration of Figure 4b also allows for deposition of more than one material from a single
deposition head. These different materials may optionally be deposited simultaneously or
sequentially in any desired pattern or sequence. In such an application, a different material
may be delivered to each nozzle, with each material being atomized and delivered by the
20 same atomization unit and controller, or by individual atomization units and controllers.
Figure 5a shows a miniature aerosol jet in a configuration that allows the head to be
tilted about two orthogonal axes. Figure 5b is a representation of an array of piezo-driven
miniature aerosol jets. The array is capable of translational motion along one axis. The
aerosol Jets are preferably aitached to a bracket by flexure mountings. The heads are tilted
25 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



5 1. A deposition head assenmbly for depositing a material on a
target, the deposition head assenbly conprising a deposition head .
conprising: a channel for transporting an aerosol conprising the naterlal;

one or nnrawbg&ﬁhﬁ@%gerlntrodu0|ng a sheath gas into sgiq,dshR9sikéon

10head; a first c connected to said inlets;

region proxinmate to an exit of said channel for conbining the aerosol with
the sheath gas, thereby form ng an annular jet conprising an outer sheath f
| ow surroundi ng an i nner aerosol flow, and 15an extended nozzle. 2.
The deposition head assenmbly of claim1 having a dianmeter of |ess than
approximately 1 cm 203. The deposition head assenbly of claim 1l wherein

said inlets are circu rentlally arranged around sai d channel . 4,
The deposi ti 8% a m 1 wherein said region conprises a
second chanber. 26 aeroso} jet aray 1dagired %Oﬁbrﬁxh& npdieadiARSRRP h&fergﬁt ok 1
wherein said first chanber is external to said depositi'on head and said

first chambegtordiearabeshis agstangitvid WMIPT evglemy Figurm® sirows adiustvey tiew poan @admisdieat h gas

ined with the
g(rarezglcj)lr e ? boH&t h%sa Ia%apcagl% suﬁlmeg%c %ede aetrgs%hz%d ?n?ti p) tgn or nlwosre gr?eglgd or non-arrayed

nozzles. The atomizer assembly comprises an atomizer chamber 136, preferably a glass

cylinder, on the bottom of which is preferably disposed a thin polymer film which preferably

comprises Kapton®, The atomizer assembly is preferably set inside an ultrasonic atomizer

bath with the ultrasonic energy directed up through the film. This film transmits the ultrasonic
10 energy to the functional ink, which is then atomized to generate an aerosol.

Containment funnel 138 is preferably centered within atomizer chamber 136 and is
connected to carrier gas port 140, which preferably comprises a hollow tube that extends out
of the top of the atomizer chamber 136. Port 140 preferably comprises one or more slots or
notches 200 located just above funnel 138, which allow the carrier gas to enter chamber 1386.

15  Funnel 138 contains the large droplets that are formed &uring atomization and allows them to
downward along the tube to the bath to be recycied. Smaller droplets are entrained in the
carrier gas, and delivered as an aerosol or mist from the atomizer assembly via one or more
pickup tubes 142 which are preferably mounted around funnel 138.

The number of aerosol outputs for the atomizer assefnbly is preferably variable and

20  depends on the size of the multi-nozzle array. Gasket material is preferably positioned on the
top of the atomizer chamber 136 as a seal and is preferably sandwiched between two pieces
of metal. The gasket material creates a seal around pickup tubes 142 and carrier gas port
140. Although a desired quantity of material to be atomized may be placed in the atomization
assembly for batch operation, the material may be continuously fed into the atomizer

25  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



30 WD 20061065978PCT/ US2005/ 045394 6. The deposition head assenbly of claim
1 wherein said first chanber is sufficiently |ong enough to develop a
cylindrically symetric distribution of sheath gas pressure about said
channel osxneath gas is conbined with the aer Z045
dep05|t|on‘ﬁ6§ﬁ&Q§g§nbly of claim1l1 further conpr|5|ngqgﬁ?ﬁﬁgd'éﬁgnber for
recei ving sheath gas fromsaid first chanber, said third chanber assisting
said first chanber in devel oping a cyIindricaIIy symmetric distribution of
sheat h gas pressure about said channel before the sheath gas is conbi ned
with the aerosol. 108. The deposition head assenbly of claim7 wherein said
third chanbe@sswsbhcéﬁme&éﬁfé@imm%aﬁns@nf Velgne efhafbepthdsynaderisl inrtkd Rippizaifonpassages
whi ch are paral to and circunferentially arranged around said channel.

9. The dep03| n head assenbly of claim1 conprising one or nore actuators
15f or translatlng or tilting said deposition head relative to the target.
10. An apparatus for dep05|t|no a material on a target, said apparatus
conpri si ng: ering ang 0 glcsidf or transporting an aerosol conprising

the 20mat§ rial; Shuttering of the miniature jet or miniature jet arrays can be accomplished by using a

pinch valve positioned on the aerosol gas input tubing. When actuated, the pinch valve

constricts the tubing, and stops the ﬂow of aerosol to the deposition head. When the valve is

opened, the aerosol flow to the head is resumed. The pinch valve shuttering scheme allows

the nozzle to be lowered into recessed features and enables deposition into such features,
10  while maintaining a shuttering capability.

In addition, in the operation of a multinozzle array, balancing of the aerosol output
from individual nozzles may be necessary. Aerosol output balancing may be accomplished by
constricting the aerosol input tubes leading to the individual nozzles, so that corrections to the
relative aerosol output of the nozzles can be made, resuilting in a uniform mass flux from each

15 nozzle.

Applications involving a miniature aerosol jet or aerosol jet array include, but are not
limited to, large area printing, arrayed deposition, multi-material deposition, and conformal
printing onto 3-dimensional objects using 4/5 axis motidn.

' Although the present invention has been described in detail with reference to
20  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

25 embodiments, and aré 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 o those skilled

in the art, and it is intended to cover all such modifications and equivalents. The entire

disclosures of all patenis and publications cited above are hereby incorporated by reference.

12



a sheath gas chanber surroundi ng said channels; a
region proxinmate to an exit of each of said channels for conbining the
aerosol with sheath gas, thereby form ng an annul ar Jet for each channel,

said jet cqppbipsidigsan outer sheath flow surrounding an RRsHsaBEASOl flow
and 25an extené%d‘nozzle correspondi ng 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 30 froma conmon chanber. WO

2006/ 065978PCT/ 1182005/ 045394 cLAlME3. The apparatus of claim 10 wherein
the aerosol is individually fed to at | east one of said channels.

14. The apparatus of claim 13 wherein a second aerosolized nmaterial is fed
to at 5Ie§ﬁ%.onp.og.said channel s. 15. The apparatus of claim 10
wherein an 4eP 688 Fass flow rate in at |east one of said channels is

i ndivigually controllable. 1016. The apparatus of claim 10 conprising one or
nore actuators for translating or tilting one or nore of said channels and
ext ended nozzl és r ef derogiionthgad asaentifgiedepositing a Miateriz ppatasgetigdreof cl ai m 10
further c ri.sl 1 zer. Co [.Sl.ng: Lindrical chanber for

hol di ng t%ggﬁg%gggg %Qﬁég&%ﬁﬁﬂ“ %@%ﬁ%@hgg?ﬁ$8ﬁ§883ed on the bottom of said
chanber; a channel for transporting an aerosol comprising the material;

one or more inlets for introducing a sheath gas into said deposition
10  head;
a first chamber connected to said inlets;
a region proximate to an exit of said channel for combining the
aerosol with the sheath gas, théreby forming an annular jet comprising an outer sheath flow
surrounding an inner aerosol flow; and

15 an extended nozzle.

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

approximately 1 cm.

20 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.

25
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.
30 |
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an ultrasonic bath for receiving said chanber and directing ultrasonic
energy up through said film a carrier tube for introducing carrier gas
into said chanber; and one or nore pickup tubes for delivering the aerosol

to said plyy d?hhhMWQ& 20channel s. 18. The appare}J(HﬁJ Ogﬁgﬁhn1l7

wherein said carrier tube conprises one or nore openings.
apparatus of claim 17 further conprising a funnel attached to sai d tube for

recycling large droplets of the mat tus of claim 17
wherein addit i gn N éeP?sétPn?“%ad aSSnetm:%rE(ﬁgﬂ%m% Wit Sa{agﬁ%‘é‘ﬁg? ‘& the atonizer
to repl aC%uﬁn&l&wthBh@édoﬁéh t%é\féh)p|a%ylﬂ§ﬂclaﬂ§l%§/rﬁﬁieﬁl@d!&ﬂbtﬂcf%f'd}ﬁe% hday of 30channels.

2/ 13
pressure about said channel before the sheath gas is combined with the aerosol.

5 7. The deposition head assembly of claim 1 further comprising a third chamber
for receiving sheath gas from said first chamber, said third chamber assisting said first
chamber in developing a cylindrically symmetric distribution of sheath gas pressure about

said channel before the sheath gas is combined with the aerosol.

10 8. The deposition head assembly of claim 7 wherein said third chamber is
connected to said first chamber by a plurality of passages which are parallel to and

circumferentially arranged around said channel.

9. The deposition head assembly of claim 1 comprising one or more actuators

15 for transiating or tilting said deposition head relative to the target.

10. An apparatus for depositing a material on a target, said apparatus
comprising:
a plurality of channels for transporting an aerosol comprising the
20  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

25 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

30 from a common chamber.

14
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13. The apparatus of claim 10 wherein the aerosol is individually fed to at least

one of said channels.

14. The apparatus of claim 13 wherein a second aerosolized material is fed to at

b5 least one of said channels.

15. The apparatus of claim 10 wherein an agrosol mass flow rate in at least one

of said channels is individually controllable.

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

filting 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;
15 a thin polymer film disposed on the bottom of said chamber;
an ultrasonic bath for receiving said chamber and directing ufirasonic
energy up through said film;
a carrier ube for introducing cartier gas into said chamber; and

one or more pickup tubes for delivering the aerosal to said plurality of

20 channels.

18, The apparatus of claim 17 wherein said carrier tube comprises one or more
openings.
25 19. The apparatus of claim 17 further comprising a funnel attached to sald 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

30 channels.
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