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 materials onvNAREHE SERGSAL JEF AND ARRGSOLI JETRRRAST ned 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 ngrasepakaaselancangensit bighd fliey ottt S IPradsionad AgierdApplioatieni nl et s f or
introducing a sheath gas into the deposition head; a first chanber

connect ed t §efehido- iGWPﬁ%W %t'tfeéngB‘ﬁwﬁrAﬁfasﬂd‘Etén‘f’ 6”3??‘ S W5 °%f he channel for

conbi ni ng t B@ceﬁ’n%éﬁ%oioox\‘ah@Utshﬁro?xg]@r?a; Phi @ Rppltdi6T SOY NP BARRT 4R @RAUl ar | et
conprising an-outer sheath flow surrounding an inner aerosol flow and an

ext ended nomérezermmﬂemetqsdmetm@d fdesgmmipling, 106 aad Hlslspediiaadioss aidanet er of
| ess t han appr oxi mat el 1 The i Iets are preferably circunferentially
ar r anged®ar 88Ha Here’ %ﬁé?ﬁ‘i‘éq’atrgﬁ‘?ée'rf Srﬁncﬁptl onal |y conprises a second
chanber. The first chanber is opti onal |y external to the deposition head
and develops a cylindrically symetric distribution of sheath gas pressure
about the channel before t hBABKRRALND @ETHEINYEWIONRed with t he aerosol. The
first chanbgrldi ef arapl I sqff' _i ently |long enough to develop a
cylindrical %on of  sheat h gas pressure about the
channel before thg sheatitvegrs rélﬁe&@ﬂmcﬂ@ﬂtsr\@ df hartob@a@@i’o%@lnateﬂ_ilﬁusﬁ@pom tion
head assenbly opti onal |y further conprises a third chanber for receiving
sheath gas ®roineiired faeiosel ighandrerrat HempiFiuitpdcirableopisadiyd BYaHy A€ fir st
chanber in develo a |, i %ﬁ t Sheat h
gas pressur@eneba" ellatt etoc%ékrher?gﬂ[oh% 5ér°\e/prt§r}¥|e S %g?na]r%g[;&l Fgénggr%ﬁ?%gg{%th t he
aer osol . Thewédubd ﬁaﬁ&l@fﬁéﬁfse\dﬁdﬁht@xﬁ@é‘ralb|oyto¢1@imerﬁs’it|9@tatg9tst l@erfdmat unglranber by
a plurality of passages which are parallel to and circunferentially
arranged ar 6iffePherieeoRtigRRend S PRREOISRFBPYIOB AT WEARSZSSBIHBTy pref erabiy
conprises one or nore actuators for translating or tilting the deposition
head relative to the target. 15The invention is also an apparatus for

depositizog a material on a tasgemARY DE THBINMENTION conprising a plurality of
channel s for transporting an aerosol risi n}gdthe material , a sheath gas

chanber surr ound! ¥PresRd 'Wﬁ’ﬁ'ﬁ?l@lasdepﬁmi"é@ngﬁssﬁ’i“B' FEFPRST 2R P 2f  each of
the channel ée@%ecbgﬁghlgr\ Md%@%m@@"cmxgmy\é hdposhipakly Gaprisiddhehaly bor m ng an
annul ar jet or each channel, thée jet conprising an outer sheath flow

sur r oundi ng trarsportiyen aarescibsmd\prréih@m maiedel,amme 200 %E dvrtkeidr iniZeding asbeatiespondi ng

t h of th h | | | it f. bly f
array. The 881 BEAR BRENGHERTy BAEErE At oRt LD ARHRAT L I & “Bormon

chanber 25Th%x@tﬁfh@%ﬁgnnél$or95r@3nﬁ dq'i\h’é é/erésemltﬁktﬂléﬁéétﬁ’gdcs&ﬁier&@/f@hmb@ﬁ%nuﬁﬂe of the
channel s. A second aerosolized nmaterial is optionally fed to at | east one
of the chanmhcsnprﬂ'lhgear@@‘req)y@mhrﬁla@surmhmgﬁatf@eﬁaqroa@ fipwsagd apgxtenddd t he channel s
is preferably jndividual ntr 5 refer

conpri ses oﬁ%zzﬁ’r qj%peé’o Ci”x’ﬁ? Sge"l’ pr‘%}erﬁ Taastaldﬁagr%%rr 8Ttles=IS "PRg pcr)oﬁ(émagery nore of

t he




channel s and extended nozzles relative to the target. The appar at us
preferably further conprises an atom zer conprising a cylindrical chanber
for holding the material, a thin polymer film disposed on the bottom of the
chamber,  gfyYlokh@asani c bath for recei vi ng the chanber ph4;sdiospeksNg
uItrasonic energy up through the film a carrier tube for introducing
carrier gas into the chanber, and one or nore pickup tubes for delivering
the aerosol to the plurality of channels. The carrier tube preferably
conpri ses one or nore openings. The apparatus preferably further conprises
a funnel attached to the 5tube for recycling |arge droplets of the

mat eri al . Addi:mifménletme erﬁie@lbWiC'ECUG\[iﬂfmﬁﬁiuIarryﬁged)wpﬁmiljmhmeperﬂvir@'@d to the
atom zer to rg?g ﬁ rle}:o%/\/@] er|s delivered to the plurality of

channel s. na %H'pr(%s T 08t “ERé* present invention is to provide a

m ni ature deposi tiing nrsfuaa«dbé‘r RlopERRRSkibinAgo B EIckiAdrtheBdam deddIgHR -

An advantage of the present invention is that mniaturized deposition heads
are easily 1@!'@(‘1@?{%@%@@ disiipusion efippeaiit gagPreasrse ahahl tedchamebhgiarailbei pl e
depositians } dep05|t|on
TS i s S s B S e e TR EI ST
scope of appério@@bbhdv'élyp atylitdiealp s@sedic distibeithioDsheih lghs Pesse@tabddteh in part
in the detailed description to follow, taken in conjunction with the
acconpanyi ng*arngWeRse eifathions 5 4ePgH ith e aerge aB‘ﬁéHP@ﬁtt'O't kpaf REFEBDPIY 15
skilled in t i I arned by
practice of %ﬁ%ﬁp)ﬁ%’ﬁf é%gﬁﬁ?e%‘a(;%{g Cfégncbg sfoiatjr%%lvf'i1 ﬁg%Wa%ggm@ thet eoi%ﬁygﬁtl on may
be realized tamtﬂwca&riaabmedsxsmyg e tmischahbelr nelevatping argintidkitsyesedind conbi nati ons
particularly pointed out in the appended cl ai nms. 20A BRI EF DESCRI PTI ON OF
THE DRAV\W\IGSj’S"'b”t'O” of sheRig Q%Fch%Sﬁﬁfﬁﬁ&?MBea?aaW’ Rgere ereah gasds ORCBPHBIat ed into
and forma pgas e, t’rﬁ@thﬁcp%hmf:ér‘?@éréf%u bdn%é&?&dﬁ@ﬁw@ﬂéﬁéﬁ%@ér b?H’BBthV@Pt s of the
present invention and, together with ¥ description, serve to éxplain the
princi pl es aofastdges Wirpherw pagaiel toldrel cmrﬂgsllyarrwgembryurfddlne cthlamepuTrhpose of
illustrating erred nt of the inventjio

const r ued asdeﬁgelptio ?ﬁdﬁésef”ﬁ&% ﬂ‘i/?regﬁ't(ic’ﬁ‘ﬂnsef ﬂ”et%g]oﬁraﬁwtﬂ6§°rtram@i“b‘i’f?'@”%a |s a

Cross- sect i ORe @podiohBdcabity 8 iieP@gkt i on head of the present invention;
Figure | b displays isonetric and cross-sectional views of an alternate

m ni at ur & dep05| tThngh\é%de elhan dpparpivelicceapotitng agirtssinlon gagodtiiomarpieivequal |y
spaced channe GO |’|S|n i %»annesfortr%pso Ignoargec}sgl cC ar%% rosqi rlseCt Fonal views
of the deposi f"io ORLLE P 1o cco%%h IHg 888 Ral sheat h

pl enum chambeath gas chamber sdilogrwrr@ tﬂecthm@réb‘a rb@&n@wm&e B eRit & kAT HECt i onal
views of a deposition head configuration that introduces the aerosol and

sheat h gasesehfnginar aui Y G thaderasaiigth ahesiigras Heer @y ianging in rtiglatielder;each

Figure le sh ri L tion head
configurati on t ﬁjgﬂ[?? éomp?S'r?d;é}l' & e%r\%étﬁ ﬂ?ﬁﬁc%kﬁ%@nrg al m% |eﬁ°ts?|§ UCE&;% he sheath
air throzgh ateawdtnoizhbaforr@ap&m@tt@edcheftﬂike@dnrte& athen@wamy S1@hamasepbicibly

Figure if shows isonetri-c and cross-sectional views' of a deposition head
that uses 10f& %S‘Iaéfﬁbrﬁhéﬁ%fﬁ%?@om&%ﬂﬁrﬂﬁaﬁbO?TB?C*PW@’SI@F’Q%%O{“”@@@’PWGN

m ni aturi Zat‘f’hggeroso! is rﬁ)‘l grlrbrv%lugl 'f t@‘aﬁé:ag'?cﬁgtbb eQrIanr?e IA”S%L&\dm niaturized
deposi ti on head noun ec? oH a rmvaY gantry; |gure conpares a mniature
deposi ti on headoltzed raaistagin datioskiilVBD{s 9t lddﬁ@ﬁ@bfttlhdhhaﬂﬂeadThd:aeg:u;blena%aﬂcbv@ a
schematic of the multipl exed head desi q 15Figure 4b is a schematic of the
nul ti pl exed A&HA &é@l"@%d\meﬂiaq”ﬁ'ﬁﬂsﬂr%%m{Vd‘Y‘%"yrFGE%“%%G 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,



Figure 5a shows the mniature aerosol jet in a configuration that allows
the head to be tilted about two orthogonal axes; Figure 5b shows an array

of piezo-driven mniature aerosol jets; and Figure 6 shows
perspectiv way views of the atom zer assenbly 2W k304
20m ni at ur 3‘22@6@%%} et arrays. DESCRI PTI ON OF THE PREF MBODI MENTS

(BEST MODES FOR CARRYI NG QUT THE I NVENTI ON) I'ntroduction 25The pr esent
invention generally relates to apparatuses arid methods for high-

resol ution, maskless deposition of liquid and |iquid-particle suspensions
usi ng aerodynam ¢ focusing. In the nost commonly used enbodi nent, an
aerosol str eamlt'rasorﬁajlausferdec&mdg d@pmuee@dmﬂe@nmulpdxsamaenemy updmeygh ear t ar get
formng a pa ttern tha]? i S er mal OpEothocpem cal Iérﬁ%ocessed to

achi eve phys "Bt CATE PRI o W&F”' rlgé‘it“F RAFPPYpULC Y PRAPCVREPDT t he
correspondi ng; J@Weﬁnﬁé é‘errés@ll to the BRraly 8CRashelsS TRAERAPBREElbly Mgk lESS

Mesoscal e Materi al position, and is used to deposit aerosolized materials
with |inew dinhor Itnbrapp%nine&aiﬁhe(ﬁpd@fa’w@mrefﬁ@glmlftﬂlde:o'snfmled; emnmefhatmdhadneﬂ;ledepom ted
wi th conventio fil rocesses. . osition erformed w t hout
the use of Heg yileS et Bl BE TR e aPu TR e e S isp Rt e y 1
mcron to 1 gidvidet BRhEbtomiadth EONRMSatdriBiGyHioA RARINRAIMERB plRRTBLhhdIsdeposi t ed
wi th conventional thin filmand thick filmprocesses. Furthernore, with
post - processi ng |Aasgiectof et inveplies is lyPREde  miniadee depopiiondapbibl e of

defi ni ng Ilna(:;e OSQ vhggnals tar}gr s small as 1 mcron. The MBD(r) apparatus
preferably uses an aeroso g "deposition head to forman 10 annularly
propagating jet corpesede &fihedfesortlient®h eaid miniQwzanidpadtioh MRE adeeagol - 1 aden
carrier flow In the annular aerosol jetting process, the aerosol stream
enters tHe dePBSIHIIGH PRERES AR RISV @Pit'n*\%q*epas!trcé%lolby perfamagd ip parallel,

aerosoli zati r assing through the heater assenbly, and is
directed al oﬁ% %%?%@?b[sngg?&fs%&ﬁ VI ce towards the deposition head orifice.
The nass t hr oughiter bigeqss; edvemtad@lsymcmémmtdr@darmyrura@r@ensa)sabpnwmfyloeihegas mass
flow controller. 15 Inside the deposition head, the aerosol streamis
preferably iAGEMAvETioR Bill Pp At fash NRAFHER FeiRjied AFsSTRYPN 18 flpw iR ter - si ze
orifice. The RIREGANh ALl SHEs da%dﬁnhﬁn mﬂlrb%%ﬂeaéﬁbé/rerﬁmésged W th an
annul ar sheath gas. The carrier "gas and the sheath gas nobst commonly

conpr i setscompii@ss td aauponexarsinatibmeirtite fglagingie may beleared tyatduticsmytheont ai N a
nodi fi ed sol vent vapor . co nt. For n the aerosol is forned

| e, whe
from an aque®§Ric8of IftPERS avﬂﬁdé?m%f)?frthezg%ﬁspnﬁ@yga&@ﬂmf}S”dt?{@'“E%W| er gas or
the sheath gﬁéangQfﬂw.ﬁs\{r@rﬂ&mﬂa&%@teonea(r@ws%h,arbny ointed out e SpREREH 0as
preferably enters through a sheath air inlet Fowt he aerosol inlet and
forms an anmidres: flow with the aerosol stream As with the aerosol carrier
gas, the sheath gas flowate is preferably controlled by a mass fl ow
controller. The conmbi ned streans exit the extended nozzle through an
orifice girected at a targedriefbEscrarnohar: fHeamAvpguses t he 25aer osol
streamonto the target and allows for deposition of features with
di mensi ons as sndh¢ aﬁsm@mmqﬁ(ﬁm%wo@rﬁnwm@ed into and f0m1 AP theBD( r )
(rjrgfarsmgot Ozggaéc‘thf%at%n?!?tst{aﬁeg&%rﬁl em%gdrm? se gthe r?resg?tllr*vie%g);] Igr?] O 3?2 a[lgrlhaégg SHOW
sub-mi||i rretoegcnpﬁmmvveﬁiéxssamm pﬁh’tﬁoléi&;lﬂfhslirﬁ/érﬁlan Ofhe@rabgibre ARtk thee, the
MBD(r) nethod typi cal I?/ achieves a flow dianeter constriction of
appr oxi mat elpyfpzwf lagygingeprodareg gpasiieeny of tieomepianepd R gotinbesepaiasd ¥ 1000,
for thisy thIh&qggnggﬂ%n qﬁggﬁiamngg No axial constrictors are used, and the
flows typically do reach supérsonic flow velocities, thus preventing
the formation of Figurhalsentostsetion sttaingfatbre dedoditigroieant ted drg'sehtexaﬁdnttoﬁ a
conpl ete constriction of the flow Enhanced deposition
characteristics al9edBOSRREFORG apILRITREFIgR! Ut avgiieR8EANatlis t he
deposi tion %&&mom%d Eh%ﬁﬁ&o%uaeé iRishafned wha s{x@sughw&ga Jg%{ﬁa{éf of the
deposition head preferably using pneumatic fittings and a ti ghtening nut,
and is preferably approximately 0.95 to 1.9 centineters |ong. The nozzle
reduces the dianmeter of the energent streamand 10 collimates the stream
to a fraction of the nozzle orifice diaheter at distances of approxi matel y
3to5 mllineters beyond the nozzle exit. The size of the orifice dianeter
of the nozzle is chosen in accordance with the range of desired |inew dths
of the deposited material. The exit orifice may have a dianeter ranging
fromapproximtely 50 to 500 mcrons. The deposited |inew dth can be
approximately as snmall as one-twentieth the size of the orifice dianeter,
or




15 as large as the orifice dianeter. The use of a detachabl e extended

nozzl e al so enables the size of deposited structures to be varied from as
small as a few mcrons to as large as a fraction of a mllinmeter, using the
sanme deposiyd ratus. The dianeter of the energin <341d
therefore t %ﬂ)p?/‘?\()g%dth of the deposit) is controlled %ﬁ%‘ﬁgﬁg&iﬁ?ﬂori fice
size, the ratio of sheath gas flowrate to carrier gas flow rate, and the
di stance between the orifice and 20 the target Enhanced deposition can

al so be obtained using an extended nozzle that is machined into the body of
t he deposition head. A nore detail ed description of such an extended nozzle
i s contained in d@omoilsyevesvediricaBi cridatesibnahppls o dteideppsBer heatl ofNidgure

111011, 366, entjtled "Annul ar A ros%I Jet Deposition Using An Extended
Nozzl e", fi I@d"'thﬁ” BRLBRBRPe P4 g PIRATR A4S ncor porated in its entirety
herein by referemggre 13Gh&vs"BMerRRR 4 GadsiseftBnal bibwd & AAYAREAGRAUS to perform
deposition frommultiple deposition heads. The use of mnultiple deposition
heads for digoefgbrajiani tirt intrgduagsadhé aatstland shealp daeesifimpi thiiadbat dinb glongstheng

m ni aturiszedaxde{)tﬁshetipn heads to increase the nunber of nozzles per unit
area. The mATLUF 8Epositi on head preferably conprises the same basic

i nternal geomnet r ¥igu\Qe 2066/ iaR0iIE 8RCMIS2R0&IR BidRdof aaBpdsiien Ikhandar d head, in
that an annular flow is formed between the aerosol and sheath gases in a
conf i gur at i oanfighigiiangpat pepstniiral Bpnurhbesbeimengrieirodeqss Seshesi dirdiziengh a port

M ni at uri zat,j LEi | so facilitates a direct wite
process in db}a?g?{lg%ﬁéémgg%gg?%%n%%n%ﬂge%géﬂ)slﬁmunt ed on a noving gantry, and
deposi ts nmat eri alFigor 1as®ivaisbasas yhdicasgsictional Wawaiodk depesiie hesiahat d&ds
Deposition Head and Jet Arrays ‘M niaturization of the M3D(r)
deposi ti ®n HERBNYRAFIFPETROIINS Hdedieesbiectsse’ BBAEEBY nore than an order
of magnitude, th L] J I I novabl e
gantry. M ni at ur??g{e?zgér:lg 3‘%’“5’3"’“? g’éz??i larj{“ggw?%g d%%%@ﬁcﬁayggq@% gperati on of
arrayed deposivbbhleogent® heads, enabling construction and operation of arrays

of aerosol jets %a abl e of i ndegendent _notion and dgfossgti on. Arrayed
aerosol jets provi9d& >MMPHeT 2RLYBH HERTEE PEH 10 aptandag N Dy 8ePogiyderti on, and
nulti-material depEgidkiONschéVidid¥ask ATMXEd ndaglissight SO provide for increased
nozzl e density for high-resolution direct wite applications, and can be
manuf acti¥r ed wi t ligotestb e scheingtie bf tiegradiintryediread denidni vith indvidealls fefl opzzBpieci f i ¢

deposi tion appli f%ﬂur atjons inc ut, are not

atiaqns, zzle 15 co | ude
P ed to, |t nedure RSt avE e off it F B Ren ™ alfiE baPruEbhon: i near
ar r angenent Sjjed about two Jrih8gdihiixéd ur € deposition head functions simlarly, if
not identically, to the standard deposition head, but has a dianeter that
i s approxi mat el y Fighe-Sbishaws ap lpsaydif sipger@iverofiniplyee degpsejdats;anti t . Thus t he
dianeter or width of the mniature deposition head i s preferably
appr oxi mat el y 20 OTe R S e paut e B Jouf 2P Al Bl Bl
enbodi nent s feiiekelaedsd Rt &rhiye appl i cation discl ose various nethods of
i ntroducing and distributing the sheath gas within the deposition head, as
wel | as net hods of conbining the sheath gas flow with the aerosol flow.

Devel opment of the shegjhaas, &l Wik bAEAA Qﬁ .E—:N‘PQ head is critical
to the deposition char%ﬂ#&‘ﬂi@ﬂﬂ%nes the final wdth
of the jetted aerosol gasFaLEEN-IFMEARYYINGDDTTHEAMENTI@V)dI st ribution of
satellite droplets deposited beyond the boundaries of the primary deposit,

and ni ni mi zéEEYeEYYi ng of the exit orifice by forming a barrier between the

wal | of ZtShe ori firgg #‘%g'\ttin\%nﬁo e%gr!aﬂ;) ?e(#a'? %agggdsaﬁag sgs\";\‘%ncii H\e Io%’su 'foerAPligéw'- An

r
cross-section of ni ature deposition head
aer osol - | adegsolndan; masklgasematiar & Iitlie ackefpp&ipaition sheackidnk ueing bereghasiol port
102, and is directed along the axis of the device. An inert sheath gas
enters the d¥HYY t iNoReHBSHY cPETIGHIS FHCERGH: BorELsSY Pt feltcyssd @pper

pl enum cha ; n Qﬁﬂﬁ e LNgrd ca ymetric
distributigﬁﬁ%?$%ﬁgggﬁgggé§p§22§hre g%%%% ?ﬁ@a%%igﬁ%?]?ﬁ%ﬁﬁg%%gﬁff%n head.
The sheath gas flows to conical |ower plenum chanber 106, and is conbi ned
with the aerosol streamin a conbination chanber 108, form ng an annul ar

fl ow consisting of an inner aerosol -1 aden carrier gas flow and an outer
inert sheath gas flow. The annular flow is propagated through an extended
nozzle 110, and exits at the nozzle orifice 112. 10Figure | b shows an

al ternate enbodi ment in which the sheath gas is introduced fromsix equally
spaced channels. This configuration does not incorporate the internal

pl enum chanbers of the deposition head pictured in Figure | a. Sheath gas
channel s 114 are preferably equally spaced about the axis of the device.
The design allows for a reduction in the size of the deposition head 124,




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

t hat uses no pl enum chanbers, providing for the |argest degree of

m niaturization. The aerosol enters 10 sheath gas chanber 210 through an
openi ng i nyhetoR.af aerosol tube 102. The sheath gas peahR5mshiAshead

t hrough input port 118, which is optionally oriented perpendicularly to
aerosol tube 102, and conbines with the aerosol flow at the bottom of
aerosol tube 102. Aerosol tube 102 may extend partially or fully to the
bottom of sheath gas chanmber 210. The | ength of sheath gas chanber 210
shoul d be sufficiently long to ensure that the flow of the sheath gas 15

i s substanti Bitogphqirieely Pretessed te hehiese PBSIoN: driieal abEpraviastricdl @ropemtiesomabihate,

t her eby generaj in ref rab li-ndrical |l b Lo eat pressure
distribution’ ﬁf Cg" a'}dﬁ'ggbag |§tet%eﬁg B e Ca}{mﬁ qwaélg '{'? g%?falrel er. gas
at or near thl@teh@bbm@‘f afheak& @atspd@iﬂaérb@nzeamt@ald wtnhmqewn@hrraegregﬁs flows
are directed into extended nozzle 230 by converging nozzle 220. Figure 2
shows a scheff®i @ pIondpde; sigle thamings Wepeld Wigpexsivertiens! igkdim 2ocatsent ed on
20 a novapl e I npent camer a
128 and g?prgg%ggc?r%% %&@H@g@%ﬁg& gﬁ%&?ﬁ‘ﬁém gﬁ%g&ggﬁg} r’?os'%s E87- based
l'aser. | n thagproxinieygunigioh @1 mileeegrint canrsamdandd @oren beont@RO dédokika, and

| aser processing are performed in a serial fashion. The configuration

si gni ficantl V'“‘r@ﬁ!?@%‘%‘a‘tth'é figeRrgHbickofim PrAECSIRH HYTPIMEse: 4t Ppt-BeeassPdigsarodul es
of the MBI DX fdaiht Y RMDARME RELIIES ARMASKBEAZ Y RichBLULE ALY bl Probl em
of maskl ess, non- 25contact printing o soscal & structures Fi gure
3 di spl ays st andarhd W@B(ap):arate@oefdrabtymslaead ab®2ol Sétdepbytios inded i fohn mhni at ur e
depositi on head iY 4. M niature deposition head 124 i s approxi mately

one-fi ft i t heHplREPapatiny 19%%°5’H85£f’8f VS EETERB AR i astopglladen carrier

2006/ 06597 8Pgel/ HS%QQ@u%@Q&%! jetting procesé\ﬂ’(l'ﬂaI Qéféélbf s%r@lénh %Hte@fthet gh%ogt%ﬂ%géé I on head
enabl es fabrication of a multiplexed head design. schematic of such a
devi ce i s shoerrapip eﬂlegdlreeﬂymer the aerhsoszancmﬁm@w a’[aﬁerrpa8$1|1rgethldegh tb@heager

monol i thic, and Lglhe aer osq ent ers a(? I enum chanber 103 t hrough
aerosol gas PoFTM G &ifle ??e?'lm@ﬁ?ee?’%s ddheareviss toc‘ﬁa dfér?‘? ¥rea¥en hard oidieRyh any

nunber of heafsnddBhrhRhais BGrefdably \@nidi6@ by arl@Foshl &Weﬁ&gs%a%s S8 &hnHolg). enum

chanber 105 through at |east one sheath gas port 11 In this nonolithic
confi gur & i onside the darasitlen bkagoe rregpe smﬁlm&fersblmltlalbzrremmstboy by passiag arr ayed

fashion. The, nonol it conf i tion c unt ed_on two-axis gantry
with a stat |t8'ﬁ)3m ellhrmeg 58 Or'? ohg eg‘tergﬁ’?% 'C|B§P ??Bhﬁg%ea Pé%efab'%?%gﬂ'”éd axi s

gantry, Wit hwith dnadng@r sfheah &b, ahabarr@eetgb@amqm bIRa®N@E nide: &moﬁpkb@@,sgf t he
gantry. 10Figure 4b shows a second configuration for a nultiplexed head.
The figure STBRESIERI qriafdrt| gesariesy et Mol reey <{0a1atnm)mg¢1ﬂedrﬁ§blvmww of
nozzl es may rr di, pensi onal at ern each bei ng
fed by indi v%% uﬁ %grg%sg[g i ntt%l]%fg Oil'ﬁ\gor(r:ng% THETATS 3?‘I't'8vvs\'361"e(5 VeRPhi f or m
mass fl oxo baﬁayaermd@ﬂadmhaemdrgas &oitheeRedth G @] pradehtydrapi B@pemhom zat i on
source, the anount of aerosol delivered to each nozzle is dependent on the

mass flowrate of MRAENTEIOIHS PIECEBhTB? ferdbp sheaguaic biet baty B serogghiniets

i ndependent é?ntj f&rh\@ ap%ht}lérqgwq’&th tpeeaQS%FLt ’nn Ash\ﬁxthat%g %XrosoTlggr lgrorz]af Itﬁ% ration
of Figure 4b also a for deposition OF than o erta roma
si ngl e deposihtitogastieadie iJprembi icbrirelfea ny amtssefrowv&lo&rdmy Tl@epctormbmad $typalpe
deposited sinultaneously or sequentially in any desired pattern or

sequence. | rﬁxgﬁﬁﬁXtﬁwegﬁﬁzleé'%fPﬁ’%ﬁ” ogficqid¥ ok eht 1ot P aMufbfvplecuses heered to
each nozg e, aishiRy&AChidHE %r%e%nd%mo@&egaatéﬁeff@ﬁﬂ@leﬁﬁ hl M EE G 0% i 20sane
atom zation unit and controller, or by i1ndividual atom zation units and
control | er s.as approximatély ofoeonSa shows a miniature aerosol jet in a

configuration that head to be tilted about two orthogonal axes.
Fi gurg 5b is a rirbv‘gé\Lﬁt QFI}‘%dn o BhHegRP & BfCOBP‘E%W‘H‘rtW%%“ﬁi sﬁ'ie%i"fg‘]dF‘% aer osol

jets. The arffo@)ﬁoéssn&ﬁ&@m;F afRfinbi@NSdr@ihh P B orffld .h%ea!o%egos%@o fitster THE
aerosol jets are preferably attached to a bracket by flexure nmountings. The
heads are tilted 25 by applying a |ateral force using a piezoelectric
actuator, or alternatively by actuating one or nore (preferably two)

gal vanoneters. The aerosol plenum can repl aced with a bundl e of tubes
each feeding an individual depositing head. In this configuration, the
aerosol jets are capabl e of independent deposition. Atom zer Chanber for
Aerosol Jet Array An aerosol jet array requires an atom zer that is
significantly different fromthe atom zer used in a standard M3D(r) system
Figure 6 shows a cutaway view of an atom zer 5 that has a capacity
sufficient to feed aerosolized mst to ten or nore arrayed or non-arrayed
nozzl es. The atom zer assenbly conprises an atom zer chanber 136,



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 v, positdspaed on the aerosol gas input tubing1KWhﬁ9m@E%g§Jed, t he
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 shuttering capability. In addition, in the operation
of a nul ti ndinakiethar nalye, depaditanof @ ¢o-wfcranhies, dler S Imethoti yptcallyrashieven diflsivdual
nozzl es may be necessary. . Aerosol output bal anci ng may be acconplished by
constrictind*?%%”é@ﬁﬁ@%%ofWﬁUYmFﬁﬁé?oﬁﬁgﬂﬁﬁﬁefﬁmpgéfW%ﬁﬂﬁ?@ﬂ&?“ﬁﬁ%?les, S0

t hat correctio@asorﬁrgs ‘%ih@e—gtgéea]@f%p\égti@ﬂerI\QSSQiIaI QiR Qlé ubddCard@tZioGs whRhlybe made,

resulting in a uniform nmass ux from each 15no0zzl e. Applications
i nvol vi ng a dvinei rmtdirsepeas@nio §oi vglatties thua eregedihg jheformatioayf iumalentdey, which ar e not

limted to, |large ar rintin arrayed deposition, nulti-material

deposi ti oh, Cﬁﬁag‘&t‘fmtﬁ@%ﬁ&m ?)‘Foln}?%‘encﬁ_”%“%/’?{’ ‘_’o‘%ﬁ'ﬁ%‘nsi onal objects using 4/5
axis notion. Al thangBed RBodRioR SRMctdrite Blel BRINBESy HRSIhIRSKIchRathobA et ai |
with reference to 20 particular preferred and alternative enbodi nents,

per sons possesdémgticorghrharie ek s stigcherdo etlowey chgrilash ot the depoaiiemitdadn.
pertains wl]l appreciate that. various nodificatjons, and enhance S may be
e w ¢ hout™ SanaY B kg e (R et ¥ FoTaig e Bl BB PRl BPATRESTREE " o1 ow
and that ot her.ccedodeie®nér. TR naeki QuRet iR GanBed &StHé tehergbtestiéah i HYS
configurations that have been disclosed above are intended to educate the
reader aloutcofiraipeine aitpamriela Brqtiet efdlte neezle piicediorierrbaisiancen pfcrrarpEmplely
intended to ain t im f..i i LON: Or t he

Qlai o, Var ioei a8 8 hevof ok 1o oY St ARl askller BF BRG0P0 &

obvi ous to tdhaee irsdktdrlizack with thdr@engerdf desttadlinetidihs oi thé edpdsidd maea@vere exdtl such
nmodi fications_and equival ents. The entire disclosures of all patents and
publ i cat i on<LTGetRRY NFlLY AlPRPIET RBFRINP™ ARPETIGISA W 500 Pisrnse Abederogiied) MS What
i's clai med ijSewidnh can be approxithatef) HERABLS brRAwdHRaH r‘g{t%éss?‘z%rgf)mé Jiftle BRRASILI NY @
material on a target, tﬁe deposition head assenbly conprising a deposition
head conpri sistrgge @ toherifiprediaraer. (Thanspdatdetaghahie eaendesiolozaoaripr énablagthe he
material; one or nore inlets for introducing a sheath gas into said

deposi tion  T6REAEEPORER [ PiefUr e PE P RS bcY SIS A gl pHRep e froe 26 &

a ‘regi on praxskiERbea triniibr Q%ink 1Rf saficdpERaN ARarafue! THeQHRM o BONE BRe@R 0SOl
with the sheath gas, thereby form ng an annul ar jet conprising an outer
sheath f | owtreanr feodithgiefge ta lingwidin obibe dersisiifis owtrolled dy Ifaexitexiticersitedtheoz zl e.

2. The deposrgmtoi %hegt%ad @ssretrédt)l é/arr%}‘, Cslf%i/vmtl p}gﬁ)ien a ckibe?\,peet ilre af, | ess t han
appr oxi mat el § O I 203 FHE° e FOST E1%0n & d s@%f?f'ﬁ/e el diIeR R ei n
sai d inl®ts 1@y frdel. ERHARES 88Hobifdnl danadigcabe) BtaiRdcOWMY SAbHeRBARBLle. that is 4.
The deposition head assenbly of claim 1l wherein said region conprises a
' machined into the body of the deposition head. A more detailed description of such an
extended nozzle is contained 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 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



second chanber. 25 5. The deposition head assenbly of claim1l
wherein said first chanber is external to said deposition head and said
first chanber develops a cylindrically synmetric distribution of sheath gas
pressure a i hannel before the sheath gas is c ' p<Ldy t he

aer osol . SE\QH%ﬁnggﬁ%Sg?SPCT/ US2005/ 045394 6. The depgjﬁ@gﬂsméjg% assenbly
of claim1 wherein said first chanber is sufficiently |Iong enough to
develop a cylindrically symetric distribution of sheath gas pressure about
sai d channel before the sheath gas is conbined with the aerosol. 67.The
deposition head assenbly of claim 1l further conprising a third chanber for
recei vi ng sh&dbdstguigrdfhearringizt e dnnnigtilow frdaiyer betwadndhd derasd achetehiar assi sting
said first chamber in devel opin lindrically symmetric distribution of
Sheath gas pFESS0FEUBHEE ST Chahbe “BEril ErediaT bidali=ue PR/l ned

Wi th the aer@pediion h0B: aldeaHRRASIdld PRt BREbsaBIAEIKNE Rfoskibitedl & nRLEi N sai d
third chanber is connected to said first chanber by a plurality of passages
whi ch are patd haingigentyynahdeliepasithrmaieriehtni setdtipnagy teeiged ar ound sai d channel .

9. The deposition head assenbly of claim1 conprising one or nore actuators
15for translating or tilting said deposition head relative to the target.
10. An apparpmibidsref Rfostiepasdpbditiog Haad Bt 86tiAdbysON a target, said apparatus
conprising: a plurality of channels for transporting an aerosol conprising

the 20material ; ApuHEpienphdeMhRBPesiiqnmeatimay reguesdiedvaiginpiias device by

a regi on proxl o} [ .sal hannel s f.or caonbining the
aer osol mﬁtﬁ%gﬁggﬁﬁ%dgg?ofﬁéég%%’?@%%Fﬁ%mgﬁkgﬁﬁﬁfgggﬁ%?a?%PngéaVa@ﬁannel,
sai d jet conganinsi Npisanzaidb @ko sdetiate tfd RBicaLLN Hidnubb@ghnad draRardeaaiiesol 1 ow,
and 25an extended nozzle correaﬁondLng to each of said channels.

11. The WppdIPatsu&naBfindcIoastietied ahenceion Sfaravspl Gpapq tefp capabierniinsepesdsnsr m an
array, tion and depbdtion.] HrafdARRFoRL iGe & hidh fafre sol
enters each r?)?‘ log g? d Gé':DhanorrlleI srageg f roorrl:jlis g%\r/rl;&'r%)%ﬁ %%gr%)eé\?.g&%\% ,Ial;, afyed

2006/ 06597 8 REAPsLiDB 20 5 lidB8& Rl deposition. ArBiyedl heosapear adousovak fol iatreasé® wher ein
the aerosol is i di¥igu§I%¥ fed to at | east one of said channels.

14. The appdPALEeSHY € JiekiepduiRhSrest wils Walaings AP Fep PP 2euingires i is fed

to at customized jet spacing and configurations for specific deposition applications. Nozzle

15 configurations include, but are not limited to, linear, rectangular, circular, polygonal, and
various nonlinear arrangements.

The miniature deposition head functions similarly, if not identically, to the standard

“deposition head, but has a diameter that is approximately one-fifth the diameter of the larger

unit. Thus the diameter or width of the miniature deposition head is preferably approximately

20 1 cm, but could be smaller or larger. The several embodiments detailed in this application

disclose various methods of introducing and distributing the sheath gas within the deposition

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 aeroso! stream and the

25  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.



5| east one of said channels. 15. The apparatus of claim 10 wherein
an aerosol nmass flowrate in at | east one of said channels is individually
controll able. 1016. The apparatus of claim 10 conprising one or nore

actuators fya doka3sisating or tilting one or nore of salﬁﬁ@?‘,gﬁ,{'s&)@nd

extended nozzles relative to the target. 17. The apparatus of claim10
further conprising an atom zer conprising: a cylindrical chanber for .
hol ding the material; 15a thin polyner filmdisposed on the bottom of said
chanber; an ultrasonic bath for receiving said

chanber and directing ultrasonic energy up through said film a carrier
tube for introdud ergsseaetion of agar&;‘atilratdepcsabrdhmdaﬂ‘srmwn imRguena. ot agps® pi ckup

t ubes for v ng the aer ity of 20channel s.

18. The appa?%ﬂ"t?@m% gaélegie%”i"f?%sét%lhﬁa tgmgg aff‘isi"én?‘/’m%é‘“‘éﬁr?ﬂ?(it%de%o”@ne or

more openi Ngge aﬁéc;k%er@eao@maafreatsu&uo@ascén@ksmhe’tJepw{&nh%éd GRIRY IhiduBdpdkst unnel
attached to said tube for recycling |large droplets of the materlal 20. The

appar at us ofcogtegiethid Zippdiarenum chdaberi talTheratear ahamisr corates reu oylisdrigally
ace the material, which is delivered to said

Blr (lj\r“aldle?y gfsyy%%gﬁ%ﬁn?gﬁ@on o} srfﬁs&gas pressure about the axis of the deposition head. The
sheath gas flows to conical lower plenum chamber 106, and is combined with the aerosol
stream in a combination chamber 108, forming an annular flow consisting of an inner aerosol-
laden carrier gas flow and an outer inert sheath gas flow. The annular flow is propagated
through an extendéd nozzle 110, and exits at the nozzle orifice 112.

10 Figure 1b shows an alternate embodiment in which the sheath gas is introduced from
six equally spaced channels. This configuration does not incorporaté the internal plenum
chambers of the deposition head pictured in Figure 1a. Sheath gas channels 114 are
preferably equally spaced about the axis of the device. The design allows for a reduction in
the size of the deposition head 124, and easier fabrication of the device.. The sheath gas

15 combines with the aerosol carrier gas in combination chamber 108 of the deposition head. As
with the previous design, the combined 'ﬂow then enters an extended nozzle 110 and exits
from the nozzle orifice 112. Since this deposition head comprises no plenum chambers, a
cylindrically symmetric distribution of sheath gas pressure is preferably established before the
sheath gas is injected into the deposition head. Figure 1c shows a configuration for

20  developing the required sheath gas pressure distribution using external plenum chamber 116.
In this configuration, the sheath gas enters the plenum chamber from ports 118 located on the
side of the chamber, and flows upward to the sheath gas channels 114.

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

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.
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Figure te shows isometric and cross-sectional views of a deposition head
configuration of the present invention that uses internal plenum chambers, and introduces the
sheath air through a port 118 that preferably connects the head to a mounting assembly. As
in the configuration of Figure 1a, the sheath gas enters an upper plenum chamber 104 and
then flows to a lower plenum chamber 106 before flowing to a combination chamber 108.
However in this case, the distance between the upper and lower plenum chambers is reduced
to enable further miniaturization of the deposition head.

Figure 1f shows isometric and cross-sectional views of a deposition head that uses
no plenum chambers, providing for the largest degree of miniaturization. The aerosol enters
sheath gas chamber 210 through an opening in the top of aerosol tube 102. The sheath gas
enters the head through input port 118, which is optionally oriented perpendicularly to aerosol
tube 102, and combines with the aerosol flow at the bottom of aerosol tube 102. Aerosol tube
102 may extend partially or fully to the bottom of sheath gas chamber 210. The length of
sheath gas chamber 210 should be sufficiently long to ensure that the flow of the sheath gas
is substantially parallel to the aerosol flow before the two combine, thereby generating a
preferably cylindrically symmetric sheath gas pressure distribution. The sheath gas is then
combined with the aerosol carrier gas at or near the bottom of sheath gas chamber 210 and
the combined gas flows are directed into extended nozzle 230 by converging nozzle 220.

Figure 2 shows a schematic of a single miniaturized deposition head 124 mounted on
a movable gantry 126. The system preferably includes an alignment camera 128 and a
processing laser 130. The processing laser can be a fiber-based laser. In 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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Miniaturization of the deposition head enables fabrication of a multiplexed head
design. A schematic of such a device is shown in Figure 4a. In this configuration, the device
is monolithic, and the aerosol flow enters aerosol plenum chamber 103 through aerosol gas
port 102 and then enters an array of ten heads, although any number of heads may be used.
The sheath gas flow enters sheath plenum chamber 105 through at least one sheath gas port
118. In this monolithic configuration, the heads deposit one material simultaneously, in an
arrayed fashion. The monolithic configuration can be mounted on a two-axis gantry with a
stationary target, or the system can be mounted on a single axis gantry, with a target fed in a
direction orthogonal to the motion of the gantry.

Figure 4b shows a second configuration for a multiplexed head. The figure shows ten
linearly-arrayed nozzles (although any number of nozzles may be arrayed in any one or two
dimensional pattern), each being fed by individual aerosol port 134. The configuration allows
for uniform mass flow between each nozzle. Given a spatially uniform atomization source, the
amount of aerosol delivered to each nozzle is dependent on the mass flowrate of the flow
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
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
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



10

15

20

25

WO 2006/065978 PCT/US2005/045394

Atomizer Chamber for Aerosol Jet Array

An aerosol jet array requires an atomizer that is significantly different from the
atomizer used in a standard M°D® system. Figure 6 shows a cutaway view of an atomizer
that has a capacity sufficient to feed aerosolized mist to ten or more arrayed 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 uitrasonic energy directed up through the film. This film transmits the ultrasonic
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.
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
depends on the size of the muiti-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
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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assembly, thus maintaining a constant volume of ink or other material in the atomization

chamber.

Shuttering and Aerosol Qutput Balancing

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,
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
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
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 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



FIGURE I b WD 20061065978PCPUS20051045394 4/ 13 FIGURE Id WO
2006/ 065978PCT/ U 82005/ 045394 5/ 13 104 FIGURE | e 6/13

WO 2006/065978 PCT/US2005/045394

What is claimed is:

1. 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 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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6. The deposition head assembly of claim 1 wherein said first chamber is
sufficiently long enough to develop a cylindrically symmetric distribution of sheath gas

pressure about said channel before the sheath gas is combined with the aerdso!.

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.

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

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
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.

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.

15 ¢
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