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SUMMARY OF THE INVENTION

The present invention is a deposition head assembly for depositing a material on a
target, the deposition head assembly comprising a deposition head comprising a channel for
transporting an aerosol comprising the material, one or more inlets for introducing a sheath
gas into the deposition head; a first chamber connected to the inlets; a region proximate to an
exit of the 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



sheath gas is conbined with the aerosol. The first
chanber is preferably sufficiently long enough to
develop a cylindrically symetric distribution of
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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,



for delivering the aerosol to the plurality of
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A BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated into and form a part of the
specification, illustrate several embodiments of the present invention and, together with the
description, serve to explain the principles of the invention. The drawings are only for the
purpose of illustrating a preferred embodiment of the invention and are not to be construed as
limiting the invention. In the drawings:

Figure 1a is a cross-section of a miniature deposition head of the present invention;

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

deposition head that introduces the sheath gas from six equally spaced channels;



I b with an acconpanyi ng external sheath plenum
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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 miniature aerosol jets; and

Figure 6 shows perspective and cutaway views of the atomizer assembly used with

miniature aerosol jet arrays.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

(BEST MODES FOR CARRYING OUT THE INVENTION)

Introduction

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

deposited onto a planar or non-planar target, forming a pattern that is thermally or



phot ochem cal ly processed to achi eve physical,

optical, and/or electrical properties near that of
the corresponding bulk material. The process is called
MBD(r), Maskless Mesoscale Material Deposition, and
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the sheath gas is conbined with the aerosol stream

tgheath 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
aerosol stream onto the target and allows for deposition of features with dimensions as small
as approximately 5 microns.

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

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



fl ow does not need to pass through nore than one
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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.

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

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

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



deposition heads. The use of nultiple deposition heads
for direct printing applications may be facilitated
by using miniaturized deposition heads to increase the
nunber of nozzles per unit area. The mniature
deposition head preferably conprises the sane basic
internal geonetry 6 as the standard head, in that an
annular flowis formed between the aerosol and sheath
gases in a configuration simlar to that of the
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floww th the aerosol flow Devel ogrrent of the sheath
g‘a@“ﬂ%ﬁ?% PhPmaliener BeIsosiThe erverbanm ?@m%rrt$ fiptailed ip Gnig prplication

?jﬁsgfagé @Ds mg{ﬁacgsacftirﬁr Idgcgn%egf zfsndo |s§r|ebrug%% e:get%daes;vﬁ&lr}tﬁ %eposition
head, as well as methods of combining the sheath gas flow with the aerosol flow.
Development of the sheath gas flow within the deposition head is critical to the deposition
characteristics of the system, determines the final width of the jetted aerosol stream and the
amount and the distribution of satellite droplets deposited beyond the boundaries of the

primary deposit, and minimizes clogging of the exit orifice by forming a barrier between the

wall of the orifice and the aerosol-laden carrier gas.



anmount and the distribution of satellite droplets

deposited beyond the boundaries of the primary

deposit, and mnim zes clogging of the exit orifice by
formng a barrier between the wall of the orifice and

the aerosol -l aden carrier gas. 7 A cross-section of a

m ni ature deposition head is shown in Figure la. An
aerosol - laden carrier gas enters the deposition head
through aerosol port 102, and is directed along the

axi s of* FIsE-sEdion eka mwa'iur?e?qm@m*@%dg%hw iBriddurhda. An aerosol-
BB b e e Fertich it R AL cle e ik g aons
Ciik iaRid lof i labvice. Wﬁﬁ'@?ﬂsfhb&th?;b§%ﬁtér*§%é S’é'bogflorﬁtb%étlﬁergl@sthrough ports
pressure about the axis o deposition h

streatdtedy &s upgeovienm cenibeal104.0er plphen wrrambeindaemesl@&ylmdncany

and is conbined with the aerosol streamin
OIS FIgHoEaaRbEeatogss Hf%ﬁsmer@%wha@ﬁ'moérthef fep@pition head. The

g%%ﬁ thSdak QIQWQ fto gcw'ncamaﬁ/ a@%r(uga be?q&é?, a%g r|sr !:o blr%%f\?n{h tﬂe aerosol

outer 1nert s annul
i §re@ﬁ10@66&ﬁlﬁﬁ’atloﬁ BHi P2 169) fo?ﬁﬁh? BA 8fhuP 218l BonkkBng &R inner aerosol-
exits at the nozzle orifice 112. Figure 1 b shows an
albderr ¢rarieg gesriiowl ians A outer \‘Me'rtcﬂmeath @as lieat Thegamulas flow is propagated
introduced from six equally spaced channels. This

cBRHIRR RS ERT BRFe'E BN Al BE 4P '8 91EC¢ M%er nal  pl enum
c hanbe,gg urd fI b %@vsqi‘ﬁ%ﬂ%ialje %ﬂ]bgﬁﬁgntm &/B gﬁ ﬁ‘ug sh&trln:{ge%% %tro&&ed from

Sheat h gas c anne refer equal

adpou§ualiy epatsd ?chéﬁnetshEFhlG%%hﬁwratlgmaoéiseﬁétgﬁboﬂi&&é\%ef Rterdl plenum
reduction in the size of the deposition head 124, and

eiginbers falldind dendsitipn dbad histugksly incBigurdHia. s Rbestth ggashannels 114 are

CHERBEY 268 PooER SO0l Areris B s At Tef o o 8 recucton

ptﬁ@‘éi’z@‘d? thg%b%ei]tiontﬂ%gd Clgﬁrbér{deé%sfet %Wn(t,gﬁﬁﬁ] o?ﬁk?{e@c@n{h sheath gas

ext ended nozz 110 and exits romthe nozzle ori

kbbin&s wittetht herdsd epas gasmﬂcdneaaﬁtlmh1b5rem8m®thpldemmbn head. As
chanbers, a cylindrically symetric distribution of
s/ﬁ@atheh p@é@%ﬁ%@@um@ dombiseeflew dishyentess abeitsted noediof t0 and exits

sheat h 0 th gsition he
AL E PR RARE 112 SR U SeTich bR REETS b iTecHambers. a
reOfHdticA sﬁﬂﬁé}ﬁ@d&ﬁﬁm@ﬁ @ﬁs‘hHétﬁ ggé E?Iegéuwlg 'p%?eré‘r?& Ehblished before the
ext ernal pl enum chanber . Inthis configuration,
tsheatss hypatit igegede mtetise tldsm)supbremam C Iraguee rcf shows o edr8iguration for
118 | ocated on the side of the chamber, and fl ows

FYRIPRIN Gt e qu@regw@a%th gg%@e%ﬁwmm@ﬂqmwngmwaé plepung prfber 116.
Hrz %%Ectomlg%ra‘? m, the s?x%gth %gsc grlltgrrs] %e pYén%x}VScham ber fro%ppoﬁs tIJ|8o 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
axis of the head. In this configuration, a cylindrically symmetric pressure distribution is
obtained by passing the sheath gas through preferably equally 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.



configuration that introduces the aerosol and sheath

gases fromtubing that runs along the axis of the

head. In this configuration, a cylindrically symretric
pressure distribution is obtained by passing the

sheath gas through preferably equally spaced holes 120

in disk 122 centered on the axis of the head. The

sheath gas is then conbined with the aerosol carrier

gas in_a conbination chanber 108. 8 Flgure Ie shows
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recognition and ahgnment 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.



recognition and alignnent, deposition, and |aser

processing are perforned in a serial fashion. The
configuration significantly reduces the weight of the
deposi tion and processing nodules of the M3D(r)

system and provides an inexpensive solution to the
probl em of maskl ess, non- contact printing of

mesoscal e structures. Figure 3 displays standard

MBD(r) deposition head 132 side by side with mniatu
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atom z lvere
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 attached to a bracket by flexure mountings. The heads are tilted
by applying a lateral force using a piezoelectric actuator, or alternatively by actuating one or
more (preferably two) galvanometers. The aerosol plenum can be replaced with a bundle of
tubes each feeding an individual depositing head. In this configuration, the aerosol jets are

capable of independent deposition.
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same atom zation unit and controller, or by individua
atom zation units and controllers. Figure 5a shows a
m niature 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

pi ezo-driven mniature aerosol jets. The array is
capabl e of translational notion along one axis. The
aerosol jets are preferably attached to a bracket by
fl exure nountings. The heads are tilted by applying a

| at er al forcefu in i ezoel ectric actuator, or

a&?@ﬁﬁé@#@%ﬁ&—%@—%%%3%5#%5 one or nore (preferably

two) gal \ieReNBEeLSay ElGirRCiPaRiZl SRM %@Hm&w %ﬁﬁe@ﬁﬁﬂom the

with a bundl e of tubes each feeding an individ

datproigért ushad) irha adnddra MDY syseanf Figure @t shows atdnawayewewoif an atomizer

jets are capable of independent deposition. 10
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Vgﬁl %2 angt o‘ﬂ%@\QJ thlg#l% %%goﬁgedQ#ﬂer%?e{tg Qr? gergs!oll m whi ch

nprises € atom zer assenbly

I S pr eicfaﬁaml.éﬁt mhemes liglSrePablyl deh@RfQNithirPdtOiz&redhambét 136 and is
with the ultrasonic energy directed up through the

faohmacte@hip sarfi¢r|gas poramm;rwhsh pte@rahl)t cryoinésca hallpe tupg thad extends out
the functijonal ink is then atom zed to generate

&h thedpryafdhe a%‘ﬁ?%ﬁ*ﬁfﬁ?ﬁ’t 13ﬁu Al ﬁ§|14&§5€f‘?’%b'3b?%‘?%'ﬁ%?o?’3‘? or more slots or
%%[&ng fdé Iéﬁaga g&t QE&Q‘{@SEI 1\%&% aIIgJ\? regt%?jr&/elr éas & %H@Pcﬂaﬁ%er 136.

to carrier ga prere onpri ses

rahhed a8 btb\%lr’(shﬁ’é laRpétapdiibds Bbitare Rkméd@urihg Btoffizatidheand allows them to
atom zer chanber 136. Port 140 preferably conprises

sleenward gigng the b tOothe baiptte he sec¥ded.| Smatiesdirgpipts argleotyained in the
funnel 138 i C OMItEe carrie ?s to

CHERE R S5te e ot SPiereLOTa e PR LT i) s v e or more
oy 5 JiRGHRH Al BBo9 A EaLI0R: AR 44 0us Chem o

downwar d al ong the tube'to the bath to be recycled.
Snal | ahe dudpéraif se@b@ oamptitsdortre alomizehassemdly lid grefetds, variable and
and delivered as an aerosol or mst fromthe atom zer

AeRB pgytrvisae@ﬁ@emuitimz@e aAYe ;@p@k@tmé@iamagrembmoaw@wed on the

rpegf akgo%zer CH gedr 1% gg Q %eafl %Qé‘ % prélferably 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
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The nunber of aerosol outputs for the atom zer

assenbly is preferably variable and depends on the

size of the nmulti-nozzle array. Gasket material is
preferably positioned on the top of the atom zer

chanber 136 as a seal and is preferably sandw ched

between two pieces of netal. The gasket materi al

creates a seal around pickup tubes 142 and carrier gas

port 140. Although a desired quantity of material to
bassambiii Hedl Majeinieg plcarsientivalumgeof dnkopi otheri material 4% thebatgmization
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rate is preferably the sane as the rate at which
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ol ta th QSi ti head. Wen the valve is
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hhga@erosol i nput tubes leading to the ind|V|dua
nozzl es, so that corrections to the relative aerosol
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particular preferred and alternative embodiments, persons possessing ordinary skill in the art
to which this invention pertains will appreciate that various modifications and enhancements
may be made without departing from the spirit and scope of the Claims that follow, and that
other embodiments can achieve the same results. The various configurations that have been
disclosed above are intended to educate the reader about preferred and alternative
embodiments, and are not intended to constrain the limits of the invention or the scope of the
Claims. Variations and modifications of the present invention will be obvious to those skilled

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

disclosures of all patents and publications cited above are hereby incorporated by reference.
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Al t hough the present invention has been described in
detail with reference to particular preferred and
alternative enbodi nents, persons possessing ordinary
skill in the art to which this invention pertains
wi || appreciate that various nodifications and
enhancenents nmay be madé¥iMBout departing fromthe
spirit and scope of the Clains that follow and that
ot her enbodi ments can achi eve the sanme results. The
WheBiE bafed¢oNf i gurati ons that have been discl osed above
are intended to educate the reader about preferred and
alternative enbodinments, and are not intended to
constraln the limts of the invention or the scope of
thel CI af\fEPosjigp ngRd fenderaiinafunnieiiat an 7 &ngst.de ‘ferﬁ’és‘“on head
cor&&’@fﬁ . invention will be obvious to those skilled in
and it is intended to cover all such
nodi f i cat | ONS a@ubd @ AahRHABES aerdbi? cEbrising thethféaPSur es
of all patents and publications cited above are hereby
i ncor por at ed byharelfes fog trgrsportinPa eheath\dds, saltiathambershimoumdidg
is; 1. A (%l f%osmlon head for depositing a material on
atleast 3 pytian of s \hEposi ti on head comprising: a tube for
transporting I terial,
chanber for t?g%@%@%?’%ﬁégﬁgheatrﬂ%gtwgqegg‘lgggIgﬁéa%g?msm’
ther@bly fofraiRglamghnuRt jet @asdrisiAg RO6dterGReth fiG@b@iroubd®) anfinner aerosol
convergi ng nozzle for conbining the sheath gas and the
flowa@rdsol, thereby forming an annul ar jet conpri sing an
out er sheat h flow surro I nner aer os flow,
and an ext end@4SHTYSH EOZF%SMQ'%H?@H@PF?H@%’ ?annul ar
jet. 2. The deposition head of claim1l wherein said
chanber is sufficiently long so that a flow direction
of Zheat Thegiepositonelsdiakir amwhyrepasaal dnednbdras sufficleaily long so
direction of said aerosol before the sheath gas and
thatiflow irplion P shieath gasrsisHestpntigly p?r?éeldef)&@w direstionb sgid ggrosol
befo%ﬁ‘u 2atr\1"€aeﬁr1a |d§h sa i d hanb r is cylindrical. 4. The

depos ot oA arec v'\ﬁ'wegr ein a distribution of
sheath gas pressure

3. The deposition head of claim 2 wherein said chamber is cylindrical.

4, The deposition head of claim 3 wherein a distribution of sheath gas pressure

about said tube is cylindrically symmetric.

5. The deposition head of claim 3 wherein said chamber is concentric with said

tube.

6. The deposition head of claim 1 wherein said extended nozzle comprises an

inner diameter which tapers toward an exit opening.
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about said tube is cylindrically symetric. 5. The

deposition head of claim3 wherein said chanber is

concentric with said tube. 6. The deposition head of

claim1 wherein said extended nozzle conprises an

i nnen. di ametdepositioh Eadtaiplais1 ivbakaih Gaiddemsitibn gRIRioBYnot 13

7. The deposition head of claiml1l wherein said
COpBiReS RI§NYMm dhembierdoes not  conprise a pl enum chamber.

8. A nethod of depositing a material, the method

conprising the steps of: transporting an aerosol

CONTRr i Si ; enkd: g

LA B R RS b R

conbi ni ng t he taesmpsatidl anBerotd eorsprmg heastetiadthfighna dube;

annul ar jet conprising an outer sheath flow

surroundi ng arrapsneeing ashesifveasitirgugh 2 ehambgosurownryingriee tube;

annul ar jet through an extend nozz| e; and .

deposi 11 ng. t neebiee FeErsSI30 heridh Gosp Nimananauir e
cobrRingian oh@?sl’%%ﬁﬁl_o@%uﬁ&ﬂﬂiﬁ?ﬁﬁ fnhBGefosaR@ N gas

conprises providing a sufficiently long flow path so

t hat the sheatthngasging thewsnsarhsttttaodghadnl extengarraktielanio a
flow direction of the aerosol before the conbining
step. 10. The daeasfipgtheMmaisrdl m 8 further conprising the
step of formng a cylindrically synmmetric

di stribution of sheath gas pressure about the tube.

11. oThe nRé hetho@br GdimisMnBradritht BEH oRIFBEIrHIgRGhELR gad ep
of focusing the annular jet. 14
comprises providing a sufficiently long flow path so that the sheath gas flows substantially

parallel to a flow direction of the aerosol before the combining step.

10. The method of claim 8 further comprising the step of forming a cylindrically

symmetric distribution of sheath gas pressure about the tube.

11. The method of claim 8 further comprising the step of focusing the annular jet.
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