AERCDYNAM C JETTI NG OF AEROSOLI ZED FLU DS FOR

FABRI CATI ON OF PASSI VE STRUCTURES CROSS- REFERENCE TO
RELATED APPLI CATI ONS Thi s application clains the
benefit of the filing of U S. Provisional Patent
Application Serial No. 60/635, 848, entitled

"Sol uti on-Based Aerosol Jetting of Passive Electronic
Structures” filed on Decenber 13, 2004, and the
specification thereof is incorporated herein by
reference. BACKGROUND OF THE I NVENTION Field of the
I nvention (Technical Field): The present invention
rel ates generally to the field of direct deposi tion of
passi ve structures. EfCIflca t he i nvention

relates to théEBPQT{HAUW‘fFJér GQE AERPSRHZEBN deposi ti on
of mesoscy g ndAGR FX@RI&%&W OF PR sOVE %TRbéﬂé‘lﬁE@ r

non-pl anar targets, an enp asi s on deposition of
precision resistive structures. Background Art: Note
that the follomnno dlscu33|on refers to a_nunber of
publlcatlon;R $8-R ATER ABRLIGATIONS

Ig%% Cﬁ\ ns%lli%rﬁghenbeneﬁt%k/h%r}”hg%gf Lrlrgr Sro9 95%' sgtgnt Aﬁ) ltica%ioon Serial

sci ent Ies and
No. 6b/%3&8%$ bhtes Stiutiomn BARE1 AsdsBINektidg tof wsdwemléﬂtrbmaisltrw&es" filed on
are prior art for patentability determ nation
Decemieni8s2094, avd thesperifisation dwteof i incofepraiet! herein binfefeienssi ve
structures exist, however, thick filmand thin film
met hods have played a dom nant role in the deposition
of passive strucglEREROURE CEGiHEANDENTIONt i mted to
resistors or capacitors, onto various el ectronic and
Field of toe Dedntiart (TectincaltFEidyet s. By way of exanpl e, the thick

filmtech t _
HESCEETARTRCINATC KR 7 -k ——

Moreas?th/ th@%nv]eﬁ nTLEIORS the HRldo fﬂhésﬁb@b@@i@én fdQ;;osFtlBHe of mesoscale
printi of el ectronic structures I nclude vapor
passifke P@.B;'tuiésOdhtd glakuniof| uesplarsi ¢digeals vathemi ealhasiapo Ideposmon of precision
~deposition and | aser-assisted chem cal vapor
resistye gHusfueson, as wel | as physical deposition techniques,
such as sputtering and evaporation. U S. Patent No.
4,938,997 discloses a nethod for the fabrication of

BackbBifekarf i | m resi stors on

Note that the following discussion refers to a number of publications and references.

Discussion of such publications herein is given for more complete background of the scientific
principles and is not to be construed as an admission that such publications are prior art for
patentability determination purposes.

Various methods for deposition of passive structures exist, however, thick film and thin film
methods have played a dominant role in the deposition of passive structures, including but not limited
to resistors or capacitors, onto various electronic and microelectronic targets. By way of example, the
thick film technique typically uses a screen-printing process to deposit electronic pastes with linewidths

as small as 100 microns. Thin film methods for the printing of electronic structures include vapor
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ceram c substrates, wth tol erances consistent wth

those required for mcroelectronic circuitry. In this

net hod, a rut heni um based resistor material is screen

printed onto the substrate and fired at tenperatures

in excess of 850 C. U S. Patent No. 6,709, 944

di scl oses a nethod for fabrication of passive

structures on flexible substrates by using ion

bonbardnent to activate the surface of a substrate

S on| ' t 0

copo i3RI “h, 25 oot WboP SRR (fip RalbicROmerical vapor
depoditidh, &fsivall as ph?bié‘éﬁ dépsitignitédnhituss; sutivad sputteriag ptaseylameatlon

structure. U S. Patent No- 6, 713,399 discloses

et B.oRRtent Not 1838 99 rdisslases shmethod ik e fabricpion <§t“6?ksf"8 fesistors on
cerarfl Etesy W et SR aatient N IRGAS e red1RE Ricelapidiic!crtalfy. i tis
methdd€ GERERRiuhBadedNRYiStoD RBMRidl GE NBdeh Iprited ®ARAME tsubgrateayier fired at

The method of U.S. Patent No. 6,713,399 discl oses a
tempepatweemsexpmmf 850 96 aBeRatertt do. §74PP4¢ cisrlegesfometho Prigbrisation of

seen in filmenpe esi st
pessiVe KU1 | A P ofe 1h L8 o EoBr" ’%eé‘é R Bige Y e of =
substiafUubic &4 ﬂoﬂlﬂnlé’é forMiRd b QQSM@]M@%OH réd’tﬁﬁﬁat PHaQ aes&mmh another
e unsuitable for certain deposition applications.

deposfiedrmatiiisiadwuahtaagimivot - tih i‘quk a Paslsm p\ﬂ@t}&sé’ss dlatent Ne- 6,713,399

relatively | ar m ni mum |
cscioesien BEVSR S (e IR & PRRAHILTESOR T PPBE gl porpd e method
uses a {hlA fhrﬁ Fob &4 tc% %ﬂﬂ e%gﬁdé@ﬁa@s:\flé)&ru@lhﬂg il rBEEREds At hive been formed in a
roc es Ing o eposited material. The
cond@tn@ﬂé}éﬁﬂhé@%oﬂfof Uy iPataht Ndni6I718,B99wligiasexs pesesdsiitdt glivinates the

the need to use nmasks, vacuun1atnns§heres and
high resigtarice s3rigfiPnsieen iBIPPYRedickim embrddedesisie™s: | n cont r ast

S t\&tulg QQ&VE nt nﬁ qﬁk/é B?ﬁ}%%’ss of ;%rssxgpﬁ Qtﬂﬁluﬁ'é £BricfiorP 48 Shef Beveloped,

rocess is a direct printing

thesetp?&gﬁeﬂ H\%y BQ ahsud MRS fon Sdrtain @|position bb}:&camsﬂs Sbmu dsadvantages of thick
chanbers, nasks, or extensive post-deposition

fim pocessesaE Hg. rel@un*mdﬂrﬂwloww&!dmwtﬂé? thak are Aaaractssisticpf the technique, the

e PR BT b U85

disad nf\%ﬁésogf%lcél thlﬁrﬁﬁ'nl'b%ieéseé intl8deBe ﬁééd@&is@Sﬁsksj @dculir® atmospheres, and
eposli t passi ve structures onto various tar get S, but

multi-giey gietafitbogragph@vireesaes.f or | oweri ng the tol erance of

RGP BB AR RS P e
i Rluirk thel (38 of PBEEEH: Eifinb Fi' ﬁagék@S&@xtenswe
sad %C?P@{hﬂ&gg@%ggi Méggg{js&utlo fail Sre of the gyst em due
post-deoditidf @edzEsEifgat i Ombnoﬁon[yammm:l drernationdhe Patent eA;ppmatlgm Number
the device. As a result, the maxi num runt

PCT/YSA114f4 . @ublighas ?ﬁ'\g@ %%698 apgdqca@gratedi\erem y re erence dlscloses a

method for using an aerosol jet to deposit passive structures onto various targets, but gives no
provision for lowering the tolerance of deposited structures to levels that are acceptable for
manufacturing of electronic components. Indeed, the use of a virtual impactor in the invention
disclosed therein eventually leads to failure of the system due to the accumulation of particles in the

interior of the device. As a result, the maximum runtime before failure of the previously disclosed
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systemis 15 to 100 mnutes, with the electrica

tol erances of deposited structures of approximtely

10%to 30% Contrastingly, the present invention can

deposit passive structures wth conductance,

resi stance, capacitance, or inductance values with

tol erances of less than 5% and runtines of severa

hours. SUMMARY OF THE | NVENTI ON The present invention

is an apparatus for depositing a passive structure
syster%Cfsml) 3 i 1dd%ni ﬁutggaii/v% ltr%l elec ?i@alq (LS of dép|3§te§9>9§tft@£§1§f approximately

I'sing an atom zer orn1ng an aer osol

10%ﬂ§@@@[|5|ng t he naterlal and a carrier gas, an exhaust

flow controller for exhausting excess carrier

dePorsiastinglst, Heaeresest inveptiop a5 3@0% 8asgive EYFUTeR, “ﬁth conductance,
s, @rtare & MpoRd Dt o RrREE U Bl SAC bR imes of covera
hoursdeposi tion head, the exhaust rom1controIIer and the

transducer, wherein the tolerance of a desired

property of the passive structure is better than

approxi mately 5% IE@ Sﬁg i%!gg and atom zer

are preferably co b T | Nt‘Ilf%ﬁkplat inlets

OPREShdsEnt FREMIoR IsPRlappal s fofddpadiing afpaOiiVe@idtird bbrirising a material
preferably exhausts excess carrier gas at a direction

on a PRy erdipparktas canwprising aragonoiger| fordormingtain @arosd! CP'T'%(\?@D the material and
t hrough the cross. The exhaust. flow control

2 carnePer APPSR SETHE APTPEITS BiREeS FOUY BPk 2 depeeiion head fo
entra@ﬂg PALYSsPEh é%yﬁr@né’al fsHEGhs RIS IpRBSurd sBRsHgeRMSdiuckOra cross

el ving data Prom the t ransducer, the processor
conndt@iCthérhtbiniagr, thk dapdsitierkheat, toé egauss flgyw e;m&oiler iand thi &ransducer, wherein

apparatus. In such case the apparatus Erefe

the tqleranc &f acd@wmdwg@@rtaofr b8 @BR #ra&‘swef%Pe“ﬁ thaﬁ&{’?f@g%?@y 5%. The
depoéJ lO{Iglea(%a Fc]m%Pg\Jé FeiSathyf cofnecfel 8! §ro t Gt €8bpBeite each other. The

ceasi ng operation o e apparatus if a
exhals€ akw |c§nt@@5re&&f@ably -Ehlﬁustamﬂéﬁsatcu&erpgasf araablkeptldmpdrmldicular to an
conprises a | aser whose beam passes t hroug
aerosbl direition otteave dmpugh e ceessphist %@L@H@Wffeﬁtroa@tpé?ﬁfﬁwgfed“Ces the carrier
asﬂSCP tered light fromthe |aser. The |aser beamis
gas iBY"&1%r abl y perpendicular to the flow direction of the

aefHs Qhparifd brlaRrdd)OFURHEOEENdriSesP BEPrBESRRIrY foP ITb@Mngddata from the
orthogonally to both the |aser beamand the flow

transdlicere teipomressdheetertniving dfi 2oldak ¢r§IOp riepreseabin yhecaprarets: etﬂ uh gese the
controller for automat n the a

~ appa:ameferq{}%fuﬁWé:ﬁpprgﬁs Fgeegsgcg I%op?thﬂlgOdn ab? nd’ p%'at“s if a
clog RARIANMA o tubbiabeRy CORRG ! pbRforPofMb %E)béiJztuQﬁ aaleak is detected. The

apparatus preferably further comprises a laser whose beam passes through the flowing aerosol and a
photodiode for detecting scattered light from the laser. The laser beam is preferably perpendicular to
the flow direction of the aerosol and the photodiode is preferably oriented orthogonally to both the
laser beam and the flow direction. The photodiode is preferably connected to a controller for
automatically controlling the atomizer power.

The invention is also a method of depositing a passive structure comprising a material on a

target, the method comprising the steps of. atomizing the material; entraining the atomized material in
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target, the nmethod conprising the steps of. atom zing
the material; entraining the atom zed material in 3 a
carrier gas to forman aerosol; renovi ng excess
carrier gas fromthe aerosol via an opening oriented
perpendicularly to a flow direction of the aerosol;
nmonitoring a pressure of said aerosol; surroundi ng
the aerosol with a sheath gas; and depositing the
naterial on the target; wherein a tolerance of a
esire r
a con gt G SR SR Prtbr U BRI ST g G e i g oretes
perpeR@EIMTly S8 fdv Biredticst tiaf aciabie monitdrimga plessuexofsaig rae@sadf suaoundmg
| eak or clog based on a value of the pressure,
the agrasab with a<§a¢at'y oasuend AgPosifig 165 Statanial an the &rery wherel % t%erfance of a
cea 0 e ny
ces i TSEY 8 B GFebtey PP oo ah 3 R el &t peSpinod! Heteratl

furthe? RbiprR&s Me lsRBE b &H’@mnlnﬂtﬂﬁé &difenc@ 6F HRak oacich basas an ianglue of the
scattered light fromthe | aser beam The neasuring

presssteeandi astopatidfaliyr puding the eysfenr ifre glog,yxugjs g{equ@magqallbqqaélnq gpgration if a
ort hogonal |

t he |
leak %ﬁis,t%c heop']\eta¥d Pﬁisfa%LY Pglgeglcorggr%rss &12 rlag rse Ite'l% gb?ser beam into the

aeros%lusljfoﬂ RbashRtPEdaREred tll?ﬂ fikf PheOhiseY dedrh N gmehnaeasem@r stexs @dpreferably
e atom zing step based on an anpbunt of scattered

perfolmieg Mty ol @dtextdr extientex bdtt@gweasswrbqﬂg thetleger badte andefflew direction of the
preferably further co |ses t he rocessi

cerosph PP BT AP OEEELEea e P i et o7 B vesh L fp gipmizng

step bc?sgcm)n n%ﬁ&%sc%@%}éd @h{ ol il HEEhdudiig gept he aer osol

I ng the aeroso eati ng the aerosol, heating t he
dep@sﬁéﬂﬁ;d predéresly fukthericompribies thiersteptdf erodsplos meedatmt ¢hei pagcessing
with a laser beam and conbinations there

step prefesailyzaelentgd fie® e SEssP wcaerisied pupoe ﬁheaa?f%%rdﬂﬂ‘@a‘ma aerosol,

heatu?paflgegr%?élyhea an@ne%ﬁ% o%mlzd P\St@llléiltlnac%tm& Iﬂ?e %QQ@H tn?a@enal with a laser

bW as a pproxi mately 1 m cron.

bean, lah@ dbrAinafibhst fgreofd ERBGAtInG dthBémeteal matériahwith b daser btma preferably
preferably does not raise an average tenperature o
enabbh e lineaidjie of th@depagj@q @agangléqﬁg as lopras SpeypEmataly 1 (mj;rgr&t Irra?hatlng the

I
depo?liep 5‘%{%5:’{?9/3 i 8 asE)rg) %mgaFneéeéa t(%eg R& r&!e %%%éra tgmx%t'ur@ of {hg target to

S ng tre ment ~ t mat er |

abov@%ﬁgﬁadet{ﬁegglgo& tion on a target resulting in a
physical and/or electrical property having a value

near oljdehdf tiod presebtih¥entiont ie to ¢ promgph@tenglbp élg[at ag¢/ox ppst processing

treatrmrz-n? §%nn£a§érlg§§%4tsgdnepi8§ltlo}1 gﬂ %rt?rgﬁtt rfasrli@' gg ln%?a'\g V 4l 8 ?é%)r e%r ?n%éd %roperty
havmélg%aﬂ% ﬁéa‘?% dAERMRRal S that deposited passive

ures ave conduct ance,
Another object of the present invention is to provide a deposition apparatus which is capable

of long runtimes.

An advantage of the present invention is that deposited passive structures have conductance,
resistance, capacitance, or inductance values with tolerances of less than 5%.

Other objects, advantages and novel features, and further scope of applicability of the present
invention will be set forth in part in the detailed description to follow, taken in conjunction with the

accompanying drawings, and in part will become apparent to those skilled in the art upon examination
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resi stance, capacitance, or inductance values wth

tol erances of less than 5% O her objects, advantages

and novel features, and further scope of applicability

of the present invention will be set forth in part in

the detailed description to follow, taken in

conjunction with the acconpanying drawi ngs, and in

part will becone apparent to those skilled in the art

upon exam nation 4 of the follow ng, or may be

| ear ned r ' £ t.he c.nv. i On. QD] s of the
of te B3 B o diev e AT Rrach g R B, ol BB R LAt
inven@ntnity e edided BR@ AirRl by Mearisis the inseurbentdlites@sd eamabinations particularly

conbi nations particularly pointed out in the appended
pointesi| cgit inthe appeBRPEFRIMESCRI PTI ON OF THE DRAW NGS The

acconpanyi ng drawi ngs, which are incorporated into and

forma part of the specification, illustrate several

enbodi ments of A BREPDESERIPTIONORTHE DRAVWMNGS oget her

with the description, serve to explain the principles

of Thie laecampemyingideawingF hehigirasguinpryeorateinterfng fry @ pap gf the specification,
. purpose of illustratin preferr ' f.th
ot PEIREA SeoEEnls & o prevest BB ens et o BE Heedibudfore to
explalnMEIHhERBS of ke ikVaRtioHA! &M Aewingdarg biEfol e berpsse SENENMATINGG preferred

of the enbodi ment of the preferred M3D(r) apparatus of
embotiif@nif e dnvention avdbaTe nalito beogvasitued o linitingdiredevgniianindn thedrawings:

and depositing passive structures w.th £ran

Disis Bare = T of e SR B8 AR MBS HREER oo prosen
inven[i&ecaﬁ{b%f § %ﬁtgﬂieWi%és HRRBSRkiNS pdabivd Riclafes SMolerances below 5%.

Invehti1on, configured for pneumatic atom zation.

Fi fagUre 18 shéwsathe geneinal shwudiment tof ¢her eéfaredoM¥1Ti appiretupwob the present

sheath gas pressure and total gas flow rate. Figure
invenfien, ranfigiredfpigRpgymatic gomgatinoss section of a passi ve

structuyre wth ' ' : [ | gas flow
St PR e P oG AbRp SOt St gectiodsi and ol o
rate. WM th an additively trimed passive structure. The
hei ght of the structure is t2, where t2 > t1 Figure_4
i SFigure 3shie mattiematihef Ricrags Besten af RP23SVEIFTIRBER W?f\etgfi"g'tag?“hﬁge height
a greater resistance than the mddle structure, by
°“he\ﬁt'%?tlj’8'sotf' the greater length of resistor materi al
befyRe By i BeciRAfEe of Fiier R, with dnSedditieftemEd SassiVe rutl@dEe height
reststor prior to direct wite of additional passive
of the structure is t, where t, > t4.

Figure 4 is a schematic showing that the rightmost resistor has a greater resistance than the
middle structure, by virtue of the greater length of resistor material between the pads.

Figure 5a is a schematic of a ladder resistor prior to direct write of additional passive
structures.

Figure 5b is a schematic of a ladder resistor showing how structures can be added after the
board has been processed and populated with other components, thereby tuning a circuit after it is
mostly complete.

Figure 6 is a schematic of a passive structure written over the edge of a target.

Figure 7a is a schematic of a linear passive trace with terminated resistors.
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structures. Figure 5b is a schematic of a |adder
resi stor show ng how structures can be added after the
board has been processed and popul ated wi th ot her
conponents, thereby tuning a circuit after it is
nostly conplete. Figure 6 is a schematic of a passive
structure witten over the edge of a target. Figure
7a is a schematic of a linear passive trace with
t er m nat ed resistors 5 Figure 7b is a schematic of a
serpenti.ne ass tr S.
) dﬁ_‘;ee‘}tgs F g gma |%o a s«ta 'Flgn%n%%sg}/ée g{cg]tvgﬁqe?rq ngét@@ﬂe%tlgrﬁ a
V' RS 19RRBhnalic 6 rdkitdr chiBy®Ie in a Vid Igtwen Svaderplidiéyersa
od for depositing a coating on the walls and
bo‘tlgtmm ddpicts a/methOCFfPrgd?P@ssma6&0%'%%“’8 wRisRE Petom i -

h N
te%‘ﬁ‘ﬁ‘? @-s &' gg}ep'usgn asm Z@Fm gﬁdﬁé{es 148 t%:‘lﬂ;b@%%gg&f\%/subtractwe

techn éfbg’atﬁﬂat@ @Gs:&@ﬁét%tstru&ﬁ&ﬁuﬁ@n%h(rl_s.lsTHE PREFERRED
(BEST MODES FOR CARRYI NG QUT THE

INVENTION) Introductlon and Gbneral Descri ption The

MB a
oohnol boy SameEndle: o

and elimn &%u&@@e@ﬁ@ﬁcmmmddi@gf@mv@wro acuum

deposi tion"technrques. e netho I's capabl e of
Introdd€tR@Shdl Gerterat Dpsesigtione el ectroni ¢ conmponent in a

predeterm ned pattern, and uses aero

nam c focusin .
of ThenMZRST Byeesss &% R ZAFIVS %@Ho%’l“f'“gpﬁf'?'@g’ﬁs %PB‘E@% I, g pmblent
environmdan? grécgélﬁﬂ‘%l{ersglﬁg rr%%ﬁ gor%h&&”ﬁc d ngcuﬁiltedﬁgésnulgg&lglg}lrcg)g? | 'Ik')f|1e method
is caphtid) of Géﬁbﬁlfﬂi‘g alpaséifai 6lkctiiohit ompehep iny argpredeternaikeds pdtimn and uses
paste conpositions, and may al so be used with
cerospna: rrqr,:gwngo@tswaewsek SHEPERL 1P SAROSH AT e B RLAGEY o non-planar target
wnthoatoth% Fs,?a% mgﬁ Oo]: moglﬁ me‘ltlgﬁéehtg nﬁ'\eq\ﬁ” 'g!%gn'rog %ucrgég%gle w_ILtR é:ommermal
thick ﬂ?ﬁteﬁ@ @ol&ﬁer%n@&fllrﬁ W&p@&tldﬂe s hfay Bigo balliskd pitieliquid precursor-based
formulations onto the sane target |ayer. This
formuationsh barlidlerbaspciforneulatiding: and fomymgqstop@ﬁiﬁtl@g of,aé:gqnglp@tp@ of particles and

t t
quuid?pé%%ﬁ%r S E%r\#?thqug?ls%ﬁ%ﬁlr gfnq%gosgmg %%I%lelg tfo?fﬁ@%m%rlt&'ﬁ@ same target
layer, Ttﬁg]écf%aﬁllﬁfer?a@g? dhRY Ee.rposﬂ—cl?leof MR [Xive) striBbiido dith 8 I%ﬂ@hﬁe&)f 653|stance

Ing different formul ations, for exanple one
valuds 0\sangig rem under 50 Q/square to over 500 KQ/square onto the same layer.

The M°D® method is capable of blending different formulations, for example one low-value
and one high-value composition, in-transit, in a method in which multiple atomizers are preferably
used to aerosolize the two compositions. The formulations are preferably deposited through a single
deposition head, and blending may occur during aerosol transport, or when the aerosol droplets
combine on the target. This method allows for automated tailoring of a formulation, allowing for the
resistivity, or other electrical, thermal, optical, or chemical property of the deposit, to be continuously
varied from the low value to the high value. The blending process can also be applied to pastes,
inks, various fluids (including, but not limited to, chemical precursor solutions, particle suspensions of

electronic, optical, biological and bio-compatible materials, adhesives), and combinations thereof.
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and one hi gh-val ue conposition, in-transit, in a

met hod in which nultiple atom zers are preferably

used to aerosolize the two conpositions. The

formul ations are preferably deposited through a single

deposi ti on head, and bl endi ng may occur during aeroso

transport, or when the aerosol droplets conbine on

the target. This nethod allows for autonmated tailoring

of a forrmulation, allowng for the resistivity, or

Ot%gr ? b\?oglt?tqc%uggle apetc!agelrti??qu c?a@rﬁé E%Jrs]%“lleg%%lgt[s}‘%%g%g ralsterL(ljcture having
a dedie®@Qebiiul,| PYn¥R] Yeothér driRrt)i igdudinal bue notThﬁted{) kea dbrmyctor resistor,

process can al so be applied to pastes, inks, variou
capaditbrlindectqri insstlatedi q:@;ctrfg uqupm@ﬂsoq filker. tvargstar, derrqgwg?ﬁt Cagpeswe and the like.

g{ﬁéﬁ\“ ﬁlr Bl%g%fg:plreg fably (?protfi s ma enaltl Snp %P %érgégﬁzegfform Aerosolization of

I cal I 0-CO bl e
most 'BQFH@IE isBdpensiHd NS PLYRBIY peﬁd?ﬁ*e@ Q&hd B q;tné@ﬁlﬁc tdbﬁdSee @ﬁch & #debulizer,
used throughout the specification and clains, "passive
howesgdrutirasanicederoselaativn mag be usdiiereatiele syrgensieng) g@ﬂsys@\g of small particles or

o bR bln PR bRl B AT R BB oven

and édng’étﬂ% ma#n%%é‘g&%ens%'n eHRGivb bomizZBHRARK &SRS ilow fol the generation of
vari st or erromagnet, adhesive, and the like. The

dropl&(B Bidvbistparedss vithefzes hitafly tietpo sottimiteret dhg ‘aﬁ micrpnzsize range.
aerosolized form Aerosolization of

nos
s u%'ﬂéﬁ?glpaj'ﬁ seefagolizeq éP%?BW%?e PRiYetRvE s‘f'ﬁ‘fﬁs' s 'ﬁ@%’ﬁ’af prg 1-10 cP.
Precursor | G prg r/Grtich %Pd&ﬁ pch\?VfﬁVt@ R/.swské@%@ﬂbﬁ 00 cP, and are
osol Za I on may Use Or partl cle SUSpGnSl ons
prefe%@@sé&&slo%d OfneGrmichilypaCoinpdsitidon with | vissesitien seft 400-1000 cP are also

particles. In this case, the solid particles nmay be
preferably poeiteatically agrasairedy rUsing rujahie giluepl} mRositions yvith Yiscosies greater

ive th i nt ai
oon S50 o e TSR RISt
dr el stRred awa%se&f/ R blebéhlt Gfveitioh,wisichz BScabytiid ofadidpysiting, passive
but not limted to, the 1-5 mcron size range.

structutess rhagiog katadricgs belovo §%| w@eexte@@wp@gﬁlmqsO ﬁsShP‘y'birb'é‘Q‘F? TRafigure 1b
vi scogifies ran

show|5 rtg%m B oraP‘ﬁ?é?t't‘? g?rgglggtgrgo(s Sqnwrg%ng eitomlzaélgrr ik an%ocgeta‘fi\g qhe most general
embo\{i‘n'?ta‘ﬁpaJ the g%)agtusloAr{]-QQrt Chtrierafad ané?rlermhﬂfl@ b@k&rébly used to deliver the

aerosol 1 zed pneunatically. Conpositions with
aerodlid @smple esthe fiepbBifonIri@Dlec h the easglo§ dtraqgmefat@mabilgn the aerosol-laden

pneunatlcall¥ aer osol i zed

bl e di
cam%@ﬁb e@fefab!yr%‘ e dopasttion P?ﬁldé@mﬁg Gy Bfer B affoplgl ST ooess. The
carrier sé %gn;%[ ssBd Y SHAMA JasWhibARLE ccfn%’ns@a%kil@ﬁ V&por), or a

a oso |on preferred apparatus of the present
mixturd1yfedthl cme demmahc aaoseﬁzaadml peoce$s r@eyies b tcarier gaa dov 1ate that preferably
structures having tol erances bel ow 5% wi th exte

excepdsrihe mexdmun gllowlgyaas flewrstg tiyQuah depogifio fead P4 T%*H‘B@E 3?1’1‘&’3 of large
carrleérggg h%\/{{ gﬁ?%asa( %?%)lilasmrpo SF];FI”MQQW O%rto Qr\f?éﬂ,‘ﬂ%' & vtﬂttleﬁ’ %;é%% Qrbreferably

gener a
used to reduce the flowrate of the carrier gas, without appreciable loss of particles or droplets. The

number of stages used in the virtual impactor may vary, and is dependent on the amount of carrier gas
that must be removed. The stream is introduced into the M®D® deposition head, where an annular

flow is developed, consisting of an inner aerosol stream surrounded by a sheath gas. The co-flowing
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enbodi nent of the apparatus. An inert carrier gas or
carrier fluid is preferably used to deliver the
aerosol i zed sanple to the deposition nodule. In the
case of ultrasonic atom zation, the aerosol-|aden
carrier gas preferably enters the deposition head
i mredi ately after the aerosolization process. The
carrier gas may conprise conpressed air, an inert gas
émhlchTan conprise a sol vent vapor), or a mxture of
, e ng e r
cont QP 5rooBU 11 B PSR HFahd pbAESR ShERA S o of e
omméﬁﬁ%é@ﬂﬂ al | owabl e gas flow rate through dep05|t|on
head 22. To enable the use of large carrier gas f
r aMw febrisating xeantiYee strusiypss osingreaneanpUley. Bow, dhepagrpok thﬁ?ﬂhyfefefab'y
fual i ctor f I
enters (ERHPB PR oD DL eFrEng el 2 L eeish R offE, Acrosol
carriePfasiRWichttofist 10 oreftiraih) @hfols the thasstHBlgHpuO finsidearedeposid head, the
in the virtual inpactor may vary, and is dependent on
aerosblhﬁireamolsl ntreferbbly dnitjailye pollg'@;ed b aessing sttWO@ f éﬂ'@‘@@t@r's'zﬁ']@"f'ce The

emerg?g?qé?%t%%rg%tﬁr tggnugc?n gth 8 56%4\%?% d)r ﬂ%lo né’r?nlsl’t : aﬁ%nnlﬁg}%stnbutlon

consnétﬂ&?{ anaﬁr{ep§é:?!>soﬂa5mr§“§ars%’|@ g€ SutéPshat® §Rr Mui@ ahe snath gas most
co-ftl ow ng configuration is capable of focusing the

comnaly BMbriset lcedpressed ay o @x i imsit gesy where ohent hoth ey sioptain gf modified

the orifice diameter. \Wen fabn
solventivapsicoteyd: [Rg quatgrgasd?m(ﬂﬁ through 8\7?/ ?art'féalglégg% iqw tEcl-: ?%8?%' inlet and
formsﬁ afnﬁ@%‘t}lom tﬁ% e‘?’ostam’t Lah BOkdw cdrRbiRE 85l pRRrdlf R8st 18 sheath
|recte towards the orifice. Aeroso
gas. Oaé E:brﬁtfn@&ﬁ‘eiﬁmwltaﬁmtﬂaﬁbétﬁhmﬂg}l gor eflier dilebtpd ebnatgebzas Thiseannular
mass t hroughput. Inside the deposition hea

flow foeusesstbp agpReb aFRATSON BFast 2An it fpaﬁiquas'ttoamg %?ﬁlfeédv'*w'menswns

o B30 TR B R T R B8 vt o

focus84 1@ taBroSt Strédin zfnldlqﬂré?irenté PérfididdGroadepositing @htodhédrlfltd:mﬁlll Tiis shielding
consi sting of an inner aerosol-|laden carrier gas and

effeciammmubecloggh\ea’fhegd@e%r fluid. The sheath gas nost

\(l:m'gm}lg:{n ée? g{‘[ﬁ% Isr?w%rsgwgg{%%ﬁéi?e ﬁwerge}ogreotgr ]lu%r\}vgitmcgglﬁev ﬁgsn) is controlled
by the/ gﬂf&é 28 MEtio of-ghgatﬁ BaAiol r@ %o BdMic? lg8s fidW 1atég Bnd thé€ spacing between
sheath air inlet below the aerosol inlet and forns an

the offita ahditardet 2ZBnvin tybical enfig@elips ollergst 280 attacpesto fa| pipjen that moves in two
controller 12 preferably cogtyols the s

orthogeRLAINIPnS BF4SA FERAET E LR RnBEr SHEBUH i 5P et may
be d%o&%ﬁt &g AbrnbR! Jfbgufion di Rivs f@%HAsﬂBn hgéooﬂ foQﬁWéQIS tWwd16rthogonal

streamonto target 28 and allows f
direckbRP QHilé inimtading espgetir28sin v fl)kbddpMnSI Ofes antagersqmﬂguraag"n attows for
m crons or |lower. The purpose of the sheath 9gs ISt
movefmgpinef gleprsiting ﬁ‘?%ﬂ qzdy ape @lﬁaﬁtﬂonbgl[: ﬁ target 28 moves in a direction ortf?ogonal to

that of deposition head 22. The process also enables the deposition of three-dimensional structures.
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 linewidths. In the

deposition of a 10-micron line, the M°D® method typically achieves a flow diameter constriction of

approximately 250, and may be capable of constrictions in excess of 1000, for this “single-stage”
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focuses the aerosol stream and prevents particles from

depositing onto the orifice wall. This shielding

effect mnimzes clogging of the orifices. The

di aneter of the enmerging stream (and therefore the

linewi dth of the deposit) is controlled by the

orifice size, the ratio of sheath gas flowrate to

carrier gas flow rate, and the spaci ng between the

orifice and target 28. In a typical configuration,

rge ched v ic flow

dep°?5tl‘c¥"h o@oﬁ’é{?' ?s?rgg: 15 Sﬁsustﬁ%d% d p(h%ﬁ% {ey?@%%%r%% r%fl?gs%rsomc °
velocitd) @RE pfel/ &ERS the S6tmhaivatof tufulenCidwe wgieln nald paentiaiyleadde a complete

deposited. An alternate configuration allows for
constdetiposfithd fiow. head 22 to nove in two orthogona

directions while maintaining target 28 in a fixed

position. Yet another configuration allows for
AcrodSRLENERH VR{uald@PR8sd | On head 22 in one direction, while

target 28 noves in a direction orthogonal to that of

depase pictameth operat®. of he systent oF theapreesni iiydsttias detgiled in Figure 1a,

Colhsgc og h%qluﬁ\gacogtgr'ﬁlgge P%Irogﬁlgge Qala éenlgl;k'g%e%%ﬁre a*an ﬁ'l'ﬂeea%&ol-laden
gas &%519519 ldelﬂer%@mrogbgo fﬂ‘ua@‘ﬂn@&é@%tonﬂﬁr 32E€84pokiflonpEBE 22, exhaust flow

hrough nore than one orifice in order to deposit
contraldbsm dnbi iprastuee skrsing\tiadsduser 36n €rags 3Q ispweferably gorfipurgd so that the

10-micron line, the M i call v5S
aerospl W 1O ERRSPIS. O ST GRUGE Tay Y 8 camieery o G gbostion
head{rﬁyce?s ca?r%p llse rgtferqﬁg 'e% géetg% gcf?r?fﬁg E%téﬁ%ﬁ(fg ;’zrlﬁrgl‘?ﬁe SERa6L inlét@Utlet line
of traG@ N Maké ﬂd\nﬂécﬁ'ntr&ree 341 &qﬂeferaﬂﬂyi ugeldego tontrakthe pmpEH fof gasdbat m)pxhausted

reach supersonic flow velocities, thus reveni éﬁ £ th
from tr@ramcmofﬁor@fp""tmﬁhe@m%t foWwgiping RHIoWHEoBBIP N BRsE R £1° ?%F‘°“ of the

lead to a,c Iet [ f es to the
oo e 47 RO PATRLH Pl o el f 8 ot e
depoQifih@hd on of the system of the present i nvention
detailed in Figure la, Collison-type pneumatic
at lorn 2kernadige erabagisesint, ﬂ@sﬁtqm@f ipelecated ’e‘?t'ﬁ af"?f‘é”‘s‘ﬁﬁiﬂ Vtual impactor.

Posrtleplg%@e-gr%gelﬁtﬁéa%%? lp%]alé %rﬁ%% a?ognéz%?m C}blﬁ rélﬁlt ; l}éﬁ{eﬁ%pﬁﬁuon of larger
dropl?lé NGHLE el deRiol Lﬁ’t%wl)pideﬁcis 18t tinRNA trafisR SBMItRe SOMEEMY the target, and
'ansducer 36. Cross 30 is preferably configured so

undeigbéd retilted ewsporatianl The depdsitibreof Iarger(glp:py@@ qap praduce;peysiggrable effect
fl tlet. Th tlet

on thg gg%vgq?%s@ﬁ% of H@éjgpgsé%gt%tlugea aneggrca:g §gposn ed ps?rg tle\e/rgsg%fr)\ed from larger

droplg’t)(hﬁl fess F;r{c?{%\;e%%razyaaﬁ Wr&gg efls/géj Héffnlﬁ@n AR&rP&Mpared with structures

f travel ss flow controller 34

depoélﬁd thegrﬁéllab pdetstedizé oropletst fl'hé atbrhieerasoptionallpgitgted ta ement material
i s exhausted
agglomeration.

Typically the carrier gas flowrate needed for pneumatic atomization must be reduced after the
aerosol is generated, in order for the aerosol stream to be introduced into the deposition head. The
required reduction in carrier gas flowrate — from as much as 2L/min to as little as 10 ml/min — is
preferably accomplished using a virtual impactor. However, the use of a virtual impactor may cause

the system to be prone to clogging, decreasing the operating time of the apparatus to as little as
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fromthe system Controlling the exhaust flow using a
flow controller increases the precision of the
deposition process by aiding in the control of the
mass flux of the material that passes to the
deposition head. In an alternative enbodi nent, the
atom zer is located directly adjacent to the virtua
i mpactor. Positioning the virtual inpactor near the
pneumati c atom zer output results in the deposition of
| arger droplet [ | e
e B8 e SRBH e  BE FSR3 ) b BB s
the apbaFhtusUdIFRIUEED 8IS naf dUFRA cervarpBasat iresittorsl foe addiiosastiSaningés before
l'arger droplets can produce a considerable effect on
failure;, Wih eHelerarsedn thetregiganse velHes efesdruch @g 38%, Jog gpearatys,of Figure 1a,
contragﬁ ! |r ge%)@cgsﬁg??\gtlﬁrtéd%gd Iﬁ%%?&u?lgr%gacqoqwgmgg %élt%(gﬁfsts excess carrier

SS partic verspray and I nprove
gas fBMdRe @@felnn Lvﬁiieq'ﬂinwm RO IBAS A rtoled br_\cﬁbtﬁldtﬂi éfrpagicles with the system.
deposited with small to noderate size droplets. The
Crossa0oamitw &y a viguad [ronacten Witly cangiderabli trgep igh 2B eqliectprerificy ¢pmeters than
aggl oneration. Typi cal the carrie ate .
thoserHRgR A (16 STHE AP a P o0 B e el s et mev
incredsB&he SRR Ut rhaterE HRE ALRH thrbuyh Othél SArtubIOkpbiisr MRBOSGH axis, while
streamto be introduced into the deposition head. The
minimiz&gUhe adunigdide bfi neaterianonctbe infedor ofjthe dévieewr ate - from as
much as 2Umin to as little as 10 mM/mn - is
preferably acconplished using a virtual inpactor.
leaWERM@%%% the use of a virtual inpactor may cause the
———sygfenr{o be prone to cloggi ng, decreasing the
OPRNedkdsBIg idvertidon @fefdrdlty @ep alakialbg sensarscohptigingepregsuregransducers to
several mnutes, while undesirably decreaiing t he | |
monitpoihe rmeasewre geveldred @b e Ataneieer 9p (et FPe at thgshesth gag wiet. In norma
he apparat u f Fi ' -
ore g PR Rl o2l HSROS0 e Tha 00 prouon e
systew, LAY @n b8 lcaEaELudiny d SBordasitis traitutnial abustisn. OA plasoffpsiure versus
as 30% The apparatus of Figure |a, contrastinq
total flogthraughsthe $ystentisplebandn KiguDe 2) Ifdhersysiam PrespHe isdiangi
cross 30 that. exhausts. excess carfrier f
predlg%tey eth? curys q?glg 'elr}i’ ﬁ]n%r?-ﬂaa)lf ?l?]v(\é mﬁ¥) Sasve ggveg)ogggﬁrgr{"é @@g& as a result
of matdtal SR @tioR af the BleSsurels tdd 16M1Q F¥EhedBK is SrERAE addmasiiss deposition
as a virtual 1npactor with considerably larger jet and
may Isihhiliet or stepped ertieelyd i Brese@ng otdhmpelynphigkasiualion @f e £Hve 1gRresenting
standard i npactor. The use of larger jet and collector
normg)operaliad I HIPdeBY s nay i ncrease the anount of materi al
that flows through the virtual inpactor mnor flow
axis, while mnimzing the a cun%ggtion of materi al
on the interior of tA& M&\?’TM&é+M2

ly,
t\% the pressure

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

is given by:

Qultrasonic = F sheath +F, ultrasonic
=F, . +F -F

Qpneumalic sheath pheumatic exhaust

10°



Leak/ d og Sensor The present invention preferably uses

a | eak/clog sensor conprising pressure transducers to

nonitor the pressure devel oped at the atom zer gas

inlet and at the sheath gas inlet. In norma

operation, the pressure developed within the systemis

related to the total gas flow rate through the

system and can be cal cul ated using a second- order

pol ynom al equation. A plot of pressure versus total

flow through the systemis shown in Figure 2. If the

system pressure is higher than the pressure predicted
where,b# istREd&vIdE YiSw Rifte. Thé bieficidnts M, W andIMadre Icbratantseyr daetvéeposition tip

devel oped within the systemas a result of nmateria
duameiercbumdeaama@h with fespépbtopptraasgiitie PIESSW®o | ow, a system

resent d nater al S| .
| riets R GEOr BiHEE AP 5o Saiobf B i for continous
manuBPdnENR LR n%ﬂi‘t@lh? Rt &Etr& Rethe ¢St rwnEHne@exratmmu an NAdssBied mode,
operation is of form P = Ma +MIQ+tM2Q2 where P is
the sydtem Siag dehmaitered rfcescmgs eardraditaaically pargedwhen AN @Rreags B, pressure
The total flow rate tq!ough the system is given by:
beyond A Rigrdetpmined valuis 4815°€% Ful | nsoni ¢ Qoneunal i ¢ = Fsheat h
+ Fpneumalic - Fexhaus/ 100 where F is the device flow
rate. The coefficients My, ML, and M2 are constants
Mist Sepkin@ach deposition tip diameter, but are variable
W th respect to atnospheric pressure.

s e@lge@ptatpyp HEpsHEement gféqu%{m‘,@t %f)gg{oé%ganeéqj?%@/t }n% %Wg?r ugg%ls critical
for eg%n&efyv ma FSIO %&rﬁ%@&&erﬁw Hp{/\ﬁ QPP MR I RGhtdMRREd &Td Bfhstant mist

con e system en oper ati ng In an

densityNEwd fok EQCIB‘Eﬁj Gepositidre sy the masaylwbel awrusblized edtefia rdelivered to the
cl ogs, and automatically purged when an increase in
tamebmebsuwwwﬁﬁ@y@ﬁﬂﬂﬁmﬁre det erm ned val ue i s detected.

ae %s%’?te@eﬁgﬁh pge%tegtt %\H{;Y&\ PE%?a%r emﬁ%s 29 lgths%n@c;rmwméh Qfeferably

units is critica

compflggs £¥ikie8 AR BRI %Eer%ho@&b&ﬂﬁb@ﬁe@ Bre6uhi the agrbsdl betlet tube of the
MBD(r) system Muaintenance of a constant m st density

atomiaérl wits Teobeapr scirefermbly degrdest perepndicelphioethe [@us ph e ﬁu%xand silicon

f r liz | iver
photo%iodgsearg ;S)I%ferab%dpog;ﬁoned ag}acegte fo thee’tut?edont gn gxbseperpendlcular to both the axes

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

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

determine the input power to the ultrasonic atomizer transducer.
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target can be nonitored and controlled. The system of

the present invention preferably utilizes a m st

sensor, which preferably conprises a visible

wavel engt h | aser whose beam passed through the aeroso

outlet tube of the atom zer unit. The beamis

preferably oriented perpendicular to the axis of the

tube, and silicon photodiodes are preferably

positioned adjacent to the tube on an axis
Prc)Cegerpendlcular to both the axes of the tube and the

r. As the laser interacts with the mst flow ng

t HhOWERBsdiR thatb®y cdrhgdBitionsSmaySieagrbcesd ib-higittugduriag wambport to the

angl e. The energy detected by the photodi odes is
deposjiion peadt 22 ped-Proessing —swranesferogiie ontthe tsroet AR (RpsleRrogepsiig)- Pre-

As the ms EIQM/rate ,ncreases

procef,s\i{@rrg%}lsi@gu n T’tl is gotslinzﬂeg to, (;\mensdé "’ﬂﬂ' ér?(l?rgﬁ& ﬂ,teoéli-éggﬁcagf& g%’é or the

\ ( I'S reache

sheatlwgés‘? hTh iR RERsOHbPYE abRARIIEAEd 6P Hrb@lting alrosolized droplets
saturated mst level <condition is preferred for

and/oCaapsit iatotthentagrier gag fant , Thecevaprmation p@gmﬂgpmfeml?maggﬁn@a@ed using a

~out put indicat ti s ition.
reating RIS SBRCFBETS DTS P BUERAe BIERG phot odi odes -
| o000 ey, qné?ﬂ#cl&i@,rbupg ndBiffted B usihgloRE B N1€onibitior g e following

power to fﬁe ultrasoni c atom zer transducer. 11

proceE¥e®.C & BistharfhallyTheatiae the Jdebésitext featatee 1(2) adubjedinp dissi dgpgsited rggjure to a
ducggp%g&?epe 2%%%@'@25 ygi(%hi}rééiﬂgggg%ahr@%auﬁ g Et@h%grtlqu radiation. Post
re I . -
s p 2 -

deposited o . - ' .
oL T L SRR R B
1000 HgMm ¥dite OreQUiringr d0ivegt eleportsnosolcroasstinkingr arg afgpically tinesessed  at
t sgeathrgas._tg; ggqig%&igaé;on process qg& ge d deposits typicall
empexaiuresof EReximaigly i2Atte CCnPrae¥s9s 8 nsnopartiviesBased deposits typically

.and/ or _vapor into the ¢ ' L . e
i it B R L M SE T3Sl Sl g e o
requird $dkd QRVASSRIMRHNY tdntbeRUARYT apRoxififtelp B50MD1E0WTC. tdrenmercial polymer

sol vent and additives. Post-processing may include,
thick It pastesnané tipicafiyt rrocesesd gl tengpenaiered of aPrERxiAtgha P oy 2P °C. Post-

the follown rocesses: - ] ' . .
procogo Y GNBR (1B, PS) PR 19y 5 RS S (ot Bnvionment
Subjécﬁ%ttfg#’ (?etp.BQt 8 a (ERPMSE 5idsRFeCPTiknMeRIEREDGRIURRg 1A héatihg step, in order

irradiating the feature with el ectromagnetic
to aid MGth@tdnanal dP@siventparacebsiogtiefadgitiesi wey frilitatetnipcessing of passive

generally requires tenperatures ranging from
structdisp poReatrBneliye 9980 1000 C. Deposits requiring ’

;r (_y\)éoe géfgrgevdgﬁaﬁo%ts P RaHing&h® il P BRI tEmbeARire&breYy heating the

deposit and target on a heated platen or in a furnace (thermal processing), or by irradiating the feature
with laser radiation. Laser heating of the deposit allows for densification of traditional thick film pastes
on heat-sensitive targets. Laser photochemical processing has also been used to decompose liquid
precursors to form mid to high-range resistors, low to mid-range dielectric films, and highly conductive
metal. Laser processing may optionally be performed simultaneously with deposition. Simultaneous
deposition and processing can be used to deposit structures with thicknesses greater than several

microns, or to build three-dimensional structures. More details on laser processing may be found in
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tenperatures of approximately 25 to 250 C. Precursor
or nanoparticle-based deposits typically require
processing tenperatures of approximately 75 to 600 C
whil e commercial fireable pastes require nore
conventional firing tenperatures of approxi mtely 450
to 1000 C. Commercial polymer thick filmpastes are
typically processed at tenperatures of approximtely
25 to 250 C. Post- processing may optionally take
ace r
s R A e
SensifNcORSHEBle DRBbIitRATERE ob 8EREMBDEP27,(8004, Nige ¢pkeifidatiart andgrlaims of which
step, in order to aid in the renoval of solvents and
are ingdrpreated/lterein by refegedek-t i ves may facilitate processing of
paSS|v struct on n T i
Fré'}aﬁye‘a'o"ﬁéﬁq (?ggc%g?s hraé,%l 1l elw}@% t at!é \égrtlglg og%‘é)n?ig%de Sri1encéeposmon
head EWE B&HobitidhSpaftintddy, ah@Rdvie AGnihiMEm llﬁ’eﬁ@cﬁﬁ bﬁapﬁd&ﬁmbﬁrygeﬁlcmﬁs The
heated platen or in a furnace (thermal processin
maxnrmlm kiyglé pasadinewidtngs dppeximatety A08 migtprish ulr&y@thsmmieaﬁhaa%‘)b microns
ey 5 CREE PO AIPHER CRPoP 4SS REsses Ly s Thevichs
ranglr{?q{rog%pgro(élh@@@ﬁ tBh@é RERRATTS sté@e /8Sosid ihS stlgRPak dihewidths
econmpose liquid precursors to formmd to
greatditidh- mamg@orfseﬁaygtemb&a,meh owing 8 rm&decf Elo@esum tethaigue.j tn general, laser
films, and hi conducti ve aser
et

proceﬁ%qs is yescoR e ARy IR ST Pﬁﬁ&%‘&gi‘%}“’%‘ﬁgg Fbhes trose
with Iow o} a'tu%]g\ret%h%e&%wa' led€RQHeh I20ReRBH dPTRS B3R laPStoximately 5

use posit structures w th thicknesses
mlcrogé' E@Eﬁéq.t Dpdsifi\et tha laerosdl stfeansand procéssing may dccur simultaneously.
t hree-di nensional structures. Mre details on |aser

processing may be found in 12 commonl y-owned U. S

T Pqt paur Iééﬁg §ﬁ§|al No. 10/952,108, entitled
—ﬂL—%éi%%—é&@@eamﬂnr%%wJ¥bat- Sensitive Mesoscal e

DefpasprédefiNinvertio @rbviads SanétestiblRr paéisio? @dbficatibhef passive structures,
specification and clains of which are incorporated

wherdi i mat3ia s i ire PH ! Brisecies lnyidsgherricel pregursors, inks,

pastehave o Wlat(ljt 0, il rt IreasI |t¥nvgr?t|toﬁrcgﬂ gsntéYec{r fc materials

aé’ﬁ@%‘? fatiop (5e 5 ‘? ionpar ane an

includi}%vgutanomlumtéww J:dneﬁﬂréjtr@snﬂf)rs a@aé&ﬁ’ds”&‘idﬁ kéfroﬁag'ﬁeﬁé’ @faterials. Metal
maxi hum si ngl e pass |inewi dth is approxi mat el

syste@® heliitle; bonse natiliméed td dilwer gropjeer egold; Hawumowckﬁa&m whigynay be in
be obtai ned using a rastered de i 0 o

commgiesl 708 FE0R 19T BEoriEy <FIRGRIAPT G UHL o Mg gy to, vsems

compage%rgf Q?QJ]C? qﬁh&\la%s Joo fy&eﬂ-tﬂ@k fiin€ fogﬂlﬁat()f]éj %n@céﬂd’nlb%éd!rf&mulatmns

th a single pass). Linewidths greater

Formhlbtwhs 14} Qepastib® BF capayitiveestrotitras meiddeu suuhgeamot tirited rte.charium titanate,
processing technique. In general, |ase

barium strontium titanate, aluminum oxide, and tantalum ox1de Inductlve structures have been

deposited using a manganese/zinc ferrite formulation blended with low-melting temperature glass

particles. The present invention can also blend two uv-curable inks to produce a final composition with

a targeted characteristic, such as a specific refractive index.

A precursor is a chemical formulation consisting of a solute or solutes dissolved in a suitable

solvent. The system may also contain additives that alter the fluid, chemical, physical, or optical
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processing is used to densify or to convert filns

deposited on heat-sensitive targets, such as those

with | ow tenperature thresholds of 400C or |ess, or

when a linewidth of |ess than approximately 5 mcrons

Is desired. Deposition of the aerosol stream and

processi ng may occur sinultaneously. Types of

Structures: Material Conpositions The present

i nvention provides a nethod for precision fabrication

f . RassiyV ' to metal
provefgr ST PO i el Be soARSE of ph el Pl bu ot mie
nanop2itRigs Gﬂ}ne@f RIPbEHRIES with IgleSs incipsisrisesf, ancalectionjc metetil sagpended in a

thereof. Specifically, the present invention q
fluid uegieori tDeppsiieble Aaptes rmtue? i it @re nefclimilgs Ay FAMMeRRlY available paste
formu}gg?qs Jed : \%n ?szs |va Fle&ﬁ(ﬁ/b?& %dﬁctlvgltsygsltrfegﬁlt L’Ic':rfé?éees%ﬁ‘tqnventlon can
also o@B@slt'&%mérblmytaQQIabl@adﬁiisilv& pastescopper, gold, platinum

and pal | adium which may be in connerC|aIIy avai | abl e

paste form Resistor conpositions include, but are not

limted to, systens conposed of silver/glass,
Resisforg henat es, pol ymer thick films fornul ations, and

Cal QRLPRS ?egls{opfoma{llaﬁl%h RBY be cdnipobdd A kiliguid mfal@éular precursor for silver,

deposition of capacitive structures include, but are
alongrvlth d susheneion bloglass @eitides, tof sileraand glash aertickd, St FilveTtPRGIRES in a liquid

titanate, al um num oxi de, an

precurqERE o & [ IFERE FESS A7k OB SEFPToL FoST Gur xce parices
and ufgg@\/_@r%?%? ZhdS%, flehibh@xikio Fé'ﬂrulétu‘n 2 BreBihrE 8 Qlaké, bha combination of a

g tenperature glass particles. The present
ruthehilid ©xilid Prcuesdn ard Sorediirsnbr ylass anan maulaim enedintos Prepursor compositions
produce a final conposition wth
s Sharesienocre compRaomay SRBCFYes oF FRRRKRIEY g 00 &P and

may tg Ozfercesg 5 ulltr%?oﬁ&cgl@eﬁeg 8br Ja %Q}‘Ha@gé O riSdSds shiieh gr 1Rkh & ruthenates,

drssol’v In"a suitable solvent.
polymER €niéky fifnSiBinitRiYiort, 9P carbeH-ifised adhdlulbtiones Ctohm‘tercaﬁlly @vailable ruthenate
fluid, chemcal, physical, or optical 130 ?ertles
pastesf typitally serisistiiacat rutherius mﬂP e dashppitides ha‘f'"%‘éﬁcﬁ’ iigseaf 1000 cP or
greatil-:‘lr:;?'nlémi?I %ﬁ gﬁﬁﬁgt mn%}swéél)le SP ent s8chn§st t@nlg SSI‘%S‘QR/%E&A};& lo?%og cP or less.

glass 1n Si ons

Polyn%rqg'l&l{ AR SastdB @y Mo FUSRRAMEE duftabe sdiVerl aiTedhlarmlscoslty so that
Deposi tabl e pastes include, but are not limted t

pneuativraerosolabtioy aad/ﬁuw-g;bjaecqjagn@ledf @mmgly serbeprdased |pastes can be diluted

conductive, resistive, { tric

with %?‘é‘feéh%"’h qfh%ut)ﬁ F@Q'&}H{o a} Yﬁfgﬂ -0 ﬂppé%i{na %ll)f 1dOBdH%¥ Iegi Therefore, many

eposli

comnie?%@%%é ?énhﬁﬁsuﬁé@'vslutﬁ b’s@osﬁig@&ﬁét&eﬂhﬁaﬁb@ eP n’B? Bt Flo@ifisd anf deposited

ass resistor fornulation nay be conposed of a
usindtham?tﬁpmbgscul ar precursor for silver,

Resistors: Range of Resistance, Repeatability, and Temperature Coefficient of Resistance

The resistive structures deposited using the M®D® process may comprise a resistance
spanning approximately six orders of magnitude, from 1 ohm to 1 Mohm. This range of resistance
values may be obtained by depositing the appropriate material with the appropriate geometrical cross-

sectional area. The tolerance or variance of the resistance values — defined as the ratio of the
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along with a suspension of glass particles, or silver

and glass particles, or silver particles in a liquid

precursor for glass. A ruthenate system may be

conpri sed of conductive ruthenium oxide particles and

i nsul ating glass particles, ruthenium oxide particles

in a precursor for glass, or a conbination of a

rut heni um oxi de precursor and a precursor for glass or

an insul ating medium Precursor conpositions and sone
. recu sor/ rt| |1 [ average
oS G Bl RaLE) 1 TA ThiL A L PENy SRS ohi B greres
resistiick VAIBE MorGadet ¥f. dePasts Sty bpas Io&Sasmagerctmt C'ﬁl&pempamjurgt:oefﬁment of

either or both of ruthenates, polyner thick film
resistanse IR ProMgiglassrand Aythrsatersuaires BRKTANSE oM ?ppm’“mate'y 150 to 100

Commercially avail able ruthenate pastes, typically
PPM-consi sting of rutheni um oxi de and gl ass particles,

havi ng vi scosities of 1000 cP or greater, may be

diluted with a suitable solvent such as terpineol to a
Geometrgcosity of 1000 cP or less. Polymer thick film

past es

di | ut.ed it
S i el %{Fseg?/ [l)ngﬁ? t'il %a%algletj ?{Z?roéurgmguﬁgP Ic@ip aezercgé“o' v Jzﬁ{ucaS 0ph9s|cal or
chem%qu/arule v Ql"ﬁ'cﬂ%rlﬁl%oht%lliﬁ@ #Rlg8setSiofithe aBbasit. Edklekanipid) @méhles of a

pastes can be di'luted wth a solvent such as butyl
structQ@rchh b@dhlteted bg cotitrsitingsthe yossﬁsegtppalgy@ammhe ptytjcm gs @lpwg in Figures 3a

I Ther ef t
and %eégfsls\tﬁng%e{f?gqeg Irngag b@ @E%?%Py IH%E n?&%lqg %n %}g in race %Q}ﬁ lacreasmg
the crﬁgs segt?oﬂgsat?%eoq the Yt Adcd. has MR % fhe AsREnce \Bﬁ:‘élaﬁmfe‘ﬁal is added to

es| stance Repeatablll and Tenperature
the eQ@lﬁifgftfaﬁé EMils raéthdieis i smblagoue tof b@nmmyl ssef Vases trimpringumetBods, however

deposi ted using the M3D(r rocess nmay.c rj.se.a .
matejigh isj agdegyaiger tg:ifg'ﬁrﬁp\f?a 5%?%& p%i”@ﬂ?d g?%lvsﬁg%,dg l%fleposued onto the
exnstlp%gasswe (1S do %@a]fu %énle %@B&kﬁc TBLS maR B8 Butfihed by controlling the

tance ues may al ned by depositing the

lengtiRBIP4 @dpbéirdl StribRiré fab @hovw ih igtiaet, &ﬁpigﬁtpbstaéﬂstgexesmmraateaI'esnstance
cross- sectional area. The tol erance or vari ance
than thla mddiysatrgttta’ﬁchy Wb Ethe oregfer R ! 42Sicn @vlesE B R é°"ta°* pads.

The raﬁaoq Qj&%ﬁ:{r&%ﬁég\{e\gggngﬁalyr Sc’)l bsétu%Q %éﬁln%?englfto Eggt J?'trg&%%? between

ure an e ave

one Jr BoteSdefIME SonvRl piAis 43 Bdnnédctsttb a@fe-S@PASdIdctronic dimyt e stasmn in Figures
| ow as 2 percent. The tenperature coefficient of

5a a2 5b.St baude (EFER) trdces AP gms@eaﬁ@ exlﬁitna dasRve tece #0¢ Jhhissmethod

f t 50 to
enablpﬁéurmgg%zm E:l%@f ?@grsgéélfggrﬁ§08¥§ %r chs;ast&hstlc vQIue SGE@C %tthd is also

capaﬁlz BF Eé&ﬂb ?aassR/QtsirE res W@nQQers & circuitry by making passive connections in
vias, or by wrapping resistor material 46 around the edge of circuit layers, as shown in Figure 6.

The passive structures deposited using the M®D® process of the present invention typically
have linear geometries, such as the linear passive trace 48 shown in Figure 7a. Other geometries
include, but are not limited to, serpentine 60 (as shown in Figure 7b), spiral, and helical patterns.
Linewidths of deposited resistor material typically range from approximately 10 to 200 microns, but

could be greater or lower. Linewidths greater than 200 microns may be obtained by depositing
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chem cal value of a structure by controlling the
geonetry of the deposit. For exanple, properties of a
structure can be altered by controlling the
cross-sectional area of the structure, as shown in
Figures 3a and 3b. Resistance values may be altered
by adding material to an existing trace, thereby
increasing the cross sectional area of the total
trace, thus decreasing the resistance val ue as
materia Fnea{ ra@leredsfas% fdedd tﬂlckrfegseo@%é SAbpdIkkat iR TRy rdiYeSrofPd RAhundred
anal ogous to commonly used laser trinmm ng nethods,
nano:h&&»ewﬁsrevera&rtuebnsal i s added rat her than renoved. The
additively trimred passive trace 38 is deposited onto
the existing passive trace 40. As a further exanple,
. _a specific value may be obtained by controlling the
MI-‘ilﬂﬁi%si‘]gth of a deposited structure; as shown in Figure 4,
t hehe DRt fiBBhs E@SbS UsHd 100l lasgpeakiey cleesita timercannedtiviinbetween
the mddle structure, by virtue of the qreater length
adjacert Iayers iobanlectrertiegiicil. ThrsprageahinyeRtion o sfertheprgase. ”“ffﬁ'g"' deposition
nmet hod of the prese i,nvent i to
of an SEEPHHRETISP 8 5 SR eb ot Bl TP BhionGiatRee |
Nfigurs 8 bifowkla re k@ 6nnEREs beélWedhiifRRA! IBfbrd & chcuitry. Conductlve layers
pre-existing electronic circuit, as shown in Figure
in a P8 (pirtedshcuitlbaardpare p/asswenrtepta@: @smata'aﬂaé hewavesdercl O cP’°CeSS also
allowg%(olr g%glgancg fﬁssltsg\feeosttrgggrﬁﬁ E\?wa r@’f F; SIstlve vnz? ggﬁﬂ&lr&%n Es%klgl@ageous

nse

sincecmcf‘fj‘h:t‘ﬁﬁé Sy fes¥kURto vikl @dFBIBOPadeSs ?«'oﬁ@ed shapaflriaceddf the circuit

passi ve structures between ayers of
mmmﬂbﬁﬁyltry by maki ng passive connections in vies, r

by wra resistor material 46 aroun
o Figuse b denigfes otnad 0L 4RPARITION? Gepiggon e v amﬁb g GLlia. i Figure
9a, vnatslb Li's%on%? \ﬂﬁ@&’@hﬂ e 62! Sdimind Bﬁc&@@(ﬁ\} pREGHE RF&NtIBH. Ashlﬁk 62 dries,
ention typically have |inear geonetries,
the salds b4 af aHIﬁtﬁﬂe bt @a fwa|agl ithecbottora ©tthd 8ia Serying thermlﬁqﬂg gfrthe via hollow,
7a. Ocher geonetries include, but are not

imted t
as srmqnperﬁguwggb:,ocqaégg Hgoval with rpgl'@upcg\dtmlye n@&rl?ldlfasrﬂltgﬂe{ba vgr’y useful
strchE-t E?olags'epn?c{;&‘% the clurrenlr LM 1;%(1\}3 Siofd thdl %prgﬂdtn%fjlhlrog%ﬂ At Rfddle.

range trom approxi mately 10 to 200

m crons, but could be greater or |lower. Linew dths

greater than 200 mi crons nmay be obtai ned by depositing
Dieledti€ material in a rastered fashion. The thickness of

the deposited fj ] ra fromna
R ERES ' ol B R 3P Ol SRS, oo
msulQEro GfiehBs @ﬁm@@ WhiE S phte by be ¥oASulatiBh 3hkefHirdGicMdceie iparticied and low
terconnect|V|ty bet ween adjacent |ayers of an
meltnﬁd watpémmrec glessr includians. THe ;pre@gqndemﬁt\mmﬁemq hy| the) REeSgnd finvention is

the precise, uniform depgsition
critical to faFlJ)rlcahon of high tolerance capg itors, since the thickness and uniformity of a capacitive

film determines the capacitance and the performance of the capacitor. Low-k dielectric materials such
as glass and polyimide have been deposited for dielectric layers in capacitor applications, and as
insulation or passivation layers deposited to isolate electronic components. Mid-k and high-k

dielectrics such as barium titanate can be deposited for capacitor applications.
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of an aerosolized material over an extended period of

time, for exanple into via holes. Figure 8 shows a

resi stive connection between different |ayers of

circuitry. Conductive layers in a PCB (printed

circuit board) are typically connected by netal vias,

however, the MBD(r) process also allows for

deposition of resistive structures into vias. The

resistive via configuration is advantageous since, by
EthQ% ng the layer resistors into vias, additional space
“——T%T%YOVIded on the surface of the C|rcuit board

| aprelpfeserticdibb@mEnt AE PeQl’D® @razedshady Heoused épa sj/liri'd lagditiye/subtractive

coating on the walls and bottom of a via.
technige twtaanoets Rrecisiopnpptaltsisiures Mpiagyampeh resivk 5@“ d%%'ﬁ% 4o f%%fefefab'y
atomt? fgfe?o&gedéﬁ tﬁsg%wsﬁl&\vl%g{i oRtQ meé? la}l%}k726gs Q\B*\{ﬁ fr Figure 10a. A

ere onto the and
subtr&@\';et 2EAnRe, 8t @xdhle etbig@) istBentU3ed i rvelbv@ thd expbsed\nietal, Figure 10b. In
low, as shown in Figure 9b. Coating the wall with
the Iahﬂ sgdpl e etoi chaist i vamonert, isayieg metalsrigtye 7111 orathe spgeriviaggugptrate, Figure
100 S SRR 4R B st LR P e A s o
amp&)electrlcs In the case of fabrication of dielectric
structures, an ink can be conprised of a precursor for
an insulator, such as polyimde, while a paste may be
a formul ation containing dielectric particles and | ow
Jﬂ%%%ltlng tenperature glass inclusions. The precision
el%?qse u &)Ieoly ﬁ(e&%r@of&)ggsn@rsﬁ%ﬁés dSTHYRRYE MB® drétess include, but are
cri rication of high tol erance capacitors,
not lirfitdd @& pblkithidehF R4 BRSMa agiehs Leirednte, and sjlicod. Peocessra of teslvter formulations

filmdetermnes the caracitance and the erforqP %
on poiyfreide; 5Bacecntﬂ giner tpigals it low| terpRertiyre Aaltaei PO ify ceqgge thresholds
of ap;ﬁ'g i ely Qﬁo ggl}%(&: %nr rﬁgyel(awgg %gﬂggﬁé% Malﬁ anﬁgh l@tlgrtf?:fﬁ%el{tllbﬁ Laser
photo@ﬁenﬁ@a$ Blo¥edtih® thal BY¥ k& BaN6d iwrietmidao Ih@ﬁlréﬁge resis&t hrateniple such as
conponents. Md-k and high-k dielectrics such as
strontar iuthematé erepedvireidean be deposited for capacitor
applications. 16 Etch Resist The present enbodi nent of
the MBD(r) process may be used in a hybrid
Appliefidist | ve/ subtractive technique to fabricate precision
metal structures using an etch resist. Etch reS|st 70
I sSApplietigsababled i fabricatiod oamsmefiwiuteé dlsmmthéd)@ﬁ piReess include, but
deposi tion head onto

are it P01 45 RIS SPGB g gtors:and sl
gaug%lt. SFHJ? ggf&fgé rfxﬂ)elﬂe [H'ﬁﬁ?eq dnQnd BBRVEnIdAGorRKRGSRApEBIA targets such as

alumina and zirconia, but may also be printed on heat-sensitive targets such as polyimide and FR4.

The M®D® process may also be used to print embedded passive structures onto pre-existing circuit
boards, onto planar or non-planar surfaces, and into vias connecting several layers of a three-
dimensional electronic circuit. Other applications include, but are not limited to, blending passive
element formulations to produce a deposited structure with a specific physical, optical, electrical, or
chemical property; repair of passive structures on pre-populated circuit boards; and deposition of

passive structures onto pre-populated targets for the purpose of altering the physical, optical,
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the l'ast step, the etch resist is renoved, |eaving
nmetal structure 74 on the underlying substrate, Figure
10c. The additivel/subtractive etch resist process can
be used to deposit reactive netals such as copper.
Targets Targets suitable for direct wite of passive
structures using the MBD(r) process include, but are
not limted to, polyimde, FR4, alum na, glass,
zirconia, and silicon. Processing of resistor

electr CQIr ﬁ"% i gérforrﬂghcg oty éc?'qf eReTh ;%senﬁ%n@n téﬁéblés&ﬁ@&ﬂo% applications

nper ature danage thresholds, i.e. danage

with tblbréﬁ@b 04 pdgasucaocﬁr efepioitad piopatias| of 5% G0Esr I es s general ly

requires | aser heating to obtain sui

deAtspyahciae ipessent [iaweation 'r‘ﬁ?o‘?eéﬁ eRsried wmw FRECARES tp articular
preferre andt 8 ofbafi \%C%me%Heﬁ nbéjranQ daéélg?]ﬁga&gﬁa&esﬁm S8 He art to which this

S suc ron I um ruthenate on po y| m de.
mventﬂﬂﬂie'rtﬁ' Ad Wi BBpredifi lHaC‘&hbtﬁnﬁod'Efbatbhed'nd)@nhéra;bnnerﬂamaxohe mréde without
passi ve structures usi P the M3D(r) process inc
departing fronpihe spitittant seape ebthe Glaing tha dqllovyygng §1afr %tg?rmpgm?rtﬁ ¢an achieve

the sa&ﬁeﬁr%é{ltg gjl'lﬁe v%lncgu%%gﬁfséu:?ﬂcﬁ'@ﬂ{a? gacvtg {Eggefﬁ%gasectg%‘}%éhﬁngénﬁ%dnto educate

the retaa?r aBBlt BrefeRBy £ Qrﬂiélt@matlive Rimgbdirh&tg) aficdre hét |rttafdg®t08;ossn'ah thadimits of
al um na and zirconia, but may al so be printed on

the mnmuon srehs $aopey ef theaegmss Vetatianseand pmdgﬁpamseof AecPreseat mve'ﬂ?e will be

v B SRR DB 8 s A0 SR g
The OMt® dRLIBNAS &' alNpAterddd AR@pubildations @fied aﬁdelaﬁé Qlekéby’dSncorporated by
connecti ng several | ayers of a three- dinmensiona

referedb@ctroni c circuit. O her applications include, but
are not limted to, blending passive elenent
formul ations to produce a deposited structure wth a
speci fic physical, optical, electrical, or chenica
property; repair of passive structures on
pre-popul ated circuit boards; and deposition of
passi ve structures onto pre-popul ated targets for the
pur pose of altering the physical, optical, 17
el ectrical, or chem cal performance of a system The
present invention enables the above applications wth
tol erances in physical or electrical properties of 5%
or less. Although the present invention has been
described in detail with reference to particul ar
preferred and alternative enbodi nents, persons
possessing ordinary skill in the art to which this
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invention pertains will appreciate that various
nodi fi cati ons and enhancenents may be nmade wi t hout
departing fromthe spirit and scope of the Cains that
follow, and that other enbodi ments can achieve the
same results. The various configurations that have
been di scl osed above are intended to educate the
reader about preferred and alternative enbodi nments,
and are not intended to constrain the limts of the
Claims:i nvention or the scope of the Clains. Variations and
nodi fi cations of the present invention wll be
bvi o to t '
o conare e SR bl Biyee deroPorl SRR B metnod
comprisfalthe fepdiod C| osur es of all patents and publications
cited above are hereby incorporated by reference. 180
d ai nmetomizinggheypteriatl of dep05| ting a passive structure

conpri s ar‘@’gte}ﬂegqg'f"é%da m%t?nal n atc%rrrgp éds 1d 36 SELPARL:

conpr i°&f ng the naterial;
entr a'ré?ﬁd@ﬂg%%s@éa%@r éé%‘*roﬁﬁh@éér@dol usihga fleRlcbnt@llergas t o
forman aerosol; renoving excess carrier gas fromthe
aer os olonitrsingg psdurantsaio aerpesll| er; nonitoring a
pressure of said aerosol; oun
a she&tFPugHes fﬁﬁaergi%g’@hﬁghrﬁawaﬁgg ?“ﬁgeqt‘%" %rs géq‘ie Wlob8) throug
nomoré{ﬂg,pmnﬂ&o nore than one orifice; focusing the
aerosol ; and depositing the material entrained in the
carri ecrcug@gstheaerbdfoeahcar get with a sub-mllineter
deposition |inew dth; wherein atolerancgg g ith b-millimet
physi &gposigpg &eéﬂ"l‘t?’labﬁ'l‘t’aﬁ‘%ﬁbw{afa%?’ 933N AR &red With @ sub-millimeter
re is better than approximately 5% 2. The
depwt'ﬁgi"heo of claim1l1 further conprising the step of
det er WnBieth foldRanex bfsd gHysieal of elactlicabpropenty otthe gassive stiuaiute is better
a value of the pressure. 3. The nethod of claim 2
than appigkiiately Sonpri si ng the step of automatically purging
the systemif a

2. The method of claim 1 further comprising the step of determining the existence of a leak

or clog based on a value of the pressure.

3. The method of claim 2 further comprising the step of automatically purging the system if a
clog exists.

4. The method of claim 2 further comprising the step of automatically ceasing operation if a
leak exists.

5. The method of claim 1 further comprising the steps of shining a laser beam into the

aerosol and measuring scattered light from the laser beam.
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clog exists. 4. The nethod of claim2 further

conprising the step of automatically ceasing operation

if a leak exists. 5. The nmethod of claim1 further
conprising the steps of shining a | aser beaminto the
aerosol and neasuring scattered |ight fromthe |aser

beam 19 6. The nethod of claim5 wherein the

nmeasuring step is perforned by a detector oriented
orthogonally to both the | aser beamand a fl ow )

di r ectThemetibd pheaimdr whssin the mepReingrsteR dPesiPrmer 4 @ dstector oriented

further conprisin he step. of  yaryi t he power used
orthoggnafly g, Roth the gﬁ?rﬁeﬂﬁ %g({ 2 O“bé{rgg'(? "S F}ty‘%\ ﬁé(rélgr%’g unt of scattered
light detected in the neasuring step. 8. The nethod of

claim1 further conprising the step of processing the
mat er iTak .mefhod T elaime 6 Harthep torapriginenti® stere pleyaiyinghthe power used in the

_processing step is . selected fromth roup consi sting
stomizitg SoRAReeA SR UHE! SEHGELIEN SRS R De AL
heati ng the aerosol, heating the deposited material,
irradiating the deposited material with a | aser beam
ag1d cOombirembil oftirh h uribefcompi@sing Tirrestepedf hodessing theanatarigl.
wherein irradiating the deposited material with a
| aser beam enables a |inew dth of the deposited

ﬁt er iﬁl mt 910 gf ?Qm I8 Rty tﬁ@ﬁ%@ékiﬂ?gt% l’é_sgleé'féd:ﬁd?ﬁ]the é%ﬂp consisting
e metROG Of “clalm erein Irradiating the
of hunfitPRG itHeCsbroBal, eyingl thaidelbsél, hemieg tHecamvwhdwatingathe dapasited material,

an average tenperature of the target to above a damage
irradiating the siarsisitied maerial with a laser beam, and combinations thereof.

| 10. The method of claim 9 wherein irradiating the deposited material with a laser beam

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

1. The method of claim 9 wherein irradiating the deposited material with a laser beam does

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