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FIELD [0002] ThePPRESANALYPSLPYSUEM rel ates to drop
anal ysis systens and nore particularly to an inproved
drop analysis systemfor use with a piezoelectric
m crodeposition a lgar atus. BACKGROUND [0003] The
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(PMD) that deposits fluid material on a surface of a
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/ US2006/ 015607 el ectricpFgEument to a piezoel ectric
el enent associated with a printhead of the PMD

[0002] The present disclosure relates to drop analysis systems and
more particularly to an improved drop analysis system for use with a piezoelectric

microdeposition apparatus.

BACKGROUND

[0003] The statements in this section merely provide background
information related to the present disclosure and may not constitute prior art.

[0004] Electric printing systems typically include a series of printheads
that selectively deposit fluid material onto a workpiece such as a substrate. The
printheads and/or substrate may be moved relative to one another to form a
pattern of fluid material on a surface of the substrate having a predetermined
configuration. One such system is a piezoelectric microdeposition system (PMD)

that deposits fluid material on a surface of a substrate by selectively applying



system [0005] Conventional PMD systens may include a

drop anal ysis system associated with respective

print heads of the PMD systemto ensure that the

Wwo ke oRt eri al deposited from each print headriustosiciss?

a predeterm ned shape and/or volune. Controlling the

shape and volune of the fluid material deposited by
elantrithcrént tda aibzoeletiriolalernér gsactiated with & piintieathokthp AMD

formed on the surface of the substrate. [0006]
sy§tepventional drop anal ysis systens include |arge

dianmeter lenses and illum nators that are typically

| oc pygps] ab@ohvéftional RPRID syistdrgmetag irsclddecandraphanalysigosystem

| ocation of the fluid material to provide sufficient
asSb&ateannith hedperave tiiathends vf tRadADT syisteen Rberesyisd ¢imat the

and associ ated nounting hardware of the drop analysis
ligGMdSiatBriall A6p&ditetifrors @ACR Nirintitald idtiopgesaaprpde@mminstieshape

are cunbersone and difficult to arrange properly

and®rdblunte.t Gohti@llirdResstiabe and[VeRiMe ofltrei flid Materiéil dpposited

anal ysis systens use a light emtting device (LED)

by3HEhGorithA S &intdf SR pdHRA oCAND PhAbfaltiormdd aiat@face of
drops as they are ejected fromthe printheads of the

thgﬁ/@)si%é?é.em Interacti on between light from the LED
and the drop fromthe printhead illum nates a profile
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entronal systens typically quire a long-"fight
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ar%aﬁ]y%is system. Therefore, conventional drop analysis systems are
cumbersome and difficult to arrange properly relative to the PMD system.

[0007] Typically, drop analysis systems use a light emiiting device
(LED) and a diffuser screen that cooperate to illuminate drops as they are
ejected from the printheads of the PMD system. Interaction between light from
the LED and the drop from the printhead illuminates a profile of the drop, which
may be captured by a camera. Conventional systems typically require a long-
light pulse (i.e., 2 to 5 USEC) from the LED to achieve sufficient illumination of
the drop in order for the camera to capture a high-contrast image. Because the

drops are released from each printhead at a high speed of ejection (up to 8

meters per second), the long-light pulse of the LED may result in a *blur” of the



2 WO 2006/ 137971 PCT/ 11S2006/ 015607 drop. For

exanple, a 2 USEC pul se may cause an i mage of the drop
captured by the canera to blur by 16 m crons (al nost
50 percent of the size of the drop itself). Such
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area and dianeter of the drop and results in single
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hegk systemallows a pJurality of printheads to _
of &\@rfifpﬁ %QGL{E?S& i) SNAe sor readiagss thad varubyias Bpehaas bve
of an actual piezoelectric mcrodeposition system
pergeRt.- SRnveRrtionasyelemsfan aiave: A PRICOMt agCHIACYiiR (rgasuring
nozzle ejectors and allows for substrate |oading and
drog Vol MUt PaN oplyaghiexe suph Acelrale readings by taliirghmeny ikage
The drop anal ysis/drop check system includes a notion
sargRlps rtoeneby ingreasing thg aeppiedliandfcost ¢ftthg dropsanatysia systam.
controller controlling a printhead to selectively
eject drops of fluid material to be deposited on a
substrate, and a canera supported by the stage for
novenent relative to GhiMMARM heads. The canera
receives a signal fromthe notion controller to
i ni[00GRle eXpdwpr @nalysisfizop aomsck aysteanpdllongs aarpluratitge of
of the drops of fluid material ejected by the
prirpéauste admain/sthiigiry datitd analysieto emuiaie bpgesion of hh @Bfal

controller that receives a signal fromthe canera to
piezaghmtyc migbtiepssitioh 8ystém. The system provides accurate tuning of
individual nozzle ejectors and allows for substrate loading and alignment in
parallel with drop analysis/drop check. The drop analysis/drop check system
includes a motion controller directing movement of a stage, a printhead controller
controlling a printhead to selectively eject drops of fluid material to be deposited
on a substrate, and a camera supported by the stage for movement relative to
the printheads. The camera receives a signal from the motion controller to
initiate exposure of the camera and captures an image of the drops of fluid
material ejected by the printheads. A light-emitting device includes a strobe

controller that receives a signal from the camera to supply light to an area

including the liquid drops during camera exposure.



including the liquid drops during canera exposure. 3
%/0 2006/ 137971 PCT/ US2006/ 015607 [0009] Furt her
areas of applicability will becone apparent fromthe
wieaaeiiphiion provided herein. It should be umrdgrstmessor
that the description and specific exanples are
i ntended for purposes of illustration only and are not
i nt 99981 t burther areageolsapplicabiityy Wil Becarasiapgatent Jam dhe
DRAW NGS [0010] The drawi ngs descri bed herein are for
des¢ription rrievided hergins dt sbavlg bearaderpteod dhal theesdepsipiien and
limt the scope of the present disclosure in any way.
spgdiicl Bxamples are intengsst apemrpo%ea/pfe\ruutsfra@rpmysgl@d @fg not
including a drop analysis system of the present
intermchechtorigyt thp 600 oftha.prasent disclosurepect i ve vi ew of a
drop analysis stage and optics nodule in relation to
a printhead mai ntenance station; [0013] FIG 3 is a
schematic drawi ng of the drop analysis systemof FIG
1 incorporated into th®FAWINGStem of FIG 1; [0014]
FIG 4 is a perspective view of a fol ded optical path
usef019] t hehe dirapings dbyaibed hesdir rmrefor MiuStration purposes only
illum nate drops ejected by the PVD system during
ant g AoCiainde€ to il tHdSkbpk dFtHa prasértt disclasestatany way.
representation of the drop analysis system in
rel go1an t FIQ head pardprytiandedrsipsPRID Sysiérd ingliding al drop
ejected therefromof the PM systemof FIG 1.

analysis system of the present teachings;

[0012] FIG. 2 is a perspective view of a drop analysis stage and optics
module in relation to a printhead maintenance station;

[0013] FIG. 3 is a schematic drawing of the drop analysis system of
FIG. 1 incorporated into the PMD system of FIG. 1;

[0014] FIG. 4 is a perspective view of a folded optical path used by the
drop analysis system of FIG. 1 to illuminate drops ejected by the PMD system
during image capture; and

[0015] FIG. 5 is a schematic representation of the drop analysis system
in relation to a head array and drops of fluid material ejected therefrom of the

PMD system of FIG. 1.
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DESCRI PTI ON [ 0016] The foll owi ng description is nerely
exenplary in nature and is not intended to limt the
present disclosure, application, or uses. It should be
winer 8fuod t hat t hroughout the draw ngs, coP¢EEPEHdIIFG7
reference nunerals indicate |ike or correspondi ng
parts and featur 7 j ference to the
drawi ngs, a pi ez(jiﬁgéﬁ%bcéﬁg\éh@at‘@@l tion (PND)
system 10 is provided and, includes a drop ipagin )
sydPetflio wap&ﬂwmsfdessammaﬁ Rgrely 8¥%P'@Wet€‘k’9%IH% 9Rq &8
and a drop analysis. The drop inmagi ng system 12
notjiRiended 40 Amifr Be Rresent; derlesie nsrrlicatiam qrhesi slt should be
supported by an X/ Y/Z stage 15 relative to a series
undgrstped hafe Hireualpubfthe Hrapimss \eorrerPaATiing refemngeendnerals
image of fluid material ejected fromat |east one
indigaterlika es gonrgspqrolnalariasang featupes.descri bed herein, the
PMD system 10 deposits fluid material onto workpieces
sud0oty sulih refesancesodbe oralvings,t@ piggeeledist imiedeposition
conmput er - execut abl e i nstructions. The term
(PMR)osystene r10ds @oaviddal @nd imstudas i drop irhagingisysteims 12tgmable of
referred to herein as "program nodul es" or "nodul es,”
perfpeminiged dyop check uthelysiscundi andop prabgisanBhe dimpdoiaging system
conmponents, data structures, or the |ike that
12 Inchldesandropavidw imhging alsiuteactd tiektia stypertedasy ae X WZstage
particul ar tasks such as, but not I[imted to,
15 exletvd toa Serisudfeprimheirisi CAlof s IPD Ssybsim i10ploecepilirengn
PMD processes. Program nodul es may be stored on any
imagRnR ALRImaRALRdbStedRLAT Atabast D6 printhdadM7. ROM  EEPROM
ROM or other optical disk storage, magnetic

[0018] As will be described herein, the PMD system 10 deposits fluid
material onto workpieces such as substrates 25 according to user-defined
computer-executable instructions. The term “computer-executable instructions,”
which is also referred to herein as “program modules” or “modules,” generally
includes routines, programs, objects, components, data structures, or the like
that implement particular abstract data types or perform particular tasks such as,
but not limited to, executing computer numerical controls for implementing PMD
processes. Program modules may be stored on any computer-readable material
such as RAM, ROM, EEPROM, CD-ROM, or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, or any other medium capable of
storing instructions or data structures and capable of being accessed by a

general purpose or special purpose computer.



di sk storage, or other magnetic storage devices, or
any ot her nedium capable of storing instructions or
data structures and capabl e of being accessed by a
WenesabropuUr pose or speci al purpose conput er.pdxdEdodo 3607
06113 79 7 9. PCT/ 1JS20061015607 [0019] The ternmns
"fluid manufacturing material" and 'fluid material" as
def [0048] heiTéerternas &luid owiujactingt matedal’ andrtilid deatarigl” as
material that can assume a |ow viscosity formand is
defined hédein, fane bbezidhgcatesiroed tte thcludenary mpaienthibaticdryasfume a
the PMD system 10 onto a substrate 25 for formng a
lovnviscosityr foorhwng, is fsaitalsle domibeing dépasitdd i bagintheadgl 7 of the
materials may include, but are not limted to,
PMD giystearn 0tontg a subsyraer 35 (drEBaning whintdrostauctire, fis etkatrple.
formpolyner light-emtting diode display devices
FIL(ldPlnEP&sfacﬂﬂlm%Pma}!é:EHS}nayFihUIhde,nlE\ItLEfréQ‘tdﬂﬂihﬂ@d =8 gjht@nﬁtting
may al so include plastics, netals, waxes sol ders

poRlei€ (LERS! fBichjapmiisar] tolfbME Belymer A§Mhimitting diode display

phot or esi sts, sol vents, adhesives, and epoxies. The

delieeMPIIEDE, de@iW{/l@Elb@)r FR&d rn‘&ﬁ&fébtuﬁhg rﬂla‘%enals may also include
[ nterchangeab y referred to herein as "fluid
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terms ‘let,” “discharge,” “pattern,” and “deposit” are used interchangeably herein
with specific reference to the deposition of the fluid material from a printhead 17
of the PMD system 10, for example. The terms “droplet” and “drop” are also
used interchangeably.

[0021] The term “substrate,” as defined herein, is broadly construed to
include any workpiece or material having a surface that is suitable for receiving a
fluid material during a manufacturing process such as a piezoelectric
microdeposition process. Substrates include, but are not limited to, glass plates,
pipettes, silicon wafers, ceramic tiles, rigid and fiexible plastic and metal sheets,
and rolls. In certain embodiments, a deposited fluid material may form a

substrate having a surface suitable for receiving a fluid material during a



i ncl ude any workpi ece or material having a surface
that is suitable for receiving a fluid materi al
during a manufacturing process such as a piezoel ectric
m crodeposition process. Substrates include, but are
Wb00¢/13#7ed to, gl ass plates, pipettes, siPCEEMR006/015607
waf ers, ceramc tiles, rigid and flexible plastic and
ertal n, enbodi,nments, a,.
maaa%s@ﬂﬂpsom?ff%ﬁsd Uik &8: Lo sxric e DS Htpeersinpal
surface sui table for recel ving a fluid materi al
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tur] ro ess, such as, | e, when
ﬁﬁf)ﬁ?& th "éee %§W§§°§HHPW%%C%§? ’Eﬁfi(ﬁg&“ genely refess
erm"mcrostructures,” as defined herein, generally
to ?t&%wgs fognag wikta high ‘F‘%ﬂrﬁ@d)fvﬁfE*ﬁS'Q“thha@e&F% tefit on a
precision that are sized to fit on substrate 25.
subsératau38. tﬁ@@agﬁsezéae diizegi pf @if@ﬁ@nts%iﬂﬁfrﬁéﬂsem%yaf\vame term
the term "mcrostructures" should not be construed to
“mipresiruetutasd sheuld mpt paconsityest todiezlimitathito amnpasticularesize and
i nterchangeably with the term "structure".
carMber used utewwhangeably withc theddermn Sstrugiteretir blidrestrusturas may
fluid material, any conbination of droplets, or any
inckitle e single droplet of layfluid poatetalngny kembiratibe tof siyometsaor any
substrate 25, such as a two- dinensional |ayer, a
strudturecfotnexk by idepasitiag de deplaifse onandulastiate LBesucteas aeddo-
structure. [0023] Wth reference to FIG 3, the drop
dimansionaihviayieng amtideé-airtdnsionet | adhiteciureanaida ah, other desired
imging lens 18, mrrors 22, 22a, and a prism 24. The
strwbt@p. vi ew i magi ng nodul e 14 further includes an
i1lum nation system 19 having a

[0023] With reference to FIG. 3, the drop view imaging module 14
includes a camera 16, an imaging lens 18, mirrors 22, 22a, and a prism 24. The
drop view imaging module 14 further includes an illumination system 19 having a
light emitting device (LED) 28, an LED strobe controller 26, and at least one
condensing lens 30.

[0024] The mirrors 22, 22a, and prism 24 cooperate to fold an optical
path 32 (represented by dot and dash lines in a form similar to that of a
periscope) generally between the LED 28 and the lens 18. The mirrors 22, 223,
and prism 24 fold the optical path 32 such that light from the LED 28 passes
through a field-of-view 21 prior to the light being received by the lens 18 and
camera 16. Specifically, the prism 24 functions as a “periscope” with the mirrors

22, 22a cooperating to further direct the optical path 32 into the lens 18 and



light emtting device (LED) 28, an LED strobe
controller 26, and at | east one condensing |ens 30.
[0024] The mrrors 22, 22a, and prism 24 cooperate to
Wwol6bsaseept i cal path 32 (represented by dotepcang:aasizcor
lines in aformsimlar to that of a periscope)
generally between the LED 28 and the lens 18. The
camaraciGs TPe [@da) 24amey pmélgde 24redotet tope popionczl i fadiitate
32 such that light fromthe LED 28 passes through a
packaging of theipeianP24 pn irer XAYAZ stagellibght bei ng recei ved by
the lens 18 and canera 16. Specifically, the prism 24
fun{o02s)s Thediclpef-viewaPkls pogitiortdderefdtive dosa pA@he&247 of
cooperating to further direct the optical path 32 into

thé IPVD epsterh8i Gsuth thaMigurDeaictar 8jétteREINUBRODEGRRLLIG7 of the
canera 16. The prism 24 may include a reduced top

PMDrdysteim 90 gagséattirbudrathe figihokaigwt ahd,tthes,ds ilkmiZsted by
the XY/ Z stage 15. [0025] The field-of-view 21 is
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system 10 such that liquid material ejected fromthe

mnﬂfrhéiéﬂ%qa(h firét Biredtion arfdMe &prdemaidly Bawees 0.6 nanskRtdrdand
d-of-view 21 and, thus, is ill'umnated by the LED
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‘hggﬁ%%f% perpendi cular to the Y direction.

[0026] While a pair of mirrors 22, 22a, and a single prism 24 are
disclosed, at least one of the mirrors 22, 22a can be replaced with a prism while
the prism 24 can be replaced with a mirror provided the optical path 32 is
properly bent and light from the LED 28 passes through the field-of-view 21 prior
to the light reaching the lens 18 and camera 16. The specific configuration of the
mirrors and prisms is not limited to two mirrors and one prism, but may be any
combination thereof that suitably directs light from the LED 28 through the field-
of-view 21 and finally into the lens 18 and camera 186.

[0027] The camera 16 may be a commercially available solid-state
camera capable of operating both at a resolution of approximately 640x480 at 60
frames per second and at a reduced resolution of approximately 640x100 at 240

frames per second. An image sensor (not shown) of the camera 16 may



[0026] While a pair of mrrors 22, 22a, and a single
prism 24 are disclosed, at |east one of the mrrors
22, 22a can be replaced with a prismwhile the prism
24 can be replaced with a mrror provided the opti cal
Wihi0Be/B297ls  properly bent and |ight from t heCL/EE02@015607
passes through the field-of-view 21 prior to the
. light reachij ngi the lens 18 and_ canera 16. The specific
IncQrpRratey any sHikbIe teghnglogitisteid s Girld, GMQFe0ri GlDhoThe camera
limted to two mrrors and one prism but may be any
16 eyhdraent AbAxteral &igger pignaldgiinitaieymage aegwsitipr Rither disaetly
the LED 28 through the field- of-view 21 and finally
or thraughtaheompafible Bamedyrablparr alhescam@e2ts, orlite frearagrabber, is
may be a commercially available solid-state canera
alsg aélekipe)r@\fidQ; pdriggarraignabtchthet LED strelod gonteollen 26 to trigger the
approxi mately 640x480 at 60 franes per second and at
LER 28evwher the esmbmt 18is ekpeying dx image lsgn$erOi d@estarp.4®ne
frames per second. An inmage sensor (not shown) of the
exaogpie oha péeferygd c8mé@ BMGdel BIk0 FO3BE MddeIA0AH&A 15661, which
i ncorporate any suitable technol ogy such as CCD, CMOS,
inclade<h.|EERel 39drirtcéfacd,Ghaselininating tika nexd ¢srmafraingi grgistier.
signal to initiate image acquisition either directly
Theotaingrzd ugHuah&oimpaitied lae CODaBENgdr ahBEhas Tttt 3aBSitvitySand
or its frame grabber, is also able to provide a

lowbF fa@Rpatting Adike titart MestEMOS irfe sepBbisol | er 26 to
trigger the LED 28 when the canera 16 is exposing its
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preferred canera is del No. FO033B nade by Allied
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elimnating the need for a frane grabber. e canera
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sensitivity an
should also be chosen based on the numerical aperture (F-number) to balance

the needs of resolution and depth-of-field. For example, the lens 18 may be an
assembly including an infinity corrected objective lens and an imaging lens, such
as Model Nos. B50 and FTM 350 made by Thales-Optem. By using an infinity
corrected lens system, the objective lens (i.e., condensing lens 30) and the
imaging lens (i.e., lens 18) can be separated by a predetermined distance
without significantly increasing aberrations. Separation of the condensing lens
30 from lens 18 is accomplished through cooperation between the mirrors 22,
22a and the prism 24 such that light from the LED 28 may be directed through

the field-of-view 21 and finally into the lens 18 and camera 16.



| ower fixed pattern noise than nost CMOS i mage
sensors. [0028] The lens 18 may be a conventional |ens
and is selected based on the field-of-view 21 and the

woessfis®7confi gurati on of the canmera 16. | n pcaddidob/0Reco7
to the field-of-view 21 and the specific canera
chosen, the lens 18 should al so be chosen based on
t he[0029%r | Byl spasingt thee cORdansivige fenst 30 Hadrarers 18hghe view
needs of resolution and depth-of-field. For exanple,
imagdirg Ineoduld 8 4nieyabbe tamairtamesricbynpacic tesigmg Vdithaubfusei dfythe
corrected objective lens and an inmaging | ens, such as
mifvbde2,\esa aBdQorisnd 26T he3 REDNRBIecobld Mbtabe poSiiibeet gdyerally
using an infinity corrected |lens system the
adjaberictol the 1663138 ((FI.GE.S), bunaees, woulti drave 36 )beapakitidned in line
imaging lens (i.e., lens 18) can be separated by a

witprtRe edrey 18 Bash thias lightdm Wid e t2ssirgrsntiiteditirbygh the field-of-
i ncreasi ng aberrations. Separation of the condensing

vieWe2$ codldl bé esbeiveasbylthel Ien@agonPkting e D028 line with the
cooperation between the mrrors 22, 22a and the prism
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hrough the field-of-view 21 and fi nal into

sah%&ﬁaﬂ@ ad"fe Qélﬁeéfﬂné\ﬁ 219 WA 2Re a8 1R %VE’IGT fdéeggf @190d Irop
156 0 7 By spaC|ng t he condensing | ens
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mal nt a conpact desi gn hout use of m I'I'OI'S
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positiohe ener tothe lens 18 (FIG
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ex%bl%, ttﬁg size of the field-of-view 21 may be designed to be at least 0.8
millimeters horizontally and about 1.1 millimeters vertically. In such a
configuration, the camera 16 is oriented such that the camera 16 scans drops of
fluid material ejected from the printhead 17 vertically. With such a configuration,

the spatial resolution at the field-of-view 21 is approximately 1.74 pml pixel.
[0031] The lens numerical aperture (i.e., F-stop) is selected to yield an
optical resolution compatible with the spatial resolution and a depth-of-fieid
compatible with the needs of the application. The depth-of-field is dictated by the
possible deviation from the vertical path of a drop of liquid material when ejected
by the printhead 17 when the drop of liquid material passes through the field-of-

view 21. For example, the depth-of-field may be +/- 54 microns having a range
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| ens 18 such that the LED 28 and | ens 18 are generally
positioned within the sane plane as the field-of-view
21, would increase the overall size of the drop view
i magi ng nodul e 14 and, thus, would increase the
Worpé/859ty of nounting the drop i magi ng sy8CENS206/616607
the PMD system 10. [0030] The size and position of the
field-of-view 21 is based on . the  specifjc app]icatio
of BB WAIRNS na A B Areratde i pasrex TSl beRaen, 20
.exanple, the size of the field-of-view 21 may be
MIGH@R§ @mféaonacrse&at least 0.8 millinmeters horizontally
and about 1.1 mllinmeters vertically. In such a .
corlPP32k at VWilh, thenabeadeseribed i fieldpf-davedl stiicth depift-of-fipkd
camera 16 scans drops of fluid material ejected from
rangre, fhe ensed® may indlydec al nymengal lapsitdre 4.e., F-stop) of 0.11.
configuration, the spatial resolution at the
Configuringothevilens 218 ite kawer axinueescgl apgdurgniof f.Xk| yields an
[0031] The lens nunerical aperture (i.e., F-stop) is
ilumiriadion e vietengite bti4 36 nmp jat diffeaictiore Smited iopticat sesiutidn ef 2.51
with the spatial resolution and a depth-of-field
microms) a&tnidod gewinetricahdepth-edsicldf ranhe oh P8 intietonen .Bethase there
depth-of-field is dictated by the possible deviation
is rfa mumeédical apeture dhatgadvided beth dnegesifed regolutibrmandthieadesired
when ejected by the printhead 17 when the drop of

depthepiifidld Rirges abhgusirge thet hurmeddal tapertliree tahdsfto e @wrdde-off
For exanple, the depth-of-field may be 54 mcrons

beth@éhnBe aplicih essolution \4Rd 268 Bé<ird6btiRofHidiS284el 015607
of 108 mcrons. Preferably, the depth-of-field is

OO T U85 B MaNGEIor 1o
Iigfﬂ%?ﬁihrn@fdé\}k% fnd may be positioned behind a diffuser 23. The LED 28
may be a Lumiled Luxeon il available from Lumiled Corporation. Preferably, the
LED 28 has a dominant wavelength of 455 am as use of a shorter wavelength is
preferred to yield a higher diffraction limited resolution. The diffuser 23 may be a
replicated diffuser having a 3.8 degree spread angle made from material
manufactured by Reflexite, Inc. The diffuser 23 homogenizes the light from the
LED 28 with minimal optical loss. The diffuser 23 includes an aperture (not
shown) that limits the size of a cone of illumination, which in turn limits the
amount by which the field-of-view 21 is overfilled.

[0034] lllumination of a drop from a printhead 17 of the PMD system 10

is generally carried out with condenser backlighting. Front lighting is not

preferred, as the range of angles required to illuminate the substantially spherical
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ranges, the lens 18 nmay include a nunerical aperture
(i.e., F-stop) of 0.11. Configuring the lens 18 to
have a nunerical aperture of 0.11 yields an

wbl20g¥8abi on wavel ength of 455 nm a dif f r acidiars2006/015607
limted optical resolution of 2.51 mcrons, and a

geonetrical depth-of-field range of 148 m crons.
dréje c besmméd epreblentatico N Beeausealthapiuminationhaystemovidesses
both the desired resolution and the desired

badRIghiingf Kdhiler Ishokhdteg, ancihdifisal hackid@ting BRY Actebtabiefos or
tends to be a trade-off between the optical

useeritl tid aropanew timagingshodde dapdrt P Egdisnr ENg@hile critical
[0033] The LED 28 of the illum nation system19 is a

ba@kleghtiA ¢ides | 4 Fhbree BIMpPliEIY sYSEht KISk BRYKIIBARting may be
pogjlhiti g\r/]‘gg behi nd a di ffrﬂser gS. The LED 28 grm\yg be ya

préfaffol eBvdrU S ARl | Bdck 'nbﬁtase Kbhem Bdéﬁiiérﬁiﬂgcﬁfd%ﬁfe@t bl}ﬁéﬁter

Preferably, the LED 28 has a domi nant wavel ength o
illxﬁﬁﬁatgdﬂ @ﬁfdﬂﬁnﬁyﬁgd BofbIY gkl %*ﬁé{&kzﬂgth is preferred to

yield a higher diffraction limtéd resolution. The

di fi%{g;gl 23, or!aengﬂgggrm hé%%%n‘éiufd@ré‘ﬁ'éirrﬁvﬁrﬁ%é? I%ws%s

deg pread angl e e from eria manuf act ure

e BB B g ol AR o2 RSS20 S
o 4489212 SO RRGBP R G AP APl i
o 5] B SRR, R O, g e
o BT, B4 86 SR B ThE kR e " omtouration
bt 30 bR BB e 3B SRSl P magin
moduié 19 8nd BATS 4, SisH 1672006/ 015607

[0036] The LED strobe controller 26 controls the LED 28 by supplying
the LED 28 with a waveform signal. The LED strobe controller 26 receives a
trigger signal from the camera 16 and powers the LED 28 with a current
waveform (i.e., a signal or pulse) that is adjustable in both amplitude and
duration. For example, the LED strobe controller 26 may control the LED 28
using pulse-width modulation by providing a waveform to the LED 28 at a
particular amplitude and duration. Adjustment of the amplitude and duration may
be either manually set, such as with trimpots or digit switches, or may be
remotely programmed such as, for example, via a serial communication port

(FIG. 3). Preferably, the LED strobe controller 26 is capable of being both

12



drop becones problematic. Because the illum nation
system 19 uses backlighting, Kohler backlighting and
critical backlighting are acceptable forns for use
with the drop view imging nodul e 14 and PMD system
WID2006AK3797@¢ critical backlighting provides aPGDU82006/015607
sinplistic system Kohler backlighting may be
re&err d over critical backlighting, as Kohler )
maBually 93 ks nYarBPPiRca digik aWiened) nd semataho RO B (15
. and better optical efficiency. [0035] The condensing
via psesiabeprmynicaignieetla pair of Fresnel lenses having a
traditi onal condenser configuration to i mge the
di f[PA3dr xpesuee phéne ER@eR J6- Wiag\be contwlied dpasedeon dine
gl ass lens (not shown) may be used along with the
ampiitade and (dgradien af dhe wasgiosntsupplied tonthe dtEDHA8.uRiréforabiy, yhe
While a supplenental glass |ens may be used in
duratien tof dhet wavdiernfFrseppligd fteribed,ER (B8 isa reptuctd gor titei towest
may not be required, depending on the configuration of
duratien grosgible #wati stilgyiellis amdadcepthbleaedpédvre.sy Foemxafple, a
[ 0036] The LED strobe controller 26 controls the LED
waegoiny daratiph Yf oge nitre-debn@ Bavihg Bnanyslieicosfrappranivahtely 15
The LED strobe controller 26 receives a trigger
Ampt gyl bé wesd.t Becaasedidpd @xaing the pentehbid 7LED téSeliMd &t @
current waveform (i.e., a signal or pulse) that is

to eightusételd gerisacbad @ﬂdsgh'tdvb[éeéigmdnetdw &t4.6pixelOduring a one
exanpl e, the LED strobe controller 26 may control the

mick&=Beddhd wavetermaUlIf 8-sHoftbh plBe U Abkiesy, Y highel bfliplidida LED
waveformto the LED 28 at a particular anplitude and

lightl Wadéfof-or Aiantdra®iith stinifida@R Bier e Rpdbifliy b 'r@cg.lir'éﬁy
be either manual ly set] such as with trinpots or digit

SWiThEHES. A JBBLRR ?Fegfg%l | WP HREY GBREthayitiy nfiule’ ¥4 is

exanpl €, via a seria nication port
mounted on a motorized X/Y/Z stage 15, which includes motors and encoders

(neither shown) to propel the X/Y/Z stage 15 in the X ,Y, and Z directions. The
motors may be electromagnetic or piezoelectric motors such that a current
supplied to the motor causes the drop view imaging module 14 to move in one or
both of the X and Y directions after the drop view imaging module 14 has been
moved into the desired Z position. The desired Z position represents the desired
inspection point or the distance from a nozzle ejector associated with a printhead
17 that represents the effective contact distance when printing over the substrate
25 occurs.

[0039] The encoders are preferably optical encoders with a 0.1 micron

or finer resolution. While motors and optical encoders are disclosed, any motion
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(FIG 3). Preferably, the LED strobe controller 26 is

capabl e of being both 12 WO 2006/ 137971 PC

| US2006/ 015607 manually set (i.e., via trinpots or

wlo 8dok/1$M41t ches) and renotely programed (i . @Cr/usyiosoBeo?

serial comunication port). [0037] Exposure of the

canera 16 nmay be controll ed based on the anplitude
systech @uitable aof piopeling wag edtagenis ubpl Xed, tand He diré&dtioR8. in a

Preferably, the duration of the waveform supplied to
coblighdiddD fashidis anedame @ntoddrheapaiee ot cotltroliihg aheqtion sofbfluid

that still yields an acceptabl e exposure. For exanple,

materidlefrsth Aheplitithahtie N 70ind MBads eastusebp it bameryy1@may be
anpl i tude of approximately 15 Anps nay be used.

usE§ GPpIase 6f MBfors ¥hd/oPeptidacemdddeidiead 17 are traveling
at up to eight neters per second, a drop travels

ei gfgodnft e v I BHgeOa 9 Kk
tgoorm riAg gﬁeﬁatnehw&r@&u p vy mxrye@m Gle0a SRSOEHbC

If a“shorter pulse Is desi a hi gher

@d&?i'uhi H%Z HeﬁRtlalddQBtveYlﬁrV&frr%bﬁbﬁéraﬁor? 8M&4ch pHnittbad 17 of the

SI gnificantly lower noi'se capability are required.

pu\hﬁggﬁie@j oldgﬁ&f 5%8% 3&1@&;& gwdexauré nﬁowgw \draMe HIRY B@ge

nount not ori zed Y/'Z stage 15,
traﬁ@%ﬁrﬂpé {flﬁéeﬂ'l%ﬁw@ rﬁé%“&%d?n‘bcf %r§sf{§l¥3:@§ﬁn@u9"§&):h bitat
nEpAEEraR7 and Phap SPRCETI RO ERISRBAN Gt |

thegf%?one {505 AR L P L ?%Lﬁg&i‘?%&m .
oo B8P, el TR, PR Bib o 3735080, LG o o
R gﬁfe%&ﬁﬂg@"eg?%&mpﬁ%amouon
coﬁ{rolper%é The motion controller 34 is preferably a Delta Tau UMAC motion
controller.

[0042] The motion controller 34 sends a signal to the camera 16 to
initiate exposure of the camera 16. Once the camera 16 receives the trigger
signal from the motion controller 34, the camera 16 sends a trigger signal to the
LED strobe controller 26 to initiate a pulse of light. By allowing the camera 16 to
trigger the LED strobe controller 26, a proper amount of light from the LED 28 is
emitted and is properly timed with ejection of a drop of fluid material from a
respective printhead 17 such that a desired image can be captured by camera

16.
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17 that represents the effective contact distance when
printing over the substrate 25 occurs. (0039] The
encoders are preferably optical encoders with a 0.1
mcron or finer resolution. Wiile notors and opti cal
vengesylare di scl osed, any notion 13 WO 200®/U$3¥6N3607
PCT/ US20061015607 system suitable of propelling the
stage . in the X, Y, and Z directions inh a coordi nated.
f agﬂpﬁi‘f an n%%%‘?ﬂéﬂ%@r“‘%%ﬁ%”@ﬂ AbiMas 9 the drop of fluid
ejection of fluid material fromthe printheads 17 and
majqrigh cthe gamera 1S tiansmits fiata of dhedipage to ik image-progessing
of nmotors and/or optical encoders. [0040] During
corppiden Bf o hefimage-nieeassingcRnnviRy 3ty raesiyes dhe inageogata from
check rocedure may be initiated to verify correct
theggrimere; ‘Efnaad veses Hhe aeriecicPPETatiph efhie pindleadsyét rarrect
10. For a drop check procedure, novenent of the X/ Y/ Z
opgyatigie is detenvmed: byngompering dye ldcation whdghegentseid| of the drep
essentially continuous such that the printhead 17 and
imaeBo 31y sceeptallei windowiaf-operhtiohrtbatgik auser aeéined oorthe image
[0041] The encoders |ocated on the X/ Y/ Z stage 15
procesding competeridtn Déperdiimpson difie Bteurdcyrat drapaéjettiomrezmiréd
printhead 17 of the PMD systemas well as triggering
for af partielareappiieation, the wingowraf-operdtidh@andie inbeased & &lbw for
drops via a notion controller 34. The notion
highemteliabllier oB4hé sypted.er'eid Wirtddvebi-apdrationNd\Gtdred i fen each
controller. [0042] The notion controller 34 sends a
parfic@adlpring fobe tfaMAiay be tyuestiidt icht Pee MBS UBRstéh tbeand
camera 16. Once the canmera 16 receives the trigger

automatically adjusts without further user interaction.

[0044] In addition to performing a drop check procedure, the drop view
imaging module 14 may also perform a drop analysis, which measures various
metrics of the drops of fluid material ejected by the printhead 17. For example,
during a drop analysis procedure, the drops of fluid material ejected by the
printhead 17 may be measured for size, area, diameter, volume, velocity of
ejection, and directionality of the drop trajectory in the field-of-view 21,

[0045] During drop analysis, the drop view imaging module 14 acquires
images of a number of drops from a single nozzle of a particular printhead 17.
The X/Y/Z stage 15 is able to position the drop view imaging module 14 relative
to the monitored printhead 17 through movement in the X, Y, and Z directions.
Moving the drop view imaging module 14 in the X and Y directions allows the

camera 16 and lens 18 to be properly positioned relative to the field-of-view 21 of
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signal fromthe notion controller 34, the canera 16
sends a trigger signal to the LED strobe controller
26 to initiate a pulse of light. By allow ng the
wahREassa to trigger the LED strobe contr olplcgnsziBsod607
proper amount of light fromthe LED 28 is emtted and
is properly timed with ejection of a drop of fluid
a paglicyarrintheseh - Peegiically vy weving Keedroprviey dmagingtmedule
desired i mage can be captured by canera 16. 14 WO
14 yelatiye: tor the privdiTeags? 0 Ged (asseciated] pimdsiadcriectirartics, dareptical
16 has captured an image of the drop of fluid
pathaiZempy|be paséiopadsteh et theaopiivat gatt B2:crossestthe fiatdepd-view
an i mage- processi ng conputer 36. The i mage- processing
21 toaiaw the eBneracts ipecapture amicngge déiradrbp ofrfluiti neatedatejected
16 and verifies the correct operation of the printhead
by aprintbwadddt operation is deternined by conparing the
| ocation of the centroid of the drop image to an
acdépdebl eMaverdent iofthe Zedisdction atltvad viesingsefr drdp$ iessshtialy
the i mage processing conputer 36. Depending on the
fromctbarpmint abfejebtiop atjtiee hozele é@uirintitbadf 11 taaplekst T wmmfrom
appl i cation, the w ndow of -operation can be increased
thet @odrtl ofv djectionhi gier ob®lin addcurdty afeal hdiamessre randT Welume
w ndow- of -operation is stored for each particul ar
mepsureinen@it isheisenyl td Ravee staBRt @ 6plof fotrigtidAMAtS YsdEsitclfhrity
and automatically adjusts wthout further user
of thetiags.t BQch atdlldré] médbursiebhts Afe tyPidagy E@édﬁdp]ﬂhé‘d g8y fRage
check procedure, the drop view inaging nodule 14" may

captiROatRfisthAEdY Gretlc? Pha @ Inyditform YAE RbzAE8REI0RSso/ k! fistance
metrics of the drops of fluid material ‘ejected by the

muBf b idHRBH sdt’ by iRE IPBATD! &t the ideal inspection point or set by the
image processing computer 36 to automatically select a location based on data
consistency and quality.

[0047] Motion in the Z direction also allows for characterization of the
average drop velocity from the point of ejection at the nozzle to a working surface
of the substrate 25. Incorporating this velocity information into the firing data
allows for compensation of velocity errors for each nozzle as the deposition
process starts on a substrate 25. Such analysis allows the drop view imaging
module 14 to detect the drop velocity of the drop of fluid material based on a
difference in drop position divided by a change in delay time to an accuracy of

approximately 0.1%.
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during a drop analysis procedure, the drops of fluid
material ejected by the printhead 17 may be neasured
for size, area, dianeter, volune, velocity of

ejection, and directionality of the drop trajectory in
WR00§/1389Md- of - vi ew 21. [0045] During drop an&CYRSH06/Q15€)7
drop view i magi ng nodul e 14 acquires images of a

nu r of drops froma single nozzle of a particular
pr irﬂ??ﬁﬁ%lad g@'e torne! the ?PECSQ?@&@GJ&@ 5 tsiecorf betyen fietshof-
. the drop view i magi ng nodule 14 relative _to_the _
V'ewuﬁﬁptsv&dle&f i ffﬁrnea“@pguretrﬁt%@gﬁ srRAfiaheerolytion; faeeystem is
and Z directions. Myving the drop view i magi ng nodul e
based ehap petinahsratial smsobdion oh apargxboaiel 2 nyeness el pixghen
lens 18 to be properly positioned relative to the
ther GePRrEy. 19 ashiove t%p gopds {aD o ehack7aTalysicand drop analysis.
/ U92006/ 015607 a particul ar Er i nthead 17.
Bessei thecsyistgm was designed tio evark opitty eevarletya gf mainthedds drom
14 relative to the printhead 17 and associ at ed
diffpreint thariudaciurecs mdthi asious Hisheyptii dedp vadamies JRe.rdipnbe to 80
positioned such that the optical path 32 crosses the
picolitetsyl- ire-syistam cah acuak| roultipleesaraples pet @rop as ap functom of
i mage of a drop of fluid material ejected by a

droprsize tieeadurhé to [a0RikGe thd tHMBbasuramiehtactusthdye cdr@xample, at
all ows viewi ng of drops essentially fromthe point of

10 jdeoy siee, Bt sahples azulcbetequiretitobieade e taauns ah@ashiede
mm from the point of ejection. To obtain accurate

thear s aneabupaTRét goah Maily at YS!, oﬁl?ﬂliw sBfPsSarbiredfired. At 30pl
essential to have stable droplet formation with good

or laiged \Brif bhd sampletiffeduidde. Such accurate measurenents
are typically acconplished by image capture at

di Jopages AS eflsefibéd @bobeMihd dPichiNBathos2! B §oRELA -bent
so the 'di stance '
between the LED 28 and the lens 18 of the camera 16 by the mirrors 22, 22a,
and prism 24. By bending the optical path 32 between the LED 28 and camera
16, the camera 16, lens 18, and LED 28 may be positioned in relative proximity
to one another to reduce the overall size of the drop imaging module 14.
Reducing the overall size of the drop imaging module 14 allows greater flexibility
in movement of the drop view imaging module 14 refative to the printhead 17 and
also allows the drop view imaging module 14 to move in closer proximity to the
printhead 17.
[0050] During operation of a drop analysis procedure, the LED strobe

controller 26 issues a signal to printhead electronics associated with the

printhead 17 to trigger the ejection of drops of fluid material from the printhead
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nmust be either set by the operator at the ideal
i nspection point or set by the inage processing
conmputer 36 to automatically select a | ocation based
W0 26hhigre7iconsi stency and quality. [0047] NMotecanuskinebizsn?
Z direction also allows for characterization of the
average drop velocity fromthe point of ejection at
17t hdTheofrebeernay af Woe lhignpl ssent duye theofLEDh @trelod stonérolber286 is
I ncorporating this velocity information into the
approximatelyagqual a6 lsodsopt frequeamep exfshtid orateral \deriog ipripting.  For
errors for each nozzle as the deposition process
exainple, theddrop fizabenasyernay approRincdtelgiial 4skidz. al | ows t he
drop view imaging nodule 14 to detect the drop
vel 0051y ofTot besute oabfihé | regdishatiaragas dfasach afrom of fluid
difference in drop position divided by a change in

matelidlYaré iadquitetl, ANstAstRUEERIONIOT bor {hePSHBRING lgsdtidieGowithGhe
WO 2006/ 137971 PCTI US2006/ 019607 [ 0048] Sel ecti on of

LED&trél Eaiftfofan®s ihclkiek @ It bf AstRiirell imhgds i abiRidded tielay
view, depth-of-field, frame capture rate, and spati al

tln{e%sl%rHtthQrﬂ}roJ h‘l%;g%l/%fg?lﬁl ' ?or Qﬁérﬁgleoﬁ ANinffel 6B d%babf Aiid

resol ution of approxi matel .2 mcrons per pixel
métEﬁalCp?e&\hFe@lkﬂd?tl;ﬁﬁﬁéreéj@cﬁdhefrgﬁlaﬂhé dridhedidory, QH@%Iay from
anal ysi s and dr op anal ysis. Because the system was

tn%%?lpgrb?%é H’roﬁq? ehH? df Y4 %éa Soupditidi éﬁh@ﬁﬂﬁtlgﬁ 8 LED

rent nma urers wt IOUS I erent drop

28V RbiEES fdiatfref Eﬁwﬁ[!”t@ dridufPihaR 16 J'négé g% 'tl}ié p?or@ésé@dﬁl

can acquire e sanpl es per tion O

sl Lol e AN £ CCOAFR 0. PR ERURES image i

rac or exanp

sulR ll‘rLaq tﬁ’g o(/grgh”sf'lgge toP tl‘?ev&roﬁ%s &%r Y& ?éﬁc%%gatﬂg sﬁlﬁgﬂreﬁgezs is

desired, the delay between the trigger signal that ejects the drop of fluid material
from the printhead 17 and the frigger signal that initiates image acquisition and
illumination would be somewhat larger to allow the drop to be fully released by
the printhead 17 prior to the camera 16 acquiring an image.

[0052] Prior to the strobe controller issuing a trigger signal to the
printhead 17 to eject a drop of fluid material, a signal from the camera 16 must
first be received by the LED strobe controller 26, alerting the LED strobe
controller 26 that the camera 16 is not busy and is ready to acquire an image.
When the camera 16 is not busy acquiring an image or transmitting an image to
the image-processing computer 36, the LED strobe controller 26 is able to trigger

the camera 16 to acquire an image of a drop of fluid material ejected by the
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t he 1% neasurenent goal while at 15pl, only five
sanples are required. At 30pl or larger, only one
sanple is required. [0049] As described above, the
optical path 32 is generally bent between the LED 28
VeO006/m5971ens 18 of the canera 16 by the m r PETAISARG/015607
22a, and pri sm 24. By bending the opti cal path 32

between th 28 and canera anera 16
P”'i'g?gg g '%8 Iealp BEICHEANIZG Bﬂe%le?tl?“r%fl gH'?’ \r@ats%érqmttpe
to one ther to reduce the overall size of the drop

prin @?jﬂa"\‘@cﬁﬂpgswdt%ﬁmwﬁng overal | size of the
dro i magi ng nodule 14 allows greater flexibility in

8l ~ofS netedarhgyey theul-E BglPhe cadlielles 2§4dlr|eétsajeqﬁ@n of

to the printhead 17 and also allows the drop view

a dramgf figd msienial from the printheadnl Terssethe pameiranl 6 jndieatesinat it
printhead 17. (0050] During operation of a drop

is netdlupyi andowil clreat e camera ED tetcaphise ao dnagebf the dzep of fluid
I ssues a signal to printhead el ectronics associ at ed

malgridh a redgieinmined dimd Follawing i gjgetiont loé th¢ dtid amopffrom the
drops of fluid material fromthe printhead 17 WO

pricibead 137 The redateBrines HodRed of tihé.is Phsed pe dhueedesiredfimage
the signal sent by the LED strobe controller 26 is

(i.eapghiaotly follbwing ejgctidn dojust griarmtof the alremof flald rhhieridl reaching
material during printing. For exanple, the drop

thef sdptrate; Yormeanaig). oRigTaiffetanche il thekpiedele®mel detays allows
ensure that the requisite inages of each drop of fluid

thematap bAhlysis emagaei 1424 o&ﬁﬁiré QRRGES Vi I tbp€ lof TRAT ehaidyeli at
shown) associated with t LED strobe controller 26

vangcgfé'ar;&ﬂl%na flioWingPéjebsitiréAt pire&s ¥7.t h associ at ed

[0054] The LED strobe controller 26 continually initializes the
acquisition of images of drops of fluid material from the printhead 17 until each of
the requisite images stored in the list within the strobe controller board are
acquired. Once each of the requisite images are acquired by the LED strobe
controller 26, the images are transmitted to the image-processing computer 36
for analysis.

[0055] Because drop analysis takes an in depth measure of the overall
size, shape, and velocity of the drops of fluid material being ejected by the
printhead 17, the drop analysis procedure is typically performed less frequently
than the drop checking procedure. However, the drop analysis procedure may

be performed each time a printhead 17 is engaged to ensure that the printhead

17 is providing drops of fluid material that meet a predetermined size, shape, and
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times fromthe drop trigger signal. For exanple, if an
image of a drop of fluid material is required shortly
after ejection fromthe printhead 17, the delay from
Wohegasiong of the drop to triggering of i MGRT/US2006/015607
acquisition and illumnation fromLED 28 would be
relatively small to ensure that the inmage of the drop
velosityac Jherietdrvas ko petfgrmatitogr amglysis cam bersmhedidre by thenbperatbr
17. Conversely, if the required inmage is such that
astahfancticer afltimes bameniodr df lsabstratps P8 tat have beéw prieedlzineg last
the substrate 25 is desired, the delay between the
anblysigger signal that ejects the drop of fluid materia
fromthe printhead 17 and the trigger signal that
initiates imge acquisition and illum nation would be
sonewhat larger to allow the drop to be fully rel eased
by the printhead 17 prior to the canera 16 acquiring
an i mage. [0052] Prior to the strobe controller
Issuing a trigger signal to the printhead 17 to eject
a drop of fluid material, a signal fromthe canera 16
must first be received by the LED strobe controller
26, alerting the LED strobe controller 26 that the
canmera 16 is not busy and is ready to acquire an
i mge. When the canera 16 is not busy acquiring an
i mage or transmtting an inmage to the
I mage- processi ng conputer 36, the LED strobe
controller 26 is able to trigger the canera 16 to
acquire an image of a drop of fluid material ejected
by the 16 WD 20061137971 PCTI 11S20061019607
printhead 17 and is able to synchronize an ejection of
fluid material fromthe printhead 17 with exposure of
the canera 16. [0053] As noted above, the LED strobe
controller 26 directs ejection of
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a drop of fluid material fromthe printhead 17 once
the canera 16 indicates that it is not busy, and w ||
direct the camera 16 to capture an inage of the drop
of fluid material a predetermined tine follow ng
ejection of the fluid drop fromthe printhead 17. The
predeterm ned anount of tinme is based on the desired
i mage i.e., shortly follow ng ejection or just prior
to ?he érop of fluid mat &-AMMSreaching the substrate,
for exanple). The differences in the predetermn ned
delays allows the drop analysis nodule 14 to capture
i mges of drops of fluid material at wvarious
oS t i 0N BRLIAISYRR] B hbASINGT oM @ pr i nthead 17.
[ 0054] The LED stiobe con roP er 26 continually
initiali &5 éhe acqui sition of inmages of drops of
fluid nﬁ%er9a1 fromthe printhead 17 until Each gf
the requijsite i tored.in the list wthin the
str obeqc%ﬁpﬁ'w Fgﬁg@f?é?%r ‘il?eé’t'ngmﬁq"é .Stoéﬁf‘,"é' SE N
the requisite images are acquired by the LED strobe
cont r ol IaeP””ég?aq;he i mages are transnitted to the
i mage- processi ng conputer 36 for analysis. [0055]
Because aliefgctiveamptarial dispesedpraximatedoisaiteprintheadit t he
overall size, shape, and velocity of the drops of
fluid ne printheadhcontyoligran teathroynichon pith redick awbtibd, conbreller
drop anal ysis procedure is typically perforned | ess

for fooatroking | said toniathdadetad selectivty kdjag (ropsesfufigid rhiawevBlte be
the drop analysis procedure may be perforned each

degosited anpr subidheas] 17 is engaged to ensure that the
printhead 17 is providing drops of fluid materi al

t hat | i i
20861%%9%71%%%@@ Zor'(t‘)%c?395%6§%ag%1?&em098ﬂen99elme to said

printhead, said camera selectively receiving a first trigger signal from said motion
controller to initiate exposure of said camera and capturing of an image of said
drops of fluid material ejected by said printhead; and

a light-emitting device having a strobe controller, said strobe
controller selectively receiving a second trigger signal from said camera to supply
a pulse of light from said light-emitting device to an area including said drops

during said exposure.

2. The analysis system of Claim 1, further comprising a computer in

communication with said camera.

3. The analysis system of Claim 2, wherein said computer is located

remotely from said camera.
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velocity. The interval to performdrop analysis can be

sel ected by the operator as a function of tine or

nunber of substrates 25 that have been printed since

| ast analysis. 20 CLAIM5 1. An anal ysis system

conprising: a stage; a notion controller for

directing novenent of said stage; a printhead; a

reflective material disposed proximte to said

printhead; a printhead controller in conmrunication

with said notion controller for controlling said ,

pri it heath® @n%/ls@cﬂ’ﬁ;%'lnyogjcé%fn ér 8‘8‘?'@? $3i1¢, i SEMLR rangmits

to be deposited on a substrate;, a canmera supported by
image datatte geic eamprieeiaiavingssaid PYROSUL sai d  pri nt head,

said canmera selectively receiving a first trigger

signal fromsaid notion controller to initiate

exposure_of said camera and capturing of an inage,or

sai 8 dr i apalysis aygtamm ot Qlaim & wherein gidcoreputer includes a

printhead; and a light-emtting device having a strobe
pravessorlandr meseory storiad epredetermisiede pperatingt parampters of said

receiving a second trigger signal fromsaid canera to
pritiept Yor conmparsendd datayteceivedfrosmisaididagigraeni tting

device to an area including said drops during said

exposure. 2. The analysis systemof Caim1, further

conprising a computer in

6. The analysis system of Claim 1, wherein said printhead controller

selectively receives instructions from said motion controller to deposit said drops

of fluid material on said substrate.

7. The analysis system of Claim 1, wherein said strobe controller is in

communication with said printhead controller and said camera.

8. The analysis system of Claim 1, wherein said reflective material
folds an optical path between said light-emitting device and said printhead to
direct light from said light-emitting device through an area including said drops of

fluid material and into said camera during exposure of said camera.
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conmuni cation with said canmera. 3. The anal ysis system
of Caim2, wherein said conputer is |ocated renotely
fromsaid canmera. 21 4. The analysis systemof Caim
2, wherein said canera transmts inmage data to said
conmputer follow ng said exposure. 5. The analysis
systemof Claim2, wherein said conputer includes a
processor and nmenory storing predeterm ned operating
paranmeters of said printhead for conparison to data
received fromsaid canera. 6. The anal ysis system of

sertkot i Vit alele JkrR RO AR By sase gymovavl

S ARSI P gt M S

wherein said strobe controller is in conmunication
relafive to eae @npeRt head controller and said canera. 8. The
anal ysis systemof Caiml, wherein said reflective
material folds an optical path between said
[i ht emtti n devi ce and said printhead to direct
Li gift 1 rihi® 22a16is Sysiecedd ElamdP. d'\éhﬁfé@ ateasigtnaanl sridak v,
including said drops of fluid material and into said
andc4 retiegtions instydeg foblane affejection anchimhereinza@l camera acquires
anal ysis systemof Claim1l, wherein said stage is
velomity alsita of sait alrdpeeoftfuid anatienal imsdid gdanenobejedtiorand Z
di rections, which are perpendicular relative to one
anot her.

11.  The analysis system of Claim 1, wherein said printhead is
stationary during said exposure of said camera and illumination of said light-

emitting device.

12.  The analysis system of Claim 1, wherein said substrate may be
loaded into the analysis system in parallel with exposure of said camera and

illumination of said light-emitting device.

13.  The analysis system of Claim 1, wherein said camera captures a
predetermined number of images of said drops of fluid material and said
predetermined number of images is based on a volume of said drops of fluid

material.
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10. The analysis systemof Caim9, wherein at |east
one of said X, Y, and Z directions includes a plane
of ejection and wherein said canera acquires velocity
data of said drops of fluid material in said plane of
ejection. 11. The analysis systemof Claim1l, wherein
said printhead is stationary during said exposure of
said canmera and illumnation of said light- emtting
device. 12. The analysis systemof Caim1l, wherein

said substrate may be [oaded into the analysis system
in g‘é\-r al ﬁ@la”ﬁ]ytshs %ﬁ&?@ﬁ?@pﬂf'mgai d canera and

illum natian, of sai ight-emtting device. 13. The
anal ysi saQQQF‘&ﬁP&P“%P'iﬁfm 1, wherein said canera

Cap Ut ess o 45! SORNRS, WEAG Slobrgoff! it o e
GoB IS o, b8, B0 Bolay o Opsbiot 88t ol it

co@F&lfétr;head controller; a printhead selectively ejecting
rops of fluid material to be deposited on a

subst r at g réflecti9s RHERal dispgoded pestimatstol Sairpathdad;
printhead controller; a reflective material disposed

proxi mat g $tags aindvanle nidhetive; ta saldageintheadbbad rsdidit prirghead
to said printhead and said printhead controller;
controller,
a motion controller directing movement of said stage relative to said
printhead;
a camera supported by said stage for movement relative to said
printhead; and
a strobe controller selectively issuing a series of signals to said
printhead controller to trigger ejection of said drops of fluid material from said

printhead and providing a signal to a light-emitting device to illuminate an area

including said drops of fluid material during exposure of said camera.

15. The analysis system of Claim 14, wherein a frequency of said
signal supplied to said printhead is substantially equal to a drop frequency of said

printhead.

16. The analysis system of Claim 14, wherein said strobe controller
triggers said camera exposure synchronously with ejection of said drops of fluid

material from said printhead.
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a notion controller directing novenent of said stage
relative to said printhead; a canera supported by
said stage for novenent relative to said printhead;
and a strobe controller selectively issuing a series
of signals to said printhead controller to trigger

ej ection of said drops of fluid material fromsaid
printhead and providing a signal to a light-emtting
device to illum nate an area including said drops of
fluid material during exposure of said canera. 15. The

S aﬂ?/.s' Sl'd'}g\/ %tngl%%}‘ §yg&éarlp oOfs é,admp?é %(5{]; :rse sprgge ocl,controller
inoieR e |‘@gofg%reg;§pg§g;%g§g5@ggenc AeErsposure based

wherein said strobe controller triggers said canera
on glimsdelay SoWHE i6HRAFSIof Said dropp o€ fluigrmaterigkiremdeisheringhead.
fluid material fromsaid printhead. 24 17. The
anal ysis system of C aim 16, wherein said strobe
controller includes a stored |ist of desired imuges
and!&ri gdier analysia wyaiasm #f Xpies drte Whesein saith reflagtive material
delay flow ng rel ease of said drops of fluid nmateri al
foldsy amcmlcal pai%hbﬁw.n s@d liphé-emitting slaviasyandmaid plinttiead to
14, wherein said reflective material folds an optical
dirquatightfedmesaid Bghtebnhittongt demicet throwgyhdaw area mohlidiray shid drops of
printhead to direct light fromsaid light-emtting

fluidl endtegal tankdanighsaid camera Hiiig ek ptiusabfis#ld eameps. fluid
material and into said canera during exposure of said

caner a.
19. The analysis system of Claim 14, wherein said stage is movable
relative to said printhead in X, Y, and Z directions, which are perpendicular

relative to one another.

20. The analysis system of Claim 19, wherein at least one of said X, Y,
and Z directions includes a plane of ejection and wherein said camera acquires

velocity data of said drops of fluid material in said plane of ejection.

21. The analysis system of Claim 14, wherein said printhead is
stationary during said exposure of said camera and illumination of said light-

emitting device.
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19. The anal ysis systemof C aim 14, wherein said
stage is novable relative to said printhead in X Y,
and Z directions, which are perpendicular relative to
one anot her. 20. The analysis system of Caim 19,
wherein at |east one of said X, Y, and Z directions
i ncludes a plane of ejection and wherein said canera
acquires velocity data of said drops of fluid
material in said plane of ejection. 21. The analysis
systemof Claim 14, wherein said printhead, is
st a¢2-onalfe @TRIYSlS Svstemedisi@ielbiwhelpln salfhsubsliale may be
il'lum nation of said |light- enitting device. 25 22.
loattpd intadhg analysisssystarain paralleh with saidaxppureaf $aid camera and
substrate may be | oaded into the analysis systemin
illuprimationedf said lightsintittmgteyioee of sai d canera and
illumnation of said light-emtting device. 23. The
anal ysis system of C aim 14, wherein said canera
captures _a predeterm ned nunber of images of said
dr o3 of The @inalysist systein offeaignild, wpeeaie sakdngateerancanidnes a
of images is based on a volunme of said drops of fluid
pretetermiadéd rR6nBer. oArimagak ysi sakly sireps of nfiwid simatgriah and said
printhead selectively ejecting drops of fluid materi al

prddetditninéte padibet bfdmages U Yasaticon a edlage dfayaidgiraps of fluid
notion controller for directing novenent of said

material.
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stage relative to said printhead; a canmera supported
by said stage for novenent relative to said
printhead; a light-emtting device selectively
illumnating an area including said drops of fluid
mat eri al during exposure of said canera; and a
reflective material disposed proximte to said
printhead for folding an optical path between said
light-emitting device and said printhead to direct
light fromsaid |light-emtting device through a

fi - of ~ vi havi i ncl udi idd f
{1t e PSR oA B8N hner & during exposure.of
id T I, t f im 24
R L N S A e
de@%i@p‘oﬁnﬂs@bme{tém' 26, The anal ysis systemof Caim
, rurt

er conprising at least one mrror disposed

24 o t _ or |
27, "The Safishanty & motth CofEbR B RENAT BRIt saic

stabeaslatigf $8if ﬁ)ﬁhthe‘éhfeCtS said |ight received through
said drops of fluid material to a |l ens of said

canera. Cartdra BUPpanad Wy SaidYsth§anfef nfdvehiBn4elative to said
further conprising at |east one | ens di sposed between

prirghead;dr ops of fluid material and said canmera. 29. The
anal ysis system of Claim 24, wherein said stage is
nmovabl e a lightsmittng deiee selpctivelyhilachinating, anYarearincldding said
directions, which are perpendicul ar
drops of fluid material during exposure of said camera; and
a reflective material disposed proximate to said printhead for folding
an optical path between said light-emitting device and said printhead to direct
light from said light-emitting device through a field-of-view having an area
including said drops of fluid material and into said camera during exposure of

said camera.

25. The analysis system of Claim 24, wherein said reflective material is

at least one of a prism and a mirror.

26. The analysis system of Claim 24, further comprising at least one

mirror disposed between said drops of fluid material and said camera.
27. The analysis system of Claim 26, wherein said at least one mirror

directs said light received through said drops of fluid material to a lens of said

camera.
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relative to one another. 30. The anal ysis system of
G aim29, wherein at |east one of said X, Y, and Z
di rections includes a plane of ejection and wherein
said camera acquires velocity data of said drops of
fluid material in said plane of ejection. 31. The
anal ysis systemof Caim24, wherein said printhead is
stationary during said exposure of said canmera and
illumnation of said light- emtting device. 32. The
anal ysis systemof Claim 24, wherein said substrate
may2be Theaavalysiat eysters oiraleiai2d, Jydhemeompiing at dgast one
with said exposure of said camera and illum nation of
lens aispolsed hetveedrt said girojes/ofdftuid 8@terkhandsaidcangeray st em of
Caim24, wherein said field-of-viewis between 0.6
mllimeters and 1.5 mllineters in one of a first or
section direction. 28 34. The anal ysis system of
Cl a29n 24Thenvaealysis systieptdf- Glairi 24, dvhereinpeqidesiage (s movable
m crons and 80 microns. 35. The anal ysis system of
rel&thvai to 24id phiethead imaXd Y, i aidl Zotliredtions| svhidieave @ergerglicular
mllimeters and 1.5 millinmeters in a first direction
relaiVé tbgneegivtRerd mllinmeters and 1.5 mllineters in a
second direction and a field-of-viewis between 20
m crons and 80 microns. 36. The anal ysis system of
Claim 24, wherein said canera captures a
pr eg@t erThdadalpsislgstent of ChiALY wheneid allexss oné of IsaiddX, Y,
material and said predeterm ned nunber of inages is

an@ 5B iINALUEE a HlarkdbletHRS afll etk said camera acquires

velocity data of said drops of fluid material in said plane of ejection.

31. The analysis system of Claim 24, wherein said printhead is
stationary during said exposure of said camera and illumination of said light-

emitting device.

32. The analysis system of Claim 24, wherein said substrate may be
loaded into the analysis system in parallel with said exposure of said camera and

illumination of said light-emitting device.

33. The analysis system of Claim 24, wherein said field-of-view is

between 0.6 millimeters and 1.5 millimeters in one of a first or section direction.

28



material. 29

34. The analysis system of Claim 24, wherein a depth-of-field is

between 20 microns and 80 microns.

35. The analysis system of Claim 24, wherein said field-of-view is
between 0.6 millimeters and 1.5 millimeters in a first direction and between 0.6
millimeters and 1.5 millimeters in a second direction and a field-of-view is

between 20 microns and 80 microns.

36. The analysis system of Claim 24, wherein said camera captures a
predetermined number of images of said drops of fluid material and said
predetermined number of images is based on a volume of said drops of fluid

material.
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