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CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
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Application No. 60/674,584, 60/674,585, 60/674, 588,

60/ 674, 589, 60/674,590, 60/674,591, and 60/674, 592,

filed April 25, 2DEEOP AMNAINSIS 8YST&M of the above

applications are incorporated herein by reference.

FIELD [0002] The present disclosure relates to drop

anal ysis systens and nore particularly to an inproved
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may be noved relative to one another to forma
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substrate having a predeternmned configuration. One

such systemis a piezoelectric mcrodeposition system

(PMD) that deposits fluid material on a surface of a

substrate by sel ectively gpglyi ng WO 2006/ 137971

PCT/ US2006/ 015607 el ectric current to a pi ezoel ectric
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more particularly to an improved drop analysis system for use with a piezoelectric

microdeposition apparatus.

BACKGROUND

[0003] The statemenis 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
wonoosiibeads of the PVD systemto ensure that tReT/US2006/015607

liquid material deposited fromeach printhead includes

a predeterm ned shape and/or volune. Controlling the
elediti@perraniiove piexeelactrichelefriant dssatiatedavitil agosithead obthe PMD

each printhead controls the pattern of fluid nateri al
sysfepi.med on the surface of the substrate. [0006]
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anal ysis systens use a light emtting device (LED)
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drops as they are ejected fromthe printheads of the

the BEbstpatet em I nteraction between |ight from the LED
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cumbersome and difficult to arrange properly relative to the PMD system.

[0007] Typically, drop analysis systems use a light emitting 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
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The system provi des accurate tuning of i ndividual

dromyleme, brbeam eslyarhiere sveh pepuraimadings b taking many image
alignnment in parallel with drop anal ysis/drop check.

samples, thayrpbyiralrgasing dne pompéndty syst eost of thd didbpsarelysis spstem.
controller directing novenent of a stage, a printhead
controller controlling a printhead to selectively
eject drops of fluid material to be deposited on a
substrate, and a caneraggnpagRled by the stage for
novenent relative to tﬁe printheads. The canera
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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 o 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
WD 2006/ 137971 PCT/ US2006/ 015607 [0009] Further areas
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description provided herein. It should be understood

that the description and specific exanples are
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intended to limt the scope of the present disclosure.
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illustration purposes only and are not intended to
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[0011] FIG 1 is a perspective view of a PVD system

intedid HhAg s g%@% ol kS ShE Al the present

teachi ngs I'S a perspective view 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 t hd B@em of FIG 1; [0014]

FIG 4 is a perspective view of a fol ded optical path
usR010] t hbhe drawyings degeiied heraimacd faFl itBistiatiom purposes only
illum nate drops ejected by the PVD system during

andiaraget raghdectio limid tHOSddde o the fresentalisslosuretin any way.
representation of the drop analysis system in
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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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present disclosure, application, or uses. It should be
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[0018] As will be described herein, the b 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 siorage, magnetic
disk storage, or other magnetic storage devices, or any other medium capable of

storing instructions or data struciures 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 nedi um capable of storing instructions or
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general purpose or special purpose conputer. 5 WO

2006/ 137971 PCT/ US2006/ 015607 [0019] The terms "fluid
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may al 50 include plastics, netals, waxes, solders,
polygsiradkEBa) twkich iseorhaiused tofarupelymesdightemitting diode display
phot oresi sts, sol vents, adhesives, and epoxies. The

devites (PLEDs| dnddolylEDs)y. iFhgd nmmabmkihgimaterials may also include
i nterchangeably 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 files, rigid and flexible 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
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i maging lens 18, mirrors 22, 22a, and a prism 24. The
strug vi ew i magi ng modul 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.
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[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 16.

[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
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or through a conpatible frame grabber. The canera
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sensitivity and
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.
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wanawe1379el ect ed based on the fiel d-of-view 2pCang200he15607

specific configuration of the canera 16. In addition

to the field-of-view 21 and the specific canera
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spegitic cippdigatign tihevhiehsthegdropl dien gnagiagl B ild Isi need. For
exarvnmptlerj tthre]esize 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-field
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

10
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fleld of VI ew 21 is approximately 1.74 pm pixe

illunpiogtian wewelengtiz oh deBrian cafibr@ptlgm énmedeopthal é@%ﬂiyh% of 2.51

selected to yield an optical resolution conpatible
micinshahtiea gpammiestical elepthiof-fieldaadge af elgtthmidrofis.elRBecause there
conpati ble with the needs of the application. The

is né epkibrieht Ap&tterel thatip@ivitiedthdid thé Eesipes séddl@ticteahdtheddesired
fromthe vertl cal path of a drop of liquid materi al

dep}’f"ﬂ@f’ﬁ Woéﬂﬁg%brﬁﬁ}ﬁ ﬁcé‘ﬁad@fﬁﬂett’éﬁggrt@pbé’fa trade-off

qU| r|a passes through the field-of- view 2

betgn Q&ﬁ%k Rt 8&%@%&#@%% 15607

108 m crons._ Pref erapl y, the depth-of-field is
apfPOR It B LR b 260 THIEIGHEN SR #0 o ghdion-powered
[0032] Wth the above-described field-of-view 21 and

lighdemittingfdeviesl and may be positioned behind a diffuser 23. The LED 28

may be a Lumiled Luxeon llI 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
woavw/1a7atuneri cal aperture of 0.11 yields an PCT/US2006/015607
il lum nation wavel ength of 455 nm a diffraction
limted optical resolution of 2.51 mcrons, and a
droebestmes apraldemiatiof - f Becdusante oilluddidationcrsystem 19 uses
Because there is no numerical aperture that provides

backijhingNEoHR? bheRighting!aHd éticaNdaékightieg ak& dcceptable forms for
depth-of -fi el d ranges, choosing thé numerical aperture

usetvﬁ’fl‘i]I éBr vigy rﬁgﬁggfﬁlod@% dtlbﬁlgpgyé(}gﬁ’l 10, While critical

reso and Sire rang

ek 1B EDﬁZSrfa"rfee%?@emiSHé“@ﬁ?@ﬁﬁ?@%&@@"k@tmg ey be

posi ti oned behl nd a diffuser 23. The LED 28 nay
prefpifae| e¥elL wied Peekightingatas Kol Lhﬁﬁkll@alr@)rmewg@ﬁ ofreater
Preferably, the LED 28 has a dom nant wavel ength of
illunaisatiemuaifornyy aid bekeroeptical aﬁwar@Mgth is preferred to
yield a higher diffraction limted resolution. The

di {0085]r ZBherepntensingrieps i30amzy Kicfudesarpdiaut Fgesned.lénses
degree spread angle nmade from material nanufactured

havidy Safddridria, cdﬂd‘énséﬁ@oﬁhédrﬁﬁ@rﬁ 18 AnRELHRN HF RSl @% onto the
[rght fromthe LED 2 h m nimal optical | oss.

flelqdéff n\?l?ﬁ%%é JZE)?é‘rﬁSﬁta‘f‘ ;@egghé’ 'I%utsn n;/l\{r})gﬂé’;y‘% J%@talong with
the bl Hﬂﬁte%ettaheeq%& R iRPRLH s Gimiy Ul 3 sifpfemental
printhead 17 of the PMD system 10 s generally

gla%denfs dnay be wqdnlrbaﬁa@ﬁgetp hbgc&nessgﬁk lenges Fewstt % configuration
lighting is not preferred, as the range of angles

may squbegequised, depending arhthes absfiguraiien lof theltkop cddw imaging
WO 2006/ 137971 PCT/ US2006/ 015607

module 14 and PMD system 10.

[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
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drop becones problematic. Because the illum nation
system 19 uses backlighting, Kohler backlighting and
wonrbdsiiea71 backl i ghting are acceptabl e fornms foPCTWS2006/015607
with the drop view imagi ng nodul e 14 and PMD system
10. Wiile critical backlighting provides a nore
marsialtplses (iiec, gipstrienpotionldigit baitéthes) Fetrichiematglybprogrammed (i.e.,
preferred over critical backlighting, as Kohler
via é)g@ﬁéu@mmnmcgn@wp@ﬁ? greater illumnation uniformty
and better optical ficiency. [0035] The condensing

| hay
tr R3] nandiEE S RePeuhofd 18] AR be Cliion Makdtiof the

I guratio

ampﬁ AR SRl PR} o

| enses to enh nce e i nation unifor
deaW?ﬂl 8‘?& %dﬁ%Y%‘ﬁHﬂt%‘FPP graly th%dsélﬁa% pe freuigernto t rp‘e lowest
addition to the Fresnel |enses, such a configuration
duratiep possible ﬁwushlbdfleld@p@moaqe@ptable hexpestfe.guFat iexamyle, a
the drop view imging nodule 14 and PMD system 10.
wavefids6diurgtion ldEBNetmicke secoid haliay abamplitudel of dppeotifately 15
28 by supplying the LED 28 with a waveform si gnal.

Ampmalyiie 856@PBANEE Arbps eRRingaRei prRithdad t117'a(§i‘§GtFaveI|ng at up
signal fromthe canera 16 and powers the LED 28 with

to efg'l“& hidtbrs YEVERIBhA LldrSp t a@g%‘ %ﬁ@ﬂ m%fer@‘élrﬁeé pgé?é dlifng a one

stableln both anplitu uration
a th LED e.control.le ntrol .th

mioR iRt waYsTgTBa Lt SRORFF RUGRI S desiieny Spa0rpmpiLYe LED

waveformto the LED28 at _ a artlcular anpl i tude and
lightgyavafosn Oer?%@We\Hf‘h §f9Wfl?@nHWﬂﬂ’W@U&%S%ﬁépélfe”"é(t@r@rfe%‘yed

be either manually set, such as with trinpots or digit

swl@Q38&ls, As desgribed pfevmuéyytrm ogopvie imagingasodule 14 is

exanple, via a serial comunication 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
wWOeCHiedS2006/ 015607 manual ly set (i.e., via trPapaisSs006/015607
digit swtches) and renotely programmed (i.e., via a
serial comunication port). [0037] Exposure of the
systeaBsUtable ohypropelingt thel kb aseleok, theandnl direstions in a
and duration of the waveform supplied to the LED 28.

coon%!’ r‘i‘ét@ﬂaﬂsﬁloﬁ BAd S8y %ric%epfcab%lé’\’%‘fQfd?ftmllﬁigoféﬁécﬁ%tQf fluid
he LED 28 is reduced to the owest duration possib

maténa\t o b ngsgﬁﬂpgﬁdewgﬁam = amgghﬁF@e{mseéav@'rﬁay be

wavef or Ion or one seco avi ng an

use@irﬁal?gédfﬁ RO R ?%223 T e traveling

u to eight neters per second a drop travels
ej &Nf 40et engmw opetion,al|tee dion Migwainsaging medule s dericheck
waveform If a shorter pulse is desired, a higher
procadiré malebé Hitiateddgbtvenidy edwech cmeratimméeachviprihthead 17 of the
significantly | ower noise capability are required.

PMID Q38 mARD.d =@ & irdp Rersck qprekBdurte) enoverpent efvihed@y /A stage
nodule 14 is nounted on a notorized X/ Y/ Z stage 15,

tran?ﬁbﬁltﬁp'tﬁ% 'd@? % égmrﬁé n@Wﬁo@ﬁléqglzl‘s%ss%ﬂﬁélghééntﬁﬂﬁ%)sutcﬂ that

prope stage™15 I n

the Qﬁé@%&hé@f ndPRR hétggﬁéﬁ?%yw%'@ AT ghration-
mod00F11 o nEf BRiadeis Igpake ewﬁqwzgﬁaeet%ﬁgrﬁqlt%?ctwn of
t he drgf vi ew i magi ng nodul e 14 has been noved into

dropshef dlbig materralpisem: eaeh printhesssily «of thepBMD isystem as well as
represents the desired inspection point or the

triggéiriigaofdbe foaomera totozdcnuijecart tnages ebttieagjedted dropa via a motion
con’th;(r)Illenrt1?4;e a(jll'he motion controller 34 is preferably a Delta Tau UMAC motlon
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
wenewdargiare preferably optical encoders w t hPaT@s1006/015607
mcron or finer resolution. Wiile notors and opti cal
encoders are disclosed, any notion 13 WO 2006/ 137971
PCI0043]006D0d6 Gt caswsa 46 sas caitlirechén pmapeldfithg droge of fluid
stage in the X, Y, and Z directions in a coordinated

matéBsinites camderanye eraameits clapal enefintp t®ldn fiage grocessmg
ej ection of fluid material fromthe printheads 17 and

coml @a%%rlﬁla@é -BroBeEANE CBMRIERY6 F@cel\‘)?@&ér Iﬁﬂ%’é@@ﬁta from

f notors an opti cal “encoders. [0040

e SRR 25 o5l EPAh EPRL SRy, cor

operat i nof eac prlnthead 17 of .the MD syst.em 10.

ope RNl irEEk by SRR, Mg o INneSsyaRizor the drop
stage transporti ng the drop view imaging nodule 14 is

image dern aregptable Windousokoperatinatthat iseupen defiredi on7thanimage
PMD system 10 i s nonitored throughout operation.

prode@8ihty cdmputen g e Depleadingeon dine taceudcy/ of diopoeiedtion required
control ejection of drops of fluid material from each

for @Paﬁfoh%ﬁ%pb?c@ﬁod hige RMRIGV-DF-Reftioetdn BE indreh88¢ td Bllow for

the canera 16 to acquire an inmage of the ejected

PRI, LIRS ML o oo
b 08 o ) s S8bgigo an
automatlcaﬂy adjusts W|thtou%e fuC %g?hgerl |(r51térggt?cl)r¥ es the trigger

[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
wa@oden379titi ate a pul se of light. By allow ng PO®US2006/015607
canera 16 to trigger the LED strobe controller 26, a
er ampunt of ght fromthe LED 28 is emtted and
a PQFQCLE%B@PW&@|1r7ed8mﬁ@lﬁcajye@m reaving the @irep vigw imaging module
material froma respective printhead 17 such that a
14 reledive dd theqyintiead @ arabassanintey pravieead ele@trobhics\\he optical
2006/ 137971 PCT/ US2006/ 015607 [0043] Once the canera

pathl®2 hey lsepositiodedsuchalst 1k dptiearpah 3 cidsekd the field- of -view
material, the canera 16 transnmits data of the inmge t

21 1@ RAlbWaHE danaSH fcaRORP A $¥hagdl of *@og'mﬁh@ Héﬁ@ﬁél' é]gcted

conmputer 36 receives the I mage~dat a

b a}c@rﬁ’i@a |f|es the correct operation of the prlnthead
y rrect operation is determ ned by corrparl ng the

f the cent of the dro e to an
ac@zféﬁim Moysrme0t it Spﬁﬂér{e?f&?ﬂ ?ﬂ%‘ﬁ’g ViSW|ag of srpph egsentially
the ima processi ng ut er 36. er(gendl ng on the

fromgtheupein OBPJG@H@B aéJtB@tHO@ Aler elqaipristhedcoil 7 4o atrleasiud amm from
application, the w ndow of-operation can be increased

the tpoint |qiwef€mt|onh| giler abdédinalaictutage ofirdehe dizysétem ahte volume
W ndow- of -operation is stored for each particular

meapurementolt it katen®yl 15 hiave Gissé efosibt fohmaBbP witSgesn difcularity
and automatically adjusts w thout further user

of thbﬁl"n% aCiSh a&cQﬁ’ét@ mb sefdniord 11y 84 B jmage
: ﬁ’&’% ‘ﬂaﬂﬁ’ i

check procedure, rop Vi ew
captficfh BRI ReP e% 62893'851 %ﬁt?@"ﬁ’&i SHPHTe & ﬁaéarbetcﬁatance
musP 'be elgweardse]l by the operg{%r at 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
wobanoesidzg] area, dianeter, volunme, velocity of PCT/US2006/015607

ejection, and directionality of the drop trajectory in

the field-of-view 21. [0045] During drop analysis, the

dr [§048]ew Selagiioryohtheudmict/amerai 16is a tradgedf ndtwaen field-of-

nunber of drops froma single nozzle of a particul ar

viewpr deptherdield, . frarhBecafitiffel rateagddlspatial a’@béluh@npqﬁbt sy@tem is
the drop view imaging nodule 14 relative to the

t I
2o G0 188 0Ll BpboIRARA 2 2 den et on

e 41U SR B i VO B Al

Becpisy (RS uBe Koy Jesighad T YOIk 'iih @ Mesigty,of printheads from

Specifically, by noving the drop view imgi ng nodul e
different; gaaufaciiness it yanwsnerﬁwrwp drap yobaesfie’s, from 2 to 80

printhead el ectronics, the optical path 32 may be
picopitess)t itbaeaystamrcarhat:qmihe nogtipleadamplel 32 dropsassa furection of

field-of-view 21 to allow the canera 16 to capture an

drop 8Re®rafolimenerichieviel thed wBhEAsEFenRInt @keGrachy For example, at
printhead 17. [0046] Movenent in the Z direction

10pPdk ?Vﬁzé/ 'ﬁ"‘éé}ﬂgﬂ-fs \%tﬁe%eel%%%%b% |lXer dédfgmt A gyﬁf’ggét&%ieve

eJ ecCtion at nozzIl e of a printhea

o SRl o LT uctp AL RIS mco

essent | to have, stabJ e droplet formation with good
or lakger oN rq’@%lsa ] §JeAHER®. Such accurate measurenents

are pically acconplished by inmage capture at

di BQ(H?/&]es As @awnbeﬂeabqvemihe wpticak padlz z82 isj generally bent

so the distance
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 relative 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
woanpuB®7136 to automatically sel ect a | ocati oRChAS2®6/015607
on data consistency and quality. [0047] Mdtion in the
Z direction also allows for characterization of the
17. avEheadreqieopy vell dloe tgighalosenthbypthientlED sijabet icontralier 26 is
the nozzle to a working surface of the substrate 25.

appta@aaRy 2quap td i arO{fl‘r@quéﬁcy iof @Fuiﬂihhalérlalnblomﬁ@fprlntlng For
firing data allows for conpensation of velocity

exaff} O'tfie URSp fBGlleMS7Has 9P PR 13 Rz, process
A SEPriey

arts on strate alysis a1|ovvsthe

ve R ST AHs Rl Ry dFlife Ths, 8E el apop of i

|f erence in dro ositio b han
matGRl e farieg St paayolbr bos %ﬁe% SR, SeFbpiasga with the
WO 2006/ 137971 PCT/ US2006/ 015607 [ 0048] Sel ection of
LELR alsolop cpakipliairas ichelessa st ofaequised imegas avithf asgogiaied delay
view, depth-of-field, frame capture rate, and spati al
timersefsormuﬁeodropmi@geysigmnl.i Forbexsanplen ifasn imagewf s dedp af fluid
resol ution of approximately 2.2 mcrons per pixel on

matbhgl ieGeqalredshoptyaahbrerectiba sl thef gHntHE&P 17N @K delay from
anal ysis and drop anal ysis. Because the system was

trigg%‘??mp%fetﬁeto‘?o z?lfr qujetrfﬁgaofvﬁfa{g‘étéfcq‘?ﬁ&ﬁﬁrﬁ 3 B?Iﬂﬁﬁln%{IBMrom LED

erent nan varil ous |n erent

2o EHECER o T8 AR BT L M

size or volune to achieve the 1% nreasur ement
Shoaﬁ/ﬁ%@eﬂm fremnqtivel Rrinthead 1d@p| Canvysalyz B the requirgsl image is
woul d be required to average the results and achieve

such that the overall shape of the drop just prior to reaching the substrate 25 is
desired, the delay between the trigger signal that ejects the drop of fluid material
from the printhead 17 and the trigger signal that initiates image acquisition and
ilumination 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
weanpl1e797¢ required. [0049] As descri bed abovePCThg2006/015607

.optical path 32 is generally bent between the LED 28

and the lens 18 of the canera 16 by the mrrors 22,
printhead 1aranchis ahie2th spychvenitiengn tejectignt ot Auidhmaiedd from the

bet ween the LED 28 and canera 16, the canera 16, |ens
prinfi@adatwwitk@xp8sumyofithe pafidradded in rel ative proximty

to one another to reduce the overall size of the drop

[ ' Mogl&l | [ j i t ;
or BV, oAU kol e LB LS00 VBN feag B iton o

a oY T idterddi it 80 MhAHehARY AL Enddh 11 RidNEs that it

the prin e drop vie

o i n dule 14 to nove in,.closer praximt 0 the .

is ngf Ry Rl Wil Aesbing OB o i & GRBLIB ANgageighe dro of fluid
anal ysis procedure, the LED strobe <controller 26

mategalyas pee t@mneflof"’ﬁﬁi fallewing @ieetiann @f cheadlyisk idser from the
wth the printhead 17 to trigger the ejection of

printheapis1 df Theyirddeterminesl amount ohtimpris iaseddn the d@Bired image
2006/ 137971 PCT/ US2006/ 015607 17. The frequency of

(i.e.} beoslygohdWiBgNEjebiion bejmﬁ?rﬁirrtchheaﬁbprcmﬂm r@&etisl reaching
approxi mately equal to a drop frequency of fluid

the BBbSFAtB! (A EXaRhIBY.| The MerEAEes ﬁ%ﬂmggfedetté}?niﬁé@@elays allows
frequency may approximately be 10 kHz. [0051] To

o 54" Sl BT b ERER0RE A3 LT [t
variS R PRHEN [IcBiN G PICUER B ATRRYRRADA (n acsoc ated

de|[§8/54] 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 frequenily
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
wahowrid3g7ecti on fromthe printhead 17, the del agTMUISLIV6/015607
triggering of the drop to triggering of inage
acquisition and illumnation fromLED 28 would be
velocy.atTiheeinfervahid pedormnsiioR analysis ban ibeesgleciedt e thdr operator
is acquired shortly after ejection fromthe printhead
as alfincfiomettivel of, nurhbéhef dudgtrates2s frahave bednchrintbaisince last
the overall shape of the drop just prior to reaching
ana&g%_substrate 25 is desired, the delay between the
rigger signal that ejects the drop of fluid nateria
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 18 WD 2006/ 137971 PCT/ US2006/ 015607 pri nt head
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 ||
wdizomsa747he canera 16 to capture an i mage of tReTAISIW6/015607

of fluid material a predetermined tine follow ng
ejection of the fluid drop fromthe printhead 17. The
predet erm ned anount of CLAMVBs based on the desired
image (i.e., shortly followi ng ejection or just prior

1. toAnhal<P spdtefd ebfpABhgr i al reaching the substrate,
for exanple). The di Pferences in the predeterm ned
deg@{g éal lows the drop analysis nodule 14 to capture
imagesgdf drops of fluid material at wvarious
positions fal low.ng.ejection from ringhead 17.
F oBmy et ey DU BR POy RPN i Slateal | y
initializes the acquisition of images of drops of
f1 @iRiintReakii al fromthe printhead 17 until each of
the requisite inmages stored in the list within the
st aopkntbeadredntrllebdarebramenicatini withl. saith caotiae Feavtroller for
the requisite imges are acquired by the LED strobe

coniggliitig odi@r pafithebbietd neyssive e;écﬂnam'p%t efl fluidt aterial to be
i mage- processi ng conmputer 3 or analysis. [0055]

depESfLSE adiPRrafal ysi s takes an in depth neasure of the
overal | size, shape, and velocity of the drops of

flyi ial i ' r ik a
ar 52 Bon38 Bekifd SRE RNy Bk RV a3 st gPteac,
. freqguently .than the dro eckin rocedur e wever
sai) daefaope et racalvind et Meiasr Shrd S5 ShkkmellR controller
time a printhead 17 is engaged to ensure that the
to iniiatatexnesure pf isgicheamies widdeaniyring of |am tnage of isaid drops of
that neet a predeterm ned size, shape, and 19 WO
fluid2ea®riaBagtiedr salsnriehedd;coid
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
wauansas7oi substrates 25 that have been pri nt ed#CTiUS2®6/015607
| ast analysis. 20 WD 2006/ 137971 PCT/ US2006/ 015607
CLAIMS 1. An analysis systemconprising: a stage; a
4. rnoflhenacalysis syistemf ofr Cthime2; wigpreinveaid ntaréras fiadsmits image
stage; a printhead; a printhead controller in

date-@@aid icoripuReY follbWingtiid BRboSUrecont rol | er for
controlling said printhead to selectively eject drops

of fluid material to be deposited on a substrate; a
camera supported by said stage for novenent relative

to [ LNt ai~a_.caner .ecti.vely r i vinh
5 a Fﬁ?s?ng(y:sg’ggﬁg%%ncgl d?'ﬁ]ﬂr%aﬁ'géﬁ%ﬁi %@308%2@@&%}%' s a
initiate exposure of said camera and capturing of an ,
pProgesgge aid §%$f8°8+ Sing Pregeiedmiiade OPErat % Blere opfy said
_printhead; and a light-emtting device having a strobe
prin rfer cempagaen) ie daisheceyad fsm said eamer. i vel y
receiving a second trigger signal fromsaid canera to
supply a pulse of light fromsaid light-emtting
device to an area including said drops during said

6. eXmPaUipalydis Hyateaby SCRirhY 3t eWhefeir Saifh brinfHéadh@ontroller
conprising a conputer in
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, further comprising a reflective material

disposed proximate to said printhead.

9. The analysis system of Claim 8, 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 camera. 3. The anal ysis system
of Caim2, wherein said conputer is |ocated renotely
wénrew1sa7d canera. 21 WO 2006/ 137971 PCT/ US2008C01S58®6/015607
4. The analysis systemof Caim2, wherein said canera
transmts imge data to said conputer follow ng said
10 expbewmalysis systemnobCledinst,sylsérein sdid@tagenis2 movablecratative to
sai d conputer includes a processor and nenory storing
saldppmﬂﬁéga i DE Y, ARRY ZtdiRttiBAS aﬁﬁicﬁréreoéerﬁéhélcu&rr'r@!a'ﬂ@édo one
for conparlson to data received fromsaid camera. 6.
anotHag analysis systemof Caim1, wherein said prlnthead
controller selectively receives instructions from
said notion controller to deposit said drops of fluid
material on said substrate. 7. The analysis systen1of
G m1l, wherein s & strobe controller is
. ¢ rﬁ"@&)ﬁl%ﬁywa[rhoé |amptQs v iRIgH 2lReRLPNRP! il XaY gand Z
canera 8. The analysis systemof Claim1, further
directionsyinsiudgs @ plene &f ejaationsanst whereinl sambcsa;ue;a asquitsevelocity
to said printhead. 9. The analysis system of C aim 8,
datanbiesaid ores of fluddl Insaterisleinsaldeplank df @jettioan opti cal
path between said |ight-emtting device and said
printhead to direct light fromsaid |light-emtting
devi ce through an area including said drops of fluid

12, MBAR thlgé‘ig §)4i8m BF TIRATE] 2whrdiR9sS8PBRhEal  isS8ationary
canera;

during said exposure of said camera and illumination of said light-emitting device.

13.  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.

14. 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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WD 2006/ 137971 PCT/ US2006/ 015607 10 The anal ysi s
systemof Caiml, wherein said stage is novable
woebwtBweito said printhead in X, Y, and Z di PETISBVS/015607
whi ch are perpendicular relative to one another. 11.
The anal ysis system of Caim 10, wherein at |east one
15. of Aseanhlysis Bystendc@mpdsingct i ons i ncl udes a pl ane of
ej ection and wherein said camera acquires velocity

dabpritthéad dostrslies; of fluid material in said plane of
ejection. 12. The analysis systemof Claim1l, wherein

sai Sprmtﬁé‘é(!i‘ §§Q§i\?&fl?&ﬁdﬁi§p§frbﬁps gPﬂhiﬂgn?@r | %B@%Pﬁai?éd ona

sal canera an Ion Or Ssal Ight-emtt

Vi ce. T ySi [ erein

subdfte 8 reatiimed ST Rt b SR R R ot it ° 5 e e

in parallel wth exposure of said caper.g an

|1 eiteaememble gt Saim briafied A saidietthens copeoler;

anal ysis systemof Claim1, wherein said canera _

capt madiona copirelirst dirastingd mmeseentopf ispithsiags relatiye to said

drops of fluid material and said predeterm ned nunber
printifeadyages i s based on a volume of said drops of fluid

material. 23 1 WD 2006/ 137971 PCT/ US2006/ 015607 15.

AN gasthdE SuppcHeMC o stadd ibr rMowsrmantertiveadtsa@l parithead;
a printhead selectively ejecting drops of fluid
andmaterial to be deposited on a

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.

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

printhead.
17. The analysis system of Claim 15, wherein said strobe controller triggers

said camera exposure synchronously with ejection of said drops of fluid material

from said printhead.
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substrate in response to instructions from said
printhead controller; a stage novable relative to said
wonrbestidead and said printhead controller; a noPCOAS2006/015607
controller directing novenent of said stage relative
to said printhead; a canera supported by said stage
18. f o heraraiysid systbat ofvBlaim 1aiwhereinrddia attpbe aodtrallat inolides a
controller selectively issuing a series of signals to
storédlligt of déﬁif&?ﬁag@%‘ﬁrﬁ@lﬂg@@ré Saldr ¢ifi6fa SkREUr® Bagéd Dal &ltime
drops of fluid material Tromsaid printhead and
oy i PTG i
oo Pl TocRss ofasis regP o el malie 0 Ry
mat eri al during exposure of said canmera. 16. The
anal ysis system of C aim 15, wherein a frequency of

sald signal, suppli to sai rinthead .is \ X
19. 30 BDeATHIS SYSITAI CIRN dBogRielRATHOGSIBS & iective materia
. printhead. 17. The analysis system of O aim 15,
disppaed roxinatel ta saidpintiaedd.ol | er triggers said canera
exposure synchronously with ejection of said drops of
fluid material fromsaid printhead. 24 WO 2006/ 137971
PCT/ US2006/ 015607 18. The anal ysis systemof Caim

20. 17 Thehaigydis 89stens bf CRENTPRLWREIRT shiliCletlieeivedmaté il 96lds an
list of desired inmages and triggers said canera

: A L 0B f i f 4 _
opuEHERH 8B R e Fhund PeplelaRt98 bFLRSE 0'gpo o
frorrir %I@E@h{éﬁl&ﬁé?é%\%g fth%u%jlhma%Sarefaurir%c Séinﬁoé‘é%' ar'o?)g 8f fluid

material and into said camera during exposure of said camera.

21.  The analysis system of Claim 15, wherein said stage is movable relative to
said printhead in X, Y, and Z directions, which are perpendicular relative to one

another.
22. The analysis system of Claim 21, 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.

23. The analysis system of Claim 15, wherein said printhead is stationary

during said exposure of said camera and illumination of said light-emitting device.
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di sposed proximate to said printhead. 20. The analysis
systemof O aim1l5, wherein said reflective materi al
woab@a3a11 optical path between said |ight-em PCTE2006/015607

device and said printhead to direct light fromsaid
light-emtting device through an area including said

24. dr dhe arfalysisisgstemato Glaim d6d whereinssdid stbstrate thayi bey loaded
exposure of said camera. 21. The anal ysis system of

into Ghai BhdifsisWepste irs Ptalid| 2R | SaidDagYstiré edfasaidecadmera and
said printhead in X, Y, and Z directions, which are

: ' i one another. 22. The

”m”ﬁﬁgﬁggggéﬂggpgﬁggﬁmﬁyg%&??i, wherein at | east one of

said X, Y, and Z directions includes a plane of

ej ection and wherein said canera acquires velocity

da&g of s?id drops of fluid nmaterial, in said plane of

ej d6Bi BRAIYSIS SYREM | (3B s\t WHEERIN chaifinPagiergnearities a

said printhead is stationary during said exposure of )

predsigunioade numben of limapeat ofosaisk dsepsl ofi Huid epatetiphgnd said
device. 25 WD 2006/137971 PCT/ US2006/ 015607 24. The

predetainyiaed symbenobiiméheas is Masedhen @ wolsieed of shit dedpes of fluid
may be |oaded into the analysis systemin parallel

matdfialh sai d exposure of said canmera and illum nation of
said light-emtting device. 25. The anal ysis system of
Cl aim15, wherein said canera captures a
predet erm ned nunber of imges of said drops of fluid
material and said predeterm ned nunber of inages is
based on a volune of said drops of fluid nmaterial.

25.
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26 WD 2006/ 137971 PCT/ US2006/ 015607 26. An anal ysis
system conprising: a printhead selectively ejecting
wdrops3t7ifl uid material to be deposited on a PCT/US2006/015607
substrate; a stage having a notion controller for
directing novenment of said stage relative to said
26. pr iAmt dresdykis aystemecemprigipgrt ed by said stage for
novenent relative to said printhead; a light-emtting

dewi srintieac stledalely iejdoiifiytabps 8f fiidanateriantd béidepositédion a
drops of fluid material during exposure of said

sub ra; and a reflective material di sposed proxi mate
0 said print head for folding an optical path between

o A B e ity BRUFR Ry g e

el d- of -vi ew haV| ng an area including said drops
relag\(ep said priRtheady and into said camera during exposur e
of said canera. 27. The analysis system of C aim 26,
wherasmergsupposteddut said stagesior snovesnent relasineto saisl printhead;
prismand a mrror. 28. The analysis systemof Caim
26 a Ilight-ehsittingodevices selgctivel| dhmhinativy anrarea includipgssaid drops
bet ween said drops of fluid nmaterial and said canera.

of f@% matfiafaaling exposiibiNsald &ambr; 2kd Wherein said at
| east one mrror directs said | |ght recei ved t hrough

27 550 Tl POl sBl g s e Prirffedt f6Riding 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.

27. The analysis system of Claim 26, wherein said reflective material is at

least one of a prism and a mirror.

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

disposed between said drops of fluid material and said camera.

29. The analysis system of Claim 28, 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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30. The anal ysis systemof Caim 26, further
conprising at |east one lens disposed between said
wdrops3tf7ifl uid material and said canera. 31. PO®/US2006/015607
anal ysis system of C aim 26, wherein said stage is
novable relative to said printhead in X Y, and Z
30. di Taet amalygsis véyistémaote Gtednp @6diforther comipasingeat teasheone lens
anot her. 32. The analysis systemof Caim 31, wherein
dispabet ®@8ledm aidfdrops @f Huidmaritidl dnd @aleédrhers | ncl udes
a plane of ejection and wherein said camera acquires
velocity data of said drops of fluid nmaterial in said
pI ane of ejection. 33. The analysis systemof Caim

exEES L?Slg‘fy&fls § tgwgfﬁl%ﬂﬁﬁd Wh S%‘,lﬁ]tshgcf g{g\éedg %iéavn 1S Aishive to
saldcpead It whoreiti Saipcsons WhS Faybapendlulas TeiAle to one

the analysis systemin parallel with said exposure of

anothgird camera and illunmination of said light-enmitting
devi ce. 35. The anal ysis system of C aim 26, wherein
said field-of-viewis approxinmtely between 0.6

millinmeters and 1.5 millineters in one of a first or
32, Seqhbcahawsr@@yét@ﬁw of8IafR @ﬂ%é@ﬁ?&ﬂleﬁ@ o8P 98I0 S5 04nd Z
. The anal ysi s system of ‘Claim2 wherein a

P 8 G e R e
cateh OGS Bro I e Srainiid Bl el y betveer
di rection and

33. The analysis system of Claim 26, wherein said printhead is stationary

during said exposure of said camera and illumination of said light-emitting device.

34. The analysis system of Claim 26, 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.
35. The analysis system of Claim 26, wherein said field-of-view is

approximately between 0.6 millimeters and 1.5 millimeters in one of a first or

section direction.
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approxi mately between 0.6 mllineters and 1.5
mllimeters in a second direction and a field-of-view
wO0mppToXi mat el y between 20 microns and 80 ni eCOMS2006/015607
38. The analysis systemof C aim 26, wherein said
canera captures a predeterm ned nunber of images of
36. saiThedmahsionsydtem of Qi 26awhensinsadepthpofditid e appredimately
nunber of inmages is based on a volune of said drops of

betWéaH 20 niBidRisi stld 8@ thicrons.

37. The analysis system of Claim 26, wherein said field-of-view is
approximately between 0.6 millimeters and 1.5 millimeters in a first direction and
approximately between 0.6 millimeters and 1.5 millimeters in a second direction

and a field-of-view is approximately between 20 microns and 80 microns.

38. The analysis system of Claim 26, 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.

29



