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OPTI MAL | MAG ] VG SYSTEM AND METHOD FOR A STENCI L

PRI NTER Field of the Invention The present invention
woeb@nwes250 appar at uses and net hods for di spen8Cmgs2007/002925

material, and nore particularly to an apparatus and

nmet hod for optimally scanning sol der paste di spensed

onto netallic pads of an electronic substrate, such as

a printed circuit board. Back ound of the I nvention

In typical surf QFINEMRIMA facturing
oper at i ons AEDMEKHQD[F@EMTEQIC&%@&W%I nt sol der

paste onto a circuit board. Typically, a circuit board

having a pattern ofpﬂyaakhquQQQﬁmor some ot her
conductive surface 0Nt O

Bipomssseatimy SHRRTBIRiE 12 BIRSTALFS6E SR g MPGIoE e Material, and

more &Hl&ﬁéﬁ{ grﬁq apPAratal aﬁHéﬁxf@thﬁH%rl opﬁﬂ{aﬂf]‘ séHnnﬁ‘@&KBieﬁphste‘l@spensed
Cul

oard, cal uci al's, 5 q%$%operly
onto meita!tjn padseof @n elegirenip suhstratg; ush 25 §PBWE Ic‘”(‘)‘f‘t W den of
the printer prior to the printing of solder paste onto

the circuit board, After the circuit board is aligned,
the board is raj sBackesoundottheluyention i, sopp

kd> WY 2@ thouhtrchift 8081dImdnafdctitRE @fletationsh @ seheit prigter is
oar sol der paste js dis ensggfonto
r

used tg peintsajdes@pste Pt rgpit bagrde JxB 3\?&?‘%‘@5""{ %éa“ﬁ%nE’aﬁ‘e’“ of

metalﬁ(ﬁpztdg I Sorh B Bthe Pt SRlictPRSUFadd Urtd ghich peldetsat Widrhwaltposited is
e stencil and onto the@ﬁoard In so

sutomatiosl b 4 9 HIAGHeRo] 1101 B G145 TSR BL PP BEPUnae g he cire

boardP@a?lteS ﬁlaﬁ&l‘ﬁ@ei@tugéc{ t%tp&év}ﬁﬂy%ﬁgnﬁ)ﬂﬁ civciebodrd adbs stedsdrogisereen of
uring a print stroke one o

the pringeps v pOPInG o <0ler BALE Era A Se B Ry ey e R board

is angfg'e& She BO4ld 366284 10Mhe Sendll @d@BsoMeonsigirationsatticatenall isigwered

irds to continually pass. the roll qfﬂ%olderr&a&séw
to theinshit bperdh seldetpasts %f‘l%%?%ﬂ‘&? e 51 HE %8R
squee Uéé(itea%as&ethg sfeRdtl fo fORRRL soldw pudt@titolphagesuras formed in the

i cal %mat a predetermned angle with the stencil to
ﬂﬂwépp¢9m@é be*d pressure on the sol der paste to force

t i <SRk Qabr Rasbreif fHneeigh difiRnapenéadrdetivat sélier miberbeiveen first
After sol der paste is .deposited onto

and shasmcy e DAY I8 JRTRE PAMCRBID P B ek ik jsseg o
movedr§8f sQierd Jb@techlcfdéér'th% s&(ﬁail dT%ﬂr‘sﬁ?nd daeorsl weiper lbladietsra,re used on
certaln I nstances e ol 1 NS n

alternatiog bg@'&ls ngcopﬁguqil’grpagq tp Gl %fs &ig}c pﬁé%$vgr Eﬂ? agﬁlttur% 8f a stf:ncll to
prmt Lhe GbEskive lc*?&ﬁf %ﬁrd“\n'?iehefpeﬁlﬂﬂdids&ad ﬂylpicakb_sf attd'm'eﬂqtﬁg‘lm@ angle

ystemlnvo ves the aforenentl on al | ¢
with tieetrici taaRPLY AWRYHE WESHE QP PRI PSS g’rﬁq%tc?lﬁeggq fer paste
through ¥ aefufc8 @F BeStentile openi ngs Of t he

After solder paste is deposited onto the circuit board, an imaging system is employed

to take images of areas of the circuit board and/or the stencil for, in certain instances, the
purpose of inspecting the acéuracy of the deposit of solder paste on the pads of the circuit
board. Another application of the imaging system involves the aforementioned aligning of
the stencil and the circuit board prior to printing in order to register the openings of the
stencil with the electronic pads of the circuit board. Such imaging systems are disclosed in

U.S. Patent Nos. RE34,615 and 5,060,063, both to Freeman, which are owned by the
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stencil with the electronic pads of the circuit board.
Such imagi ng systens are disclosed in U S. Patent Nos.
wWeEew/81Bsand 5, 060, 063, both to Freeman, whi cRCafUS2007/002925

owned by theassignee of the present invention. FIG 1
illustrates a prior art imaging system generally

i ndi cated at 10, which may be positioned adjacent the
print nest (not shown) or attached to a gantry (not

shown) to enable the imging system{o nove over t

! HBsirgtend

assignqerqfiie PRSIt BRI, HCc B o AR Y gy

indicatdd at FRESAREH B8 bOPositichedaljhéctitiRIprinondst (iot stidvar) or biteched to a
I magi ng system 10 i s desi Qned to take

gantry 1 Qe AR SBRRE e SEHE TG 1 1o ar<a TR B Peen @
circuit Bb&ACH2 andh diéhcli1uh RegiraRpesttitstpattictlar configubamdiharinaging

the stenci| t ' ' ' i
oserbie deSison e res A o] o e S o e
stencilS%Sh th&n§REPE SREIEEbaR] AICTaE Seriing® t@aligh thavieng! with the

. _lens assenbly 18, two illum nation devices 20, 22, two
lecu'tk?@a%gﬁleix?%%s 24, 26 and anot her beam splitter 28

tﬂ%&hdvﬂfinlbﬂeﬁ 1,&:%: ﬂdﬁﬁaﬁg :%@ﬁln 10 ¢on@prizes aikléacmid eamera 16 having
redirec i gf; oward, t he assenbl v..18 af

s lens Pl 5 OG0 NEBRITRITes HEAE S0 BoBr BT e SR pngther
beam §;h§te(3ib.8 giélt tncR@s 8h dditidnaEmirtdredriurtice anredizedt ighOwasl the lens
sssembly YRS (DR e bt 16D Caa "t Hedd PRl A ) K rof board

12, thd-I1@Rindtfont e Re n6fid GfkAel Bf denabtetatani afdight thhomfleotd Bff of the
back through the

( . be ljtter 24 h -
v Sl WO B 9B Lo o SR Rt b 12
back tﬁfﬁ?ﬁ’ﬂke\’beﬁ& s_p;ﬂi&gr 14 tdahd Yeabrosplikter 28 nehich it Gurn Telkeckathg éight
0 e i
ovarfe Lo kB BORE R BB il B Dphedie s
then capt@R& By thé cathéra 16| ISitAilardy, icoimagewipeeiefited merofthoyedcit b, the
o g s EER B i Eb2 08 et b e over
beamt% ﬁ&e@QEng&de tiefstdnbit. Bighneiflectdd offof dierstatcdd 4badiected back
rough beam splitt, 6 to. .1 i ddl ]
N AL
to thetjeﬁm‘éﬁh F?ﬁtdaflagnréihe ila@ge. Wth typical imaging systens,
e s
oSk B i TEsEiER e, B Pt 4 ARG S BE s Sopped t
enabla it diméeefl 16 Q»hﬁakearnm@tge avithautrtdan hnd mgvédraghamext Fe@reqiring
. represents the novenent of. the imagi
imagipgy Efr DiSPISENT Deduvemert Al s v abpcke YR Ppsens
scherhzm%tﬁllﬁ ﬁle%éfﬁd@ﬂmo\fﬁfeSHQgilh'g mpsterdserstotime. Ay played, typieadimaging
systens cone o a t i b Lty ]
N R A
stoppifB@e Rfagiis byiram, ffuilien eimetis reguired roomeire duat aoy wibsaiioa or

i3t SRR L 0L SR i s
affecBfhe Quakdy\of alid i taken by teicaymenf 16 [Rhus ringpecticikelithe girguigboard,
for e)ga?np g,ama:lLyGBe ;— pelfastive[yr]gl?g%ﬁ; E.)rggesggn Etha ﬁhftﬁﬁﬂetofl%ﬂ?aﬁ df the circuit
board must be imaged with the imaging system being stopped and moved multiple times.
The captured images are next compared with corresponding areas of the stencil or areas

stored by the controller of the stencil printer to determine the accuracy of the print. Asa
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for exanple, may be a relatively | engthy process in

that a nmultitude of areas of the circuit board nust be
wonreg@d23zst h t he i magi ng system bei ng stopped aad/useoedo2925

multiple tinmes. The captured i mages are next conpared

with corresponding areas of the stencil or areas

stored by the controller of the stencil printer to

deternmi ne the accuracy of the print As aresult, the

B CTEATE W RURTEE T IIAN

of tlm§ ¥§i¥:§merm|§ém§@y§f&ﬁ @ehsOvEhotdievar ha afeﬁ(ttlcltﬁh@xmm stgpped to
opped to imge the area, and then maved to the next

lmageéh%%f e |ﬂi"°1“rf§°Y‘°1‘\1é@ thegiexiiipa EQUHBE MAgNE 3 represents
apbyddafiple, F16 C3idprelOns & tybdoal ﬁﬂ:hhltﬂioﬁn@l lmgmngg nh:ﬁglllgl ef the
time required to properly ex osema ngg < ae?:ﬁn

time requifed e PEPETY EXRA5HABKTARFOLP FCRRN A 'PIeFSEESREY o é{’r‘]c}

mlllls&do'ﬂgs EROME Eigfe reQuirdaue nidve tHem_i:@gilﬂg s$yt&h aontd Bn hdgae&mt region of
adj acent_ regi on of mte(gsi i S alﬁgmxé”aete lonSls

interepfi '$ pppseepatrdy 19G,mifligrrapdy fhep pyEa EhY 5&%? rons

approknAAR 1 9% hﬁﬂis@&ohdg-m ;ﬁhl tht sRgRdGuisition pae bf thelmaginggestem 10

is !:mg;dqt%éleit;n?ﬁgnc{eg%cg@g)@gerl‘yreég%% té}egléé% gérgswfwoelec%ronlcs at t‘ﬁg focal

plane o %tcaﬁf;egasl GE;Eﬁ)o@ﬁ@Qﬁﬂd]l Hﬁ&t@trelhﬁﬂ té meaimthamfehgm ptodeced by
caner a posure t S e

the illymiRption (glpwpqu e rﬁfaga%% Q\tws ?tlhté ? % %e(r)e%t gﬁl/ Ih%ggns

apertﬁr@ ‘?atfoeéra‘tf-lst@” F L@t messentily l#leroelﬁtlmnamtloﬁ devitesithattare

t I t t
relatqﬁg gﬁgﬁgugg)ssp e«%oqﬁﬁ&:ﬁﬁ{%aafegctgp%ﬂ 8{&/ Ingreagmg a{y ahrglak1€3§ low level
of hgﬁ@th@J i'e\'jﬁiriﬁgfaﬂ@héer (ﬂitegrht@bnﬁpﬂtctb achies¢ papot Scpauee c'ﬁp fiisraase the
of generating onl‘¥ a relatively | owl eveI g grmras one

speed ?fuglag’@auﬁt 15 npwa ‘gﬂﬁé? 7 1t RSS9 wEple i eve

cameld @ﬁﬁnﬁg@ﬁx@%&ﬁl&ﬂ and BndtiNg coasa td hﬁa@ph&@dr@lﬁt bom:ig ﬂnlg reduging the
IS Known Wwthip sone o

time be{iephinagss v @wmac%%°ﬁﬁaé ﬁl" Grepie® %‘ﬁg‘fmﬁ%ﬁ with

contxﬁé’i’iﬁE Efoltto rABER pro®sdngd Giied atlatiatades dfiths ctradtlmangassmbly, even

the pm:yd;lqrh(gft %%ﬁqgggg@%%o%@%&g? assw?lﬁ?i%te% %ﬁgﬁﬁ%ﬁ%&%’ production

rateseﬁ“fn%t@ kﬁbrﬁl@&ﬂ‘e&d B fiehasedge thentbse &ttalkaes fto gn@e:gcuﬁ boards and
th

e cCi rcwt "tdzrd assenbl y, _even the provision of two
stencilg fRrringpeptionyd q{alhgamgrrt(gw\hosers assembly |ines requiring

f agh&hetaQshisH dxaessiva gt to Tizpec ah sntireeireuit byard indisdo ingfficient
further reduce

time kes t [ Iyt
inspggtigp gath ag%peéettgch&' ﬁyg Cf"&tfdleﬁ gors%h ins negg%tp’;sg?eng | f‘lﬁu 4 lllustrates a
typiddHinbisetion paﬁn@hhﬁh b@ahs&mtrbllm(oemmpv@rammd tigo ﬁhescpuggpller by the
an entire, ci.r ard
Oper?tﬁgﬁ%th Bchgch:g& ég QW eé’léui? thh%nggﬁltd%) osnted og the
metdl IRSRAAC! AS BhG\yﬁ,ttEéﬁnledcﬁbn gath hdv@b&es gtoaping thtygp@tmmc components

| NS 1 QN quF?%S(BOJ d 4. The imagin
into &V&Pag F{'J' siuﬁ 8's“f'ﬁr g)égig% o 1r3 & operator) ene
systdn® Eaﬁttﬁ}es frhages iof tHe@dreuit B&ard hvithin aanh Flllﬁel‘ By saquentiadly movmg the

sol der ste deposited on I

tite dath ﬁjo?‘ AteREOWor the

imagipgesy Sﬁ’é"gge?‘l EHESLEH 1 RYC oytgg]tetar o]S g‘%ena t ﬁ% &l Bctroni c
cnrctﬁﬂlb'ﬂwcn ¢Dilkustrate in FIG. 3, there are 921 regions of interest or sites, each requiring -
an image. Using present inspection techniques, it takes approximately 260 seconds to inspect

the entire circuit board.
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into several clusters. One such cluster is designated

as 13 in FIGS. 3 and 4. The i magi ng system captures
woneg@e2nf the circuit board within each cl ust ecThg2007/002925

sequentially noving the inmaging system from conponent

to conponent to capture each region of interest. For

the circuit board 12 illustrate in FIG 3, there are

921 regions of interest or sites, each requiring an

i mage. Using present inspection techniques, it takes

approximately 260 seconds to inspect the entire

circuit board. Summrmm@ﬁdimamnb on One aspect of
“the invention. i

O afmerns i S E it ] o ecpbiF Plfer BB SlurleYpier poste
onto a§ll@&lity @f padssoftantel@treniclsabstrate alcmaamamuochlmﬂn, thehstencil
stencj | i nter ses fra nd.a
PrintepCRIITEES {)ﬁa‘i‘"ﬁ ang ?3% HhRledt n}gﬂ? agT e % W 2135 £y lugality of
apertua&ebntnth&Eer%mr medxsbhseens noup%dxosmeﬂ&ne, wnﬂ1 theirpeaset and the
rame

he di spenser Ghc I |
senci e SRR LA ARPRF T e R P B e g of e
electréi€sybstisrdl WnYimagingagsernfs ddnagecltMcamaogeIUbsbptateemaM of
| I N stem, 1 s copnstructe arr
regions Ot FLET G Bf Pt sloErett sgrraf hEREekd. Gl
printeﬁhﬁl@h&ﬂ’ ampeisssbsortadlier esupledhe thetimaging syskére, witke theidontroller
i nter further rises a controll

being cﬂ%?érluﬁtﬁ §9é #1530 gean?ﬁoqtﬁggmgvcﬂ?em 813 @eglﬁg lég%%g tt(%(g %J?@ images
of reginé ofilnterexg e at i0ast Oﬂé thIhe Hbvtmmmtubstfratb hed thesstrnad estysdingn

t apture. i m ons of in er est st
ecncrgfuofe ¢ Gt BT 0t otV Sabe pafoe iR AEdnier et i

e Ehfbodini@tsgemne mveyticnl m}gbeadnfacresuo aﬁcrs:abmhog émages iofigll of the
regiogo%élhgraeg:ﬂ%}gft%%ﬁ?%%g tgg orn il?ldblc?rn%e%ﬁmg%r const c?ed.ra%gta‘?ranged to
contrdlB@Rmef ofahd mﬁrfglﬁd‘lsysfeﬁgbomlﬁumflmagiseifesglorasl cufngtetehleextendmg
genergl:lpéa tgx?g? %Iﬁﬁg ?)gs,g% n%l? gsl ge:?e[ra ar Iel#J % rliespageo é}lgtldl%e m | the
first alk . q&aﬁm&@ng 13375550 1s():fon§te.g:tedrmd aframgetlﬁo e&ituremhemdgen@ soIder
paste ggga {" eézﬂgmgﬁgﬁsg%peawx fhg a. n 8|Pn§ %gg 1?11%{3{) Yhe i |magmg
systeﬁﬁ Remipfiegian fastysic eamies, aidemst Onﬂjbm:hsmlwat&uge@etlbummatnon
dewcg P&?trlgeﬁfa gnelsc?rggﬂ, ;g:{tlé S%p?eﬁrt% Pc?%,gtel agr%lg bgtv\%en th%fat EJA& one
lllummb@dﬂemmt ond &thé mmnh@dsysclemwmbsms, thct aﬂ lezss bneplpms
assenﬁ:ﬁ{'re L?h? Hﬁqt 6e|r?etgosé{?| c%gqeeaan éa‘;f I"‘%)tlhyma (%\% %g}at I%Qsﬁ one beam
spllttadﬁﬂfaeﬂrrbﬂ Inednothet exlnbgmmeiuethmmngmgl gysém beaamse@ @mdirst camera, a

e... e
first lgﬁ‘S@gfﬁﬁ%ﬂ}( @ 1 fn raggl[up‘g?dél’on v1ce %nc*j e%rs%é oﬁg r?gl agﬁ gda%tae% to refﬂect light
betwésndhd figt dlunisain ctanbe,ctawearon'fdm-bstmtc,am fipsatens nﬁymbly and the

t i A ele) TR Pl
s G5 s R SR LA, Eo R Tl i,
a secbind giticalqyet adapeedfto reftect kighs bmanﬁxlewccmdﬁllmrs'tnation device, the
stc.anc%llotlh%'I é?clogéke%lrs] ags%%l y Farid He Qecoxlu{ game%J t 'i‘ﬁea\l.Orﬂ%ilQr lﬂgﬁf}é ﬁl‘:jther

constructed and arranged to control the movement of the imaging system to simultaneously
capture images of regions of interest of the electronic substrate and the stencil. The

controller may be further constructed and arranged to control the movement of the imaging
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between the first illumnation device, the electronic
substrate, the first lens assenbly and the first
woanwreaz32and a second canera, a second | ens asBemisy007/202925

second illum nation device, and a second optical path
adapted to reflect |ight between the second
i1 lum nation device, the stencil, the second |ens

assenbly and the second canmera. The controll er rray be
further constructed and arranged to .contro) locity above
systenmoapeig inszes h%regwaﬁpﬁgteé% P8 m"&?'ﬂmtaa{ﬂ‘é‘gngwe octty
Zero \A‘/‘I%RWV fhol (FREBRe RizidnedliMBResab ald&kﬁfegﬁ)h offntérbg. In addmon the
ectroni ¢ substrate and the. stenf The cont rto ele
contraligy MBI COMPTSSE PrECHSATRETRTME IP BE TR g Ed et Io0 O Hife
electrE?HX SR hte 8 ddibenihSBRIBEKNSL SHhé Solda rp‘asté depozhges thefpads of the
gions of interest while maint aLlnl ng tn Fu N orise a
clectrm‘eb wstryteabowt&eéﬁalbaﬂ'ewnﬁﬁbﬁ fiepetl PRSI B T8
suppor §nfbi cétfblé%l 108Nd frafel tRIsupbort BtsemdBL beuhg’ladaléthdtto eumport the
e controller ma conprlse a roc $ g qg %ﬁerme‘?further
electrpepfsuhsrmeewmlet%ewm"t| BA wt o FEORT AT p
compﬁ%&%tga {8 sPsfent! 88 PI4H 138hd ﬁ&g&fg@y&taﬁx)bnﬁfthd faeme,ahélgantry system
eposits on the pads of, the el

bemg@@bstucmd@nd PHARgFE LN BIOVE Fh?da’iaﬁ‘@ﬁtsy“t'ﬂ é‘“é"t‘gﬁ c‘ug”‘fe"“P" sf e

contr ~further conprise a support assenbly coupl ed to the

, th b
{ Henclos etheeh G NS TSGR TSR B SFich A R RG pOLPEUIE s gese

onto EIH&HP\% £9BPsH sR&tonié LiBseiteNTH dnepimbddimeritthe method comprises:
rrprlsesagantr ystemcouledtoth

dellvglyrg asyglegtignicrpabst a stgpgil &5 er,y:ogg}lg{nél IE)e | (&, grongc substrate in a

print $9§i§$rf l;SS.tnﬁéd*mﬁ@ d tsi%héﬂiﬂ?@ d?qd ﬂedm):iﬁs sltulbﬁratesnpgrfngnmg gipeint operation
S SRORE S G i cin

of mfére%p@frtﬁlle 's@ tlfé@é&@‘bnﬁ%%bﬁraﬁﬁrﬂ the ﬁel:ijdi bganeraﬂ&dkmgfa fast axis; and
ectronlc substrate one enpnodi

capturngpmpEB: f regions\nd rlliltﬁlﬁSté)% th ene gt 1 “éngi%‘éﬁ sugeetraqgs&otqe stencil

genefdl§2fdnk aREEdHd@Kis, RaRhtis Geterdlylpasliel waihd opaced sulimanca from the

In“a print p05|t|on positioning a stencil onto the
first g¥igct roni ¢ substrate; performing a print operation to

depRsbdimsAls$@thcasthed fiay Ge Hh&tﬁrﬁd&nm\fmg hle inpdging systeincfrom one

substrate; capturj ng i,ons Ayl
regicpyd igeretie aéte&:‘Fg'GHl "gffg r E? glegﬁ’& "t‘?*?'e g ené’g{ gt mdfntaining
a midENRS by b@ﬂ@z@oﬁﬁﬂeﬁ&ncﬁﬁtg&he imagmgaﬁwmrqnn gegiomaefoptersst to the

nextselien PLTBTSAh N THB LR ey FoG R 1 SRET s dfafosof regions of

a sec
inter@¥t oF on¥\Bf B8 cleStrGa0 lititrhte apa il stepkili rooeing thz;pmggllgaystem ina

dueg@}{@%%ﬁ%&%@ ¢ Irtﬁg%%r{gg%o tgxﬁgt axlrsTJD Pn anmp §m9£dlmﬁt the method

an 1 magl ng syst ém
mayf ﬁlQﬁErQthpflws@mming thé expemtd imags péthe rcggmsoqf mgtfcrest A texture

recolggnft.xg{ﬁ ggﬂtﬁlﬁpg;eq 6€E?tgea§lbgr?y area i rmire The ﬁc%gw oPhi s8id8Ppaste

VE zero en nmov e | magi ng

depdsite Gh @tepatiegf 8 elktrbimit sutagrhtetngay Uﬁefurtb%‘tperfegn% of
i nterest. The

c a mrqhﬁrgaspﬁcéggghedpvemlox is At?eg%e‘a QR teﬁai pﬁl(t&tefor depositing solder

paste onto a plurality of pads of an electronic substrate. The stencil printer comprises a

frame and a stencil coupled to the frame. The stencil has a plurality of apertures formed

therein. The stencil printer further comprises a dispenser coupled to the frame, with the
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interest of one of the electronic substrate and the

stencil, noving the imging systemin a direction that
woogmazal |y orthogonal to the first axis. | nrPanwiSkm®r/002925

enbodi nent, the nethod may further conprise assenbling

the captured images of the regions of interest. A

texture recognition sequence of the at |east one area

to determ ne the accuracy of the sol der paste deposits
on the pads,of the electronic su

dispengig AP RHETCI P B RSB0 “BREAL0 FARTBA IR e onlo e

pluralifl) 65aHEEf the eRcHERE mHstr&kl Andimak ik sga@n s dansigucsal ahelrarranged

o crborsP gl S BBl B85 ELSH BB o

stencﬂsltm%:tejncﬁ QH?)tbﬁﬂsd @anﬁlhisef hﬁﬁﬁsdfoﬂ'ﬁmtxﬁllﬁmht miosisment of the
urality of apertures for t herein. The

imagiff DieE OB IPAETH A RS O G 2 oS D PRY
substritt 3A® the\Wtenbil thestisg @ﬂﬁﬁﬁ]ly&iﬁdlgt dfrssdxéisdfore @dvingg the imaging

constructed and arrl dto deﬁg%lt sol der paste onto
systep e SiFssHgn | 'S<¥F“er53 OgPH%l RMEHTSR% substrate. An

' Mbﬂ‘iﬂle‘ﬁtéﬁif @ sténcll Phigter Urlwld tmﬂoaisfoamg ée rheans eiqntq;marollmg
ges regions of interest of f' ed? t%elm m svstem.
the m‘é‘feélff‘F %frfP% g Pem %’%P'lsﬂ’eg AoBHels". cmﬁ’]e STERCITE Esy
The cHtidMeLls c@héfiﬂlcﬁﬂlmd hﬁaﬁgeﬂmmltfod) mogemnemoif theng'nagimg system to
mpvenent. of t i ma ystem t t
coputs RO SIS IHSE g eat g gty B0 X b ERAE e 1
gener?l&b&air&lfb‘l ® zﬁig(i?idw a&ﬁaﬂmelfroaxtmrfdstmglsg dihe nrahglyg sy stamy isa
irst axis ore, novin i SY.S
constiypted apd graneRe o PR AR Pgﬁef SOI?H l%’gona ‘}aﬁﬁﬁ it cqeammc
substraté! \ﬁlthnEﬂb@iﬂédeHgbﬁe ehbbdimest, eh’ean'iagqng |syrtten comptlsﬁd @t tehg one
provi sion of the or control. .
came i IR PG STy ot gt et P T KERERL cfia
path dd@ftell FRGRBE lt’ghﬁlﬁﬁﬁhenTﬂ’le aclaau:t oé nmmma;noo@lnsm,me)d therstencil
arranged to cont,rol nt of t e i [
and t F %@10 s%ﬁ@%ﬁ 81fe at ée F %rfs assemt l)é s",ngg%taQ &§t)/<§1te%g}n'é& The
opticdl A Ay donirRBgt Ras eﬁaaehmaxpm;er add a:imlrrcr de nm‘thﬁrlembodlment

parallel to and spaced a dis t he o
the imaging SYSGMTY Y ST e sl %‘?i“r%‘?/’ra iy ol device
and aGARtdpii€al Pathi adaged 6f reflodtdizht bmwbm the figst piadmoanqdﬁ;vxce, the

el ectyoni c suybstrate w thin
clecigRouPREHs e e ey s ot i eaPere el Seond gamers, o

secorﬂa&'ﬁﬁ adsendlily,| a@8dnddlemirarien dm@ﬂahtya serond eptidal path adapted to
m nati o

and at | eas

reﬂecéalggii l@aw?e& tF%?chla(f ‘?IIUF&W{UOB édtewc r']thei % c?lp{lﬁe%gésong%rll assembly
and thélc $adBd\@mevan ’glm/ddhﬂpllmmapﬁe furtberstoastoickedsand arignged to control

ectronl.c .substrate
the mé)r\\ramfw ?’él{e imaging S sﬁeem ct: an&uit&né@%? ;?H]Fe }-n%gés ﬁﬁ'ﬁ%m df interest
ofth@ﬂﬁﬁﬁdm@swktrageam the stendié a'ﬁhes@ntrptle‘rmf&n@b %prthwqoostruomsi and

t her enpodi nent |
arrang? gntcogg%n?%mogerfxlm}tsﬁnle elhagggl ggsrt[%?{ 36 géytl?tg l;m{iéé%? réions of
mterd:dt lth'e ﬁﬁintﬂﬁmg @\uhiognan debcﬁy abxtve gppwdmn rp@[upg fromsme gegion of
| ect . L. bet

mter%sé{ﬂ %%ext {&}géon (%ng&tﬂ', onYYg%gclij ? % &ﬁlttroﬂlﬂl \#4 ay & +r§§r3] Sa px"ocessor
prog@ffisdthb peefouth tehmrd fecegnitemelith elaettordc subsioatel tedgtermtne the

accuracy of the solder paste deposits on the pads of the electronic substrate. In another

embodiment, the stencil printer may further comprise a support assembly coupled to the
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second | ens assenbly, a second illum nation devi ce,
and a second optical path adapted to reflect |ight
woebvmers2s he second il lum nation device, the spemwisqo7/002925
the second | ens assenbly and the second canera. The
controller may be further constructed and arranged to
control the novenent of the inaging systemto
si mul t aneously capture i mages of regions of interest
of the electronic substrate and th
frame, glntupppit asserpRly RsingradpptAd fo PHRST F‘tfc“?“e‘%"’sﬁcf“ésr"ra-ﬁa["'n‘“é’ "gne
positi09° M b Phrifel BmBRURERN the @fent il @rihteR Qirthgr consireses & garﬂafpib's}pa;
mages of regions of |nterg§t whi | e _nmj nt ai_ni ﬂgmgdand

couplenht@. fhrimagioe sstery anb s &rams BISGBYY AT GS'F'F Son
arrangé@w RBvOhe i EhESstetrDurientisdireeinof tid canblerest . I n

dition, the controller Proces
o Snab P SN DY AORIS i SR B SNE BAMY o] Rgpositing solder
paste (ﬁlt@ Qwu%“t&‘ to?b‘%@to'faﬁ t@le&t@orﬂflﬁ;&:&ﬁhtg eOltn]?ﬁ?Iﬁge lﬁlaaxc)andfa steheil
sol der paste eposits o e pads, 0 e ron
couplegifpgha Gitras. The SHTGHIE? @ BISRILY ﬂg?ﬁe““ﬁ%é" é‘ﬁlé? Fi“p%‘% Pt
assemm?'yis Edieh thofifhé, SAthhS Hﬂmﬂtasmﬂ:&ﬁb&hyg edappddad sepport the

thefrane, the support. as bei ng
electr@ucbﬂthsfratp fipa gpxét&grmitlensébgb F}%ﬁ% i g?e%ﬁlg %t{eedfrarr&e, with the
dnsperﬁ@ﬁéﬁd‘ RO stehdil Kblﬁgﬂohbtafcte?l’diﬂ%ﬂﬁtﬁgéd, totdhp)osatsehlcr paspa(qrm the
her conprises, a gantry, system cou
plrall 4 RN SRS b Ao Gy cey e pnd aaneed

to capﬁlﬁ@ ﬁé%%?%g@dhg ofinté8d oflatf I0asiONEOf the eieu@xnglbsygte end the

e direction of the controller
stencihapp@enir pYSIaTe S AV e ooy sarahedsns fap S Ble gantry
systerR b @bndtkted QRO Giririged t&ﬁ:lodetheﬁﬁﬁglag eyﬁteon almpingreaitiotiment, the

of pads of an electron| subs el &g? ? %ﬁ@@ﬁnuy
stencih pintgr BrGRLFIMRISEH? %‘H“’i” ef; §puPied Tﬁ nC| as ‘a
syste! WitRkHd con@blléBeing tbesrubrd mRd atrhnged itocontrob mopement of the
assenbly is coupl ed

imaging §W§o Eﬂﬂnﬁﬁ “ﬁ?ﬁfﬁf’t{fg{%'s gE Blg%'?%t e%( encﬁn% égr{e%'iﬁpé%r;g a first axis

ina ﬁ&hﬁﬂeE@Srﬁaddﬂo aedf%htﬂilllyn:@nmsmb\reﬂmnt ¢ thle spagisgsystes to capture
S N BRI
parali%P{odé?{d sBQc%HQrdgﬂﬂm@ ftrhaxm hhrz&lebcbt)d d]fecpads of t he .

el ectroni c substrat

o rmbodisRg aF 18 Steap B Ay D i TR FUioR of BRRehGA
comRisindla pré@storpAcrahmed & Erthnextine rs@dgsttnoatoé theredectrionic substrate

stencil. A gant syste S, cou
o e i ool e AL B o A P BN e st
In adIQ Afval the %ﬁﬁtﬁb&&ﬂ fhalbE anged cdir(strm:Ivdé amtha‘ranlga@ tcng)ng'ygltg fmovement
n one enbodi nent he, st en r
of tng i B oGy o LG el T B ERicht o Wt of e
electfdiic uUbStr@aaid the SieatiE Rk wwlltab td tmumbmerrmwmenb@’ thgjimaging system

constructed and arr to _co I I
to copig TRESS GEIEEHTt Of RPTLTL! REgRan e s EYFRA befbbics Sove zer
whern ﬁioern@&tone&ﬁ@mgion@fgﬁﬂestad) hynealrgglgn af inferest. axis in a

first direction and to sequentially control novenent

of the imging systemto capture i mages of regions of

i nterest extending generally along a second axi s,
which is generally
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paral l el to and spaced fromthe first axis, in a

second direction. Enbodi nents of the stencil printer
woayorizi2sde t he provi sion of the controll er ceapmissiongo292s

a processor progranmed to performtexture recognition

of the electronic substrate to determ ne the accuracy

of the sol der paste deposits on the pads of the

el ectronic substrate. In addition, the controller my

be further constructed and arranged to control the

novenent of the imagi ng systemto sinultaneously

Cf‘pture !mﬂgeg erie?mi;&gﬁioﬂfofitmnmfﬁug@f thlel

el ectroni c substrate an t he sfencj , as we as t

Chvibe dravtines, oy EsfaeeGBHES TR e S8 B ses hrguabou
the diffSTRREReWS. TIROArWgS fireirdt R¥ceSsariWhb Isealegrintphasis insgradibeing placed

mnimum vel ocity above, zero men nmovi ng from one
upon ﬂ@@r%ﬁg@flm%la@i’é@?m'@% déts_cl"@ﬁq ¥8Yi on of interest.Brief
D?fﬁ?fl' i@ta'sgﬁ‘ehrﬁzftict\?@w Qf@)ﬁa}imtimtgtﬁlg&ydémw ngs, | | ke
ref erence characters refe 0 e same_or sim .
DEIGS EHesRRHSTESTRe derelaeiR verspiie of e PlieRay: Rhasing
S),Ste,ﬂot necessarily to scale, enphasis instead being

pl aced upon illuystrating particular principles,
dFse B isadop BlagwievPie p'i'%?‘g‘“éc“étg’ﬁéﬁl;t ic view of a prior

arF}iG.i ARG fRbemxitd &Bﬂes&ﬂtaﬁﬁon%f b Scah ttaming prorestappiaagheshe
velocity versus time of the prior. art .i magj S
FIFED- Bisiasfrentparetf et pengt grinfy g5 L AR SEHD presen
inventibf 4 1S a schematic representation of a scan path

using prior art approaches;.

. ap Fl 541s a.fron
pdiSpe it QFQCWF‘%W"G{& aR{BIETg Sy%‘efrh?tleﬁp ec’)?bogﬁnéenrtrt? Lo prssent
inver®ibn! e present invention; FIG 6 is a schematic view
of _an imaging system of an enbodi nent , of :
TR SRR I e R T
Systeﬁﬁﬂﬁg’t@t@nq Higns; assenbly of the inmaging system
Illustrated in FIG

SO RRGINIR AERR T e e
Nustrdtd s tpiat g,d. in FIG 6; FIG 9 is a schemat ic
i E16. BB HEINS raTeE RN BuRty PRY SRS L Lo it
emb&ifhbRWo iR PrérhOhventiokf hod of di spensing sol der paste
g mnﬂ%d iel lﬁgsg{l E]g}r’]vl d? ar%?grg E{l g%legg)lq.eolf %Fs%:ér%mgcso?&ép Egsrtea&ﬁo %fecﬁl@nic pads
of an electronic substrate of an embodiment o,f the invention;
FIG. 11 is a schematic view of an imaging system used to perform a texture
recognition method of an embodiment of the invention; )
FIG. 12 is a schematic representation of a substrate; and

FIG. 13 is a schematic representation of a substrate having solder paste deposited on

the substrate.

Detailed Description of the Invention
For purposes of illustration, embodiments of the present invention will now be

described with reference to a stencil printer used to print solder paste onto a circuit board.

One skilled in the art will appreciate that embodiments of the present invention are not
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FIG 11 is a schematic view of an inmagi ng system used
to performa texture recognition nethod of an
wentrdvrent of the invention; FIG 12 is a scheaetise007/002925
representation of a substrate; and FIG 13 is a
schematic representation of a substrate having sol der
paste deposited on the substrate. Detail ed Description
of the Invention For purposes of illustration,
enbodi nents of the present inventi

e
limited ExericHaginiT fiok BREEIEEPRS RIQE &Hérﬁm‘ﬁ ”*%9' gy pgused

use

in oth@rralpptl] a%nghgn%ﬁuﬁﬁ%tcﬁsp@ﬂsh@g &f cﬁlhefr@ibbbushﬁabﬂals @heh akglhésed
e art wll pr eci

encappiies NOASTAUBAAT SR AEEB b ‘P?FF?"éﬁls‘tngggetﬁ‘ﬁ?r}%ThmF clebfonic

comp&{%ﬂfl s dnfd @Exrciﬁ’d sHAkd. pﬂitseax@%ﬁreﬁabé lHoldeb pautdbe;reinwpntemplates use
be used in other nﬁ'{)‘g [ i caé,l, ons Gel%l 15*ep(§1angeably

of sucliiogse n@itqtgl oA LSRR oS TR AL efSIFY, ey bR

herel%%gﬁ*we SeYice ¥ E Bibick that detings Opdtesin ﬁﬁl&em‘hﬁgd &m'ao esilzstrate.

CIFHG. thowksh o PRIFRS Ot P ARG P DR L Hefeafed 230, i

accorQﬁ’fc@ Wh%@teﬁimhﬂﬁ&ﬁ oﬂﬁx@ pBfserft itNentidrh €Thena¢reili paringer 3A|usmudes a
terns "screen" "

framg ﬂ@p@qap@%ﬂn&popngté pﬁth{: ateaggermtﬁreméluglggla c%gtlrcr)]ller 34 located in a

cabmg{jﬂfqﬁe Lbadit ﬂ'ﬁ'ftéﬁ@gteﬂclp% aed ﬁldtsﬁemmgmeamtgderghy tndicated at 38,
substrate. FIG sh

f a
or diesioR POl T THgSHRBFR 15 R AP AL Rapny A ghEolfh SRt ans oy

gantr??&s@énq e @e hdled) WAdETROSENEBNGT thé cdrivellpr E‘B@rﬂllow printing of

I nventi on, e stencil printer 30 includes a frane 32
solder pagte @U?)B'é‘f‘t“sb%%%nents of the stencil printer

| NGLegli Rt 300 iatless akbnlgoatystn havangwlls A 4436r tspnsporting
the stencil printer, a stenci S
the cﬁ@a@boag@ k&4 PS}“‘]"}&HOE‘&‘PE én %gm??nr‘%e 3305‘ ﬁ{ desHdh &g} ter 30 has

I Spensi ng

asu @ﬁtagsem_ﬁksﬂt(ﬂ(esé) ﬁs rg@l heabradd, éts.) positibied tehenilythe cxrcult board
rt hogonal axes

12 whenjthe Ctrﬁlét board ioin tBﬁf x?;?f:gnts%é m)%@%x}er% ?ﬁ)]&) dr? §% ?rqg&qfé)ls used to

ralsegflé anuﬂgJond BObBISF tHeasilse12004 o Mladeaht tirdubelicardl i@, contact with, or in
tenci|l printer 30 also includes a conveyor system

closeprokimjtyrtai the stepcil 36 whgp PHRINEIN YNy t he circuit board
1214 She@nitiddithdiiGhe arspeﬂsmg Hetd 815 cohBeoed toeteiveat lgot one

sold;gigttsatcggr?(:‘lée £ ;:a]tt Qefé gia Ut%QQe 315%%@12%5%(%@%% %prmtmg
operhfiéh. Qhlofé bfnbb@@ﬂdﬁt 1 Wt&i’l pﬁshecarlrrdgcl 48 ishwapkdite ongendmpf a

di spensi n ositi ort as $h Amati
e R NS B YRS A8 i i
oset 19 alRAREE 1S Deorfipresddi tolminediwithincienfraae 3w0f the stencil printer 30 under
| ose rOXI m he stenci §arH21 43
the creiafot 1 A Er B TRERIP PG A SHeIERuR e Qg Sorkee
to f&8NddI@ paste ifo KRdibpeasiag htaddstand netostb¢ etenclb%fst@ther
conégalé-%trg:lﬁlg wgdls}cg:tgg‘u%tg l§$ hgr\gléagt%fgpfc'o tbg gtlémﬁﬂ’?‘lg}e alkQbk Qﬁlployed For
example, in another embodiment, mechanical devxces, such as a piston, may be used in
addition to, or in place of, air pressure to force the solder paste from the cartridge 48 into the
dispensing head 38. In yet another embodiment, a non-pressurized dispensing head may be

employed. The controller 34 may be implemented using a personal computer having a

}
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operation. In one enbodi nent, the sol der paste

cartridge 48 is coupled to one end of a pneumatic air
waasw@/mwes2a typi cal and well known nanner. The sChaiS2@ndo2925

of the pneumatic air hose is attached to a conpressor

contained wthin the frame 32 of the stencil printer

30 under the control of the controller 34. The

conpressor provides pressurized air to the cartrldge

48 to force solder paste into the dis
suitablmeperating sy figm £¢-8x Miproseit® BQOer WWW@@? t}'n 8%3,{1?3‘2?" specific

soﬁwgﬂeﬁf Aol the Pk A8bn BREHeQLABH 9ruﬁt91930555&i’&§¢rlbeﬁmyfrea’l so be
8 For exanpl e, in anot

nﬁ‘@nawn@hpmg@r\ﬁq:g%eratgwﬁo QWS Fg‘flld{g) FfL{Eebs ébabds?g dnto the

stenc@gﬁhttnl WaMemérea Fo HeaGEpaAf assemibily P6 asisgithe doavéyor calsidaeds.

der paste fromthe cartridge 48 into the dispens
The chregitibopgd 12 ﬂn‘ilgtm%ln%ﬁ #e thea P gﬁ’é’fﬂ precgseneblﬁgng}eé& rpc? ralse@ gy the

suppc%‘ égﬁﬂlﬁ& 3e nFS 3%&@15039@0@ ”ﬂe%@dnsnﬂ’é‘ﬂﬁ:atd GBtiTq tileh d!liwé}dd matye Z-
e | enented usin er.san 0 er
dircoyan AR ieineBiagt WH s Lt h‘13€eafb dispp P‘&s‘%????? Pelpeaverses the
stenc%@?:?ﬂ"?i%’t dintMtioRe f@ﬂer:&s%Mc{e@ Baéi@th(:‘dufgh @p&ﬁfrdtss/m’rthe stencil 36 and
contro e operation, o rinter
onto e SEPRBBRIMATCDce REiTERS 1Bk RSPy Fas e Hngi 36, the
circult BbarWB is Rarfsbb@sd by theabavelar ﬂaﬂs hmadé‘&m ﬂieCprintE& 38tsethwit B
printer 30 and del|vered t% ﬁergrpo sser{’% Xhe?e nd
secongs FyRgequeBt @itsidpard may pgloaded iptp therpranter, IO RIRSB AN
cnrcuﬂ@) aral 8 Qilislpgﬁ)‘s@?% he@d 336 Ray BeaHEN in Itsa:oﬁd prihiserokk lagmmht
rai sed by

e support sSSse to rint
Stenqﬂd’él ip jap APPOFHE dHPLnBHS thay | ff'gafﬂr 'gg f¥% ci’ﬁ‘gﬂb% Ped in
t hﬁefZ#infggs FIO9 34Hd dh ah gm%%n% gyistmml mtenmwhnmh@fﬂteemseht
. e | Spensi n ea u verses I hnhe |
inveginiimgsnerl SESBRIEd A dheshedn L Flck e Bl Epelp i ey aba0'

S

disp a4 9&9{&@9\%@&%236 ahd H’(éﬁn]r&tue B6drll IBGTMdnayllrtg)systﬁm 50 is coupled
Clrcul board e e ensi n
to a gankty pyetPR Ve YBIgh {hiY F%?%’Pleg R‘ ? %u boa‘r?%t gfghe gantry

used't§ rrIorvért}%Q%ﬂeﬁgng}ieém &qﬁuﬁa@rsepmﬂesy vmhmm sftem:mh pringer 30. The
nter 30 so that a _sec

t
consgiiseoUmgrolry SHR e R 1R g AR TS L Rl thyn n

€ 'secon
the & 6f%UldEa PR Shintinge Indbér&@rnahskgiuhaﬁﬁi t%amgeinenmvm that the

a secon print stroke across .t t encl
magippusiTEmaY PRiacsisH o 57 PRRECLE Y BF SERgl 77 P St vt

boaljanrtSj caﬂaﬁfe%ﬁ liimBgk §QprEddBRed Breadiék the ciaduit tvagl orghs ytstah
respg@gﬁeb'n dp @g\eggrggéplr?{ggttsh 8\,&155%' %ﬁslﬁ?nvlgg)tl t)on)catséd gg&?eroqlbe%w the
Smn§y§&§@kﬁgcm§ba*§posed betmeen the stencil 36 and the
circuit board 12. The j n stem 50 i
2 geteyn §y i b s TG 1Y P ORGToeE gy SPUGT HEeRly v two
camif23 3R, 532 1vad fenSBskeh®lipdgdnenlly intkicagaint 6§, ﬂﬂsmzio iltunpipation devices
t he "di spensij 28 or I .
. e B . 3 St 36 06081 8 Sl bl
con&M&hSMﬂ rékpeet th Onémv@hdérhand] imBgieembeyinteamedech ¢amegeray be a
di gltarl] %Vg]D car;nera of the type that may be purchased from Opteon Corporation of
Cambridge, Massachusetts under Model No. CHEAMDPCACELAO010100. Further

description of the cameras 54, 56 will be provided below with reference to FIG. 7.
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the art of solder paste printing. In certain

enbodi nents, the arrangenent is such that the imging
weoeysai7@naray be | ocated at any position bel ow t RET/US2007/002925

stencil 36 and above the circuit board 12 to capture

an i mage of predefined areas of the circuit board or

the stencil, respectively. In other enbodi nents, the

i magi ng system may be | ocated above or beIOM/the
stencil and the circuit board

As shomg |n Fl G ﬁih
ilnege Aybedimeaththsollupifgtps devices 644 BAY HUTeRENt ng
emlttmtgvégod\e@?\?ﬁ@eshgﬁﬁ dlo'éés) th¥Qird @fyﬁblaﬁﬁ @smél'dnag af @natﬁlahgount of light

cated a , 60, two illum pa

t
at theirt regpeb@¥mbespl selfen & 68, The l"“aﬁaa“c?“r#"-if‘f’%sr&\;'ég Faycbe of e type

sold bfﬁ%faaém?épanéﬁom&r&e NIRBTRhh Gider MbdeDNS INSRWE00B 9B tB2/ST.
spect to one another and, i.n

i b, Sand e |7 Gbisede U STRORE B SRR P e

well k RPH& CHAGRE dnfbyahBHte RBndating Ma Rk o angls nGgntierisdd &
ssac usetts under Nbdel

No.
generafthe fight r@ueadi Sibes oPHss %aﬁé"sea'?ﬁé‘ﬁgg"%&‘?"% %ﬁlrf’ Otge remote

source%‘i?tYé ,q{otf@,gé)w with reference to FIG 7 I n one
iment, the illum nati on devices

oo snligars G8n¥ prergsignutiedeisthe parpP aﬁfq‘edﬁﬁéﬂ%ﬁmy
their T%Jb@%ﬂ\%rlﬁuﬁﬁ’ﬁam Scﬂéesg?né‘éf ﬁ)?)\}aﬂgthaﬁlrtlﬁt mmémammb stehcil 36,
heir respective m.s er
respethlvplywwhyéq f@he@%{ﬂ%@%a BQmOB Q?ﬂﬁ)}lggtéregfct?(hgy hg/a ﬁércgl-[ l%garg and
the stc%loﬁ tﬁh& tﬁ%ﬁ tAht /lirref 7006t Hedpticallfathis Idgﬁlibthd\chnl\tbddlummanon

NSPWB 10BSBlI B2/ ST. T an1s ers 6
devicesif2, fif prpcbrmev OEPEISAmErsS S PSP MR SRS f B
mirrots)@oérte welllGioWalth a lBRYA skilled Mah@uirt.. Inl dhe@htbediment, the constructlon

odi ments, xenon and hal oge ma sedi &
of thegparieslpetbs ereated igtibe PEATFRILTS (o B@?;P‘@‘B? Aot 1 B ad iy
slmnéﬁéﬁae p‘ath%ﬂs\éﬁ:\éer inQ_EB Pit@ﬁt}mc?e %e,nglé e:xggmm ntigrot Fikis a full
use he beam spl i r
mitot G 8 e roGSpPL G ABFIDHES DGR LI BOoRg P e iaht o
pass 619.%91?&@ ve il lum nation devices 62 64 tovvard t he :

circul t board 12 and the tenci | ectiye
V\Aﬂqf@rmg, £q RIS 79FamRip ﬁ@ and %’8? flsisgxﬂblgf ’8ta|;;|e ﬁﬁlstreﬁ?a/ J\¥ discussed

abové %gkg&tﬁ%zgybet 1h@ntﬁ:la[ hldohsthrebnl toadacheth$4. Slinelddltionptags
hrough to the mrror e

I
consthustia Sh1eTESsRpTAOTAEY B dgireL BEopgroenfit i inf ESuEl ss.
Acco&(ﬁﬁ@%%g xcglo?h@l:fgr?égr@@s56n oBbaridta Bl‘éaigl;leﬂf e;dsgah’lyﬁl generally applies
for cagh¢rp 56gng fens gisembly gq ﬁessﬁcéwg{%é‘& ﬁg\ﬁl{l scquB?EeﬁW lens assembly 58
|nclu99s|na81§({d§§@79na pdir bhﬂn&?tgnpfd dipaisttbwithieaheibusingtand ah@aenture
| S e .
(not S emesd e eon et 2L e [ ghey BB bfe e o

telecéntgé Qa;%any BKGEe ménstabainlmr £8.0The/dllestive léns| assemibly oray (adhgde
he r0VI SI

referﬁ:@ltto arp Own?’ a 10(151fls ﬁwé:r}eoa H{efc etge o%%re?%as tﬁ% ?1 l&@ghi@qgﬁ assembly

pass ere
58 or 60. The arrangement is such that light reflected from the mirror 70 is dlrected to the

lens assembly-58. Once in the lens assembly 58, the light passes through the first lens 74,
through the aperture, through the second lens 76, and on to the image-sensitive region of the

camera 54. In one embodiment, the CCD reader of the camera 54 may include an electronic
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Referring to FIG 7, canera 54 and | ens assenbly 58

are illustrated. As discussed above, canera 56 may be
woOdertiovzab i n construction to canera 54. | n ad@Criusm07/002925

the construction of | ens assenbly 60 nmay be identica

in construction to |l ens assenbly 58. Accordingly, the

foll ow ng discussion of canera 54 and | ens assenbly 58

generally applies for canera 56 and | ens assenbly 60,

s SRkt S b, S e L g el
an entﬁé preasftd\wrdahwithdubextilsitifg digtodtish A br ﬁmltltd,;reelpbmtof the i lmage.

sho di d betweep, the | en e Iens
A Mo ip TG L dn e stapr el oy At eing AB-h U5 58
threaddIg attRMEd &fs&e WblgindR oﬁheleﬁﬁhdsemb]y\& I'the hoasisg A bfthedgns
erre

I be r ) i fical
assem B8 PG ir ARG UHBE OB 1 18 Spiera T Bk T G ERE T R s Ao so
that th@Tm&2, whith igfepeRgae®intray-SoraliBhlind3 a0, isiaghiratefdiected toward the

fromthe mrror 70 is directed to the |ens assenbly
camera.5g  Once in the |lens assenbly 58, the |ight passes

t lhét@h‘gfg Yabletd FIGS 6, 1|he ﬁﬁar?g‘bmehhi‘s @U@h‘hhtheh@peltlh glaejmage of the
secan

circuit; bﬁﬁij’e Nyt hﬁ\:ll?"lv)étl?lé g?vd(ﬁa @f gelnﬁréateé élprél?tgnsg Emof'ﬂt cbf H @ht toward its
respecﬁﬂ@@dinfrﬂmtter 661eTIGEDghtda eidlectell by e weamesphtt&l6ammard the circuit

s S 20 SRR B, SRR o Ot
the caﬂh@ra\54$Wha:lh capiutdsehgifrege bf the d)rﬁreﬁaedl\arbh ofithe e)dsmblbdalrch 2. The
| St orqtll on at ar t

image Wm ?Ftr'grl@all)? stoieﬁ or 8%{%@? 56%—&1 I'zaesrc tﬁagg}b% ?rga&.e B1a9§b‘e trélsnipulated
and arlaB&d Bg th?:&,onmﬂllleﬁ B4n@yittee déﬂaa:teatbzmluye abltiatdepcbnt ar dlige the
.__.housj L ens assenbly 58. The housing 72 of
°"““Qﬁ@“‘€%§“§§§ °§3§8°5ﬁﬁmﬁﬁ% hgu5|ng 78 of thegcanera
5Smﬁrae|y1 Whai(ta&ingahIngﬂgﬁ%ftthw;térkmkﬁﬁetmnbﬁlh&iatlsmdds\hrw&it he
resented.in ra ofm b
gt o o 8% Ut FERPERT LOVAE U ISR Brar bR, R it i

then dha@clsd towvadrd fhe stencil B6 and femgtem thidugh tiehbeamasplittbreds to the
t.he ci

. b 12, t
miror, o FR R 5Py e 820 06 ategah e rssnel ndondp e
camerlla 5 ciyﬂhwarﬂﬁ image gegnp @fddeﬂ&ectm'eimﬁtﬁé istiahcﬂr 3@ GOnSEhigptured, the
| refl ecte ter toward the
erea of ki 6y Ceanelyged e RETY BF p i Bipotctior RBtRr 1t
detectingeidgged apertifes ﬁilnlee mwcilpfor thrdple)a ot Gonbpueed toghtardamfithecircuit
board j?gcg{raglfggg‘ﬁgt\l\@rﬁ%ﬁ? “t urg?p‘}cﬁ?ecalfggg?y C}]‘thc-g pn?a [ e%f }nnb%jwill be
descrueéﬁmtgrmemkdnybadvmm referensetb the deseabtictn asfea tsxtutehatognit@n
mage may be mani pul at ed and anal yzed by the

pl"’g"l%ntroller 34 to either detect a defective sol der
deyiersthe confi @Jratgm lﬂh&lfamdrm FiG. ngwlmakﬁlgwwsthnﬁl@es sdpableidf

movnrtgfréong néeﬁlgf( e ea% rgc]elf Iné %l e;vlhglﬁ ta A\/ﬁl rglgin%n rp%g) x§1atel 105

mnllls&@am a¥itH apphiximbtaty 108 ndiillisecdngd attobwaatde td imovieg preaomagerg
system ?rom orEa preée?‘rneg area I(? aGnoltllleg predeﬁned area and approximately 5
milliseconds attributable to taking the image while maintaining a minimum velocity. Longer
and shorter times are possible based on the actual distance and time of flight between

acquisitions. It has been found that the imaging system of the invention is capable of taking
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then directed toward the stencil 36 and reflects back

through the beamsplitter 68 to the mrror 70. The
woOigiT09225t hen directed toward the tel ecentri cPCEMS2007/002925

assenbly 60 and on to the canmera 56 to capture the

i mage of the predefined area of the stencil 36. Once

captured, the area of the stencil 36 nay be anal yzed

by the controller 34 for inspection purposes (e g.,

detecting cl ogged apertures in

an imagg mpet)sngruﬁc distarden ?r&l‘érﬁn%w@&e ma"t‘ﬁ'@"&*’r'&i“'{‘“‘ﬁa’g‘r gity of

at leas{Lf nfi ﬂirmél‘ér' P 8R3hd. pw&@%ﬁfoodm{mt Itlﬂksmtngmysteapabadabtewf
e 1 magi ng system 50 w be describ

l ﬁ in O%Eeat er
mamtail@naﬁlmlbémﬂwvﬁhopﬁy P%%té‘faétrﬂ:@" ipetFEPISEP i AW a

embochﬁléﬁt“ frfe lfxﬁgf?@@&&tbrﬁns QbR 3Pmaiidifing Iaemabmfm geﬂbaﬂty ofint least
11T ustrat.e

j PR Irm%@q %Stem rovxea38
forty-aj gl anil lEmesersiasy pasgng- r]é‘rﬂ“ﬁ cege? KAy Hymipatey ‘Sp‘#SS%'j
micro %&[Qﬁl Vé‘:lb&)&%ré A& %ﬂ{bugﬁﬂﬁﬁltélﬁmgr&pﬁm&hmtveloylt)],(iﬁe 1magmg
|

seconds, with ap o t el 100 econ
systerm 9 pATGE HBYR 26T 2 340' andag %ar%vgﬂosﬁ B o?ﬁeqﬁa“ a distance

equw:ﬂérﬁdﬁfﬁl DIRE e ak th@lré’efg@tpt@[a opfie@aferesh ﬁfdﬁﬁ SGn(ﬂt has been
approxi mately 5 [ secqnd attri but

discoyejnesd th;tﬁgg iMpEING 5%“?1?% p% EXPORUR e\/\éq dea% trave[argecguvalent
distan' Qgt B0 AhAS plhhdEStod 8 Q@Saﬁidkﬂtlﬂ ﬂ@@\ﬁ&ﬂamﬁbct:heblamha@

I stance and tine of bet ween acqui s
haitihesderereiad 18 h& in PPFeC'%i‘Pé’é’f‘ v@fr TR 5% 861 Soneh raking an
1magé VEMEL Q8 stedcFaBaPING b@ﬁrdtlakdd&glafhtd:sﬁa@ﬁptmetth@uhage but always

significant distortion or g}ourrln ?B ing a
mainting armifimen oRqsitredreloaty | @HSOV e maﬁ\&gé?(s Second

approIthx ?9 ?éﬁgﬁgéd@@i for"ah' ﬂnégai@éo@&rﬁys;" takes the magnaﬂw @peping and
mal nt al ni ng a m ni mrum vel oci t

closing the p)@gtr@mg eﬁ@yalgrg@g gghutter a&ﬁ c?ratgﬁ‘to tgfa H%}g tprec%eﬁmed area.
The doﬁfi@dd@i&n %Yﬁk&{gbu@hmaakdl@ecoéxpmm hmemnagleatkmmlagmgsystem to

ocity of at least fort ters
maintaiicd pdnimum pqaﬁnévecvggqglty gu&%% FF?{F e r[go snlnge ﬁ]% euala%mg system

50 anBPaYljtnsdaem%u%u& \‘Elé‘dit?'aﬁ@iisﬂ@ﬁstﬁ%ﬁm$ leseviptition or ddchlkeiog fis
mal ntai ning a m_ni num vel oci
ntroduaondpeavEIma ot otk st e YEr eR p e ki pystem
is beiaﬁﬂ% Ebrthén mﬁésﬁofdh an ol@ei éihlﬁddﬂﬂexﬁhtﬁq ithagd ie napttred Having «gme when
shift at the imge plane of the c
the imeging 8y st ﬁamlgegv@f‘%e‘t"w&ﬁe“{ e ef’%ﬁ%’f 29""‘3] F&'cq‘éﬁg"' plane.

Acccg f}gtl*khﬁlag?ﬁﬁ QPR of iheGkvention ermples tiaaénciliprintu 30 & ewickly
ance at t

nmaasrpowaeecaweméa's e g e eeh opurlaf PN plg drye tan
p,,o,la{,lt pNsifdedingent, the inmaging system 50, when taking

an i mage of either the enci| 36 or .th

deTuindeapoyg tq BIG: gptlhalicés ﬁ Hétrq%?éa%optgml SC a}n V\;I:éaﬁ?{th LJs %erformed by
the ifhainBisP348h S0QMdES tHe op(eehtnm dfyhe dimtroHendd, pllmlani im‘i@ tggchings of
the psrwztgémv%g@@\}méﬁ EIP agg ;;z?@%égn gﬁrgpghﬁgg %£rgl§he goa% ?f‘ll ug{r%f@&] in FIG. 3

openi ng
is be%gos%'aﬁ‘rgadtfﬁ? in@p&Eibh OHb@ewlLit Sstalubhite mfdest@duhﬁt@lther abigcts or

devge(::scn?zliyelgea gcgﬁnetdo sttlcrt]leas t eexstte c1rl elgsetfea!l gfqhg Eivé&liit board 12, and benefit from

the optimal scan path system and method of the present invention. As shown in FIG. 9, the
imaging system 50 begins at a starting point 82, and travels along an axis 84 from the starting

point over the circuit board in a first direction, which in the exemplary embodiment is left-to-
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The conbi nation of intense Iight and reduced exposure
time enables the imaging systemto maintain a mnimm
woasiTiwesvel ocity during image capture. Al so, PETG2007/002925
the imagi ng system 50 maintains a mninmmvelocity and
is not stopped, |ess vibration or oscillation is
i ntroduced, and added tinme is not needed to ensure the
vibration I evel of the imging systemis below a
. certain threshold. In one enbodiment, the | eTis :
rgh ip 216 - SENTHRF A iSO NSRS o frafishaisy S Ahaserive
point @2 gég‘ﬂsaéaf&e&ql’lé ! e diRkult B8&d} rﬁkﬂﬂthb%ppérx ®ift-dndicbfer.

pl.ane. Accordi ngl th t
Hoveym et siafsi o) etiatebrcis a7 S ey o e

at anyl OB Sva tREIshjeAating 8ame0S Ak RR iffaghgishsiamdravels] ibeaptures images
circuit board in S|9n|f|cantly less tinme than prior
Ofregw“ﬁof‘f’i*ﬁﬁj?%ﬁ@‘%‘ﬁéﬁee% axf{$%ing nowto FIG 9, there is

| Rle gtk R t& RIGPL, iHERirc6# BSarP@ialy Belpabulated paith imdrds,lifnot
t he i magi ng, systen150 under the operation

thousgrge f G19CE P £OBRP R A %%SWHS@HPB%’IFh%@%c‘?i?l"ﬂ%‘sﬁfee"s‘;‘é‘ﬁ‘fed to

electrblmz‘ %Eﬁs' P28vid W sthle RirSuipPBdard,Grll ﬂ{e OKRAPhste 1stahept6cl tohei deposited
oard 12 illustrated in FIG is belng scann

onto (i apBaR FsrmeTASTEGETbd oA FE e NP EE TSP P gEes. The

contr@leR 84 i QRInGghiBd % :cﬁﬁﬁ(ﬁy&ﬁfﬁodf&)behﬁhé‘r? an R hads v theddaidlse as to
stencil, instead of the c cuit boa and ,ﬁ ht

defing thg Bwiarispot BAIMGES 0 PoKesyRRETha PRIt SRR

contrf[ef S& MentiNVEREIAS of Miferssd Qig), 4 ﬁhdl'_dr(ﬁ)ulﬂpletph&s havergy smgier paste
system 50 begins at a startin drav

deposb LAl he ST 4B $41P GRHHVR Gmet A PG | B biofy /e i iR provided

along@hé fikst hxiDOAL Shdwh @ HIG! Stthéi-b aeGveDie, suviieglons bf ingest, each
exenpl ary enbodi nent is left

indiceind & B4PRY SR ANBER TP TSR Fb.d 10 APresen S A tom 50

traveh?é' 8k a HMzontadr drix0ekis) Whith iS&phagy Péfc@fb fb(}ﬁrat“phhﬁryt’ @p “fast”
the circuit board, near the

axis DYOERt IBOET o The STE T DR A By S Ty Desconfisype so

that thd\Gerfiéd] CoH y-a RO B tHe BfASH Q1s” HlovBMEht a8 Yhd@silting saah @dthahptures
any point over the object bejn

imagpeAlQTERe Y5O BYBRLS! e RS 2Ol DOe HRNE g prted o

stra|@t aﬁﬂcﬁfz@ﬁﬁal A [aegothe ﬁfs‘t bk 88 xiay bgéon@fr&l §d ﬁhgt ibBaonilimear
the circuit board nmay

and/c @mp%é@ongfanrms tbﬁdﬂgtaﬁ'faggled‘f'aen g‘t?ﬁ tort %9&% S Ayl fall
withidthdlcSpaist@e pﬁ.@&\ﬁnve‘hﬂ&ﬁ eAﬁ@ f'ﬂ&@ﬂaﬂ@ﬁlﬁof&lﬁeﬁﬁx&t idshederhant of the
el ectroni c pads provided q% U|t board, , and. t 8.
imagig| YeEpmpddngy ?%S*‘Q&Sb?féa“&ebt B thedpr PE oY APELSARVY 5‘0‘5 2.
| NOARGINBHIRSFe iR 6F inkeebtograte ci;ﬁuﬁ:ﬂ alohg thdBrseanip i) elnt imaging
to_the pads.. The c ntroll § j s, con ur.e
systerth iy R SHOR P HECPBHRIEY S S ™ PemBst: o
orthox@nafy diéhglevdrii€all Hiey-Hasutiestibr 88 Qﬁva& heml thefes akis. Dhis dlrectlon
taken. Once the bound e.contr

ies, ar J w th ‘k
of meuEmRbALF FRLE B S SOy HE BTEEtd PESg “sEqngsiy” bf How axis
movéfidrit The caraelsleN34,ion thesPerias op eetseendd pnstet' 8], medergmirve a

first axis 84
distag¢e of fpevement iﬂ,%\eﬁ tg%lfétlg rrnoespace §ween 1mages 8E an z!']c%ntrreegl Sy
interest, and deliberate space with higher speed transition in areas where no regions of
interest exist. As shown in FIG. 9, the lower edge of a region of interest 86 taken along the

first axis 84, may at least abut.(and, in certain embodiments, overlap) the upper edge of an
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along the first axis. As shown in FIG 9, there are

twel ve such regions of interest, each indicated at 86,
wonrevicdzdsal ong the first axis 84. FIG 9 repr 6EmIS3007/002925

the i magi ng system 50 traveling along a horizontal - or

X-axis, which is typically referred to as a "primary"

or "fast" axis novenent in the art. The imging system

and the gantry system rray be configured so that the

vertical- or y-axis is th E‘?é‘ Xi s" nmovenent a

e

adjacanhegionafintpegs. AsHtp et fete; swasgwmﬁao‘feﬂ@"g may be
conﬁéﬁfcrdtéociﬁ‘z{t 2ty h§n—llﬂ§3r%ﬂ@/opﬁls§&6d hionhg a@akiathabisi 8 an biwlewer
[ustrated as strai ht and horizontal Jin

verticg|ags. Qn aM*éOff’ fb?s‘?“%kl‘)gtfme‘r?&f} é’%dﬁ?‘i@lﬁ“éﬁ‘%% Shpgter pg

longet t?xaﬁ‘@ﬁ ‘vhdveBRht 1BREth Ghowh MKIGEY, dtberitingon ﬁ%llﬁcatxbﬁbf th:e regions
an angle with resp ecttotheflrﬁt axﬁsﬁﬁ]n g{ég

of integpst lAnhthetsapabilifiss obtherimasise s¥FR P FRFHTAY: 8W“t“h

some bEMGsEeofiard RRisfrhdveinedisiate Mo eARAN btitfnehhﬁ vemiagt g such
system 50 may be shorter or |ognger than

instangps, EPSREONSABAXIS TROYSENt glay @lse dNCRROTYP atsH%htrPé‘é‘? Gggx%f
movehidh€r ests 86 are captured along the first axis 84, the

I magi ng system 50, under the diyection
c e B e yreaisc G s S EE SH1ED SO the dirction of the
contr&idr BRYRBRs |albn§|a%€@onﬂ akey 40l ifi a|seco(ﬁﬂ dyreafmrs wiiichde bppmlt881e first
away fromthe first axi

S dir n of n
directign qﬁ@"?eﬁﬁB?YFg(eﬁyétg@ﬁqu%ﬁr?éﬁ e pafih LS TG Malhng of
reglonssﬁqmé@@f dongthe Tisdt @xis saxuhs c&ﬁuﬂh‘em 1deﬁﬂﬁemgllons3bf igterest, each

or the qperator of the stenci

ndicfiF o FATRE SHCATR 00 SPBVERETIOTSA AT ATerefty As
showR Oth SR AFEe DRI WE e Ireig [ORE 88 intdrest 0P aloay ther segoraimxindo.

|nterest and del i berat e, spac her,
{ PEed e e SR EEVRR LT B BT o o fiedBEE o soan he
remafifigSdurfabSofihO¥icditbdakdsl 2. %pebif&allp\nmmmgg‘% wyftem J0pgftarmoving

R T T

x-axiy Ei}&fnoﬁdﬁl &\lerstaigl?;Gh@ﬁ and ca{;ﬁgzs)imagés ofithe r@dms QﬁmtweSthllong the
the first axis t condary a

axis GRPYFHE RS TRES onedh, g %@8?“%% of ngépgﬁ%a%kes

anotlftr Q8@ cANoPyChSis hfvatmest aal nﬂd"/eaﬁighga horizomvady ori >eadis nthe second
I.n addition,

th n .

ey S it o o RIS Sl AR EI, PRy
circultoWRY ik BorfrplGtelPscaniedaie NXE shgwo,the betirke ourdadea thef citduig board is not

regi ons of and t.he ca | e t
com?lﬁtgg qqgnrgegsqlﬁjﬁﬁg e argﬁserceﬂlflrlg%ln}sggc 1&% és b%sq&]zler ;E%&degosn ona
metﬁlmdQ:ff theh@rca R ®omda mhe and somt)tvfelmwaamag @ravess iy mchqa@e@ at 94.

vertica In su
For \‘Qi Fgc %@ﬁ{a}% t%vlagr%sy?tﬁxg§r por at‘ @Q?%Ftl&ﬂsf tﬁ@&&m%ﬁéé’u
makast ftalo¥ ﬁm?tlén scah passevargicbapurdshimagesafil 48 dfvgl@tstqf (meregth e
st em d I the di

Cgﬁ?‘i’% £ a%zg S)ﬁg% 58 E Hna lma%é 82%% bg{(ﬂliegé%%& of mterest as
seleﬁ&ﬁ@ftﬁhdiwtse Gddntified bi itlecongolbgy3dsior exaniple. fthe & gnages may be
asseglﬁ[mﬁ nep:jcgsu(t‘“% %SaaRtA)Agc;éﬁme%ﬁ‘aﬂuon 69)‘ @\gtcoét%lie?f Thé&8ontroller 34
may perform an inspection analysis of the particular operatlon performed on the circuit
board. In a certain embodiment, the analysis may include inspecting the accuracy of a solder

paste deposit onto a metallic pad of the circuit board, or performing a texture recognition
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regions of interest along the first axis 84, the
controller 34 identifies regions of interest, each
wonadi7oaeed at 92, al ong the second axis 90 to eapsSem@®7/002925
i mages of each region of interest. As shown, there are
el even such regions of interest 92 along the second
axis 90. The imging system 50 noves under the
direction of the controller 34 to scan the remaining
surface of the circuit board 12. Specjfically, tpe, .
amalysihich ovil pe CRYSSA IAreaer dREA BRipv: s BBHSR AN the imaging
systenflsGindy 6 coifighredab tidvalfronPéneyre@ivh SF Ditdrest td B8 neFEEISN of
al ong anot her hori zonta) - X-axis direction in.the

. ( [

interest,jand Capfpes a7 fraEe of 1RF Caion of HCTPSHYRRIE AR R THRE Mo f

velocity 1 TIHE PPdvidddD8ihé BetiraxXli starDpatNRNESNE ithagifl) S tdnTB@ifli@ration
al ong the axjs i s .conpleted, the inagi ng system nakes

greatly,enbippcss IRFREGHOBAFTICIRNCYy - axi s novenent and noves al ong a

hRk HzaRkal abofé, the R¥égingdoptiifil Seaning sgitérf ahd ARtholins be
pattern of novenent,

I as clearly jllI rated.in FIG 9,
conduBigher ANt 1 Shes PR exite ctipit board Toffeiitia the Stench
printe STRRREBe cAFighRA\WH thdt e “ERrT f:8s Mok émaR ivh thdreerdedlcon y-axis

board i s _not conpletely scanned ose areas

. .P0og . y . ,,only t
directiop nstead Qf the hopauttaly AT x-axi§ direcfion feser Ib%ﬁ 55?"@' deposit on
aThEleabItih€ e Bt 0PEmpldQingithopitimdd e@unthathldyetedndhdnnithdd Bfa
t he scannlngﬁerocess,kf i.ndi ca at. 94

. . ed ., For the
Signifep B ES A P EAHES] IRIETPRE) LS STath 867 (gP AR EIO 3. As
menti6Hed @6 5ve) Btildind WeII-kABIh leh &Il priter StRKASE Methoti@tesalt in identifying

fourteen sc%n Easses(%ﬁg captures inages of %g% the ti
and capbifing{@agss ot A7 bFesiqns OBHUECHh &StNgyFhir=apae BiFTgRSs, the tme
require@icfinpect e eRsuitoadd taked agphsxih&glydss sedond (et fiur Afinutes).
sel ected ar oiherm%%e 1@ﬁgtifiqg b%H%he.contr I | er Sﬁ,.
Referpigg toé:)lgn%l bé( utiliging;t @ggn g,anotgu teg eeqisc(uébe& Fgin, tlber egions
of intd#bdt la}ezllﬁfild'eﬂl éozll 48 $eeeshsehasiily Ofic Mnetrbfuirdnd Enltes circhitdoard
controller,

. may perform an, i nspection. anal ysis of .
s redy36R I EFPUBRIESY BRSPS S8R SorPE ARLY hing HEAETS BEfers to achieve a
mininfRVelocilywileCRaithDaSHBAAHBRE to rédiRingtBd tiGie $o SRAY the circuit
i ncl ude i nspecting the accuracy of a sol der paste
boarddeposit onto a metallic pad of the circuit board, or
PR o IE XD, Uh €re LELMNGRALY iitidcatet 3t906 a nvdthathfordispensing or
be discussed in greater detail bel ow  As discus§gﬂho 102
deposiing,salder PRstS QPR PIREI QS P08 SRR 5es B AF PR D k! 02 2
circuif b&a Qr&lif/&&;!j nthobtehdit priged vid 8 tx’éﬁ?oﬂ&ﬁterﬁ egipmfyifg‘ conveyor
_ iLnterest, and captures an .inmage of the region o -
rails, foR CSMBRIE, O] P LS TRRIEERRHGS BOTHONEH G T BHPE Goseiphly within the
stenciPpAMteS T A o];e_f a bicx dpRtationlis ;Sel(éﬂﬂn&iﬁblhtha RétchibBodrdbgiemgloying the
. system confi guration,great enhances, i nspecti qn
dispeqsing heal fLyie TRES, deSeTUBE FDaYRI SePOHIEORGF B ° HRer the
circuis e Ng system and net hod nmay be conducted on the
stencil, 14 or 36 as | .as the circuit board LN
o I PHRING R EoBpIsfRo pf 1 d&r G mpeIas SYREP B XA aﬁ%a"’%"“
alonglahfarbt dxitato chtaie imagéssofiTeiemeutlinteresi (Selediivelyeidentified-byahe
contr%/ﬁe? X e;('s ?)%Hpgéémﬁégaltg.g%{(}%f)gpetc%anﬁrthez glgg?rlg_ sy(s)trém),( In%(elr ‘?he
direction of the controller, moves from region of interest to region of interest in the manner
discussed above. After capturing images of all of the regions of interest along the first axis,

the imaging system is move orthogonally away from the first axis a predetermined distance.
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The resulting effect of enploying the optinmal scan
path system and nethod is a significant decrease in
woheo7toor®esr equi red to i nspect the circuit boar #C1/2S2007/002925
shown in FIG 3. As nentioned above, utilizing
wel | - known stencil printer scanning nethods result in
i dentifying and capturing i mages of 921 regi ons of
interest. Using such scanni ng met hods, the tinme
required to inspect the circuit hoard the first
At 1 10aisrimeing sestgm FEbes Wyt (5o #‘6&?0%%%‘!%‘% jo the 1irs
dlrecnﬁﬁfaﬁ&{ an%m;rg] dxisFo clpturdi %ed diZbglend dTantopki sekictisdpitentified
pat Fe

ue di scussed herein, the regions of
by the iconteql ks aloag gnerfsshadisd t o 148 sites. Consequently, the

LA, aﬁygﬂb@&;s LPmoGRAE tﬁm\a@m btbmitagk end &rthe:dacmel objsct
apprOX|na ni net een_secon The, ab|H

roquiring R EIDE Sy BAPYOERRRLYE in REAHRYED W ¥y B leHgetons of

al § Rk iaBsRat0, thesbirioNgr hbgadsemblettie Buapes or
mtere&%gﬁﬁa?gcbl t boéa‘lg‘rad 'Ia'lur ni nal now to FI G t1&4 her e
5

i S
otherwjeswapeippiptei thelireagee i iagPeetige imagsdipbiFct of Sr?g?“ﬁ"“%?mess

is comgﬁeggcﬁ | fdrRGamPle SR lonk @&BSdlﬁﬂ:ﬁ@ eadieehion BE ihtcf?&d snayf beanspected to
strate, such as circuit boar

I
ensurdytbair aisalder gaste Jenosid iy woeqsefully QH%Y"P“%HVEE ae'?“&?f‘%f iy e diruit

board! rrﬂﬁ‘agﬂfcbla?‘ }Srcﬁc@@ R4l eO3hn Bk ed %@\petmrm ih g b ltextur wwgn ition
, the circuit board

sequendsdodeispBe tHRASEWERY OLIE AP HER S SERIRI I LT FAg. In
anoth bo%n{?édt Nthe AREINB0OF Riterbst mm@rrlﬁanaesbeanres béthalstanml,tand the
oa

rd by enploying the dis
inspectiondrPiseHmay) 8 onodeéeéB)éugpg e@sﬁl egﬁl s ogﬁe ﬁll; solder

paste,af the circuit board. Once printi ng i's conpl ete, at
108, the imagin systen1|s

n irst. dir
H Tohoe ambodiaentoiie eoeing systm o0 ritube et folpRtfolth A Y68
recog#xmoﬁ fnf?éiﬁod( %h%&ﬂevxﬁétnoa dﬁalbkefd ia @) HyPatdne Noo673 & 50%to, Prince,

el YR AP AR08 RORCP BEETINCBP e BARYp itsirs

ON S’igr?’seﬁ{/(’fl@s“\%rﬁ&i i@@w@ngd b tt@&ﬁ@fﬁe(bﬂtl&gbr@senomvemtoarasdt in
t
mcoraq)rgtegf%g?q?fgb)f rl-@%q(i'gvfée& i %%FB@ %gh,ﬁ@) tto'#émf:g enji 906§Y§’§‘EMS

iI’rst axrls,
AND%ETH@%B PORIYSTEOTING momstrhagmmmﬂwsawkf PASTE hehich is
first axis a predeterm ned di,stan

also whegh e gestegy PLE REERHIRIRLIPH A BR0r Shtdnetsd by peference,

furth@R RRStehhir e’ of Ues. fratent Nei 6,238,50m, Spablﬁlg lya tizee patentaseiagh texture
to capture |na%es .0f regions

t t
recognifign netheds fodq sranipigR MSHeE Folgc?r Faste ?{ég?ersscie%éﬁe\sé%nx

predé’tér%’n?éch'te%loﬂ RGESDdpHdr coBdbIIBdS, hﬁcaltdmag\l mnnﬁg{t@emntkhggtd
and for

over_the abject requir howh€

ol Walnretersass £ B, § ha SPeFEPPaEbh e e pifter So fshaf
inspdcfifig b 8GBsaa& 200 haithg b eabstaice 20deeditedibercomgEle substrate 200 may

accunul at ed, .t he contro ﬂﬁfi B3¢ nd the
embegbrrppteLo e ee- etee T hosfRdf SRRTSy St O e ReRR
subs@AEET02 méY erdBddy soltler pastd) bt diheprismas materials, such as glues,
encapsulents, underfills, and other assembly materials suitable for attaching electronic
components onto metallic pads of printed circuit boards or wafers. As shown in FIGS. 12
and 13, the substrate 200 has a region of interest 204 and contact regions 206. The substrate

200 further includes traces 208 and vias 210, which are used to interconnect components
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is conpleted. For exanple, in one enbodinent, each

region of interest may be inspected to ensure that a
weabwew2past e deposit is successfully positionedT@$en7@02925

metallic pad of the circuit board. This particul ar

process may be enhanced by performng a texture

recognition sequence to determ ne the accuracy of the

sol der paste deposit on its particular pad. In another
enbodi ment, the regions_of interest ma

mountedentthy sbsisdtefapeempl| F1G- 44 dlustiates %6&'&%“'{;%12%@?“6@&%

substJﬁ%é(s &'gggfgﬁ G ORI cBgtamgiBﬁi 201 EF18P €3 s ateSthe substrate 200
cl ogg wi th sol der paster”™ _In, on

N .I'n_one epbodi nent, th

having ﬁ@@iﬂlﬁges_s%@t &6 SYIGFRASH deprsits dtlgnbugF;gl? ﬁ\eéo[ﬂggz&rﬁgngns 206. In
the sn.{a@t%zﬁ@ Bhd, it cdRRlchRYions U6 aR WidiBute®hdron adtiesighasetbgian of

_ .S, Patent No. 6,738,505 to Prince, entitled METHOD
intereANI94APPARATUS FOR DETECTI NG SOLDER PASTE DEPOSI TS ON

SYRSTRAloRs aisSlkrinfenP¥NAE sdiiertfacie S pdsgp 262 aithtifitecontact
_present 1 nvention and incorporated s ein b
regionai dhBOVD, e PETGriPMRGPAE, AS9RG) TP ftghes one of the

e o IR NGl £ T it

. ! | d.,by th
adJacam'ogwetsregronf,Weg-,ﬁpee@ﬁpnﬁaﬁv@i%itgﬁa’gﬁf‘g PR 8?%’8{?%&%88“ be
ali gn%ﬂo%ﬂ)e@ﬂvé' gnﬁ{c?ﬂ:%ﬁms ithtngesifit Belefaf@g hMegsareatcdgnBion methods
atent No. 6,738, 505. Specifical lX |i] atent s.
of the et liselniediie - EaisAl Wpb . WECRSARY PP RT aFreaf pgned solder
paste\rl)grégégéronscghﬁ@tr reBRfS, @nd s PFBWE delerdPDBproesthe rabufacturing yield

etermned regions, e.g., copper contact. pads
of the subatrelds-on a printed circuit board. Wth reference to

Fl ﬁfenjrilng HalBk R TP AH o Binbodiiens @ hestibdfor stidar p3fe texture

shown inspecting a substrate_200 having a s t
recogonlagaE G e FReRE TSI OPRLE SUARRYT SNl 200

haviﬁ)% L MiRfnéd 3@UAdpoiRATH thsibstraté ThelintaghtaystehZ)0, maypber
of simlar flat surface, and the s ance 202 .may.. .
configutrgdy transraie  reskcdime sighal SIRE OB L fen@PpropLiatedigial
com%%nﬂh%fpor?&%ﬁ&ﬁie@ Mafhe gtiWHRF 14.1 Bhe digichl b efaydsdedeypes

materital's suitable for attachi cgr ni c congonenltﬁ
compaity v ISE FErit, g5 TSGR (EEL AR b B P g 212
corrﬁgﬁc{sﬁo 2ASmaEOWIhd ShbkikdeS200 Ravinickhd Substdnee 8efosiiedathere@@00nce

S a region of interest 204 .and confact redions 206

receified, theipert paframe eobbe A crearRanaE St oL BT B Taggd on e
monzbP2 18MTh Ghe @MmBodisRe:, HR ik iae N6 tidicidapnrenpsdaumiecd number

on the substrate, for exanpl

of pixalsseachheving @ DHERIETVARE AL, 'écégsda%rﬁ% geivif%.ld 5 tr{eaémet?odﬁxﬂgm, the

. any o
signéﬁ%l 2GR &nts 4 RAI-ORE iMAR sidrlalof the sublstruis R0@hed thelsebstance 202

e e oL ESANESSs et o P memor an
trangHfred k@btﬂefb%ntwmm ahAerARY, ak Rguiredt act regions 206 are

2|ozs’|I?hrelpoEtto$ %ra%(:ergorasbsbera 2 1d4ei§ |e%gt81!‘lc(a9ﬁy éoergxlec(:)tgd 90f the 8 l'ﬁltogl%; 34, which
includes a processor 220. The processor 220 calculates statistical variations in texture in the
image 216 of the substance 202. The texture variations in the image 216 of the substance
202 are calculated independent of relative brightness of non-substance background features
on the substrate 200, thereby enabling the processor 220 to determ ine the location of the

substance on the substrate and compare the location of the substance with a desired location.
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FIG 13 shows a misalignnent of the sol der paste

deposits 202 with the contact regi ons 206. As shown,
weaal1/00t326 he sol der paste deposits 202 parti al PgT/US2007/002925

touches one of the contact regions 206. To ensure good

electrical contact and to prevent bridging between

adj acent contact regions, e.g., copper contact pads,

the sol der paste deposits should be aligned to

respect t t
InoncRentoairert G BgHOMPBSHaIeRtRES (o e Bypiey tiafy Sl ifton o

the suysta%cr R85 & é&feallék?rﬁsal%nxﬁﬁb REsedaipth ﬁe@&]’hz@ thfesheld die processor 220
ast e de OS|tS n conta re q‘?

resporaiamlﬁ@dapm‘@smﬁﬁsure@é?\@lda?q g e?‘ﬁb?aé‘?/ eeHan r?ﬂﬁ ﬂ’fagc%ﬁ?tl Y

substrXﬂe%lr thi r%f ¢ LD ElaSH R thatSrollReS4e rTHengnivoltds 3uds Elericaly, connected

e R e i v o
the su%?( s%%@c@%ggﬂ(gh&fm%mﬁ r§ldﬁ8ﬁc5 ﬂfefpgﬁ’nﬂﬂg peeessg a
osited O
sifbﬁ epntBOleRAY lsd@%‘tfﬁf‘io@b? 380& ﬁzftﬁaﬁtgﬂf‘{’“ ”‘?T‘Erz K ‘?MS%Z of
the stérlc%inté?@@l 0 iRheifk Systeth 5@ Lz frameprabp@rpahdtte mogpistaai220.

t
The cgmgtpltqg:Bg ;glpq%r;rfagnrag w?ﬁrd&ggtdlffggt A ge ﬁgg shou:}é1 wg-é[]@stance
202 bﬁm%i@ﬁgdl woth thd ESHMcE %g(o{n@ﬁg. 1394) The real -time

orres
i haaope Coneans  ARo T £ b R Sapred o

the s;g;%&ﬁ& sit.Nfh mretm&amﬁernarme @Jb&ﬂﬁbc&:hs Bdldenqrastataeé thermg@rate isa

whi ch may be di a a nnn& 5 d
i habonre el SRR 3T AT Bl g o
time g g’ﬁetv@& oRtdeRBRDSthddonpoN&l Thedmage i awntngtheg processor of the

rightness value fromO0 tq 255

controHerga iwhieit texwffevag}aaﬁ%ﬁ in élPZm‘agE P% g%etcge% qjhe aﬁ tl:%ul%%natlons are

used @H&&nﬁhaﬂél lo&tioh BEthe hisstdnaé 6n BRGubsichtd. HEhesrbestsson¢e
02 deposited thereon. However

Progtahénqdﬁag?émpgrest{l% pg&cqlﬁr lpeatign oﬁ@mﬂ/;s?%n%%r“{l gg}g%tm locatlons
of th% Bébser2Rt iOVdrRkiosdare Witlaifmedbteratnaddimiks, ée. pradeesquaray rgspond

ranme grabber 214 is electricall conne
with G PI<aPorano TG R PHERTIALS i SRRE HE ik brédfermined
hmu@ IR&Eac P rgp%&t&r’ﬂc@wrﬁh\e&u&t nahy Bet emplloyechml wliictothe subﬁtrate is
texture i n the inmag

ejectek {hREoReas ISAEFBREC P Eh %laf'?r‘étsglé'g§e_f FoT TR (ot if Biogrammed to

e su
perf ) &le%glnfdié of thgsd fﬂd&ﬁﬂl g dferdefat ivdekemtddve bri ght ness
n-su
2 0@bug, pféhg;l)c,l%g?pgﬁqryﬁgtg g?a{gg@su Lien Oofttgg %étk%\? Err]{v%t‘?on is
particli@ril 96add P caftuﬁ.{geshsltphgstoame aod blnh@es irbagesas ecquited to perform
conpare the | ocation of

textyrg FeROBRIRON Medhids WS BF fi.mg ef Plep%%alcﬁmw élgsea-l écfnﬁgl since

e conpari son between

the fnth% r%es%t%ﬁga gé}s‘aﬁld STyuitky |hhgm§(rtglais dfomatesquglﬁﬁnweafeas) so
substance reveal s misalignment exceeding a

thatdaiasan PR GHIcKlra08l8PY, the processor 220 responds with

adgﬂbha@mmmmmmﬁe duder the ctiinbaaad may overelafive to the
and may reject
camera to tak¥z xmajges of tLe stencil and the board, respectively. For example, the stencil

may be translated away from the print nest and moved over or under the camera, which may
be stationary. Similarly, the circuit board may be shuttled away from the print nest and

moved over or under the camera. The camera may then take an image of the stencil and/or
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substrate or trigger an alarmvia the controller 34.

The controller 34 is electrically connected to drive
wonbwrw2222 of the stencil printer 30 to facil PCats2dne02925

alignment of the stencil 36 and the substrate 200 as

well as other notion related to the printing process.

The controller 34 is part of a control |oop 224 that

i ncludes the drive notors 222 of the stencil printer

c1rcu1ttbﬁ§rd:j$ g@gﬁg{%{ep g%%}/lgéleﬁg;ogg;w}hgﬁ? fg]ﬁ'g bbd?cg S e%%ll%?al?tammg
a minifdhihdloditfe al i gnnent of the stencil 36 should the

subst ance aI| ned with he cp

Jlpgnothgy ?rﬁéocﬁlagpta edﬁlag @ﬁte&éwsgia 8 oa/e wBth% a%('(’l:lgpenser
designéd &ik’ﬁﬁid’n@é @iscalil ok ﬁﬁ@ﬁvnkc@ucmptetjale,dsuoﬁ at ttﬂdamastbaglcﬂ,

deposi Ly %’{} Ong ggbod 1 S Stba{l]atc sushsga Shted circuit
encapﬁb‘é"é‘f%“%‘ﬁ'd hEnS qUst PR P'é"aéer T BAR U Board.
board. TH&hi JiR@RsPd ark RE tifUPSS $obd By Speelilind Eechntiogias,dec.mmdebthe brand

turedgsin real time or retrieved fromnenory of the

nwne@éﬁf SF@T The image is sent to the processor of the

CPRd fnﬁirb&fd dﬂﬁcWﬁc@ﬁh:ﬁ@é@ﬁW‘eﬁcy\j Bfebl&tnidahstablht)t, laed paralded operation

are detected. xturevr ations_ar
offord g Pt FACTHRE TPHERT MR HEECd0 B oty qhgth thE cectroni
substrétd ARd thatsesncil h@ld@f haR 3 DAE-tdnch cpfrtbgﬁmwammed udrerrmamg ptibe
magwﬁa é'ta%?rglrala#i Hléegcq C n‘* %{?g}p ef(,e st?)ﬁ 8nigcg§1te‘;h§fis reqr.l%re delays to allow
any re¥RGhIdstiflBGorfoRtisvifahd befpe eaitiénightha ddagde ofithsregidmeot interest.

pr Qcessor tive neasur
Als, BTG5 SR oG e e TP Ul focn 8 obfRhL e
systenfd aﬁ-ﬂ%&hmsﬁﬁgzrﬂljoﬂlm&ts dmmerafenampemhtmm sdgbreﬁa:am:lg\decryase the time
measure may be e t subst r at
requiT R SPBE TS DL A BT TSR TP o
t Wlﬂl}&ﬁﬁdnveﬁhen aaybdenlsh@vn arsl d&ﬁ@@kdmimdefeoerpes foqrarticaitey

one or se. functiqns ect.
emboggreatagreoh ose St ot b Subidedilorapezdr fym
and d&i¥s @ 5@m@ﬁe tHeeeip vahomideparign fromrthe Sbopabfﬂ‘@uh‘eﬂnhyn, which is
.. suite capturing sharply focused and blur-free
“m'tqdr?aa’etgﬂé% lowing 9" B0 perform texture recognition

met hods while providing efficient real-tine,

cl osed-1 oop control, since the imging systemis

capabl e of quickly imaging regions of interest

(predefined areas) so that data can be quickly

anal yzed. I n one enbodi nent, the stencil and/or the .

circuit board may nove relative to the canera to take

i mges of the stencil and the board, respectively. For

exanpl e, the stencil may be translated away fromthe

print nest and noved over or under the canera, which

may be stationary. Simlarly, the circuit board nmay be

shuttled away fromthe print nest and noved over or

under the canmera. The canera may then take an imge of

the stencil and/orcircuit board in the manner

descri bed above, with the circuit board and/or stenci

mai nt ai ni ng
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a mninmmvelocity. In another enbodi nent, the inmaging

system may be enployed within a di spenser designed to
wdi2eE@@asrsVvi scous or seni-viscous naterials, SBCH/U&2007/002925

sol der paste, glues, encapsulents, underfills, and

ot her assenbly materials on a substrate, such as a

printed circuit board. Such dispensers are of the type

sol d by Speedline Technol ogies, Inc., under the brand

name CAMALOT(r). The |nn¢ﬁéﬁ9;optical scanni ng

efficiency, mechani cal I'ty, and parallel

operation afforded by this invention reduces the t r}e
r eqw r Acstdnoil pigter fa depesiéng wideppaste e 2@lwality of .'Peds otan

n fshel €Ss than a one-tenth of
electr?wgsxebs?ate t% gte‘ug?p%gpgddlllqrﬁ gprl or imaging SySt ens and
matfhaees. For exanpl e, stop and go net hods require

do st Qi Btk GRL QLR IS flslal AlaREy dfGpdiGEL RARed
&' Cagt ur i mage of the region of interest.
therenAl so, inefficient scanni ng pat hs further increase the

n&qﬁs&ﬁn lfligéug) r‘r%é tg» th& ﬁ'QmE Ee QJ@;IJ&Q& and e SyRdIEgAdtlstructed and

present | nvent i on

arran §¢d}b idEpasitrspldgr pasty @Ks @etlfﬁ'efa'tlfl}'@ padscpfitheRlettePnis g de:
i r?gargag% SYJtS‘{I E’Bﬁs[grtu@fea aﬂ@a&ﬁ\%e&%aﬁd{e fhadeb Of E‘e@ilinlsi b€ lhterest

i nventi on has been shown and
of at (basi@nk béthewletctron@fseb%wét’e@dtthﬁ sencili @l ar enbodi nent s

thers Proller clgggl%d %({hle ihg S}ts&‘?n hd chrblleﬂB’éﬂ%’ &dnatebtédaid
vat %8s chan %n détails may. be ﬁ N X
arrangmameuomrw nonemend eﬁrap turnpg;ns PYSHM REARWERENasEs phiggions of interes

i nvent i i t Ktdnldeh kawy apng a first axis
of at Jga3 s O@EXI e\ra%ltlionchS%gétgér%:%'?qgflaﬁcélr&f or (i:%lgy :Nivng ¢
beforsohaidng thasmagiogsystem B anoHier E"y'ecé‘P"pads of an el ectronic

substrate, the stencil printer conprising: a frane; a

stencil coupled to the frane, the stencil havin

pI or al | The séncilpeintanof slain | nwbereineafisr captyripg E’bae%’?g gfall of the

{rSGNS Rirtheébrishectsd gdartanged to
regmﬁ‘é ogbn%cr%}tng OBE?%Jeéégﬁxs tat\lﬁkfcgrégred to depgsit sol der E % di
cont@hirovethentpif ummagylg@ystp@dg cgjtture fygagss Of fq.géqﬂscpf mtere t extending

sendfifRS08 ataegecam LR SYSARACARAI! odradpand sfifangatbm the
T I mages of r.egions of interest of at |east

first @ris. of the el ectronl C substrate and the stencil; and a
controller coupled to the inmaging system the
control | er being constructed and arrang%ed to contr

nogenenThostendibprintergtfirdpinyls Moaeinghe HP&IPR SHEY l§s°°8§’ ucted and
arrange% t8 Qa%n?xfe aln nlrngéueéit solder paste on a pad of the electronic substrate within the

arca.

4. The stencil printer of claim 1, wherein the imaging system comprises at least
one camera, at least one lens assembly, at least one illumination device and at least one
optical path adapted to reflect light between the at least one illumination device, one of the
stencil and the electronic substrate, the at least one lens assembly, and the at least one

camera.
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of at |east one of the electronic substrate and the
stencil extending generally along a first axis before
wonni7rg22he | magi ng system i n anot her directi oRCT/AIS200M802925
stencil printer of claim1, wherein, after capturing
i mages of all of the regions of interest along the
first axis, the controller is further constructed and
arranged to control novenent of the imaging systemto
capture i mages of regions of interest extendln
gener alhgsteficdpginger §§e'awa daxhegeingps enficp a&éf@?%ﬂ‘%"?f at least one
bam’gﬁﬁ@}&ﬁi ain@r&nd spaced a distance fromthe first axis.
. The stencil printer of claim1l1, wherein the inmaging
systemis constructed and arranged to capture an inage

of. SOl PRt tARD Rin®R R cRAA 10WhdrB thd ﬁ\%gﬁr%rHyGteﬁiﬂbiﬁﬂrﬂéﬁ

within the area. 4. The stencil printer of claim
wh Ersscrmemaen fiishlsnnassembivefies Hﬁw*g%@n&e"w@ 4a¢ acf'ﬁ% °P“°a‘ path
adapte‘aatm?&?ect BihtlveRvden ARERSEMEMARSBARE Vice, Me d1€ADhiNBstrate, the first
'um natron device and at | east one optical path
lens aﬁd@ﬁb’e@dttb‘? fiest paseqra gnght bet ween the at | east one

| b Laughahhen, S8¢bhElen®BBefblyl NecBA®NRIinAE deliRe, and a second
el ectronic substrate the at | east one Iens assenb %¥lﬂw

opticahpih efgpted torefleqt hshtéoe&»&%tae spconchilugyirgtion depiee.ipeste

secon& leRk H&s%mdeQh@sécbﬁd ofhdrgal path conprises at |east
one beam splitter and a mrror. 6. The stencil printer
of claim1l, wherein the inmging systemconprises: a

fhrst ¢ROBERoil Fididrotleldif B whseaiht Yontallet isFhrther constructed and
illumnation device and _a first optical, path

adapt
arranged  EAUER the IETAMABLPLIBE HMASIRE BIStegt ST UFMRSNY B D PhirE mages of

reglorg%\f'lrﬁ@rengﬁh@élg&F&MUﬁstﬁéﬂ@ﬁd @it sendiNe first lens
assenbly and the first canera, and a second canera, a

second | ens assenbly, a second illum nation device,
agd a gREeQRACIPHIAEAIr R, dtlaRiEle tontFdlfel S&hpﬂldeg Btprocessor
bet ween t he second il lunination device, the stencil

prograrisied KRR rmapuRIEanitipn Hﬁq%@trgeeéﬁ@“@aﬁfer"ﬁteﬂ?meﬂﬁ%

accurWhé sdMdrph&E dQfoshs 4 the Padybran&tiBettdite SbBiratel | er is
fdrther constructed and arranged to control the

nmoverment of the imaging systemto sinultaneously

CPt Ur §hk IRAGH p@iter GHIAMSI, @Gnﬂeﬁ&&ﬁﬁm@i suppert assembly coupled
electronic substrate and the stencl | he stencil

to thegfrang, ghe PPt assambly brperadapied FoSupBeft S| q“‘éFFmB'Grf'Bi’?t?é"s'"é‘

pnnup%9&§§§pr programred to performtexture recognition of
the el ectronic substrate to determ ne the accuracy of
the sol der paste deposits on the pads of the

eli@Ct r afhe GenbilP pfiftdE 6F claim 1, wherein the controller is further constructed and
arranged to control the movement of the imaging system to capture images of regions of
interest while maintaining a minimum velocity above zero when moving from one region of

interest to a next region of interest.
11. The stencil printer of claim 1, further comprising a gantry system coupled to

the imaging system and the frame, the gantry system being constructed and arranged to move

the imaging system under the direction of the controller.
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9. The stencil printer of claim1l, further conprising
a support assenbly coupled to the frane, the support
wagswErbtazsbei ng adapted to support the el ect r oRCT/US2007/002925
substrate in a printing position. 10. The stenci
printer of claim1, wherein the controller is further
constructed and arranged to control the novenent of
the i magi ng systemto capture i mages of regions of
interest while maintaining a mninmm vel,oci%y faboye .
z&20 whanethed fargliprsineivlicr agitoPNte ElecHPRIF 8¢S e g STERC
substr%@g#hgqn hod SOnffiRfle: 11. The stencil printer of claim
, turther conprising a gantry system coupled to the
i #a@?miggwﬂféﬁp@ﬁduhsgémﬁ? asenci{ Mentgfant ry syst em bei ng
c i AL oRfe": £ ihQ Py fositith; | Mgi ng system
u%gétrl&ljtﬁﬁ%%}i re_ctoiﬁ%r?a%?%t he, ggﬁt?%l ler.12. A nethod for
dipepitinring § steopidentoieRlectioRicGUBT RS r oni ¢ pads of an
el eGhiRnk & pPibSier@tioR to HElRDsHBSIOChaERIGRED the PEds of the electronic
dgllverlng an el ectronic substrate to a stenci
substigtsint er; positioning the electronic substrate in a
Prch ftuiriR® SrhadeQ BF red Rk b fHrél oforted &Fife ¢le@dnic §ubstrate and the
el ectroni c substrate; performng a print operation to
stencil gpeasplly alengie firgpa¥isi@ndnt o t he pads of the el ectronic
S L&Qﬁtruﬁﬂ% EmageR R Hoidhd of [HGest oPtheloagiof il eldctrofiic@nigsiiateaind the
one of The electronic substrate and the stencil distance
stencyj @gaearally gloag a sepogd P¥‘F’S‘Yh‘§le§F“%[ﬁ‘$y B%fﬁ‘t‘?(j 19 A PRSI
from HROfQNsi@f 1nterest of the one of the electronic
substrate and the stencil generally along a second
axis, which is generally parallel to and spaced a
di g ancend hHedbd Beclhint B3, wkkien cablurinElimapes ofoegios aflisterest of
12, wherein capturing images of regi.gns. of interest of
one ofiflee eJectianic wibskate apf Re sigpeit ?'8?%"‘3%"% eﬁréttaé‘ﬂéF‘P“gFé%sg
com&%@bm@@in@hﬁ ibgink sypiin 566QUN régies ofinfg¢st BESneM vighg affinterest.
I magi ng systemfromone region of interest to a next
region of interest. 14. The method of claim13,
f uf4.her TRORBIhbE LN ElaiR i 3 tfavtitr BemPrisThg mAimmaixiak achinimum velocity

above zero when noving._the i magi

e e on G nf 200 O'8e hER 8o Pbe

above gerervegn mevipg hemaging Sgmane Spgiph PERELEst o ihe ngdcs

interB®t hod of claim 12, further conprising, after
capturing i mages of regions of interest of one of the
el ectronic substrate and the stencil, noving the

| Mpg)i NOTRY fHefiBdioR cRim 12, further comprising, after capturing images of regions
of interest of one of the electronic substrate and the stencil, moving the imaging system ina

direction that is generally orthogonal to the first axis.

16. The method of claim 12, further comprising assembling the captured images

of the regions of interest.
17. The method of claim 12, further comprising performing a texture recognition

sequence of the at least one area to determine the accuracy of the solder paste deposits on the

pads of the electronic substrate.
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direction that is generally orthogonal to the first
axis. 16. The nethod of claim 12, further conprising
wagewErbrizag t he captured i mages of the regi onsPof/US2007/002925

interest. 17. The nethod of claim 12, further

conprising performng a texture recognition sequence

of the at | east one area to determ ne the accuracy of

the sol der paste deposits on the pads of the

el ectronic substrate, 18. A stencil printer for

déposi i sged rae %é@%ﬂ%%‘dgr pisift th?lHF"%gégad&fof an
electr&i€ SsBAleCths RAEIN Fﬁﬁer ddndprisingnci | printer conprising:

a frane; a stencil coupled to the frame, the stenci

ha&fefy: a plurality of apertures formed therein; a

di $Ra&S esuptalipl tRdfrhme, thesténcayinghep laiaigasTapernaedfoihed

sStencil being constructed and arranged to deposit
thereigy| der paste onto the plurality of pads of the

ebg@pemk 6o foltikd Ramé@ hd dTE@nE Gy SHeavierll b8ingwohehcted and
an arra

nged to capture | es_of regi ons of.inferest
armanggqlto deei SpI0gH GRSt O 1BC I BT BEFRdS B S Rnie ORI
Shffaging anteoieanfudted atiitangdd fon@plubeinpeeotregions of inrest

i magi n sfemto capture, imges. of regions of
of at legt gP"egft?%F[eﬁfrO'i"éé% sgﬁﬁqén%fhetsﬂeé'cgi 2 roni c substrate
antkahdifor sbwsliihg M inedvenBet dfemeinalging sybtomgo @aptivedmagesi of

. befgre noving the i i systemin a djrecti.on. that
regioR.Of JURIEFLT %) T T SO IOt Revpiaty g ihg stenedl Sxiqpdin
gener8lye416hg a [fikst AkBbefdire MbAingxhikEmagingrseitamtifa direaion tharis generally

con rogliqg the novenent of the inmaging system :
ortho e 8rsiaXisnt rol | er coupled to the irmaging system

20. The stencil printer of claim19, wherein the

caontrol ler is. further constructed, and arranged.to

COBt r o HE SRR AR St The RS E PleaRt b TR the
movehi¥BUERhO imigad SRkendDéonpiisey £&int@Xeedudipled tg érdmaling system.

al ong a second axis, which is generally parallel to

and spaced a distance fromthe first axis. 2 1. The

stenci IThplstentR priffer 6f Aaim 109 whefest Bk Bofthdier iRYHtAE constructed

systemis c nstructeq and arranged to cgpture %? inqgef
and agpnged)ty é?“‘ﬁgﬂ%’ BGOSR BB e SIEN AR EPREHIC MBS MY ©
interadt éxiéridingEenafafg alohg a sédvmd akR@hich iy genbmily phratibiaoand Spaced a

. Wherein the inmagi ng system conpri ses at | east one
mmﬂ%ﬁﬁEWh?w 998t one | ens assenbly, at |east one

illum nation device and at | east one
21. The stencil printer of claim 19, wherein the imaging system is constructed and
arranged to capture an image of solder paste on a pad of the electronic substrate within the

area.

22.  The stencil printer of claim 19, wherein the imaging system comprises at least
one camera, at least one lens assembly, at least one illumination device and at least one
optical path adapted to reflect light between the at least one illumination device, one of the
stencil and the electronic substrate, the at least one lens assembly, and the at least one

camera.
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optical path adapted to reflect |ight between the at

| east one illum nation device, one of the stencil and
woOheo7@ozsr oni ¢ substrate, the at | east one | eR6T/US2007/002925

assenbly, and the at |east one canera.23. The stencil

printer of claim 22, wherein the optical path

conprises at | east one beamsplitter and a mrror. 24.

The stencil printer of claim19, wherein the imging

system conprises: a first_canera, a first..lens .

agsenblle Sq“g‘cfliﬂfg‘fer iof Plaim A2 hsrein thy; opgioal Rgthcqmiprisps at least one

beam SMibCald PRidoradapted to reflect Iight between the
Irst 1l1lum nation device, the el ectronic substrate,
the first Iens assenbly and the first canera, and a

S?fo n dTﬁ:@éT@l{@I’CFrﬁlt&Qﬁ Q¢ l1eNshersia iimaging systememprises:
| um nati on

evice, and a_second optical path .
t o S EBee, 3 FIEh (o1 GHSABEN- & FET LUFBREI 44 oA SRS BphE parh
adaptg:e%ir%ct lip% vebedhithe fifshRlusRsGion dbos tiksslestisinic subsirathyehe first

second canera. 25. The stencil printer of claim 24,
lens aggembdi andithe FiESARPERI A i s further constructed and

aL aRU8 daheraC 2880l 16nb @ssBRMBBIE BScond iltunenatiomglen e saraitagsgeond

to sinmultaneously. capture |nmages r.eqgi ons_ of .
optic mebadanicfo T BHIEBL FFRSPETIBEN] UGN TS Ry Cer By e
secon@i fens 8@ nIEAEd he BEJOAH @méh. Cl ai m 19, wherein the

controller” conprises a processor programred to perform
texture recognition of the electronic substrate to

detser Mg sthsil pasidr aClaiff 24 Mes tiecomasiceisdeposicpsstonted
the pads of the el ectropic.subhstrate. 27mu11—ar}1%o§stlf9a%inlre
and agrpngeddp corrtrad [the meYasnent g R IPagayStelt Re R 5B or
imag@STSERbYs SFQMRIREof e bloardmismstrdib endstippentil.assenbl y
el ng adapted to support the electronic substrate in a
printing position. 28. The stencil printer of claim
196, WhefiRistenkl rin @ bf Ghine19, imthefdin theeonttalies tomptiged agmepessor
arranged to control the nov t of .the i i
prograginedie QerEOTHisERYe FRCOBY ‘b‘?‘ég%%e‘i"ﬁ‘%“é"r Sé’gf‘“é\}kﬁgg? @eqeﬂ'% &g
accutdB) BF L 8186k st dEpBRIHI0V @hdSids Wi th @leetraic subrale. NoVi ng
fromone region of interest to a next region of

interest. 29. The stencil printer of claim19, further
COSI | STistéhclPintet oS Yaine 19, qurtidredmpdsihpe sippmyi asgembly coupled
system and the franme, the gantry systembein .
to the Gamse.rthe SERPORAISAR X AEjaY a4 SRR tF%%‘ﬁ’f%"ﬁ%@“éf’ e
printg'i}%giﬁbn-e direction of the controller.30. A stencil

i'nter for depositing solder paste onto a plurality
of pads of an electronic substrate, the stencil

pragit er Tﬁ@mdiﬁﬂrnﬂér oF cfaird M@, wherein the controller is further constructed
and arranged to control the movement of the imaging system to capture images of regions of
interest while maintaining a minimum velocity above zero when moving from one region of

interest to a next region of interest.
29.  The stencil printer of claim 19, further comprising a gantry system coupled to

the imaging system and the frame, the gantry system being constructed and arranged to move

the imaging system under the direction of the controller.
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a stencil coupled to the frame, the stencil having a

plurality of apertures fornmed therein; a support
wags@Ertazscoupl ed to the frane, the support aseemuiSy007/002925

bei ng adapted to support the electronic substrate in a

printing position; a dispenser coupled to the frane,

t he di spenser and the stencil being constructed and

arranged to deposit sol der paste onto the plurality of

pads of the el ectronic substrate; an ina@iqg¥s¥stenh
cHhst ravsteel! Briierior dFRpsHIngSoKsTRASEONFHRBUEIBY Of RAJF GhE”
electrés?{ijcbéu%gt%éstl‘ie %&n@tprir@é}%n{ﬁﬂﬁng:f the electronic

strate and the stencil; a gantry system coupled to
t wBampagi ng system and the frame, the gantry system

bg LiBgki CRlell U6 iR Grahiks] 1 dtehidd dvih® a PR &t beapermgisormed
system and a controller coupled to the inmagi ng system
thereigind t he gantry system the controller being

CQRRIpbH Gt RhbAEL I diAB IR rirRe, 6 upPbrt ARWABBIHeiny adapied to
i magi ng. systemto. capture |magqs of regions of
suppoftrihesleaftoniqubHate it HRHNRINOSMEMong a first axis in a

f %B%her@ktr &fupie@no Bitdrdrie, SRNIGIhseR lahy tlﬁ&&hb? beiﬁg‘d:emtt:d and

of the imaging systemto capture jmges of regions,o
arranger g APt elpaTRITE GUIRE PIFLY 8T B ShE Slssgn IS Betiace

Whi Ghadify SRRET énkifudied ald ftang&d @REptaRAaRdeS sfapgibheof interest

first axis, in a second directioq, 31 The stenci
of at lgpst Areef the elertsgmis Hbstrals P s St99E L cont rol 1 er conpri ses

a aREAREHZRM RPBIAFIRMin{a@ingey4terh Ahd el fitinge, tECHITy by em being
of the electronic substrate to dptgrnine the accuracy
constgypted jgad aEanger tReVe hedpRgg SYSH ME pads of the

el,phirdl Rk SofpiitBiloltAd Bnaghds sySReth GidaRegdntyrsysierar thefcontralenbeing
30, wherein the controller is further cqnstructed.andeSof
consteyeted 99 arrenged Sh FTHBTO! MOYCRERS ImEEIng RS REY PGS y LT
regiohQof BN SRRAHE den6ANY Wiohg b TRGASisA a fiegidiractionfand to sequentially
interest of the electronic substrate fancl t hef.s{?engé)lténdin
contrgianoveREnsefdhe imaging Histam BreapiuEy ages O\fRPRT A FFE™S g
generﬁ@?ﬁlﬁﬁ% h &coh® akidr Whigh iC@nslany phrallelan andspaaay@omitie first axis, in
control the novenent of the imaging systemto capture
a seconédiestit regi ons of interest while maintaining a
m ni mum vel ocity above zero when noving from one

region of interest t next .regi on of interest.
31.  The stencil printer o{p clgim f&f wherein 813 controlper comprises a processor
programmed to perform texture recognition of the electronic substrate to determine the

accuracy of the solder paste deposits on the pads of the electronic substrate.

32. The stencil printer of claim 30, wherein the controller is further constructed
and arranged to control the movement of the imaging system to simultaneously capture

images of regions of interest of the electronic substrate and the stencil.

33.  The stencil printer of claim 30, wherein the controller is further constructed
and arranged to control the movement of the imaging system to capture images of regions of
interest while maintaining a minimum velocity above zero when moving from one region of

interest to a next region of interest.
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