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As smaller printed circuit boards, particularly printed circuit boards for such
items as small cell phones, dlgltal cameras and personal digital assistants (PDAs)
become widespread, a typical prmted circuit board with dimensions of about 64 by 64
cm (approximately 25 by 25 inches) after cutting may be subdivided into a plurality of
separate circuit board patterns as small as about 2.5 by 7.6 cm (1 by 3 inches) each.
This is known as panelization. In the printed circuit board manufacturing process,
once the electronic components have been assembled onto the printed circuit boards,
the plurality of printed circuit boards will be cut into individual, smaller-sized circuit
boards that will eventually find their way into such electronic equipment as noted

above.
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separate circuit board patterns as small as about 2.5
by 7.6 cm (1 by 3 inches) each. This is known as
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the parts on a particular circuit board, together with the shape, size, orientation and
centroid of each pad. There may be hundreds and even thousands of parts on a typical
circuit board.

In operation, once the stencil has been prepared, a solder material, usually in
the form of a viscous solder “cream,” is swiped across the top surface of the stencil
when the stencil is placed in contact with and on top of the printed circuit board.
Solder cream is deposited in those apertures that have been formed in the stencil; and,
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the manufacture of a new stencil; and unnecessary
wast age can be avoided or dramatically reduced if the
new stencil to be nade is manufactured with apertures

034501%%:; correct |ocation, dinensions and %qﬂgé 03/024709

ay, e wel | - known Gerber file is a software-base
representation of the X and Y Iocatl on of each of the
pads for each of the rts. n articul ar C'rC&é'v&ll
Whelbtlmﬁt?ml! tﬁdtﬂeﬁéfm‘&\}}‘?ﬁ“ CHLP ,Ofgl} Pafls 2P vl

cont%iﬁ'l tg ?sﬁi%ﬁ%ﬁﬁﬁ’t of 56186:€ Iﬁ@!hel%foﬁliﬂlgbm in lﬂﬂeewen

parts on a typical circult bo(g .30 Idn
meetmemd@qtmmg rostGtians @esiculER |25 FampeRsels apd printpd gircuf boards

are rgtgtrcég n si el) et['xﬁtachere Ye Ha{exjf 36t biheat ﬂﬁ—fegpz[l@ﬁ@nﬁ)f VpéirfiSésand

ed across the top surface of
padd diQarli eAddiltlonaM}e an)t ﬂeéesgxmf&q prirgedmua@:é bogréh thabreguisss a

| d
redepigpcifncil oy Pe dipel A Ay dhE Sofieb il A eparcy) o1
stenbi hiiBd cutlapefifires ifto thelsteneibt, mﬁch/ﬁe POiowd oir&8idvard pattern of )

PCT/ US2003/ 024709 wh l
padgse i et Py PRSP OnE O L e “shef o R g

<

as $€806.20Bvidudly, M4 Mristd¥8 dSmadethnd b apértudd issmddd ér the fwrang”
therefore important, in order to ﬁ m?tl‘gufa uring

Plaqe@sﬂlelal?@ﬂ“ﬁﬁss qf Sbs ioag AR 9T $f2e, SO ey RaYR© E’FI nt ed

d1scgféire§e c{aﬂ?ﬁﬂ' I8 mafSadt@ed CREsdntly, Sthig @9 a tilnBabnsulhirigt ofien a

or near perfect allgnmsnt of apertures and 5
maqmal;iiaashr | ands. Additionally, any redesign of the

tg%‘f' eC'S{u%‘%PH%@R%rhgrd ani QoM ﬁt%?scﬁtwa&ee&téﬁipgfbed

one f|C|en 'y and
aut(ﬁ'ﬁ?e&é the fpfets of the/marfidachire péthe apertusésdn @ stengih dFor gxample,

ass %t%g S%HI %}9%21;& ten 'p¥ov§«% &I&inEﬁ Saﬁllﬁfg.&tlf‘cgthe size,

costly
shaﬁ@ﬁfdélbd:aﬁﬁn ofpadlstol Emdmt prﬂfted'mrcaﬂ boards indhesfoeom of Fompiietbe

sidefniraBHE 4GP B 6 FRER) oo d o SEBOCbR R, |

conﬁﬁﬁr%&b’tﬁn oS thelstehbie masviagureh agstuming the zl&*ta ist dosrest; thaci |
have to be djscarded, and not h ?r one

conppua Syt Rl thopyguide g jencil FAZuiag foEm apsraues iR ge

ste&fl &ﬁgccomb@%tth aJcPﬂﬁd’datEXl sting conputer hardware

corrput er software atte 0 aut opat I QCEesSS
of themmﬁmﬁwépreblewﬁéfaﬁ%\” & é%mel%e‘f t’”éﬂ%ﬁ ? 8‘?

cir&HIR qnanu%a%ﬁ.géxsﬁm 18 cRarfdb (% biath 8¢l cl@dn Gindithe 263 Eldhpe BRLY

provi e tot stenci | manufacturer the size, shapg
locatimh df chlufqtadsmlt shoyldelso by natedhihat ibis rﬁl?ﬁl‘fﬂl}é‘&’@?‘b’ﬁhﬂr o

cxrcagtﬁaé)a% e]pag terns E?elfxaglre'% Q.In? ELIOJSFQI éréné gt@fgg@%ﬁfi[o?gﬁbf‘ﬁhr{s%@
smglﬁ @H:hted reiromt buerd. cBypieatlygy thery greanultipleinsteancesaf @jparticular pad
pattem L3S Bt & SingBa B8kl h&t {ebsdt tifl! WGl a mhdifacturer or

assembler customer determines to change, for example, the size or shape of the pad of

(l

a capacitor (which is generally simply a two-pad contact), the board designer must
ensure that the pad changes are made for each and every capacitor (of which there
may be dozens) on the printed circuit board. The customer does not usually specify
the location on the board whete changes are to be implemented. Similarly, the
apertures in the stencil must match each of the pad changes. This matching process is
presently done manually and relies upon the skill of the stencil manufacturer’s
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manufacturing process, tolerances in the printing equipment alignment systems,
variations inherent to the various stencil fabrication processes, changes that occur in

30 pad / mask definition after initial reflow on 2-sided SMT PCBs, efc. Assemblers have
historically compensated for the variables by shrinking the size or changing the shape
of the aperture to increase the likelihood that most or all of the aperture will align with
the pad.
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" performed by measuring X- and Y-coordinate differences as well as rotational

differences between (a) the stencil apertures or the PCB pads and (b) feature locations
in the raw (e.g., Gerber) file. The differences in the locations of the stencil apertures
and PCB pads can be determined as a function either of known effects in the
manufacturing processes or from actual measurements.

Although the description generally focuses on printed circuit boards and

stencils designed for printing solder paste thereon, the methods and software
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make changes in existing stencils w thout substanti al
human intervention, thus limting this potenti al
source of mistakes. This solution can be achi eved by

%io{;‘jld]g”goot prints indicating the character PCQ'R%2003/024709
['ocatron"of particular parts and pads and thus

apertures related to such parts, as 15 provided by a

custoner. A footprint Library i stabl |s , i.6h
descaibpd Beolncan THETHb Bt Wed i i oGy h e Sl ot of
feath@9 hiel sPitfel chah@udgRtcCRR ard1@ibjdoetorchaget 0 parti cul ar

footprints to change the | ocation, shape or size of

apert L 0..S L re produced fromthe
Bkﬁ&ﬁéﬁ;&8§ﬁﬁ£fﬁ?®wg§f ootprint filter that

i dgp el dcbsimpdnlying drBwingy, aaetibsdbetut, hike befereficeathpractets i s

applied to .h_eIibrarytoidengjfgf,ootpbjé{slhat t
referrinethe saves erpsérmilfrinas Hyrouelpythe SHerRIHERY. | Liqraynes are no

rints to nodify those footprints to inplepent
principeschd Siermethedsng epparatnoeheractraaylds the Retpilpd Peseriptian: o

ﬁ?xpﬁ@i@ﬁé&hgﬁ gﬁéﬁ: edgﬁ?m bdVieARaLbId i Raeds Torat@ NOW

e software can al so 1 nclude code
thefetysdn. noves and scal es data representing the apertures

to ut Ln_th i ’ S&ife Ik adl ONS
in ]%ﬁieﬁﬂ)srarﬂ?%@ isﬁéﬁﬁgaég{'%%lgglg&ﬁ%n uf acé%?alﬁrég °£ra{§c ess
sys@fl in the stencil manufacturing process. Scaling can
be erformed b asuri - and Y-coqrdi nat e
o 7B &rictorere St Of 28 Oruie o STATne A FRAU B Bae S o
R o (o o - o hor] LxLe. The
u ions i .raw_(e.g,, :
di f¥I&: 8 Akustratep examplyy dgyiptipngn Séat"tr%g’cgtﬂ@ﬁ ?ﬂ“l gffb?’i ures
i iE0xd3@Ed abfaBridatdticstdnells.ei t her of
coozﬂgmmgﬁgf%g??a?nﬂngﬁgﬂg%ﬂmnuf acturai ng roces;es or

f r oFiCa ftisiaFhaneillusiresing devdations inRad gad & £qtiop from
. o 3 . r 1
GofELElRitater TREY ofuiPEaRlsnd M Ml RRIOFANS, plots e
proviied fertrhessrements swfle with endwitipu garinus foryy of scaling.

A S T ok

use nere ot es of
thefoefrbspoading Getbes patrdiabtes; whewint the corrdipates sramused te calgnlatect

tpo change. BRI EF SCRIPT1.ON. HE DRAWNGS I n the
m%?%&?@?n%fﬁjjmé?sa%%%g?mﬁde%gﬁ}tbe%fl—beI ow, |ike reference

characters 5 refer to the same or simlar parts
DETAIDEDIDESCRIPLIANT f er ent vi ews. The drawi ngs are not

oG et e 10 AETHRES ket Bt 8Bt Al ik pochieer
im%g hod®, 24362230282 ndShfomeddenitiedericil. fintheBeibadinasit of

FIG. 1,(1::}5&3' e@éﬂt%géges correspond to eight individual circuit board patterns. The

eight are chosen by example only, and the stencil may contain one or any number of
images. Each of the images contains a number of apertures. By way of example
only, apertures 36, 38, 40, 42, 44, 46, 48 and 50 are formed on identical images 20,
22,24, 26,28, 30, 32 and 34, respectively. It is noted that each of the apertures 36,
38, 40, 42, 44, 46, 48 and 50 is in the same location with respect to the image and that
location corresponds to the position of a pad or other area in which it is desired to

deposit solder cream onto a printed circuit board. As shown, there is a set of apertures
6
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FIG 1 illustrates an apertured stencil having
multiple imges forned thereupon. 10 FIG 2 is a
fl omchart showi ng an overal |l diagram of the operation

stem FIG 3 is a screen shot of a
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footprint filter. FIG 5 illuystrates exenpl ar .
36, 36402 b 464 el 5 52 OBZIROBAL # PesRIeEPIRIT Dptroquirs
onl ¥R BhiAel 5ds.] Auhdbds STph@d altl thii fdriGiek byl berequies fard
In fabricated stencils. FIG 6 is a chart illustrating
partitelar deviiess sudhrps ferandntgemaisé cireitib t9 broattackddo prERtedArBL:
coordin ' ' | ' bidit
booff? Bk g PhiEPsis b Roeff, &8 Sisble CHARaE PeputiOh el
is suiffieisntr enent s made wi th and wi t hout various forns of

s e BT g oL RITREL 08, B5biEbir gy e

dat£REdiRRITRIIE tiRtprinesdaicuit bodrd hssambler andhenstruct & bigstem to cause

the g ERTBH o LTSRS i 51 10 o 4o B 8 Rellj PR
imal RhP BOD6, PR30, B2 Iahd 34 thireifgh Shestériciln Thé TRILOGChitasre

escri bed above, that has a series of  ijymges 20, 22
relages an apErtupe Or 3@t oS ADGIHHES P ARFFHRMAT SAMPYIET harare fcompgrent

or ‘f:ogx‘?.” e(m&d%ﬂﬁ@‘mﬁf%(i%%o Whte cdn seldb€a Bhréibilat PAAARS assign
orrespond to el ght individual circuit board patterns.
parfituiar eitrbutesitodt, shasas wizoyshanesang the wimber anghlocation %ﬁ@ﬁ%ﬁtﬁi

tha{rrﬁ%sé oeﬂtcgﬁg%gﬁg tdthe S92 s #f and 1BBERR of Eﬁ:‘:ﬂbdfg bnthBe

s con NS a nunber "of apertures. By way O
priffdifuit boand| apd, aperquentlys to3bs arggtures dn the stengjlithatig to beg

and ar aorned. on, i i cal,: | . 2 : ol a 26,
plagi on e Stied iFIEEboaY, THER B iR P62 ieilenurcd, gicdhva 76,
narfé addheveidaiidmes ol tklcoduted SystetRthatiihe caBputeiBsodimeres50

is in the same | ocation with respect to the i mage and
op&#8t | ocation corresponds to the position of a pad or

ot hgg nﬁﬁttﬁ—’&meﬁ RAbYY, ?%évfey,i\ﬁthd.‘?@'ﬂéRHﬁDGU:gﬂﬁﬁ@ﬁWhemmydéﬁ}e

creamonto a rrnte Clfrcul oar d. sSNno ere |l s
apeatuseB6GHb, 4pcth i ks, 65 e So eeesgosied s iedBbesh 854 700
ope;i?cor Bt idviattdly A m#AallynPaach HdtahbPdt sael sRamaeh cach a

npl e capacitor that requires onl )Sintvvo cont act ds.

of e nempensnisfpapa ard makrthe medifisgian o it 1 RAY CES.REHRIM 2 d
sinfifdf ﬁﬁcticﬂﬁiig} l‘é.g,l lgc{rltxagg WafiFactidd By Afferétt comipanidsCBavaldetbrent

circurt, t hed to a printed circuit board,
padsizes ohdine PUBpFaeksmust bsisansH isenarajely fustemeinmakeof a

motd\xl}%hggn% a%%%gﬁl'gttg the %gqutﬁﬂs‘? Bfi these similar parts, with different names,

must be located and the attributes changed. Obviously, this is time consuming and

can cause mistakes due to inevitable human error.

Under one embodiment of the present invention, a further identification
number is given to each component or part and, thus, to the set of apertures relating to
that part and, when a change is to be made to that part, the software recognizes every
instance of that part throughout the printed circuit board pattern and applies the
changes uniformly to each and every one of the sets of apertures corresponding to the
part that is to be changed or otherwise modified. When a printed circuit board
manufacturer sends a modification schedule to the stencil manufacturer to modify one
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5 is sufficient. The TRI LOGY 5000 software, discussed
above, can, anong other things, take data received
fromthe printed circuit board assenbl er and construct

VoSN ARy 0 cause the stencil manufacturer tP%TﬁH§003/024709

apertures 36, 38, 40, 42, 44, 46, 48 and 50 in th
|nages 20, 22, 24, 26, 28 30 32 and 34 through the

ste . The TRIL & re,
ormie g (5 RS R P SR b
aperdnﬁéfrsdweet@ﬁnpw?eﬁcﬂ rﬁnndfp:amter llﬁegdsseths pobess of 1dmfme.v
sof tware, can.se] ect cul ar pa
searqhing fog @,qldathe%{npﬁ gg g tjtapexgtﬁg#r)x rl;%h %fﬁt'e e, es 9
the sidd§jpnunber and | ocation of contacts that must then
correspond to the size, ﬁge nu eé and Io?at %bl%
¢ hhe safivasn appiieation, ReseriBed hUTEiD; 1 StB on sqmputer-reads
medfu%{‘@ egq,%ﬁl%{iﬁnvet e I?:ﬁgﬁ*"@fsk“ét@? anfl thd¥edit@neinl that is

aced on t rinted circuit hoard. E‘(‘?H
comirinaicptiort wrth| lagempuater prp@ssenéthﬁ expes 1gstpistions embadied it the
soﬂv?%\é%gil I ?I}ldtsp IR dafdlerhd Q@dl &fﬁv@l‘é&ﬁﬁ%cﬁ@ﬂ.‘s deft@ibed

War e oper ate As ment 1 oned ‘above,
belofQ VIEHeEb L owiing Memeoxmnme\ofﬂvfspm apnh@ﬁoar#sefbe@ He

t ures « »
detaﬂi@ Y6 gre ‘F@tzﬁs%*ﬁt‘%ad@ th? 83?1 aped, 91 fé&g@ﬂ@ alt)lfahrbr (b)
“footpiett ilteisad dnd (@ﬁ‘%idﬂiﬂivdﬁd;]ﬂl pa:famtbrse’a ﬂurthelsﬁlarme sprec:@gc h
“moﬁﬁa fg;{lgégﬁsg @?qggprp:glac g t & %r}g g?c{t e dgtﬁqilé%lr(ﬁmet he

siml ar

purdodt 6F AR ke saél 1ocmbhtmor fomwpeﬂuﬂey Thd dofimaret
conpani es, “have di fferent izes Qn .hengCiB. Eacgh

appheation ken alse inglude saqleaftréﬂ};ermetgt € PASIHQNING 0f 3 13¢5 A%

sten?mcf ?(ﬁ&gl P?TL&QS 6 8l wit i lastt in dcbt@ncs Wiihl aelepd t S,

ent nanmes, 25 nust be |ocated and the
footatiht. i but es changed Cbvi ousl y, this is tinme consum ng

d ' i .
‘32 d%?gl o é)%?tlé% 1CLon m ﬂﬁ&’ul& th VA6V TR GGRBIBN seTtwaé

enbo resent invention, a
appflwtiohahalyzhsnhd shbnattedd}erbnndﬂteandi embgddedppepuedisHe.2.

BT ARE B ek ool f s 35 ol e

be
pad5BIE irldicatddht c@ﬁspondmgeamfmesahaa nuust bgpresent owmthe ISVHGIB@I

i nstance of th t, .t
i RS B DS, T SRt
ade$§ﬁerﬁ§"daggﬁﬂf éétaBIiﬁheQ torhipenar tfcmtpﬂntsqmetha:b fqoqﬁmt 11bra1'y This
correspondi n tot ; is to be.cha
CAT R RV SR O TN
pad %&‘ §ffed HEIRE FocdoriR ditrirg A Fooibe S& B 6itware brogtang such as

enci | manufacturer to nodify one_7 Vg 20(? {(015597
the PIVIEXSIONS coryergial software program? vailable from Cookson

Electronics Assembly Materials, Jerse'y City, New Jersey, USA), each footprint is

given a unique name based on a particular naming convention, which is described in
greater detail below, and which is illustrated as an initial step in the process shown in
the flow chart of FIG. 2.

Once the submitted job has a match for all the pad patterns and a footprint
association is made, the software applies any modification rules that have been set up
for the customer submitting the data. Each rule is a combination of a footprint filter
and modification parameter. The footprint filter selects the parts to be modified from
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or nore of the parts on the printed circuit board,
thus requiring nodification of the apertures in the
stencil, the stencil nmanufacturer begins the process

Woio%‘@géﬁy' ng, searching for and then nodi P\é;lﬂ%%@g/ﬁznw

apertures made on each of the inmages O
stencil. 5 The software application, described herein,

e e AR G TR B S BLRG rf oBeit

par&QSBLIAtIRAES ifstridtidas 8n Wﬁﬂmh@ges plustieaaale tb kirtsizeré€ thet es

i nstructions enbodie e. code
selogiegute J0A RIS BEHrUP ‘GO Lhe PR HE At gieg WEieh footprint
is t& BORBaERdSNd ﬂl%‘iﬁ{skbﬁ'ﬂat sbe lo®WodiFfegridrak toobd ragielth BReootprint

onponents of the software application, described in

(by Mydé? eliptingibe G¥erberrfiel thhe irsle getrup taejiseyinqlydes g Sunctiopality
thal§ é%hc i\%}ttﬂ gbfcc))r?éﬁ%gh ]pl' %&‘iﬁryof thd f?erturefrél%&rtb e pad

at1 on ters.” Furthe
Ontehaill changes aspanplicdgthe nmaetqudataumavadm@sthe pew ﬁleasrtb@a usqql

St mand applled to the data file for the
f“t%hnﬁ%%‘tg%? g| ng the size, location and/ or shape of
th eAapmenmof Tiiles malfet upear modiﬁpqﬂoincsett iCnstoomers radyslave an
jnclude code.for altering the relative positioning of
unlymif W%BF%%%%@@@&W%% apertures in the
St eTigd provkss Bedihe Witgostpiit raatey. dErRGeftwhrk hnuazaed ramid

footprint. A solder ste extractio SPE nDduein
conysmisi; Wheiin secsastRlp bLEY intRaRed CIfGH FOFRG s Ve

desig?ﬁu&di *?é“_étefﬁ Qg @0 ben hat svaargpieed exbdes! mse‘ﬁé’u& melpaﬁt

rber 274x)~that represents the |anding ads
Wpafallghteném sthag ﬂtpefoe@ﬁnteetf@@n intpgrated pigcyita aud ity o Whic
st dUIHEREA e FackQ 1538 {0y STt ffhbr e
pre He stenci e osit th

seqpcmqeusaﬂhelmwle('uqal the dlStahee wwmﬁhe panteas piwoximate 1@9
me%s S 1% n%?satihgré 8. O4B%gche aa{nrtglletﬁ{ Mn{b%f' isGfd Be?EPféads

onen oot prints | prlnt I'brary.
(hetes 12@Teads)e The nea'sthq‘ munthers an¢ thmbmm-uog;entci\mdﬂi arokhsighhit s

d, for _all t ched ved
oo ST P e T el By Rl
betiicagiha Eentd3tof pasxinfateipads @ltl\/ENE’doﬂdEbrmme&alromg alveﬂmﬂtplm:ee
oran aIabIefromCo Ietronl
In i Ghtodbent e S8y Sria FieNBD s D itiehpnd (i chREe:
cer&&qfefght fsto 939 in@heke IMThe nbftito Gerhd V\Eﬁ)mcid@iﬁﬁaatlon of the pad
particul ar nam E%Pconventl on, ch is described in

shage e Hewes theshane] OHiBE 5o inPtRlGHEERt eYLY sixfh RIR isfpetangylar.; The

ﬁnmaéduﬁter §éﬂ%&s 19e bRARNRLACHIRe ?‘dmo imnim Hérs &hé paAShERAH \Rndth
0 Once the subm as a match fo

of &025 tnnheqcmd a;b@ugletroﬁﬁ 0&% inches (@@pmtinmad’wgatest dtm%tﬁlonés
{Ha%he gg& VRIGstB0 éﬁ)@&ﬁ@ HentREH ¢ b gk tcf’tl'lhﬁxﬁelt) bat
%een e ?or t he custoner s bmt
alsol ébe msexﬁezd:imtorthe éootpnat naoetip Aeeblethe ffotpyint tmbqﬁssqwatefd Withea

particular customer.

The software also enables modification of existing footprints that are stored
within the database. For example, a customer may, due to the introduction of a new
smaller-sized part, specify that all 40-mil quad flat packs (QFPs) be reduced by 10%
in size. In addition, the customer may specify that all 40-mil ball grid array (BGA)
apertures be made square, rather than, for example, round or rectangular. The
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and nodification parameter. The footprint filter

sel ects the parts to be nodified from8 WO 2004/ 015597
PCT/ US2003/ 024709 the matched footprints using sone

R Joobdis@Yy! of the footprint name. The nodlfll,%q,;ds%mz“og
par arreter i ncl udes instructions on what changes nust

be nmade to the size of the sel ected parts The rule

set-up tool in the s rst whi ch
SOﬂW%%tfﬁfqdﬁ% a d@tgb%mb‘@“ﬁ'wr" F{ 4 igripha o é‘&‘g mppificatioh
paraf e AihdrCadifi br 'c?ea{%@ﬁ)otmﬁl@ filter dnﬁ% nicdkd¥ipsti ont pafanidost,

way of altering the rber file) rule

t-up ,tool
i saf e fro saerEBo U] RSB SIS (DG Goboge Lip PAE G THRars
alreaﬁ %Q&l crl4t! L@Qlt ﬂE Ee[?ﬂbdrﬁ()dﬁ?ﬁﬁl'oh 4y aﬁ%ad}hlﬁv@‘@%éﬁ pélﬁormed for

tive to the ce all _ changes
that ommm\nmm@‘f Teshe dotabasasinglaesihe [av ok GLFer fgglpél%ﬁﬂ&?
parmﬁﬂ%ﬁeg alréa%&,etimﬁ?ﬁfﬁ el %ﬂ?ﬁd S If 0, BRADHE %Eér%fba&fs the

tion set. Custoners ma)é have
footprint filidr amed ﬁxmﬁodnﬁcaumtmranm‘terd iGharges suchys dhesecan be applied

t b anh
to o R Saned TR iad SO bl bthe {AMdRFcan ta"
mad?ﬁﬁﬁ@gl%bﬂfy @tendriablﬁyg &@ﬁleﬂ)ogirmisésgﬁrlugg)mmon httflbtggs aneong

e designa Qva N
spec@glg@ramqﬁ%s -rqggmp lesg 0 @gtoggr {xsso?g;cﬁtg qaﬁla change fsi 1@% Jgﬁ %
be cﬁﬁ@ﬂrxelt-ﬁﬁclfﬁ@ OthP Ehsfimdr spécfic identifiRt &gtha f@epxtint anieis and

ch 15 stands for l%d fl?ftﬁg 57 is the

compgmé wgﬂl cpp;grqgg_-pnec)@p @gﬁe;na 1 ihedogtprint i if thereis a
mataleﬂjféer 6 OP SndnktEis Roliad b accBrdandeRitiHlihs brREGed@bIECationh e

proxi mate | eads) neasured in mls (here,
parathefet§ i nches), and the second nunber is the nunber of

eﬁfn%p a&)gﬁ.{g: ri!n? ?’%ﬁe) is gé%%ne@ X4 phifiBu1 A BhRpsnedt, € the

(both in mls
chanyeh editha Banereampnnents vhroltghpumng pmntgd piaguit borard, pr s can be

| 20 het
et o5 RS e BRSO OB SS BhoRishap
pardnietérbl Thepiooeks rtsanustrateldgrapmahy mtEiG; mvlerein the tﬁoqtmnts are

0..180 ch dt
namgd and) a%lc[}éﬁg g ’11b§?a%é an )%ts C1:5:e ﬁg\nﬁﬁ g\}mge ng&ﬁhnﬂ fiiter is
apphg:?ﬁtthé fooRrin® Aarfis. Wﬁo&ﬁdatm&hﬁﬂ&xetd:ﬂés then pplishae of

the pads i's qval, excep

footpeigt aaReRs o FOdfH BaraFRE) et pe F’é’@&é?‘?"&@?&t paaes are then

c{ﬁr‘rﬂ Sm&difitd\RerRd dataipattdth i accbiRlagee wikle apatiituhave a

usefl &‘%& 11025@| nclﬁggagnd a height of 0.080 inches

ape(tumiesgnmecpi'mtl@l greatest dinension is regarded as
th chJ?)‘?;%rﬂE ﬁters%eﬁé’eﬁh&’ Paits o? REabbrehtsi tAfAte thi B editd By a 2

"ship can also be inserted into the,

, parlﬁmiﬂrpmdnﬁcahlamame’@h aliv) 28 exprepleonpdifigtiongpggameter is created

to RER A Bl ey Bl e By SO Rines %‘@?@%’I 5T hat

Alténetivdly déflensions can be magnified or shrunk (e.g, reduce y 10%) by

setting a factor, which is then multiplied with the dimensions of the original footprint.

Modification parameters define how pad data will be modified to comply with a

particular aperture design specification change. Modification parameters can be set to

globally modify all pad shapes and sizes or set to modify only a pad’s width or height.
A unique naming convention can be employed when creating or editing

modification parameters. The convention identifies how parts of certain shapes get
10



30 within the database. For exanple, a custoner may,
due to the introduction of a new snaller-sized part,
specify that all 40-m | quad flat packs (QFPs) be
10% in size. In addition, the cu
E"Sﬂ%‘?‘?@s{@%m all 40-m| ball grid array (BGA?’HHEE"OWW
apertures be nade square, rather than, for exanple,
round or rectangular, The 9 04/ 015597
edited>(Fiseib0 (B/selaiams a8b PP éa‘ih:@glﬁlzxglé%f’aé ¥aBa08 nped
. ' @dgf"ed Ivlerbddré Brpfacadbetivoet dach pirt ofi
usmg\égérégg%@séﬁ eﬁwjel%?{nﬁlg or cr eatpiiang a footpri ﬁfm
the ndrhé, ercephthe dimensidinfand a%SP%}ht%g’rcW wlle. (he software
first searches the existing sets in the database. The
same filter may have already been created or the sane
nodi fi cati on may al ready have been perfornmed for 5
that or another custoner. |If the database includes the
footprint filter and nodification paraneter already,
then they are just applied as a rule. If not, then the
user creates the footprint filter and the
nodi fication paranmeter. Changes such as these can be
applied to one or nore footprints assigned to a
particul ar custoner, or the changes can be nmade nore
globally (generically) to all footprints sharing
common attributes anong 10 specified paraneters
regardl ess of custoner association. If the change is
intended to be custoner-specific, the
custoner-specific identifier in the footprint nanme is
conpared with custoner-specific criteria in the
footprint filter; and, if there is a match, the
footprint nane is nodified in accordance with the
provi ded nodification paraneters. 15 Once a
particular footprint name is assigned to a particul ar
conmponent, changes to the sanme conponents throughout
the printed circuit board or boards can be identified
and nodified in accordance with footprint filters and
nodi fication paraneters. The process is illustrated
graphically in FIG 2, wherein the footprints are
named and added to a library; and, as is further
expl ained below, a footprint filter is 20 applied to
the footprint names. A nodification paranmeter is then
applied to the footprint names to nodify paraneters
therein. The nodified footprint nanes are then used
to produce a nodified stencil data pattern in
accordance with a particular aperture design
specification. Footprint filters define the parts or
conmponents that are to be edited by a 25 particul ar
nodi fication paranmeter. In an exanple, a nodification
paranmeter is created

11




to reduce al
by .003 inches globally.

can be nmagnified or shrunk (e.g.,
R dobddfls,factor, which is then nultiplied Wghdsbfsnz4709

i mensi ons of the original

paraneters define how pad data w ||

footpri

reduced by 10% by

nt.

Modi fi cation
be nodified to

conply with a 30 particul ar aperture design

speci fication change.

Modi fication paraneters can be

parts identified by the footprint filter
Al ternatively, dinensions

set to globallyvmedifyr—altrpad—shaps o—STZesnag!
Parts Tasgetech | nlitt y o?ﬂ“@le%f hhaetr /vibé‘PﬁnL'Zl: @ﬁg?zg t,. ég‘:?ni%%% it Edit
nani ng| cMegent j of%®an l{f"remal S§8d orl SRR ocgr ;
editing modifilcati on -,;,a; ers., The %@n\ entjUIO_etype)
all = allgens;i { Aes how BAKS Of fer{Brn shapet gat Bd4o| fgmen- | Factor
sa=a®@04/ 0] §5@IcRAEIShOD3| ORRT0Yheight UL ¢ MBHF | hslon or
metricabpagtss | o/s and| Wiiput {obetch fiel d, the parane Value
ss = spemetang daluegsi ngwidtle f ¢l | owi g ratipnal e, |Wh&re| W>8n #
rical pangler s¢dre is pl aced between each part of| & ¥he| nane, | num-
ns = nexcept | ttdeedrdi nensi on and associ ated factqgr or yal ue. |l ber
smddrdwsﬂ)@m/=015597 PCT/ UsS2003/024709| Edit i men- | Fact or
D nen- |kaghor 2 Level {Parts|Tar get edMbdeSi onor | Si onor
(Repeat| hbight. di {ferent |Edit VYal ueVal ueMbde type) all 4
att—parts, d =Bl ank =#h =#Edi t Di nen- Factor sa =

asym di st ance; gl obal ; num hei ght nunber Modesi onor arts;

v =w =ber. Val ue netri cal
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p ss = symmet-value;wdth.d, v,w, h# rical parts;f=f,
whnum ns = non-factor; ber standard parts.wh = width /
hei ght. 12 WD 2004/ 015597 PCT/ US2003/ 024709 Exanpl es

Qfoiﬁﬁ? 1§§ gatl on paraneter nanes follow A ”Dql'gghfsiﬁob/@ﬂ709

paraneter for nmeking an aperture having a 0 I nch
width and a 0.075-inch height for all discretes of a
certain size (as defined by the footprint filter) is
nanmed, 5 "sa_v_whs2 h75." A screen print show ng the

cr Awgg%?r&oﬁifﬁaﬁ@%é‘ra:ﬁa&ﬂ e Bt £ modifiatponpareieter

h lLe d
o gt 55 SR ST SPROGH
i 04 h
oy DTG i) Duusogoe e

I's named sa d w4
“sa_ K. 952 h7bu° y’escrm@nhesrhomﬂw ereatign| ofp]gpp@ }cmgapqagge

s bl ERG! £y Mol Siko el BeiNERSh Pt 08 deheife

I'on parameter naned,
certaiftlihteglated cifcaind (@s deﬁneﬁ ibly theer fsotﬁﬂfli filter) e O ingheg jn height

onents to be egll t d t e
e B PR T ettt P71 L5 P4 BB rmple, g
iden ngﬂ?e Riotitih kikied ar@ ﬁ!ddcdafbyuB(R)SI mlchesrghbbdllwaa Bon sets

I'tiple custoners in the future; or the filters
modlﬁnatbepmtﬂ@ne dn#linddg that the filter is unique to

¥Rkt Y RFine i phil b ohihohdritd fobe@hitetitey the desighatkd
use other custoners in future npdifi set.s
mo@Besioh parften Breddiersass be gMeEL vInE A NGRIRARGHH e i
mo?xgi%ﬁ {opgg?sdfiog Hﬁﬂtﬂ:ﬁé’us{oﬁ‘ﬁ o it tRSfuftrd) o8 teXlley can be spec1ﬁc,

ware provides an_interf age
meﬁiiﬂg\lhatl thetfiler somape tehgiven Pusipsmer gnd there s liftheghange ‘frcIF

usegaryéglijegg{lﬁtgglﬁgsg%x ! %cfcﬁf a?lgr? s&%ldsed Eﬁ?rﬂf@fs'lﬁé‘&et“ﬁlnp to”

tware then
nurAbd! flofStHe Wesdciséduuistoinet relcbnelras norefixcfof identificatien.f i nd t he

correspondlng part 20 footprints .n

dat ThesOfBvatR REoviee o (e tegs & SR ‘&5%%%5?""’8%‘?&(%&&@“ "
FIc. ‘* ?&:thédﬁ?er @c{ éfér stEIécﬁc_Fli_ir@] lagd ma?anMmte thel ifacgprin fittere

sel'ecte 00 rln e_.avail.a
o e
foq@#y%‘ﬁ@ﬁ {RE hAEmE@OARL filRlthd) dBRSthe bilteiid spekifiat] jpu thafilter in
order to app?;r the parameter edits to the selected footprints. The available part

features listed in the footprint filter are associated with pieces of the footprint names
in the footprint library.

The system administrator can access the filter administration area through an
on-screen main menu. Generally, the filter to be created is based upon the goal of the
rule for which it is being set up. For example, if the rule states “home plate all
capacitors and resistors over .030 in. x .050 in.,” the filter must target all capacitors
and resistors with pad sizes greater than .030 inches x .050 inches (the shape tool will
change the aperture for these parts to five-sided figures resembling a “home plate,” as
found on a baseball diamond). Specific fields and associated options within the
software interface enable the filter “string” to be created automatically by software as
a function of conditions entered by the user. As more fields are vsed and as more
information is entered, the filter becomes more specific.
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The system adm ni strator can access the filter
adm ni stration area through an 25 on-screen main
menu. Generally, the filter to be created is based

WoMlodidlsseg0al of the rule for whi ch it is b%‘i‘ﬂjsﬁ(ﬁgmzuw
?:or exanple, if the rule states "hone plate a
capaC|tors and resistors over .030 in. x .050 in.

the filt .t t al,
e e et S o R Rl PO BERIBREL
menu((w&e& E}Pﬂ?} 149 Mpedd!“part @l’pan@@pﬂohﬂechaﬂowmgehé weer toepedfy
ts five-sided figures, rese |“n » rhc ta(fl
the pastyse Awt&blecnptlanmgléé%ﬂte fellosvpsd %@eaft't‘t fg?‘eg‘tng’

parts é’htg%? @ga#(?dwﬁi% h QiSsels itk dtatel arc&ca‘ iwhivheré ganerallgce

|ter "string" to be created au Eﬁ@al call'y
multiblyadedf 2-wadtesided devicsspleqting [Gmilewnn ILTATR

QFP tSRﬂBﬂ%ﬁfgatt P%ﬁ’f TSk sﬁltdaﬁlls Wfqlfrﬁ: ﬁéél@.tges?gctcﬁsBGN”ewhmh

S ente [ter econes. nor q,
repreSaeshall gid atAyy\E:gpbdles Of pEdTgrONosLITa(D 2disergtevy et

t he on-screen |n erfa &
oS S o e A0 B e SR iy
shapemaglzgype is provided allow ng the user to specify

£ oRIserio grortdgp s, Sosferc s S i el Bing options.
o i B e s el e md )
“range-,’éwhlsh aews taé@esp@ be @sﬁteﬁgt 2 n@ﬁsﬁ%% $ °°?ieé‘2 B it

the L8l tlt% h]él%ltﬁ’éjusfeté’eﬁm d?ﬁﬁﬂ?&@id@ instQBYichs forthé filter
S ep ch repre&ents bal |
to u@ludeipaatsrsa;aﬂqzr oréggcn:th@stshe gelup a%‘t%fé@ ¥ig eRrserest qrgprdoyy)
&Eéaﬂéls’ﬂbeafe
menyi A A A =
entcfehd@@@veﬁﬂdmlbﬂmdeﬂl@n Aate ¢mbnormehlly pcgwnie 1 ?rﬁﬁé?léd
"pitch," includes the foll ovm ng options that can be
filesse| ected by the user: (a) "all,” which includes all

pi taACHkirg| ovaneler(d;) )abeIedamgmbér offiiacts, 0 ffasyihe Jellaydng t o

be enter a| rro f||te t e
optigRst Ka) G ‘gb‘é‘ agg InHIélg (%1%&{8 ﬁtde(ghser 6an
whiél é“lﬁxx@&ﬁ’é’ﬁl@& tb Aifd aﬁstwm% sp‘eeiﬁctduﬁ:bér bf leads (tpmds) ncpanse

parts smaller or larger than the valu nt er
having agismbengreriensr desagt thap speritied. 2w ¥ia E"j‘f §°8‘°h (ot dhtered

via %&cﬁ]tgo% drogggvvi’f’ﬂ%ﬁs it dreRalent9veidee val ues can al so

to cover variations in desi n, pla that

norTved additsmal dropydewe arenus: Mbéleéntfo‘]‘:BBmt AT
he1£189 Bg%o%\ﬁﬂgﬁ%ﬁpgin 2@?"‘ ‘ﬂ;,j‘ w]gBH Yfgﬁfdesoaf.ll bﬁ@ﬁfzgardﬁ:&é 6éf s the

.. which |ncludes
footpriwidtyorrheightrand )1, Seidh Ty, B Gler to ool inelude
parts with footprints of a specific height or width; yet another w1ndow is provided to
allow entry for a tolerance, which is provided to ensure that the system includes
similar parts in the search that are close to the targeted size within the pre-set
tolerance. The footprint dimensions are determined by “framing” the part based on
the center points of the outermost pads.

Similarly, drop-down menus are provided for “pad width” and “pad height.”
This filter allows selection either of (a) “all,” which includes all parts regardless of the
part’s pad width or height; or (b) “range,” which narrows the filter to only include
14
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20 which allows the filter to find parts with a

speci fic nunber of |eads (pads) or parts having a
nunber greater or |esser than specified, again via
Wﬁ(ﬁ/dﬁ’%? and data entered via additional PePRrsoeN 4709
nmenus and or data-entry w ndovvs Two addi ti onal

dr op-down nenus, | abeled, "footprint wdth" and

f oot t h t," of [,
BA, VX AEURALS. LM is%rfég'a%@églgﬁia W predl et
aqu&llﬁ J&mﬁf)wh?hélﬁﬁ proalﬁgd {0Bllow chitg Gor a Yhérahcendhe pud t he

to only i nclude garts with footprints ofh d
dlmemp’xena #r dethmnintd bomeagiring betygen the, g RHRIMOSHROYHR Y cach pa

“ B S ERithMtTa ) allj"s
pr %{/ﬂh%? 11! 3 gta?gﬁc?h%a{nﬁtoﬁg&sﬁ%t em@cli ncl utlaleésw )cl riél
whichandlsdes all tphs rsgardlshs offshapearnd 6) GaBEes VHiRD %“8?”5 thedyfter to

find ichgints ool SoeBleE 3R ual e 810 fesighifors @0 Ticiprin

erm ne ram part ased
nam&/Torékatnpée, aeata&m 04025-inich pitth QIEB eyt bwmal m&d@j@n

custapenes i o DR B 4 P PR L e @qdect Pon

recteﬁl 1 dgf (a) "all,"” whi ch i ncl udes all parts
gardl ess of the part' ad width r he| » QF )(1
ingby."a apgcia) SPRRITPL REuIRLter) SoRRiOR S Bif GRIE

rangp %ﬂ%ﬁ/ et iﬁ@?/t&mafp@%?c@&amg Somé Eﬂmlal feature

ace-nount -t echno ads of a specifi,c.,h

desighatiedbyshe b Forgeamalsci? PHORHR Tt BEKOFE BAJS AL Bui ded
chaxafeée %rrs?n%%g% p%lqrmr@ Hafd A1 I%E lz;.rlhﬁadé%ﬁcep@ ForRn&l 6fipad,

asuring between t eouterm)%f{j
whi¢tomay se ofal. eﬁeimrqdbd thlmmmpntgﬁ the| filter stringawillh by an

ffers th f eith I '5vvh h-
senetrdaseins ot SEEEIM 0o of "chape, and (b)) "

"I The ootpidit-fitter ﬂblhmg&on\hatlén Istsimiletacto that of the é‘@cttpmt,rﬁsglf

containing s al. and/ or, u e s in

s R e e SRS o SRR A e LSRR shapal o 11
entdded & s%ﬁat@@]ﬁy GRdeescores] Bpauise seambl filkees umiht nanEng hﬁsmg

t0 astie tléigleggﬂqast}agloz irflgﬁ%{ﬁg}rﬁrggﬁg{m A Rleatife F Sr[def‘di oVl

coqué@SQ e Jﬁﬁtgwo?z%nmmSoﬁé ﬁﬁﬁly&'elbwedon of el t her (a)

" wh di Lhe filt
¢ Enetfiise pRnmsy B B Y fRsodisnds Ee Sty Sapaes e hbre
speg’ %%' E Efgrg%)sf tﬁﬁle%&brmt'?ﬁfnn?rgf“er i dg3” !@stﬂaﬁltemn‘,banemom

at have

spenﬁy daalvpreaedmg footraint;fertire is sepsesestedy tSOf ‘he é'\l,tglf Il]gf part
g5 peeoSh (TR 88 Bhcion AR by fama%h@mﬂwm@;

€ USse by an 15 adm ni strator
(pattay@epitehg namberof lenps dodtprintdimensions) is included in the name.

Features in the naming string that come after the level of specificity needed do not

need to be included in the filter name.
The components and options for the various parameters in the filter name are

illustrated in the following chart:
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The footprint-filter nam ng convention is simlar to
that of the footprint, itself, as well as that of the
nodi fication paraneter. Again, the various paraneters
¥F200 §§5ed and separated by underscores.

searc Ilters use the nam ng "string"

rul es adm ni strator

to assist t
in Iocatlng a preV|oust ent er ed

B%H%@OO%/MMM

e, ane L".L"Xfir';‘l',. 59. toomptdy 17 ‘P'ﬁe”]“ 'j o
i}‘m %v’be broald or|s ecn‘ic. As the f| ter phane is Special
3 o sutPSs [pifch | | UETeigRy | Witkh PHdigh@| Special Pad
(if FilosfisyMype | nam ng m%? iLe SﬁWtﬁ Iﬁ%gfi ng?qge%grreps nor g| Features
speffeyi|f i c,| each preceding flootptrint fleature is
reprdsantied. So | fAlk he Al ||t A0 | ALl HeAllt préyibt | ngAdart bk All
down [T aC { FEOmQE |0V aieelh Mabie |Vetue| Vatue |3fatuel Vhloe | Besctiption | Description
precd@arg| T eat ur vake| (pduet| type, pitch, nunber of
eady, 1 OOP&Y dizd | dI MgNnsi ons )-Wikseniusal, thd @dletancet value st be placed in
Feat Ures |yridtfdgs:pam fg st rii parcniifbes@xio ée field vilikein the Filter name.
| evel Bgs SREGhdid: 0\'{'41% RERAED -d9agthe <pREE< =0 designations in front of the

i ncl Ude filter na

optigns fpr var i

The conperg#kisd AdMdivalue.
nane

i1 ptn?e,,. US|Or<':lma‘ters|nthef||ter

af-e Histateg——the—fottowng—chart—15— WO

2004/ 015597 PCT/ US2003/ 024709 Pad Cust oner
Nu 'Ké%%ﬁb:hﬁéba RerekdPifiitei i foit & irislle gintkilpritplttisres) thiatSpe 0032

qeq%;dﬂgq fq:};l;;s llofg%fgg qi]%é/&?e%ee %%?t': eaé ucra%gcﬂzséps resm{org
j QR Yadits Vafodfviat %ea&ai th2)/06]086 %0, maﬂﬁafes (mf ivhioDeseC
RN O R e T —
a ﬁ]]‘@? }hhxﬁta 9 %reQﬁB? ﬂfutl&a?t@cﬁm'rqét 4)48 fohRdhdisg §0.025-URhipRcH HES-
ss = single; Val ueval ue-_ Pl ace the <, >
pin QFPZDy0. @I%mghatwrdﬁsandrbyfﬁ%mh@gh&(ﬁ%d Witk adalerandgt ed
speﬂgfe‘él%#ﬁclhgfedb ml"ﬂletfi | afs iPflis SXHR Cis a@fcgﬁ)%r al filter

| ng apert ures ‘that are 0.032
“i¢ igfis 26E@)ve.Ued ﬂmﬂ xﬁleoﬂﬂs nedrrsducing al equazs BGAipacts by 8.003
inches g{o%a.ﬁy, i 1rﬁp1gﬁa1gx%gci a ‘fil‘c[er(,e xsnal.rﬁtegr‘sdga all_all_all all square.”

Finally, a rule making apertures oval on all resistor networks with pad sizes of 13 x 15

mils for a particular customer is implement with a filter having the name,
“130772_ic_sop_all_8 all all 13x35.”

The interaction between footprint filters, footprint naming and modification
parameters works as follows. When it is desired to create a rule (i.e., a set of
instructions that will modify each and every instance of a particular design part), the
user first selects an appropriate footprint filter that represents the component or group
of components that are targeted for changes. In the next step, the user selects an
associated modification parameter. The program compares the parameters of the
footprint filter with those of the footprints to identify all parts on the circuit board to
which the modification parameter is to be applied. The data file that includes the
information on pads (e.g., size, location, etc.), which is maintained for a particular

circuit board or set of circuit boards, is then modified and updated with the
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5 etc.) that have an outline or footprint greater than
0. 080 x 0.050 inches (for which the pad size is 0.030
X 0.045 inches) is "dis_s_all 2 all >30x45." A second

WJ@?S%) a filter name (it's creation ill ‘ir%trtﬁg(‘_ﬁyg/ozuw

is for reducing a 0.025-inch pitch 0
pin QFP's by O. 004 |nch in wdth and by 5% in height

t ol j
modfiaalt o FoRHTE G gt TH ARAIHIEthn sl apd
use@t%fﬁ%n&acWﬁnﬁﬁbrﬂeﬂcdl e thl s one for r educi ng aI I

square BGA r nches ob
i ioeAHOm grpEerans %?F%QX f‘?rﬁ‘i“‘eYamHsa?Pé‘aes ﬁﬁ?‘r"' "‘lds _al |
mlseﬁ+ Al feCsystem it el ¥ unigué methodBis Irét@rdiﬁ)g?irtdwppblmgv al on

comwsaaﬁééiéq?é@{%ﬁé Gesien dnter UFGE £ RomBRBiA QGO Bles fh *
othe? z‘i\é]fﬁe qtu letléngw the nke? dﬁl%ﬁg_&%r_s%lﬁ the Systend getfooms

on bet ween footprlnt filters,
a nuidet pf ¢aﬁmﬂatam oy genetters girics ehyalem thas areatinaely usgstes as

moxg(recRiFio KRR ebrkd MERL R CRER S Bekiteloua T, 2

alighmghtance of a parti cul ar desi gn par t) the wuser first
selects an ropr..at e Ll
pﬁl@é‘é"ﬁf%f fﬁg é’gﬂ’i}‘é’ﬂ% er«s%tf B&h{:) f:ﬂ%rt {sth%t ma%le to tﬁlor
the ﬂ&ﬁcﬂ SE1gate thefagtuat Hiimﬂsﬁms bﬁthé hmmlfaottred tpapted thenittwards
sel ects an 20 associ %ﬁg{i fl cat ter The
thatgre Goins PRSP SUORFRS R L et 2 Br | 1
reprebér&ﬁfon\@fﬁtk GIPSEa#M, ab Besigreahid Sdpbﬁed 9y thel eistarfier, mblhdmg

pa on the circuit board to . which the podi Cglb
feammséﬂf@v@ 56; Jhe pripied spspiit kafrd 3is ap dmpleprpigtqnofithe Gerber

dat% ag} d&%ﬁ byl P%lﬁfrﬁ&ﬂiﬂc'nﬁ& 22 PS8 fnBlubes el in the form of

t1on, “etc is maintained for a artlcular
pads SﬂtmdtSGbo&"hdst@ncllséQ is@n implemgntationef the Gesber data, gs cut by a

A, S A SR 0 Dot

in th®bodrd &&bmonsm‘aﬁanee @, bodid shuimjaee pnstrothtion dyring nyegessing;
ved and turi [ :

e af Eaht P PP A\ Afodio G e il

ten@aﬂtﬁrbut&e hge qTaltle latys ahd grmenithe gahtey systenein the appatatis uged

to %IF}% i gﬂ&[ﬂaor inted ?:%glllﬂgoa&g%} ﬂﬁﬁlaé/ tg&ll%é) are rhombuses

At ﬂﬂ'ﬁb&&ﬁtdf(@ms afnlﬂgafrawntls tuBbvetiay aﬂme PGB8 arfitied aﬂencﬂ 60, as
uiring conpl etion b t he use uring or

aligred b b¥ P PIBHRT FIOMOFITE™. o T b o zﬁ; st ? %b‘%‘P es'ake

megﬁi?@:ﬁ&{tseoﬂhéﬁ&é f&gﬁ{ s (Y8, ueMchdspt are ultimtely used
nove each e i mage_ featur sli

t o Th@dlﬁ'@gena@@rﬂqg’wéﬁ [ogatm highlights t e 1mpac o} thg d1fH>rent Eavels

' of data scaling that can be applied to remove or reduce those differences. The levels

of data scaling include the following:

a) PCB scaled to data: known effects of the PCB laminating and manufacturing process

can be overcome by compensation for these effects by scaling the data on X- and Y-
axes and rotation in order that the end product (in this case, the PCB) matches up as

closely as possible to the theoretical data.

b) Stencil scaled to data: known effects of the stencil manufacturing process can be

overcome by compensation for these effects by scaling the data on X- and Y-axes and
17
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alignnment. 10 The kind of design problens that can

arise if some effort is not nmade to tailor the

stencil design to the actual dinmensions of the

Wb ed printed circuit boards that argd&isi@snz4a709
pri nt@@ggg?e illustrated in FIG 5. The confi ggr g}ts?(gn/

52 is a representation of the Gerber data, as designed

d_ suppl jed by th i na. f
Fon it e PP Ui P oD g B chsely
H@sgﬁcg%ﬂe'tﬁébr&fcaﬁh@a.@fbef 15 data, as imged by

manuf acturer; the PCB 58.incl udes. feat ur [
¢)  Steacil sreledde PEB &ngwn effprts gfghe stanell ‘%?”é‘?&?ﬁ‘méd’f?"s?ssgﬁn gk

bRHERY ahlsdlon k1308 eBits Bipdcalingthe G dayX cund Vamstes and
P € stenc

' 60 1 ncludes features in the for%%gf
aqiaticniin esdeB bt thn énd produghéin this pesesthe stengil) atches up aelossly

resul t,fr . hri nkage and rotation durin

B?B@é@gqtﬂghﬁgfagrﬁ%tege%ﬁi%%s in t%e stenci| can resul tg

¢ el 07 ot PR B oo O SARIGHIA phlifih ekasured in
mils)GFPCB)pagdy siddpeitures Fromafrrberaletads showan in FIG ut Fromethe

t il. Both. t inted ¢j ! ; h
votop it 10 B o RS S50 of YR ey e
Gerb&?&hftd i rsﬁéugirrpmr i folfowhigr (baal}?Cpra_d ﬂntmaﬁm_, ®Beraincthe f@B

stencl , as_  a a printer.vy,Si em
was ibcinduiicst ) (DM S abloCu o s B ooy B8
ﬁositl‘lE%g& g»litgggiriﬁmg S knb8 efeéle of 88 BCBIathinating aridmamivesing 25

ence in feature | ocations highli g{?%s t he
procéssy(a)stensil aprgurellocatiqnsnwhereip dreapepirey Wete ssUsH {9 ¢ hat

.can | b8y kD Qtehnbip afertlid fotitnses .
tabriffifs PEB TR ok gﬁg%\éf?%atﬁ ﬁglml?dte the T ol Lo ng: )
wherefaRhe stehaichpeurdsiwere pesidiaredarifercalingsfor Wwé@—‘cts ofthe

l.am nat i ng and i f2Fh QY SEIIe
sten%ﬁmer&ﬁ%:éu ggtqr%cgggﬁé feﬁgtléﬁélfe]%feﬁﬁxgqgcﬁﬁonsgﬁﬁg 120}

ese ects by scaling the data
was fanvactared wWithdx saxlégg. and rotation in order that the end

product (in this case, the PCB) matches up as closely
as Ipeaei b lpeevent thewtuntioshowindmFIG Stand tomamifapiyre a ssengiled

to data: kno ef fect.s of t i N
that g 0ot fo 8 PrE TG PRy s Bilbors RAYAAE WHA B
and ’2%%’2 aleSust tosmantif owheuotiahebaard differsrinsive andeshagsfom they

/ 015597 PCT/ US2003/ 024709 rotation in order that
origingbGerher [pstistiens. ¢ WOYﬁF‘gg%é&g‘,m?'h%' stencil) matches up

as pehOs Rlnfber At HPRAIIPWEL tangé Bewede99St dnddl0MatRx is c)
Stenci| scaled to PCB: knowg ef f ect sﬁg’f ! he skangd then
obtaireed by aesasiringdopt st aneg t&’ﬁr]?_o FeaiWES 4B A B PSSRt oh
divigﬁg D EeEueld Rfdber BYhe Aitdn6gadiiglydated intheGerbadily- axes
Fy is a number that typically will range between 0.999 and 1.001. Fyis

obtained by measuring how far apart two board features are along the Y-axis and then
dividing this measured number by the distance actually stated in'the Gerber file.

Xgor is a number that typically will vary between — 0.0006 and + 0.0006.
Xgor is obtained by measuring the X and Y coordinates of two features on the boaxd
that are relatively far apart in the Y-axis but which have the same X coordinate in the
Gerber file.

Xgrort is then defined as follows:
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5 rotation in order that the end product (in this
case, the stencil) matches up as closely as possible
to the fabricated PCB batch. Exanpl es of data points

{N%rz% the deviation in position (msasurg,@ '
m SF“/({)I#BgCB pads and apertures from Gerber atT';\l‘%lzos?smz4709
shown in FIG 6. Fromthe bottomleft to the top

right of the chart, sets_of rreagurerrents of deviation
from 10 Ger ber Xaat &= drea-Le@ 24°3pA) he fol | owi ng: (a)

PCB pad | ocations, wherein the PCB_ wa abric
wherenGtrbforstto ether Aefa apdh ipessd 5@y Slﬁﬁmtif%%%% &8 F%g‘ﬁ%éa’
ds vere Ik | | £ Rchl@idt Of rdtaivanaed Weeed s
Wherg lstt}?\égﬁ%s@gﬁpﬁg(??ﬁ%ta?ggﬁﬁgnu,fca::i?) o ntrj; éq%[:esS' (c)
the subseptj 2, isymed farmalataqeintivertisally dstlased f&Oﬁéﬂ‘ﬁS BOBS vere
scaled to a fabrij.c R | i WiichHeh 6f oraist
deFapa? F%Ws,artlﬂ‘}ensc%lee%%ﬁgleé%# h%liégsl %@g‘t“?gﬁ’s, 15 IJgr ein
to calciBtelGREE Fackaer Datn geinsiteng 68 ireriresanicaoially me@sIPhg f or
known effects, of the . stengi j S;
velugs foa 5 PTG HELF Cafh BPPHE 0 64 FTEREheiy UlrRiodRy diAs
As mRtERA ointé@fe mw@meﬁﬁcwmnuhe gawiliinftted Mowy der to
prevent the situation s in FLG :
precisely i the eeipel bea dimensions, E&jbe ﬁﬁeaﬂtg, %‘gr §H&? y P %fg X

r'T ec tot
' il SiftsEoi ag: Viuixheind thedesiliyascragedas Fx,

Shou%ger}ggﬁaa\%f%%%%? arsgohﬂsggig to uant%’f n‘?/ how. rru?clh t tg;fx_
Simiksoly 41 orl$ fiétemsingtions Elwldabﬁfn%%é’géa‘fhr alyf20ing Hpt,

Gerber | ngtrect | \halgdbdmed e doas & o Seocatidixs
“‘S'ieg‘“gﬁﬂﬁlhbg}e ngvglpgspﬁhg%fﬁegw N ranae bet ween 0.999
goin@@erods AOX-axfix i s obtai ned by neasuring how far apart

t oard f.eatu I& A XX bah B @ldulsl as

d}l\@?'gfﬁﬁm?ﬂ?’ @fuﬁéag%%rﬂle Ght’%xgﬁ%?dt I%{g}(di stance actual |y
follodsated in the Gerber file 25 Fy is a nunber that

typically will range between 0.999 and _1.001._Fy is
obt B 8ad.9by50VERNA000G OHIRPTRAR =2 p4ra— K / b tipdat ur es

nunBer Jobs i Bbhs A ook a3, Cd RS e Wago B
fi | ex, XR@ 001252 1N00GED= 0.060118¢3h BalbrrXan) (Yaxdfoy)

between - 0.0006 and + 0.0006. XROT is obtained by
ITE X5k hROESL, 1S, 2bd ey Valasaieiéalad sted, edditionnl telewlatiens aisn

the board . 30 that LAt | |
spphedeitss sRginaL IR A SouriaEh OTUEk f g PR el nisiAl e

usegga lg ufhdil® tho SRR Badiigngeatitabeboatindteshawdbe 18 WO
04/ 015597 PCJ/ US20Q3/ 024709 XROT =
rep¢siconeskpeing thefpllopypg calculations:

New Y =Yg * Fy;

New X = (X¢ * Fx) + Kror * Fv).

Stencil apertures are then cut with the position of the apertures established by the new
X- and Y-coordinate values.

Thus, a system that is efficient, economical and virtually free of human error
has been described. While the exemplary embodiment has been described as
applicable to the printed circuit board assembly industry, the present invention is also

applicable to other industries in which CAD / CAM data is used in the production of
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where Grefers to Gerber data and A is used as a
subscript for actually neasured data, where O is used
as a subscript for a data point at a focal point of

g‘HﬁBJ/ gsand where the subscript, 2, is US%T&&OO?/MMM
ata p0|nt vertically displaced fromthe foca

5 FIG 7 shows a nunerical exanple that nmeasures a

n1n|nun1nu ol nts aIcuI al
verip UL B, St e RSt busi s B2 e Ao rpsgid s and
the BB B&ine¥al ues fromthe PCB, while data points 62
and 64 represent the Cbrber coordi nates. As nore data

p0|nts are use | ate_each v e, .t i i
s Thrdescatpnsr abodime oty Spn e St Fmadlfe™s 8860 tr
the géléé%? 2126i0P - Héwevdr ot ifvestidi is noﬂlrmted&o detspedifiorimons of
X

shoul d be made at different. point gp|qg¥up t he
selegtedxans eaplispeieific team et lsash includswall techmieql gud fan
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1. 5%@8&@&’“83{‘% s)b%ﬁi‘ %%QS%?“%B‘E it 5?%%%%58’ 00125

aft%ttpmﬂm%wxﬁ@tkﬂmwtw “”"*’“' od e atid 1] on
e Fx n va are at ed, i ona
chosgrin s KA D) b PR VARG SPaTgI B a4oBe of
theqﬂsteﬁu&?gﬂﬁéhrl@tlﬁﬁltédbrﬂ’i Hﬁﬂletfélldiﬁlﬁéélﬁuﬁbew data that will
used to manufacture the stencil. Each
i mage-rel ated coordi nate should be repositioned using
the followi ng calculations: New Y = YG *FFy; New X =
(XG * Fx) + (XROT * Fy). 25 Stencil apertures are then
cut with the position of the apertures established by
the new X- and Y-coordi nate val ues. Thus, a system
that is efficient, economcal and virtually free of
human error has been described. Wile the exenplary
enbodi nent has been described as applicable to the
printed circuit board assenbly industry, the present
invention is also 30 applicable to other industries in
which CAD/ CAM data is used in the production of 19
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vari ous products, such as the printing business, the
carpet and material business and the clothing
busi ness. In describing enbodi ments of the invention,
ﬁg)%bf/dlgsﬁerm nol ogy is used for the sake 0fPC‘ih!§§d0§/¥24709
wever, the invention is not limted to the specit
terns so 5 selected, and each specific term at Ieast
i ncludes all technical qﬂg Rﬂyctional equi val ent s
that operate in a simlar manner to acconplish a
simlar purpose. In addition, it should be understood
Whhtds claime&slis®e | nst ances where a particul ar enbodi nent
of the invention includes a plurality of system
1.6l %‘3 3d 86 rﬁ'@c{'lﬁ"ﬂ% e?éc%ﬁl pr1 &’%ﬁmﬁ{ ] dgﬂ, fHanditiba
‘be rep aced e ement or step vice
congrrismg: 10 Whil e this |nvent|on has been shomn and

d bed wi t |

b ohgpring i mErdaBl G e b 10 Bftoh ol - A ST BE BT fich
el&cﬁlfohmliﬁrts aieﬁa gf solddted ?’i ﬁrpxamtdi dmtuﬁubbardgray b fe rr;ad e
therein W ou rtr.n om e S e.o

oS 8o datgy prop o pH e i PR GRS 0 P,

cdhhgina’ﬁons?& m&&@&émwmpm US2003/ 024709 CLAI N5

i's clained is; nmet hod for_ nodifying

eI ecqreamg@ lkE’FWi}@Hméﬁ“ﬂe&ﬁ Rlu%gpé thefoPPAYEAL a. ¢ he
i nd P% g b hgﬂnf‘ﬂlterﬁhﬁ@ﬁe%ﬁ'feh BiStefit! Br OB br MdfeFootprint

ocation and character of pads to which
paziraetens dmth@ fpeiptints i the fapimint Horrydp seleefoipints thebueet the
Sp%&%%(&léﬁteﬁgar d; fromthe data, creating footprints
I'NC ng 'paraneters relating to pad configurations
on tdpplymg mmemfmauanlparamm taithe éwoemntm@mtddi Hyrtbe fpotpriat

. nclud a plurality o Iy plying a
ﬁi‘t?fg? B}ol%ﬁy OP%)?rtrgPre geﬁs 18%?3 SS%G%FF m&g)fa%? one or
mor eutflixérgfthé fotpringyta cet aperureOintalseentibot prints in the
footprint library to select footprints that neet the
specified criteria; applying a nodification paraneter

21 0 tHaendtRed ¥ dldinSl, VAbRE! cath Hthé RRtprded 18 kisiined & nhrh@that O
nodi fy one or nore parameters in the sel ected

incerppysEassach ofdhriparamelessy | zing the footprints to cut
apertures in a stencil. 2. The nethod of claim1,
wherein each of the footprints is assigned a nane fhat

3i nchhegostheckef chaimnl, Grrtheneompaisingdliessieps of creating the footprint

filter and modification parameter as a function of a customer request to change a

stencil aperture to align with a changed pad on a printed circuit board.

4,  The method of claim 1, further comprising establishing a library of footprint
filters and searching the footprint-filter library to determine whether a suitable
footprint filter already exists to effect a change requested by a customer.

5. The method of claim 4, wherein:

if a suitable footprint filter is found, the suitable footprint filter is applied to
the footprints in the footprint library; and

if a suitable footprint filter is not found, a new footprint filter is created and

applied to the footprints in the footprint library.
21
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20 3. The nethod of claim1, further conprising the
steps of creating the footprint filter and
nodi fication paranmeter as a function of a custoner
WP change a stencil aperture to ali |
chang“Zc} g|oa?1d on a printed circuit board. 4. TghiJng)’iﬁs%@g@umsv
of claiml1, further conprising establishing a |ibrary
of footprint 25 filters and searching the
footprint-filter library to determ ne whether a
6. SUTheahétRod amlasmi 4thurﬂiei" tcﬁﬂpr&hﬂmﬂt}bhﬂﬂﬁg Bbrary of fﬁc&hﬁc:mon
change reques customsr t hod of a| m
oA SHES o P EiABH PR HET Hira p LfETLe ot
suitzBR BotifiBbe phrapieRt Alfdady ekibe to éffectl PhanBe rdq@estedby B e
footprints |n the footprint library; and it a suitable
custemerprint filter is not found, a new footprint filter .
is created and applied to t he footprints in the
footprint library. 21 W 2004/ 015597 PCT/ US2003/ 024709
7. 6. Thereethed bfxdainf6, sthatein:4, further conprising

oS! P Bkl TP SR LA BRIANRGh o

paxdﬁietermapplmd"tetlteeseleatedfmutpram @ndrodi fi cati on par anet er

al ready. exi sts..to.ef fect ach request ab
cusfamity ROtk mEed PR SRS,
patattietef{d ceatsdding | lappitddmmmaehéted ﬁfotprfntsf ound the suitable
nodi fication paraneter is applied to the sel ect ed
footprints; and 10 if a suitable nodification

8.p a*rﬁéEﬁEﬁad brscmﬁi 1, fvﬂﬂfb% the feepriTRetinddes ﬁ&hﬂx@tersﬁﬁh@ﬁﬁﬁge}ﬁm
is created ied to the selected footprints. 8.
nemgfs

typvhnaﬂﬂpm@ﬂ@h iaf {eadgyfaetarin dimensions: Radi shepepndi Ride s
dildlsfagt ers indicating part type, part group, pitch,
nunber of | eads, footprint dinensions, pad shape and
pad 15 di nensions. 9. The nethod of claim8, wherein
th ' I gt i Ng
9. et B bV ARteid B i R R o phllcRE
mcﬁéhtmgtheﬁusiommmwachdmfontpﬂnt miamoelawdt he footprint
filter specifies the custoner. 11. The nethod of claim
1, further conprising scaling data in the footprint as
102 Thennethbd bf @fimO, vitekin'the dostpimtailer shetiffies ércesoinear.
conpensate for known effects of at |east one of the
printed circuit board nmanufacturing process and the

115t RCinkthd® of @i B Ehuther 0GmPHAGESaling data in the footprint as a

function of X~ and Y-coordinate differences to compensate for known effects of at

least one of the printed circuit board manufacturing process and the stencil

manufacturing process.

12. The method of claim 11, further comprising scaling data in the footprint as a
function of rotational coordinate differences to compensate for known effects of at
least one of the printed circuit board manufacturing process, and the stencil

manufacturing process.
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12. The nmethod of claim 11, further conprising scaling
data in the footprint as a function of rotational

coordi nate differences to conpensate for known effects
Qfoﬁ§4/01%5.;\st one of the printed circuit boar q’CT/USZOO3/024709
manuft acturi ng process, and the stencil 30

manuf acturing process. 22 WO 2004/ 015597

PCT/ US2003/ 024709 13. The net hod. of . cl ai furt her
13. C o ooy S hitihier SOTPPLTSCE 1ok dais Pt Gotepigt 16
fabnfic%%'d kAL i PEdiTBoRM o8 iarfinkition BORL en@¥-cdofditined differefesX-

an -coordinate di fferences ., between .t hﬁi cust.one
betwieendhe pustomaendate plgciuabead I8sEopton the prited pirgithoad;; ¢

"board. 5 14. The nethod of claim 13, finther

conprising scaling data in the footprint as _a .
14.f (Mhetrhaimdodf elainat3, Sirther eeroprisingasceling defaindhecfootpriat as a
conpensat e f.or differ a
L R R e R T e
the $GstorAechafipaii®ictiiat pathlobationt on tyermeedicirmmitbaard.ng pr ogr am
code for causing a 10 conputer to: create footprints
that include paraneters relating to spati al
15.C R Eeb@RErl Sdadgsie Sloragh artilbhesioring gagramacolie fur aaysing a
including a plurality of the footprints, wherein the
comp¥IPi nt  parameters are searchable within the
| DEREN fookPriRRRhaY irRIvde Phidfeets relatih@fo sphidl charactersties of
criteria for one or nore footprint paraneters to
feafwst prints in the footprint library to sel ect
f 00 Lo J . gt A . -
appryets B9 AR o DR GARL HecBArES bhBickithe Mbkorin
parabiers avelsehychdble Witton theilibrarfi | ter to nodify one or
nor e_par terSein,at : ' -16. The
confrlar RRRATT el fosbfies Gifla ko BhER! RS focithik
paraeterithio fgh tpriagria thedoatprifitdibrary s sejaut fogtpriatsthasfmachthe
footprints a name that incorporates each of the
Speﬁg:‘f%grfélfeé‘?s.a‘n‘i?. The conputer-readabl e storage nedi um of

cl ahpal} Bmodtification phiameter ad the &sotpriny steetetl by e fibtprietfiter

one, of pads on a printed ci rcgud'fp card and apertures
to pdify epehsappre pasrmelers i Beeleclyd 10RHAY| ¢ st or age nedi um

of claim 15, including programcode for scaling data

in the footprint as a fungtio f X- .and.Y-coordi na
16di The:pamputer-readailq siprgee PG FE@F_&%PQH@W BERgFah e
asfprihd BlcR Of Bl fobiphinRAaHathe R MRS oMités W PEABE paraRBlrs

17.The computer-readable storage medium of claim 15, wherein the features represent

at least one of pads on a printed circuit board and apertures in a stencil.

18. The computer-readable storage medium of claim 15, including program code for
scaling data in the footprint as a function of X~ and Y-coordinate differences resulting
from effects of at least one of a printed circuit board manufacturing process and a

stencil manufacturing process.

19. The computer-readable storage medium of claim 18, including program code for
scaling data in the footprint as a function of rotational coordinate differences resulting
23




30 stencil manufacturing process. 19. The
conput er -readabl e storage nedi um of cl ai m 18,
i ncl udi ng program code for scaling data in the

' as a function of rotational coordi
YRR 2® 2L ng 23 WD 2004/ 015597 Werfusayoerns
PCT/ US2003/ 024709 from effects of at |east one of the
printed circuit board manufacturjn rocess _and th
SrombefEtsic alent bue o1 e RIS BEGULoRmAR B R piPgpSs and the
di. f ¥l g, data conprising: 5 accepting data
sten{{ﬁré\] ca #ﬁréﬁé‘%‘gﬁsgl characteristics of a set of

features; incorporating the data for each feature as
paranet ers i n.a [ BRBEBsing:Cr€ating a library
20. tﬁ‘aﬂlélﬁ%{foﬁ&éo?ﬁ?lﬁ ?gaté%tgg?t%r?t qsflrggs; appléi ng a
5 f oQbqepiiig ddth Indivatingepatislvbetattetsiics of & eat phfeairene or

nor.e parapeters .t t he. f.Qot Q| i pbrary
o iengErieEr gt e chelen IS phialocEa foukiifead O
Cr ickdafih@a 1iBfP) thatigcladesabk fdotpaint namesar anet er to the
footprint nanes sel ected Qot

he . f ' fi
m@pplyingr?efogwﬁﬁbﬁlgerﬁl&t SPFSY thnﬁgﬂa ich ng éx% xgri re 'Bg.rgt%@tefs%

the £ e 1R MRS brad to JdM6tt Haiptad nehechatinieaGhe Specifieér
conmprising utilizing at | east one of the footprint 15
10 critevtyes t o change the spatial characteristics of an

obj scf. odiBEatTRLAREhetd: 16 tRi50tRAnt nakes SéiBctbdBy the
Spaatppg}n aracteristics include position, and,
foogprimefilsir do sodfP oRBor MoPRIRNEterHIn t %@gle{cﬁé fggtpsint pames.
footprints for apertures in a stencil, the nethod
conprising: determ ning X-coordinate and Y-coordi nate
21. difHeanetnaBef chréh\@0efurther) comprising wtilizing aidpastone gf thy footprint

feature selected fro -printed circuit board
15 namgsdo Shanee e atfaﬂc macg%rgﬁgﬁs?f?%ﬁgje%) an i nt ended
position of the feature recorded in a data set; and 25
scaling data_in the data, set .to.conpe t. [ =
2. acitheviclbes o DS, Shiew o drgel SRR el plsifpng
dm%% further conprising: determning rotational
|1§119erences between (a) an actual position of a
feature 30 selected frompads on a printed circuit
20 23 b%%%ﬂ?dlfjfof&t%ﬁﬁya&éiﬁ RBofrists@hicdpertars in(axrendl, therhethatbd

‘position o e feature recorded in a data set; and
comprising:

q

determining X-coordinate and Y-coordinate differences between (a) an actual
position of a feature selected from pads on a printed circuit board and apertures ina
stencil-and (b) an intended position of the feature recorded in a data set; and
25 scaling data in the data set to compensate for the X- and Y-coordinate

differences.

24.  The method of claim 23, further comprising:
determining rotational differences between (a) an actual position of a feature
30 selected from pads on a printed circuit board and apertures in a stencil and (b) an
intended position of the feature recorded in a data set; and

scaling data in the data set to compensate for the rotational differences.
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scaling data in the data set to conpensate for the
rotational differences. 24 WO 2004/ 015597
PCT/ US2003/ 024709 25. The net hod of claim 23, wherein

0@&61$$I7 position of the feature is deter ml;&eiﬁ]s J?)X/024709
nown eftects of at |east one of a printed ci rcwt2

board manufacturing process and a stencil

uf agt yri_ng, pr.ocess., 26. The, net hqd of claim 23,
25. B Bicfpof ipZ chish 42 Vﬁ&sgv et PG OB e e 4 dctertiied
by IhSHR chefS Bf ath¥asBSellalpyint¥8 3fbikit Bard et RuRYShrbEQRs §ndon
at least one of a printed circuit board and a

a stepcil megnpfactuying pragestet hod of clai m 23, further
conprising cutting apertures in a stencil based 10 on
the scal ed data. 25

26. The method of claim 23, wherein the actual position of the feature is determined

by actually measuring feature positions on at least one of a printed circuit board and a

stencil.

27. The method of claim 23, further comprising cutting apertures in a stencil based
on the scaled data.
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