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el ectronic assenbly 5 industry, printed circuit boards

are made by attaching el ectronic conponents or parts,
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As smaller printed circuit boards, particularly printed circuit boards for such
items as small cell phones, d1g1ta1 cameras and personal digital assistants (PDAs)
become widespread, a typical prlnted 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 paiterns 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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onto the printed circuit boards, the plurality of
wonrbtoessoti rcuit boards will be cut into indi vPduais2003/024709

smal l er-sized circuit boards that wll eventually

find their way into such el ectronic equi pnent as noted
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mat1 ca duced i f the new Stencil to be nmade

dramaticaiyrodeet] uf t(hd nwvtstenaqb &r baimede ismanufactured with apertures in
the correct location, dimensions and shape. Today, the well-known Gerber file is a
software-based representation of the X and Y location of each of the pads for each of
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,

2



10

15

20

25

30

25 the correct location, dinensions and shape. Today,
the well-known Gerber file is a software-based
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pads for each of the parts on a particular circuit
board, together with the shape size, orientation and
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manu effectively. To prepare a stencil and to cut
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smgléJl {;)r(zi}rlttecllJ E:lergullc Qo;rlcql Typically, there are multiple instances of a particular pad
pattern formed on a single circuit board. At the present time, when a manufacturer or
assembler customer determines to change, for example, the size or shape of the pad of
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 where 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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However, a significant problemis faced when, as
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component-to-PCB connection problems later in the assembly process. Misalignment

of the aperture and pad have several primary causes including: variables in the PCB
manufacturing process, tolerances in the printing equipment alignment systems,
variations inherent to the various stencil fabrication processes, changes that occur in
pad /mask definition after initial reflow on 2-sided SMT PCBs, ec. 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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15 Personal Conputer running Wndows, as well as on,
for exanple, a Sun workstation running UNI X. Thus, it
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oper a €S I n conjunction wt
apertures to be cut in the stencil to compensate for variations 1n the printed circuit

board manufacturing process and in the stencil manufacturing process. Scaling can be
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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to quickly and cost effectively nmake changes in
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intervention, thus |imting this potential source of
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DRAW NGS I n the acconpanyi ng draw ngs, descri bed

bel ow, i [ﬁ{)gence characters 5 refer to the sane
DETNL@P@E%&%B t hroughout the different views. The

dr ai¢h NG fu@faestPdtencil 10, much as described above, that has a series of
images 20, 22, 24, 26, 28, 30, 32 and 34 formed on the stencil. In the embodiment of
FIG. 1, the eight images 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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upon illustrating particular principles of the

worbhamdsssand apparatus characteri zed in the Depariuseno3/024709

Description. FIG 1 illustrates an apertured stencil
having nultiple images formed thereupon. 10 FIG 2 is
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data r&deBR8 Rm %ﬁeelﬂ@ﬁtla@ cir@litbcar@biBemPBlep Hhdl€shstratt a system to cause

measurenents nmade with and w t hout various for of
the stacH mangfadaine: t07cutspea't1u'bm36, 3804{%3 4R2i frly Qe f$and 50 in the

1mageé%8rfg%%g gg r?&n é@’r C o o gtﬁéet stQﬁ) afe?re Eﬁt{l%,%%%ftware

relate§ SPESHRRE, &% ateolifRflutes, t0al ;letﬁcﬁilﬁ cobrplutetr iharivafe threponent
coordi nat'es on the\?“ nted circuit boar DETAI_ LED
or p@Esctmermf(me ERELOGY sofreare samselect apariicuar part apgd @ssigs

pamcg 7 gl%nlél?uetd%% gﬁ%c]%é?ﬁge @g%)eaana%é fomBir anl THGESH %?corgfots

and fornmed on the stencil
that nﬁd%ﬁtl@ﬁ’@@ﬁbip%ﬁﬂ t@the s% Flape, dumtehaneigghtion nfihe spads on the

i st o, o, ety e AL
A g e i

nameexd Weﬂ inaind menﬂ)pyaof the esmBoter §Btend that =, comzputezr@oftwgre
and 50 are fornmed on identical inmages 20, 22, 24, 26,
operafgs. 30, 32 and 34, respectively. It is noted that each

ofadien ta%@é 136ey @0 wiB th/ PRTHBG Yasbitwhe, witnadg obthe
is Inthe sa "ocat i on W th respect tothelrraeand
aperttiies 86, 3&;&91423#4966 r8apdrifds 1 eélzﬁﬁée]@é%ﬁeﬂpbfﬁsbqlpﬁ‘éig B%d or

t h i nowhi ch |
opeirGitn SRy B bl RS o ERARtn 3 i
ofth@co?ﬁ‘ﬂon@ﬁts talfl kS thAOn3GIBié4o0nT TRGTANYS2663 paaswiie

38, 4 42, 44, 46, 48 an 0.t hat
51m11311 ﬁ@pq:tg)r@ggabutt mrh@ma{lam@@ﬁqup@ gy dlfferer% CO(I;nopra.{‘lieeg qgaqg dlfpergnt

pad sizes on the PCB. Each must be saved separately. Customers make
modifications according to the part; thus, all 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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only two contact pads. Hundreds of pads, and thus
apertures, may be required for a particular device,

weuel/ass9for an integrated circuit, to be attaebeaStm3a4709

printed circuit board; but, for purposes of

sinmplicity, the exanple of a two-pad capacitor

<9 | Sl tirGli® Bhard s TR moAdkatiof bi@ke,
or mor‘af’ggl%g)%g% ogg}é‘li/ér,lﬁ%gnl, alm)n%I dther thi ngs, take _data
aperture@ eeihvatbnbilpie bteacimamaattaer begins herereasebdpitEyingnd

e o e A 2 s G MBSt

i mges 20,22, 24, 26, 28, 30, 32 and 34 through
the Ste%‘ﬂg stencil. The TRILOGY software 10 rel ates an

apiey softvesre applimation, dofcrilprst harpiasis steed op acompyfesreadable
. comput er r.d onporent " r-s of the
medlm#&i&‘%g%f%r cﬂ?&ge@lg@t et%gpaélfl Itq:lﬁl %{dﬁeglrlﬁ%gsrltﬁ and
commgraiéétﬂﬂl WA biceHipRterddcts SutttRst dxecitts instedtions esibadied in the

ape and the nunbér and | gcation of contacts tglgt hed
softwaneistdet dndrprocassessbo dala enhasdiedsinAbe saffyaye CORPRBRIS: SfEFTLO
| gcat.ion of the pad ' . .
velow o TRl g £ B s PPl e e
detail %l%{v, b dtRiBetolmaalfagedaganirese (p) Ffobgulint i syubal liveay d.(b)

us, the particular part is ideptified,. given a_..name
“footpainti HifasERritc) TEORBRSIOP BREMRIETE. oA BSFS AB PERIGE

- 1he. comput.er ?ﬁ%m@r- iR khOdwsl fildXoy th
mom&?ﬁ%é%r ,esvm%tr?‘g? e &F%ﬁ%?ﬁdﬁ?@slﬁen any olf t he ©
purpo ST dhidh gisig I si8, lodkllon 4R/t 4hapkGof thgapegrtiregn §he software

i zed, rel t haped, ,the 20.
applichion canAlar (AR Eos i A1 ape el fonu R Hlahaha o
stencif"n%ggll#t I&i@&mﬁ@s £AAD stedfil Wi GRMRePBYcbRRNESwWRhd seiekedt he

atton toit. In many cases, parts with simlar
footpintnct i onal i ty but, perhaps manufactured by different

conpani es,  have dif nt '

bl Tetron reefon (PP JhoadiE fh RPES THILUEY S60 scEAbile
applic%ﬁeﬁ 'éﬁ'él?ﬂesttﬁe ien PRl Cerbidata ald ethbakled aperiiralisifart s,

wth different nanmes, 25 nust be | oca{)ed and

h
Gerbat27A K pilatrepuisents skt ladinengds 9f thepags e bg ?9@68‘851'5 ﬁh?ﬁfr‘g

nd. can cause Im to i SH®R &0F
vads ik 02 (35 aTMHRE Epcfltfos ot Lt 3R Gt TG s@fciOtn
order k& BERRE thelphiited insatriabin tiniedreect losatior eFhe SPE ardule analyzes

pad “;gftn%{?; ’Spgairg{ es?q%{sh%ﬂq%’(ntgggsﬂt ﬁfgﬂﬁ htg gfﬁﬁ{?&o I)tlpglgf %ﬁrgréle SThis
is ref?r%egcf tg:]agé‘tf%ﬁblihﬁg{la%gi?‘?et %g@gﬁﬂt{? %‘gggé;%ﬁfgog ‘eﬂg Fl?rﬂrélg??ed
pad papams ap@bivedin drdfoappht dbrarie Fohusefas sofiass piograny such as
the DE]?A%%%{IM \P/%rﬁl}r/]?%qglﬁo gllgg prso%tréc’m ?a{va?lgglretﬂ‘grg Tookson
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 mnatch 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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part that is to be changed or otherw se nodified. Wen
a printed circuit board manufacturer sends a

wandi4foiigsati on schedule to the stencil manuf act BCEUSR@®3/024709

nodi fy one 7 WD 2004/ 015597 PCT/ US2003/ 024709 or nore
of the parts on the printed circuit board, thus

the mﬁﬁﬁéﬂ fdd?ﬁrlr{@gbfﬂg%ﬁeMr AN th@RRibrit BBmieN ThBeodification

stencil, the stencil manufacturer begins the process
paranwfteritnentes ipstngetionseur st shatgss mustibe mede tﬁofhﬁ 1552? afthehe

i3 el TR ULy PR B8 555 s 8 LEER 1 05

is to Besxn&llﬁ'éﬁq{n@ﬂléh §SKIPHaEEort Sﬂﬂlébifﬁsatldﬂiﬁﬁltbl B (rede to the foétptint
drive, CD ppy disk, etc.); and the nediumis in

(by vop efialteieg ﬁhg ﬁ}wbr:h filg).c Shputle setmek@ﬁﬁ inchdes @ Rmetiorality

that calil Sl&r et %f%g gﬁtg 3(;}' 1% ftlon cﬁ‘]t gﬁtﬁ/@ o the pad.

Once %ﬂ%ﬁ@ﬂi‘@’ﬂﬁe apiﬁl‘i@d Iﬂlitﬁﬁbw Et&b@‘dlata'ﬂﬂ gavied hhd)vherl@vst filedethen used
conponents of _the software application, described in
for fabgcaiggathe stsedidw, are utilized to nodi fy the apertures:
( | ( s
7 p PG e S HERGhp o katon B, CORbRI haye an
unlintiteé hentyee obdi€fertnicmodifivatidn & | on ruI es" prograrmed in
the system and appl ed to the d file for.the
pUTISGRECESS EsI G Iy ORI PPg: oFR OGS IliReS 8 Rty
convérﬁf%fl aﬁﬁéfeﬂ{ ﬁf’exﬁglescﬂfah%%ate@%@ﬂchﬁ%d BntCi8 Bivah SR
e code [terin he rel ative positioning of
de31gaaticmsm Cﬁlmdr()a 126 ss(baai)lowab ) bpirrecipdrxBir dei‘ie” tihihe part

d th
type. S hgprinpie et dfi Bt iR ER6 PUERRER b A iR HAkn
standy%r%aa {TrpaA%aY iH0e Qlaﬁl@fotf\ﬂw fSart @P0p) Tﬁé fifyd nambéyinese
the submitted Gerber data and enbedded aperture |ist

seque(n@e gs the piteh Ges. , Hradistandeetwegsrthe epntersOh Broxamale rk@a Shds
measulheg in g%lgsa@m%% boOAR)e &Qég %ﬁh%{e se-gFIS i ?ehrqg %r of leads

e’ Correspon i ng aper
(herePI HBIRAUS)OTht keexs two ainbers arothd@ententodembei Wldth‘tmd hel ght

(ot whh g Shesbtal mii meirony hFmid s TBFi mes
bemée‘?l”EHQ ERers' 8‘??%‘85{1&# A4 W tlfe%tafﬁ biMintdd eﬁ()ﬁg é( verfiBAlSlane.

sre erre otprlnt mat ching.” New footprints
In ﬂ']JB rembodﬁﬂem;:thé arentdrito centat witkldis (Ob&) pehdseanbthe nentsaived

f ) .
centep Peiahtin O 2 cles 7554 R pynares axeyifle Rt Bo oF e
shapé)rﬁgr'éaﬁie(s’ﬁé{;ﬁ:' b?ﬁ{eepaﬁé ABvaP e ev@y%ﬁ&h H 1@%60%1%@1’5@' Yhe

ial's, Jersey Cty, New Jersey, USA), each
final ﬁdmtlﬁ::r reflepts the dimensions of the pad, in mils. Here, the pads have a width

of 0.025 inches and a height of 0.080 inches (where the pad’s greatest dimension is

regarded as the height). A customer-specific identifier (e.g., a “ship to” number) can
also be inserted into the footprint name to enable the footprint to be associated with a
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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gi ven a uni que nanme based on a particul ar nam ng
convention, which is described in greater detail
woebawismand which is illustrated as an initial PETAS2008/024709

the process shown in the flow chart of FIG 2. 30

Once the submtted job has a match for all the pad
softwaf)eai%l{)l%lglgssa &{&QPé?se b PQhR stor%ﬁsf@&tgﬁh't ﬁflerk &riiBA6diflohifon

sof tware applres any nodification rules that have been
parame&t. Wherf @litihder aemingrafootpuibnfilter angl 4 hedidacation Parsmeter,

the soffpare £ APMSRETIAT HERE 25T RALT SRt b pofils, 18 uay; have
a1read§P§§eP@é%§%§>&hle SadID ik metibh ey 81 WRIY HH4/EE5 R formed for

024709 the matched footprints using sone,
that or paothenecustdrherofIf theelafabategn¢indestherfootprnt fiber ndanedibigation
ar anet er

I ngl udes. i nstructions, o
paran 33 S o Bl SF b HEA S 0T BRUER o v
footpripHittParddafb mdlifidABos phiaieted. Thisdesanitisast titesused baipplied
footprint is to be nodified and then asks what sort
to one of nowelfdatirnts essigned toa partisplas cestompR oFf Bi§t ghanges can ey

way qf terin e r L1 . e -
made 5t Aottt @obiabiioe R fSpribly Bluipd bt rbubfhnfini it
specified pRRm BTk fand1ERdf QUistpmsi dssotiatidn. t Heheaheartgerieintended to
refative to the pad. Once all_ changes are appli.ed,
be customecrripacifies the cusiemer-snecdigvdentdizs 11 HE IHURTIMIPEMEdS t hen
usedaf b &atd Afed b O N tHR ;s @f
compageucfg’ghr?g%}g&%g S%e%?fﬁodd‘lg ?[ F%%ﬁ t%% ?ﬁ#l'{lntdfﬁlg?’orrer’s maey hav e
matchathe fd&ptind haid i@ dnodifidrkin astordafideewith therppeli-idedanodification
sets. The process begins with footprint nam ng. The
paramgi§f: war e utilizes a naming convention, wherein an
e f | hahRds Sdsididd to hpatiRilaftconspodbmen
tﬁg&p%g& lgﬁgdt?lf%#rﬁ?c_qf ps_48 %Q_%S%fgf?’o_ovcgn?wi nrect
chang@5ho8he safhe components thivegiet the piyfed caet beaiddihoatds san be
X Lhat the foqtprint.is fo I.nt.eqrat cly.eul and
dentifigf Mg i accbidanfe M Sehpif FRGE fhnfidiftiden 2
paramBREE Pe 38R lugtAbPgraphieally inSKIG1 I Rerein thdifbotprints are

sequence is the pitch (i. e., the distance_betwe t he
namedamt atded 66 a bty rardeas is fardher explangedglopns %fqoépr(rﬁgf@,r 15
. Q..040 inche d . : s St of
opif S48 BFRFEhn D) BISESIRGAUES  hon! AprRUTEte
footpréift Hafies tOmMOAIY @hramettirh theredn. h&hghiodifididbbit printmaine} are then

whi ch are neasured w th imaginar orizontal an
used to @reduca b medibed stonailedafpatterp i %‘5@%{ © Wt B%&%ﬁﬁ?fe
-\ -hoard oriented along a vertical plane.
apen#%gg%%gék%%glhﬁlgnt, the center-to center width is
0 Fb8frinnfiltess, definelthetparts ent@npdmsats that are to be edited by a
particular modification parameter. In an example, a modification parameter is created

to reduce all parts identified by the footprint filter by .003 inches globally.

Alternatively, dimensions can be magnified or shrunk (e.g., reduced by 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
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center height is 0.230 inches. The next two terns

provide an identification of the pad shape. Here, the
wehepd1sf7t he pads i s oval, except every sixt hPOTUS2®3/024709

rectangular. The final identifier reflects the

di mensi ons of the pad, in mls. Here, the pads have a

edited. gﬁﬁ?&r g aﬁgfelﬁg‘ragrgé g i % @%I d 10 6hOPiradbteP cABBe hAREEES

re mension 1s regarded as

using t}k%ﬂ&%@l}aﬁenafe emt@;m uﬁqlmsndre ts flated befwasn epeh part of
hip to" nunber) can ﬁgm inserted into the

the nam‘eo@t@pt the dnaﬁ@lqrba@r?éﬁﬂcéat‘? P FHVfit to be
associated with a particular customer. The software
al so enabl es nodification of existing footprints that
are stored 30 wthin the database. For exanple, a
custoner may, due to the introduction of a new
smal l er-sized part, specify that all 40-m | quad fl at
packs (QFPs) be reduced by 10% in size. In addition,
the custonmer may specify that all 40-m| ball grid
array (BGA) apertures be nmade square, rather than,
for exanple, round or rectangular. The 9 WO
2004/ 015597 PCT/ US2003/ 024709 software includes a
dat abase in which are stored footprint filters and
nodi fication paraneters. Wien editing or creating a
footprint filter and a nodification paranmeter, the
software first searches the existing sets in the
dat abase. The sane filter may have already been
created or the sane nodification may al ready have been
performed for 5 that or another customer. If the
dat abase includes the footprint filter and
nodi fication paraneter already, then they are just
applied as a rule. If not, then the user creates the
footprint filter and the nodification paraneter.
Changes such as these can be applied to one or nore
footprints assigned to a particular custoner, or the
changes can be nade nore globally (generically) to
all footprints sharing comon attributes anong 10
speci fied paraneters regardl ess of customer
association. If the change is intended to be
custoner-specific, the custoner-specific identifier in
the footprint name is conpared with custonmer-specific
criteriain the footprint filter; and, if thereis a
mat ch, the footprint nanme is nodified in accordance
wWith the provided 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
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identified and nodified in accordance with footprint

filters and nodification paraneters. The process is
wohkbumisamared graphically in FIG 2, wherein theCcT/us2003/024709

footprints are nanmed and added to a library; and, as

is further explained below, a footprint filter is 20

applied to the footprint names. A nodification

paraneter is then applled to the footprint nanes to

————— e affef 648 t-h | df g B, T POUPT T d | cue]

Parts Tagggieds aﬁﬂt hep DiRe3 aCtor dltjbg%lg}g P&g§l ed Eép%gz? -, dev:rent Edit
dat a paMlOéF’n n $¥tor|d E\ﬁ hi 17" pa{é i cu g %
desigh specification int fileBguey f i ne—t KK Pe

all = all patst s| 6F comppBémks t|hat# ar hfo be| edit ed i [oBimen- | Factor

sa = asyar t i cdisancepfglobelat i jomupar pheight . | pWmAer ¢ lie, Sgn or
metncal@iﬁﬂsf gation paraneter ber cfeated |to reduce alll parts| Value
SS=Synﬁ1g§nt Laed by tWh@nf oot print|filter|by .0038diwnches,h #
rical par%l obal ky. ~ Alternatively, dinmensionhs can b€ whgnified | num-
ns_nongf sh J&(e J., reduced by|10% by setting a [factor, ber

fhen multiplied with the di nensi pns of| t he
standardcﬁa]rtal g? tprint. |Mbdifig¢ation paraneters define
how padid3fa i1l be podifiéd to conply with a BO

parti ﬁ,lﬁLapaLt-uLe—deCI gh—speciH-cat+on—ethange:

Modi fication paraneters can be set to globally nodify
all pad shapes and sizes or set to nodify only a pad's
wi dth or height. A unique nam ng convention can be
enpl oyed when creating or editing nodification
paraneters. The convention identifies how parts of
certain shapes get 10 WD 2004/ 015597

PCT/ US2003/ 024709 edited. Based on the sel ections and
input to each field, the paraneter can be naned usi ng
the followi ng rationale, wherein an underscore is

pl aced between each part of the nane, except the

di mensi on and associ ated factor or value. 11 WO

2004/ 015597 PCT/ US2003/ 024709 Parts Targeted Edit

D nen- Factor D nen- Factor 2 Level Mbde sion or sion
or (Repeat for different Edit Val ue Val ue Mdde type)
all = all parts; d = Blank = # h = # Edit D nen-
Factor sa = asym distance; global; num height
nunber Modde sion or netrical parts; v = w = her Val ue
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ss = symmet- value; wdth. d, v, w, h # rical parts;

f=1f, wh num ns = non- factor; her standard parts.
woehood/oasdrh /  height. 12 WO 2004/ 015597 PCT/US2003/024709

PCT/ US2003/ 024709 Exanpl es of nodification paraneter

names follow A nodification paraneter for making an

aperture having a 0.052-inch width and a 0.075-inch

hei ght for all discretes of a certain size (as

defdn{iftés bY nidagfidarion pesantetdrinates follosy. nAneailifigation pasanyer

h75." A i ; : _
e SeLCED B T B e o8 €
discre%l:g ?)f ygértgfﬁt%r%élrg% g n{gaddgf th€ B8dt ¥t AR B nehed Or reduci ng

arn Tnte circuits (as defined by the
“sa_v F08) pYSOt A ddréearprith gh®vidg4hd ereltems ¢ﬁthisen<y%ﬁcaﬁ@nd>a@r9rr5%

7 71n height | d, " d w f.h 95 "
is proviRetBIEIC o | IngaPrst eyarani 3 pegifsgiehepRgE o APRRBR o,
ceﬂair?r%ngﬁg?aﬁgﬂ%%uﬁé’ 89 dBfRed Wﬂﬁ@o&bﬁgﬁlaﬂlﬁlk%f) B 8.084 1fkhes in height

_ I'cat1on parameter ‘hamed, _d_3." Footprint
and by bYtie heighufis nemed &spalr vé_Hih B5chpe sielAnothes Cxane: AldRirisy

L T
modi %{b%éﬁwﬁ [ dgktiple custoners in the

uture; or the filters can be specif.ic, [
{ Feotbriknt ilciciafin Ghaparis (a COPERLIEy b5 AditeRa e BFiEaRed

Little chance for.tes i :
modificrit Bt ooty s et Gl s FHEh BB R e n
modifi bR s6@ for RiEE clstemes e trshtos;at di Biiss oaebe specificd

as a prefix for identification. Th f '
meaniug (ha s fels WEHIUSHOWEITSY. LHOTSE PBLARShHTTT PRISEY S
use b}li ﬁgqte Fc::}% torél‘h’ersfigrﬁlﬁl&emUﬁﬁfc%ﬁ& SN e pe il O B0 tship to”

I'ONs 10 create the footprint filter. The
numbepftmahe asheintappisi@sertrbenrfl @t prafixt fof idengficationt he

{1 GO PLEY drarn REHE ALharuD et 8} hbehea

FIG. 3PEEIE G tdledtBEseldcibh ardinstBiciBhs tocrapthe fobprint filter.
paraneter edits to the selected footprints. The

The sa¥taetectbien applies the Seatprimtdilier & the filier fhnd g)gtc}gprlemonding part
foot f o e{h arl? taSgQCi qt ?1? ﬁMaf y Q[itﬁg gﬁ’teﬁ£ sﬁ&ﬁié‘dqﬁttﬁé fifdr in
PRARER the FUSIHRcT $0318 g, fay nget fIee

order to apply 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 used and as more
information is entered, the filter becomes more specific.
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The system adm nistrator can access the filter
adm ni stration area through an 25 on-screen main

woem4/01$Boneral |y, the filter to be created i s Basa82003/024709

upon the goal of the rule for which it is being set

up. F_o: exan‘plde, if the rule states "hone plate all
acitors and . .54 : HTdAr 6ot T

AR petrpsciien RS Bl R e e e o

menu (é(@iit sﬁééh ﬁﬁﬂ(ﬁ 43, asbedecgtaer typhyais piosiied adlosdng theoser iorfippeEsy
sha

e tool w Il t.h
the ptspt, SAYS bl ioPB e BOLPSEaD: A o e B
parts ingﬁe g%[a-f @g _nfﬁ’o %h?cﬂl%%ﬁ@@ﬁté il aaRa dircutpachith arcf denbaiily
‘ d-as’s |§1_ed options within the software jnterface
multi-l&aad)| 2 ok BHesiddd desiced keldctigg 1€ ellbws yeude @grrg}yttb?rg terigl | y

. by software as , functionp. o il ’
o s ot (R R
' HRELEE pdchgnd ¢ i Sdisawete,” whi
represeé%eb%lh%q{g N ERY ot o o;%sg% P@Tﬁ%g;%%g? 3)5470 te’wvzhﬁich
represehtsgassivs deviens thattaey Mabelqefes pabliatsan By eoidRafaEiots
shape fl rS.tedrop-doyvn nmenu (as seen in FIG 4), |abel ed
pesaphpigetype, " is provided allowing the user to specify
}A‘ SeoBRl trdpl@Syn Aea) labdled, opittlh snchudésuitie folleving options
ofTow ng™ (a) "all, " which represents.all. parts n
tat cat e el by Y e, ) NV E R o Hichgiabapt T
13 Qal rc 1.C I i :
R
the assbéibfe@piteR vallbE) vhetethedistd @h ahsucpesyiderinSORtONE &rghe filter

outline packa ; "BGA, " '
to inclg;lq: ;@ar@rsn@ygr or%.gé)@]p ’aqa(ggée 82511?3 g%tﬁl\gg Igcl:% 8??][1%8{6?1?%%%'3‘6%@ |
menusr?glfl/%% rd?tta-eeéltr %'nggw LBRVARRNG St RABDI &Rnde vhlaescanddo tar e
OF SP8AEEd Van t?iat can have a w de variety_of

entere® RpRR®r amthtiong asdesigh duis thebnerneplly PcEanhciesn ?éiﬂfqg@j b ,

"pitch," includes the follow ng options that can be
files. sel ected by the user: (a) "all," which includes all
p Attﬁil;l? ﬁf@e&vﬁﬁﬂﬂn&,%beléd,&ﬁﬂﬁbér sz, abfforssthe fillowdng o
. be ent er d that narrow the filter to_select (z arts .,
optlon\MI {d) “atlfy eylgshnmhuleéﬁafﬂﬁ with apy nywéer %ﬁ’éﬁaQS;taﬁg hﬁéiﬁn’%@an
. al so proyj I-NStruycti.ons _f ol t £l ' P8
whichallpys Ht?fz? ﬁé’a pla]Lé{f‘ e)[(r%1 2’tﬁll)g((r:ﬁ)l[ﬁtch][{eﬂlﬁl\l/) a l?tef%ear?ts e edgf‘\&/l% a
havin%{ﬂ HSOhEET e AEOR [QNthhh spedified, aineh via delectienstanyl data entered
. i ndows, ~and where optignal tol erance values can al so
via adgionelndrep-dawnonenys and 05 ArtaenEY VPP Wasi gn dat a t hat

N B LA olph e bty
heighf,’%ﬂf&*’!ilﬁﬂar options: (2) “all,” which includes all parts régardless of
footprint width or height; and (b) “range,” which narrows the filter to only include
parts with footprints of a specific height or width; yet another window 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



10

15

20

25

options: (a) "all," which includes parts with any
nunber of |eads; and (b) "range," 20 which allows the
woibi4msvo find parts with a specific nunber oPCraaa®3/024709
(pads) or parts having a nunber greater or |esser than
speci fied, again via selections and data entered via
It onal dr op- down . - WS.
parts v e TroU RS O GOy e ey LT I b e
add1t1o}(‘iﬁl;”l£rlhd?i@ri§i ag i@ PEd¥idadtto atlewgnitry Toroh freleraicei The p@bt i ons:

whi ch i ncludes all arts r rdI of, 2
dimensiostape determingd Ry meaﬁmr@hetWS% ¢ BPteﬁn&% Bom |e8?}l %

r}*adlat{h%fl:’\g’tﬂi ge‘gi)ééuh hd* eﬁﬁ‘ loﬁ ﬁﬁé §€‘i§ct191§6f §1t}Yér (@) “all,”

peC| t or wd yet anot her
which chﬁﬂ@yvall pafls Pgartides ob sh@lej and (ebh‘fnaylg‘ed rwhlch@llgwgﬂ@eﬁlter to

whi ch i s provided to nsusre t he system
find fosimmnFeRonBHIIRE SpePitBIBE BRI chite dF T Do E TP
V&6 pads, heth
name; ?(g e% E)PEF %gélﬁre@#g doyr?gl ng?gltgﬂetégr?%{aryeg by "f ?gr: n tehe
custonit@ ifayb@aish do ardHy thdse pexsiner mpwien dd figrent fronpihe éﬁ‘}ﬁ)% Wlth

pads. Sim | arly, dr op- dovvn nmenus are provided for "pad
reCtanwléP[R?dSand '‘pad height.” This filter allows selection

ShLARY &ﬁ%l feé’t'ufc—.us’5 mhih ebfetd1eleudos dldithpaga) Sall” or (b)
regard esg part's pad w dth_or height,;
range “t whigh, diremtsnhehﬁha‘rtp dinsl foeiprings Gp’éﬁalfl@goﬁ"?p}}e JPReiR % e4

004/ 015597 PCT/ SZOO
deﬂgné[ﬁdf dBe H¥ntOF EEMIPR 85} Ig\& pea?f3 %ﬂﬁgﬁ }E}avte

chamﬂ%eqtcﬂrﬂérrs Re iy pa@tnmé\jii ﬁa\te! abmbtamguhzdr) wadssemgpt for pvany 6t @ad,
to allowentry a toleranc ﬂ\ﬁé‘gﬁf nsi Od’lg
whichanay hmo‘@lnﬁtve@raﬂy th@é@mppﬁal t?g ﬁ%m% ﬁb‘é‘? yan
ts of each her still, a "special pad"
admmﬁsgliqﬂn Z?Ifgg?%g? gfwelf:itE %1&1 of either (a) ] " g whi ch

"all,
' Taé Mﬁrlﬁl-ﬂilt@aiahﬁng egrenliess soifiil ahtoptbat elrfdie (ngpnnt itself,

" whi ch_al | th f t find f
a5 wellon e o g RN B e F bR apeoiEek R AL |

enteredha?xd ORI %SS/, A&%%ored. %ec%ﬁ%@bh&h AlteRhisatlit nl2d“stringl’

ave oval pads, and the custoner. may
to assitt &l rhl@s et figtratorein dogating @ freviensky eneared fifterand for ‘PY%%H

t he P's with rectangul.ar jdnally, a
Conswt%ft?é{q:h&lna%’é% &‘?@@ml%ﬂlgmolfef Séﬁa Q?'%:on of either (a)
| 'g F1RF b may RNE6ad onvdpetilficd Ak EthbSﬁltehl @afnelis mad¢ more

oot prints containing sone special feﬂt ur,
spec1ﬂca3’u gnea tfexghdyyntotihe fpotrint paming SHN S, A4S te&he%ﬁm??am?re

spemgEl reta%e cgﬁgg f(t%ﬂhtPH t 18 tgrﬁ: glg Pégﬁ[ésgﬁ ggl gﬁ)zcgfgg{lé lttﬂr willhse

or every
target@ﬁg‘paﬁ‘%cﬁown to the pad dimension level, an entry for each preceding feature

| '1

(part type, pitch, number of leads, footprint dimensions) 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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whi ch may be oval. Generally, this conponent of the
filter string will be used by an 15 admi nistrator

woangansseg a very specific part. The footprint PETIUS2003/024709
nam ng convention is simlar to that of the footprint,
itself, as well as that of the nodification

paranmeter. Again, the vari oPGEANEL ETSpgr € |ent er ed
a_'r_\rdr canarataoad v, ! .
Sepatrarea—o tHHhGet-SCOoNES: ecausSie seqr it TirTters

Custogge | t he [nami ng | i

_ g [strifn to aspist the ryles

Numehni a8t Ir §ipar phacat % | Ho | wideh E Vet 5[ WideH) R iofd] Spedidlehad

(if Filmnd | Tgpe joveral | | 20 coh@ﬁd§t ency| the jham rg convention | features

specifivs be |strictly followed. | The filfter fa y be
broadanr| speci f | cAllAs Ahe |[fAllt br Albne Al na’db nor éll All

Special

SPegi ¢ o SOF,QBPEvalel Ve |Vatue] tVuud Podlps|i VeiuenjDésegption | Description

AJ'TiI!B[(}% AS ey b §hiubgcones nore specific, each

ptegeart Iph cY rnt—featune Vﬁléﬂ%é@stﬁenfcﬁganc@(?/alhé sHollRl be placed in
filge targetlng

di ng nS| 0 a’f‘?—ﬂf@F an entry |f p?g}esht meggté) 2d) ng ?galui,:méhe Filter name.
25 (|pRist | srypesiepValnl Valiiter Rt 8%; O oot Pesnj“a fons in front of the
di mgnsi ops)miss i ncl uged in the name. ¥&A ¥liehe
naming sf multipl¢ hat cpre afiter the |evel of specificity

needed do not need to be included in the filter name.
The conponents and options for the varlous nete8%32

| Asanexrmpleop caneal Al name ot FUledRANE PRRTHE DAV
1nchesP\glgfe (a,lﬁlS 004 qug‘ﬁ%%@%lﬁ’g%ﬁ d& sﬁ%%%é?tg gé gzézlpal%ltoﬁoﬁﬁll@fdré"t
etc.) tHatpavShb obidint omaxprm@emnmm 0. O&Qi >gﬂ1050\|(llmhhs ¢let which the

Speci al Pad Feat ures v
pad sizg fs (ap30 MO[O4A ichep\ds S8p Eﬁﬁl }&#a% é\%i“la' @Lﬁl‘“’c’é’dl\?(rﬂ“gle of
a ﬁlter\F{ﬁ‘AdHS (Ve 'cPé%uQﬁ §1@£§t1ﬁ¥édQH FEGS@ i Fbt fiduciBgA Vel Linchaiteieof 8-
When used, the Tol erance val ue shoul d be
pin QBP ad:eyd) 00¥ inchrin sidtbrasd bpfaﬁ”/emthfelgbé(aﬁé%’t’ﬁ}t plolgrange; e| d

iS5t oL e 5 e S Aoy v v
“ic_qfpN25(29SSOCA @lﬁlﬁﬂnﬂé,&hﬁ ovia |f<9iﬁ*educ1ng all square BGA parts by 0.003
inches globally, is implemented with a filter, named, “bga_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, efc.), which is maintained for a particular

circuit board or set of circuit boards, is then modified and updated with the
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multiple As an exanple, a general filter nane for a

rule neking apertures that are 0.032 inches w de and
wo.20ik01539ches |ong for all discrete parts (e. gPCT/US2003/024709

capacitors, resistors, 5 etc.) that have an outline or

footprint greater than 0.080 x 0.050 inches (for which

modlftpgﬁonsﬁ?&fﬁh@ﬁo d?f &n@ﬁ%aﬁm%t&‘l THeRedBHd d%a is then saved and

A second exanple of a

lmedféﬂﬁMEMhﬂmmngﬂuisgnmleat|on illustrated in FIG 4) is

for reducing a 0.0 itch of P
b o oherieany Somraciion i ol e ospaRld Blad® PV

misalil m@l'itaﬂfeesﬁ@ﬁclhﬁhﬁétzﬂ Wiqidattoe @()r re%&n@lalnﬂ apply@ge i n

I's example i1s as follows: 10 '

compd;risamcmofggt@$ tOttIr':fesdeslge g\"atar PR TS pa@bml% aﬁé@f@ﬂh@leﬁ and
I NC
other RdE st o igh Y the Yier Uipd Biepr B e yhepferforms

a num%ef o 1Bk tE @@ﬁérdfe@ﬁse@l‘éﬁbf ﬂﬂuael thatrags inRinoatel p @sadook s
@ggd sizes of 13 x 15 gl for a particul ar
move ca@t ¢ imngg fephanesishiiyin oK f9 1aRTOKe S P e,

§0772 is sop_all _8 all _all 13x35." 15 The

li
algﬂ?ﬂ}eractlon bet ween footprint filters, footprint

N Reh Bl esigdi hriobRimsothat qaaraamstfesomewﬁoktss aet thadd towsilor

the stenvardesienitos acgl ERS owrinye wabweater vt S
that afd be‘rflnp%@rlﬁfe& Hlleaﬁ WEged Pﬁ‘}@ Tﬁé"@onﬁlgﬁﬁ'hofNSQ s$aselects

ootprlnt Iter that represents the

representydion elﬁttheo(ﬁerbeo dpta, af d&scgnp@ aad supplind by &hq;cqs@ng@,t ingluding
NI T MUK T N e
data, &i’iﬁ&g@@% yithePOH ARRGAEE&! thePEB S@ﬁiclﬁde@ Ifeaiurbst @rthevfdrin of

of “the footprints to identify all parts on th%
g/a

pads §4’randiS6’ bdhe sieneil 6\%5 @h implemgpigrien phie &Prb%trda%ﬁ%?ut t
| laser,ltﬁ? Btpwfgé chg‘ﬁleﬁg[e 31 1n{ || 6k B8 érfﬁ&"ésuﬁﬁsanh %%”) Deviations

Sl ze, ocat I on,

in the/biaed158 SarFesilt ﬁ(ﬁﬁde & 9boﬁd pitinkage had rotmomdmmgtmwedsmg,

set of circuit boards is then nodified and gg&iﬁitgﬁd

and dgpieHonsria the st il gaarol fym, r@cgr,/ PBOPHR[OLATHY
temp%gn% 'tﬁ@L%eoéﬁhé rlglght A \%‘Q #&ﬂn&? sPRERATR RS appdiafus used

en save and used” for manufacturing

to cuf the s&hei. ]E: Bloth the ;&utteﬂratcmtaida;d Fandthe sfeoril 6 arerhpinbyses.
At the Pproed i B AEHER Fh Stiar SERGIGTS 58 Ahe s RHASozes
ahgn&?gggﬁﬁﬂiér%ﬁf@ g&ﬁ&ﬁ tT‘Pletnlﬂﬁlb@%Sdl&i{g tatdges\éFithtgbadlies are

ation o efauit tables and

measurements of the side lengths (e.g., in inches).

The difference in feature locations highlights the impact of the different levels

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

of data scaling include the following:

a)

b)

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.

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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other fields requiring conpletion by the user during
order entry, the systemperforns a nunber of

woabeuoisrons to generate a series of val ues t Rar/Ua2@®3/024709

ultimately used to nove each of the inmage features

slightly in order to inprove aperture-to-pad

al.i goment. . 10, Te s Kl elcOfin HESEBE, BE eRRheiMPmARes GAR closely
ro‘gppgénp e’égﬁgthggﬁgﬁ(;@g {%t ma%e’ to tai :P%? t he
asHoSdtBle o @Rsthertetical . act ual di mensions of the

o Spaiihcelsdde SOBY IkBOVREALEIS o e et Bamitecify R aR be

urati on

Y | aRsOEfrLdAELFERdNaE titedeAa 0R X-das Ygmees and
OVéiﬁcém%eu%'pﬁqu%e%%%%k cugt omner , 3|Fj\%{:al u%i ng_ features 54
oRAidn 36 ordER ehap therene craduct (i thib cesedths tensil hmatches up as closely

i npl ement atj on of rber 15 data, as inmaged by
a&R%SlbbBOﬁ%@P%@tiﬁégg ﬁc& PCB 58 includes features in
the form of pads 54' and g6'. .The stencil 60 isecfi'ﬁ
Erpinples of detr paings takeiefregsr the Aevialion inposiigp (Bipagied Ys o -
: St.engi ' 8 shd . @I Pr6in th
mils) Oﬁﬁ@tpﬁgse %%%p%&g*neﬁw ?ﬁrﬁe? Ahd'i€ Shdvih GG, rOin the

Deviations in the board 58 can
bottom &5 the isPfightef the chacasads shmpaskeayeendmef deyiadiondio®ur i ng

e Ereees st forla e e gl e
was fal%grﬁ:%ﬁ rAkE scaiiﬁ%; (?)2 DCRf pddBcdtRAB, wihéinWeapadsfwerbe

ry system he apparatus used to cut th‘}e )
positiopddewith kcalBgtfor krvavpefifevtseef the PEBi laminsdipg ang mppiiacigng

stencil .60 are. rhanbuses. . At t [
process; rsiaiprgeiecanpyarrel Hr e fatResEiled B
fabricafdd B h80et @Rwedlthanast deyiatiopy; (dtseenciliapburedyeitions,
e nunbers along the edges of the Poilnes aqrf% h
whereinslassiersniapeguiss werepesidrned avith sralipg fog knop effeciedhe o5
. The difference i.n feaf Al i ety ' Shd f&ncil
stncil iga B G AP ar L B R P B U e
was mERfadredRathogdscaling.enove or reduce those differences.

The levels of data scaling include the follow ng: a)

lplg%rééi% ?%v‘éﬂt #latRuatioaenewa id BIG.S5 afd tbhear@Rture a stencil
am nat |

g and manufacturin roces can. be overco
that aligps comguehysatheqrinted W!%@aéfgftgf@ﬁél eiSc M gTFdAs F%aFg
on X- and Y- 30 ' i tdpabe fdig th
a5 5 B G A0 R B B e 5 e
originll RSBV InRPucBOsS ab bfovided Byetht begomer. cal data. b)

R KRN S
oy SRR by IR st gy e e
dividing this measured number by the distance actually stated in the Gerber file

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.

Xror is a number that typically will vary between — 0.0006 and + 0.0006.

Xror is obtained by measuring the X and Y coordinates of two features on the board
that are relatively far apart in the Y-axis but which have the same X coordinate in the
Gerber file.

Xgror is then defined as follows:
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rotation in order that the end product (in this case,
the stencil) matches up as closely as possible to the
woOhewmroesiocal data. c) Stencil
effects of the stencil manufacturing process can be
over cone by conpensation for these effects by scaling

the data on X-,and Y( eﬁ @ otatlon i n order
that the end ﬁ%uct %An t 2’1\:a§ the stencil)

where ga(fgglgg{?g}% eEi A oa ﬁsf 8%? OSS'b%c{i‘%t t? é&ﬁal;}alkﬂééﬁﬁéoeﬁta,

rom-t
ﬁﬁl flrejatiof, ZR(0Bvwe]
where C e D ot v bW A1 FL G
the sub@r@mz, heused Gortaodats point vestieally displagedgrm dre fordl lemgtr t,
sets_of neas rerrets 0
B B BT s R L5 LAy Banber g

to calclg‘%g aﬁ't@re& ktREBDatasoihi8 66 a6 A 68 depmsdnommslbaﬂnsa@ned( b)
| ocati ons, wherein the pads é@{@g@)%l tcg te
values ﬁmmhhs &8, mile Setaiqesin 62 AR 64 sensesephibe TSR Ry
manuf act uri,n 6@
s mof ORGSR R ESER: 6, 6 il patane,
prec1sei}atkérth@ ﬁ&tﬁﬂ e ditthsioaet Faliesadsilised o éslete@@maélop_bqf)FX
(d) stencil aperture |ocat,i

|
shodpanalere e P 606D e P e s pigadone
slmlla:§¥,ezﬁ &Em‘l F%loﬂ%tsﬁ&flﬂlbe E&?a[aefo@%éﬁ Fgalae gsmgalowgtﬁe Xe)

aperture locations, wherein the stencil
axis. ARMhABY ﬂ{e@dkdﬂﬂvtahmmthmlwem shouldbomgasured 2t exe M cathHféS
situation shown in FIG 5 and to manufacture a stencil
gOIHgQQﬁ@‘i’Stb‘F Scorrectly to the printed wiring board,

g@ %g@@ m‘ns rgféa i 9 PRG e FaSFHand Koy 26n o dalX@akd aar e
f ST how mich the board differs in size
followg.nd shape from t he original Gerber Instructions,

provi ded by the customer. Fx is a nunber that
t yii € al by936 4 12.00009e @99%a36>9§&amn @0e %0 s
obt ai ned b eat ures
arfer 2l RGO %/(}1}“1503390 55@8\4%351 :9@? %P@ag n‘ga ur ed
nu [ e pejuabéyn ot @LeXKic(YheYeer ber

: Ié‘OESJqu-O(S@?/gI?SE‘ggr that typi ca(l I2§ WIG|DV|( r ange

1e: tadiiedatualouaiius ireg
h§ ﬁ} é‘pa?’cant WORQSoa{% faje:a%at(%éaé[étgre al o%g the Y- a wxllﬁoe

applic@Rél thd GripinaliGorbbrrigtat dvoslinsesinraderio grrate YW afa that

di st tual | ted i XROT
used tg"’?m%?mfe“rgﬁﬁﬁw}ér Lafh i}n%éer’iela@%cf 90%&1?%5%5‘518 $%0006 Iafmd
reposﬁ-logecggﬁa the%gﬁgwiv\g ARupkiogd by nmeasuring the X and Y

coor features on the board 30 that are

relatively far aparilnythe,¥m@xis but which have the
same X coordinate in the

New X = (XG * FX) + (XROT * Fy).

as

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

19
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Gerber file. XROT is then defined as follows: 18 WD
2004/ 015597 PCT/ US2003/ 024709 XROT =

WO XA 0XBT / (Y2A- YOA), where G refers to Gerber pdatua2@am24709

A is used as a subscript for actually neasured data,
where 0 is used as a subscript for a data point at a
iodsQE& i i {84, WRRLHet %]ﬂhﬁmﬁfégﬁ%\lsﬁfess #nd
Vanoqséjr(ﬁéue ’f“!c’l)bfrh %g{f?%ﬁ%%gﬁm?erfwgal 37 I splaced fromthe
the clétbimglbwpiesst . 5 FIG 7 shows a nunerical exanple that
measures a m ni mum nunber of points to calculate all

three factors ta ints 66.and 68.repres .

26 etk isgiohpQaeps] be Fvadh eosid BRIty ued for
the saEQbP&%:i%Z. o664, HRANESRIN it het IfardEih tBOgFadifiakss so As

nore dat’a points are used to cal cul ate each value, the
selectsd, endieach spefciific tatmmasdeast mchidesal {echricaladfergignalyoar d

. di nensions. For best results, . iy .0 of
equivilghty goat paite She Aerstattet Piactofiblish 4R TEEbABbLOS, O
additigﬁﬂi( 5o Bt hin@efstsodlth& B ¥ehadethnecesSivhtreargayticaror 5

eterm nations should be nmade of each Fy val ue %)l(yg[
embogdingamg of e ixvensionsinchdgs ¢ PHERLILY of sYREIXRISIEPE Qfdecthod Steps,

t | houl . , ;
oo L i TSR bt o BT o
FIVGhild thif¥venYion dasboénGhowannd descaibed mathadfeasced ®

partiofu?alx%ﬁir{%étl}elr?x%g;?h%g?:/sldﬁ%ég%gg%Wiﬂﬁa%ggg%%*V 80"
: 4 ¥ (0 - lenk —
changes RE0ER depo By P e BN ARG, ence

the invBtidmy wifoh, isalimitR6lygl the folloveng alatms.at ed, addi ti onal

cal cul ations are 20 applied to the original Cerber
- data coordinates in order to create new data that w |

be used to manufacture the stencil. Each
i mge-rel ated coordi nate should be repositioned using
the follow ng calculations: New Y = YG * Fy; 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-coordinate val ues.
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Thus, a systemthat is efficient, econom cal and
virtually free of human error has been descri bed.
wohd4mistee exenpl ary enbodi nent has been descr POeaSa®3/024709
applicable to the printed circuit board assenbly
i ndustry, the present invention is also 30 applicable
to other industries in WigWsELAD / CAM data is used in
t he production of 19 WD 2004/ 015597 PCT/ US2003/ 024709
vari ous products, such as the printing business, the
What ag gleimesid: mat eri al busi ness and the cl ot hi ng
busi ness. In describing enbodi nents of the invention,
specihi ¢ ot erm. IS ; . of, cl ari
1 PRGBS oFhO RIS Pel St PR Rt Baie el aafs, epithod
combglkig: SO 5 sel ected, and each specific termat |east
I ncludes all technical and functjonal _equivalents

t hAECpHaB sPdomer data indiqanpe Hieraertiongng chaipler Shpads to which

elecﬁ*hfﬁ'clpﬁfts RV BRR Soldbfed At eirdufit tﬁﬁf&‘,l d be understood
at “1'n some 1 nstances ere a particular enbodi nment
of fitdme tHerdatm) tckeating fudtprdes irelydling pdramytecs rebyisg éopad
| enents or net hgd.st.e S’d- those el ements or steps may

ConpauraiISLdEC RIETe é‘lrg‘i“ﬁgPaé el ement or step and vice

Versind Q A Ghdthhtudd WM RE dTake RRGEHoWn and

degi%itlg%d VVI%!JI}], references _to%par'ti cuiﬁg enbodi nent s

t hepplying a frogwrirg iiltet that specifies criteriadpr dneuardeers tfoeiprinthat

vari ous nges .in form.angd detail be de
PR e PRGBS PG PR A REbRREapes P the
spedifi¥ERiteAs, Which is limted only by the follow ng
clains. 20 WD 2004/ 015597 PCT/ US2003/ 024709 CLAI M5 |
Whapplyingd siodifiratien paramaterr the doatprintsseliestpd hy the footprint
el ect r.oni I nted-cj 1.1 =:ho ] a t he
fefERAY ofis B nBl gt SR A IR ATPO BT
i ndititiatngitle fdweplis &t dapandesinaraaicr of pads to which
electronic parts are to be soldered on a printed
circuit board; fromthe data, creating footprints

25 SRE UL 0k Sy RO

irbrary that
incdrparhated escleofithe padainteterof t he footprints

3.  The method of claim 1, further comprising the steps 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.
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10 applying a footprint filter that specifies criteria
for one or nore footprint paraneters to the

woaai4pszars in the footprint library to sel ect PCT/US2003/024709
footprints that neet the specified criteria; applying
a nodification paranmeter to the footprints sel ected by
the footprint filter to nodify one or nore paraneters

in the selected footprints; and 15 utilizing the
6. flhetnpmthot of damcyitfudhrsrcompeisingrestablshking o library ofipedification

nmet hod.of claiml r.ein h of.. the f g '
parasiges gid it e had RO Rap S A Llivtate e SRl Wheliira
suitahld ek Rkida F&Qn%ter-ﬁhﬁadﬁﬁéﬂiﬁd toéffesk dichanke reqidstaé by a
conprising the steps of creating the footprint filter
custoared nodi fi cation paraneter as a function of a custoner
request to change a stencil aperture to align with a
changed pad on a printed circuit board. 4. The nethod
7.  Ofhe@hahod £ clditt 6 hetiereianpri si ng establishing a library

of footprint 25 filters and_ searchin he .
f débe pyitale mpdification parameter & foupd,t ﬁl@%kif‘emﬁéaﬁcgmn
L1 o ' f 4 Lready exists to effect a

Par"‘“gﬁlé‘f%gg‘b éeqd utggl{le’é‘gdél%;edafoékg{ngﬁeaﬁg 5. The nethod of claim

4, if wiseitableaimotlificatisnparatnketer fiowit foumt, afeWtmodiifisatfosund,

the suitable footprint filter.is applied to 30 the
param%ltlﬁrcr%ff‘élW@Hﬁ%@&@ﬁ?ﬂﬁ%ﬁ%&ﬁ*ﬁg and if a suitable

footprint filter is not found, a new footprint filter

is created and applied to the footprints in the
8. fHmtmpethed of dlaimat ywhezdinwipe f@opriro isdodesPamnuses 0Bl o24mppart

6. The method of claim4, further conprisi
tyve. gyt Rty usibebp g Foine RsE RO b3l hee padpadng
dimea@shshi ng the nodification-paraneter library to
determ ne whether a suitable nodification paraneter
al ready exists to effect a change requested by a 5
st.oner o ' [
0. HRTRae sl S TRERRAL Toh B Tltnor ALY pedmler
indicatigh fhie@astomer withrveiiet the fostpaippisiassbeiatedt he sel ect ed
footprints; and 10 if a suitable nodification
paraneter is not found, a new nodification paraneter

10. 1 PreGh&RE&Tr ARth aPRhdE the fidifrimaliRe sHLidQAhP bl Ser.

11. The method of claim 1, further comprising scaling 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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8. The method of claim1, wherein the footprint
i ncl udes paraneters indicating part type, part group,

woib@hisanber of | eads, footprint dinmensions, POaas2003/024709

shape and pad 15 di nensions. 9. The nethod of claim8,
wherein the footprint further includes a paraneter

Lndi cat inge t:h | .G i trpstbRkt 1oSh
1. 1RSHEMHEr 195 TR onthiche Tahll bt in SRS ofhe
fabricﬁt@ﬂﬁﬁfg’teﬁ}ci&?ﬂit Board p)fa: fdn;:ﬁsn vh¥- and ﬁ{eccmrdinlatm diffgtaeces

met hod of claiml urther canprising s l.ng. data in
betwegn ghg %Y%ﬁ?h@ataén‘éawf‘?}ﬁ@ﬁik&ﬁ?“g% o h i SR ot

di fferences to conpensate for known effects of at

| east one of the printed circuit board manufacturing
14. Pheesstmdamficlhime 131 fartbed codpristngdcalingidatain e deemsnt asx

The met hod of cl.aim. 11, further conpri.si S in
functigy of rotaiqmpal qogEtp3te ﬂ’g"%eé%ncss £c’f SRRt £t i rgf‘?%snbﬁgween
the m%gﬂﬁgj dafat EndbidArRAtSRtbAS 6@fﬁé§ﬁﬁﬁécﬁcifo%[t Yo ef fects

of a e

east one of the print circuit board
manuf acturing process, and the stencil 30

nuf act uri rocess. 22 04 .
15, BeuasvosssnRed g TR R e oy capinga,
compfRRG Sing scaling data in the footprint to the
fabricated printed circuit board as a function of X-
arcdeate fotprintsdhet inglndepapesrsrsiaias o spbiabearatamstigneh
£ and actual pad |locations on the printed circuit board.
CatuigS1 4. The method of claim 13, further conprising
SCabith g libahsy inblutiihg of stotapity off thasowpridtsnehdrein té footprint
rotational coordinate differences to conpensate for
parangiterseyesrasshable withp the HBra¥st oner data and actual pad

| oa%%ty( 9 ﬂ)%tg)ﬂ I gﬁeﬁﬁét%&)éaﬁ% E6tdtih FRQRE Gr mbre fofdtprint

co ar-readabl € sto age nmedi um storing program code
pararh&ttrscta taitpgings inlBe fomgrirttdibrarp to selest feotpoas grat mest theat

include paranmeters relating to spatial characteristics
specifed crifegipyRBY; create a library including a plurality

of aeﬁﬂwa FRALBEA N Spar e Llothe Feothaas Béledted b teaoBipins filter
ar S

earchable wthin the library; 15 apply a
to mddifst pud artmibrd paamelers inghesdl¢qatedsfogfiringsi a for one or
nore footprint paraneters to footprints in the
footprint library to select footprints that neet the
16. The computer-readable storage medium of claim 15, including program code for

assigning each of the footprints a name that incorporates each of the parameters.

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
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specified criteria; and apply a nodification paraneter

to the footprints selected by the footprint filter to
waonadi4fogsone or nore paranmeters in the sel ect edPCT/US2003/024709

footprints. 20 16. The conputer-readabl e storage

medi um of claim 15, including program code for

um b ( -

from ffEgis P ot et On et ihegnpeE i 1okt Mafiiifutig process and the

stencil GRIRMRIrineRdaddke storage nedi um of claim 15, wherein
t

he features represent 25 at |east one of pads on a
printed circuit board and apertures in a stencil. 18.

The .c ut erys : ium of claim15,
20. Ar‘ﬁbelﬂl?glln?li?étmg’rd 6%&%%%%9#%?&9@&%% data in the
f QeERiidatamdicating spatinh cldracterisiivd ok asgof dieptres;

di fferences resultin fromeffects of
inepiparasinedhy ata FORBER G GF REETIST

ArohEAtnane of
|eﬁ§m|c?i' T and a 30
SLeRs ' q66GSint AdnesThe
c%r%@ée? %gﬁ iéfcgdtﬁl%? ggee %g?um o?s cl ai m 18,
i mslyidizngfopiprgt filterctbatespeeifies ewtarip figh eMg©R TRAre prgameters to
footprint .as, a.functio ot at | ' ]
the fo%‘ppp&aé)a%selg theJibrary; thgseﬂeﬁgf r%éﬁ%@@g@@@é@ fabEcified
criteriE-CT/ US2003/ 024709 fromeffects of at | east one of the
pr i

rinted circuit board manufacturing pr ocesge a%]rqbt e
stpplging amndifisetion pargmpten tasths footprintames RGeSy oy the

nmodi.fying f.eature data c LSt N ARCEMH Q.
fOOtPl‘ﬂﬁgj}l@gf‘? ﬁ@dﬁgﬁ’ 8 ™ %ea}?a&fggg{relk%{n :j[g% Seg? a settblgg“%
features; incorporating the data for each feature as
parameters in a footprint name; ..creating a |ibratr .
21.  Thameihmsl efwdaimI0s furdhsr SPMRFISIHE HH&,ZIH&&HG#B&“%OE& Fdlotprint
footprint fi r . b epiceri teria for one or
name?rg)rcépaﬁ%?glﬁg Lééag CP%Q@{Bﬁg@%faagtaB?Pjnet%hanes inthe library
to select footprint nanes that neet the specified 10
criteria; applying.a nodification ramet er t he:
22. fbemsihaft ofplaEs?ls éYl@e%négﬁoipaﬁﬂec%a?a%%‘f%ﬁSn%n"%‘ﬁ%tpé’?ﬁ%"él and
dime&(? 'Sfy one or nore paraneters in the selected
0

otprint nanmes. 21. The nethod of claim20, further
conprising utilizing at | east one of the footprint 15

e T e
comp?ﬁﬂfgl. al characteristics include position and

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 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 X- and Y-coordinate

differences.

24. The method of claim 23, further comprising:

determining rotational differences between (a) an actual position of a feature
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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di mensions. 20 23. A nethod for scaling data in

footprints for apertures in a stencil, the nethod
woao@roisiong: determ ni ng X-coordi nate and Y- coBCTiUSA108/024709

di fferences between (a) an actual position of a

feature selected frompads on a printed circuit board

25. ﬂ@m@ﬁ%&%?ﬁﬁﬁgﬁf FheRhEAg géma@a;gmfog)o@gea{e&aﬁ@gf formingd

position 0O ure recor a se

by kneemkffegs dbitdedshondef dptimed eirciitbazedhrnsfatring fprodess Hd

-coordinate differences. 24. The method of claim

and Y
asmngggmp tHERE PEIGPY si ng: deternining rotationa

di fferences between (a) an actual position of a
feature 30 selected frompads on a printed circuit

26. Dreamdthad df alaem 23y whetem the attealgiositimnef (hx) feature isndeteroénbd
ition of the feature recorded ip a.data.set: and

by aceilly o oo e tigns o SURe one B BHREY Sirp it pfg and a

stencif, ot ati onal differences. 24 WO 2004/015597

PCT/ US2003/ 024709 25. The nethod of claim 23, wherein
the actual position of the feature is determ ned by

AN LRl e o5, Atk fBRt005: Shifh Bl &tn G it based

on thersealefl dgthur i Nng process. 5 26. The nmethod of claim 23,

wherein the actual position of the feature is
determined by actually nmeasuring feature positions on
at | east one of a printed circuit board and a

stencil. 27. The nethod of claim 23, further
conprising cutting apertures in a stencil based 10 on
the scal ed data. 25
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