;e3e6 6L) 6T oZ TECHNI CAL FIELD 5 The present invention is generally

related to \mm‘mm nmet hods for testing and/or inspecting cj I
assenbl i es rticularly, is related to systens and nmm mu” Iﬂmw
schedul i ng ci r cddobozrassenblies to be tested and/ or inspected. BACK RN
-THE I NVENTI ON 10 Currently, in the electronics manufacturing industry,

there are a variety of automated systjems and nethods for testing and/or
i nspecti ng MANTERAGTING GREEIE ASSEMBLY TEGE4NMNEEEIQN SCHEP IniNG
circuit boards, integrated circuits, ete.) For exanple, sone circuit
assenbly manufacturers performone or nore of the foll ow ng: autonmated

X-ray inspection (AXI) automated HAaCAN$PEED on (AQ) and in-circuit 15
testing (1 CT). Regardl ess of the ?%)ggggti onft egt nmet hod enpl oyed, many

hi gh-vol ume circuyjt assenbly manufactyrers | oy a copputerized system so
that the operat ordyF HS'FSGPWQV%/’WQB&W”GF?F{Y&WGEGEF I%?@‘Q%F%‘O%%Oﬁrtwpae an

i nspection schedule for the circuit assenblies to be processed. In this
manner, t he ap@ler atspectingaireuibhisemblbiessgudcimpye parpeulanly id welated werysiemswhidch a

| arge nunber of circuit assenblies will be |oaded into the 20

i nspect i on/ t@ghodol &NedNhglcAthie dssemBlieLivb¥NERed A/ @HIRSRERA. MYy generate
the i nspection schedule by entering a unique identification nunber (e.g.,

serial number) for the circuit assenblies to be | oaded. Although existing
systens do ease the burden for an operator attenpting to nonitor the
test/inspection process, these Séstems may be Ierobl ematic for a nunber of

25 reasons. For exanple, aBAGKGROUNBQF dHEJINVENEIQNuit assenbly

identifiers incorrectly or in the wong order. Furthernore, after the
circuit assenbl y Guirntlyfihelieselectionica meanafdcanag, induserypthear aroh viatietyafr cui t
assenblies waiting to be inspected may be altered or circuit assenblies may

be remved. abibnidiPelchR Al iithods 16t bty R BRPERIL hERMLAS ereab &

into the conputerizéed systemwould be out of sync. is situation could

potentially Caus e LOfuS. (onkd HRLTD06s AN, ed ERLGE M § BB LkiSR! " S0t
some circuit assembly manufacturers perform one or more of the following:
automated x-ray inspection (AXI), automated optical inspection {(AOI) and in-circuit
15 testing (ICT). Regardless of the inspection/test method employed, many high-volume
circuit assembly manufacturers employ a computerized system so that the operator(s)
of the inspection/test system are able to provide an inspection schedule for the circuit
assemblies to be processed. In this manner, the operator(s) are able to specify a
particular order in which a large number of circuit assemblies will be loaded into the
20 inspection/test system and tested. For example, an operator may generate the
inspection schedule by entering a unique identification number (e.g., serial number)
for the circuit assemblies to be loaded.
Although existing systems do ease the burden for an operator attempting to
monitor the test/inspection process, these systems may be problematic for a number of
25 reasons. For example, an operator may enter the circuit assembly identifiers

incorrectly or in the wrong order. Furthermore, after the circuit assembly identifiers



5identifier. For instance, if the incorrect identifier is used when
testing, a good assenbly may be incorrectly repaired or a bad assenbly
coul d be passed on through the manufacturing line. In existing systens,

when t hese types of situations occur, the entire inspection/testing system '
typically has to be halted in order to correct the problem Furthernore,
correcting these types of problenms Bequires additional |abor 10 and

equi pnent t ianeentSGNMARYTEE of HEE diNvENTIear s @ ajting d@ he 1nspecsstt ey bprbvtdes
systens and net hods for scheduling circuit assenblies for inspection in an

el ectroni cs gRpvhiraiserbies #AY be eaneRd. 1 heb¥ insfahsesgids eirbliegkse@bs such
system conprises a data structure that resides in nenory and conprises a

plurality of. data el ement hat def.| t I j [ a-pl-ural ity of

Bl reul t - asoddiee aaes e M e sy e bttt She BhELRlby
conprises a reference to one of the plurality of circuit assenblies. The
system may feanidmaterdisiicruss predjices edsrunirsicd dnd/9r tesisd Math aBcamsiter in which
the plurality of 20 circuit assenblies are schedul ed for inspection based
on t heg dat a igdntifiet. UFer iastdnde) ffi the mpofregudendi fienisenabivberatesng, atgoododi fy t he
data structure. One such nethod for scheduling circuit assenblies for

i nspection gg L r)?ﬁq%ytbQﬁn f gygé;pgir% BvA ?id‘&sérn&?%hﬂ"d%eip%%d%q}i?o fat

defines the or I'n“whic Ity of circuif assenblies are schedul ed

to be | oaded for inspecti.on;. scheduling 25 the,plyrality.of.circuit

assenbl i es ithf ’Flﬁ’é“fréﬁtﬁﬁﬂ é‘PF'ZBHe’ﬂﬂE@éyS e VAT tﬁgset{ esior%]ﬁ‘é"g{qnf)r‘?ccm‘ the
process to begin loading the plurality of circuit assenblies based on the
conput er i zedntueanepectionftegting pystarh &ypicadly des 1okt hnlisd anerdenisdiorsechidet he or der
in which the plurality of circuit assenblies are scheduled to be | oaded for
i nspection byouledi fFuithermidie, coprptit ethegeypefiEfipgobldme rqguaseadditioiat tdbopn nay

al so be viewed as providing conputer prograns enbodi ed in conputer-readabl e
nedi aldf or s%g%{gggnp{i&g_uit assenblies to be | oaded for inspection in an
man

el ectronics cturing environnent. Briefly described, one
SUMMARY OF THE INVENTION
The present invention provides systems and methods for scheduling circuit
assemblies for inspection in an electronics manufacturing environment.

15 Briefly described, one such system comprises a data structure that resides in
memory and comprises a phurality of data elements that define the order in which a
plurality of circuit assemblies are scheduled to be inspected. Each data element
comprises a reference to one of the plurality of circuit assemblies. The system may
further comprise logic configured to control the manner in which the plurality of

20 circuit assemblies are scheduled for inspection based on the data structure and logic
configured to enable a user to modify the data structure.

One such method for scheduling circuit assemblies for inspection comprises
the steps of: providing a computerized queue that defines the order in which a
plurality of circuit assemblies are scheduled to be loaded for inspection; scheduling

25 the plurality of circuit assemblies in the computerized queue; initiating the inspection



such conputer program conprises a data structure conprising a plurality of
data elenents that define the order in which a plurality of circuit
assenblies are scheduled | Oto be inspected. Each data el ement conprises a,
reference to one of the plurality of circuit assenblies. The conputer
program may further conprise logic configured to control the manner in

which the plurality of circuit ass bl jes are schedul ed for inspectio
based on t heasss Sbee AR AP FRUPLO LRI Gor Bt s Ped Pdhs BV e ¢ drodi f y
the data structure. 15 Ot her systens, methods, features, and advantages of
t he present quevgrindcmring tHe ihgpeotiothpooess, mp@idyingthetadena wilichthskiliraliiyroft he
art upon exam nation of the follow ng drawi ngs and detail ed description. It

is intended dhaf ademblies reaestiduicanabe S0k i indRENGISy mbaalingeBe and
advant ages be included within this description, be within the scope of the

present invention,.and be protected by the acconpanying clains. 20 BRI EF
DESCR! PTI O\IC&EIP?&E'ZBE&W%GS The invention can be better understood with
reference to the follow ng drawi ngs. The conmponents_in the drawi ngs are not
necessarily to scliePressRpREEItonimAat daribhrickgd 9f Brovding spmBNERPIOgams
illustrating the principles of the present invention. 4 Moreover, in the
drawi ngs, | ickfodiiddn eomputerreadatls nibdii fpnathedoling esmoradsengblixand de 1duded ghout
the several views. FIG 1 is a block diagram of an el ectronics

manuf act uri ng. .anyd 60 e e]iaﬁ.reogﬁl}'{sﬁﬂarﬁ:@amm%m%ﬁt. ayid g{?a%édvsngi recuit

assenbly test/i1nspection sc ing 5 system according t e présent
invention may be inplenented. FIG 2.is a flow chart iIIustrat%aﬁathe

general opersHh AR CR HASTEMAOMRSISES & dfa SHPGLIL ARSI A PN £ FIG 1.
FIG 3 is a block dis&fam of an exenplary circuit assenbl

i nspect i on/ tebsantpthat/dafmmtief orderGn which @ pRurdity of cigcuit bﬂsgmhﬁeﬁ argiseheduled
illustrating an exenplary circuit assenbly that may

10 to be inspected. Each data element comprises a reference to one of the plurality of
circuit assemblies. The computer program may further comprise logic configured to
control the manner in which the plurality of circuit assemblies are scheduled for
inspection based on the data structure and logic configured to enable a user to modify
the data structure.

15 Other systems, methods, features, and advantages of the present invention will
be or become apparent to one with skill in the art upon examination of the following
drawings and detailed description. It is intended that all such additional systems,
methods, features, and advantages be included within this description, be within the
scope of the present invention, and be protected by the accompanying claims.

20

BRIEF DESCRIPTION OF THE DRAWINGS
The invention can be better understood with reference to the following

drawings. The components in the drawings are not necessarily to scale, emphasis

instead being placed upon clearly illustrating the principles of the present invention.



be i nspected by the circuit inspection/testing systemof FIGS. 1 and 2.
FIG 5 is a block diagramillustrating an_exenplary circuit assenbly that
may be inspected by the systemof FIGS. 1 and 2, and which has a

manuf acturing defect. FIG 6 is a block diagramillustrating an enbodi nent
of the interactive circuit 15 assenbt y test/inspection scheduling system of

FIG 1. FIG is aflowchart illustrating the general functionality,
ar chi t ect urel,vzoé?&]‘?e&rmélbee?rﬁfvi]%ﬁ’ llblfe rteff:éerlcgélf“%ie ésp%f’gt%f’a‘ﬁ QUERP B R Eat i on
nmodule of FIG 6. FIG 8 is a flow chart illustrating the general

functi onal i t througholi thesevarel viewsl/ or operation of the circuit assenbly | oad
nodule of FIG 6. 20 FIG 9 is a screen shot of an enbodi nent of a

graphi cal user i nFeGf R BB diFBYmOST anrBcadBiat Bnbficiuhiag iefviesasédi e Circuit
assenbly test/inspection scheduling systemof FIGS. 1 and 6. FIG 10 is a

bl ock di agram of an_exempl ary _conputi.ng.syst th : usad .t
ol enent ot nEb R TRe R of of HREHR LA R SR es TR B ot $eab e
system 25 of FIGS. 1 and 6. 5 DETAILED DESCRIPTION FIG 1 is a block

di agr abn of asystameetqosHPE Lo b RIFSERLIDYSIHGN SRR bedmpisReni®sd i n which an

enbodi mrent of an interactive circuit assenbly t-est/inspection scheduling 5
112 system accor dFi@ 2 B atfley plizeSkinstratingahé ganraiaperaton opihe wisatredics | n
general, electronics manufacturing environnment 100 includes the systens and

nmet hods for produciige eh¥ikdtitenfeBeiPli s 106. One of ordinary skill in the
art will appreciate t%at circuit assenblies 106 may conprise any of a

iety of electrgnic devices. F | i reuit nbl y. 106
ot i Yo g pri nt cH Yo 1O exobiet Sl sty Cprotapigsines

wel | as other types of circuit assenblies. A circuit assenbly nmay be any
conbi nat i on systegt et¥iG.dal and/ or el ectroni c conponents and the el ectrical
conductors that connect those conponents. The resulting conbination is
manuf agt ured t o fBIGn4aspYsdkcdibgramdilostrativip ah ieReraplatindifcuit assembly that may

be inspected by the circuit inspection/testing system of FIGS. 1 and 2.
FIG. 5 1s a block diagram illustréting an exemplary circuit assembly that may
be inspected by the system of FIGS. 1 and 2, and which has a manufacturing defect.
FIG. 6 is a block diagram illustrating an embodiment of the interactive circuit
15 assembly test/inspection scheduling system of FIG. 1.
FIG. 7 1s a flow chart illustrating the general functionality, architecture, and/or
operation of the test/inspection queue modification module of FIG. 6.
FIG. 8 is a flow chart illustrating the general functionality, architecture, and/or
operation of the circuit assembly load module of FIG. 6.
20 FIG. 9 is a screen shot of an embodiment of a graphical user interface that may
be implemented by the interactive circuit assembly test/inspection scheduling system
of FIGS. 1 and 6.
FIG. 10 is a block diagram of an exemplary computing system that may be
used to implement the interactive circuit assembly test/inspection scheduling system

25 of FIGS. 1 and 6.



As illustrated in FIG -1, electronics manufacturing environnment 100
includes a 1 S variety of systens and nethods for manufacturing circuit
assenblies 106 (referred to as circuit assenbly environnment 104), as well
as a variety of systens and nethods for testing and/or inspecting circuit
assenblies (106) for manufacturing defects (referred'to as circuit assenbly
testing/inspection environment 102)._ As illustrated in FIG 1, electronics
manuf act uri ng environnment 100 al so 6%npr|ses an interactive circuit 20
assenbly test/inspection scheduling system 112 and an autonmated circuit
assenbly | oadi ng system 110, WhDETATREIDDRSGRIAIONers) 114 to schedul e
and load circuit assenblies 106 to be inspected, tested, etc. by circuit
Y o sPect 96! PR WG eH ke JOf 5 RELAIL by ABRE LAY Eb el 1089 O

t he various systens an conponents of electrlca mantif ac

environment 100 will be described in nDre det ai | ment i oned above,

aut omat ed ci ?’V@tﬁhta"a%%wwoééﬁPﬁﬁragt}‘éecCé?ﬁuitfésm%ﬁsg‘é‘épeét@?ﬁ}&ﬁ‘%&f| gur ed
to physically transport circuit assenblies 106 fromone area to circuit
assenbby i nspEsystmt besrdingtosths peaseriiiBy entop meaytHeamipl aamsypeart. t Inczenerat; ui t
assenbly 106 may be inspected, tested, etc. In one embodi ment, automated

circuit asSe%bﬂoﬂ;%ﬂhﬂﬁa&ﬂﬁﬁgeéﬂvlr%ﬁnﬁﬁﬁ/lmﬂﬁlﬂlﬂﬁhésWéMEXM m@tho WEY&h an
operator places a predeterm ned nunber of circuit assenbl |es to be tested

in the order_t are v f thecr uj t
assenbl i es oﬂré’laﬂ%/mﬁcfrf aﬁsﬂf’% ecg-gle or{;:o? lgﬁg’ﬁ&ﬂt F%ﬂﬁ 198 2PRIFERA %F“a, one
of ordinary skill in the art w I I understand that automated circuit

assenmbl y | oadirqwt asserpllins 100 maypompsise aphef ayariedy of dectrapic demeasalFor
conponents, etc. 10 necessary toretrieve circuit assenblies 106, transport

them and pl ecenglbeoimuitiassenbily C06 inapssmplibeya pristpé circwinbé£8 (POB),syst em 108.

Furthernore, it will be understood that the functionality of interactive
Circupp asse{méegxlmwéﬁédm SREGE wen a§%|i}fé§| Je8 £ éﬂ&ﬁ%&ﬂ@né}ﬂm BifcdilRls
Wi t hi n aut onat circuit assembly ding system 110, as a stand-alon

bystem " L, B GoORA A el Gl S g S
SYStem 108 oy daciors that conndct thoss components. The tesilting cambinahon 35 2
manufactured to form a physical and/or functional unit.
As illustrated in FIG. 1, electronics manufacturing environment 100 includes a
15 variety of systems and methods for manufacturing circuit assemblies 106 (referred to
as circuit assembly environment 104), as well as a variety of systems and methods for
testing and/or inspecting circuit assemblies (106) for manufacturing defects (referred
to as circuit assembly testing/inspection environment 102). As illustrated in FIG. 1,
electronics manufacturing environment 100 also comprises an interactive circuit
20 assembly test/inspection scheduling system 112 and an automated circuit assembly
loading system 110, which may be used by user(s) 114 to schedule and load circuit
assemblies 106 to be inspected, tested, ezc. by circuit assembly 1nspection/testing
system 108.

Referring again to FIG. 1, some of the various systems and components of

25 electrical manufacturing environment 100 will be described in more detail. As



on the particular type of testing and/or inspection process being perforned
and/or the type of circuit assenbly 106. As illustrated in FIG 3, one
exenpl ary enbodi nent of circuit assenbly inspection/testing system| 08
conprises a printed circuit board 20 nodel i ng system 300, an x-ray

t nspection control system 302, an x-r@y imaging system 304, and a circuit
assenbly 106 (e.g., a printed circuit board). In general, PCB nodeling

syst em 300 | ®ertiangdtabpye, Ghiogufrsk GrcuigssentdyiatBe sygers| 1 18fCormpsisesa BEeE r cui t
board. PCB nodeling system 300 nay be any known or | ater devel oped conputer
ai ded desi gncdnGaeday phesitatBnabkgorotirsmidabdngiepn D6 fioch cig area to damitds.

FIGS. 4 and 5 illustrate cross-sectional diagrans of a punted circuit board

that may be W i g ERSA inRg X-ray
magi ng. syst Ry 0 bR LRARR (68 BEBIAR HRioBRt RARE L TORY N
conprise a conmponent 400 havin ne or .6 pins 404. Conponent 400 may
conpri se anymgYpemspefteds festads pa Bﬁﬁﬁﬁg‘g{i{“eg‘o?“maﬁaﬁ Q‘W‘qﬁésﬁfé@])‘ g’ﬁfi’é’gto
solder to a PCB substrate 402. PCB substrate 402 includes an underlying

i ntegrat ed cdysiem 110(1h&) corhprisecoommvegeonaviptluambpargtooplaces anpredetenmnpdi nt s
406, which may be soldered to the pins 404 during the manufacturing

process. As {dluisbF 8k&ht dsSerfiblits 16 be Wkiddel thSrdBRIRLY Al bl ektdd ORRSS,
conponent 400 10 may be electrically connected to the term nation points

406 on the PCB substrate 2 via a solderin terigl. 500.. FlG. 5

i |1ustrates TMEYF ?lhingflﬁe%ﬁg% ﬁ‘ir‘fu%ﬁﬁ?rﬂtlgﬁstoé’rﬁ %f?l 8 df’ﬁel fpneﬁtlﬁwgegggg SYSEIM nay
of exanple, during the manufacturing process a variety of defects may

resul t. For §08stTheradore; @pq:qf(grdlggrytqull rethe arkygil usderstend thad aatomates ¢irauitng
defect (represented by reference nuneral 502). One of ordinary skill in the

art will 15 g4naetlslicudihg systeran)) @mprives fiel stroviureg, mechapidad tompedaned, srciray
occur during the manufacturing process: open solder joints, shorts, mssing

conpoqient s, d-sahh 90 ed e RARRUsSemuIRe 40b ngﬁré ﬁf?:hﬂ%d{p?icg_ RHEESS

nt: 4
sol der joints, reversed capacitors, solder b , solder voids, etc.

TR R R A Y
clreult boartgét the functionality of interactive circuit assemialy test/inspection scheduling system
112 may be implemented within automated circuit assembly loading system 110, as a
stand-alone system, within another computing system, ec.

15 One of ordinary skill in the art will further understand that circuit assembly
inspection/testing system 108 may also be configured in a variety of ways depending
on the particular type of testing and/or inspection process being performed and/or the
type of circuit assembly 106. As illustrated in FIG. 3, one exemplary embodiment of
circuit assembly inspection/testing system 108 comprises a printed circuit board

20 modeling system 300, an x-ray inspection control system 302, an x-ray imaging
system 304, and a circuit assembly 106 (e.g., a printed circuit board). In general, PCB
modeling system 300 is a system for generating a computer model of a printed circuit

board. PCB modeling system 300 may be any known or later developed computer-

aided design (CAD) system capable of modeling printed circuit boards.



One of ordinary skill in the art will understand that circuit assenbly
i.nspection/testing system 108 may enploy any of a variety of other types of
i.magi ng techniques (e.g., optical, ultrasonic, thernmal imge, etc.). X-ray
i nspection control system 302 interfaces with PCB nodeling system 300 and
Xx-ray imagi ng systenB804. For 25 instdnce, x-ray inspection control system

302 may receive a_file co jning a conputer nodel of a part.icul ar
printed circuit bggd}%ﬁ?%{# g’éﬁgrﬁgﬂﬂsﬁ'ﬁ%ﬂé’ {eagsens Ogg%ﬂegﬁ”?‘ﬁég%&ﬂlﬁter
nodel , x-ray inspection control system 302 generates an inspection program
to be i npl enenay bd nydeledrimng Rely imvgebyssystenBX), anfinaspeniep asmgonraynmggiag may
be used to image a manufactured printed circuit board, which is based on
the conput er syypgeBogensinisaaedn POB 4rareintd el ®BriGlay Mhsfiseaener ating

i mges of the manufactured printed circuit board, the inages may be
conpared to the co model to inspect,,f a vari f nmanufacturing
defects (e. gc.cfm%%ﬁpgéj(f%aé?n% Tl morE RGP A9 gg"g’éﬁ"ﬂg‘“c@ Ohe otnéqusl%ag(yif){pé:ned
conponents, insufficient sol der l]:l'Oi nts, excess solder joints, reversed
capaci $ors, efotlepirical spmponens fererhighitdsdesgably to sgdmyp s Brovhstrated2of
ordinary skill in the art wll understand that circuit assenbly

i nspect i on/ t BSBisABstEYS 46Mnt Ry @myuiiRrigpplihtgpiatd cireuin€ld)ahincamprieés @ vari ety
of inspection and/or testing processes. For instance, circuit assenbly

| nspecti on/ ;&ﬁ}zhigﬂoﬁ%ﬁhﬁ%ém nf{B06PEniER A %‘érs%fhe%éa 08k ?ﬁ@wh'hﬁﬂﬁéﬁfé
optical inspections, autonat X-ray 1nspections (as in e exanpl® of
FIGS. 3 - 4), in-circuit 15 tests, etc. Referring to FIG 2, the general
operati on ofmé?‘&é‘?twﬂ%lpmt’fﬁﬁ?uf acturing environment 100 and the interaction
bet ween the various conponents will be described with respect to an

exenpl ary pr ocessAs Thistrpied e FEG.Ide dinng the mynufachROm® proacess) aomkponent, 409
plurality of circuit assenblies 106 are nmanufactured w thin environnent 20

104. f$ Knoway Be EleEtridblly catiketed tde Gridinkition3oaREBOE 66 tHeDECB kfbstrate 402
manuf act ured, assenbled, etc., it may be advantageous to inspect and/or

test the cirgui i i r: 1 pi-nd.ze: i hi ppi n
et ective priaceRERfE G 3606 FiE, 3EaA f Biffed Sirkifbbisd 608w L PP! N0

assenbl i es 15% derxtlanﬁ p?gce sr el%? \rv%? o g)[ar;[xpeics,tdudng the manufacturing process a variety of

defects may result. For instance, in FIG. 5, the left-most pin may have a soIciering
defect (represented by reference numeral 502). One of ordinary skill in the art will
15 understand that any of the following, or other, defects may occur during the
manufacturing process: open solder joints, shorts, missing components, misaligned
components, insufficient solder joints, excess solder joints, reversed capacitors, solder
balls, solder voids, etc.
Referring to FIG. 3, x-ray imaging system 304 comprises imaging hardware
20 and/or software for capturing an x-ray image of a manufactured printed circuit board.
One of ordinary skill in the art will understand that circuit assembly inspection/testing
system 108 may employ any of a variety of other types of imaging techniques (e.g.,
optical, ultrasonic, thermal image, erc.). X-ray inspection control system 302
interfaces with PCB modeling system 300 and x-ray imaging system304. For

25 instance, x-ray inspection control system 302 may receive a file containing a computer



i nspection, etc. via circuit assenbly inspection/testing system 108. During
this 25 process, circuit assenblies 106 may be transported to an area near

circuit assenbly 9 inspection/testing system 108. Circuit assenblies |06

may al so be arranged in a conveni ent nmanner (e.g., stacked in racks, etc.)

so that they may be nore easily load8d into circuit assenbly

Syt om 110) . et eab st i Rar e everf PRSI BB R SEPR SR

within el ectronics manufacturing environnment 100, a |arge nunmber of circuit
assenbl i es 16 comypuisemodel; sdaamdpention sepedisseiemt3 0 REneates aniipgpectiter ef or e,
it may be advant ageous to enploy nore than one circuit assenbly

i nspect i on/ tRsfianttoheshplenidfed Bihusay tisging)sydtkdh Y08, The ingpecabopogpet f or mi ng
and/or nmonitoring the testing/inspection process) may 10 be required to
perform many, (Mg 'B?ﬂ]h- : | GG ly

i nspection/ t%é??%gscsﬁ;%%@g&gtxc@ eéi san%ad){lfcﬁg%%?ﬂkwglgﬂg\g\}]b%%%sqgﬁgg k 208,
in order to ease this burden ot her purpo , ers) 114 may enpl oy
|t or st i ve commuiarelel syl BB TEpUI TG ER RO ARG CEleEan TksS £
schedul e the manner in which various circuit assenblies 106 are to be

| oaded | S ithé maaufacmrdd masehdirquiti boapd che inmmgtesiay bg cemparehid tigSongruter
testing. The scheduling process nay be perfornmed in a variety of ways. For

exanpl e, eagh,dd) E&%ﬁ%&ﬁ%%%qﬂﬂ%ﬁmﬁa@@ﬁ@fég&%@(eeﬂ Hehnsofer fhifide

reference designator (e.g., serial nunber, e I'n” one embodi ment, during

t he schedul i rocess, a user 1l1l4.may, specify. t i sequence b
entert e t nohgubESRS cofpliRals, mituRY) SBREle MEuRAN MaBORNSReRE.
into a conputer system For exanple, the conmputer system may be confi gured
to manage a sebteniodntseverped qapagytors, goldee bllspedderyoidsagle). dat abase, etc.)
that defines the order in which the circuit assenblies are to be | oaded. As
il lustyated by i rfuetheanere 2@ cfivaddidenycskilbaxthe artvolemndertstant thee lciranit
interactive circuit assenbly test/inspection scheduling system 112 may be

configured tQ.&0a irﬁpeaﬁhﬁésﬁ%%yst&nmirﬁyyﬁéﬂ&n@h@hfegaté SHOHA LHY 6f & Variety

real -time during the testing/inSpection process. i S manner,

Interactive of inspection and/or testing processes. For instance, circuit assembly

inspection/testing system 108 may be configured to perform automated optical
inspections, automated x-ray inspections (as in the example of FIGS. 3 — 4), in-circuit
15 tests, etc.

Referring to FIG. 2, the general operation of electrical manufacturing
environment 100 and the interaction between the various components will be
described with respect to an exemplary process. The process begins at block 202. At
block 204, a plurality of circuit assemblies 106 are manufactured within environment

20 104. As known in the art, after the circuit assemblies 106 are manufactured,
assembled, etc., it may be advantageous to inspect and/or test the circuit assemblies
106 in order to munimize the nisk of shipping defective products to consumers.
Therefore, at block 206, the circuit assemblies 106 may be prepared for test,
inspection, etc. via circuit assembly inspection/testing system 108. During this

25 process, circuit assemblies 106 may be transported to an area near circuit assembly



10 circuit assenbly test/inspection scheduling system 112 provi des an
i.nteractive nmechanismw th which users) 114 are able to control and nodify
which circuit assenblies 106 are to be |loaded in real-tinme during the
test/inspection process. After the circuit assenblies 106 are schedul ed
for- loading into circuit assembly o inspection/testing system 108, the

i nspection/testin rocess .m e~ nitiated. For instance, at hl.ock 210,
the first ci*“Eﬂ'cfclnggé?%s@ﬂ%FV‘%éog‘pggﬂ]? %Sﬁerpgh?sh]cebéd’é%yaa]%? 5%%’?%&%?9, queue
200) may be | oaded. As illustrated by decision blocks 212 and 214 and bl ock
218, ci rcui t coayseinnl memnel (r6e. astecked arleaskasd - rsedh@ dheyrmpy be mere easdy leadedui t
assenbly 106 specified in the data structure is conpleted. The process

term nat es afmidtiesiht addnbly thsPedtRnstedigglsostént G08 via attoprHhaiiirtRitas@fmbly
interactive circuit assenbly test/inspection scheduling system 112 will be

descri bed. e ptd ove, interactive circuit assenbly test/inspection
schedul i ng ?3%/)% egn%if?%ﬁﬁ%t@grfaces wth users) 114 (via interface 612) and

automated circuit _assenbly | ing system1 1O (via interface 614) to
provi d® an inter afPf 9€?rd?'r@5)f ﬁ{ﬁ h%&ﬁ@gﬁ’%?ﬁilg‘#w Iﬁh"é’n‘%ﬁ“@g‘%oﬂé‘:ér s) 114 to
nodi fy the manner in which circuit assenblies 106 are | oaded for

t est i ng/ i nspaatifacturmgenviienerchotiOye drge htmaberredcarduit asseinGlies] 06 magbact i ve
circuit assenbly test/inspection scheduling system 112 conprises a data

structure (&efed ahddl %‘5&%&%3& RafideHce. 20Qefort, 1tesdy b mRaRtapQhsqyeue

nodi fication nodule 602, and a circuit assenbly |oad nodul e”6d4. 20 The
data structure .conprises a plurality of data el enments 60 t defi t he
o der 1 - whiCHPIEY PRG? {0 oBe ReriCess el ip R Bnils P AR fog. o BstrSeere
circuit assenbly inspection/testing system 108. For exanple, each data

el ement 600 Hﬁ;é@orﬂ@ﬁi%s Rerfering andderameniteingghe krstipg/inspectionpEogess) may
assenblies | 06. Tai one enbodi nent, the unique reference conprises a

seri ajg0 nunbeaye ragsiesi tatperfomh bfang taaks signprneiusly arimanitdr sexssardicyit agdenrBle  Of
ordinary skill mthe art will further understand that the data structure

may be 11 ;00fbliGfeRfnd HsRmb08ek hedamtanse. FOr exanple, the data
structure nmay ‘be configured as
" As shown at block 208, in order to ease this burden or for other purposes,
user(s) 114 may employ interactive circuit assembly test/inspection scheduling system
112 to schedule the manner in which various circuit assemblies 106 are to be loaded
15 into circuit assembly inspection/testing system 108 for testing. The scheduling
process may be performed in a variety of ways. For example, each circuit assembly
106 may be associated with a unique reference designator (e.g., serial number, etc.).
In one embodiment, during the scheduling process, a user 114 may specify the loading
sequence by entering the serial numbers corresponding to the circuit assemblies 106
20 into a computer system. For example, the computer system may be configured to
manage a data structure (e.g., a queue 200, a stack, database, ezc.) that defines the
order in which the circuit assemblies are to be loaded. As illustrated by interface 220
and described in more detail below, interactive circuit assembly test/inspection

scheduling system 112 may be configured to enable user(s) 114 to modify the data

25 structure in real-time during the testing/inspection process. In this manner, interactive



-afirst-in-first-out (FIFO queue, a last-in-first-out (LIFO stack, etc.,
or in any other manner such that a relationship between the data el enents
600 defines the sequence in which the circuit assenblies 106 are to be

| oaded (e.g., by a reference pointer, etc.). As further illustrated in FIG '
6, the data structure may be accessed. by test/inspection queue nodification
nodul e 602 (via interface 606) and by Circuit assenbly | oad nodule 604 (via

i nterface 608jcuitMssaritdy t6UMsperiios Gahataling aypiamil EAPEWACS anAkieracHEe 610.
Referring to FIG 7, the general architecture, operation, and/or
functional i tyhe@fankth ®ith VG IERE} 1 Df ark @Bleltb R6Es] tah & MciBUehiopdirbuicat i on
nodul e 602 w Il be described. As stated above generally, test/inspection

queue nodi ficati.of 1 - i £ ntents of
fhe queue 205 T HOREATORr oS A FRE R ER flinke Ry EREAn pRBeaE", T
manner, users) 114 may renove a reference to a circuit. assenply 106 from
the queue 200, reféf‘Frat}/i@é"?‘ﬁba%?lﬂélrw%#%t%éS?ﬁeF‘E]GF]lfo%lgé B inptasircyisagsembly
Test /i nspection queue nodification nmodule 602 may be initiated at bl ock
700. Test/ i nageetiowestinesystanddd,ithainspectiondestieg pitesamap be inilistedt Bor t he
first tinme a user 114 defines the contents of the data elenments. In

addi ti on, itm%g,%| gk RSl thd ARt cﬁﬂugte{s%]ég%welg%is%bc%%% tH0dAth sG@dchRn nodul e

602 may al so be active throughout t tion process so that users) 114

(and ot her systen{(s ontinue to.nodify, 20 the eye. in r -t
during the i(ﬁ§p<£‘%'i’%%0(gar%aé§§ _oa%#l. b‘%‘%‘@k‘m%??/byf 8%?7‘??1@%’@5? ?Lﬁaﬂfﬁgt%anfe
nmodi fication nodul e 602 determ nes that the data structure (e.g.) queue
200) is to Bdogkodli& risenit sembliesol(di asa fapded and tepted pREl heting] ¢ircuitrseemablyingd
that there may be a variety of conditions for determ ning when the queue
200 is to beosugedifiedin the dasanpiues istoesipldted PEiod provesy ernanareditiblodkt 2 1an
nodul e 25 602 may be configured such that a user 114 may notify the system

when {he queue i Spefedihoto FAGPE lHdd cnt%@ﬁéra@fiﬂﬁéig&ﬁrﬁégédlﬂ s, the

deci sion to nodify the queue 200 may be controlled by automated circuit
assenbly |l oadipng system 11Q, circuit .assenb L.nspectionliesting system
108, or sonéeﬁg‘%%’F&é%&sg}’Féﬂl%ﬁ'ftSW\l1@e‘§@ﬁ%ﬁ‘%§%“k%f1ﬁ' r‘%emf?ti“dﬁaﬁhﬂgﬂ’condi tion,

at block 704, test/inspection queue

interactive circuit assembly test/inspection scheduling system 112 interfaces with
user(s) 114 (via interface 612) and automated circuit assembly loading system 110
(via interface 614) to provide an interactive, real-time mechanism which enables

15 user(s) 114 to modify the manner in which circuit assemblies 106 are loaded for
testing/inspection. In the embodiment illustrated in FIG. 6, interactive circuit
assembly test/inspection scheduling system 112 comprises a data structure (e.g.,
test/inspection queue 200), a test/inspection queue modification module 602, and a
circuit assembly load module 604.

20 The data structure comprises a plurality of data elements 600 that define the
order in which circuit assemblies 106 are scheduled to be loaded into circuit assembly
inspection/testing system 108. For example, each data element 600 may comprise a
unique reference to one of the circuit assemblies 106. In one embodiment, the unique
reference comprises a serial number associated with a corresponding circuit assembly.

25 One of ordinary skill in the art will further understand that the data structure may be



modi fication nodule 602 may pronpt the user to specify the manner in which
the data structtue is to be nodified. At block 706, testlinspection queue
nodi fi cati on nodul e 602 recei ves a user selection spechfying t he manner in ,
which the data structure is to be nodified. As nmentioned above briefly,
test/inspection queue nodification notiull e 602 may be configured to enable a

user 114 to perform.a variety of functions.. Fqr. 10 exanple, test/i ection
queue modi | IBATEGSIBANFAB0b Ry R R ghr Qe caediidaRe b e o
performany of the follow ng, or other functions: delete a circuit assenbly
106; rear r arigfarst-ivefitst-got (FﬂFB)/\ﬁii@@ha & lag-ifrgicaut (TGO stakck.esic. Jo6nany othsr be
| oaded; nodify the serial nunber for a particular circuit assenbly 106,

etc. After thsmnésalchIBteGkiadbndtsp b@Gei@e darte]dheks 0 finke @i BgReEE iron
gueue nodification nodule 15 602 may access the data structure. As

illustrated I Sl - i t] tf,L.catiyon
modul e 602 My TEsTER edishbhial 1D ok f7be lopRREiEe, W MR EE AL B,
114 from nodi fying the queue 200 jf th% request ed nodj fication would affect
the cdrrent circftiugbeehiysiatehm HE: fghe dagsbueire may bhasesseddYances, at
bl ock 712, test/inspection queue 20 nodification nodule 602 may notify the
user 114 t hagstlilspecpacjueiethodifttafiorcmbiinle 602 (vietintradesids) tnd bheirqueue 200.
If the requested nodification does not affect the current circuit assenbly
106 being i RspGHIhad HodiO6H (VifinterBed 608)S m&m&%oﬁt&&&%om fication

nodul e 602 may nodi fy the queue 200 1 n accordance wth the rgquested

nodi fi cation, The.éoiocess I"té(er l.nates at bl ock 716. 13 Referring to FIG
8, the genefSIHGRS HEIF ?ceorgd tation, and/or functionality of an

enbodi ment of circuit assenbly |oad nodul e 604 will be described. In
general , circuit %%%wﬂ%a?éthﬁmﬁél gowtechirprpsmtichcandéerfunétinmaliprof
accessi ng the queue 200, determ ning which circuit assenbly 106 is to be

| oadad next af lembedinmemt bhirsvingsctice hnsvednddifithnghedige 80DWill Bodesafibed.yi ng
automatic circuit assenbly | oading system 110 which circuit assenbly to

load. As il laushhed vk BehdrSity, Sest/lshEdtioh ResERBhichRA BT 028R40108Y be

initiated at

user(.s) 114 to modify the contents of the queue 200 in real-time during the
test/inspection process. In this manner, user(s) 114 may remove a reference to a
circuit assembly 106 from the queue 200, rearrange the order of the circuit assemblies,
15 etc. Test/inspection queue modification module 602 may be initiated at block 700.
Test/inspection queue modification module 602 may be initiated the first time a user
114 defines the contents of the data elements. In addition, it should be noted that
test/inspection quene modification module 602 may also be active throughout the
inspection process so that user(s) 114 (and other system(s)) may continue to modify
20 the queue in real-time during the inspection process.

At block 702, test/inspection queue modification module 602 determines that
the data structure (e.g., queue 200) is to be modified. One of ordinary skill in the art
will understand that there may be a variety of conditions for determining when the
queue 200 1s to be modified. For example, test/inspection queue modification module

25 602 may be configured such that a user 114 may notify the system when the queue is



bl ock 800. At bl ock 802, circuit assenbly | oad nodul e 604 accesses the data
structure (e.g., queue 200) to determ ne the current assenbly to be | oaded
f.or 10 i nspection. As stated above, data el enments 600 in queue 200 nay.
contain unique references for a corresponding circuit assenbly 106. At

bl ock 804, circuit assenbly | oad nodul® 604 notifies aut.omated circuit

assenbly | oadi hg sy:. 0 ich circui ssenbly 1 S to b oaded for
i nspecti on. *Pn}i’esmﬁé’?ﬁ[ege%‘é% & C‘?ﬂg’dloﬁﬁ ‘ﬁ%&%éﬁﬂ%f? Wémf’%gy h’ﬁiqéfﬁ%e ‘Z%d ’é‘%ﬁﬁe
nunber (e.g., serial nunber) associated with one of the circuit 15

assenbl i es 16éntrofied beebwnoteddicuk 28F8bly iaadingtsysismetitl girduptaassemblyl e 604
determ nes when the inspection for the current circuit assenbly 106 is

conpl ete andirfsf?@cti!&ﬁ)i&stiﬁ%_rs%fl&{q 188580 cHRE ckferddd sPRerth0aded for inspection.
When the currenht inspection is conplete, at decision block 808, circuit

assenbly | oad nodyle 604 erm nes whet her .circuit assenbly
106 1s the rast t Regmaligiahe bRedffe YRS of 050 /05 30kl o8R8 Tout o
604 term nates at bl ock 810. However, if there are still circuit assenblies
106 r ef er ence@difisatipremgdels S02 omy prempt Herisgrto spesifydhs magserdpriyiich Bedatiodul e
604 accesses queue 200 to determne the next circuit assenbly 106 to be

i nspect ed. Astnlehoeks ©bé.madifiedsi At bleslke f06, tedt rasphe ctizagien 6 Sebdifdatibh @sodule
automated circuit assenbly | oadi ng system 110 which circuit 14 assenbly

106 is to beé%«z,aeg;gges aNeP sQERAIBe IR BeeRfel B Rikh 880424 ﬁghcpdde%&o%

until all of e circult asse es’1l are i1 nspected. It s be not ed

that test/inspectio ueue i fication dul e.602 and cj.rcuit assenbly

| oad modul ¢ BOMy ASEoT BRELEby e St oRPeri b BuSBanSdifChonao i tor s,
both nodul es are configured to sinultaneously interface with queue 200. In
t hi s manner , 6G&mapbe rorifareitoenabla amser 1 1419 pedfprmmadiafiptytdfdunaionenFer of
queue 200 in real-tine during the inspection process. As nentioned above,

interagtive Glabple, testufspedtion duesd odiMALLH BddaRNEIthayBe SotFiparedlibZnable
interfaces with users) 114 via interface 612. One of ordinary skill in the

10 art will Joden 4 88t diol an e 2hd REBwHE oFBbhel Rur BB QUlcfith Lifludh vari ety of

ways. For exanple, in one e i ment, ace 612 conprises a graphical

user interface. {)
assem

]r)]/ 106; rearrange the order in which the circuit assemblies 106 are to be
loaded; modify the serial number for a particular circuit assembly 106, etc. After the
user selection is received, at block 708, test/inspection queue modification module

15 602 may access the data structure.

As illustrated by decision block 710, test/inspection queue modification
module 602 may also be configured with a feature which prevents the user 114 from
modifying the queue 200 if the requested modification would affect the current circuit
assembly 106 being inspected. In these instances, at block 712, test/inspection queue

20 modification module 602 may notify the user 114 that the specified modification
cannot be made to the queue 200. If the requested modification does not affect the
current circuit assembly 106 being inspected, at block 714, test/inspectionl queue

modification module 602 may modify the quene 200 in accordance with the requested

modification. The process terminates at block 716.



the regard, FIG 9 is a screen shot 900 of an enbodi nent of a graphical
user interface that may be inplenented by interactive circuit assenbly
test/inspection scheduling system 112 for interfacing with users) 114. As
illustrated in FIG 9, the graphical -15 user interface. may support a first
wi ndow 902 in which a user 114 may popul ate queue 200 by entering uni que

reference designators (e.qg.,. serial nunbers) for the correspondi ng circuit
assenbl i es 106. Cﬁé@“ﬁ”ﬁ%t(gwﬁhéethff&e%?@r% IETE‘é‘FegHH‘FTSP‘%n’&PgFOiTEW‘OP%NSO\ﬁ ndow

902, a user 114 may interact with the entries, for exanple, by selecting
t hem vi a cur soemBodimeAsof ecircuiiesseniblybad atcsid]e 6V4RVIB bedjeserieedglngmearal, user
interface may 20 al so provide one or nore virtual buttons 908 configured to

provide a pagtd cstémbiynsdd RPANE bY4 coiprn®X afthSohafiRg RHhEQEIHBhRfene
configured to initiate the inspection process, and other buttons may be

ki1 %7 et B4R RbieR Bt RarSERTRUR R ORRFELTo Pieden Heihe bn

may be support by the graphical user interface. For exanple, as illustrated
15 in ¥1 G 9jefingd byrtlapanaral200) end netifyingatomatie calcys apieaiblyiagngsiigemai ndow
904, which displays the current status of the inspection process. FIG 10

is a bl ock djﬁgwmash(airc@mag&mm}ltarwadt_:orrputi ng system 1000 that may be used
to inplenent interactive circuit assenbly test/inspection scheduling system

a1 Tout R Rl TG LREAE LR BB LS aegect | o

schedul i ng system tware, re, rdwar e,
or a conbinatiaqon_ thereof. In the enbodipent illustrated in FIG 10,
interactive WPFEL: %&E]@ﬁ]bﬁgz’tcé@?’f Pﬁgtabgﬁpe%n@éﬂ@ iAEFEPRARR12 i s

i npl enented in software, as an executabl e program which is executed by a

processi ng demxicore (€9 2queBe 280 hlol deterimmet the purrerft ag@Enitdy thee wadedcfort ect ure, as
shown in FIG 10, conputing system 1000 conprises a processing device 1002,

nmenor yp 1004, ingpetien. ABkRtdIGIDODE Kata dlehéme 600RVA a8 200 Hihy RAMAIPRFqRE NMOr e
i nput and/or output (1/0O devices 1 OLlO interconnected via a | ocal

Lgtrgg‘;gﬁfs | %@r?qgﬁgyﬁa;c{&grgﬁoﬁhﬁé’éﬁ% 'aggi%bf])‘r' (66184t 6REP80E TidtH bl AR
lbad module 604 notifies automated circuit assembly loading system 110 which circuit
assembly 106 is to be loaded for inspection. This may be accomplished by forwarding
the unique reference number (e.g., serial number) associated with one of the circuit

15 assemblies 106. At decision block 806, circuit assembly load module 604 determines
when the inspection for the current circuit assembly 106 is complete and the next
circuit assembly 106 is to be loaded for inspection. When the current inspection is
complete, at decision block 808, circuit assembly load module 604 determines
whether the current circuit assembly 106 is the last to be inspected. If it is, circuit

20 assembly load module 604 terminates at block 810.

However, if there are still circuit assemblies 106 referenced in the queue 200,
at block 812, circuit assembly load module 604 accesses queue 200 to determine the

next circuit assembly 106 to be inspected. At block 814, circuit assembly load

module 604 notifies automated circuit assembly loading system 110 which circuit



15 Referring again to FIG 10, the various conponents of conputing system
1000 w Il be described. Local interface 1014 nay be, for exanple but not
-imted to, one or nore buses or other wired or wirel ess connections. The
.local interface 1014 may have additional el enents, whi ch are omtted for
simplicity, such as controllers, buffegs (caches), dri vers, repeaters, and

receivers, to enable tions. Furthernore, 20 the Ioc I erface
1014 may i ncPEED &db%érémg%lﬂa?? s RERCEs Tepat OF TERTRIRIA!] Erigororionk
appropriate conmuni cati ons anong the af orenenti oned conponents. Pr ocessi ng
devi ce 1002 ustilalhaiteera:devemieidsdi06 exemstdacted. sof t ware, particul arly that
stored in nenory 1004. Processing device 1002 may be any custom nmade or

commer ci al | y-avai hashab@mme%?eﬁst% teVifBLI R quRl OFBaT Ao Rlolule@d)andan 25
auxiliary processor anbng several processors associated w th conput ni g

system 1000, 16 a s e, c0 duct.or .base mcr roc SSO r

m crochi p or CEFHITASSERY yl%adgq’S&Bf.’)Pg%E?%’ F“e&e gaéﬁ’é CQF'?({anﬂvcﬁgévfc ern&
executing software instructions. As illustrated in FIG 10, mam)ra/ 1004 may
conpri §e an wpuisabothgnadpdasans aoduradiie sunultppeeushpiplartage Weieguene00.ak
interactive circuit assenbly test/inspection scheduling system 112. NErmry

1004 may i ncipdi@ammy, ARs@ibed @BV atuiser 1afmaohadiify thersenhis ofl@BBNLE0 fre. g.
random access nmenory (RAM such as DRAM SRAM SDRAM etc.)) and

nonvol atile ne ROM hard drive, tape, CDROM etc.).
Menory 1004 n’ﬁm)m%cd%%lg ratléslgéﬁ e ]&‘))nl C, magnetic, optical, and/or other

types of storage nedia. Furthermore, nmenpry 1004 may have triputed 10
architecture, in GAMAERE M%@Wﬁ%ﬂﬁ%@swk’u&? éI“StPE?HﬁDeSC?‘F dymeone
anot her, but can be accessed by processing device 1002. The software in
menory 1004 syatem hi2 intefaosewih uso() 134 pariatesfape 612. avs ofardimapy skitiiin the
conpri ses executable instructions for inplenmenting |ogical functions.

Menor (1004 gewifl UhdddStnd @Dt fica 632 hiaFVe@onfQirad i@ vt &%Sﬂw&?&@&hat
controls the 15 execution of other conputer prograns, such as one or nore

appl i cati ons, 100 ple ﬁgné ng&&’}ﬁ}eh%’ gntgllf&c%%fz QR ¥ ghaBfich! MEPHILERE. In

schedul i ng sy rovi

the regard, FIG. 9 is a screen shot 900 of an embodiment of a grabhical user interface
that may be implemented by interactive circuit assembly test/inspection scheduling
system 112 for interfacing with user(s) 114. As illustrated in FIG. 9, the graphical

15 user interface may support a first window 902 in which a user 114 may populate
queue 200 by entering unique reference designators (e.g., serial numbers) for the
corresponding circuit assemblies 106. Once the unique reference designators are input
into window 902, a user 114 may interact with the entries, for example, by selecting
them via cursor 906. As further illustrated in FIG. 9, the graphical user interface may

20 also provide one or more virtual buttons 908 configured to provide a particular
functionality. For example, one button may be configured to initiate the inspection
process, and other buttons may be configured to pause and/or stop the inspection
process. One of ordinary skill in the art will understand that any of a variety of other

functions may be support by the graphical user interface. For example, as illustrated



schedul i ng, input-output control, file and data nanagenent, nenory
managenent, and conmuni cation control and rel ated services. Interactive
circuit assenbly test/inspection scheduling system 112 may be a 20 source
program executabl e program (object "code), script, or any other entity
conprising a set .of instructions to ¥e perfornmed. When inplenented as a

source progr hen the. a e - Vg il er,
2ssenbl or . T st Bter APl AR RN e} 250 B BRABEE PR o R S £ R LG
within the nenory 1004, so as {0 operate properly in connection with
operating s§splens HGOHITERSIRHEPHBE HISPOHINRIGETt i ve circuit assenbly

test/inspection scheduling system 112 nay be witten as .17 (a) an object
ori ented progranFi®gld dndlegediaghinaf ahaseraplagsemmitindayaemnd0ttidiads, *or
(b) a procedure programm ng | anguage, which has routines, subroutines,

and/or f unc%é;) ?%Eﬁgg&rﬂ?]e%@mltﬁa Wpe\ éﬂeﬁit Eés@}rﬁ) r'ﬁét{qrﬁs gtr:t]jcgf"scﬁedLﬁﬁ%ga?%teTBaSi c,

Fortran, Co a, an . 5 Net ace devi 010 may
be any device confi ed tq facilitate .comunication. between c uting
Syt e 10001 Fndlt AnRE APIEAH0 i tRra e Grcut sy Lot imghection sonsap g

packet-swi tched or other data network including the Internet, a circuit
swi t ched netystenk ] 12mek basmpleaeptediin sofiwirecheaware] lpdware, orst euonlknationni r el ess
network, an optical network, or any other desired comunications

i nfrastruct heeof 1fh theRRbbaRdUTIEE M8 BSFIO 1D, [Hta@RERIER aRbIEVi CE
configured to comunicate wth local interface 1014. One of ordinary skill

comut i ng syermmetnon SRRy Shepl FPART R 2R sEE P ARy e e

foll owi ng, or other, devices: a keyboard, a. nouse, display device, such a
conput er noPregwHm, vehighisieXecedt by 2 aTqssssing davicesl 098y Qengaﬁﬁ Iterms ofpeakers, a
m crophone, etc. As illustrated in FIG 10, conputing system 1000 nay
i ncl wde a churdwareranchiifputuat, iao shabavinddGl006camuiting dystehd P00 eompeiseb(l 8. As
described in detail above, interactive circuit assenbly test/inspection
schedul i ng syedsefie HkicBRYONRhémbry 1004, one or more network interface devices 1010,
a;nd one or more input and/or output (I/O) devices 1010 interconnected via a local
interface 1014. Computing system 1000 may further comprise additional components
not illustrated in FIG. 10.
15 Referring again to FIG. 10, the various components of computing system 1000
will be described. Local interface 1014 may be, for example but not limited to, one or
more buses or other wired or wireless connections. The local interface 1014 may have
additional elements, which are omitted for simplicity, such as controllers, buffers
(caches), drivers, repeaters, and receivers, to enable communications. Furthermore,
20 the local interface 1014 may include address, control, and/or data connections to
enable appropriate communications among the aforementioned components.
Processing device 1002 is a hardware device for executing software,
particularly that stored in memory 1004. Processing device 1002 may be any custom-

made or commercially-available processor, a central processing unit (CPU), an

25 auxiliary processor among several processots associated with computing system 1000,



cooperation with a graphical user interface to enable users) 114 nodify
queue 200 in 20 real-tine during the inspection of circuit assenblies 106.
Accordingly, a user 114 may interact with interactive circuit assenbly
.test/inspection scheduling system1l 12 via display device 1018 and cursor
mani pul ati on device 1016. Thus, onggof ordinary skill in the art wll
appreci ate that display device 1 Ol8 may conprise any of the follow ng (or
ot her) types asEmirOpReaar baspd MeTPRFACEssOTdUbihe ferm pka BREPHIE &F cipeset) o
interface: a conmputer nmonitor, a liquid crystal display (LCD), a

pl asnma- based nehiceqpirenessor, or&eacrallfbhbdeyéd fdi eplayng softvone msgeassrsi ve screen,
such as those inplenented in portable conputing devices (e.g., a personal

di gital assistant AR ; n i I : L Sk | ce,
regardl ess of the A&HE@%%?%%&%?’?%%@&g%@gag _coiﬁlﬁﬁg} ﬁ%er%gtllﬁ%s r?é{r

mani pul ati on ice 1 Ol6 may comprise gny input device 5 confjgured to
cooperate Wi tlagéc/\r?naﬁbmoé%f}? ﬁati%‘ﬁnﬁoh%é’t“atl%ﬁﬁc %‘f‘é‘f‘r‘l’tla(ﬁﬁffms%lﬁ(w I"%Pﬁ‘ftlé’rnacti ve
circuit assenbly test/inspection scheduling system 112 and mani pul ate a
cursor 5906 dsspbalegisystent h2. dispbryl (dvmayeintlods anyone excmplisgticounfsolatile

mani pul ati on device 1016 may conpri se a nouse, a trackball, a set of

navi gati on kﬁﬁéﬁlo@?eﬁmen@r(é.g,r&ﬂﬁﬁﬂacc@é@%én&r?)(m,ksuﬁﬁ hebRAM, BRA®V A few. 10
During operation of conputing system 1000, the processing device 1002 is

Gara Lo and PPRATEEMAR HrIbBE oo sephckls (EOROMGIEY ol S o 61 °

the conputi ng s]%/étem 1000 pursuant to the software, Interactive circuit
assenbl y t esEPRMeeic) oMaporzd P4 Mgy dncorparpts EieciiRRICo P ERs!Ch gPESA a/91006,
in whole or in part, but typically 15 the latter, are read by the

processi ng detheceypdOarXtorpgs inaghia. bufthemede, wnérhony 1100¢ muydres sidisyribiged ce 1002,
and then executed. In enbodinents where interactive circuit assenbly

test/ipspect hRRishireduviiieh S2h8 Ebrhpendnts ArdRit8ABA tabtt RrodPbh i dherButl S
shown in FIG 10, interactive circuit assenbly testlinspection scheduling

Pyotem 112, TRt RESL AL, cBNCRIRY g6 20, cocebl o medium for use by or
The software in memory 1004 may include one or more s;aparate programs,
each of which comprises executable instructions for implementing logical functions.
Memory 1004 may further comprise a suitable operating system 1006 that controls the
15 execution of other computer programs, such as one or more applications 1008 and
interactive circuit assembly test/inspection scheduling system 112, and provides
scheduling, input-output control, file and data management, memory management,
and communication control and related services.
Interactive circuit assembly test/inspection scheduling system 112 may be a
20 source program, executable program (object code), script, or any other entity
comprising a set of instructions to be performed. When implemented as a source
program, then the program needs to be translated via a compiler, assembler,
interpreter, or the like, which may or may not be included within the memory 1004, so

as to operate properly in connection with operating system 1006. Furthermore,

25 interactive circuit assembly test/inspection scheduling system 112 may be written as



met hod. In the context of this docunent, a "conputer-readabl e nedium can
be any neans that "can sure, communi cate, propagate, or transport the
program for use by or in connection with the instruction execution system
apparatus, or device. The conputer readabl e nedium can be, for exanple, but
not limted to, an electronic, 25 magnetic, optical, electromagnetic,
infrared, or(§gopRRAYGERE ga%mnngm@gﬁage;wmch}ﬂagcggéeg@edat@ran@h%mzIon
medi um More Specitic exanples (a nonexhaustive list) of the

conput er -r ead ée medi.um woul d i ncﬁ ude theh{&gl I O\r/gung:S an, eltect rical
connecti on (% @& PEOSAVTHRIOFATIYRE [A0RUARS, WhiER Fad FOUTES, Py B URCS o3 e

di skette (magnetic), a random access nenory (RAM éel ectronic), a read-only
menory ( ROM) fupeliens;, f@raxepledrdmoelimiebios Gokogh HasrabBasiceBertisnl Gobednier
(EPROM EEPROM or Flash nenory) (electronic), an optical fiber (optical),
and a port abjsgacampagi. di sc read-only nenory (CDROM (optical). Note that
the conputer-readabl e nmedi um coul d even be paper or another suitable nedium
upon ich the pr I: in . 0 at.cal |y
caprured. vi a f or Phid il gt OfhapbERh PR AARE AT} FAMEE

medi um then conpiled, interpreted or otherw se processed . in a suitable
manner if neBABRRIGAtGHbetWRahcunRring sysier 1090504 & comBBicption RetyorlesHR | ve
enbodi ments where interactive circuit assenbly testlinspection scheduling
system 112 = a prblierve prigateipackasdwahe] orn atberdatinetweorkiinduding dlsskandrhst, a
test/inspection scheduling system 112 nmay be inplenented with any or a

conbi nati on dpygfswifdBed BétWAW, ][%th thObli8lio swikHBA QMRS netd/ o, SO BLIBsd 00i C

circuits) having logic gates for inplenenting |ogic functions upon data

signals, an applicatio ecifjic integrated gircuit.(ASIC .havin

apnropr | at e TR &0 POl BEStsrk g aPusHeR bl R EOgl e a IR by a
field programmabl e gate array (FPGA), etc. It should be_enphasi zed that the
abovel(gescr i bed clmpBHPwRWdsvises il Bl may compriseany; deyige copleEphioy
test/inspection scheduling system 112 are nerely possi bl e exanpl es of

i mpl enent at | consnursieste watt locdlantedfacd HHE. hberfordinatiyrsgilbin thérert prillnci pl es of
the invention. Many variations and nodifications may be nade to the

above- descr i\hRdrseHaGHATBH e lling fontthe coriisaritioddb Nebinbolih g SIRRAL 1 00T
substantially fromthe spirit and
input/output devices 1012 may include any of the following, or other, devices: a
keyboard, a mouse, display device, such a computer monitor, a serial port, a parallel
15 port, a printer, speakers, a microphone, etc.

As illustrated in FIG. 10, computing system 1000 may include a cursor
manipulation device 1016 and a display device 1018. As described in detail above,
interactive circuit assembly test/inspection scheduling system 112 may work in
cooperation with a graphical user interface to enable user(s) 114 modify queue 200 in

20 real-time during the inspection of circuit assemblies 106. Accordingly, a user 114
may interact with interactive circuit assembly test/inspection scheduling system 112
via display device 1018 and cursor manipulation device 1016. Thus, one of ordinary
skill in the art will appreciate that display device 1018 may comprise any of the

following (or other) types of devices configured to support the graphical user

25 interface: a computer monitor, a liquid crystal display (LCD), a plasma-based display,



principles of the invention. All such nodifications and variations are

i ntended to be 20 included herein within the scope of this disclosure and
protected by the follow ng cl ans. 21 CLAI M5 Therefore, having thus

descri bed the invention, at least the following is clained: | 1. An
i.nteractive systemfor scheduling cirguit assenblies for inspection, the 2
system conpri sin 3 a data structure residing in nmenory _and conprising a
plurality of ax@jbEﬂ -besed display.c? IORG-SASKIVA SCTSH éP‘t"’Jé"PS ﬁhﬁsevaé?{n%“ﬁcﬂ Wality of
circuit assenblies are scheduled 5 to be inspected, each data el enent
conpri si ng apsredbér @nemiting demeeo(e. 4. eep gpanabdhigttyl asﬁisﬁncGPDaM)),tanalsmgrm}hdres; and
7 logic configured: 8 to control the manner in which the plurality of

circuit asseﬁngrﬁér Rhke 8 sﬁﬁ?%@%hg(}e%é?ﬁleésrb?ﬁﬁ&ﬁﬁd%? sh19PicE o168, a

structure; 10 to enable’a user fy the data structure.

interactive stemof claim1, whergl n tQﬁ data structure cga‘grl ses a 2
queue. 1 3. TP, SUEeTVRAEhuAton devica L1 GMAY CARTESE ANY PUHLEYECSt r uct ur e

conprises a 2 stack. 22 1 4. The interactive systemof claiml, wherein
the | ofi c commfigersd te obopeeate withrid apphicationd 08 capepating sigfemal G6x Bedosi| ng device
configured to inplenent the logic. 1 5. The interactive systemof claima1,

wher ei n the hegidive eithifasadblydefAddesich sthediingts9stemdilRyant hgarii@ilate a
structure is operatlve to provi de a graphical user interface. 1 6. The

user ¢o moai 15t gt pnd) Bh b A”%Gf%%#%e's‘@é%??°?sf%‘élﬁ%g‘*‘l&?‘%&“‘%ﬁ“@‘%ﬁom

the user to speC|f amanner in Wmchthegta structure s be 4

nodi fied; 5 fecsl @i 6 JNYSOMPEISE 8 EIQUSH 4 tFagkD gé‘cﬁeﬂ’ V‘ng?é‘o - ch t he
data structure is 6 to be nodified; and 7 nodify the data structure based
on the user lsgkeand ajnystick stick, to name a few.

10 During operation of computing system 1000, the processing device 1002 is
configured to execute logic stored within the memory 1004, to communicate data to
and from the memory 1004, and to generally control operations of the cor“nputing
system 1000 pursuant to the software. Interactive circuit assembly test/inspection
scheduling system 112 and operating system 1006, in whole or in part, but typically

15 the latter, are read by the processing device 1002, perhaps buffered within the
processing device 1002, and then executed.

In embodiments where interactive circuit assembly test/inspection scheduling
system 112 is implemented in software, as is shown in FIG. 10, interactive circuit
assembly test/inspection scheduling system 112 may be stored on any computer-

20 readable medium for use by or in connection with any computer related system or
method. In the context of this document, a "computer-readable medium” can be any
means that can store, communicate, propagate, or transport the program for use by or
in connection with the instruction execution system, apparatus, or device. The
computer readable medium can be, for example but not limited to, an electronic,

25 magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus,



1 7. interactive systemof claim1, further conprising logic configured to
.<<uate inspection of the circuit assenblies. 23 | 8. The interactive
systemof claim1, further conposing a nmechani smresponsive 2 to the logic
configured to control the manner in which the plurality of circuit 3
assenbl i es are schedul ed for- i nspecygpon and configured to | oad one of the
plurality of ,4.circuit _assenbljes hpto a eircuit senbl y i i system
Po' T nspect _ci5ish P BlokaBIREITbLSR, N8 s E I AT BOR SRR S
further conprising the circujit assenbly 2 inspection system 1 10. The
interactive eoprpuercrdaiigmedym W@lﬁéﬂﬂl‘@%@eé@lﬁ)%%i ars 8AHICY! GORBEFEOR| on 2
system conpri ses at | east one of an automated x-ray inspection system an
aut omat ed 3 @pkiroaic) hindpgohd onmsiesviess, a podatda compwter diskedttet(@mpnaiesteem 1 11.
The interactive systemof claim9, wherein the circuit assenbly inspection

2 systemis rgggg,j]guﬁgn{eﬂadr?%m (Ql!é'&t%rﬁg,s'&éa% yR‘aﬁafngf(-ROM%ffelkc.tﬂo%ic)A”

. . Il
interactive systemtor scheduling circuit” assenblies i nspection, ‘the 2

system conprising;.3 neans for storing a da r the data stnjcture
Conpr 131 g, EnATH]S BB A0 P LBROET (AR LU F RERONLGF dUDmEigLn a
plurality of circuit assenblies are 5 scheduled to be inspected by a
circuit assgalebiyoninkpeoptical fibgs(ophivalpaot agmttablelcempactt discoeaponlyimemary
reference to one of the plurality of circuit assenblies; 7 nmeans for

controlling (tﬁ]ﬁ{@m REptidal). WHdte that 1R dahig)g?érjrééﬁame rBédigHicbuRISVeNBE bFerdrar e

schedul ed for inspection based on the ta structure; and 9 neans for

ctructur e, £ipier St pRRa R )% IhrbBah b BrilBY. idut Bohh Bl .

structure conprises_a 2 queue. 25 1 14. A method for inspecting a
plurality ofelestogislly sartireg) viador instancecaniical ssanming of the Raper gfhieRg
environnent, the nethod conprising the steps of: 3 providing a conputerized
gueueld hat deédimasthcheoopded, interpaktied bor athptwisapidcyssed ida suitableahaass &hbl | es
are scheduled to be | oaded for inspection; S scheduling the plurality of

circuit assegbldss, il thbs seAH hebhiAtra@tsy. 6 initiating an inspection
process to begi nﬁfsyoadi ng the pl uralhiﬁ)?y of cifcuit 7 assenblies based on the

corput 1264 200l HBLRCHIS S REEAARY LSRR R DA AR, o1 Ce
for inspect isgged?l){ing[s))gsitér%ilrllg its rilr(;"lp e?ne%?cmg (erd-wza?g n lérealégile circuit assembly
test/inspection scheduling system 112 may be implemented with any or a combination
15 of the following, or other, technologies: a discrete logic circuit(s) having logic gates
for implementing logic functions upon data signals, an application specific integrated
circuit (ASIC) having appropriate combinational logic gates, a programmable gate
array(s) (PGA), a field programmable gate array (FPGA), erc.
It should be emphasized that the above-described embodiments of interactive
20 circuit assembly test/inspection scheduling system 112 are merely possible examples
of implementations, set forth for a clear understanding of the principles of the
invention. Many vanations and modifications may be made to the above-described
embodiment(s) of the invention without departing substantially from the spirit and

principles of the invention. All such modifications and variations are intended to be



1 15. The nmethod of claim 14, wherein the step of nodifying the order in
which the 2 plurality of circuit assenblies are scheduled to be | oaded for

i nspection conprises 3 providing a graphical user interface for nodifying
the conputerized queue. 26 1 16. A cogputer programenbodied in a
conput er -r eadabl e medi um for scheduling 2 circuit assenblies to | oaded for

i nspection i i ! QERY [

conpri si ng: Cgﬂggﬁg%gf%ﬂéT39%§%§%%$?§$ﬂ%ﬂﬁﬁgf%réﬁlty gﬁyég%gggﬁgﬁ%nts t hat
define the order in 5 which a plurality of circuit assenblies are schedul ed
to be inspec@@@?-each data 6 el enent conprising a reference to one of the
plurality of circuit assenblies; 7 logic configured to control the manner
in which the plurality of circuit 8 assenblies are schedul ed for inspection
based on the data structure; and 9 logic configured to enable a user to
nodi fy the data structure. 1 17. The conputer program of claim 16, wherein’

the data structure conprises a 2 queue. ' 1 18. The conputer program of
claim 16, wherein the logic configured to enable a 2 user to nodify the
data structure conprises a graphical user interface. 27 1 19. The

conput er program of claim 16, wherein the | ogic configured to enable a 2
user to nodify the data structure conprises logic configured to: 3 pronpt
the user to specify the manner in which the data structure is to be 4

nodi fied; 5 receive a user selection that specifies the manner in which the
data structure is 6 to be nodified; and 7 nodify the data structure based
on the user selection. 1 20. The conputer program of claim 16, further
conprising logic configured to 2 initiate inspection of the circuit
assenbl i es.
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7 modify the data structure based on the user selection.

1 7 interactive system of claim 1, further comprising logic configured to

.iliate inspection of the circuit assemblies.
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1 9 The interactive system of claim 8, further comprising the circuit assembly

2  inspection system.

1 10 The interactive system of claim 9, wherein the circuit assembly inspection
2 system comprises at least one of: an automated x-ray inspection system, an automated

3  optical inspection system, and an in-circuit test system.

1 1L The interactive system of claim 9, wherein the circuit assembly inspection

2  system is configured to inspect printed circuit boards.
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7 means for controlling the manner in which the plurality of circuit assemblies

8  are scheduled for inspection based on the data structure; and

9 means for interfacing with a user and enabling the user to modify the data
10 structure.
1 13.  The interactive system of claim 12, wherein the data structure comprises a

2 queue,
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4  circuit assemblies are scheduled to be loaded for mspection;
5 scheduling the plurality of circuit assemblies in the computerized queue;
6 initiating an inspection process to begin loading the plurality of circuit
7  assemblies based on the computerized queue; and
8 during the inspection process, modifying an order in which the plurality of

9  circuit assemblies are scheduled to be loaded for inspection by modifying the

10  computerized queue.

1 15 The method of claim 14, wherein the step of modifying the order in which the
2  plurality of circuit assemblies are scheduled to be loaded for inspection comprises

3  providing a graphical user interface for modifying the computerized queue.
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6 element comprising a reference to one of the plurality of circuit assemblies;

7 logic configured to control the manner in which the plurality of circuit
8 assemblies are scheduled for inspection based on the data structure; and

9 logic configured to enable a user to modify the data structure.

1 17.  The computer program of claim 16, wherein the data structure comprises a

2 queue.

1 18 The computer program of claim 16, wherein the logic configured to enable a

2 user to modify the data structure comprises a graphical user interface.
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1 19 The computer program of claim 16, wherein the logic configured to enable a
2 user to modify the data structure compnses logic configured to:
3 prompt the user to specify the manner in which the data structure is to be
4  modified,;
5 recelve a user selection that specifies the manner in which the data structure is

6 to be modified; and

7 modify the data structure based on the user selection.

1 20. The computer program of claim 16, further comprising logic configured to

2 initiate inspection of the circuit assemblies.



