; e3e>snnodp: 6q~r 6r T>sox? A METHOD FOR DETECTI NG M SSI NG COMPONENTS AT
;ELECTRI CAL BOARD TEST USI NG OPTCELECTRONI C FI XTURE- MOUNTED SENSORS s Fiel d
“of the Invention The present invention relates) in general, to electrical
board testing, and nore particularly to a novel nmethod and apparatus for
detecting m ssing conponents froma printed circuit board. Background of
the Invention 10 El ectronic products are physically decmmmwumwm ze at a
rapid rate. At the ‘'sane tine, consuners have becone nor n their
expectations of the quality and reliability of the products«kdigy buy. In

order to nmeet quality requirenments, electronic product manufacturers nust

t horoughly test the product at various stages during the manufacturing
process. 15 HoweHMETHRD EOBRDE T INGIMISEING ﬁ@é’tﬂﬂi\'%\%ﬁ? AEELEGEBKZM. t o t he

critical portions (BoARD AESEUSINBDPFOECECTRORISAIKTOREMNOUNEEDCE Necessary
for testing the product has becone nore and nore difficult. This problemis
occurring in a tinme when nmany manuf acPENEPRSar e al so faci ng an increasing
need to test product conponents faster and nore efficiently. 20 A printed

circuit board (PCB) is subject to |r__rlxa]ay gif'f‘erer}‘t types of defects during

the assenbly process. Accordingly, and i nspection techni ques
are enpl oyed to | ocaTme prasseindeition raated dtlganerdlte elachical bohrdaestiggner al t est

nmet hods used to fi . X [ i (or..vi sual)

i nspection, and a&bﬂgo);fp %ﬁ‘i%ﬁﬁ%%m%l‘ ﬁ}%h@géghgké%%t}' ? gog%g@gtlé ,'%5§'¥domd in
particul ar a techmpguantsframnea pested cincuitiboamdi t test”, is the nost mature and
nost comonly used techni que. I—%@ ﬁ Eg}&d access to nodes on the
PCB vi a bed-of nails_probing de X Bun,‘dao?ttfm \%_ [ test is becoming |ess
effective. ne of t hleptnsic pypdupts asephysicrlicdecrensingdpsizasai@rBpif 6atet oday is so
m ssing devi ces a s infi EoumeRd diE heBEholetRiRARRIPNbRe board or t hey

fall off during the assenbly process. Prior ne of detecting m ssing
devi ces at the EKeRY3ORSPT thequaliftangdeliapiliyobthgPardusts theyduidl orderde r cui t
te;s_t, rUtnCt It Ona|n?jée$étgaliwta@ﬁfétﬁehté?elt8&%tﬁléfﬁ?mf mhﬁﬁéctur_é?&?uét?ﬁ?qugﬁl tg_rrat ed
optical test, an utompted x-ray test. . N- Cj r.Cuyi est, including
unpower ed i n-ci rt%"'lﬁﬁ'la p&%%"?@%‘{s stags? dﬂi"?ctp%f"@”‘élgﬁ‘éﬂ"w RBF8nent s) and

di gital in-16ircidowevasas électroticgieviaés bazopersaniller, actiessd foalscritigali n-ci rcui t
tester. The in-ciLcyl e i / - 0f - nai - havi ng a
nunber of test eﬁab{hﬁﬁéeéef&&eiécﬁcﬁwﬁwﬂfa)s(etsﬁ?fgﬁ%%é\%cg&%gés%a#ﬁéﬁte%ﬁs epr obes is
mount ed over t herdsiedthas baeire mofe anidendre sliffult.s Tikis problem is loecuriingtinae pr obes
align with and ¢ ! j ori nt. 5kt board under
test is' nount ed%ﬁ%%é nﬁaﬁ'iﬁng*a%ﬁg hgatlstytffﬂénq igr;('%ﬂregélg '8 edstge SEect rically
cont act vari ous PrRsielrcopwonentefagter anshmeneeffieEBlyinder test. Analog in-circuit

tests detegh m ssi nga pANEPEIRDI BodtB (REE) iEsEbjett terhariyifferént typedbf Ng the 10
appropriate nodgs t 0 ‘Whi Ctg t he Cbi\f onent undg,r t est sgosgl d be attached, and
measuring the vaPEs dufingthe assembly Rroegss: 4cgardingly, vagysdesiand ~ capaci t ance,
etc.), of the cinspestiontechniqads dreemployéd fohecatethese defectsal Today,shané t hi n

predetermned |imts of th xpected v est | nfer hat the
conponent under afeetb'feei9§"?'ﬁ§8§ﬁ%?°é§éﬁ?&{°£’dgitdihe ?eg?q?ﬁ, ,elef:{:lnc la?r"é'ti onal test,
i nput and out pubpiivatifes visuml}ihspebiion; and wrayinspbctione Of thepa retsttricaitdsty t est

snould e oL el PR P oG5 R A P
correct resultsapd moglommaniylsed kashnigue. leweyes as pbysidahaccesmtoandes under
test is indeed BRERSERB vi DAL dbﬁ-'? S B ircki i yﬁ;pn Agi | ent
Technol ogy' s Test Jet T_I_Mwé(ng%ngérilfgtptec %ﬁég(descrfplgggt'fg et'a | in U S
Patent 5, 254, 95! 8ffegti¥®k et al., and incorporated herein by reference for

al | that it teaches)onestiiRCisstphivalent dfCtS6eh PCH absentbs RuGPR! | Y connect ed
toits trace on the PCB. Thﬁ}?t echni que uses an external plate, suspended

over the devi comngdevices thedeyeesah aitherdgver ieater RBote0aa aHEoh, ¢ he
pl astic or cer afaloffrdaticy thelassgmblysroceei PHommetAdbdidor ddiextihg Aiiksfngane and
t%y stimul ati on

external plate . |1 ., canagitor at _can be peasure
with an AC souréée)‘{r'%éﬁ‘t ee""ﬁg@faqé%gﬁ?rfﬁg pﬁ%’tesse'lnglg??'i"'ccé{f:‘l"e‘eﬁonnect ed to the
trace, an addi t fupplidnatigptacspaditicemeassdnient tast, seari test, autorhatetiepfitebt Jet TM

capaci tor. Thi si3fdhd hdBRbtegFRaFIt@NCe 30 exists due to the tiny air gap
between the pin and trace. This 1s a very small capacitance, nmuch snaller

than the TestJet TM capacitor, so the series conbinati onr’ MH et TTM
and t his additi exdwiiNo.-priozesieapacitor is smefl er than eithe m mwm"mm"fA
threshol d val ue can be set for each pin of each device unde[GO(;nggt 0

di scrim nate between present and absent devices.



M ssing digital devices can often be detected using scan test nethodol ogies
.based on | EEE 1149.1. However, scan test only works on devices that conform
" to the | EEE 1149.1 standard. Furthernore, even scan test requires sone
probi ng. Moreover, the absence of certain classes of s devices connected in
difficult topol ogies cannot be detected by electrical nethods even if

physi cal probing is provided. Parallel bypass capacitors are one exanple.
Anot her energing technique for detecting m ssing devices on a PCB is:
through mechani cal switching detection. In this technique, a spring-|oaded
1o probe attenpts to probe a part where it should be |ocated. If the part
is present, the spring of the probe conpresses to close a nechani cal

swi tch, which conpl dn-giscut test.iraldingiuspaweredinceiicribanalogtest (fppdisqmites, when t he
devi ce is preseglalogddmpdRents)SandRIfREINRLIrcuititdst tdrQighbllcombbnerltd, lgeiese, when t he
device is not present,. no culi[rent_ fl throu?h t he cuczw 1i_l The nechani cal
swi t ching 15 de®®BIrgHt edlehn fﬁdﬁcv@'t%ﬂw 8 bedrof-palls est-neadit ai ns novi ng
parts, making i havingsephbeploftebter ipterfacd pind. UK Bxturemaving gmumder gfhysi cal cont act
of the conponen

o physi Cal - pPOETHS ke ovecee Rubiel S the BHET sl o o

mechani cal sw t priobealige aith iard egnt tested intarface pins eAprinted oigétitbotidve f or PCB

mbl | i th lin] . | i
non- probed ar ea? 6l 8 TBLAR PR ARG P B e B OB dlock Bl L0723
These incl ude acantarhvasivuspedesaf intaress oo thed?CR poler teshAralagdneiredt x-ray
| nspect 0N ( AXl focts/HeiedPiABing BSASoridRis/oAdA POB GG BEpRBIg ST Ny devi ces

very effectively) they eac er fromthelrr own ati1on and

di sadvant ades. aRREORTafedI0das PMchthe gemernepHigler teskshavid besttpdetnat t hey
require expensi i Meaydfing the vaKig, ih bpistoiite GHIe 1é.g Srsistapby, capaatande; from the
in-circuit tester ?rlgt erefore, a sg ;;ﬁwre an elntlre new test step to
be added to t he®tfdRiiNeCOMPPRENt YdRI tast I the easured yalue SN such nachi nes to
t he manuf act ur i prgd¢te@siRasliniiBYf the expectdtivaliel thetiest infers thaktheases, but in ot her
cases the need to do so reﬁrgsenﬁgls a | arge di sadvantage to these nethods.
Since most manufARRAENLHIAeY thetds indged DieselEe ol ectrical testers (primarily

i n-circuit 14 est er s) Simitariwdn futhcliomaltesteihputiaad otitputredes binthedloatditby t 0 det ect

m ssi ng devi ces I |- Cl I LUr i Ng process.
Docket No. 1002‘5@%@%%0%%'\3\%35&&theéqoyd}gga}t gé%etg%?%g'@g%és%glPCB nodes due
t 0 ever - decr easyaiugsrapelapplipdto theyinputnedes and digital oésuits aresoflentedfearect i ng

m sSing devi cesygRupufidied! FirBIAM Abuieas ollidildeie 1818 il 3 e €ason I or
this is that nost electrical techniques used today to chec or m ssing
conponent s depe?RiMROFeMipderdest isgndgeddsesentspeci al |y for anal og conponents.

dAn;Jt hfr fopre at wggaépmmsgarﬁehﬂ?éﬂ s;u@hIaistaagnaﬂ TetBlogy's Tbstharst er IsI in
etecting mssin conponents IS, . al S evl ce I electrically
unt est abl e evenPPg ANdLEHBIGHS (desqebesin Hﬁ?@'”@'ﬂgn%t%"tg‘fﬁf‘#g 9 émﬁgr al | el
bypass capaci t ogtsl., 3N ihedrpdrated hérBindy eéferente for pibthal ibteaches), getectsn t he bench

with a single 1o device under test (DUT)) t et ect siphagl e, m ssi ng
capacitor) in p‘mﬁfﬁ %eev":&?gh'sHg{pé%qu&ﬁmi“?d&d?%ﬁs Y5 oBglgesfgﬁ;rhﬁ-he t ol erances
and guar dbands tebatiqueuses breexerdaipldte, susntied over tha device angérdestlagd hi de smal |

di f ; : . e
Capact tor o ns Eprarete otk hephdle F Kan R Bl S0 1 ar ge
ASI Cs) the 1s reavice hotisitg pHedeasrms arshexternal dlaly fouh a o carasity i s

i ncreasi ng, whigby ARGEENRSel stﬁ?ﬁiﬂ%ﬁlvﬁtﬁ aRPTSLUrc. ‘:Yi?!r\%rfﬁe H?\tﬁée. are

detectabl e by even a pertect electrical test. Accor . I's an obj ect
of the inventi otinisdoleleetticallyranseptgd Lthe aem a8 addtiopabeanagance the PCB i s

bfei nﬁ el ectri _carblthstngséredv.ﬁmmeisawM ehpaeitbr Thrssauﬁitiondl B%ﬂa%itﬁ‘lcléf) an OEj ect
of the I1nvention,to,detect, m ssSing CO nents t hout, Sl Cca probi ng
The ciroul B 1 (OGRS gistio T i o 0B Peee Mo pHANcriRsn: 1R RAVGICEHRL hi ooi ng
conponent s t hatcaputitaned, Imuchemalied thanehel Téstiet ®ctapyciton o e seriegir t el ectri cal

test nmethod in S cturi envi.ronnent . . Sumary . The.lnvention The
pr esent inventic%r[ﬁbﬂ'fag&ip g{et@eie Qﬁﬁ"@:ﬁh'? 8d 'W@a%%%ﬁ%naﬁ'f%ﬁ%@géwanoffers t he
ability to det egithemdapatitoy A thwestalkirvakie(canbe seliforeash pind eactpdayiceor s) 30 at
the in-circult et testi3qReRthinktBeiRBHRELHENIdpRRARRDsUSI NG non- el ectri cal
nmet hods. The conponent detectlon apparatus of the i nvention enploys

submi ni ature reflective object sensors which integrate an infrared (IR

em tter and detrea#éss1oze31itthe sanme package. The emtter and detector are
optically aligned to detect reflective surfaces at distances of about 1 to
5 Docket No. 10020511-1° mm By positioning the conponent detection
apparatus directly above a conmponent under test (such as bypass capacitor),
it is possible to detect a difference in reflection, which indicates the

o o o Y b1



conponent. s The present invention is advantageous over the prior art for
_+several reasons. In contrast to analog in-circuit testing, the present

i nvention detects m ssing devices without the need for physical probes and
wi t hout knowl edge of the circuit topology. Furthernore, the invention is
not affected by the circuit topology. 10 In contrast to digital in-circuit
testing, the present invention defects nissing devices with no digital test
programm ng, w thout the need for physical probes, and w thout know edge of
the circuit topology. Furthernore, the invention is not affected by the
circuit topology. In contrast to Agilent Technol ogy's TestJetT "

t echnol ogy, the present 15 invention detects mnissing devices wthout the
need for physical prMiseisg digitaldieisesean afiep badetented aning scardtestnal og

measurenents. | i, GO ogl%E bEQeoS&@I%IEEaﬁQ§1d'%%€ér éd%ﬁﬁéstbﬂ?w%@% nt invention

wor ks on devices that do not co andar I n

contrast to tesﬂﬁwgeWat%@rW&WaA¥%5n1w stapdare.c vithermeore ovenSFAs ent 20
i nvention does W@étrédﬁ:ﬁeé@hhé‘ﬁo@iﬁgtMoiﬂ&deﬂ?ﬁi%bﬁ@ﬁe?ﬂcéf&mseﬁbf cont actOI In
contrast to autorrate opt i spection vention does
not require®a s&5UFeREPNPR ?&"‘#E “th °"%9E°é|c?ap'r"1 ttbﬁé’e%ﬁﬁﬂg’ []GﬁV'FHg process and
i's much | ess expsstisddé@ven if phyaitial probing is providede tPachllel bypyss cappeiots e ( AXI ),
t he present |nvent|on és does not require a separate tester or test step in

the manufacturi @ ®s and is nmuch |less expensi ve. Brief Description O
The Drawi ngs A rmre Armtlpﬂremrgimg)teetmﬁweiforndefoéctingmﬁssing\dememnaEGB many of

the so attendan p t t he sane
becones better t's gﬁh%gﬁ%" |gcﬁen éj\gt étchoortj% E@Fﬂ%{ﬁﬁgggéﬁg '?&%d
descri pti omomhemrmraﬁemetsédptme@mﬁﬂmﬁ ibshopid: e legateds dttberpamisi ng dr awi ngs
i n which like T GiebROR SHAPEN e bidbh Edthitetdi 15aBE: #hedhdicaPéwiEATPONENT S,

wher ei n: FIG 1A 1| a profile view o printed circujt board under test

with a corrponent""h!ﬁ’?cf@mpfeé%sta %WE%%’“W‘FPE‘PP”‘P ﬂ%t?’&‘ﬁéﬁhq%e AeMigeds and

apparatus for C@m@ﬁ@e&rremetsmaso@bleﬁh fhe chrclt; likewiseDWhér the devieanspbt t he
printed circuit board under t he co onent under test

absent which i P(RSPPLPQEUrtant ﬁ%‘ﬁ%‘%h@ cgﬁtﬂéqgg&ecpg icql SYiS
non- det ectiton; [detectich tedwniqmwﬁb’ﬂbmaﬂdth|tdorag|namwihg@an9mmmgmt det ect or

F'G 315 a schoepii echall i e Fesbines SRR TP ol BRnd o ot us
;:lrrg egent ed Lrogﬁdtglrtemnce with a pref erred enbodi nent of the i nve(r;t | gﬂent
L b 30000k I ol 66 e A o FB N WO TE0n
IIlustrating a @mﬁfé&ememﬁfemeﬁwm@ pthe mgchaniqahewitching tachaiaue)FI G 6 is an

oper at i Ona|zof | O\Qﬁ@afetthérle#o@lhéﬁéchﬂgfoﬂPéB%E?e"n'itﬁi@s W%héﬁlida&fcc@sscomonem
detector calibration nethod in accordance with the invention; FI G 7Ais a

di agram i | | ust r PiONEfCaRe (956 Qhtest @é?’?@%ﬂ’&?&@’?%ﬂ@%l%ﬂ\el RG8 s , FIG 7B
is a diagramil lantérhatattesngmeﬂ@taolagseﬁé@lﬁneerg@f ITeRéeingladé hﬁtemb@hd I imts; and

FIG 7C1s a di agf alhipactSr (A8 ol dLRen s 2Py A pecth GAKA PRIt gh

these methodologies can detect missing devices very effectively, they each

25 suffer from their own limitation and disadvantages. The major disadvantage
of these techniques is that they require expensive manufacturing line
equipment entirely separate from the in-circuit fester, and therefore also
require an entirely new test step to be added to the manufacturing process.
The cost of adding such machines to the manufacturing process may be

30 appropriate in some cases, but in other cases the need to do so represents a
large disadvantage to these methods. )

Since most manufacturing lines already use electrical testers

(primarily in-circuit testers), it would be beneficial to have the ability to detect
missing devices during the in-circuit stage of the manufacturing process.

Docket No. 10020511-1 3



25 reflectance threshold limts. Detailed Description A novel nethod and
apparatus for determ ning the presence or absence of a conponent on a

" printed circuit board is described in detail hereinafter. Al though the
invention is described in terns of specific illustrative enbodinents, it is
to be understood that the enbodi nents so described herein are by way of
exanple only and that the scope of the invention is not intended to be
limted thereby. Turning nowto the invention, FIGS. 1A and 1 Billustrate
a printed circuit board under test 2 having a first surface 4 on which a
circuit conponent 6 is expected to.be nounted. A conponent detector 10 is
Docket No. 10020511-1 6 positioned in close but non-contacting proximty
to the | ocati on Hdwever, thetoieereaseshaccessde POBowdes duastosvpedeasensing be
attached. The c O =Ygy ' ; ly in the
nf rared (1R r deagpeing ReRghO sl et R R T S8 he
conmponent under a&@becopinmigsséakiesThe rrimary eppaior thists that mpstelaskicak ed | ght
off the Surfacetﬁhnﬁu&@ﬁéedttbé’a_quM@&ﬁnibﬁﬁgﬁ!(oﬁﬂéﬁént@déry%@%ntdﬂ?si@”ponent 6

isS present) or bare pri nt,eﬁiy Ci rc*ut boar d when the conponent under test
6 is not pr&sentdFcesk exnepAlYIOf YRIagCoOmRaNetS f er ence in di stances between the
surface 8 of the conpastesriforde dbwork dedredsingithe miabilitg dbeléctricantbstereinsur f ace 4 of

the board 2, whepn,the com er .~ i Q , and the
potential ly di ff‘%?eéﬁ?g ?‘%%@?ﬁgﬁw g%ﬁg@éﬁfé&ggd%ﬂ%&sah? E@g@gﬁ& and 8,
result in two didnfestabletevenwite ptobingt Therprirsany example otithisdsparallel bypaskiet her t he
conponent under . ISl E i r.ak t he case
Whg}l? e the conpor?%ﬁ?é'taﬁde‘l?h'@e@?mé&iegéapl)'?gé%’%e (gf#"t net o%rlrchl&gt.;‘ a?sﬁ] is case,
the IR energy erdeviceundartast (DLEN)to deteshasingie miksingwapacite i practiset s of f t he
top surface 8 Ofsu&!f‘%et@ﬁ%ﬁ@%& ndfistSible® The tdidiante iaH&’g!-flﬂgl?arfdisrtlﬁt

reflectivity Rc. ustrates the case where conponent under
test 6 is not preusthe adipditethedestlimitpcompletelyihidesmall meagdremRNener gy enitt ed
frorr}t_he CQ”pongﬁﬁeré}%b§gt§é3fofa|]ﬁndtI@(o!rt6€énﬁnR mﬁﬁle)mﬁsi@é%pafsigré} A’étMtSEe bfﬁr df 2) t
resulting in a 20 second reflecti Vi e, ch is di r an e firs
reflectivity Rc.anéi é?f&ir%a@ﬁm&?h@/“ﬁmént\é\g:m '%Q?E\Sﬁseéf@m or missing
L romthe Eotard QaH%Mym&@mﬁozér@ It:chgyitaﬁlﬁérﬁﬁdneﬂﬂ@@s ihe:%hﬂﬁg.md Rc or Tg: tge

i stance between, the sensor t he ent det ector an
the reflective %Frlea%eéeiﬁe Bymée:r °;H%FSH?§L?'§BF%@E'Q @qq%&g%ﬁ%?‘gﬁ’tas of the board
2s surface 4 angedectpltectrical tesir f ace 8 respectively. Depending on the

situation, either ofp C@%‘@Eﬁfépﬁébﬁ%ﬁ?ﬂw‘*ﬁ%ﬁ k@&&&tﬁﬁ%ﬁ.‘gdom nantly to the

measured reflectance _ sinpl'e cases, om nant
contribution to componanisen 2 BCBahile theHebis keing elecically tepted eman e di f f er ence
in reflectiyityfohskagts of the board surface 4 and conponent surface 8.

In so practice, however, the paraneter that nore domnantly to the measured
reflectance Rc or RBtisalseanabisct ¢fithe igyentighty defechmigsing spMRBReRtYi f f er ence i n

measur ed ref | eciithbiitphgsidaly probRb Wadirctiie cases of conponent present (e.g.,
Rc) and conponent abf,ent ey%., _R%t fTrézol.erzﬂ'ncg Seré) .RB+ t ol era&ge). Docket
No. 10020511-1 7  Pfigyetanothesobjet ofihe invepson ig defedt missing ¢Qmpanpals; g a
preferred enboditvatoarrertly tiag noibeuizstetdd byaing ptiarrartielectrisal testimethadihad, t he
conponent tec .ncl photo-emtter 12 and photo-sensor 14. A
digital dridz\?/er n{"’lag%'h&é‘ﬁrgﬁmg?tl ves the anode 11 of the photo-emtter 12,
which emits s infrared energy. The photo-sensor 14 is preferably a

B ehere the gate 16 of the phosuupadrIElnEed?, 0 L% L% P ESor the
sensor 14. FIG 3 isThe peseahiavention prayides:a splutionie teabperiprehistgiangnt of t he

conponent det eclen tRPatAiPbWeteéPmRbing BSmbdhéRR(hANdind BfpaR# Baparitets) 20 10
i ncl udes an input node 21, an output node 23, and a ground node 22. As

il lustrated® a @t%eingircyit faskstageofitie mantartyring prosesspting RRIRIEdrcah t he

conponent det ecietbda PR ednisoneft detectidri appatdies difiedavehlioémplogs phot o-eni tter
12 through a serj.es. resi ctor o e ransi stor 14,

sistor. 18 . The coll g f. . th hot
al so connect ed F%bT'H'@ﬁﬁrﬂ?hFCtWSag‘e‘i‘feaﬁm‘?Wﬁ'cgmaﬂﬂ? ﬁgfnf'{ggedcfﬁ)ven by the
digital driver 8mittef anchdetédortiethesam@@atiagay dhelemlitter aredbtéatonare e t he
conponent detec [ ' | i ] t he
photo-em tter 1%%?&59 ?l gecg%])/dteﬁglr’\%%&ug?Q%rt]agé%ﬁt-(?tf%%rﬁrbg%Ef’%fog??&ﬁé (through a
resistor 19) are both tied to ground at node 22. The emtter 17 of the
phot ot r ansi st or bt re.goomamnect ed to the oyt put node 23 of the conponent
det ecti on apparatus 20, which may be connected to a 20 digital receiver 33.
The digital driver 32 and receiver 34 may be located in the tester 30 or
test fixture 40, or may even be co-located with the conponent detection
apparatus 20 in the same package. Light reflected off the surface of the

o e b o o - o . A o~ Y




is seen at the emtter 17 of the phototransistor 14. In the preferred
enbodi nent, the conponent detector 10 is inplenented using a reflective

" sensor such as the OPTEK SMD Refl ective Sensor Type OPR5005, which
integrates a photo-emtting diode (specifically a GaAlAs LED) and a
phototransistor in a 2.9 x 4.5 mm surface nount 30 opaque package. The
current supplied to the anode 11 of the photo-emtting diode is on the
order of 50 mA. The opaque package allows very 'l ow cross talk and shiel ds

t he phototransistor 14 from anbient |ight sources. Turning nowto FIG 4,
there is shown a portion of an in-circuit test system 100 enpl oyi ng sever al
conponent detection apparatuses 20a, 20b, Docket No. 10020511-1 ° 20c

i npl enment ed i n aomoByposiioning the chmponentaatecsion apgaratus disectigabeve a he i ncircuit
test system 100 j t I der test 2.
Due to the cl oseéos é’l’:*?’ﬁé’"@?’ tﬁ&&{c@é g¥@als%%: ﬁ#ﬁ%@ﬁgﬁ' R%g%}\%tgggé 8 t he PCB
under test, and diffetencedn raflection: Whicitipdigatae theresenes onabsencegithe a snal | edge
portion of the testfhedtS Shown for ease of illustration. Tester 20 includes
a plurality of tester interface pins 31 arranged in an arra éor "bed- of
nails) al ond the topT8¢ B@set "‘t"ﬁ@t'qné%?@ia”@@@”Pé’é’F@\heBWWWPD%é’ "8l est er
hardware 35 whi GBasyper i @htra8d eednaldan-endititedting fthépreeitirviehioh ddtectsCont r ol | er

36 nay be control] ed tester software 37. which may =o ecute within the
tester 30 itsel fMSyP9 B%W@f'\%\’f?%e %evégtf%rrf’g'é 'ﬁale@%‘?ﬁﬁ?&c’%’?%ﬁ@oﬁ%ﬁface. One
function of the afth cirolit epoldgdy. i Rurthermooe) fthejinventiom s nohaffeoteddydhe t o make or
not make el ectricglﬁbi ﬁg&p@;ti ons between neasurenent circuits wthin the
tester and each { st interface pins 31. To this end, each test
interface pion 31 is tnooonteastddodiigital im-aincuit testingt the present inventioredetests har dwar e by
1s a relay 34. J : ; ; and a
respective test ﬁjﬂﬁt&éé ?%sw%g%gﬁgéﬁ%%@ﬁw'?@}hggﬁﬁg%ﬁﬁ(r:orrespondi ng
rel ay 34; converphwsigal prabes,fAnd withourkpowedgesefitha cirguit fopalpgih urbeimaigyr dwar e by

openi ng its corrRspREstion S Adthfdctetfby thPbiffutbpaldbgy.op of the tester 30 and
over the bed-of nails test 2o inte ' iS the test fixture 40. The

nterfac | 3

test fixture 40 may i Gopkrast o f‘ﬁ'@@??e&E%ﬁ?J?Yénfeéyﬁw Fﬁ"'\bl"?'&‘%t iRfesegh to
fixture profes 4fventitn dsteddRWBing ABYicds WithoBthé Hedd YoepHysied prdtstafgt i nterface
pins 31 to fixtuye propes 48 through a test adapter 50. The fixture 40 is
mount ed over thé"@égf’ PERH @1 yens V%‘F’??Z"gsnﬂe?ﬂ" ester 30 such that the
bOtL omhti ps of its ]gmdbhﬁastmdn-wﬁémﬂgit&l@b@meaﬁéséﬁtiﬁ%omwfﬂmkﬁhcal cont act
with the top tips o ol respondi n e i rface pins 31 of the tester 30,
ei ther di rectly,qse(‘ﬁpefﬁ'P{){PdPé?ﬁo'f’Bg&thﬁ?pﬁ%?*@ofgganﬁ%m: The top tips of the
doubl e- ended spring oobieast £Btestingyia the meckanitahsitchdéahoigue,dbé preseritact wit h

conductive iaadsé‘meniiéﬁr@eeg bt &%m&@u@ pafts laﬁ&'req%ﬁesoﬁb %Q&ahf&hlt&ﬁgﬂ.de of the

PCB under test o) I xture I'ncludes a fixture top and a-fixture

bottom 44. The fi xt ulncopwast mulemated priigakingpeptianr (A01): Yre presgblubl e- ended

spring probes 48njeafidn dde8 nbf¥eglifeefsdpardie/@BtePoABstSRplin Hel riaRfRARHES I N the
fixture bottom 44. For convenience of illustration and clarity of the

i nvention, only ArPcRss apdis MSDIASE EXRAXEIVEpr i ng probes 48 are shown; however,
it will be appreci at pitohtyast Rosforhi6k £tayRspet RNARXM 1thd preséitiitvetb N the art
that a conventi cg{%al i.n-circuit t%ster Wi | | tﬁpigah{% ga}\ée t housands of such
probes. The®fi xtQPRNPIIRIWS & sePrgierteyien A deshFER thA MARKiACFNg BiRpStent

det ecti on appar @&ndsesu@(lass &pbnsiene each correspondi ng to each conponent
under test 6a, 6b on the top side 4 of the PCB 2 under test. The conponent
detection apparatuses 20a, 20b are nmounted to the fixture top 42 such that
t he conponent detector 10a, 1dBuiebbesesp Pfdhe Brawing®a, 20b precisely aligns

over its correspondingnoq:é)mﬁgrap&gggﬁont $is iﬁnti@ut?,oa;ﬁﬁtrﬂn?o?'@l@com acting but

predeterm ned di stance fromthe exgepte | ocat1 on the“top 1o surface of
t he conponefit ufitendantaqvaplagessthereph wilirhedaadily appasentp éhegamebacamgs oper | y

nmounted in the fhefdinBerddod b?réfé?@nde'tb!lﬁtfblﬁiwiir\g%éfdll’é@@b% fion Wi PCB 2
i ncl udes conponent i&ueggq?r tes

s, 6a, 6b, 6¢ mounpted qQn hoth, sides of the
board. Accordi n§P¥s 'Brﬁ‘?B’H%t'PBW'"Fglea&G?fﬁWWSW%@t'i’éﬁ’g'cgﬂb%r atuses 20

must be nade f orreference symbols indicate the same or similar components, wherein:
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1s both sides of the board 2. In this regard, the fixture bottom 44 may

al so be configured with a nunber of conponent detection apparatuses 20c,

" one each corresponding to each conponent under test 6¢c on the bottom side 5
of the PCB 2 under test. The conponent detection apparatuses 20c are
nmounted to the fixture bottom 44 such that the conponent detector 10c of 20
each apparatus 20c precisely aligns beneath its correspondi ng conponent
under test 6¢ Wi thi.n non-contacting but predeterm ned distance fromthe
surface 8c of the conmponent under test 6¢c (if present) when the PCB 2 is
properly nounted in the fixture 40. In the preferred enbodi ment, the
fixture 40 includes one conponent 2s detection apparatus 20 for each bypass
capaci tor, resi st or,Fl@r1Aisteprofie npwrofatprioted cintuitbeand under thgt withiant ed ci rcui t
board 2. Accord I atuses 20
may be requi red!cgrl%)é(ne{1 E‘i‘iﬁ‘r; %gsﬁc}%%?gvh% "Iﬁgtm?%}g??nab Ig%t?1 g r?‘fagf‘{éx t he
contr ol S|gnaIsCGBPmﬁmhmﬂﬁémnester 30 going to each conponent detection

apparatus 20 to red f I WeE e tester 30
and fixture 40. In t’ﬂg ?#'Fudyrﬂﬁél(n\egofﬁﬂ[ﬁlﬂﬁﬁrc]:{?éu:ﬂ;ogﬁﬁmta@t? 8- bi tFtér]ruI tipl exer

card 46a, 45b nié wilb theseamnopentdnderdest gsqns whish iliystrates B methad Al ent

det ecti on appar gbmg@s?&corﬁp@,gﬁummt@ﬁgﬁ cards 46a, 46b may al so be
configured to inclu di No. . 10020511- driver 32 and
recei ver 33 (FIG B?ﬁﬁo‘;r] @a@ﬂe@aéﬁﬁoé‘é%gearEB%B%ﬁ‘ﬂneﬂreqle&qq 'on apparat us 20.
O course) it wrhplehentedipraecordamns wmhatprefeeediemb@dimemmheemmrms of each
conponent detection ratu t d in a one-tos
one correspondence vﬁ@ B 8@?@&'% ﬂﬁﬁﬁg W%%gtbcge[x%f“ pl exers 46a,
46b, 46c, oo ot beparatumhmnhéménterelnraecbjdancerw:tbetpeefesed émbadirnergiobthker
alternative enbg‘[ HF’H shown at 52, the input 21 and output 23 ports of

t he conponent detectlon apparatuses may be connected to nodes on the
fixture, which may UHdCp# isisclodydiagearn of an intciseditiestersmplodgthen t hi s

alternative 10 egbdreh dibdtn IgparklleoRETOBB, det ection apparatuses may be
driven by the tester_resources hrough the tester interface pins 31.

When a conponent det é@t?@ﬁ"t@ﬁ@ﬂ?%a' ﬂ@”@é“@&'é"&f‘ﬂ&é compenant detectionof t war e 37
instructs tfie t et oftheahfon3S and/or controller 36 to enable the drivers
32 of the respectiv onent et arat use s 20c to
drive the respecti v}gh %qaiﬁ ?‘BF% frating 8 p W?F@%’&ﬂ?@(ﬁ{i

Flet ef:ti OE appar atwaﬂﬁpoiteﬁtde%tbrﬁalmatioﬁn%ﬂ\dd n&aﬁoﬂﬁﬁb@tvhhtrt:mhd%nw energ}/
evel . The tester s e t he nstructs est ar re 35 and/ or
controller 36 to enj{ﬂé'\e\ﬁ{'ﬁ@ %95%1“3'8 tga%ggagqepah@rp ?%@S?W% h8 nponent

det ecti on appar limitses 20a, 20b, 20c to receive the sensed Ilght ener gy

|l evel 20 fromthe p | i ght

eri t1 e by “the phot ST B AEGYR Mt B RodsPlab BT RRERCOlrehBidy I

t he conponents liRgsand est 6a, 6b, 6¢ (if present) or the surface 4 of the
bare PCB 2 (if the rp@gpﬁ;fslav(ﬁa% Q@éﬁg“ﬂﬂgéce?%k&@ﬂa g 6C is not
present). The tester hardware 35 and/or controller 36 passes t he

refl ectance res(ffigctancs thigehaldliniés: 2s software 37) which conpares the

refl ectance | evel s detected by each of the conponent detection apparatuses
20 to predeterm ned threshold lim¢ts) which, (Elefi ne whet her the conponent
under test s present or absent. Q—?—éﬁﬁmt 00t he comparison may be
perfornmed in har dwarsenovepenod anH appatduss fot deterghiriiythe gresandeass of t he
fixture-to-test re onponent
detection test %élseﬁggafra %@Poﬁg&%ggﬁgg}ﬂgﬁt bﬁ’?};ﬂﬁgg&"?%%@%@her

si mul t aneousl y bmelnattﬂ Withaugh thesinegntionlisdesdribe srtaimsadf sperific he addr essi ng

schene all ows i mgs under test at
a tinme. Docket ﬁQISt%%é%%%“%ﬁ%?qs fo%f]e nﬂt‘&@rsgfog g}afrtrﬁeil r old limts may
be det er ni Ad bqescutaﬁﬁmege'aa@awvmvatfﬁtﬁmnlegmlyemﬂ tﬁauhempg@weboard (with all

conponent s undefnvérq,gt,,%,n%de@ggmmd%rgﬁ present} and on a bare board
6¢c. are. known to be

(or at | east where nents, under t
Cbsent). “The rosul t JUBIAIRRGE Reiniaign RS ety T Iiais Bioor t he

t hreshol d |i m tarcuidboart uhddrdest athaviag a fitshiurfaea d whavhiohta dielier ance | evel s of

t he conponents Y { i . pat.e sence or
absence of a cow%ﬁ%t%a%geﬁ&?e ?hgﬁ{o&meg. iAscogﬁoﬁgﬁ%ﬁa??’r%ﬁustrati ng an
exanpl e test for detecting the presence or absence of conponents under test
on a PCB 2. Prefaaabloyosiihe to threshol ¢ linmts) which define whether the
conponent under test is present or absent are set and/or determ ned by
calibrating 201 the conponent detector 10. A preferred nmethod of
calibration is discussed with respect to FIG 6. The calibration step 201
|s optlonal |n that the threshold I|mts may be obta| ned from manufacturer

o, o o o [P — o



In the preferred enbodi nent test system 100 discussed in FIG 4, one or
nore conponent detection apparatuses 20 are nounted in the tester fixture
40. In this enbodi nent, the test setup includes a nunber of conponent
detection apparatuses 20 connected to the tester 30 in parallel. In this
case, a single digital test may sinultaneously drive all of the conponent
det ecti on apparatuses 20 in parallel, and sinultaneously receive the
nmeasured results fromall the conponent detection apparatuses 20-in
parallel. In an alternative enbodinent, the wiring of the conponent
detection 10 apparatuses 20 is not in paraIIeI and hence the test (e.g.,
the method of FIG 5) nust be executed |nd|V|duaIIy for each conponent
det ecti on appar giositio®@ it close butimogcontpcting psaxinoitytta thedocation whereds abl e
conponent detect/] i ve enbodi nment,
do %nﬁ&ﬁ%ggérgésﬁ 528%9 ftb&‘t&’ﬁ’etaté%d"g‘é e%bﬁm?&ﬁb?&

the test setup ma e conponent tectlon apparatus 20 (or
smal | few) pos.tdmneewsaghmwgv f%fﬁfﬁpb’r'fbﬂ"em@maﬂ)ﬁ@ége)t econtrol of

the tester 30. 'd?re% n%fﬁ*lete%&ﬁéd ItSé‘aﬁ%HBPtﬁb'&BrﬂbonehPuno%ﬁfth@&m@i under
test on the PCB dt

e robotic armis 1nstructe e positioned over the
respective éorrpdh%fﬂﬂeﬂt‘ﬂﬂ!e?f the-amitted "gmpﬁmﬁﬁmﬁeh‘@ré&mﬁmdet ection
test (FIG 5) i %n@éﬁ@ﬁt@(drheﬂfheﬁb%or@ntélsapréée(h%haér% prihfet Slréutboat a

preferred metho alibratin onent, det ect or d determ ning
the threshol d |M“@§9ﬁ\m°moa%t iﬁtigﬁé}f’?gﬁéefﬁ chRinatonatine: oot is
present or absenifferéxteiin distahceatbetyeeh ltree sm‘acéwatﬂwenommrimdudmmeses by the

sel ection 210 of a |light. en Leve b 12 of

t he conponent de"fh@EtPB e%a ‘ﬁ@%t‘”ﬁ‘@iﬂ A%t%l on éﬁg'fe%n{&%ﬁ?@%ééfrom whi ch
to place the enitestérig s@dmpsasenpaiid the poentially ﬂlﬁmet\tfeﬂ@ttpycnoestahfa(@&meon of the
surface 8 of a YRRDER havi ng
conponent s knom%%bgge%gdapnrgeéenpﬁgtmyﬁg@%ﬁ@ﬁ%cugltylrﬁ%%tﬁ%s on t oard is

t hen nmount ed 21 Pniwhethestheicemperent Tnder tash isrpserentieriabsentr 10 i s p05| ti oned
212,20 & bredetor M el AL Inb SaddVierOn R EbAN LA 1sPE 01 L1e

sel ect ed conmponent un In particular emtter/sensor pair

121 14 of the comRHeetan thebearddr Intisicase dhg 'ﬁ%ﬁ&!efﬂi@dﬂf%'@leect ed di stance
fromthe exgect ednipofett uaecteihdﬂaﬂeowéffme%p&,uﬁscémf thebeRpS@nE@dBPNENt UNder
test 6. The emtte @-ﬁ ?eg ﬁ(ehﬁ energy in the anmount of the

presel ected | i gHeStdh W'"@\)@ refRcteRexpect ed | ocation of Docket No.
10020511-1 13 the Blairﬂadllestﬂaten‘thébasaﬂiee@medompmnmmywsdersrtoest 6. The
sensor 14 sense 5,2 t [ f d off the
surface 8 of th ’%@H&%ﬁﬁ%géﬁﬁﬁoﬁb x{s'l:ﬁ é’%% %&%Fheé Ig'gr ed reflected

i ght ener gy nayotmpemenbdeteetontOdrefliecldt the surfdsa Meof PEDoard 2)mesultingima t o have

t he conponepts NS S ﬁﬁ} ons on the board
is then m)%t edgg%d r&ﬁ%ﬁvn@fﬁ%@%eﬁ eén?@taﬁgr%%%ﬁ%le{c@gt?ﬁ 10 i's posi ti oned
217 in predeterm nedD@QﬂﬁWQPﬂyVhﬁbetmeCmm!t?ne&llslpfﬁ?&ﬂiQir'inwﬁlngfmncorrponent
under test 6 SUQﬁéEd&?&ztmsfﬁrﬁtﬁeﬁeﬁhﬁ?ﬂﬁé&m@%ﬂec&%&%QrfRé'ﬁfé conponent

detector 10 is positioned the 10 preselected distance fromthe expected

| ocation of whedStangg betwesn the sS"iﬂ" 1¢ K Ccoip tisesmpangid deteeter 1&artbul d be i f
present. The enitiid eflective surfdcs 4218, dnddh reflectivig)constahte f thegaid of t he

presel ected _|ight enet{g%j | evel ?4‘3 %ae ex ecteg Iocat on tf the surface 8 of
the selectéd cofff [ReEPOpRNL purgace Bifg: %Re UM8nd measures 219
t he |ight ener ggituatibhaithechf tfeke prameiersmey mmﬁi:tet)ﬁotetuanmdnexctoade conponent
under test 6. Tqler d 2 t re board reflected
| i ght energy ang‘{etggataﬁg&reg%g?e e%lgrgac?oépg‘ggtrstgn@%g%gtjtégqf’ﬁghaﬁt ener gy

(recor ded in st@pntﬂb_ts))ntmthemeaswred tefiectanns| RE driRxiis éueftgrthqdiﬁerae@decti ve
conponent "absep} Eor%f%?tts%?mb%ﬁs ng&@ggﬁ& Urete 8.7 7C
illustrate the se ect on of 20 appropriate t |mtsfor

di stingui s#Png PEACHRS: ROWeNMer, ﬂteeeéwaetebthaﬁb%reﬁe@mﬂﬂméwgmd under test 6.

As illustrated, réfebeh@m@oﬂRgtshﬁnféuﬁartteown%@elarcﬁtcamslwdﬁmemrors shoul d
be added to the act ual asurenent for he known conFonent pr esent

case and the knSRFSUEAFIREMY SHLd Retweer e cfses of RPBRANENHPTEPSA {9 wi | |
theoretical ly b®cpaid dompohentabiend(e.@ SROE DRI RE HblesNdE)IUS t he tol erance
and guardband associated with the neasurenent. Due to the

t ol erance/ guardbands t hat nust be accounted for in the actual measurenents
for the present and absent cases, it is possible that the val ues of the
threshol d |imt sceirhefsdo not allow a mpasurabl e difference between the
present and absent cases (as illustrated in FIG 7B}) so or the threshold
limts overlap (as illustrated in FIG 7C). If this is the case) the anount
of light energy emtted by the conponent detector 10 and/or distance

bet ween the corrponent det ect or 10 and expect ed Iocatl on of the corrponent

b o o v . b



Accordingly, the difference between the threshold |limts is conpared 221 to
~determ ne whether a neasurable difference exists 222 between the threshold
limts. If so, as illustrated in FIG 7A, the light energy |evel of the

emtter and/or distance of the emtter/sensor pair fromthe expected
surface of the sel ected conponent under test 6 is set 224 to the currently
sel ected light energy level and/or distance. If not, a new |light energy

| evel and/or distance of emitter/sensor pair fromthe expect ed surface of
t he conponent under test 6 is selected 223, and the process is repeated by
repeating steps 213 through 222. 10 The calibration process nmay be
performed on only a single conponent under test if it is known that al
conponent s under t esFIGARId a eghiemati¢\blocindiagramdlivstratistg a rrefeedi on and t he
surfaces of all oHEBRRARLSnd'BSIoreRderdtidr b, AL ihBFatsd e iAbriabove t he

board. However, even for a given conponent under test part, variations in
size or reflect |d8F?°WéS}°&@|“§?S # ebateeRiittes 12apqd Bhoterpenseh id oA A@HRGVESf t he sane

part. Thus, if i3 (s MBONWHvERtheRABASTT /AR PRVt emitiRP 12 Réhidhedmisact ur er  of
the part will be used on the board, the calibration process should be

performed of at i @é%d(erl?ﬁ@ JQPP“P‘P@RP%&ﬁ'Wﬁ@f@M%? otandisiPhe alt ernati ve,
the calibration cﬁﬁm&oE&ﬁgmbl&eééhfér%mﬁdei&ter@svéfFlGCB)Cmeatémder t est
on the board. Aqg &Frbg éﬁﬁ Ef cal i ratlg ﬁrtgoﬁ SS 1gay i ncl ude

addi tional steps. QtotpRsistor oppfares,as g nBY eLﬁ?B%‘?r est may be sel ected
225 at the begi nni ngFIGE 31lsmasqh|ema&csdlagﬁm of @preferrévberhbaglirherdioéthgy | evel i s
selected in ste K j y be
determned in a%g%\één%\géet% BF%&PQ?%PQEWBW Jrqggéﬁ{a{éfg 2ﬁ‘;ul d be
performed fior amludes)nainpumqﬁeﬂénarsow@pde 2% and A gsaiind aade B2r Az onponent

under test Y WRsPAbESIdalaPaiier 894 cofifooklth P o0 21 8 e SbaNGREC N ough

224 re-executed repeate tional nponent s under

test as needed. dgtectmanpa@m&zﬂtgdfweeﬂwganw drasdhe phota-erpittet 1ethisugls ent

i nvention has bgajaried é@l%ib?@@' Ty cdllbétb'rséf’ir%tﬁh\b?otrﬁHélﬂeﬁﬂﬁ alsbig@wfeckli I 1ed in
the art wll appre0|a e that various nodifjications, additions and

substitutions aft@thgdpst 'EFM? 2\f theApPa@lsale drivgy '?VrtB‘Prf"EH@ degye598 ohih@ spirit of
t he inventisen asesﬂéraolwamh fh8 nbb@toammﬁ@a@ﬁpdi@ncdewédﬁwﬁ@énww e, it

shoul d be under st that the ¥ D% % ﬁ o&pq ent detection
appar atus 10 nay nﬁ'ee '?ﬂdggg\ﬂ F‘ﬁp ﬂtotaq‘irl1 an H‘ea’é?'gﬁt BE
integrated int OpIaotsirm;ismrddmﬂJmugh aaediaqmg) are bwwddetogtdmadm mele@abodi ed so

long as it emt h i expect ed
| ocati on of the%gggg's)t%ﬂ °ﬁ‘h%lé$°t§tg %g’&ugg%s ‘%’Ea‘% t?dnt é\.ﬁﬁt% %f | ection.
It is also possioblhe component tetectiop apparates @0, wlmhsmaafbetdmnectedmra I y d| scl osed
i nvention %p&q éﬂ%d

| S CLAI MED S ?ﬁgﬁ% nmet hpgéfor @gﬂgﬁema@%&%@&n : sence of a 2
conponent on a e tasterBOortest fixtutedlr er masxsuenibgicadpcatadiwithithgy | i ght energy on

an expected | OCébﬂnEé'heﬂf déeéti@ﬁﬁ?mﬁ‘&bs DO Hethe éarh@ﬁéckﬁ@e aLl@"it'réﬁeeﬁd‘él‘fr cuit
e

board; sensing Li ener, cted of f a surface sai onent under
s test or salg mqg?ﬂ’ff “?%Eﬂ"?p%ﬁ'&'r%’ %egéi%%émfde‘g'slsﬁﬂ%ﬁdl ﬁgpmeasurl ng a

val ue corres pongamgstwmrphamumuistaf14smﬂa\ trARtés theddthount oheerrgst.  and
cl assifyi ng said co onenlit t(—@{ asﬁ‘%{) ent or absent based an 10 said
val ue of sard séﬂ%’b er PhOOtraANS{BPH Y i n accordance with claim 1,

wherein said emtti ngtmatp&afe&e@aﬁbdsdumem thecatporgntdeaémadrotoasn tter in
non- cont aot1 ng_Brahid udf § AN-FERERLEL. 4, d9RabP RS AL fbfPONeNt

under test on sail
ensor Type OPR5005, which integrates a photo-emitting diode (specifically

a GaAlAs LED) and a phototransistor in a 2.9 x 4.5 mm surface mount
30 opaque package. The current supplied to the anode 11 of the photo-emitting
diode is on the order of 50 mA. The opaque package allows very low cross
talk and shields the phototransistor 14 from ambient light sources.
Turning now to FIG. 4, there is shown a portion of an in-circuit test
system 100 employing several component detection apparatuses 20a, 20b,
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enabling said photo-emitter to emt said |light energy. 3. A nmethod in
accordance with claim2, wherein said sensing step 2 conprises: placing a
" photo-sensor in non-contacting proximty to said expected 4 |ocation of
sai d conponent under test on said printed circuit board; and enabling said
phot o-sensor to sense said reflected |light energy. 4. A nethod in
accordance with claim1, wherein said sensing step z conprises: placing a
phot - sensor in non-contacting proximty to said expected 4 |ocation of
sai d component under test on said printed circuit board; and enabling said
phot o-sensor to sense said reflected |ight energy. 5. A nmethod in
accordance with claim1l, wherein said classifying step 2 conprises: 17

conparing a val ud0cdmplegieqted dhacsardapee Wit toe INvefion: AhErYAR%MEME or 4 nore
a]g:cep_t gbl eI refl fe@ﬁch@fes{ éyaieh?ooaﬁa‘#cfee@itt@%éﬂ:{mg%}ﬁhaﬁe 4D2his @P?BQJE\G@B is present
if said value of s sensed s reflec | ener neets ,sai d one or
nore accept abl e treétfa#' S%l{el tBﬁ’q GlofeSpacing °fi|ﬁe Jﬁﬁ%&ﬁnﬁ’%ge %é? nag?se‘?ﬁri‘"ﬁg a presence
or absence of a POBpodeiéstzandamall pize bf thel campamients Undertest, anygsmall ng: a
photo-em tter whj ' Lgh [ d | ocation of 4 said
conponent or* saj %"ngrpfgm%%fJ@F’?%sﬁﬁr?%g%éﬂég%f%@@‘%ﬁé@ﬁ‘sor whi ch senses | i ght
energy reflected of f Tasten@(incedesfa murality df testerdoterfalce pimsad 1 arranged maind pri nt ed
circuit board) sg| ! | elg) | sing a surface
of said corrponen%}%r@}ej?’ E?é@?a(ﬂ%)fﬁ@gﬂﬁgéggg&ﬁ%gtrlﬂee%sq%rnagerTg %grs)?d Is present at
sai d expect ed | doeludasriesterhardwsare 35 which operateppndesithepcontreiiof f gortralier sai d

printed circuit fagdhtrofier38inthybRBIRNSTIBY by RIRF sdivatEs, whicharsent from said
expected | ocati on; d_a conparator which conpares said sensed |ight energy

an ] . :

to one or 1¥ nor@epdewithinithgtestar ditssifpriremetely Viagstandard-communigaiemer sai d
conponent is pr efRfhced TORFERdlb of'the AontRIGIEBBAE toScohfiguié thehdrieee 38 foh cl ai m 6,
conprising: 2 a test drjver %/nlch drlvetlsgpssld ghoto-emtter to emt said
light energy on 'BAf&Pr&QHDakeeleqtical eanaRctgns Detwacn MSRMERMENtSICUS d pri nt ed
circuit _bgard; ?tlvi&mdthatélswﬁndemofﬁetéﬁtiiméﬁaw@blsa?. sa'rud?alm;)_tegclemn terdto
sense said s reflecte | ener m_s.ai rface, of said expecte
ocation 8. an BEINETGEITH B earhakedd i Eneted KPR R AR ReRELY S o
fixture whi ch seatetaysdi dElgutricaltcedtaci between thotesidtesouicdsand esespeetivephot oeni t t er
and sai d phot o- ' ) = t | d ity to 4 said
expected | ocati gﬁ%&@%@ﬁ%ﬁg%ﬁéﬁb%ﬁ%@%@% %ﬁg‘é%qglng%é e‘_{d circuit
board. 9. An appeendgrsely.ithe pio 8dmeabedsolgtedran tiefest hardwaieriysipagngit8 2 a

fixture which segjssmdfgPélas£d circuit board and houses said photoemitter

and sai d photo-sensor I n predeterm ned non-contacting proximty to
Mounted on top of the tester 30 and over the bed-of-nails test

20 interface pins 31 is the test fixture 40. The test fixture 40 may directly
interface the test interface pins 31 to fixture probes 48, or as shown, may
indirectly interface the test interface pins 31 to fixture probes 48 through a
test adapter 50. The fixture 40 is mounted over the tester interface pins 31
of the tester 30 such that the bottom tips of its double-ended spring probes

25 48 make electrical contact with the top tips of corresponding test interface
pins 31 of the tester 30, either directly, or through a test adapter 50 as
shown. The top tips of the double-ended spring probes 48 align with and
make electrical contact with conductive pads of interest 3a, 3b, 3c, 3d, 3e on
the bottom side of the PCB under test 2.

30 The fixture 40 includes a fixture top 42 and a fixture bottom 44. The
fixture bottom 44 includes a plurality of double-ended spring probes 48 that
are inserted through precisely aligned holes in the fixture bottom 44. For
convenience of illustration and clarity of the invention, only five such double-
ended spring probes 48 are shown; however, it will be appreciated by those
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4 said expected | ocation of said conponent under test on said printed
circuit board. 10. An apparatus in accordance with claim®6, conprising: 2 a
" tester which instructs said test driver to drive said photo-emitter to enit
a predeterm ned anmount of said |ight energy on said expected |ocation) s
whi ch obtains a sensed reflected |ight energy neasurenent from said test
recei ver, and which conpares said sensed reflected |ight energy s
measurement to . 11. An apparatus in accordance with claim7, conprising: 2
a tester which instructs said test driver to drive said photo emtter to
enmt a predeterm ned amount of said |ight energy on sai d expected | ocation,
a which obtains a sensed reflected |ight energy neasurement fromsaid test
recei ver, and whkiligd tf\dh&barrt&?tQQPWGQWBH'CH@#'“@%@@M" Wpigaly haver gy s

measur ement to -thiRand¥ of3DBRHrabets |n accor dance with claim8, conprising: s
a tester which |nstructs sai d test %o drive said Rhoto emtter to

enit a predeternined %?MWPtQﬁ“?s'éFﬂ‘ﬂgP'&Htw' REMRPEnAf OMPENERFELECEN | ocat i on,
4 whi ch obt ai ns #pparisesi204 206 une@ath ¢intesporiirg\to BRESCONEITABA Uhderm sai d t est

receiver, and said, s refl.ect d ht energy s

measur ement ﬁomeé%fs&n&'%?iq %ﬁﬁ%sgP Zangartgf Jh?g""BB%ﬂe& tester, said
printed circuit detstich dgpatatuses @0p,120biargmaunttditocthe fixtureftop 42 $ueh thabt erface
pins and tester t [& to.drjve and/ or
receive signals t@%&i}é‘? ggﬁtedse?é:%qé? (rai’gg% aﬁggrfa@glé(rgaﬁo% ?césetl?’orrprl sing: s a
fixture frane; aligng weedb mnesmndlﬂgmmommdetmmm@bwnmmon- fixture frane

uhi ch 2 secur el YeoRfirh e BiebBlbAing] dihde MAREA dipERK &R offletsPne Or more

conponent detection a tuses, eac riSi i er and a
phot 0- sensot®, arfd %@fﬁh%?woﬂ@mta'ﬂﬂ%fée%téasﬁﬁ(dprﬁsienﬁ)é’be%thﬁﬁﬁﬁzﬁoard under

test such that 3@6 ?Hﬁhﬁte&"ﬁﬁwéﬂktun%% sai d photo-sensor of at |east one of
sai d conponent t i on § ar at uses ISdROSI ti oned at a predeterm ned

non-cont acting di stalf’?d’ée'lli‘ Iy eraqsipent dne BEB2 includss CS”EPBP?'Bé'B‘!ﬁ’idl ng

conponent under t¢@s6a, @B, @@msurrtédéﬁwguwmﬁemdAmmﬁ gly,est; wherein each
of said at |east one of said one det ection apparat uses

are controll abl @CFW"&P?Q}'@”%%CH”‘BWB ﬁtpﬁéggﬁrﬁtuﬁﬁ@ mygiibe madeddy on a
surface of gaid wxmwseﬂﬁembatdpnn@fus eahd, the fikQRssidml héy sisgponent under

test and to rece | ect n asur enen rom said

phzt 0- sensor, sa: éﬁgsuﬁerd;vg&’ @'gﬁ%elrl L&ﬁ'ﬁf §e'§tt#¥e§§°§1 %ﬁ%arsaéll's(ﬁg%c @BP?elspondi ng
conponent under eaelscorielsperuding to eachecompodentgindentesiGe ot therbdtomtsidet5 | s pr esent
at sal d expect e haGRid 2lndi fosk b HiFbAGR dERERI hRnReS Focfe! ace of sal d

printed circuit boa corres g
mounted to the fixture bottom 44 such that the component etector 10¢ of

20 each apparatus 20c precisely aligns beneath its corresponding component
under test 6¢ within non-contacting but predetermined distance from the
surface 8¢ of the component under test 6¢ (if present) when the PCB 2 is
properly mounted in the fixture 40.

in the preferred embodiment, the fixture 40 includes one component

25 detection apparatus 20 for each bypass capacitor, resistor, or other
component of interest on the printed circuit board 2. Accordingly, a large
number of component detection apparatuses 20 may be required. For this
reason, it may be desirable to muiltiplex the control signals 38 from the tester
30 going to each component detection apparatus 20 to reduce the number of

30 control lines between the tester 30 and fixture 40. In the illustrative
embodiment, a single 8-bit multiplexer card 46a, 46b may be used to
address up to 256 different component detection apparatuses 20. The
multiplexer cards 46a, 46b may also be configured to include the digital
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conponent under test is absent from said expected |location. 14. A fixture
I n accordance with claim 13, conprising: 2 a probe plate nounted in said
fixture frame; a plurality of fixture probes nounted in said probe plate
such that 4 when said fixture frame is nounted on said printed circuit
board tester, a first end of said plurality of fixture probes electrically
contacts one or nore of said s tester interface pins and a second end of
said plurality of .fixture probes electrically connects to one or nore of
sai d conponent detection a apparatuses to drive said photo-emtter of said
respective conponent detection apparatus and/or to receive said reflected
| i ght energy 10 neasurenent from said photo-sensor of said respective
conponent det ectdrivér 32@pdredeiver 331G /8) foreadh addressable contporent uetedtionl ai m 13,
wherein said on% ﬁﬁapg?g conponent detection apparatuses conprises: at

| east one conpo B ction apparatus positioned relative to a top side
of said printed circQfcoutseait willlnedppreciated thal the drivans andirecejyerstaieaeh t t er and

sai d phot o- SenS%mane%%é{eafon a?ﬁaa' tug&ezd)&. P alethatio eaaln&d ﬂg@&e&bon

appar atus is pOSIt oned at a eterm ned non CO actin stance from an
28  expect éd |@eapompemde@cwﬁm %ﬁ%ﬁ%ﬁ%ﬁ’gv@eh*ﬁhm'&ﬁdm{?%xﬁ@é‘@aon a top

3' fle ?f s sai d pep, ms@dor(b'ttﬂefﬁ%ﬁdtrobﬁhl'yrt@ddbﬂéféchbﬁr‘f& w&ga.ﬂﬁhérgﬂ&h?t%e gorrponlg'enéI
et ecti on appara itioned relative to a e of said printe
circuit board uﬁHlE’P 'ﬁ@ﬁ skt @ﬁaweww&%wﬁ @'? %@EF sai d phot o- sensor
of said gt Ieastcomaenehtdaamﬁn@pﬁm@tgeédmdﬁbedwnﬂf 6dted r@ﬁ@@ﬁratéqulsrxtu& posi t} oned
at a predeternin non-.cont act.| | ce.frogman e ed | ocation of a
cor r espondi ng cd‘%ﬁ‘g tbeﬁ%dbcvg rﬁelgac&ﬂqsg% @@%@ h\fed printed circuit
board underiot esiconfigaratién 52 Mejcarnpanentmewcdmmamtuslesmalbmdm@n ke ei n sai d
one or nore 2 ¢ t i ses a correspondi ng
conponent det ec?{gge(r)\'rpg%% gg?g@f#tgqh eacC h%pﬁgﬁ%n gg‘!]der test of interest

t hat exists on 4 t héNpen aceniparientddtectibotastis tobe executedHbeitester det er mi ni ng
the presence or Q%?prﬁ s e it BhEeCsd fidnbnBoar o

conpri si ng: enab ter to emt energy on an expect ed
| ocation 4 of athfwgrrseaﬁtofmd@m@@tcomoaerﬁﬂetﬁ@t@a apparatyses MsaPel. obt ai ni ng

areflectedglig v R pHto-&RiRG S8 RkInBY, & Bherf Ilght
ener gy reflgct e?b%ff ag?ﬂfgﬁégﬁ sgol- 3 r% OI’IEI’?’[ ?J%@gr et es? ':‘)er said printed

circuit board adetesian @Rﬂ@&ﬁéﬁm%@%lz@ﬁm %m'&la pregdetgeained ightereigd conponent
as present or apsentTheasstst semvéraw tHeRfihsh @bt the teGBt h-LMVGArg B5 BRGEUr enment . 18.

Aot hod 11 acC Ol AN e bhaia fe Tockerd B BleeSiHcthve tafiponent "9 2 SteP

detection apparatuses 20a, 20b, 20c to receive the sensed light energy level

20 from the photo-transistor 14 due to reflectance of the light emitted by the
photo-emitters 12 off of either the surfaces 8a, 8b, 8¢ of the components
under test 6a, 6b, 6¢ (if present) or the surface 4 of the bare PCB 2 (if the
respective component under test 6a, b, 6¢ is not present). The tester
hardware 35 and/or controlier 36 passes the reflectance results to the tester

25 software 37, which compares the reflectance levels detected by each of the
component detection apparatuses 20 to predetermined threshold limit(s)
which define whether the component under test is present or absent.
Alternatively, the comparison may be performed in hardware. Depending on
the wiring configuration of the fixture-to-tester controls, measurements

30 obtained by the component detection test may be taken for each component
under test either simultaneously (if the wiring is all done in parallel and the
addressing scheme allows it) or may be taken for one or a few components
under test at a time.
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conparing said reflected |ight energy neasurenent to one or nore 4
acceptable reflection [imts; and indicating that said conponent is present
if said reflected |ight energy s neasurenent neets said one or nore
acceptable reflection limts. 19. A conputer readable storage nmedi um

tangi bly enbodying z programinstructions inplenmenting a nethod for

determ ning the presence or 21 absence of a conponent on a printed
circuit board, the nethod conprising 4 the steps of: enabling a
photo-emitter to emt |ight energy on an expected |ocation s of a conmponent
under test on a printed circuit board; obtaining a reflected tight energy
nmeasurenment representing an s anmount of light energy reflected off a
surface of said conpUmepredetentimedttereshaixt lirgits rdaybe daterchingdrywunningoar d at sai d

expected | ocati %?‘lbrgtpﬂ A%t%ﬁ%thXJvrmgoo%%OQr&:WQPG%pég'%n@kﬁnﬁgﬂg 5@, absent

based on said re nmeas onput er readabl e
st orage medi um 6%, @R:@'@W@é@]bépl\ﬁﬁ@ﬂi) Q!'Idaanﬂ barg board kar atlegstaytieye 8y step of the

met hod conpri si Rgm sﬁms’:‘uddagtegtaeadeﬁ%‘cla?&ﬁMnltwabbﬁasr quemmfenent to one
or nore 4 accep tablpe reflection limts: and indicat] nﬁfn sai d component

i s present if sa("'??ercé'fqr%t{?(‘éﬁﬁq argreediosetiie dhrashold limitsy BOaid one or

EDrA e aAcgeRt Ebl e acedunemihfuferhérntitdisranceAd9efy ofthe’copdAents Ande? tAhEh#A2. A Y. A

I B{upj e [ VQ ca] é%fﬂ@]”%%ﬁé%ﬁ Er&ﬁ"@SPEQQYBEﬁ %wmo Gﬁgr@]uggﬁr?%u cal ca] caU]

cal caU] ca] calUl ca FIG. 5is a flowchart illustrating an example test for detecting the
presence or absence of components under test on a PCB 2. Preferably, the

10 threshold limit(s) which define whether the component under test is present
or absent are set and/or determined by calibrating 201 the component
detector 10. A preferred method of calibration is discussed with respect to
FIG. 6. The calibration step 201 is optional in that the threshold limits may
be obtained from manufacturer specifications or from a previous calibration

15 of a similar PCB.

The component detector is positioned 202 in predetermined non-
contacting proximity to the expected location designated on the PCB 2 for
the component under test 6 such that the emitter 12 and sensor 14 are each
positioned within a predetermined non-contacting distance from the

20 expected location of the surface 8 of the component under test 6 when
present on the PCB 2.

The emitter 12 emits 203 a predetermined level of light energy in the
direction of the expected location of the component under test 6 on the PCB
2.

25 The sensor 14 senses and measures 204 the light energy reflected off
of the surface of either the component under test 6 when present or the
surface 4 of the PCB 2 when the component under test 6 is not present.

The measured reflected light energy value is compared 205 to the
predetermined threshold limit(s) which define whether the component under

30 test is present or absent.

Based on the comparison in step 205, the component under test 6 is
classified as being either present 206 or absent 207 from its expected
location on the PCB 2.
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in yet another alternative embodiment, the test setup may include a

15 single component detection apparatus 20 (or small few) positionable by a
robotic arm (not shown) under the control of the tester 30. In this alternative
embodiment, for each component under test on the PCB, the robotic arm is
instructed to be positioned over the respective component under test of
interest and the component detection test (FIG. 5) is executed.

20 FIG. 6 is a flowchart illustrating a preferred method for calibrating 201
the component detector and determining the threshold limit(s) which define
whether the component under test is present or absent. As illustrated, the
calibration method begins by the selection 210 of a light energy level to be
emitted by the emitter 12 of the component detector 10 and/or the selection

25 of a distance from which to place the emitter/sensor pair 12/14 from the
expected location of the surface 8 of a selected component under test 6.

A known good PCB having corﬁponents known to be present at the
expected locations on the board is then mounted 211 in the fixture. The
component detector 10 is positioned 212 at a predetermined proximity to the

30 expected location of the selected component under test 6, and in particular
the emitter/sensor pair 12/14 of the component detector 10 is positioned the
preselected distance from the expected location of the surface 8 of the
selected component under test 6. The emitter 12 emits 213 light energy in
the amount of the preselected light energy level on the expected location of
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10Z=""2##4$R$k$z[ OE: 10Z=!0: 109B8*8*& ()- 9-109%G& ()-! 1 ' 10%3G& ()-!l

' 10%5GH& () - | SALOUCCE () - @LOUCE () - KSR &&&&&F' ' {\; 10Z=! s10%4%4& ()-
109 & ()- 10G 10G 10G | <@O0%G & ()-! 0:109& ()- !; 0: 109%3G& () -

Y(O)]***+zX6{\: 10Z! f#s109& ()-! ! 109%& ()- _
31004 & ()-!, s10%| 4| & ()-!n"s10% | & ()-! s10% | & ()-++,S,,-(-}[9\;

102}t 1t 10% () - éhe \shlgfgcoéé c%ltlge) s-e@cted component under test 6. The sensor 14 senses
and measures 214 the light energy reflected off the surface 8 of the selected
component under test 6. The measured refiected light energy may then be
recorded 215.

5 A bare PCB or one known to have the components under test
missing from the expected locations on the board is then mounted 216 in the
fixture. The component detector 10 is positioned 217 in predetermined
proximity to the expected location of the component under test 6 such that
the emitter/sensor pair 12/14 of the component detector 10 is positioned the

10 preselected distance from the expected location of where the surface 8 of
the component under test 6 would be if present. The emitter 12 emits 218
light energy in the amount of the preselected light energy level on the
expected location of the surface 8 of the selected component under test 6.
The sensor 14 senses and measures 219 the light energy refiected off the

15 surface 8 of the selected component under test 6.

Tolerances are added 220 to the measured bare board reflected light
energy and to the recorded good board reflected light energy (recorded in
step 215) to set the threshold limits for the respective component “absent”
case and component “present” case. FIGS. 7A-7C illustrate the selection of

20 appropriate threshold limits for distinguishing between the presence or
absence of a component under test 6. As illustrated, tolerance limits due to
standard measurement errors should be added to the actual measurement
for both the known component present case and the known component
absent case. The threshold limits will theoretically be set to the actual

25 measurement plus/minus the tolerance and guardband associated with the
measurement. Due to the tolerance/guardbands that must be accounted for
in the actual measurements for the present and absent cases, it is possible
that the values of the threshold limits either do not allow a measurable
difference between the present and absent cases (as illustrated in FIG. 7B),

30 or the threshold limits overlap (as illustrated in FIG. 7C). If this is the case,
the amount of light energy emitted by the component detector 10 and/or
distance between the component detector 10 and expected location of the
component under test may have to be adjusted and the calibration test re-
executed.
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1 109%@0% ()-!e " 109%& Aycominglm&ﬂmiﬁqremqpmw&hq threshold ligits ipconmpaedz[ PE: 10!
10G 221 to determine whether a measurable difference exists 222 between the

threshold limits. If so, as illustrated in FIG. 7A, the light energy leve! of the

emitter and/or distance of the emitter/sensor pair from the expected surface

5 of the selected component under test 6 is set 224 to the currently selected

light energy level and/or distance. If not, a new light energy level and/or

distance of emitter/sensor pair from the expected surface of the component

under test 6 is selected 223, and the process is repeated by repeating steps

213 through 222.

10 The calibration process may be performed on only a single
component under test if it is known that all components under test will emit
the same amount of reflection and the surfaces of all components under test
exist at the same height above the board. However, even for a given
component under test part, variations in size or reflection may exist between

15 different manufacturers of the same part. Thus, if it is known that parts from
more than one manufacturer of the part will be used on the board, the
calibration process should be performed on at least one part from each
manufacturer.

in the alternative, the calibration process may be performed for each

20 component under test on the board.

Accordingly, the calibration process 201 may include additional steps.
For example, a first component under test may be selected 225 at the
beginning of the process 201. Once the light energy level is selected in step
224 for the first component under test, it may be determined in a step 226

25 whether the callbration method should be performed for additional
components under test. If so, another component under test may be
selected 227, and the calibration test steps 210 through 224 re-executed.
The method may be repeated for additional components under test as
needed.

30 Although this preferred embodiment of the present invention has been
disclosed for illustrative purposes, those skilled in the art will appreciate that
various modifications, additions and substitutions are possible, without
departing from the scope and spirit of the invention as disclosed in the
accompanying claims. For example, it should be understood that the
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component detection apparatus 10 may be implemented with an emitter and
detector pair integrated into a single compact package, or may be otherwise
embodied so long as it emits energy that is reflected off the surface of the
expected location of the component under test and senses the resulting

5 reflection. Itis also possible that other benefits or uses of the currently
disclosed invention will become apparent over time.
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WHAT IS CLAIMED IS:

1. A method for determining the presence or absence of a
2 component on a printed circuit board, comprising:
emitting light energy on an expected location of a component under

4 test on a printed circuit board;
sensing light energy reflected off a surface of said component under

6 test or said printed circuit board at said expected location,;

measuring a value corresponding to an amount of said sensed light
8 energy, and

classifying said component under test as present or absent based on

10  said value of said sensed light energy.

2. A method in accordance with claim 1, wherein said emitting step
2 comprises:

placing a photo-emitter in non-contacting proximity to said expected
4 location of said component under test on said printed circuit board; and

enabling said photo-emitter to emit said light energy.

3. A method in accordance with claim 2, wherein said sensing step
2 comprises:

placing a photo-sensor in non-contacting proximity to said expected
4 location of said component under test on said printed circuit board; and

enabling said photo-sensor to sense said reflected light energy.

4. A method in accordance with claim 1, wherein said sensing step
2 comprises:

placing a photo-sensor in non-contacting proximity to said expected
4 location of said component under test on said printed circuit board; and

enabling said photo-sensor to sense said reflected light energy.

5. A method in accordance with claim 1, wherein said classifying step
2 comprises:
17
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comparing a value of said sensed reflected light energy to one or

4 more acceptable reflection limits; and

indicating that said component is present if said value of said sensed

6 reflected light energy meets said one or more acceptable reflection limits.

6. An apparatus for detecting a presence or absence of a component

2 on a printed circuit board, comprising:

a photo-emitter which emits light energy on an expected location of

4 said component on said printed circuit board;

a photo-sensor which senses light energy reflected off a surface of

6 said expected location on said printed circuit board, said surface of said

expected location comprising a surface of said component under test if said

8 component under test is present at said expected location, and said surface

comprising a surface of said printed circuit board if said component under

10 test is absent from said expected location; and

a comparator which compares said sensed light energy to one or

12 more reflection threshold limits and indicates whether said component is

present or absent.

7. An apparatus in accordance with claim 6, comprising:
2 a test driver which drives said photo-emitter to emit said light energy

on said expected location of said component on said printed circuit board;

4 and

a test receiver which enables said photo-emitter to sense said
6 reflected light energy from said surface of said expected location.

8. An apparatus in accordance with claim 6, comprising:
2 a fixture which seats said printed circuit board and houses said photo-

emitter and said photo-sensor in predetermined non-contacting proximity to

4 said expected location of said component under test on said printed circuit

board.

9. An apparatus in accordance with claim 7, comprising:
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2 a fixture which seats said printed circuit board and houses said photo-

emitter and said photo-sensor in predetermined non-contacting proximity to
4 said expected location of said component under test on said printed circuit

board.

10. An apparatus in accordance with claim 6, comprising:
2 a tester which instructs said test driver to drive said photo-emitter to
emit a predetermined amount of said light energy on said expected location,
4 which obtains a sensed reflected light energy measurement from said test
receiver, and which compares said sensed reflected light energy

6 measurementto .

11. An apparatus in accordance with claim 7, comprising:
2 a tester which instructs said test driver to drive said photo-emitter to
emit a predetermined amount of said light energy on said expected location,
4 which obtains a sensed reflected light energy measurement from said test
receiver, and which compares said sensed reflected light energy
6 measurementto . )

12. An apparatus in accordance with claim 8, comprising:
2 a tester which instructs said test driver to drive said photo-emitter to
emit a predetermined amount of said light energy on said expected location,
4  which obtains a sensed reflected light energy measurement from said test
receiver, and which compares said sensed reflected light energy
6 measurementto .

2 13. A fixture for a printed circuit board tester, said printed circuit
board tester comprising a plurality of tester interface pins and tester
4 hardware and/or software configurable to drive and/or receive signals on
said tester interface pins, said fixture comprising:
6 a fixture frame;
a printed circuit board mount mounted in said fixture frame which
8 securely seats a printed circuit board under test;
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circuit board under test such that said photo-emitter and said photo-sensor
12 of at least one of said component detection apparatuses is positioned at a
predetermined non-contacting distance from an expected location of a
14 corresponding component under test on said printed circuit board under test;
wherein each of said at least one of said one or more component
16 detection apparatuses are controllable to drive said photo-emitter to emit
light energy on a surface of said expected location of said corresponding
18 component under test and to receive a reflected light energy measurement
from said photo-sensor, said surface comprising a surface of said
20 corresponding component under test if said corresponding component under
test is present at said expected location and said surface comprising a
22 surface of said printed circuit board under test if said corresponding
component under test is absent from said expected location.

14. A fixture in accordance with claim 13, comprising:
2 a probe plate mounted in said fixture frame;
a plurality of fixture probes mounted in said probe plate such that
4  when said fixture frame is mounted on said printed circuit board tester, a first
end of said plurality of fixture probes electrically contacts one or more of said
6 tester interface pins and a second end of said plurality of fixture probes
electrically connects to one or more of said component detection
8 apparatuses to drive said photo-emitter of said respective component
detection apparatus and/or to receive said reflected-light energy
10  measurement from said photo-sensor of said respective component

detection apparatus.

15. A fixture in accordance with claim 13, wherein said one or more
2 component detection apparatuses comprises:
at least one component detection apparatus positioned relative to a
4  top side of said printed circuit board under test such that said photo-emitter
and said photo-sensor of said at least one of said component detection

6 apparatus is positioned at a predetermined non-contacting distance from an
20



10m 10m 10nf =10%r& () - 9f ;

~10%r& () - -10%r& ()-S!g-10%& ()-S!v-10%mE& ()-SQ sVzX6SH=k™ Al * Z10%&' ()-!Z10
% U U& ()-"10% U& ()-2!'9l0%; ~; & ()-z! P, 109%XX& ()-f!P,

1098JU&" ()-f-}[<SH=k™ Al $10% U&' ()-! @ GLO%&' ()-!'@Gl0% U U& ()-", 10%

U& ()-z!q, 10%-6~6& ()-2z, 10% U& ()-P2rz[ <SH=k™ Al f 210% & ()-ff/10%

U& ()-! *Z10%&' ()-!*Z10% U U& ()-"'10% U& ()-f!v' 10%EE& ()-f #3%RaVK@x™ Al
10 U 10 U 10 Ul =10% U&' ()-f;f10% U&' ()-L9Z210% U&' ()-S83 10%

U& ()-!P f210%0U& () - f&IIZ[<VK@ Al's10%r& ()-L,10%& ()-!10%}& ()-,t10%m&

()-!, F10%& ()-g!, 10%me& ()-gi Al aBVK@ Al Lf #10%& ()-f 10%m& ()- mLO%I& () -
10%r8: ()-yS10%r&' ()-! @10%me' () - yX8"?VK@™ Al ° y 10%m& () -!y, 10900& ()-!y) 10

oMM’ "10%
Yot SLovm (1P e IdBa B hrBe Iy comphBhtind tost an 310D S o ) 1ol B

@ Al 10m '8 f Eaideprinted curmtdnmrq ynwtgﬂmq )-1sS109BB&' () - l 5210%&' ()-y 10m
10nmv1dEBEG" A! at least one component detection apparatus positioned relative to a
10  bottom side of said printed circuit board under test such that said photo-
emitter and said photo-sensor of said at least one of said component
12 detection apparatus is positioned at a predetermined non-contacting
distance from an expected location of a corresponding component under test
14 on a bottom side of said printed circuit board under test.

16. A fixture in accordance with claim 13, wherein said one or more
2 component detection apparatuses comprises a corresponding component
detection apparatus for each component under test of interest that exists on
4 the printed circuit board.

17. A method for determining the presence or absence of a
2 component on a printed circuit board, comprising:
enabling a photo-emitter to emit light energy on an expected location
4 of a component under test on a printed circuit board;
obtaining a reflected light energy measurement representing an
6 amount of light energy reflected off a surface of said component under test
or said printed circuit board at said expected location; and
8 classifying said component as present or absent based on said
reflected light energy measurement.

18. A method in accordance with claim 17, wherein said classifying
2 step comprises:

comparing said reflected light energy measurement to one or more
4 acceptable reflection limits; and

indicating that said component is present if said reflected light energy
6 measurement meets said one or more acceptable reflection limits.

19. A computer readable storage medium tangibly embodying
2 program instructions implementing a method for determining the presence or
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6 of a component under test on a prmted cxrcwt board;

obtaining a reflected light energy measurement representing an
8 amount of light energy reflected off a surface of said component under test
or said printed circuit board at said expected location; and
10 classifying said component as present or absent based on said

reflected light energy measurement.

20. A computer readable storage medium in accordance with claim
2 19, the classifying step of the method comprising:

comparing said reflected light energy measurement to one or more
4  acceptable reflection limits; and

indicating that said component is present if said reflected light energy
6 measurement meets said one or more acceptable reflecfion limits.



