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PONER AND GROUND PI NS BACKGROUND 51. Field of the Invention The

i nvent i onwpeledd/@ssgeneral ly to printed circuit board tesgdmgsoenshennr e
particularly to identifying opens in parallel connections. 2. Description
of Related Art During the manufacture of printed circuit board (PCB)
assenblies, testing is 10 perforned at-jone or nore stages to ensure that
the finished product functions adequately. In sone manufacturing
operations, PCBs are first tested before any conponents are nounted to

t hem The corrponents be s arately tested before they are attached to
the Pces FASLQFENIGIRG ECHION FAR CRENROVER ANB GROUND BINS( { her
test may be performed to verlfy that the conponents are properly attached.
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whet her all the contact points of BAOKGRODPMNIBNts are appropriately

connect ed to t he PCB. Det ecti ng open sol der connections to
conmpopent s, h%‘&f&‘r‘i‘fn ated circuit devices, connectors, and sockets, on
printad ci rcw t P’&)en‘a‘%errbl i es continues to be a major challenge on

today's manufacturing floor. Conventionally, automated testing 20 to detect
open connecti&msjnmﬁenireiatssgaﬂldrddjytmgﬁintémbMt bdwad tésdag, perharened by
connect i n es.t.o the PCB a nbly and neasuring el ectrical

par amet EIp é?il SRETERE RBERS 1 1Pé’§f ?Wcrﬂﬁpst he PCB assenbly. For
exanple, to determ ne whether a pin is open, test probes may be connected
such that a p&t hDessriptien of Relapedohets shoul d i nclude the pin to be tested, if
the pinis properly connected to the PCB. By neasuring a 25 paraneter, such
as the i npedagggingfin sgﬁﬂﬁ: t he p| n
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integrated circuit device nounted to the PCB. apinis

2010/ 056 8RCH3, vssdboley suldarig. -Once the components are attached, a ﬁthher test may be

performed to verify that the components are properly attached. Such testing includes

15 “opens” tests in which a determination is made whether all the contact points of the
components are appropriately connected to the PCB.

Detecting open solder connections to components, such as integrated circuit
devices, connectors, and sockets, on printed circuit board (PCB) assemblies continues to
be a major challenge on today’s manufacturing floor. Conventionally, automated testing

20  to detect open connections, sometimes called open “pins,” has been performed by
connecting test probes to the PCB assembly and measuring electrical parameters between
two or more test points on the PCB assembly. For example, to determine whether a pin
is open, test probés may be connected such that a path between the probes should include
the pin to be tested, if the pin is properly connected to the PCB. By measuring a

25  parameter, such as the impedance of the path, a determination may be made whether the
pin is open. Such an approach is sometimes called an impedance test.

An alternative approach to automated testing for open pins is called a capacitive
test. Such a test may be performed by exciting a sinusoidal test signal on a circuit trace
of the PCB and measuring the amount of that signal capacitively coupled to a detector

30  plate positioned above an integrated circuit device mounted to the PCB. If a pin is



connected to the trace, the test signal can propagate fromthe trace,
through the pinto a lead frane within the integrated circuit device. From
t he | ead woaumyostdae test signal will capacitively coupl ecrousm/odemect or

pl ate. The magni tude of the detected signal can be analyzed to determne if
t he connection between the pin and trace is good. For exanple, 5 the
anplitude of the detected signal at a-t2est frequency may be conpared to a

t hreshol d value. A detected signal above the threshold may be interpreted
as a good connection. Simlarly, a detected signal below the threshold may
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signal, is applied to a second group of pins of the conponent. The
anplitude of the second signal and the pins conprising the second group of
pi ns are sgheGiRkss0 Null a 20 response signal capaciti ygusadpbe@dito a
detector plate proximal to the conponent. During testing of a PCB assenbly
under test, signals with the sane anplitudes and phases are applied to |ike
pins on a |ike conponent of a PCB assegbly under test. |f the response
signal detected at the plate deviates fromthe identifiable value by |ess
than a threshold anmount, it is determned that all pins in the first group
of pins are connected. If 25 the aﬁﬁ§hg&&ﬁ¥0f t he response deviates from
the identifiable value by nore tha eshol d anount, the first group
of pins fails, indicating that one or nore of the pins in the first group
i's open. Addi Aifastandréisdble MRthodas pRIVidUITBEdeatifydignbpeny anddingpakillel he pins in
the first group is likely open. In sone_aspects, the invention relates to a
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second gieWRiectorplaté.gnal s coupled fromthe first group and the second group
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of t p i f_p:0ns. ; i i | rSty.si.agnal,
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according to a nethod. The nmethod conprises applying a first signal to a
first grphgsepiretanpligd wrlike pigs o a hika somponent of e MUB assemhlyypsiey tasy Mile fir st

signal, 96%&')1}@'6: g%n%l 3&8&@&1 atsthg szl;llte &é)vigtess 5 the %e%ﬂ%agl]:a value by less than a

threshold amount, it is determined that all pins in the first group of pins are connected. If

25  the amplitude of the response deviates from the identifiable value by more than the
threshold amount, the first group of pins fails, indicating that one or more of the pins in
the first group is open. Additional tests may be performed to identify which of the pins
in the first group is likely open.

In some 'aspécts, the invention relates to a method of testing a circuit assembly

30  comprising a component with a plurality of pins. The method comprises applying a first

signal to a first group of the plurality of pins; concurrently with applying the first signal,



25 the plurality of pins, the second signal being out of phase with the
first signal; with a probe positioned adjacent the conponent, sensing a

r esponse wo@orl/0s6idae response signal being in response tgTils0dd/06H1 Si gnal
and the second signal as capacitively coupled to the probe fromthe first
group and the second group, respectively; and indicating a test result
based on a |l evel of the response signak- WO 2010/ 056343PCT/ U82009/ 006101 -
5 - BRI EF DESCRI PTI ON OF DRAW NGS The invention and enbodi nents
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method comprises applying a first signal to the first group of the plurality of pins;

concurrently with applying the first signal, applying a second signal to the second group

15  of the plurality of pins, the second signal being out of phase with the first signal; with a
probe positioned adjacent the component, sensing a response signal, the response signal
being representative of a combined level of the first signal and the second signal coupled
from the first group and the second group, respectively; and indicating a test result based
on the level of the response signal relative to the predetermined value.

20 In yet another aspect, the invention relates to a computer storage medium
comprising computer executable instructions that, when executed on a test system having
a computer, control the test system to test a circuit assembly according to a method. The
method comprises applying a first signal to a first group of the plurality of pins;
concurrently with applying the first signal, applying a second signal to a second group of

25  the plurality of pins, the second signal being out of phase with the first signal; with a
probe positioned adjacent the component, sensing a response signal, the response signal
being in response to the first signal and the second signal as capacitively coupled to the
probe from the first group and the second group, respectively; and indicating a test result
based on a level of the response signal.

30



25 ground pins are open, the intended proximty of signal conductors to
power or ground is disrupted. Accordingly, ensuring that all power and
ground piv@ﬁz@foﬁ)sgﬁgnem ed plays a critical role in achi %Y:irﬂ%z&)?loioﬁme’

hi gh- speed " srgnal’ing. However, detection of an open pin~ among e par al | el
connected power or ground pins is not readily achieved using conventional
capacitive opens or inpedance neasurensnt t echni ques because the 30
paral | el connections effectively mask the open connection. WD

2010/ 056343PCT/ US2009/ 006101 - 6 - The inventor has recogni zed and
appreci ated that an open_can be detecte even if nmultiple pins are

d
connected in paral lel, uBRIBFIDEYPRIPIIONIOEPRAWENGS e excitation signals

in conbination with capacitive coupling. According to sone enbodi nents, an
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which the 5 group o I'NS i's connec 0 assenbly. An
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occurs d¢dmé@nbbdimEaryuf acture of a PCB assenbly, the in-phase and
out - of - phase si&nal s are applied to a PCB assenbly under test to determ ne

whet her any pBFGY. #é—4HdHReEIte dHEcTenteopavratispscefpeiestsedl dpring ddead si gnal 20
will be ﬁi?a@é‘d&@o?ditnﬁ@gsﬁng%lbo \J.ed signal will indicate that all the

paral l el “pins o e conponent ar € ’connected. In contrast, an open
connecti on anbig. I e fipve dingedm pliustdating a eesinelfoe determining ifitheh@eindes dfr om t he
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Though Igr%gg&h%rén{g_ay take additional tinme, a very

20 DETAILED DESCRIPTION

As high-speed signals have become more widely used in electronic systems,
conventional test strategies that forego testing for opens in parallel pins have become
unacceptable. The proximity of power and ground structures to conductors carrying
signals in a circuit assembly impacts the integrity of those signals. If some power or

25  ground pins are open, the intended proximity of signal conductors to power or ground is
disrupted. Accordingly, ensuring that all power and ground pins are connected plays a
critical role in achieving reliable, high-speed signaling. However, detection of an open
pin among the parallel connected power or ground pins is not readily achieved using
conventional capacitive opens or impedance measurement techniques because the

30  parallel connections effectively mask the open connection.



| arge percentage of PCB assenblies tested in a manufacturing operation do
not have open pins. Accordingly, quickly determ ning whether there are any
open pi navonow/ogéasp 30 of parallel pins can speed testiPog/Usko®ORE101
assenbl i es on average. Though, if an open is detected on a PCB assenbly,
the assenbly may be routed for rework or other corrective action may be

taken. WD 2010/ 056343PCT/ US2009/ 00610&-- 7 - Turning now to FIG 1,
an illustration of a test setup 130 for perform ng an opens test according
to some enbodinments is illustrated. Test techniques as described bel ow may

i ncl ude mul ti pheiRBASE Ras RUGEhiAH d'na‘?)g%é&id%wﬁl‘ﬁt afop&Séanfiadete il eded CAL i ON
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suitabl e type of testing probe may be used. Test setup 130 .nmay incorporate
test cont§mikekphaseisignghispplied agsclgetedsuch tat thersignals cappeitivelyweupledt j ng.

However , ' aect ed
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117 may be |nplenmented in test system 110_ysi ng any suitable conbination of
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a null as practical. ’

During a “test phase,” which typically occurs during the manufacture of a PCB
assembly, the in-phase and out-of-phase signals are applied to a PCB assembly under test
to determine whether any parallel connections are open. A capacitively coupled signal

20  will be measured, and a null measured signal will indicate that all the parallel pins of the
component are connected. In contrast, an open connection among the group of parailel
connected pins will deviate from the null, and result in a detectable signal coupled to the
detector plate.

A single test can be performed for each group of parallel connected pins to verify

25  the electrical connections. In this way, the test for each group of parallel pins in a
component can be performed quickly. If any open pins are detected, further testing may
be performed to locate the open pin. Though location may take additional time, a very
large percentage of PCB assemblies tested in a manufacturing operation do not have
open pins. Accordingly, quickly determining whether there are any open pins in a group

30  of parallel pins can speed testing of PCB assemblies on average. Though, if an open is
detected on a PCB assembly, the assembly may be routed for rework or other corrective

action may be taken.



100 to which nultiple pins of a conponent 101 are connected in parallel.
Conmponent 101 may be an integrated circuit (1C unit, a connector, a

socket %%%mggﬁgr sui tabl e structure having pins con?g?;‘%gg/@@ggllag PCB

assenbly or exanple and not limtation, 30 conponent a PCl
Express socket, DDR SDRAM socket, or SATA socket. Leads 114 carry a signal
to other pins within conponent 101. Inqthhe configuration illustrated, test
system 110 generates stinmulus signals on | eads 114 and 116 that are WO
2010/ 056343PCT/ US2009/ 006101 - 8 - intended to substantially offset when

capacitively gcoupl ed t ector,.plate 103. For e le, lead 116 may be
connect ed t o Lttine prde PR oh e inBrinsn = tas e | 1 Rerdectoring ot

sel ecti vRkpaceOaNeElotdnickibodimbn®fis MRERe8! T8Rke BRRREShOPdestiBed bllolhi s Way,
processi ng of the response signal coupled to test systemon |ead 111 can

i ndi cat emap andhede Buliiple pliases) sugh ama Ishm prasgraday pbasepandad loeatiaropheset ed pi ns
i . Such i b f d within test 110. Ho ,
bs i chreacR 130 & et dn A BE e Mes Tnhie it ab g Beiput o1 190
W th st ofRfSmEMdhay Bdsed TR EBablishis thaRekt REIAS BSrSdatl ofthelphhddz. MW GR

processing may be perfornmed in conputer 120 or any other conputing device.
10St or agetheiembodimentsntheditferent plrsesmgy be parfgrmead at dififereidimes and ineadabl e

st orage ﬁ@ﬁj_ ' . Ak and not limtation, a conputer menory,
one or nor e%%%}oa%g&%tgc%%f,f&g%%%@mﬁscs_, optical discs, magnetic tapes,

flash menori eThe edst satip inchitles gh hafonAlis tésh sydteh d 1 PfOeneFatibE ¢hdBirBulis r ays or
ot her sem cqnduct or devices, or other tangi ble conputer storage nmedium In

some enbyanaleAr deads sughpeid b4 ang LiG,ithatiaee aoinledsiortess ppists na P emplym

st or gge ' t i ssihng:.unit 125,
Foverr , 100 et PuEERR] £30 S0 BefudR Bl 1 DRSPS of
criti cal reapshseisignal from addtéctomplated 08 rie slentest systemnH Oe it ughnletector plate
Processi unit 125 y, be, any sui tabl.e proc i ng device, such as, for
exanpl e E‘ﬁﬁmﬁ_ PWRTAFE G | R teistaectio hegrie, b Rt B pRprecialod ShatanY SR si ng
uni t ( CPifhe o@t&tiﬁ%km‘ﬂe be2fisel! ASSRAlp {305Rhy irfae@;o&ale k& coxﬁ@%&ﬁﬁ’ﬁ e
controll ér, gener or speci al purpose m croprocessor, mcrocontroller,
addr essakhaevmincthe pridoepsréermipg capasitiveliéstingr dhoeser, anp suigptderteabsetup may

cont L%l I gl edi cat ed processor, dedicated controller, or any other
sui tabl e %Psc? essing device. Storage nedia 121 may store program conmmands

for conputer L@&HIW&@yBB%ﬁﬁn&%&b%di?mzﬁpm%ﬂﬁe fsesyRicer tiedDpigagaut er 120
may control test system 110 to generate stimulus signals and neasure and

anal yze |E5pende configrird taflter smplifeenddigitizg a signal receired andeaskkl lof  whi ch
TP AR A MASHEREI T 808G L g Ll R Bn 1

result ma r as an ou
out put deatidearelaid softyvabecqnponeitexd so that the test results nay be output to

a us% - The Though not expressly illustrated in FIG. 1, test setup 130 may include mechanical
components to hold PCB assembly 100. Additionally, mechanical components may be
provided to position detector plate 103 and also to make contact between leads 114 and
116 and test points on PCB assembly 100. A conventional printed circuit board test
fixture adapted for capacitive testing may be used for this purpose. However, any

25  suitable mechanical components may be used.

In the embodiment illustrated, lead 116 is connected to a net on PCB assembly
100 to which multiple pins of a component 101 are connected in parallel. Component
10} may be an integrated circuit (IC) unit, a connector, a socket, or any other suitable
structure having pins connected to the PCB assembly. For example and not limitation,

36 component 101 may be a PCI Express socket, DDR SDRAM socket, or SATA socket.
Leads 114 carry a signal to other pins within component 101. In the configuration

illustrated, test system 110 generates stimulus signals on leads 114 and 116 that are



30 output may be provided in any suitable format, such as an indication
that a specific PCB assenbly has failed an opens test or as a report

aggr egat iwig 20mase34nf ormati on for nulti pl e PCB assenbl i e®Criuskoonspaot est ed.
Additionally, an output froma test systemnmay be -9. provided to other
conponents in a manufacturing process, which may control further processing
of a PCB assenbly based on the results&f a test. A faulty PCB assenbly,
for exanple, may be routed for rework. A good PCB assenbly, on the other
hand, may be routed to other stages in the manufacturing operation, such as

uher e t henB(R435 SERRArially BRI eDAhAPGIAGAJeI) Ruplll BEctoF bilte 03RS L est

setup 130 configured for testing one conponen . However, as is known in
t he art, examplet lsadd 1€ maydie copneated toean intphpss signal igenerator ilhphilgdendsud put

connecti ons., Accor.di,ngl test  set may_ be confi 0 test an
nunber - o RGSIETTLY Satiarkel o e el Senel eiahoh L b vEhe Sare pos
10 assemplgeessing of thEkéspodsaXigidl d6splad kst SRl biffad i1 @WVeeH indsdagrwhethér t he
test setup 130 according to sone enbodi nents. Illustrated is an exanple

conpohentany of thepinsef the grqwpred pagdlebcasmenissl pinsds eperb nhrcdt precesping anayl hee|

(pins 2, . t-har ' ke ' 1 , and
9). In tﬁgﬁ?ﬁeﬁﬁggi 3%1“2#1%8% ﬂ ntng{?Ahv%Hﬁg rﬂ@@%&%éﬁ@ li’ ﬁt%gFéﬁt?% Fnag'r e power
15 pi ns #@nther iclido@mesthpgeni 2with etosdgenatdipilng, mépwey E23, ahd rdcussidg on of
the pins is not critical tQ the invention, which may be applied to any

assenbl y UHtdép, andstuch progrssing w@swﬁprﬂmﬂl{_@ WRPUIIEF 88 PHI%Par al | el .
As |IIusE5&8ﬁ§?é3?f&#222, test system 110 is configured to generate an

i n- phase si on the parallel connected pins (pins 2, 5 6, and
10) aad an outStahgphedm 20 aidgnahoryVi@3nmaypbe tinesdtahleadonputer-repdabde 3, 4, 7,
8, and 9). Signal. generators 113 and . 115 .may .be used for this purpose.

Si gnal géwg%ﬁla?éu%ﬁu%’ %fsﬁalag%léw%{%%ue&rﬁﬁﬂm@ Ia?mpa'spngggt em 110,
may be copE %bggdfaasi%@lm%ac@dipéss)&ma 86 M RH RO P IR Inehficd] citclitany
other suitable Way. I'n the illustrated enbodi nent, both the anplitude and
phase of cohfgwatersin Fisdd PregrenimmnpleGateairraysmeothay semicoddugior devicosagr be

controll ed. As illustrated in F.G t he sihgnal generators 113 d 115
have. beeittisefngibly roPulE hfpasdndtie. T st sbRfifherip Ao R e ule
magniis Ud%é@m&:ﬁ@;ﬁ isApadERl feémRRREE mbdiaI2MEo ﬂ{éhﬁﬁyfr@ﬂlbsforébma_tioﬂe erators 113
and 115 are digital drivers of the test system 110. Signals from

si gnal géReeating ynit 125.aHeweyer, asljstivetienbgiivesn slorageprglia d2band pemorng known

techni qu . - S . | i.n-phase signal 30
gener at or2d i%ﬁ‘\g/&%ﬁé%&éﬁ%#%‘éﬁdo%ﬂpq the rb%éﬁ%g?%%?xﬁ%}%gﬁﬁ?{e%; 13, 14, 15,
and 16 wit hi n Rresdssiay aihit2 5 ayabecarseduitable \pedoessing devke,ach as, dacdxaampinect a

correspondi,ng signal pins to the out-of-phase signal ge ator. 113, In the
oper at | ngnd Adt iAo, Ong OF F1Ore RICEREE 3 sentral processing uft (8P, Higitat Signal

20  processor (DSP), controller, addressable controller, general or special purpose
microprocessor, microcontroller, addressable microprocessor, programmable processor,
programmable controller, dedicated processor, dedicated controller, or any other suitable
processing device.

Storage media 121 may store program commands for computer 120. When these

25  program commands are executed, combuter 120 may control test system 110 to generate
stimulus signals and measure and analyze response signals as described herein.

Regardless of which components perform the processing, once a test result is
obtained, the result may be stored in storage media 121 or provided as an output. An
output device 140 may be provided so that the test results may be output to a user. The

30 output may be provided in any suitable format, such as an indication that a specific PCB
assembly has failed an opens test or as a report aggregating test information for multiple

PCB assemblies that were tested. Additionally, an output from a test system may be



WO 2010/ 056343PCT/ US2009/ 006101 - 10 - 14, 15, and 16 are shown in the

"cl osed" position so that an out-of-phase signal, VolJ-r2, from signal
gener at or, i upled to each of pins 2, 5, 6, and 1 ] i's
shown in‘?’%é""é‘%“eﬁg position so that the out-of phase sggﬁzg@%eoé‘%tlor 113
I's di-sconnected frompin 1. Switches 11-17 may be sem conductor devices,
relays, or switches inplemented 5 withgany other suitable technol ogy that
permts a voltage signal to be passed or blocked. In other operating
states, these switches may be opened or closed to reduce or increase the

nmb f pi in.th t t ' | ; t 13.. T , test
Cyat om 18V|5RR g0 it SopBhhus B mansring bEEes, BRFORRERORL RN, | ot | os

to be copRkeditofalPEBasdeniBhp biedWnthOtesBitst Hlesh A TAN{ OB aitthiy Ser f Or
the pins in at 1east one of those groups to 10be sel ect'ed. A response

si gnal aexampleymaieberroaaed fod rewonkg A €B@ssemplson tHe other bendanay bel at e
103 is pla above, conponent 101. The in-phase,and ,out-of:-phase signals
are coupfoéléeﬁ% O%ﬁeé SH@F%&@F %’Wﬂﬁeﬁ’éggo?ﬂ?&ﬁsé@eﬁ%%P cﬁa‘gsﬁr@ | pins,
respert i way be paélaaged@ e hehmeédnal is buffered by buffer 209 before entering
a multiplexer_board 200 of 15 the test system 110. In sonme enbodi ments, the

buf fer 209 maylGel shemsdesisewpiiidOiconfigurgd fardegingningtcomporentAdtlhough only a

buffor | g . " ong \
el udeanioneR et as fkhoBth A G Mo ditnh S sh AR ot QRS erbinBlt e 201
sel ects aftoutpptdontiestions.p Areordinhgly) theifebeyetiz0Oay Bbeo%&ﬁ frtestiggal is then

filtered (fjlter 203) and 20 anplified (anplifier 2 bef ore bei ng

di gi t i zeBuUmberpfgompobents; cithensimulianeouskyror spqyentialy on the same PGBocessi ng of
the ¢ gi Eéséﬁﬂ%'?i gnal as appropriate to the learn, test, or localization
phase is pertormed by the conmputer 120. Detector plate 103, nulti pl exer
board 200 andFKRQ pdvideay rharecdetailed eivvsofespacte ok theviestisetupié Qactorting to

capacitive testi of PCB assenblies, though any suitable conponents may be
used. 25%?%?%‘2@3}%{%;@8%#’& 2 sgainpledy npe? HiLieviRg €n BrS. soipeioE,
t hough Omh%@céﬂﬁ%d'iﬁpm%ﬁ%@%%,%dl lahdl BHRXSHhRAAFEn iJSQCP' Itates

testing of pins associated wt mul’ti pl e cofponents on a PCB assenbly under
test. Foft, Béaapd 8) Ia thedlustrated pmbedinent, thel pinsidonngited miasalted arqpawers, each

adj acent _a onent. .Mul tiplexer .board, 200 al]o .est stem 110 to
rencs o PR GETBE ERnpL bR B S Bl 3R difumieb b FaesR f HERFIIRE 30
tinmes. Stiiidaid the ihVEieH, WRich @Y R:SAplied BOMY ass@hblySleBstlikOvival | ncl ude
nore switches than shown, and possibly nore signal "generators than shown,

al | owi ngZEUpHof pigs areieanectedinparglisler at ed for testing pins associated with
il 1P comPRSH g e IR SRR ARSRRRILURRORaLIRE R phasoare ! ot
signal, Vour2z, on the parallel connected pins (pins 2, 5, 6, and 10) and an out-of-phase
20  signal, Vouyri, on the signal pins (pins 3, 4, 7, 8, and 9). Signal generators 113 and 115
may be used for this purpose. Signal generators 113 and 115, as with other components
of test system 110, may be controlled based on a program executed on computer 120 or
in any other suitable way. In the illustrated embodiment, both the amplitude and phase
of the signals generated by signal generators 113 and 115 may be controlled. As
25  illustrated in FIG. 2, the signal generators 113 and 115 have been set so that each
generates a signal with approximately equal magnitude but of opposite phase. In some
embodiments, signal generators 113 and 115 are digital drivers of the test system 110.
Signals from signal generators 113 and 115 may be coupled to a PCB assembly
using known techniques. Here, switch 17, shown closed, connects the in-phase signal
30 generator 115 with the group of power pins. Switches 11, 12, 13, 14, 15, and 16 within
test system 110 are selectively controlled to each connect a corresponding signal pins to

the out-of-phase signal generator 113. In the operating state illustrated, switches 12, 13,



with a single conponent for sinplicity. However, it should be understood
that pins associated with other conponents could be tested in a simlar
fashi on, wbeabiwseas the same tine or different tinmes. SARCEHISG/08001 f or
perform ng the learn phase is illustrated as a flow diagramin FIG 3.

Met hod 300 may be perforned using the test setup 130 (FIGs. 1-2). In sone
enbodi nents, conputer 120 is programei+to perform nethod 300. The program
may be stored as conput er - execut abl e i nstructions that nay be stored on
storage nedia 121 and/or nenory 123. The instructions may be executed at
sui tabl ey4 '1’59§nd31’6 are%ﬁSﬁﬁhﬂaaéQmea” psttion' & thatarS - dfqﬂﬁséﬁghaedom
conjunction Wth H which Tllustrate exanples of Sone steps of
t he net hfrdm signad gmdratob él hppzoapledtte dadhefipitdl 5, 64dadiH).i $witch 1 hissshbwn one

| f. t t ho. t hod
D ot "Spat oo 30 that Hie ke lice ihal penefBibe P B3 RGinEted Ry |
shoul d 15igble SuRiHes 1900 hidbe §éﬁic§ﬁ&§:tdi&iébﬁh§@el§§s, o sfitEhesAniplémrhet | ar | v

referenced. While the response signal is depicted in each of FlIGs. 4A-4H,
i t shbul withanygthsr switable epnology that erpritsragvaltage signal; tp |b951amdm blgskedoses.

| .S h | t t gt ed,
be. pr ovi HedienEreshheD ke nd b oA Bofed A6l BRE, e ™
assenbl ythkQfiniber pf piesth the grbvgp E@tiectaétaisigdd Genéator 1WAJ Kihag) tE¥TByasaadsdl y al i
pins of a conmponent 101 to be tested are Ero perly connected to the PCB

assembl yprogides pagechanismdopgignals oF gontyolied arﬁeqené!écsldamcpewﬁﬂgo atlgestect or

plate 10 t est
poi nt s oud RRUpt I pECOTR paabatstt s AR i hPRS ohd b Ale Eifrk

appl it®d besdedtéd.st group of pins. In sone enbodinents, the pins in the
first group oérglns are connecte | 1.el ., For exa Ie,%}heflrst group

,—

of pins may bé 'EEROmEE ighal ﬂ%sop'a%gmeawe ufiag kpawpdes ey GECE18T whi ch
mul ti pl ey Ia{enﬁ)?,%gfa‘é@@%t?d%t cobttbn@htl A0 MRGh Glasd dhd ATRIPRAUIBRIN &e the pins

in the first pins are power pins. In some enb the pins in
the fi rscmgxleshqo th)dctf:ctpr plstea&mnghc)umrdlepnedwwwmd signdlqdes, msgmtivelymur 2, may

be suppl Qsi 1 d ting.si ene k1% to the
et Gl b egibis Aenstie Syt buBRERGT GG anlehin SRlrfORF bR 20p Y

di gi 1al Bs’iclls:ystérﬂ 1908y €6¥H8 dinbBintentd, Ae: wuffe@ hae e mategrae@i with the
2010/056343P / US2009/ 006101 - 12 - may be an anal o I gnal such as a

si nusoi ddetegterplategl 03¢ Adth%h@@bb@bﬂﬁeltiﬁéhq\@hgéywl@ Félg%l qopditiongng exanpl e,

9.5 KHz i se signal may be of any suitable shape and
repeat wﬁﬂ%é{ssnﬁ% E "Rﬂgquency The signal generator 115 may generate

t he in-phase ¥Wighahe wurhboxwmy lBUidﬁdihh@te@ﬁﬁ 1hé uﬂﬂnplbmelsmmsemtsaﬁe ipts, the
e S e b P e g BB B 221 o2
of 19§ t Qmﬁﬁﬁed*{émp-mﬁr hOsPhdsf b%'hgé‘&’iblt%éi bY &n&log-to-digital converter (ADC)
207. Further processing of the digitized signal as appropriate to the learn, test, or
localization phase is performed by the computer 120. Detector plate 103, multiplexer
board 200 and ADC 207 may be components as are known in the art for capacitive
testing of PCB assemblies, though any suitable components may be used.
25 Here, multiplexer board 200 is shown to have multiple inputs, though only one
input is shown connected. Multiplexer board 200 facilitates testing of pins associated
with multiple components on a PCB assembly under test. For example, a test setup may
include multiple detector plates, each adjacent a component. Multiplexer board 200
allows test system 110 to measure response signals at different detector plates at different
30 times. Similarly, though not expressly shown, test system 110 may include more
switches than shown, and possibly more signal generators than shown, allowing stimutus

signals to be generated for testing pins associated with multiple components. Because



digital signal generated by a digital driver. In sone enbodi nents, the
digital driver provides an in-phase signal that alternates polarity. For
exanpl e &g »§lo@3edss My switch between -200 nmV and +200 pérdBhlsiaos A
illustrates a portion of the test setup 130 after performng step 305 in
conjunction with a response neasured with that setup. Switch 17 is cl osed
connecting the in-phase signal to the.{jrst group of pins which are
connected in parallel. The response signal coupled to the detector plate is
| arge and unbal anced. Steps 307-313 are perforned iteratively as part of

| 314, 15A 307 f pi . ... Th d
or oup- of AL 18 Bbed o R on BbofionBiin Rstifl BAS G in EPERRECHC ¢ ne
out - of phiak e shigedmpsteat AHr@implicity. FAoweRe, P WHidA$ Be GhdQs6d it paR, the pin

of the second grqup are said to be selected fromanong "signal pins" on the
conponemssapated Matheather componenissorlshbedested in phimilar Sashion, whetherat theo t he
I nventio T .o of pins may be selected in any suitable 20 way.
For exan%lmee,tﬂgeéfﬁlgﬁ%ga%inﬁ&%hy be sel ected randomy fromthe signal pins.

Preferably a aratthed 300 figferformiigihe ¢ phiie i91ieeate@bs Riflosv diagianeinf i r St
gr oup Oflglpi ns is selected for the second group during the first iteration
of | oop Bli% 3. Method 300 gpaypegppgformed gsinghe Wﬁh@@l’slﬁ){&ﬂ(}ﬁsl—aﬁ}pm ¢ o t he

second gL Ok [ - -]_.Qﬂﬁﬁ,g LRk M, yﬂ?ﬁ% d by
si gnal géeneré?l%?&i%piﬁgl%&%-pgég-p ase t§§g3| gng? mayygg 0 rﬁg saﬁn‘lctaa§shape,
anpl i t udes stewed ak competeerxasutibie inspupticrsahat rgaabe stpfadi ocstatags hedia3[H, but
approxi mately 180 o t-Qéb-phase with the in-phase siglgaj. For exanple, if
the in- naergae 1435 Lhedngiryciions mayne exgeited pt tABle dunesaypopsssingne

out -Qf - phasersignal alternates to nmaintain the opposite polarity. At step
311, the response signal is neasured on the detector plate 103. 30

Measuri ng mayMetlwldiH® is descaibed i oomjindtiomi wigh FHEs. désgbly sdidi idfnstratEor

anal ysis. For e | e, the _respgnse.si.gn may be buf f filtered,
ol 111 oSAHES TGO APS SR P, GGStOR] neppserated i FI A4 BE 2 Ao
207, 1 esjiRsiraty Bhvond &k o£1HR QRUtAEN 860, ahl Shat Y€athod 300 may be performed in
2010/ 056343PCT/ US2009/ 006101 - 13 - Fourier transformof” the response

si gnal | enouebloars IaiIGncdArddueniy gwsthesid  fraptaseledovsues arshonisse
i oot o RunErEboY Pl e T B B B 02 o SRR BlBReg, MR o

si gnal t fespsisesipnakisidepictediihichetdef FIH. GA-41B, it bhaitd baufiderstopd that eis &f t he

test setup 130 after perform ng steps 307, 309, and 311. In this exanple,
the si gnBimasilysforlsirayepyrppsese i some gmbadinents, 8 outryt. suelyps fr example

that that depicted, may be provided.
Method 300 begins at step 301.
20 At step 303, a working PCB assembly 100 is placed in the test setup 130. Ona

working PCB assembtly all pins of a component 101 to be tested are properly connected
to the PCB assembly. Setting up the PCB assembly may include positioning a detector
plate 103 near the component 101 and connecting leads 114 and 116 to test points on the
PCB assembly 100.

25 At step 305, an in-phase signal is applied to a first group of pins. In some
embodiments, the pins in the first group of piﬁs are connected in parallel. For example,
the first group of pins may be connected in parallel by a net on PCB assembly 100 to
which multiple pins of component 101 are connected. In some embodiments, the pins in
the first group of pins are power pins. In some embodiments, the pins in the first group

30  of pins are ground pins. The in-phase signal, Voyra, may be supplied by closing switch
17 and connecting signal generator 115 to the first group of pins. The in-phase signal
may be an analog signal or a digital signal. In some embodiments, the in-phase signal



pins are pins 1, 3, 4, 7, 8, and 9, of which pins 3, 7, and 9 are shown
sel ected for the second group of pins (step 307). The switches 12, 14, and
16, corrasgpaoniosge4so t he second group of pins are cl ose@Crasapyeliogsthe

out - of - phase signal (step 309). The 10 response signal nmeasured is al so
illustrated (step 311). As can be seen fromthe conparison of the nmeasured
response indicated in FIGs. 4A and 4B; 1Zoupli ng an out-of phase signal to
pins in a second group reduced the nmagnitude of a measured response.
However, a significant response is nonethel ess detected. Multiple

i teratiopgy®k ah%ﬁ&loé%f’grﬁ?éheﬁ%s B%Eﬁlﬁﬁi'@lf‘r@péa%ngfat A%rehiendyaa R RAgEbPSR L0 a
15predeterm ned value,” which is a null in this exanplé. In the first

i t erati oR0 &iHa3, donexample, 9t KH21 Haveyeh ¢hd in-phase dignal maybeof amesdidble 314 and

Ki tep 313. . The Jogp th I at s _beginning .at st 7. I
SubSequetedr i ko 1Bty Sy LR e mérag&oﬁg el e
as di a @%ﬂbﬁﬁ;ﬁh CRIdynad a 1 e
addi ng og{eﬁggrseZ nore a d‘iglfﬁi onaz.lhﬁﬁmu © mg(lﬁ}gn%f tsggigo%r?gﬂﬁ?%? ?ér}f eachy

pins to the gr
i t er at i ofhanprwligae thay tusng omp semigppdusierveviop vagunéb@cqmptfr@ntn Borrexempl,

above.  meTRa AmpBH iR BnsloB T o b HOERY{ LRER-iRBe BholBEEbPR oo
step 313dightl siprd) g3idctated bye dighalrkiven nin sontesebatimehts] therdigit deivgd | t ude of
t he response_signal  has 25 decreased with respect to the, ag{)I i tude obt ai ned

in a prePfayifesiandn-phassrhignal thabplterates pelaripy iRy cxamplicthg signat maw sWEeh cul at ed
by DFT mayuRe gg{j@éﬁ{\p%dfi(@?@gpl | lustrates a portion of the test setup 130

after a second 1teratiron o 314. Pin 8 has additionally been connected
to th@ out-of FpGaksk ibustratds agenisrndOthe Ibast sdtop il BY afie pecforhing Siee 3651 i t ude
has decreased and thus at step 313, it .is determned.30 th | oop. 314

shoul d bECHERFILONAYith g Fesponse pepspredvaith tht sqtyips émsghﬁm%%lp ngectle i on of

the test yahiHhadedq Tt@fheqh’sﬁ"érﬁ?% 'lgf gﬁ@%&f?&h 8 bRt pardilkl. L THES

additional ly "been Tonnected t0 ut - of - phase si gnal ‘generator by WD
2010/ 056 84386GE/siggabosupdabivthe detgetor plats isdargg andvnnbaiariced. At step 313 it is

determned th t | itude of .t.he response, si,gna as not decreased, and
the | oop 314 %iepﬁgﬁ"‘?’gge@é% .°“i*}?81{]?é?th"8§'p%%ft} 083#?1 nues to step 315.

15 At step 307, a second group of pins is selected. The second group of pins may

include pins that may be individually connectable to the out-of phase signal generator
113. For the purpose of description, the pin of the second group are said to be selected
from among “signal pins” on the component 101. However, the function of the pins is
not critical to the invention. The second group of pins may be selected in any suitable
20  way. For example, a single pin may be selected randomly from the signal pins.
Preferably a smaller number of pins than the number of pins in the first group of pins is
selected for the second group during the first iteration of loop 314..
At step 309, an out-of-phase signal is applied to the second group of pins. The
out-of-phase signal, Voyt), may be generated by signal generator 113. The out-of-phase
25  signal may be of the same shape, amplitude, and frequency as the in-phase signai applied
at step 305, but approximately 180° out-of-phase with the in-phase signal. For example,
if the in-phase signal is a digital signal that alternates polarity, the out-of-phase signal
alternates to maintain the opposite polarity.
At step 311, the response signal is measured on the detector plate 103.
30 Measuring may include suitably conditioning the response signal for analysis. For
example, the response signal may be buffered, filtered, amplified and digitized by buffer
209, filter 203, amplifier 205, and ADC 207, respectively. In some embodiments, the



The group of pins that yielded a response closest to a null may be sel ected
as the 5 second group of pins to be used during testing. Though, in sone
enbodi e onpl ex strategies nmay be used to sel f pins
t hat yiepazﬁgﬁﬁégﬁ t as close to the desired val ue as pggéﬂgﬁgﬁﬂﬁgP?onally,
at step 315 a group of pins different than those initially selected at

bl ock 302 may be selected, and |oop 314 nmay be repeated to determn ne

whet her a group of pins leading to a bétter null can be forned. In sone 10
enbodi ments of the | earn phase, the second group of pins may be obtai ned by
exhaustiyvely testé&g al | possible selections of the second group of pins.
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i n- phasebhsse gignalde Piisdae ssreprheronnyedysed tjeusagnitude of apreggered kespanse. . For
exanpl e 4.0: ggg; i sed or decreased for either
the in- pﬁéﬁ;@%{’eg?&%%&fg: - \éﬁép‘f?ggsg‘“@glﬁa‘i%? d&r%&gg'ne enbodi nents, the anplitude
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repeats beginning at step 307.

In subsequent iterations of loop 314, at step 307, the group of second pins has
different members. Here different combinations of pins are selected by adding one or
20  more additional pins to the group of second pins in each iteration. Though any suitable
approach may be used to form different groups. Steps 309 and 311 are performed in
each iteration as described above.
In the second and subsequent iterations, processing will reach step 313. At step
313, a determination is made of whether the amplitude of the response signal has
25  decreased with respect to the amplitude obtained in a previous iteration of loop 314. For
example, the amplitudes calculated by DFT may be compared. |
FIG. 4C illustrates a portion of the test setup 130 after a second iteration of loop
314. Pin 8 has additionally been connected to the out-of-phase signal generator by
closing switch 15. The amplitude has decreased and thus at step 313, it is determined
30  that loop 314 should be repeated for a third iteration.
FIG. 4D illustrates a portion of the test setup 130 after a third iteration of loop
314. Pin 1 has additionally been connected to the out-of-phase signal generator by



stimulus signals has been selected to substantially provide an identifiable
val ue of a response, here is "null." 5At step 319, the identity of the
menber s ovotzom/sexond group of pins and the anplitude ardTpors2e/006101 he

nodi fied signal are saved. This information nay be used in a subsequent
test phase. In sone enbodinents, the information is stored on storage nedia
121 or nenory 123 of conputer 120. At-#4ep 321, the test phase and
optionally | ocation phase thresholds are 10 determ ned. The threshold for
the test phase may represent an anplitude of the response signal above

whi ch it cloSin@@®aRH 14 halt stper1® it & Rtdrifdd that thé ﬁm%iiﬁﬁ% FHRURsnsPkipfal The
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response tsi gn | exceeding the threshold indicates that the signal pinis
adj acent SR ég'en parallel pin. The one or nore 15 threshol ds nmay be
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enbodi nents, nult are di scofinected si nul taneous e neasured

anpl 10 udembndiynents of3belleam pletse,the secohd graupecfpingmag b2 bbtdimeeltol ds for use
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of groups. For example, tests may be limited to second groups consisting of a number of
pins in a predetermined range. For example, limiting tests to second groups containing
only 3 to 5 pins would reduce the number of combinations to 41.
Optionally, the amplitude of the response signal for the modified group of second
20  pins is compared to a predetermined threshold. If the amplitude is too large, the
selection of the group of second pins may be further modified. In some embodiments,
the loop 314 is returned to (path 316). However, initially at step 307 the second group of
pins for an earlier iteration of loop 314 is modified by adding fewer and/or different pins
then those used in the second to last iteration. If the response is below the threshold
25  method 300 continues to step 317.

Regardless of how a second group is selected, further processing may be
performed to better achieve a “null” response. At step 317, the amplitude of either the
in-phase or out-of-phase signal may be adjusted to improve the null. For example the
peak to peak voltage may be increased or decreased for either the in-phase or out-of-

30  phase signal. In some embodiments, the amplitude of the response signal after the

amplitude has been adjusted is stored.



measured. In FIG 4G pin 8 is disconnected by opening switch 15. Notice
that switch 12 is closed reconnecting pin 3. The response is then neasured.
In FIG ' kS di sconnected by opening switch 14. i's
Lhen meadto2lobsfas S (switch 16) could sinilarly be tesfﬁﬁ?ﬁ@?’“@ BE.
5Threshol ds for use in the localization phase may be determ ned by
measuring responses when a stinmulus sighal is coupled to each signal pin
wi t hout a corresponding signal or other signal pins or the parallel
connected pins. An upper |limt to the expected response nay be determ ned

and stored as t hol d for use Jjn conjuncijon wth {hat pi Lh.a
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test phase_nay ,be perfqryred at any suitable tinme. Method 500 may be
perforne’ifsﬁ%t}s ,ghe[r%gs P88t setup 130 (FIGs. 1-2). Method 500 nmay be perforned

for a 15 PCB assephy, the ddeatityokihe Wiknibid bf the sddind dr&dd apsiashd/tbes pl aced
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conput er iZXecmbmbiel I1sft donghiteiR0t hat may be stored on 20 storage nedia 121
and/or nmenory 123. The_ instructions may be executed at sujtable tinmes by

processi ng unist step521be o5 phase apd gptignally leeatjipnaphase threshplds 2592, t he si gnal
: ; i . d.
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sone enbod , a capacitive testin I que as | 0 I'n the art
i s used. signalsboee ohivhrit Brdeenieddnt sherais 4 fapkidatieelitsegroupof pashfhque may be

used. f all th gnal  pins identified as pins in the second group
of pins 1%@%@8@3#@%&9%@%9@98%%&%@% Fidkigd tha change pT & ER8PORE < ome
of the pLiBgall ey g; ' @l g, LB bort ed.
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previ ush_é idf tifil?dd WO 2010/ 056§§lﬁPCTTU82009/ 006101 - 17 - At step 5083,
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In some embodiments, a test phase threshold is estimated by simulating the effect

of an open pin. The effect of an open pin in the first group of pins may be simulated by
disconnecting pins from the second group of pins one at a time. For example, the
amplitude of the response signal is measured when one of the pins from the second group

20  of pins is disconnected. The measurement may be repeated by reconnecting the pin and
disconnecting another pin in the second group of pins and measuring the amplitude of
the response signal. This measurement may be repeated for each of the pins in the
second group of pins. In some embodiments, multiple pins are disconnected
simultaneously. The measured amplitudes may be used to determine the one or more

25  thresholds for use in the test phase. For example, in some embodiments the average
amplitude of the response signal, when one pin from the second group of pins is
disconnected, is used to set the threshold. For example, the minimum amplitude among
the measured amplitudes may be used as the threshold. Though the average response or
one standard deviation below the average may alternatively be used as the selected

30 threshold. |

FIGs. 4F-4G illustrate a portion of the test setup 130 during performance of step

321. InFIG. 4F, pin 3 is disconnected by opening switch 12. The response is then



gfoup of pins may correspond to the sane pins as the first group of pins in

- the learn phase. Preferably the in-phase signal is the sane signal applied

to the fiwetogregsof pins in the | earn phase at step 3®&ET/US200900861@0p! i t ude
of the in-phase signal was nodified in the 5l earn phase (e.g., at step 317
of nmethod 300), the in-phase signal is applied with the nodified anplitude.
At step 505 an out-of-phase signal is-dplied to the second group of pins.
The second group of pins may correspond to the second group of pins
determned in the | earn phase. For exanple, the pins stored at step 319 of
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component 101 and connecting leads 114 and 116 to test points on the PCB assembly
100. In some embodiments, computer 120 is programmed to perform method 500. The
program may be stored as computer-executable instructions that may be stored on
20  storage media 121 and/or memory 123. The instructions may be executed at suitable
" times by processing unit 125. .

Method 500 begins at step 501. ‘

At step 502, the signal pins of component 101 are tested. Any suitable test
method may be used. In some embodiments, a capacitive testing technique as is known

25  inthe art is used. In some other embodiments, an impedance testing technique may be
used.

If all the signal pins identified as pins in the second group of pins in the leamn
phase pass, method 500 continues to step 503. If some of the pins in the second group of
pins fail, method 500 may be aborted. Though, in some embodiments, if a pin of the

30  second group is faulty, the paraliel opens test may proceed based on an alternative

second group previously identified.



| east one open pin anong the first group of pins. An open pin has a poor
el ectrical connection or does not have any el ectrical connection to a
COrr espoRg; on the PCB assenbly. The regions OfPEHﬁI @gﬂ@ t 101
wher e anr‘ggggwysﬁﬁ?n the first group of pins is likely to e59 oungﬁ?ray be
identified as part of a |ocation phase. In sonme cases 5 it is possible to
identify a specific pin or pins as opepy_Sone enbodi ments of the location
phase are subsequently described with reference to nethod 600. At
step 515, it is indicated that the first group of pins fails. This

I ndi cation may,_ b e in any suitable . ] n.some emhodi ts, the
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test pinARY 20%, reeier6NY. Psome embodiments, the Fourier transform of the response

signal is calculated at the frequency of the in-phase and out-of-phase signals to determine

the amplitude of the response signal. For example, the discrete Fourier transform (DFT)
may be applied to the digitized response signal.

20 At step 509, it is determined if the amplitude of the response signal is less than a
threshold. For example, the amplitude calculated by DFT in step 507 may be compared
to a threshold determined during the learn phase for the group of parallel pins being
tested.

If it is determined at step 509 that the amplitude is less than the threshold, step

25 513 is performed. At step 513, it is indicated that the first group of pins pass. The test
phase indicates that each of the first group of pins have a good electrical connection to
the PCB assembly 100. In some embodiments, the indication may be written to a file
stored in a memory, such as storage media 121 or memory 123, or provided on output
device 140. For example, an indication that the test was successful may be displayed on

30  ascreen or console. After performing step 513, the method 500 ends at step 519.

If it is determined at step 509 that the amplitude is greater than the threshold, step

511 is performed. If processing reaches step 511, it has been determined that there is at



a pininthe first group of pins. The proximty of signal pins may be known
froma WD 2010/ 056343PCT/ US2009/ 006101 - 19 - circuit topol ogy, which may
be st or edvonromespaaser nenory or consul ted during programaryigs2aedfo/onéiel t est
system At step 607, the test pinis excited with a test signal. The

out - of - phase signal may be applied as used during the test phase.

Therefore, the phase of the test signal8-is not 5 critical during the

| ocal i zati on phase. Though, the switch connecting the out-of-phase signal
generator to the test pin may be closed while all other switches are open
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15  pin or pins, a location phase may be performed. In some embodiments of the location
phase, method 600, shown as a flow diagram in FIG. 6, is performed. When the test
phase is performed according to method 500, method 600 may be viewed as an
embodiment of step 511.

In some embodiments, computer 120 is programmed to perform method 600.

20  The program may be stored as computer-executable instructions that may be stored on
storage media 121 and/or memory 123. The instructions may be executed at suitable
times by processing unit 125. -

The method 600 begins at step 601.
At step 603, the first group of pins is connected to ground. Some embodiments

25  of method 600 may Be performed with the first group of pins connected to ground so as
to shunt an input signal away from the detector plate. When the response signal is
substantially larger than expected, it indicates that a nearby pin in the first group may be
open since the shunting effect is not being achieved.

At step 605, a test pin is selected from among the signal pins. In some

30 embodiments, multiple test pins may be selected. The test pin is preferably in close

proximity to a pin in the first group of pins. For example, the test pin may be adjacent to

a pin in the first group of pins. The proximity of signal pins may be known from a



If it is determned at step 613 that there are no further pins to test,
step 617 is perforned. At step 617, likely open pins in the first group of

pi ns arewdlsnblobdsgsl based on 30 the proximty of pins rgegf[ggﬁ)g}opﬁﬁi ep 615

and the circuit topology. The circuit topology may indicate t ocati ons
of each of the test pins and each of the pins in the first group - 20 - of
pins. Any suitable heuristic my be usgd to sel ect parallel pins adjacent
the indicated test pins. At step 619, the likely |location of open pins in
the first group of pins is indicated. For exanple, an indication may be

witten to fil,e stqred i n,nenory. or provi ded on 5 output, devi ce 140.
Met hod éﬁ@"‘gﬁ%}@%y’ By be stored mﬁeftfﬂﬂgoﬂ’&&ow&% Uingast one

i I'1 ustr grbManeae OF RNEstQlsthe 1 nvention, various alterations,
rmdificea}{ions, a%d [ rrprovgrrents will readily occur to those skilled in the

art. For exarndtsgp 607:thatest pinds exctited wdthoa wsesignady Thabutrofpbase sighalmayp of

' s, 10 i tified by i ti.vel ddj ' to.t.h .Oh
B at egiteePRlEA bl durthe he St anaRs | REtEhore B Bt 3¢ IeSeSoTRBL AR 1 some
enbodi Magtal dlhﬁl%lﬁ@&ﬁ:aﬁiat{dﬁq:lfa@é PPRARKSIHERitcHRYniR tiHS Bk St-H5iHasem ne i f

pi ns shoul d be added to or renoved fromthe second group. Such ‘alterations,
nodi fi caignshgencsgiar torfpe tese pirmay be elopert whiledll pthebswitihdsiate open cope of the

ont y and e AR O o8 sipR IRk RS Tielbbin &1 ' ed only ast
defined in thatdiep 609)ithegresponseBignallistrheistftdl WaMLG1Sg HagiRilade sii@bly
2010/ 056343PCT/ US2009/ 006101 - 21 - CLAIMS What is clainmed is: 51. A nethod
of t est iGegditioninedths respensergnpl Exmprlysisn §oncxunpleibarespppse signal may be
10  buffered, filtered, amplified and digitized by buffer 209, filter 203, amplifier 205, and
ADC 207, respectively. In some embodiments, the Fourier transform of the response
signal is calculated at the frequency of the in-phase and out-of-phase signals to determine
the amplitude of the response signal. For example, the discrete Fourier transform (DFT)
may be applied to the digitized response signal.
15 At step 611 the amplitude of the response signal is compared to a threshold. The
threshold represents an ampiitﬁde, or equivalent thereof, above which it is determined
the test pin is in the vicinity of an open pin in the first group. The threshold may be
determined in any suitable way. In some embodiments the threshold may be specific to
the selection of the test pin. In some embodiments, the threshold is determined in the
20 learn phase. For example, the threshold may be determined at step 321 of method 300.
If it is determined at step 611 that the amplitude is greater than the threshold, step
615 is performed. At step 615.it is recorded that the test pin is in vicinity of an open pin
from the first group of pins.
After step 615 or if it is determined at step 611 that the amplitude is less than the
25  threshold, step 613 is performed. At step 613, a determination is made whether there are
more pins to test. If so, path 614 is followed back to step 605 where another signal pin is
selected for testing.
If it is determined at step 613 that there are no further pins to test, step 617 is
performed. At step 617, likely open pins in the first group of pixis are identified based on
30  the proximity of pins recorded in step 615 and the circuit topology. The circuit topology

may indicate the locations of each of the test pins and each of the pins in the first group



plurality of pins, the nethod conprising: applying a first signal to a
first group of the plurality of pins; concurrently with applying the
first sigwel2010mps43i ng a second signal to a second groupdIfu20m/gob0tal ity
of pins, the second signal being out of phase with the first signal, 10with
a probe positioned adjacent the conponent, sensing a response signal, the
response signal being in response to ¢¥e-first signal and the second signal
as capacitively coupled to the probe fromthe first group and the second
group, respectively; and indicating a test result based on a |evel of the

responsegfhigs ahn% 3RitablE ReurRtie Qﬁaﬂ;e $ed &ﬂelect‘ﬂaﬁdll%l ﬁin% hgjas&f Aindicaral s

out of phase with the first signal by half a“cycle he nethod of claim
1, wherefestpin® conponent conprises a connector. 204.The nethod of claiml,

Cogethor i 1 A8 Pt heSielsBpdotistope pihoiB reon S fiatn 8 brsalimalafne " *

first gr Pupe:@in;nél @nRhditaidd Mapbe Wriﬂt%n'té a F1Q5B+Hd 19 mdNeTor Prdridedén 6.
The nethod of. claim4, wherein the first group of the plurality of pins is

a group cutpg‘rdﬁym }40n Method 600 ends atFtep¥i?d. et hod of claim 1, wherein the

Secona Jroun PhvidiSufl g%g%éldvaﬁéaspwesﬂﬁguat%veaen%o%fge&foﬁwmlm@a,ﬂs wo

various alterations, modifications, and improvements will readily occur to those skilled
- in the art. '
For example, FIG. 3 illustrates a process by which a second group of pins is
10 identified by iteratively adding pins to the group. Other strategies may be used for
" identifying an appropriate second group. In some embodiments, the phase of the
response signal may be used to determine if pins should be added to or removed from the
second group. Such alterations, modifications, and improvements are intended to be
within the scope of the invention. Accordingly, the foregoing description is by way of
15  example only and is not intended as limiting. The invention is limited only as defined in

the following claims and the equivalents thereto.



- 22 - 8. The method of claim5, wherein the group of signal pins
are electrically separate with respect to each other within the circuit

assenbl ngzolgmsmgs The nethod of claim1, wherein indi ﬁ’%trtﬂ?s%(ﬁ/obrﬁﬁi resul t
conprises Sindicating at | east one of the pins in the firs roup i's not

electrically connected to a trace on a substrate of the circuit assenbly.
10. The method of claim1, wherein the,probe conprises a plate. 1011.The

met hod of claim 1, wherein the plate IS operably connected to an anplifier.
12. The nethod of claim 1, wherein the first signal oscillates at a
frequency in the range of 5-20 KHz. 15 13. The method of claiml,
wherein the first signal is an anal&éfgpﬁ%soidal si gnal . 14.
The net hod of claim 13, wherein an anplitude of the first signal.-is |less 20
than an anplitude of a voltage to turn on a sem conductor device in the
conmponent ., What iskfaimeldes:net hod of claim 1, wherein the first signal is a
digital signal. 16. The nmethod of claim1l, wherein the
conponent conprises a socket. 25 17. A method of manufacturing

circuit assenpliesa hb@oddk k3fng QXREHS h8mbly Tompri ifSh b&ﬂg&ﬁéxﬁ With a

assenblies in accordance with the nethod of ‘claim1,"the circuit assenblies
bei ng t epltrality,éf pins.4h¢ methodwemprisingyf a manuf acturing process has been
performed; angpplying a first signal to a first group of the plurality of pins;
concurrently with applying the first signal, applying a second signal to a second
group of the plurality of pins, the second signal being out of phase with the first signal;
10 with a probe positioned adjacent the component, sensing a response signal, the
response signal being in response to the first signal and the second signal as capacitively
coupled to the probe from the first group and the second group, respectively; and

indicating a test result based on a level of the response signal.

15 2. The method of claim 1, wherein the second signal is out of phase with the
first signal by half a cycle.

3. The method of claim 1, wherein the component comprises a connector.

20 4, The method of claim 1, wherein the first group of the plurality of pins are

electrically connected together in the circuit assembly.

5. The method of claim 4, wherein the first group of the plurality of pins is a
group of power pins.
25 _
6. The method of claim 4, wherein the first group of the plurality of pinsis a
group of ground pins.

7. The method of claim 1, wherein the second group of the plurality of pins
30  is a group of signal pins.



30for each circuit assenbly tested, selecting steps in a second portion of
t he manuf acturing process based on the indicated test result. - 23 -

18. A netwoconfoss®sting a circuit assenbly conprising aROMER20@VI06WILL h a
plurality of pins, the nethod conprising: during a | earn phase: identifying
a first group and a second group of the plurality of pins such 5that when a
signal is applied to each of the pins-2h-the first group and a signal of a
conpl ementary phase is applied to each of the pins in the second group, the
signals coupled fromthe first group and the second group to a probe

adj acent the goNPONRRIMAIRYEFCIRHE Y SWRErEINRE oMb T si AP afd WedribARt Phase:
10applying a first signal to the first group of the plurality of pins;
concur r eAtpayatewith ragpsktoregch hthef within i girabit asspmbly.ng a second signal to
the second group of the plurality of pins, the second signal being out of
phase with the first signal; with a probe positioned adjacent the
conmponent, segsi Ng The MRFRGNSEcIditn $] Whdtin ih#iBatiRSPRREA:sEl IHRAPriRa NY
representative of a conbi ned |evel of the first signal and the second

si gnaf condigasiaget leastione of ithesping inothp fastreteisgwt eleetrigaly ponnestedde pittagt y:  and

i ndi cati I the |l evel of the response signal relative
to the ppg&%?ésf‘ursaﬁttenéﬁﬁggfrﬁlgﬁggmg& 19. The nmethod of claim 18, wherein
the second signal is out of phase with the first signal by half a cycle.

20. The nethod of claim 18, further conprising, during the | earn phase,
10. The method of claim 1, wherein the probe comprisés a plate.

10 11.  The method of claim 1, wherein the plate is operably connected to an

amplifier.

12.  The method of claim 1, wherein the first signal oscillates at a frequency in
the range of 5-20 KHz.
15
13.. The method of claim 1, wherein the first signal is an analog sinusoidal

signal.

14. The method of claim 13, wherein an amplitude of the first signal is less

20  than an amplitude of a voltage to turn on a semiconductor device in the component.
15.  The method of claim 1, wherein the first signal is a digital signal.

16. The method of claim 1, wherein the component comprises a socket.

25
17. A method of manufacturing circuit assemblies, the method comprising:
testing circuit assemblies in accordance with the method of claim 1, the circuit
assemblies being tested after a first portion of a manufacturing process has been
performed; and
30 for each circuit assembly tested, selecting steps in a second portion of the

manufacturing process based on the indicated test result.



25identifying a threshold, the threshold representative of a change in the
response signal fromthe predeterm ned val ue when the second group is

reduced WO?@%IO?&M re pins. _ 21. The method of P%Irﬁfsgbog%om erein
i ndi cating e test result conprises conparing a difference between the
response signal and the predeterm ned value to the 30t hreshol d. 22.

The nmethod of claim 20, wherein identidying the threshold conprises: WO
2010/ 056343PCT/ US2009/ 006101 - 24 - di sconnecting a second signal from
successive pin in the second group; and neasuring the response signal when

each successi IR is.,diseonpected. . 23. . The nethod of .cl ai m 18,
further conpri®i nordPehpe gt FSHRE o cifiuihassgmbpt pomaprisinict FOmBRREBNBP & ¢ he ¢ est
pl an cormﬁliaﬁwliihg,%eﬂfgqma%mswggups for each of a plurality of

conponents on the circuit assenbly. 24. The nethod of claim 18,
wherei n i ndi céuringp leamphiases produci ng a hunan perceptible output. 10

25. The net hod of aj.m. 18 erein indicating conprises,.stofi.ng a,result
on a conput er stor@ﬁgﬁjm %F}]rs group andasec%%a_ g‘%ﬂgoﬁgﬁéﬂr_ gf%fpgf‘i%lz
wher gi n when fhhewh&si sigasiik applivll toha6ls ofthRipihs' i tﬂ@ﬁislﬂgrcfu?)ra‘hﬁ g of & open,

the method further conprises: a |ocation phase, the |ocation phase
conpri sing: complemgntagy phase it anplist o pachtdfdhg pins in thesaeondagrphipiithy a t est

. |t - ; . "
ot £t e e PSS oA R5AM B0 o il 2 sk A5 SN RS,
20t he test sigmpomeatidved predéteintiaedivaluttandhe probe; and i ndi cating

that the selegted pinin the first group i s open when the | evel of the test
si gnal coupl e‘g‘“m&ﬂ‘ﬁeﬁ‘}"@aéféinponent to the probe is above a threshol d.

27. 1fhe method of - ghal i 26 QRIS e Vot 868 bPheHRARA QY TIAL; SO

Iteratively

concurrently with applying the first signal, applying a second signal to the
second group of the plurality of pins, the second signal béing out of phase with
the first signal;
with a probe positioned adjacent the component, sensing a response
15 signal, the response signal being representative of a combined level of the first
signal and the second signal coupled from the first group and the second group,
respectively; and ‘
indicating a test result-based on the level of the response signal relative to
the predetermined value.
20
19.  The method of claim 18, wherein the second signal is out of phase with
the first signal by half a cycle.

20.  The method of claim 18, further comprising, during the learn phase,
25  identifying a threshold, the threshold representative of a change in the response signal

from the predetermined value when the second group is reduced by one or more pins.
21.  The method of claim 20, wherein indicating the test result comprises
comparing a difference between the response signal and the predetermined value to the

30 threshold.

22, The method of claim 20, wherein identifying the threshold comprises:



25 repeating the acts of applying a test signal and neasuring a | evel of
the test signal coupled to the probe with a different one of the plurality
of pins iwORm®/EE33t group as the selected pin in each iPCIVEZI@YO6MILI | a
selected pinis identified for which the |evel of the test signal coupled
fromthe conponent to the probe is above the threshol d. 3028. The net hod of
claim 18, wherein during the |earn pha%e; identifying the second group of
the plurality of .pins conprises connecting, sequentially, signal pins to
the second signal to achieve a response signal below a threshold, and

adj usting a | @ueborbting\Dsahd RBABASRGTHLLENR HDROHE econd Broug; Rd T i T St

signal or the second signal to reduce the response signal, the reduced
response si gnaleasiingrthe tespomseignad nhenicadusugatssive ri0isAdiscompedted. st or age
medi um conpri sing conputer executable instructions 5 that, when executed on
a test system having a conputer, control the test systemto test a circuit

assembl y accopgli ng The nethdt tRdaied 1P fuftheiGCongRRInG élGriﬁ%ﬁ'tésﬁ lafiféi@E to a
first group of the plurality of pins; concurrently with applying the
firstS si guet assgpbly g test plancemnprisineafirst andisesend grpugs fensach of aplysalityal i ty

of pins, ' -Dej t of phase with the first signal; 10with
a probe B%m $®%§§%gzhg§§%¥lp%gggg}jﬁponent, sensing a response signal, the
response signal being in response to the first signal and the second signal
as capacitively coypled to the probe fromthe first group and the second
group, respec#‘vel he meghqd.ef daim kY, vehereigdngdigating cosaprises prpdicingdel of t he

r esponsehghefflreeptible output.
10
25, The method of claim 18, wherein indicating comprises storing a result on

a computer storage medium.

26.  The method of claim 18, wherein when the test result indicates a pin in
15 the first group is open, the method further comprises:
a location phase, tile location phase comprising: -
for a selected pin in the first group, applying a test signal to a pin in the
second group that is adjacent the selected pin;
with the probe positioned adjacent the component, measuring a level of
20 the test signal coupled from the pin to the probe; and
indicating that the selected pin in the first group is open when the level of

the test signal coupled from the component to the probe is above a threshold.

27. 'The method of claim 26, wherein the location phase comprises iteratively
25  repeating the acts of applying a test signal and measuring a level of the test signal
coupled to the probe with a different one of the plurality of pins in the first group as the
selected pin in each iteration until a selected pin is identified for which the level of the

test signal coupled from the component to the probe is above the threshold.

30 28.  The method of claim 18, wherein during the learn phase, identifying the
second group of the plurality of pins comprises connecting, sequentially, signal pins to

the second signal to achieve a response signal below a thresheld, and adjusting a level of
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the first signal or the second signal to reduce the response signal, the reduced response

signal defining the predetermined value.

29, A computer storage medium comprising computer executable instructions
that, when executed on a test system having a computer, control the test system to testa
circuit assembly according to a method comprising:

applying a first signal to a first group of the plurality of pins;

concurrently with applying the first signal, applying a second signal to a second
group of the plurality of pins, the second signal being out of phase with the first signal;

with a probe positioned adjacent the component, sensing a response signal, the
response signal being in response to the first signal and the second signal as capacitively
coupled to the probe from the first group and the second group, respectively; and

indicating a test result based on a level of the response signal.



