FAST OPEN Cl RCU T DETECTI ON FOR OPEN PONER AND GROUND PI' NS BACKGROUND 1.
Field of the Invention The invention relates generally to printed circuit
board teswongio/ass3nore particularly to identifying opemrsTius2@anedibel
connections. 2. Description of Related Art During the manufacture of
printed circuit board (PCB) assenblies, testing is performed at one or nore
stages to ensure that the finished preduct functions adequately. In sone
manuf act uri ng operations, PCBs are first tested before any conponents are
nmounted to them The conponents nmay be separately tested before they are
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properly attached. Such testing includes "opens" tests in which a

determ nation is made whether all the contact points of the conponents are
appropriately connected to the PBACKERGYNRY open sol der connections to
conponents, such as integrated circuit devices, connectors, and sockets, on

printged circuit r té?‘ senblies continues to be a najor challenge on
todayfs manuf gl'ctPSlfglﬁnog glg‘)?r.l&l%%nventi onal ly, autonmated testing to detect

open connections, sonetines called open "pins," has been performed by
connecti ng t edhe grvsphen redatehgerpcmlyds pointadycigntt beardstastingg ard more i cal

par anet eﬁ??rg@@éﬁg?&&m%%% Egrngéﬁ ggrtﬁllg%io%esc an t he PCB assenbly. For

exanpl e, rmne s ope O%est probes nay be connected
such that a path_ between the probes should include the pin to be tested, if
the pin is prépdPesgripbemetRelgteddAthe PCB. By neasuring a paraneter, such as
t he i npedance of the path, a determ nation nay be nade whether the pinis

open. Such anDapRg @@Ciahstasresf pigeddtduthoaf (FURIRBGADI@S testif¥)is
alternative approach to automated testing for open pins is called a
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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



| ead frame within the integrated circuit device. Fromthe lead frane, the
test signal will capacitively couple to the detector plate. The nmagnitude
of the devecvmdssidgnal can be anal yzed to determ ne if trhe/usesmmedinDN
between the pin and trace is good. For exanple, the anplitude of the
detected signal at a test frequency nmay be conpared to a threshold value. A
det ected signal above the threshold mag-be interpreted as a good
connection. Simlarly, a detected signal below the threshold may indicate
the pin is open. However, when a conponent has multiple pins connected in
par al | el com@Rieand ki PdceCMRas kighl @h prof@dR e tRStradeC RGBS piAldnRot
readily identify open pins because the parallel connected pins effectively

mask t he lesddramewithintherritegrated sitewit devdcankromthedeast foamejthe teist sigat kdtl s
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capac? t i the anaplitude;ef the dgtepter signal atigdestdipguencyraay bprymparedice fhgghokhed from
t he magni € A0, I Lt all .pl NS were
pr oper | yb%%g'nécéeé%&Aﬁg%%F%%%%gﬁ? %ﬁﬁ%@%ﬁ%ﬁ%%ﬁgﬁe%seggﬁgg%%g tsug)111 Even if
sone par Simhiarlyg ankecteddigiahbelamvethe feeshold imay éddiead therpintaspehed | npedance i s
not | arge enoygh to reliably detect, thereby masking the presence of the
open pi n. Thogg?("et"é”stw BAfRmpaEsnthas niHBpls presycopaeded ingparglielopen pins in
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extensi ve probing of an ass under te e test tec es soneti nes
r equil? ed bacause therpaeadiet esnnecteil poisatffecsedy noask thef oEnPEBr exdinplh, @mnkdotse sl ow

and could entail risk .of damgge to, conponents on the PCB. Because the
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t echni ques, such techni ques have not been w dely applied. SUWARY A fast and

rel i abl eremainivg pasaligh emingelgd pins doypletthé teshgjges) ¢o thezommyngets alldveing an

connectiQns,on a Circu assenhl su S PCB assenbly....Th t hod uses a
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convent i amplitudiepiad ichmnee rélely be distinguished from the magnitude of the signal that

would be expected if all of the pins were properly connected. A similar problem occurs
with impedance tests. Even if some parallel connected pins are opens, the effect on
measured impedance is not large enough to reliably detect, thereby masking the presence
of the open pin. _

20 Though test techniques are known for detection of open pins in parallel with
other pins, these techniques have generally required extensive probing of an assembly
under test. The test techniques sometimes required active measures to isolate sections
of a PCB, which could be slow and could entail risk of damage to components on the
PCB. Because the impact of an open pin when there are other pins connected in parallel

25  was regarded as relatively minor, and because of the drawbacks of these test téchniques,

such techniques have not been widely applied.



However, unli ke a conventional capacitive test, a conbination of test
signals may be applied to nultiple traces to which pins of the conponent,

i ncl udi ngwohelogises3connected in parallel, are connect edPOn/Us2¢00061PCB
assenbly. The conbi nation of test signals is selected such that, if all of
the pins are properly connected, the coupled signal will have an

i dentifiable value. Deviations fromthBs identifiable value are detected
and used as an indication of an open connection. In accordance with sone
enbodi ments, the applied test signals have anplitudes and phases such that
the identifiable value is a null vgtimevas@yYow ng devi ations fromthe

i dentifiable value to be identified if a voltage is coupled to the detector
plate. In some enbodi nents, the anplitudes, phases and nunber of pins to
whi ch the t est @stgndireliahlemgpionie groyideddfer ientifying enens agoagpaellal phase
perforne | Gl e r a
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of a PCB assepbly under. test. .If the response sighal detected at .the plate
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anplitude of the response deviates fromthe identifiable value by nore than
t he ihr edldidatiompbamopen ¢omne¢tiagt Inaccqdaricepyitlssdmeg ¢rsbodimgntsathieragpli¢tht one or

nore of the.pins in the.first oup i en. . Addi.tjonal t.ests. .may be

per f or ne&fsf%gr?a&semviefayﬂm{% anl %ilﬁséeg 8\1%1581%1@1? hc@en%ﬂafglg VGLuS u‘f‘) a inélulviaﬁlg Py open.
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assenbly conprising a conponent with a plurality of pins. The nmethod
conpr i setheaspciarmiates first signal to a first group of the plurality of

pi ns; concurr ' . Vi i1 ' | ¥ si gnal
Fo'a second arbistefinpRutBRls! titptfyddst s i Hhaiiblor b SWIERE 2 N0
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conponent , .. : ;
P “good” circuit assembly. In the learn phase, a first group of parallel connected pins for a

component are excited with a first signal. A second signal, out-of-phase with the first
signal, is applied to a second group of pins of the component. The amplitude of the
second signal and the pins comprising the second group of pins are selected to null a
20  response signal capacitively coupled to a detector plate proximal to the component.
During testing of a PCB assembly under test, signals with the same amplitudes and
phases are applied to like pins on a like component of a PCB assembly under test. If the
response signal detected at the plate deviates from the identifiable 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,



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 t he worsto/gszaap and the second group, respectivel ypcanus2maicati ng a
test result based on a level of the response signal. In another aspect, the
I nvention relates to a nethod of testing a circuit assenbly conprising a
conponent with a plurality of pins. Thd-nethod conprises a | earn phase and
a test phase. During the | earn phase the nethod conprises identifying a
first group and a second group of the plurality of pins such that when a
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conpl ement ary phase is apﬁlled to each of the pins in the second group, the
signal s b@agpeﬁoffpl@m with the fisst signalupithracprobepesitiened agiasent the componsing
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second signal to the second group of the plurality o I ns, the second
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when execut ed on st syStem a ng a conputer ontro e test system
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DRAW NGS The inventjon and enbodi ments thereof w |l be better understood
when t heprobe 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



followi ng detailed description is read in conjunction with the acconpanying
drawing figures. In the figures, elenents are not necessarily drawn to

scal e. | rwQensvmb343l i ke el enents appearing in nultiple PCHISe@Ianao1
identified by a |ike reference designation. In the drawings: FIG 1 is a
sketch of a test setup according to sonme enbodinents; FIG 2 is a schematic
illustration of the test setup of FIG-5%;, FIG 3 is a flow diagram
illustrating a method for determ ning nenbers of the second group of pins,
the anplitude of the signals, and the threshold val ue according to sone

enbodi ments; Fl Gs. 4A- AHBRIEFDESERIFATONOE R AWINGRIr ati ons of a test
setup during a |l earn phase according to sone enbodinents; FIG 5 is a flow

diagramillustrating a nethod for determining if the menbers of a group of

paral | el connébe¢ syepiionsansy embeshinients theraofwilk ke batieruedessdodrwhertheand FI G 6
is aflo i | rating _a nethod for i tifving |i.kel l.ocati ons of
o open_ TEHARE BMkhed dRtARIA rdd T R finkn Wil fd ko mBaning abifee | 0" s on
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Wi deI%; used in electraonic systens, conventional test strategies that forego
g

testi ﬁlsmeatﬁ@ﬁgeqrwgﬂamlqi%lp figures apidenliedhpa like sefersnemdesigmptienpboxi i ty

of pomerﬂl%rzﬁia\gilhgynd structures to conductors carrying signals in a circuit
assenbly Inpact§ the integrity of those signals. If sonme power or ground
pi ns ar e openFlIG.Heisiarsketol of a pesd sétap tycopdingit@sahe embodieientss t o power or
ground is di S{:ﬁ)t ed. Accordingly,.ensuring that all power and ground pins

are connect ed /S agc ‘?‘Pi‘tf‘b‘éllus?%}oé‘ qfﬁh%t@ﬁ‘i stnef K16 ilabl e, hi gh- speed
si gnaling. HOpRY® s (dRjwat Pﬂnﬁglsﬁgmgggﬁﬁwmdg RFRAGrhihAREAbLS o gANect ed

power or ground pins 1s not readi I eved using conventional capacitive
open¥0 or sdcopd grmpof poasthe amplitudessfithe sjgeals rmdahis thresheldowalad dcebrdimmtrect | ons
ef fecti veolé_%e magkd.t he open connection. The inventor has recogni zed and

appr eci at®tf ¥H3L M Spen can be detected, even if nultiple pins are
connected in paslhehH iUaithde HiffcPRLEnRE\daGdHs ot tBRASRp Wbl AlELRA

phase according to some embodiments;
FIG. 5 is a flow diagram illustrating a method for determining if the members of
15  a group of parallel connected pins are good according to some embodiments; and
FIG. 6 is a flow diagram illustrating a method for identifying likely locations of
an open pin(s) among the group of parallel connected pins according to some

embodiments.

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.



signals in conbination with capacitive coupling. According to sone

enbodi nents, an in-phase signal is applied to one or nore traces on the
circuit awseenmilogeisd whi ch the group of parallel pins isPcomuse@wsdbion a good
PCB assenbly. An out-of-phase signal is applied to the traces on the
circuit assenbly to which the pins of the second group are connected on a
good PCB assenbly. The nenbers of the-¢econd group of pins to which the

out - of - phase signal is applied are selected such that the signals
capacitively coupled to a probe proximl the conponent fromthe pins of the

first and secqnd etk hasAR6ghizéd arid dppRicidt&ethat AS opdrEcaieRREdcYeds OREEt ed. A
deviation fromthe expected value, which is a null in these enbodi nents,

i ndi cat emvitiple pinsree esnnggted i paraldel cusingein-phaise and atepfsphsise exritatienond gr oup

of pins [ eterm ned. during.a "l earn phase’ for wiich a good PCB
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of pi ns, ir-pigasagighhllis dpplddd tole lof nidheaecel el thE civétlit AseAbBS6 viigingle may be

adjusted to identi fly test signals that yield an expected value that is a
R

nul | br gxouplodparallgl ping iy qongected o e geed PCBassapbly. Ancut-qfiphase signiit h
typicall ' . . i n-ph d
b of - pheRad I licel B Wi TR RIS B Bhich BEHMST AR ekond BB AP 1200, B

whet her espnepiad ahlasgood TR assemibly. dFle: mpwbersAf dapsecond g@uy of pitslteviicignal

will be asured, and a null neasured signal w.ll indicate that all the
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connecti ] 7 : | 1Kl i omthe
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si ngl® t eld of therpilmearp erdperlyedniatede o deygrtorpfrom theespdotdd vabue) erdtiedis@i ns t o
verify the el ectrical.connections. In this way, the test for each group of
par al | el ™ S‘F?F e&“@%ﬂ@n’fmlﬁﬁ%‘@tBQP?BEFP&d}{WSI?PVF | f any open pins are

det ected, furtri@enfield HthEBYcORE RSl ATPRImbP bk A6RERincAAuARE “Rialh  Though
| ocation may take additional tine, a very |arge percentage of PCB

assenbl i phaseefaravhirina goad RGBaassemblyids vysdr dn additidn toseledimgeho pmbsised.
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an opgen bé&adjusted to identify test signals that yield an expected value that is a null or as close to
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 parallel
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.



detected on a PCB assenbly, the assenbly may be routed for rework or other
corrective action may be taken. Turning nowto FIG 1, an illustration of a
test set Wwo2B0/(Ses43perform ng an opens test accordi ng t @cTarseooembadi ment s
is illustrated. Test techniques as described bel ow may include nmultiple
phases, such as a | earn phase, a test phase and a | ocation phase. Test
setup 130 may be used in any of these-ghases. In sone instances, the sane
equi pnent nmay be used in establishing the test setup for each of the
phases. However, in other enbodinments, the different phases nay be

perforned at dhhﬁﬁg A6V té FIGS] adﬁcluuﬂra@bﬁfo%m& s&h{fl%’@ foM gebfotth frf
equi prent. The test setup i ncl udes an automatic test system 110 for
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al so inc cou respo froma

det ect or TpétabmplB8 niay Bdmeaeﬁhnwﬁﬂaem phkSes. Ahtsbﬁl@QﬁStﬂﬁngh@ﬁarﬂé ate 103 is
shown in FIG 1 and referred to herein, it should be appremated t hat any

sui t abl eewa@t%tfm%é% 1sed 1pestablivhing e tﬁa% efup fercaach ef ths phasesndiowsyebripor at e
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However, any suit e test set e connected to
a digiti d'ﬁfferéxitﬁlacésw&thdhﬁ&bnmmlﬁmrﬁlo Digitizer 117 may be configured to

filter, anpli and d ze a signal, received | ead 111. jtizer 117
may be i npl emt! p &t s ] mém%mca%# Ny ?ert%?sﬁr@ﬂegmﬁ Supylsn of
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1, test sétup 130 nmay i nclude mecKani cal onent PCB ass
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However, any suitable mechanical conponents may be used. In the embodi nent

i | | ust r ab@e of testing puabeimaybmused: dgstsstup Fdtmanincomozate mccgmn@@ntsmsm. ch
mul ti pl ekx%\pﬁ in e%ﬁ%pygfc?r%m& Qgpa%{tﬁze gs%rﬁgc o%ve'vre]r %}rf gulka%lle teqosmgup may

15  be used.

Lead 111 may be connected to a digitizer 117 of the test system 110. Digitizer
117 may be configured to filter, amplify and digitize a signal received on lead 111.
Digitizer 117 may be implemented in test system 110 using any suitable combination of
hardware and software components.

20 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
101 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,

30 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



101 may be an integrated circuit (1C unit, a connector, a socket, or any
ot her suitable structure having pins connected to the PCB assenbly. For
exanpl e awo 20owosb34ai t ati on, conponent 101 may be a PCl Bxprss@9soaket, DDR
SDRAM socket, or SATA socket. Leads 114 carry a signal to other pins within
conponent 101 . In the configuration illustrated, test system 110 generates
stinmulus signals on | eads 114 and 116 -t8rat arei ntended to substantially

of fset when capacitively coupled to detector plate 103. For exanple, |ead
116 may be connected to an in-phase signal generator 115 while | eads 114

nmay be sehterdddvelsibaniafe oetet Whecaphidititély RBasied % @dtadtoflaRr WBOFo13. I n
this way, processi ng@of t he response signal coupled to test systemon |ead
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i nstructicgp {lﬁné gaded fromstorage nedia 121 to nenory 123 before execution
by processing unit 125. However, a distinction between storage nedia 121
and denory 12:§tmlsg¢1medxarh2tl|andlmanokyell28hmy bﬁaxbostdntahhwohmumresmablel n sone

enbodinen S. Processi t 125 m sui t abl e processi ng devi ce,
such as, (5? ee‘??aﬁc’rﬂfn %{% tﬁ’(re?‘?rﬁ?lfﬁﬁfi tF‘B U A fOMPUT SRERYYr €€ A cent r al
processi Rgortlfilop {)ﬁ §3L5, coﬂlbgatcﬁicssmmai diR¢sOfREAGIC tapRPHas @ekofiks, Rircuit

addr essabl e control | ienera or special purpose m croprocessor,
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commapds 1ﬁmcﬁ@rmubﬁed]t?&n siohgie thédis €21 to memory 123 before execution by
processing unit 125. However, a distinction between storage media 121 and memory
123 is not critical and either or both may be present in some embodiments.
Processing unit 125 may be any suitable processing device, such as, for example
and not limitation, one or more processors, a central processing unit (CPU), digital 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



program commands are executed, conmputer 120 may control test system 110 to
generate stinulus signals and neasure and anal yze response signals as
descri bedwbensioie34Regar dl ess of whi ch conmponents perfor rCThs2@000@85i Ng,
once a test result is obtained, the result may be stored in storage nedia
121 or provided as an output. An output device 140 may be provided so that
the test results nay be output to a us@r. The 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 aggregating test information for

nul ti pl epRvilledss otHet bmpbitats WY BahiFadt@ng Hfdbds) MRathiay eshtRIlFRerf r om a
test system may beprovided to other conponents in a manufacturing process,
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shiprment. FIG 1 shows test setup 130 configured for testing one conponent

101. f'r—lomél_?éérb}fpaékq%d@m%‘?m@t{ he art, an automatic test system may support
numer ous i Npur@NAsiAY ﬁ%fglprlg?tcbﬂ e@‘fcﬁgégg{ét%n\é’com%n%rﬁsﬂolsa up may be

configured to test any nu conponen rsrnul tanéously or
sequent i Howgveanag is&knsomen Bictarg anewtnyaticke®sydermay sippor nimreeouwddhputl ed vi ew
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is an ex&MhPUPLFPBERIONS-1H£cordinghy thetsstse Mgy, CRIIgMEELER t&#té¥onnect ed in
paral | el nﬁrﬂbé}sof%om%on@nts,%'i"tﬂexjsqﬁluﬂﬁﬁje,o%lgﬁrr%g%\%ﬁﬁgﬂf"{)ﬁtHE%ran{e@@ﬁ 1, 3, 4, 7,

8, and 9). In the illustrated enbodi ne pi ns connected in parallel
are powesasspinbly.and t he remmi ning pins are signal pins. However, the

function of t jns is not critical.to the invention, whi may ,be applied
to any asseangG'Prthré)P’ “feéétm(?rﬁ dﬁiﬂlgﬂv’é’% PSS B t%ﬁt éetEBﬁrp’lgéfcé’}éd‘inﬁ to
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generate an in-phase signal, Vout22> on the parallel connected pins (pins

2, 5, 6, Vaith arpyonngeatedin parallelf(pptsaks &, 6iagddl0) andothersomhich eresiag ipins pi hs ( pi ns
oot 4% 200 B ol HEB et e B A B
15  pins and the remaining pins are signal pins. However, the function of the pins is not
critical to the invention, which may be applied to any assembly under test in which

groups of pins are connected in parallel.
As illustrated in FIG. 2, test system 110 is configured to generate an in-phase
signal, Vour2z, on the parallel connected pins (pins 2, 5, 6, and 10) and an out-of-phase
20  signal, Vouri, 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,



of test system 110, may be controll ed based on a program executed on
conputer 120 or in any other suitable way. In the illustrated enbodi nent,
bot h t he wopbivase3and phase of the signals generated bycCIiusp@bd/oganer at or s
113 and 115 may be controlled. As illustrated in FIG 2, the signal
generators 113 and 115 have been set so that each generates a signal with
approxi mately equal nmagnitude but of ojposite phase. In sone enbodi nents,
signal generators 113 and 115 are digital drivers of the test system 110.
Signals fromsignal generators 113 and 115 may be coupled to a PCB assenbly
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signal pins, respectively. The coupled signal is buffered by buffer 209
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mul ti pl exer 201 sel ects the IQP
detector plate 103. Although only a buffer is shown, any suitable signal conditioning

components may be included.
When the component 101 is being tested, the multiplexer 201 selects the input
corresponding to buffer 209. The buffered signal is then filtered (filter 203) and

20  amplified (amplifier 205) before being digitized by analog-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 stimulus

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



corresponding to buffer 209. The buffered signal is then filtered (filter
203) and anplified (anplifier 205) before being digitized by

anal og-t owoiz2giovesb34ssonverter (ADC) 207. Further processi rgTafS2edeeodnyiti zed
signal as appropriate to the learn, test, or localization phase is
performed by the conputer 120. Detector plate 103, nultipl exer board 200
and ADC 207 may be conponents as are khown in the art for capacitive
testing of PCB assenblies, though any suitable conmponents may be used.
Here, multiplexer board 200 is showmn to have nultiple inputs, though only
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15  be understood that features depicted as in FIG. 2 are similarly referenced. While the
response signal is depicted in each of FIGs. 4A-4H, it should be understood that this is
primarily for illustrative purposes. In some embodiments, an output, such as for 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 assembly 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, Voyr2, 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



be understood that features depicted as in FIG 2 are simlarly referenced.
Wil e the response signal is depicted in each of FIGs. 4A-4H, it should be
under st oosiotzhaxos63IBs is primarily for illustrative purp®sSEaIS2000/08ane

enbodi ments, an output, such as for exanple that that depicted, may be
provi ded. Method 300 begins at step 301. At step 303, a working PCB
assenbly 100 is placed in the test setlp 130. On a working PCB assenbly al
pins of a conponent 101 to be tested are properly connected to the PCB
assenbly. Setting up the PCB assenbly may include positioning a detector
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t he si gnzgspomsg signal eduplest tadhe detegior plgtedn thrgoand wibalgrcagl. 4A il lustrates a
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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, Voyr1, 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 signal 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 in-phase signal to the first group of pins which are connected in
parallel. The response signal coupled to the detector plate is |arge and
unbal ancewlo 28t0813634307-3 13 are performed iteratively aspparus2ab/obaop 314.
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-t¥- description, the pin of the second
group are said to be selected fromanong "signal pins" on the conmponent 101
However, the function of the pins is not critical to the invention. The
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determ ne the anplitude. FIG 4B illustrates a portion of the test setup
130 af t eHopgrérpp significantresp@6e is 8@®thelgsd dgtedted. I n t hi s exanpl e, the signal
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path 312 may be followed to repeat the loop 314 and skip step 313. The loop thus
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



second group of pins are closed to apply the out-of-phase signal (step
309). The response signal neasured is also illustrated (step 311). As can
be seen fwormtanmsexonpari son of the measured response i n#CcTaiSe@ionc1bl Gs. 4A
and 4B, coupling an out-of phase signal to pins in a second group reduced

t he magni tude of a neasured response. However, a significant response is
nonet hel ess detected. Multiple iteratibhs of | oop 314 nay be perfornmed to
bring the response close to a predeterm ned value, which is a null in this
exanple. In the first iteration of |oop 314, path 312 may be followed to

repeat tbRsing@wWitdh41and sfétfalﬂﬁi RRle@hdinedBatl tROBmplitide bERRALSHORSHSBAAING at
step 307. In subsequent iterations of |oop 314, at step 307, the group of

second phasndigecrgnseanshthe heophbidsis npketepeated.f EhemethodAd0rhey coméinuds toi ns ar e
sel ected gé 334l ding one or nore additional pins to the group of second pins
I n each |tt ration. Though any suitable approach may be used to form

di fferent groagpe gro%tpeﬁqnmaﬁﬁeldad& r@E@n%&ﬂJ)s{éEm@ il 9ag Be kéledtad hPtheas
descri bed abogve. In the second and qll_Jent iterations, processing wll

r each’ st 8§sond groupof pinsodeaised duangsiesiingt 1 kavughsinfeme embagdiments,meiee
anpl it Ud@orﬁ lek Q&a%&é? %?leoeﬁisgﬁ'?d eT%?‘Fa.gf&I@e(ﬁ} gﬁ %@g@gﬁqgﬁﬁt eIsOcch)sQ‘?o

anpl i tude tai ne previous i1te exanple, the
anplit udeh;: dealrediValoeas be)ssiBI!%T Optyortaly caarsepr3d.a groGp ofpink |diﬂﬂﬁéﬂit&hﬁ8th@s¢)or tion

f the test set 30 af it ' f ol 314. Pin 8 h
g.ddl t?ongﬁﬁ“}l &%téﬂkmzt%gfgég%edggg If’f’g’géoél oog E?@ﬁ@?‘élf‘gr byail osi ng
Swi tch 1geterdhi %malﬁe}u%g @ﬁg&{gsﬁﬁ % 28 ér%ﬁ&hb@ f6finetf dn sb

deterrn'nedthat | oop 3 peate for athl |terat|on FIG 4D
illus@r atmbo@nmtstofcthe lzhrt plese.dbe¢ second grolp®dfpinsanaybe bbua[hedtbgr ation of |oop

314. Pin as%éx |t|o Ilg/.@ee conne&: ed to the ou hase S|gnal
generatof”%tlﬂ‘/‘(i,‘il Y [ i Ctg’t“éﬁ °Feng &ogR L P‘r’r’lsn gr ¢mpl

anpl i t udgog oﬁelaewremﬁ B 23Has @%?gn@%lng%{as'ﬁﬁgg&lereadw 68 kembRfARoRLf | S not
repeated. e nmethod 300 thus continues to s 15. The group of pins that

yi el ded algn@lsrpmt@e:oosld@esthuehalnmgme enﬂaodbeergea@ectfeljseagnd groupaeaynkE gr oup of
pins to b(faen{‘l fi& cg WldT.H{)IIItn aus 1ve t%tm ?gﬁ’ pbsmbrle Sg?oql%s.e Tbsome emi)odlmen{s, the

15  number of groups tested may be reduced to a subset of the theoretical maximum number

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.



conpl ex strategies my be used to select a group of pins that yields a
result as close to the desired val ue as possible. Optionally, at step 315 a
group of wonsiodisbi4er ent than those initially sel ected archliusetos®0Aonay be
sel ected, and |oop 314 nay be repeated to determ ne whether a group of pins
| eading to a better null can be forned. In sone enbodi nents of the |earn
phase, the second group of pins may belobtai ned by exhaustively testing al
possi bl e sel ections of the second group of pins. For exanple, conponent 101
shown in FIG 2 has 6 signal pins inplying there are 63 conbi nati ons of

signal pins tBIGAUBiINSirated APbAIdN IfthSREBseAPPIIY AR tompletivf bfktepespnd group
may be identified wthout exhaustive testing of all possible groups. In

some enbaffl HehtAs cambe seanieFlG4E peipep okpinsandmpgnitudes and phiasepobthsubset  of
the theo%f%hl%?'sgﬁgl’cs‘) 'rlllgsfg%eﬁus”ﬁgged% s%bo-JruSagy %"clﬁvr%gé‘ii‘lqr]”}%igﬁtiﬁétﬁgt%%l}ng]%}‘abe limted

to second group n§ a nunbe pre ned range.
For exanpdsponsk] liré istullests to second groups containing only 3 to 5 pins
woul d reduce the nunber of conbinations to 41. Optionally, the anplitude of

the response 4t §§R131Pohe idratinoel the emhresupl Be sewndgaoyn oflpinsandihpared to a
pr edet er%gﬁﬁdé Qﬁ(‘?@ﬁ‘%k%f tﬂe%&%ﬁ?e?%h%#gg%\'/l fit”@gs in?(;rgrﬁrtio}lrﬁ?a ufs%&'irgg of

t he group second pI ns may n some enbodi nments, the
| oop 31l4sutsequehttestghase Inpehie Gilbjdimelmsethe informationsis Issored ors steragd Gredidie
second gigtg of pinf fqg an earlier iteration of loop 314 is nodified by
addi ng f r RERPBY |4 o omerdi29s then those used in the second to | ast

teration. | AepnospRRa: phasdSha bbb I5ETRR hatPhRaHoROG 0Nt | nues Lo

step 317. Regardless o group 1s s€lected, further processing
may b pdettmmined The theesheld fac Hiegos phasenmby tepresspoansanplithde bEthe 3dsponsche

mpr ove. DREAAEPYS Whish iCicdpRes ik Hesdit o Bup BLERTE 08 alee hhcr cased or

decr easefhch@én ﬁ\ds@ eHredhdRdsi MaPh&aRdeb jigetRé RMBERIS b9 HR! chahfle SR sponse
enbodi ments, the anplitude of the response signal after the anplitude has

been adj sighaldvhen astesfrsighaFis@pplied td 4 signal pims Agespons¢ signalfexcépdingtbe set up 130

orcer SO SRR3R B i PRSP e 8 O
to supst giréshaldsymPr svdedérnined Ghedmlyistitable evayal ue of a
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. In FIG. 4F, pin 3 is disconnected by opening switch 12. The response is then



response, here is "null." At step 319, the identity of the nenbers of the
second group of pins and the anplitude and phase of the nodified signal are
saved. Thwe 2orfoss3wat i on may be used in a subsequent testPCphEms@9/ob61050Ne
enbodi nents, the information is stored on storage nedia 121 or menory 123
of conputer 120. At step 321, the test phase and optionally |ocation phase
t hreshol ds are deternmined. The threshel@ for the test phase may represent
an anplitude of the response signal above which it is deenmed that there is
a fault in the first group of pins. The | ocation phase threshol ds may be
used to pmedgfed.NB FIGRUG, pies &f ditdvanedieBe ofénidg SWREPNS ENSiie dht Wiedh a t est
signal is_applied to a signal pin. A response signal exceeding the

t hr eshol d2istdpsedtreconnpefing pia 3si hearsnonse isshemingasaired. dn FGeAHpRina] isel  pi n.
The one I ] e L.ned. i n an i t .. AN sone
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of an opeoulpisimilaFhiebecteited (naafshawnyppen pin in the first group of pins may be
si mul at ed by disconneg;ing,pins fromthe second group of pins one at a

time. For exanpresholdsforasein thedacalizatiopphase psp e defesmined; by meaiingd when
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measur enen e repeate recohnect i ng
anot her pignalian othee sigpabpids gr thepacdllepecomeatad pirsaur uprgr lihdt @the expedeedof t he

response _signal. This nmeasurengnt be re ted for each of th ins in
the secofdPEISSImAYRE %it?fg?‘,n? otter ega r‘?% Btﬁli“ﬁﬁlﬁ’lt?‘g ?orriﬁF {7 ferguRGtioR “é‘ﬂé&ap

di sconnepiieth $100HidPPIRRE AsKescrited Byl €d anplitudes may be used to
determ ne the one or nore thresholds for use in the test phase. For

exampd e, in sddisr eopleting thesleamephase tlagtestanpbé may be perfotmed. eBlpowste si gnal ,
when one pin framthe secopnd gr 0 Ins.is disconnect.ed, is used to set
e e i T U B bt i P R

anpl i t udesméEBMbOEmMEnRY tiRSest Phaddik erfornted atoordin fofetA¥@ 580 8héwsRPNSE Or one
standard_devi ati on bel ow the average nmay alternatively be used as the

sel ect ed FiGirleshaugh, thedest phaseamy be prsfarmed ahaposuitable tohet Methasksi00smenip 130
during PEL E&'%m(a%sgg b Rt setup 130 (FIGs. 1-2). Method 500 may be performed for a

15  PCB assembly 100 of unknown quality. This PCB assembly is placed in the test setup

130. 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. 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 artis 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 learn
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 parallel opens test may proceed based on an alternative

second group previously identified.



321. In FIG 4F, pin 3 is disconnected by opening switch 12. The response
I's thennmeasured. In FIG 4G pin 8 is disconnected by opening switch 15.
Notice t D 20W/t5633312 i s cl osed reconnecting pin 3. ThePCedsoromodist t hen
measured. In FIG 4H, pin 7 is disconnected by opening switch 14. The
response is then measured. Pin 9 (switch 16) could simlarly be tested (not
shown). Thresholds for use in the | ocal7zation phase nmay be determ ned by
measuri ng responses when a stimulus signal is coupled to each signal pin

wi t hout a corresponding signal or other signal pins or the parallel

connected pingt S&E smgp@finLl'fbHa'sé sigBall i§ GpSHidaas &E@ﬁfsegmg%@ﬁmymm_@ﬁerm ned
and stored as a threshold for use in conjunction wWth that pin, in a

| ocat i on gpvse pinsnaeeqrraspenrtd tocthe siamapinsias geniisegronp of inslie therlepmase, t he
test pha E T Th h y. he r d after .a sol der
ot ow parEEonarrRS R i Bfess et Bihe BB Sl Appi-LRARRRE U Finfh ooy

phase i s ipthefleurirpHasaae stepi3ng. Totheainplichde@F tisdiavphabdsighdb wds. mddifis@h thehe
test phase may be perforned at any suitable tine. Mthod 500 nay be
per f of medEARsPRASE (e plesiep 3bi phmethiod 3AP)zthe ip-phase sjgnal dyapmlisdyeith B per f or ned

for a PC%M%%% of unknown quality. This PCB assenbly is placed in
the test setup }t&%gtti ng up the PCB assenbly may include positioning a

det ect or pl at At5&p S06an cubhef-phagecigmnl islippliadth the sevontighoup efpias. 1THe and 116
to test poi nés on the PCB asserrblé 1%% I n sone eg&odi ments, .conpyter 120
i s progr AFARBH STYPRI PR REREPREROBG L thesecond sgeuneirips deteaniged i the learn

conput er pRRC %ﬁ@igﬁnm@,%é Bisistited b@p FBY oReBb@B66 Pféféiaﬂl?ggfo egea 121

and/ or nmenory 123. e instructions may be executed at sul e tinmes by
procégési phasgrsignall 33he jdmcwignd @Pphedyiortbe a¢cond groupasf. pinkt inghe jgabOphase.hE si gnal

' f t ed. i tabl t hod b d. |
Done anbath Jiariade of o Bt Fise Siasel o ot Go bR Jar het R 3 e art 1 <
used. | N 33D theVuDF-pRASRAHIIHE Y fHplied witHRAE albasiddesipiigdd. echni que may be

used. If all the signal pins |33)é)ntif.i ed as pins in the second group of pins
in the |earn pHatep 59dsthe reaponsrisiged ivmeasunesesStep 587 apydadude suittblie of t he

pins in tcgr?dlﬁgrﬁgg ﬂleqlég)p%sg gignal for analysis. For example, the response signal may be

15  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.

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



pins fail, method 500 may be aborted. Though, in sone enbodinents, if a pin
of the second group is faulty, the parallel opens test may proceed based on
an al t er maDI2o®/Bexend group previously identified. At stepTAB3)09anc1bn- phase
signal is applied to the first group of pins. The first group of pins may
correspond to the same pins as the first group of pins in the | earn phase.
Preferably the in-phase signal is thel8ane signal applied to the first
group of pins in the | earn phase at step 305. If the anplitude of the

i n- phase signal was nodified in the | earn phase (e.g., at step 3 17 of

et hod 3@kt oné Bfer pinRRRYS thé ARlrdup IS, €8n BhdrpihMas BPdor diestriadp! i t ude. At
step 505 an out-of - phase signal "is applied to the second group of pins. The
second geoBngctism qsidess nefyhaye ane slgetnigalk eonnpetiondo armgrigsrandingf trasieps thet er ni ned

in the | h .~0or. exanpl.e, the pins..stpred at ste 9.0f nethod 300.
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group of ofififsisilikelytd tedaiimi PARBE identifitd@s pampbf 4 Wtation phdie. Disorad cazbase
signal was nodified in the |earn phase (e.g., at step 317), the

out - of - phisRossibletg idensify g specalic pintas PinseasApegns Semegrpiodimends ofghest ep 507,

the res ' [ SRR | htably conditioning
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buf fered, filAestepl5S1fripisiifdieated thadthdi fiyst groap obpinb didifse ITh2OMdidatibh aray203,
anplifier 20?,,and 207, respectiyely. In some enbodi nents, the Fourier
t r ansf or 0 'BRd My suiahle vay; 4 spme mogdimants, &he 1ndicetien w@amwn&) 3t he
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response signal. For exa e di screte Fourl transtorm (DFT) may be
appl 1eed owputhievitedi0i Fedexansple the irsiigatiah mait besdigpayddidon a screen ataoesolened i f
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15  pinor 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



the PCB assenbly 100. In sone enbodi nents, the indication may be witten to
a file stored in a nenory, such as storage nedia 121 or nenory 123, or

provi ded w0 20u¢gs6i43devi ce 140. For exanpl e, an indi cati eaTiusawhEot est was
successful may be di splayed on a screen or console. After performng step
513, the nmethod 500 ends at step 519. If it is determ ned at step 509 that
the anplitude is greater than the thre®hold, step 511 is perforned. If
processi ng reaches step 511, it has been determned that there is atl east
one open pin anong the first group of pins. An open pin has a poor

el ect ri CakcustaBpEioEy,Gvhioh nfkgase sistbd BRM AN BEB6EY dric@dns@RANREHgoN to a

correspondi ng trace on the PCB assenbly. The regions of the corrponent 101
wher e anPEgeanuping dfithe tgst SYlStem group of p| ns is likely to be found may be

dent i1y a opabSEb g8l fe BB 8@ Gn < Bsf BB RF Rl BIR R 58kt  on
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Is nodified. For e 8{2;5,&1 a faulty PCB asserrbly may be routgd f.or revvork
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the first group of pins includes at | east one open y the
openli nbufferpd, rfdtertai Iampaﬁle(banqbd@tezeddy Huffep209, cﬁltﬂed(BJamlsl(ﬁm 206padi ment s of

the | ' hod 600, | ow di a FIG 6, is.
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conputer 120 is programmed to pérform net hod rogram nmay be stored
as conputhermpk @ﬁhferesmsmegnab rorienamplentheistisosete Eednmtrmsﬁrrag@ﬁ?édu a 121

and/ or g?%g %&?%lq%]&g %dslpgg%ﬁ Ilbe executed at suitable tines by

processi ng’ uni ns at step 601 .
15 At step 611 the amplitude of the response signal is compared to a threshold. The

threshold represents an amplitﬁde, 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 piﬁs 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



At step 603, the first group of pins is connected to ground. Sone

enbodi nents of nethod 600 may be perfornmed with the first group of pins
connect edwbaogroseddd so as to shunt an input signal awayPpCrarseadkeocet ect or
pl ate. When the response signal is substantially |arger than expected, it
indicates that a nearby pin in the first group may be open since the
shunting effect is not being achi evedi20A step 605, a test pin is selected
from anong the signal pins. In sonme enbodinents, multiple test pins may be
selected. The test pin is preferably in close proximty to a pin in the
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the first group of pins. The proximty of signal pins nmay be known from
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si gn#l s tdentife¢cebyniterativdly addipk ipinsde tif grohp. Otlspohategss grgl be Used faxanpl e, t he

di screte. Ler transform ) may be a i to.t igithzed response
i gnat . KERUlyis o PTORGIOM BEUPYEn SHBC PO At ot B rpar ed 1o a
threshol fi:s%&ﬁe sighhBRRP be uée‘%ﬂb%&:&‘ﬁq%eﬁﬂ pARRhbiIHGR ,ad@éd @)cm'r&ﬁbeéu frbiqh&of ,
above whic i's determned the test pinis in the vicinity of an open pin

in the fpacond growpp Sumeltttrhnmmoshfmyom anié irapoivements nar@menslgd talbg e way. In

mbod, he ;threshal d f f .th
o T SORE Bk Sesrt AL AR PR, FReoRinddy e fofebie Erikiofit by BaPiet bhase
For exanmptamplé balytdndeshet idteiBod £elidRing! mh@&ﬂveih'tloﬁﬁﬁmmﬁad ofilly a¥elefinel 300.

the following claims and the equivalents thereto.



If it is determned at step 611 that the anplitude is greater than the
threshold, step 6 15 is perfornmed. At step 6 15 it is recorded that the
test pin we2n/HosaBnity of an open pin fromthe first growmmwsedosposisl After
step 615 or if it is determned at step 6 11 that the anplitude is |ess
than the threshold, step 613 is perfornmed. At step 613, a determination is
made whether there are nore pins to teslt- |If so, path 614 is foll owed back
to step 605 where another signal pin is selected for testing. If it is
determ ned at step 613 that there are no further pins to test, step 617 is
perfornmed. At step 617, likely openqpiszpmg n the first group of pins are
identified based on the proximty of pins recorded in step 615 and the
circuit topology. The circuit topology may indicate the |ocations of each
of the test pj S an .e%ﬁh.of the pins in the first groupof pins. Any

sui tabl e heuri'sti & ﬁ@?l d%used to sel ect paral l el 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 my be witten
to a¥ile stoled i A methedpf tastipg a ¢irgwit assamln gnmmprifing & eomponentpiithed 600

ends at . . [ ibed at | east one illustrative

enbodi ne ﬁ%ﬁ?ﬁgmfﬁéhﬁﬁb%%\?nﬁg% alterations, nodifications, and

i nprovenent s applying@dfitist gigieat s fira gedgsef th& pluratily ofipinke art. For exanpl e,
FIG 3 illustrates a_process by which a second . group of pins is identified
by iterativel SOIYHERY prthapplyig e dirsh signabagplying 2 sacend signaldp asecepded f or

i denti fyj t&?fﬂ J s ] hase of
the res pgﬁ)gg%g g aﬁﬁg@y@%@nﬁgéé%gﬂﬁgggﬂer@g Wﬁ?ﬁ%ﬁt‘%@ﬁgg%’&@d to or
remoed from with agrobmpogtianed.adjacetit the temponenh Sensingla féspansemignal ahel

i nprovenents are intended to be mﬁt?jn t he scope of the invention.

Accor di nBiFPOISE PRSI SRAZSE 19 BEit Signahgndidy sgtond,signst 8s AMAGIUYRY i s not
i nt endedc@gpldd withé @be% VST 48l hisd tHeSbédid g}fnﬁ% rs\s%ga%m%dl n the

follow ng clains and the equivalents thereto. CLAI N5 t issclaimed is: L A
met hod of t esindimgtiag eitest agsultbaseshd § leyehgfrthe resgorsesignabnent with a

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 A
6. The method of claim 4, wherein the first group of the plurality of pins is 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.



plurality of pins, the nethod conprising: applying a first signal to a
first group of the plurality of pins; concurrently with applying the first
signal, applwimgem3isecond signal to a second group of treTaiseeoiondiyl of
pins, the second signal being out of phase with the first signal; with a
probe positioned adjacent the conponent, sensing a response signal, the
response signal being in response to {2 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
response signgl. 2ThehgtiRt Sdaig! 5 Ghitdréinthe %ﬁb%‘f@ig%_xﬁﬁpiﬁ?%@l’ec%‘i&m | i's out
of phase with the first signal by half a cycle. 3. The nmethod of claim1l,
wher ei n s¢paratompbrespectciorepeh gtbsr withimrthe cirenit assemblye net hod of claim 1
wherein the first group of the plurality of pins are electrically connected
together in the circuit assenbly. 5. The nethod of claim4, wherein the

first group of. theTpkuwicthdd &f QMinPi,NShdréinanditing LleseVET cdthpisses6. The
met hod of claim4, wherein the first group of the plurality of pins is a

gr oupS of ingkesting apleast ong of fecpineindbe fisT ceoun imnot elgpfaicaliycanmected toairags oup of
t he pl ur?hiatsxbs%ate%ﬂﬁe Lot YOUBef signal pins.8. The method of claimb5,
wher ei n e group of si gnaf prns Yare electrical | y separate with respect to
each other within the circuit assenbly. 9. The nethod of claim 1, wherein
indicating a test result conprises indicating at |east one of the pins in
the first grodf isTgétmeélP‘éjc? Gleigy |ywhespindhs pi@be GomPHIsERAPIal- a substrate of
the circuit assenbly. 10. The nethod of claim1l, wherein the probe
conprises a plate. 11. The nethod of claim1l, wherein the plate is operably
connéeted to ah anfheimethod dfklaifth wisirbiadhoplatd isioperhblyvdoanedted tohen f i r st

si gnal og&%hhgges at a frequency in the range of 5-20 KHz.

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.



13. The nmethod of claim1l, wherein the first signal is an anal og si nusoi dal
signal. 14. The nethod of claim 13, wherein an anplitude of the first

signal iswbesn/ashana an anplitude of a voltage to turn omCa/tGsesmomosiduct or
device in the conmponent. 15. The nmethod of claim1, wherein the first

signal is a digital signal. 16. The nethod of claim1, wherein the
conponent conprises a socket. 17. A ne2hod of manufacturing circuit
assenblies, the nethod conprising: testing circuit assenblies in accordance
with the nethod of claim1, the circuit assenblies being tested after a

first portioni®f aAvasthbacr wstifgaRiro6ieascMBE QRRisNe 4 66mMPehenddghfor each
circuit assenbly tested, selecting steps in a second portion of the

manuf act Biraligy pt pasdbe methad empristng: ndi cated test result.18. A method of
testing a cirgui §EF@! conprising a conponent with a plurality of pins,
t he net hod co?r%r"?%??\eg: ua%F'ng a learn phase: identifying a first group and
a second group of ideatifiling alffirstygradp fidssesondgionplof Weeplumlisy efsihs kwchappl i ed
to each of th ins in the first group and a signal of a conplenentary
phase’ i s appl ﬁ@gwgsn a steRalys applied toreach af ‘chﬁé’lrsséég}#‘dﬁﬁﬁ gioyp apd @ signghaf &

coupl ed {1 oM Liiplkicfar fe i Abif%o SEA0AAEAY 1 edicaiBuadhecent the

conponent have a pre m ne atest p applying a
first signal signdlheodpledfrogythe fhirsifgroupearpl the addohyt gedupptiorasproboadjacenetitel y wi t h

chEl v 00 e il ARE o BBLNAR Sysecgl, i oral fo the second, group of
signal; with Mg}@ésp@gs&i oned adj acent the conponent, sensing a response
signal, the response signal being representative of a conbined | evel of the
first0signal and t heplyisganfarsssignalito teupisegtonp ofrthepdurlitysaf pgmyup and t he
second group, res p?&ﬁéu‘r’r%h%fﬁr wqt?ldapplying the first signal, applying 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 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:



indicating a test result based on the | evel of the response signal relative
to the predeterm ned val ue. 19. The nethod of claim 18, wherein the second
si gnal iswoubioafselahase with the first signal by half a egtlus200200610he

met hod of claim 18, further conprising, during the | earn phase, identifying
a threshold, the threshold representative of a change in the response
signal fromthe predeterm ned val ue whzh- t he second group i s reduced by one
or nore pins. 21. The method of claim20, wherein indicating the test

result conprises conparing a difference between the response signal and the

pr edet er m ned disabniectifg h B&ohf sRRAPHESm s%'e’cesgib@?ﬁﬁhrtﬁéjsé%t)n& Alup, & Wherein

identifying the threshold conprises:di sconnecting a second signal from
successi ve pi meppringdhe eespempegignabwhem daghesuseashing pithis dissopuasetad. si gnal  when
each successive pin is disconnected. 23. The nethod of claim 18, further
conprising storing a test plan for the circuit assenbly, the test plan

conprising figst aMiesetiudofdl&itEs, ffofthaaehppiking sedrifigad febtpl@d farepponent s on
the circujt assenply. 24. The nethod of claim 18, wherein indicating

conpr? seSIPHAMENPY> herestplnsompaisingdist @k ssaend goupsios cagh plorpleraley ai m 18,
wher ei n bP&% eﬁg‘99H95ﬁ§ﬁ§ﬁ§&ﬂgbpg a result on a conmputer storage medium
met &@ 0 ,

26. The clarm erern when the test result indicates a pinin
the first group is open, the method further conprises: a |ocation phase,
the | ocation phase _conprisjng. for a selected pinin the first group,

appl yi ng a tegi" S| a??ﬁ eﬁlwdaoq?ﬁ]%m LB vherels inhentiesopnrise Produgiag dcent t he
sel ect edhiyhin p¥cbflididSuptiobe positioned adjacent the conponent, neasuring a
| evel of the Fest signal coupled fromthe pin to the probe; and indicating
that 1@ he selected pin in the first group is open when the |level of the test
signal - coupl egsTr oL e HORERY 1 Sl KRBk oS, S0l £30121

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, fhe 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 threshold, and adjusting a level of



27. The nmethod of claim 26, wherein the |ocation phase conprises
iteratively repeating the acts of applying a test signal and neasuring a

| evel of wbeotoast34si gnal coupled to the probe with a di PCersnatooaonf the
plurality of pins in the first group as the selected pin in each iteration
until a selected pinis identified for which the |level of the test signal
coupled fromthe conponent to the proi®-is above the threshold. 28. The
nmet hod of claim 18, wherein during the | earn phase, identifying the second
group of the plurality of pins conprises connecting, sequentially, signal
pins to {HReirSANAMoSIheR8dond}iRaMTEBuR thE PRPORR s ahe RALOW Rspdiseshol d,
and adjusting a level ofthe first signal or the second signal to reduce the
r esponsesighaj dafiningitke predetewuinedsalunse si gnal defining the predeterni ned

val ue. 29. A conputer storage nedi um conprising conputer executable
instructions that, when executed on a test system having a conputer,
control the tgst Swusdomputét stitage MediuhCetrhpratseodthyuteCOHRLaabe ihdnrtisR hod
conprising: applying a first signal to a first group of the plurality of

pi ns:S cothetywhenekgeugd on a st sistean hidng p cempyiereantrokihp test prptem seteshtl si gnal
to a sec -ar. f - nl.yral i Lhs.. the second signal being out of
phase w @%%t%gg#%lgtacé$glﬁ Itl;jI a\?dl %thg%&%rrlgﬂtl)ggﬁ josi ti oned adj acent the
conmponent , seaglyigga firstssi@iad €0 & figsd grouptdfehe plapddirg of pingnal -being in response
to the first signal ?nd, he second signal as capacitively coupled to the
probe from t heereppsatlyywithspalying the fust sigal. gpplype 3 sscpad signel tg 2 sgepnd

I ndi cati pgug of BRiplhGRH &f RAS &k Q2ofd LigNAlbefly i Bf pRARINEPLHE N Rignal;
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



