-1 - CAPACITIVE OPENS TESTING IN LOW SIGNAL ENVIRONMENTS BACKGROUND Field of the
Invention [0001] The invention relates generally to testing of circuit assemblies, and more particularly
to capacitivéM@gih0874¥nnections to pins of components of the circuit assBRHNS 338N of
Related Art [0002]During the manufacture of printed circuit board (PCB) assemblies, testing is
performed at one or more stages to ensure that the finished product functions adequately. In some
manufacturing operations, circuit assemblies are first tested before any components are mounted to
them. The components may be separately tested before they are attached to the circuit assemblies,
usually by soldering. Once the components are attached, a further test may be performed to verify that
the components ar2££‘£erly attached. Such testing includes "opens” tests and "shorts" tests that

indicate defects iff FREVEJSPRENS T B R G &-SM pHARHS. BNNAR (PAYMESEEMbIY. These

contact points are generally referred to as "pins,” even though the contact points may take many
shapes, including posts, gull wing leads or solder balls. [0003]One approach to testing the connections
to pins is called capacitive testing. In a capacitive "opens" test, a probe that includes asense plate is
pressed against a component with a pin to gé‘s‘égtgog)&« signal is generated at a point on the circuit
assembly that should be connected to the pin under test in a properly manufactured circuit assembly.
If the pin uridkt o€shedppvepdoty connected to the circuit assembly, the test signal will propagate from
the circuit assembly through the pin to conducting structures within the component. Though the probe

plate is Seﬂﬂfﬁ‘i%ﬁ@[ﬂé&ﬁ?&%gﬂgﬁcg%ﬂf yigsimsieakalinalean rapaniiygiycouple fo the

probe plate. During a test, the si eceived at the probe plate is analyzed to determine whether the
test signalparticularly to capacitive testing of connections to pins of components of the circuit

assembly.
Description of Related Art

[0002] During the manufacture of printed circuit board (PCB) assemblies, testing is
performed at one or more stages to ensure that the finished product functions adequately.
In some manufacturing operations, circuit assemblies are first tested before any
components are fnounted to them. The components may be separately tested before they
are attached to the circuit assemblies, usually by soldering. Once the components are
attached, a further test may be performed to verify that the components are properly
attached. Such testing includes “opens” tests and “shorts” tests that indicate defects in
attachment of contact points of the components to the circuit assembly. These contact
points are generally referred to as “pins,” even though the contact points may take many

shapes, including posts, gull wing leads or solder balls.

[0003] One approach to testing the connections to pins is called capacitive testing.

In a capacitive “opens” test, a probe that includes a sense plate is pressed against a
component with a pin to be tested. A test signal is generated at a point on the circuit
assembly that should be connected to the pin under test in a properly manufactured
circuit assembly. If the pin under test is properly connected to the circuit assembly, the
test signal will propagate from the circuit assembly through the pin to conducting
structures within the component. Though the probe plate is separated from those
conducting structures, the test signal can capacitively couple to the probe plate. During a

test, the signal received at the probe plate is analyzed to determine whether the test signal



has been capacitively coupled to the probe plate, indicating that there is a good connection between
the assembly and the pin of the component. [00041Though capacitive testing may be desirable, it has
not been wileM205EBTd?ertain types of components. For example, socketBGHEVE2AHYHBF widely
tested using capacitive test techniques. Sockets generally contain a cavity shaped to receive a
semiconductor chip or other component. The pins of the socket extend into the cavity and provide
spring contacts to which the other component can be connected. The socket can be soldered to the
circuit assembly and the chip can later be inserted. When the socket is tested without the component

inserted, there is little condugctive structure in the socket. thy. ' est signal applied to a pin
under testtr]é:agr% %%Ib%?g 8%%%68%&@%@?0%?%I@S&érﬁl}avb%%grﬁb%%%%ge}%tg |g%1properly connected
to a circuitcassecnioly bittis aiffitie asscarebiphnddbeqtia chfweciompprenipled test signal, increasing the

likelihood of errors when testing pins of a socket capacitively. [0005]In some instances, the probe has

been inserigshifjto theRAEELiBIeRaRRdRE ﬁ‘%’ﬂi@ﬂ@&ﬁﬁﬁlé‘??@ RIgNR HRUR R darple plate.

However, inserting a probe into the cavity introduces a substantial risk of contacting and damaging the

pins. [000GFAIa®, tYRSSPbIRMRPRTEIt & arraram ok et shave et kegparidedyttasied UTIRE guard plate
shields the sensevRIAlE tRRhRIGEl Gl RS LrtARML shaNI e dtieySigRN dRjseteflakthe sense plate

enough to produce an erroneous test result. SUMMARY [0007]An improved system for capacitively
testing elesemigpréurat abivsanotharcompesenibiVhs pravridhanockshestgna iiathsH#ERY. The system

improves caR3AEVACHIMPINRINEES RISINIR: GRRePeSRBbABNGL FeWbARSAR rREdRIGaNSE plate

of a probe in a test system. The probe is partially inserted into the component, but the sense plate is

prevented &% be seldeseditethe siautinsrembbiradtbs cliprrpe Fiat bsrasersAg Whwadeeto the pins.
The spaceiRieyeitssiel PRRGIPME NI RAE sRdNREIARRERSMINAENductive structure in the

socket through which a test signal applied to a pin under test can couple to a probe plate.v
Accordingly, even when a pin under test is properly connected to a circuit assembly, it is
difficult to reliably detect a capacitively coupled test signal, increasing the likelihood of

errors when testing pins of a socket capacitively.

[0005] In some instances, the probe has been inserted into the socket to increase the
amount of the test signal coupled to the probe plate. However, inserting a probe into the

cavity introduces a substantial risk of contacting and damaging the pins.

[0006] Also, it is known to include a guard plate in a probe for capacitive testing.
The guard plate shields the sense plate from electrical noise that could change the signal

detected at the sense plate enough to produce an erroneous test result.

SUMMARY

[0007] An improved system for capacitively testing electrical connections in a circuit
assembly is provided in a low signal environment. The system improves capacitive
coupling between pins in a component on the circuit assembly and a sense plate of a
probe in a test system. The probe is partially inserted into the component, but the sense
plate is prevented, by a spacer, from contacting the pins in the component, preventing '

damage to the pins. The spacer prevents full insertion of the probe so that the sense plate



and the pins are separated by a gap. The depth of insertion and corresponding width of the gap is
determined by the design of the spacer. 100081 The spacer may be configured in any suitable way to
limit the ins@YEbH bYfEYrobe so that the sense plate and the pins are sepalEHBYHHOIFES. The
spacer may be a portion of the probe or may be integrated into the component under test or other part
of the circuit assembly containing the component. A spacer on the probe may contact any suitable
location on the circuit assembly to create a gap small énough to allow adequate capacitive coupling
without damage to the pins of the component being tested. In some embodiments, the spacer is a

collar on the probe that contac housin the ¢ nent..For example, the.collar may.contact a lip
portion of 10 Rt AL Ie Bk 1o e, e e o Y ot of e
circuit asstrighp indetesoimed dty dieedeligri ofathtssthecprobe contacts both the housing and the

substrate of the circuit assembly to limit insertion. In some other embodiments, the spacer is a

member offgsprohe dhRteHRds beuspck s urpcRiabibs Sora%iRlA HeTskeRmAdisle component

a riser portion of the component, or a combination of both. 100091In some embodiments, the probe
may be cdnebestethibtheseasigplrierandithetnins orssepaistcd by HroBapm A depanst ey he & probe

assembly i aNGBE BNk AIALPbORA AR BRI GHIBIAPEREATEL B RYEpRc FomPonent

as the probe is moved toward the Circuit assembly. The probe assembly may be compliantly mounted
relative to fectighitasseoblv e uifelningshespiypandith 4t SPROCHOB;toaRIgRST Iy SORKCHINE may be

controlled &y, DS iNIRGH AR BRASILHPNAD Rlard QDI RRNRA MRS AN SILLRmRRDENt is

performed with the probe partially inserted intd the component. The reduced gap between the partially
inserted pfapacHixecataling Witkowh drsvege do dhdibins o ibe campensatheing esledsdiptaec The
improved giipliihdafl dEahAe: sanabiRnaishe ol he cauplet s sTeRSINg the relabiliy of
the test results. - 4 - BRIEF DESCRIPTION OF DRAWINGS [0012]The invention and embodiments
thereof wikeaRsagat uRercpsasaRl & Hiacaltarsnay fogiastdike RRIEEHAIHS I PUSI S SUHIFURENSN with the

accompanyn gy inadigsias may DR Jaue s PIIMABISR U AR ISHRI I AR WA dmBRRIAn N general,
like elements appearing in multiple figures are identified by a like reference designation. In the
drawings: Yet some other embodiments, the probe contacts both the housing and the substrate of the

circuit assembly to limit insertion. In some other embodiments, the spacer is a member
of the probe that extends beyond the surface of the sense plate and contacts the

component, a riser portion of the component, or a combination of both.

[0009] In some embodiments, the probe may be constructed for self alignment with
the component. The probe may be mounted in a probe assembly with an alignment
collar or other structure that centers the sense plate over the component as the probe is
moved toward the circuit assembly. The probe assembly may be compliantly mounted
relative to the substrate of the circuit assembly such that final positioning of the sense

plate may be controlled by positioning of the component under test.

[0010] Testing of pins in the component is performed with the probe partially
inserted into the component. The reduced gap between the partially inserted probe plate
and the pins improves coupling between the pins and the sense plate. The improved
coupling increases the signal to noise ratio of the coupled signal, increasing the

reliability of the test results.

[0011] The foregoing is a non-limiting summary of the invention which is defined by

the attached claims.



[0013]FIG. IA is a sketch of a test setup configured for capacitive testing in which embodiments of the
invention may be practiced; [0014]FIG. 1B is a top view of a component that may be tested using the
inventive priN€&gid/8&7#¥scribed herein; [0015]FIG. 1C is a cross-sectionalRGAW 83 4i¥#3h of a test
setup; [0016]FIGs. 2A and 2B are cross-sections illustrating a portion of a test setup including a probe
having a spacer adapted to contact a lip of a component housing at different stages of positioning the
probe for capacitive testing of pins of the component;'[6017]Fle. 3A and 3B are cross-sections
illustrating a portion of a test setup including a probe having a spacer adapted to contact a substrate of
a circuit assembly and a lip of a component housing at different stages of positioning the probe for
capacitive testing of pins of the component; [0018]FIGs. 4A and 4B are cross-sections illustrating an
alternative embodiment of a portion of a test setup including a probe having a spacer adapted to
contact a substrate of a circuit aBRIRBIPESGREPIAONAIE DI AHBENERINg the probe for capacitive
testing of pins of a component;

[0012] The invention and embodiments thereof will be better understood when the
following detailed description is read in conjunction with the accompanying drawing
figures. In the figures, elements are not necessarily drawn to scale. In general, like
elements appearing in multiple figures are identified by a like reference designation. In

the drawings:

[0013] FIG. 1A is a sketch of a test setup configured for capacitive testing in which

embodiments of the invention may be practiced,

[0014] FIG. 1B is a top view of a component that may be tested using the inventive

principles as described herein;
[0015] FIG. 1C is a cross-sectional view of a portion of a test setup;

[0016] FIGs. 2A and 2B are cross-sections illustrating a portion of a test setup
including a probe having a spacer adapted to contact a lip of a component housing at

different stages of positioning the probe for capacitive testing of pins of the component;

[0017] FIGs. 3A and 3B are cross-sections illustrating a portion of a test setup
including a probe having a spacer adapted to contact a substrate of a circuit assembly and
a lip of a component housing at different stages of positioning the probe for capacitive

testing of pins of the component;

[0018] FIGs. 4A and 4B are cross-sections illustrating an alternative embodiment of
a portion of a test setup including a probe having a spacer adapted to contact a substrate
of a circuit assembly at different stages of positioning the probe for capacitive testing of

pins of a component;

[0019] FIGs. SA and 5B are cross-sections illustrating a portion of a test setup
including a probe having a spacer adapted to contact a surface inside a cavity of a
component housing at different stages of positioning the probe for capacitive testing of

pins of the component;



[0019]FIGs. 5A and 5B are cross-sections illustrating a portion of a test setup including a probe having
a spacer adapted to contact a surface inside a cavity of a component housing at different stages of
positioning & BPdLEsfdPtapacitive testing of pins of the component; WO PCT/US2010/003238
2011/087490PCT/US2010/003238 [0020]FIGs. 6A and 6B are cross-sections illustrating a portion of a
test setup including a probe having a spacer adapted to contact a surface of the housing of a
component at different stages of positioning the probé for capacitive testing of pins of the component;
[0021]FIGs. 7A and 7B are cross-sections illustrating a portion of a test setup including a component

having a housing with a spacer ted to contact a syrface of a probe at different stages of

positioningiqlfﬁg[frobeF cﬁaé%ﬁ'a/dﬁé‘éﬁﬁéoé?ﬁﬁ?&%% SERSRRET It SRBC are

cross-sectifieladibigiaiiogehpoition spadeatissledtalcoiitesentsatagrsodiinobiinmgmha probe for

capacitive testing of pins, of a component, the probe having a beveled spacer.adapted to self-align the

probe upo i t ;301 J9A S obe having a
FOCERRAER LA L BL R ARSI PSS BIPRE [ APSEITSE estiB BYS B

beveled sphecompantad to self-

[0021] FIGs. 7A and 7B are cross-sections illustrating a portion of a test setup
including a component having a housing with a spacer adapted to contact a surface of a
probe at different stages of positioning the probe for capacitive testing of pins of the

component;

[0022] FIGs. 8A-8C are cross-sections illustrating a portion of a test setup at
different stages of positioning a probe for capacitive testing of pins of a component, the
probe having a beveled spacer adapted to self-align the probe upon contact a lip of a

component housing;

[0023] FIG. 9A is a cross-section of a probe having a beveled spacer adapted to self-

align the probe up with a component of a circuit assembly;

[0024] FIG. 9B is a cross-section of a probe having a plurality of beveled spacers

adapted to self-align the probe up with a component of a circuit assembly;

[0025] FIG. 9C is a cross-section illustrating a portion of a test setup including a
probe having a tapered spacer adapted to self-align the probe with a component of a

circuit assembly;

[0026] FIG. 9D is a cross-section illustrating a portion of a test setup including a
probe having a plurality of spacers adapted to self-align the probe with a component of a

circuit assembly;

[0027] FIG. 9E is a cross section illustrating a portion of a test setup including a
probe having a plurality of spacers adapted to self-align the probe with a component of a

circuit assembly;

[0028] FIG. 10A is a cross-section illustrating a low capacitance probe assembly;



align the probe up with a component of a circuit assembly; [0024]FIG. 9B is a cross-section of a probe
having a plurality of beveled spacers adapted to self-align the probe up with a component of a circuit
assembly; IWO2ZIFIET49C is a cross-section illustrating a portion of a test sSEE&TpUNIRING288probe
having a tapered spacer adapted to self-align the probe with a component of a circuit assembly;
[0026]FIG. 9D is a cross-section illustrating a portion of a test setup including a probe having a
plurality of spacers adapted to self-align the probe with"a component of a circuit assembly; [0027]FIG.
9E is a cross section illustrating a portion of a test setup including a probe having a plurality of spacers

adapted tctgsﬁ%ﬁhgn#ﬂg RS, Wlt 3 gompo ent Ofdi%f'rcu' a 3\%@? i a%(gg%}_&l)ga(:lc%%lsng
cross-sect

W ca acltance pro
to some embodiments;

[0030] FIG. 10C is a plan view of a sense plate of a low capacitance probe according

to some embodiments;

[0031] FIG. 11A is a plan view of a guard plate of a low capacitance probe according

to some alternative embodiments;

!

[0032] FIG. 11B is a plan view of a guard plate of a low capacitance probe according

to yet other alternative embodiments;

[0033] FIG. 12 is a flow diagram of a method for testing a circuit assembly

according to some embodiments;

[0034] FIG. 13 is a flow diagram of a method for testing a circuit assembly

according to some embodiments; and

[0035] FIG. 14 is a flow diagram of a method of manufacturing a probe assembly.

DETAILED DESCRIPTION

[0036] The inventor has recognized and appreciated that capacitive opens testing for
some types of circuit components, including chip sockets, has been limited because of
the risk of damaging the components during the testing process which has led to the test
probe being separated from the component under test by too great a distance for a test
signal to be reliably detected. The inventor has recognized and appreciated that
capacitive testing can be made feasible by reducing the risk of damage to components by
using spacers to ensure proper alignment of a test probe with a respective component of a
circuit assembly to be tested. Such spacers may be configured to ensure that when a
probe assembly is moved into the testing position, a gap of predetermined size exists
between the probe assembly and the pins of the component. In addition to ensuring the

proper vertical spacing (i.e., a gap), the spacers may be configured to assist in the lateral



WO 2011/087490PCT/US2010/003238 - 6 - [0029]FIG. 10B is a plan view of a guard plate of a low
capacitance probe according to some embodiments; [0030]FIG. 10C is a plan view of a sense plate of
a low capaclWAhed B8BEBccording to some embodiments; [0031]FIG. 11A RCA/BR2WEMBBa guard
plate of a low capacitance probe according to some alternative embodiments; [0032]FIG. 11B is a plan
view of a guard plate of a low capacitance probe acco_r;}ii_ng to yet other alternative embodiments;

alignment of the probe with the component. Beveled or tapered surfaces may be used to

guide the probe into the proper testing position..

[0037] The inventor has further recognized that the quality of a signal coupled to a
test probe may be improved by using a low capacitance probe for testing. The low
capacitance effectively increases the amplitude of the response signal coupled to the
probe from the component. Increasing the response signal’s amplitude improves the
signal to noise ratio and the reliability of the test result. The inventor has recognized and

" appreciated that a low capacitance probe may be achieved by reducing the surface area of
a guard plate. The surface area may be reduced by providing holes over the surface of
the guard plate. A suitable set of holes reduces the probe’s capacitance while still '

providing protection from noise in the test environment.

[0038] FIG. 1A illustrates a test setup 100 for testing a component 110 of a circuit
assembly 120. Such a setup may be used as part of a'manufacturing process for
producing circuit assemblies. Circuit assembly 120 includes a substrate 130, such as a
printed circuit board (PCB), and any number of devices and components such as device
121 and component 110. Circuit assembly 120 may be mounted in a fixture of test setup
100 (not shown) during the testing procedure. The fixture may include a fixture over-
clamp (also not shown) to which probé assembly 150 is connected. The fixture over-
clamp may be movable to allow circuit assembly 120 to be removed and replaced with
the next circuit assembly to be tested. In some embodiments, the fixture over-clamp has -
a clam shell design which allows probe assembly 150 to be lowered into an appropriate
position for conducting a test and raised to replace the circuit assembly with another

circuit assembly to be tested.

[0039] According to some embodiments, a test system 160 performs a capacitive
opens test on a pin 113 on a component 110 by generating a test signal on a signal lead
161 (see also FIG. 1B). The test signal is then coupled to a signal path 123 on circuit
assembly 120 that, in a properly manufactured circuit assembly, is coupled to the pin
under test. Signal path 123 may be any suitable type of electrical trace for propagating
signals on circuit assembly 120. The test signal may include a time varying signal,

which, if the pin under test is properly connected to circuit assembly 120, is coupled to



[0033]FIG. 12 is a flow diagram of a method for testing a circuit assembly according to some
embodiments; [0034]FIG. 13 is a flow diagram of a method for testing a circuit assembly according to
some emboRith&hEIEHA0035]FIG. 14 is a flow diagram of a method of mASFAERMAG323Pobe
assembly. DETAILED DESCRIPTION [0036]The inventor has recognized and appreciated that
capacitive opens testing for some types of circuit compgonents, including chip sockets, has been limited
because of the risk of damaging the components during the testing process which has led to the test
probe being separated from the component under test by too great a distance for a test signal to be

reliably detected. The inventor recognized and a iated that capacitive testing can be made
feasible b&ﬁlrge%lt?c‘:ir%) e TR B! arﬁ é%%gdégr%ﬁghs nf{s) i’bﬁ)g ﬁgi?\%méfacg%:eg?sa} tqcl){)I éﬁlgﬁfgtpsggﬁgﬁr] alignment of
a test probeilvite e opdabtiipenddhpatienteofepoirenitld sdintring dthe ttsstotheB signalpzatbsomay be
configured to ensure that napro ssembly.is moved into the testin ition ap qf
predeterm‘fhr(galts|azs(§e@:-?!i;si?l S%ng% ?h%lp(?rlgiae Catosnsgctaarﬁ1 K/Oa%%e trhg tgfr?ss %s‘;tfﬁ‘g lc%t?fnggﬁigﬁ . ril% él%ddition to

ensuring tbhemogrévererffimusbadng(bedimespintvhishacess sipnpbencehfigsigthtpabsiwiih the lateral
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R Qelgt?r?’gzgﬁ p_ir? 113, other signal paths may simultaneously be driven
with other test signals. Other possible test actions are possible, but for simplicity, not

illustrated in FIG. 1.

[0040] To test the connection of pin 113 to circuit assembly 130, probe assembly 150
is positioned near component 110. The nature of the signal coupled to probe assembly

150 may indicate whether pin under test 113 is properly connected.

[0041] - Probe assembly 150 includes a sense plate to which the test signal may be
capacitively coupled from pin under test 113. The properties, such as the amplitude, of
the test signal coupled to probe assembly 150 will depend on the quality of the
connection between the signal path 123 and pin under test 113. For example, a large
coupled signal may indicate the pin under test is properly connected while a small
coupled signal may suggest the signal path and the pin under test have a poor electrical
connection. Though, the interpretation of the response signal may depend on the type of

test being performed.

[0042] Whatever signal is coupled to probe assembly 150 may be amplified and
provided, via signal path 162, to test system 160. Test system 160 and computer 170
‘'may be configured to analyze the response signal and to assess the quality of the
electrical connection between the signal path and the pin under test. The response signal
may be digitized by a suitable analog-to-digital converter to facilitate analysis. Test
system 160 may perform signal processing of the response signal before providing the
response signal to a computer 170. Computer 170 may be configured to perform further
analysis of the response signal to make a determination about the electrical connection
between signal path 123 and pin under test 113. Specifically, features of the response
signal are analyzed by computer 170 to determine whether the connection is “good” or
“bad.” The particular thresholds and signal features computer 170 uses to make a

determination may be identified empirically during a learn phase or in any other suitable



alignment of the probe with the component. Beveled or tapered surfaces may be used to guide the
probe into the proper testing position. [0037]The inventor has further recognized that the quality of a
signal coup®@ Ry HABSHHobe may be improved by using a low capacitancePSrbbe200{¢3438). The low
capacitance effectively increases the amplitude of the response signal coupled to the probe from the
component. Increasing the response signal's amplitude improves the signal to noise ratio and the
reliability of the test result. The inventor has recognized and appreciated that a low capacitance probe
may be achieved by reducing the surface area of a guard plate. The surface area may be reduced by
providing holes qver th%s rfaceﬁ)f the %uard g}latg. A suitable set of holes redug S thefgrtobe's
capacitanc%a%hl e olif ﬁr%v?&fﬁlgp p?gféc ioh Tromeno SEMRTE L2 BRRS aesrsl?."f &98? A illustrates
a test setugskiiibigstehtthgtahzochpooenistitd of msposisd sigaely biich2befalich geadupentaydde used as

part of a manufa&turggﬂgrocess for pro%uci circuit(?sstengblies Cirgui .?sgembly 120 includes a

substrate T ,escuc S a?:)errlln eséga?(lzgﬁt Sar (B‘Bé‘j‘, and %nrflla utr)ﬁt}eF% d&Vices and components

such as device 121 and component 110. Circuit assembly 120 may be mounted in a fixture of test
setup 1001033howAy divisttated testtiseiuprb@@dsiconfipurtidtiarécshan plettideahdpmeetiover-clamp (also

not Sh°W"Q%‘é’éﬂ%ﬂ%&j‘??ﬁtﬁﬁ%ﬁ%@ﬁ%ﬁ&o{é%Pi%donT w{%ﬁuéﬁﬂvw%mwebwvab'e to

allow circuit assem 0 to be removed and replaced with the next circuit assembly to be tested. In
some embestiprepess mayikeurecd for-edahpf iparsd Lo shalpaaeigd hod sedneopipereateambly 150

to be loweggd JRta an ApPHOR A& RRSLIANIEANHYCIRI A L5SH ARG KIRRC Sh'6R RES S Alff UL

assembly with another cCircuit assembly to be tested. [0039]According t0 some embodiments, a test

system 16®pemalindn ddpueKrrelbphaiddds wdarmpﬂsaéﬁth_eclsmm@meth@mmwg@nemnhg a test
signal on g gignal lead 18d4Shmh YRR GnpGedi e JGR 5IORAS aN TIN5 0.3 Signal path 123 on

circuit assembly 120 that, in a properly manufactured circuit assembly, is coupled to the pin under test.
Signal patdiffemhtiynse anywdistasienglscassosiated culth- trstingrof ropaeempgnsghefPohwittuit assembly

120. The tgst ﬁ%g@){ﬂr}gy{% %ﬁEﬁ%}@Q{H&%@H@'ﬁM{QJCh, if the pin under test is properly

connected to circuit assembly 120, is coupled to - 8 - the pin. For example, if the pin under test is pin
113 in component 110, the test signal will be coupled to pin 113 within component 110Q. During this

test, other 9]l patshopld-bairprssiaty hebildy bRMTates QA RREGAVIRZROH 108 t€55tem 160

during thedigshR! Bet 6tk Bpproatiedy, ifeprhosiEndanttinewibiciindastifighalednoHTer. Sianaipaths will
not interfere with the testing of pin 113, qther signal.paths may simultaneously be driven with other test

signals. OfBEEBbLafhIE derpertsdie siandRatibis htiresHyiprens! Idiledrdsomerder . [0040]To
test the cosiibedneaispthel fedttoysieanlit GERIN DY dotli giiRBaPesamdd indtitr device, such as

device 121, to act as a virtual signal generator that generates test signals onto signal
leads. Test system 160 may be configured to generate test signals on signal paths in any
suitable way. Further description of methods of capacitive testing may be found, for
example in “Method and apparatus for testing electrical connections on a printed circuit
board” U.S. Provisional Patent Application Ser. No. 61/115,005 and “Fast open circuit
detection for open power and ground pins,” U.S. Provisional Patent Application Ser. No.
61/115,011 both of which are herein incorporated by reference in their entirety. These
patent applications describe techniques in which capacitive tests are performed using test
signals of various formats and good or bad pins are detected based on measurements
associated with multiple pins under test simultaneously, which can allow detection of
faults instead of or in addition to opens. Accordingly, it should be appreciated tﬁat the
techniques described herein are applicable to any form of capacitive testing of circuit

assemblies.

[0045] Though any suitable components may be used to conduct capacitive tests, as

shown in FIG. 1A, computer 170 has a processing unit 171 and memory 173, but this



is positioned near component 110. The nature of the signal coupled to probe assembly 150 may
indicate whether pin under test 113 is properly connected. [0041]Probe assembly 150 includes a
sense plate ¥PBRIENEAY9est signal may be capacitively coupled from pin uREdY4E29191832PRe
properties, such as the amplitude, of the test signal coupled to probe assembly 150 will depend on the
guality of the connection between the signal path 123 apd pin under test 113. For example, a large
coupled signal may indicate the pin under test is proﬁequyconnected while a small coupled signal may
suggest the signal path and the pin under test have a poor electrical connection. Though, the

interpretation of the.response signal m en the type of test bein rformed. [0042]Whatever
cional i cSHEN T 7o B RSB B e T ot PR a1 o BTG, 0 test
system 166hd eshpysien70atagd eatbpdiet 4579 singlelizvioafiglngsl émertaty/ e 4 sdgponse signal
and to asses heVguaIity of the electrical connection between the signal path and the pin under test.

The respoﬁ%l 2 %Snazf}f’hay be digitized by a suitable analog-to-digital converter to facilitate analysis.

Test system 160 may perform signal processing of the response signal before providing the response
signal to al004gbuter Brpocssor gutaray @ ary sustatde gosessimepisvinerstghtiasy fangkaiepls the response

signal o miglie, A aIsANIRION ARAN IR Sl ion! GopOs BN ASiuean AP and pin under

test 113. Specifically, features of the response sign : lyzed by computer 170 to determine
whether theontsaHextaddiessgoledontrdlled, Shiera) anispderalmeposiiigrepsigessdbatures computer 170

uses to m%&%&%@&’iﬁ‘éﬂa&@? o KIS ORL SBIPHIGAIAUEDR ?@&%&hm&ﬂﬂkomer

suitable -9 - way. During the learn phase, measurémenits are made on a properly assembled circuit

assembly somrtialen drslisiatad prodssiny cladispiedoBitriis whey hidwer Bidahbopressesingl connection

between agigagl path and a pin under test may be identified. [0043]As illustrated, test setup 100 is

configured to test an electrical connection between signal path 123 and pin under test 113 on

component 110. Because the same test processgma be used for each of pins 116 on component 110
ﬂﬂé

and each d80FbnenMAMary it 38y aynicerate Rraeesepdd iredionsen ingiife effgle pin on a
componengHgy ’%ﬁ@%hﬁqwﬁy 86 dcebRibthe F&'@@%%QQC? thesrinahplasendheafiRerRMponent

and pins associated with other components could be tested in a similar fashion, at different times, or,

where sigf8f sRRuB)MemRRd Lg%t SR cofppitaRPariShibRt BT REFrEdNRERSFIPE others,
at the same7yrperfiRRf4Hesha lReieppideiatg Iathile bd Hiistiatesiofpapp@aspiRgenerating test

readable storage medium such as, for example and not limitation, RAM, a
nanotechnology-based memory, one or more floppy discs, compact discs, optical discs,
volatile and non-volatile memory devices, magnetic tapes, flash memories, hard disk
drive, circuit configurations in Field Programmable Gate Arrays, or other semiconductor

devices, or other tangible computer storage medium.

[0048] Computer 170 may be programmed to control the overall test process. For
example, computer 170 may reconfigure test setup 100 to test other pins on circuit
assembly 120. If computer 170 determines a test fails, additional tests may be performed
to 1dentify the cause of the failure. Computer 170 may output information about the tests
to an output device 180, such as a display or printer, or may send information about
defects on circuit assembly 120 to other manufacturing equipment for use in subsequent

stages of manufacture.

[0049] Computer 170 may include computer executable software modules, each
containing computer executable instructions. The software modules may be stored in
memory 173 and executed by processor 171, though this is just an illustrative

embodiment and other storage locations and execution means are possible. In some



signals, but other approaches are possible. In the embodiment illustrated in FIG. 1A, test system 160
is connected to signal path 123 directly by signal lead 161. In some other embodiments, the test
system 160WRyB&E3hIyured to control another device, such as device 12CEA/8¥189%238tual signal
generator that generates test signals onto signal leads. Test system 160 may be configured to
generate test signals on signal paths in any suitable wa}r/. Further description of methods of capacitive
testing may be found, for example in "Method and apparatus for testing electrical connections-on a
printed circuit board" U.S. Provisional Patent Application Ser. No. 61/115,005 and "Fast open circuit

detection for open power and ground pins,” U.S, Provisignal Paten{ Application Ser. No. 61/115,011
both of wh?&PQP%%%}ww@gﬁg(‘f%{’é’d‘%& ?é?&%‘#?:% TRAAFSATRAREEY 19, ggtf?allt?ﬁ[ piralhs describe

techniquegdn tedhigp copireilivestesiblarezperformed using test signals of various formats and good or
bad pins are detected based on measurements associated with multiple pins under test

simultane which can allow,detection of faults instead of or iR addition to opens. Accordingly, it
Shoul be WISt ISR AG Foih e e s Bl SRR SRR O e
testing of cirembassamblaspin 13; thah figuvateowdskocdpazitiexaoypéng o agkniaglatteo as separate
units, test sysien; 400 andcamputer 120 be.cmibadisd.an aaipgle deyice arimplgpented in any
other suita%eway.'f@ Hiﬂ roceesorl? may be any suita fe processing device such as, for example
and not limitaticicya £ eapeaifivetesisigg Imiof@Pembdiljitentigadbprospastan@Rybemstroller,

addressabé%s%%%%gligrggg&?r tgﬁ%@?&@ Iggﬁ%sgsgai_croprocessor, microcontroller, addressable

microprocessor, progrédmmable processdr, pfogrammable controller, dedicated processor, dedicated
controller, or any other suitable processing device. 100471Memory 173 may be integrated into

processor WPEHnd/oAkRaHERI O afditiapalhiemeniemsehfRariesapas damretipric¥idaR 171, for
example, g & MRMGRA IS AN AW VIERR ¥l (R MBHAIONS SRIbHRG Natidissatiak whsh

executed by processor 171 perform a desired function. Memory 173 may be any suitable type of

computer-PeaapdiccBenglyto prayidsreliahlasapsckivespuping et lgeenangh Aqprgvent
nanOtechnsaﬁ%ﬁ%i%én%@%ﬁbb%%semgrsﬁlp@ﬁycgiﬁﬁﬁtmmrﬁhéQ’éhfeatiﬁawé%%sﬁ?'atile and

non-volatile memory devices, magnetic tapes, flash memories, hard disk drive, circuit configurations in

Field Progfamasss|d eraxample Preboaserrabhiit SR mmide sonbigurest omdseatiomote dridir storage

medium. [W&@W&ﬁﬁi 'QJcQéPQV RBRGAAP Glﬁﬁﬂ&x@ﬁﬂt@ét?&%ﬁﬂé‘%ﬁé&%%% ffeb example,
computer 170 may reconfigure test setup 100 to test other pins on circuit assembly 120. If computer

170 deterrfftfedr s ehike arRhecsss e HaguBnosest ATdheSeaH AT EBbLY SuBsHRtRd Tailure.
Computer M&vu%@&;@%@%@w%%@#mm 8 Pmicorhenptdenigadtd gHaas a display or

printer, or may send information about defects on circuit assembly 120 to other manufacturing
equipmentfdPerbiskspbdamagat stages of manufacture. [0049]Computer 170 may include computer
executable software modules, each

[0052] Probe assembly 150 may have spacers for properly positioning a sense plate

of the probe near compliant members, which are generally referred to as “pins,” of
component 110. These “pins” are designed to make contact with pads on a
semiconductor chip when it is inserted into component 110, but are fragile and easily
damaged. The spacers may have any suitable shape and may be positioned such that
probe assembly contacts a housing of component 110 and/or a surface of the circuit
assembly’s substrate 130 to prevent the probe assembly from contag:ting the pins as the
probe assembly is brought closer to component 110. In some embodiments, the spacers
may be adjustable such that the gap between the sense plate of probe assembly 150 and
the pins may be increased or decreased. For example, screws may be used to fine tune

the configuration of the spacers.

[0053] Turning now to FIG. 1B, a top view of component 110 is illustrated, which
may be beneficially tested as described herein. Here component 110 is a land grid array

(LGA) socket. An LGA socket is one type of component 110 that may be connected to



containing computer executable instructions. The software modules may be stored in memory 173 and
executed by processor 171, though this is just an illustrative embodiment and other storage locations
and executiS¥PratdASHA possible. In some WO 2011/087490PCT/US201 8008328 /40p238
embodiments, suitable computer executable modules are used to control test system 160 for testing of
circuit assembly 120. [0050]For testing chip sockets or, gther components with relatively small
conductive members, such as pin 113, that provide weak capacitive coupling to a sense plate in a
conventional probe assembly, one or more enhancements may be used to increase the accuracy of

capacitive testing. In som bqdiments..a low capacitance probe, as described in greater detalil
below, ma?:glellh%sesgﬂsﬁbﬁﬁr%ggnqae%ee 3}1 s(')l}1 §3\(/1Y|%Vc¥r?§ﬁ) a,C}ﬂaengé) ﬁ?caﬁ %%?ﬁlr%@'m%ebse& Lll%%d to provide a
controlled Apaesgrbienvetdp tdensatpthoa andrtod asswhkiyveichaehuvens. miceospgringynbay be small

enough to pravide reliable capacitive coupling, vet large enough to prevent conta ween the probe
assembly Iéqr? }} elcc??ﬁdrﬁgﬁ/‘éggeéné%s} i il%% %8%%%%?@%‘%@88%%&?&%3& pg'r%%%hgssembly
150 may beicorfigurddoicringskllionantoreecasidy foathdthincschp Stipkehar etteadsixbidare tbenponent.
Spacers may.be incorpo into,.one Q re of the pro ssembly, the cq r. the circuit
assembly S L I L e R R
greatly reducadtyiskithf plasblfepfedERicd ebthasseitbiy . My iglyerepsiogrs fommpperly positioning
asense plf:’lotrerned in any suitable way. For example, housing 111 may have raised portions within

the interior surface of component 110.

[0054] At least some of pins 116 of component 110 are intended to be connected to
signal paths on circuit assembly 120 (FIG. 1A). Any suitable type or combination of
types of pins may be used as part of component 110. For example, pins 116 may be
male, female, hermaphroditic, zero-insertion-force (ZIF), or any other type of interface
for forming an electrical connection. In some embodiments, a lever or other mechanical
structure (not shown) is provided with component 110 to securely fasten and release the
inserted microchip. Pins 116 may be shaped for electrical connection to the signal paths
on a circuit assembly in any suitable way, for example, by soldering. In the embodiment
illustrated, the solder ball attachment is used, though it should be appreciated that this

form of attachment is illustrative and other forms of attachment may be used.

[0055] In the illustrated embodiment, componerit 110 has a region 114 devoid of pins
116. Such a feature is common in LGA sockets. Region 114 may be a center region of
component 110 and may be completely surrounded by pins 116 as shown. Though,

component 110 may be populated by pins 116 in any suitable way.

[0056] As noted above, a spacer to provide a controlled separétion between a probe
assembly and the pins of a component may be incorporated into the probe, the
component and/or the circuit assembly. Accordingly, component 110 may include
spacers (not shown) for limiting insertion of a probe assembly into a cavity formed
within component 110. The spacers may be positioned to restrict the probe from further
encroaching on the surface of pins 116 when the sense plate of the probe is a
predetermined distance from pins 116. Though not shown in FIG. 1B, a component may

also be shaped to assist in laterally aligning a probe over of pins 116.



of the probe near compliant members, which are generally referred to as "pins," of component 110.
These "pins" are designed to make contact with pads on a semiconductor chip when it is inserted into
component WID2Hut087é%agile and easily damaged. The spacers may hav@aRy Sy si8ape and
may be positioned such that probe assembly contacts a housing of component 110 and/or a surface of
the circuit assembly's substrate 130 to prevent the pr_opée_assembly from contacting the pins as the
probe assembly is brought closer to component 110. In"'some embodiments, the spacers may be
adjustable such that the gap between the sense plate of probe assembly 150 and the pins may be

increased Q}% reased. For example, screws e,used to fipe tune th nfigutation of the
spacers. [(ﬁ ?"Ffurn%%orﬁlgg/\ﬁglln—?&g efé?i%%%/%%%? %g%%%ﬁr?eér§ ﬂ‘bﬁé} us raa'tgg,’ \l/?ﬁll%hu?éay be
beneficiallpdepirdcist acteticothpenein. 1H@ mapbheporyesi thbleitype afid aripoamatytih iy adeket. An
LGA socket is one type of component 110 tha y e conne to - 12 - circuit assembly 120 and
tested usir?éng ?&?h cé;%léé gn%gaﬁfgﬁ%ag%%%ﬁﬁgﬁhé)%rgglggf gflowsrga%c?btc?ﬁi S)%I%%Fés%% edona
circuit assambiyngathrthasoketn mddGi snekehea wmuitatmicadly apyshedsuitdidasypg @11 provides

mechanical support for pins 116 and the microchip. Housing 111 may have a side wall that acts as a
- component. . . . ! . .
lip" that eXtends above the surface of pins 116. The lip may completely or partially circumscribe pins

116 forming a cavity with pins 116 positioned at the cavity's floor. Though, housing 111 may be formed
in any suitl988kay. Flfpekariipeirates inrrossiseatigmavicrarbe nastisnefigshisctae 18@ridssurface of

Componeﬁﬁlﬁl@a@%ﬂéﬁﬁ@%ﬁﬁg}g{% g{a 4 4l sRmReRBR LA GE I RIEEs I Rifgonnected to

signal paths on circuit assembly 1 A). Any suitable type or combination of types of pins may

be used aPipart B cOm p'tm@imaas:@@.lhﬂarléféaﬁipﬁe! Kiref campragnsd Haee sennsried derflphitoditic,
zero-inserionsilRe(Hnan30YPLIRH BB PHIHRERFS. feroiaiorint P RIR IS 3hepBRREIRG: In some

embodiments, a |éver or other mechanical structure (not shown) is provided with component 110 to

securely fa8tals anamertheestitae dyredofrertaciionias estabisaingelsntijrad sondnssiyiénl connection
to the signglpailis HRsa FE e ﬁ?@%@’#ﬁtﬁ@&%&‘ tablenyaymies sxaPRiguByRAlesng. In the

embodiment illustrated, the solder ball attachment is used, - though it should be appreciated that this

form of attSEHRRSHOR PR Ath By bt SroNiAIA ARaK M BIRPRTA fos S UBRanfnd 23 fin the illustrated
embodimeptGeMRRRsHHdamtRIRRLbhdeNad L LiNsub b EriS HE alleatergsiziggmmon in LGA

sockets. Region 114 may be a center region of component 110 and may be completely surrounded by
pins 116 aBiEReuAsCHRdiRTinS Mdotestiyiie sibstricbillated by pins 116 in any suitable way.
[0059] Housing 111 of component 110 may have a lip 112 bounding a cavity within
which pins 116 reside. Lip 112 may circumscribe the perimeter of component 110 or

may be formed only at certain portions of housing 111.

[0060] FIG. 1C also illustrates a probe assembly 150 according to some
embodiments. Probe assembly 150 is connected to fixture over-clamp 193. In the
embodiment illustrated, probe assembly 150 includes a probe or probe head formed by a
sense plate 151 separated by a dielectric 152 from a guard plate 153. Sense plate 151
and guard plate 153 may be substantially parallel with one another. Sense plate 151 and
guard plate 153 may be made of any suitable highly conductive material, such as copper,
gold, alloys, other metals or suitably conductive materials. Both sense plate 151 and
guard plate 153 may be coupled by wires or other suitable conductors to a test system,
such as test system 160 (FIG. 1A). Guard plate 153 may be grounded to aid in isolating
the test environment between sense plate 151 and pins 116 from external electrical
signals that could disrupt measurement of a signal coupled between pins 116 and sense

plate 151.



[0056]As noted above, a spacer to provide a controlled separation between a probe assembly and the
pins of a component may be incorporated into the probe, the component and/or the circuit assembly.
AccordinglyWoapthEHPA 10 may include spacers (not shown) for limiting if$eHIERUPR32EBe
assembly into a cavity formed within component 110. The spacers may be positioned to restrict the
probe from further encroaching on the surface of pins HG when the sense plate of the probe is a
predetermined distance from pins 116. Though not shown in FIG. 1B, a component may also be
shaped to assist in laterally aligning a probe over of pins 116. - 13 - [0057]Though component 110 is

illustrated LGAssocket in EIG. 1B, it should beappreciated that component may be any
suitable ty@ gﬂomﬁ%@é? %ﬁf’f’[ %)row %esseﬁll?]%%f%?h%ﬁsﬁfa%?o O({:?rdc%?f %sggglr%ckt)@cl . Component 110
may be, faDietertrjald 52 ¢ pod femaibdyi anliel sookdiaeing B dosses htd aashinetio fraqenyyotiegesuitable
type of com nt. [0058]E1G..1C llustrates.in cross=section a view of. a.portion of test setup 100. As
iIIustrated,uc%%zﬁrégé%%I)gli%]lr%éiilél)egwgﬁjl?r? %Ig%e on A Aidure %8%3“8‘6%&‘.8%1@ pins 192. On

circuit asseniptyt@opaethi e { RO pehtciiltbaate cavdrpsdiethiy arie; thicaghemplsustabitrate 130 at

connectio%{%?ei:g{scllg. %gr&ge&tion points 115 may be solder joints or any other suitable type of
connection tor establishing Sfectrical conductivity between pins 116 and the signal paths (not shown)

formed on or in substrate 130. Connection points 115 may also provide mechanical support for

componenkt0f62] ThoWdtenifixwiccosaitsdampeli3 tdaierssl wndisahianl 28 ip oasiieaypzehs be used to
further seclug hpNsIng gty %’fﬁ%ﬁg@éﬁ i3 PO 3R {eHSIM A 1 53f £QpRRpEqt 110 may have

a lip 112 bounding a cavity within which pins 116 reside. Lip 112 may circumscribe the perimeter of

componenth1aeebithedyteradtemed Gafyras earnanbp assemb T Hilwity featurpsesoersingd blso
illustrates gRIGREARIETRIY hrtheekafMgiiuSARE in FIG. 1C, spacer 155 is provided on

probe assembly 150 to allow sense plate 151 of probe assembly 150 to come in close
proximity to, but not contact, pins 116. In the embodiment illustrated, spacer 155 is

designed to engage lip 112 on the housing 111 of component 110.

[0063] Spéciﬁcally, when spacer 155 is fully engaged with circuit assembly 120,
sense plate 151 is precluded from contacting pins 116. Sense plate 151 and pins 116 are
separated by a gap of a predetermined distance 199. In some embodiments, distance 199
of the gap in some embodiments may be less than 20 mils (1 mil = 1/1000 inch =

0.0254 mm). In other embodiments, distance 199 of the gap in some embodiments may
be less than 40 mils. In some other embodiments, distance 199 of the gap may be
between 10 mils and 20 mils. In yet some other embodiments, distance 199 is between

10 mils and 100 mils. Though, spacer 155 may be configured for any suitable gap width.

[0064] Spacer 155 is embodied as collar spacers in the illustration shown in FIG. 1C,
though any suitable type of spacer may be used. Example configurations of spacer 155
according to some embodiments are described with reference to FIGs. 2A-9E, below.
Though, those of skill in the art will appreciate that spacer 155 may take any suitable

form.

[0065] FIGs. 2A-2B illustrate in cross-section a portion of test setup 100 at different
stages of positioning probe assembly 150 using a spacer according to some
embodiments. In the embodiment illustrated in FIGs. 2A-2B, the spacer is embodied as
collar spacers 155A. FIG. 2A illustrates probe assembly 150 and circuit assembly 120

when the fixture over-clamp (not shown) is in a raised position. FIG. 2B illustrates



embodiments. Probe assembly 150 is connected to fixture over-clamp 193. In the embodiment
illustrated, probe assembly 150 includes a probe or probe head formed by a sense plate 151
separated byQ H&1&BHE0152 from a guard plate 153. Sense plate 151 and BUEMASAMEH09PISmay be
substantially parallel with one another. Sense plate 151 and guard plate 153 may be made of any
suitable highly conductive material, such as copper, gqld, alloys, other metals or suitably conductive
materials. Both sense plate 151 and guard plate 153 may be coupled by wires or other suitable
conductors to a test system, such as test system 160 (FIG. 1A). Guard plate 153 may be grounded to

aid in isolating the te Vir ent between n te 151 and pins 11 from external electrical
signals theﬁr8 El%sifg% Pl régggrgre agf%m F a 80[?;’) e(ljk?b thlel% %‘l’ﬁg Tg‘ Rt éhse plate 151. -

14 - [0061]Gueridl ml&eldzﬁ:% Iartﬁesmvsa@iqiesiltmnapeoeepasamwjoy mdﬂlmmaﬁﬁﬁ&eawé@wi@ 152 is

preferablyadle ctric a\zﬁw1 low Iosses F |nt fre enc e L a(ff for testl Syltable
fimitation e

dlelectrlcs‘fﬁcﬁy 0%? examp goamn 650 y%faﬁp l?(gsroe yle%n Is—lgf poﬁy rBonate and

polyethyleheush@ghl msmmwme&tummmmmmmwm Wihge pmbledmasrpbl% IS
lowered in_direction, 19 osmo ro assembl fog testin betwee 116 and sense
%‘6 nh ttﬁll c}ﬁg 0sif1 S}SI %H& thr gBagi’tlvg?éj tllngigg % tmra s on

plate 151 is aclhleve erac 10ROt features on SR
housing 1bt pédompdnent 110. In the example |Ilustrated in FIG. 1C, spacer 155 is provided on probe
assembly 150 to allow sense plate 151 of probe assembly 150 to come in close proximity to, but not

contact, pi &&]6 In @G5 PQ&EEE‘?@BA%E[ i?@c&ﬂ?%ﬁre&?é fﬁlﬁﬁé'%gggéﬁﬁﬁgé's%‘érﬂl?l}]l%@” the

housing 111 of component 110. [0063]Spe flcally,w en spacef 155 IS fully engaged with circuit

assembly M@nwnsemmeli$1s|gtmme@drdmaémtéﬁﬂrfg>mrmr§m @é?g@pmltswla&m pins 116
are separgigf,by. 9ap O RAGSIRIASE A Ifa s 2ied Brpat R omen Ofi‘eddééi?a{}ce 199 of the

gap in some embodiments may be less than 20 mils (1 mil = 1/1000 inch = 0.0254 mm) In other
embodimesnasatistasicbelggdiaRemaip sensepleterhbbtirhe resitiaedelessr gradlcrAam some other

embOdimeﬁEﬁngJﬁ{?‘l“fG 109 OO ERRIMRRARC LGS LB A LN IR VRS RMGATer

embodiments, distance 199 is between 10 mils and 100 mils. Though, spacer 155 may be configured
for any suitﬁ@f@@éﬁ%&ﬁd{@ﬁ@?%ﬁééﬁ%? iy exeplp @ serew|meysastid thetrositetrafion shown in

FIG. 1C, collar spacers 155A relative to sense plate 151 in a direction perpendicular to the surface

of sense plate 151.

[0067] Though collar spacers 155A are shown connected to guard plate 153, collar
spacers 155A may be integrated into probe assembly 150 in any suitable way. Collar
spacers 155A may be positioned along the entire perimeter of probe assembly 150, along
select portions of the perimeter, or at any suitable portion of probe assembly 150. For
example, collar spacers 155A may be located at a few discrete portions of the perimeter
of probe assembly 150 such as at corners, spaced along the perimeter, or on the
underside of probe assembly 150. Collar spacers 155A are provided at enough locations
to ensure that when probe assembly 150 is fully engaged the i)robe head is seated in a
stable position. For example, spacers may be provided at at least three points around the

perimeter of the probe to ensure stability.

[0068] FIGs. 3A-3B illustrate in cross-section a portion of test setup 100 at different
stages of positioning probe assembly 150 according to some other embodiments. Here
the spacer is embodied as collar spacers 155B which are configured to engage surfaces

196 of substrate 130 instead of or in addition to surfaces 197 of housing 111.

[0069] FIGs. 4A-4B illustrate in cross-sections a portion of test setup 100 at different

stages of positioning probe assembly 150 according to some other embodiments. The



though any suitable type of spacer may be used. Example configurations of spacer 155 according to
some embodiments are described with reference to FIGs. 2A-9E, below. Though, those of skill in the
art will appr@at8igii7éihcer 155 may take any suitable form. [0065]FIGs. PALABNUXMRESSN
cross-section a portion of test setup 100 at different stages of positioning probe assembly 150 using a
spacer according to some embodiments. In the embo ignent illustrated in FIGs. 2A-2B, the spacer is
embodied as collar spacers 155A. FIG. 2A illustrates probe assembly 150 and circuit assembly 120
when the fixture over-clamp (not shown) is in a raised position. FIG. 2B illustrates - 15 - probe
assembly 150 and circuit assembly 120 when the fixiure over-clamp is.in a Iowerigi ositjon. In the
lowered p8§ﬁfgﬁ ! sp?%%lél 5Isnse°r?rl11§y¥5‘ff?lsab§# |‘é‘ﬁrys ings%e%’e%l ?H%l (;tll%rgv(ff’jl orRedFitin <8 ﬁonent 110.
The collar gpasesssiffade dO6tatssbsieted IO Whéh fultyrengddedvh@ideisehidadeatiplds distance 199
from pins 116. W probe assembly 150 is in the fully engaged pasition shown in,FIG, 2B, capacitive
testing of E)lll lés‘]fthlerlrn‘ia 5%0%%}[#118‘(}1@ 138)6 Siiate gé)acr:ré? ?Agr%gf rél?:gr? |§ﬁrr%(}al8lf§hfully engage
circuit asseobhalysp28ewhés Bendy glgtedsshifaat 48¢ dbsutestralistetdte 199 from pins 116. For example,
while collar spacers 155A are shown flat in the illustrated embodiment, "L" shaped collar spacers may

be used tqgpshit SeprRePIAIe A1 10HA RESIINGY SASEROSdHRURE 8%

fggmt pi@ ng dn some
embodiments, a screw or other suitable adjustment mechanism may be used to a(?just dristance 199.
For example spaeseis inpgreohaorobe pissmblyofltshavlddzceppresnieddhatiespaernmaylate 151 in a

direction peipeadicaLiaihe SRS AR RIAL SRR BlusaliafisRapsgs 1954 are

shown connected to guard plate 153, collar'spacers 155A may be integrated into probe assembly 150
in any suitbiférenytypesiaf speraspITIBSTe Mgyl b qeosRRshen ihdesicainpriopnanteniipiobe
assembly 430, alpRgLSRI RRUIONS 58 ELREmRIRhiAL AL RicHHE IR RARIRMA! irahecagaembly 150.
For example, collar spacers 155A may be located at a few discrete portions of the perimeter of probe
assembly 188 sidiruld beappreeiateddbatmanyament tocmerge proboastsambho b Sindtbiowebt assembly

150. Collag spanrs;ba5A9 EIN au'ss abrRYeh esAlons R SHouEReksRenserls aesembly 150 is

fully engaged the probe héad is seated in a stable position. For example, spacers may be provided at

at least thitttaghsid s arbinggdHixpativnaeriomne Phyisepieehassarhbibmay T00BBHss t8A-3B illustrate
in Cross's%%txiﬁﬁbﬁéﬁ@rltiﬂpif?fa}?éltcs&ué%ﬁggﬂt g&fifl@.fﬁgbath. It should be appreciated that probe

assembly 150 need not move in an absolute sense. Rather, relative motion between the
probe assembly 150 and component 110 can achieve the desired position of probe
assembly 150 and component 110, even if such relative motion is achieved by motion of

the circuit assembly relative to probe assembly 150.

[0071] Turning now to FIGs. SA-5B, a cross-section of a portion of test setup 100 is
illustrated where the spacer is embodied in the form of ﬁsers 155C. Risers 155C are
positioned to extend below the surface of sense plate 151. The riser may be positioned
along the entire perimeter of probe assembly 150, along select portions of the perimeter
such as at the corners, spaced along the perimeter, on the underside of probe assembly |
150, or at any suitable portion of probe assembly 150. Risers 155C may be positioned to
contact any suitable surface. In this example, the risers are positioned to contact a
surface 195 of component 110 devoid of pins 116. Surface 195, for example, could be
around the perimeter of component 110 or in the center region of an LGA socket, such a
region 114 (FIG. 1B).

[0072] FIGs. 6A-6B show in cross-section a configuration similar to that shown in

FIGs. SA-5B. Here however, housing 111 of component 110 does not have a lip.



stages of positioning probe assembly 150 according to some other embodiments. Here the spacer is
embodied as collar spacers 155B which are configured to engage surfaces 196 of substrate 130
instead of oMf FHAifi®H® surfaces 197 of housing 111. - 16 - spacer is agBfTaBIIe238 collar
spacers 155B, though here collar spacers 155B only contacts surface 196 of substrate 130 when fully
engaged. While in this example housing 111 is shown \glithout a lip, housing 111 may have a lip portion
even though collar spacers 155B only engages surfac’196 of substrate 130. [0070]FIGs. 2A-4B have
illustrated several embodiments of test setup 100 where the spacer is is part of a probe assembly. It

should be ciat a r may engage any. suitable .compination of portiqns of component
110 and ol ite 130CB BTN UBAC ChEasc TRl be BREIP L AL SN BEGE Sup 00 1
any suitabdpaseryis\bbiifegnred asysae ity hpOneas bekrSpepifitd! pstieapung sisaigitodiadasn direction
198, it shauld be appreciated that.movement to en robe assemply 150 with cgircuit assembly 120
e take SYSTRAPRE e D0 B G SRS R EERS oy S ARRERE b Cningedfxture
over-clamplolibiiy spadeesd<sSHnhly corfigmedeantb santgabtopoeantt bifbie Bascaiblgriddigmany suitable
path. It shoul(g?bte ag,)énrec'qtgd ][lhattgrobe assemb. 1550rpsee%(g(pl%tf ve giln. n gbsolute sense. Rather,
relative mSHBHE BEREER the 5‘?0%% g%’éﬂ?ﬁlf}sfgﬁlar)(d clomponen A1 BN AR SR Hsired position
of probe assenwiheil poobedssemphnesd iklihsitvered foraneadating, motfacessi@dhionadty motion of the
circuit assemply relative to prohe a ly 150. [0071]Turning . now {o FIGs. 5A-5B, a cross-section of
a portion ot te %/esgﬁrr)of&f %elﬂmﬁbg rat%%nvlg%tr%ec?hle%;%%%rb?spé)ns(ilggg?éf(? \h q%nf?)?mog r?ié%rs 155C.
Risers 155pprtespdsiitondgpios i@ bg metonoine thatfacey besentde plaker 05 disthe¢isp IFGbe

positionedZ% ng.the entire perimeter o% be agsembly 15Q, along select portions, of the perimeter

Such a6 ATl LG Mo et L R o G B SR T B0 o et any

suitable pantianmpiopemivé B demhityg spacérssEySI thdy beagobéi grosidias part@Chotanighy/1smitable

surface. In this exekrgegle t{ne risers are positioned to contact a surface 195 of component 110 devoid of
tal ation

pins 116. glviace 5y example, could be around the perimeter of component 110 or in the center

region of an LGA socket, such a region 114 (FIG. IB). [0072]FIGs. 6A-6B show in cross-section a
configuratitEhilar FdGa Anddharer ustraizdsanbodimprats ef éestrstipntP0 15108 cotpprsiidat 110

does not h@éfﬁé%ﬁ?'(e. g. perpendicular to the surface of the circuit assembly) position probe
assembly 150 with respect to pins 116 of component 110. Lateral (e.g. parallel to the
surface of the circuit assembly) positioning of probe assembly 150 may be controlled to
ensure that probe assembly 150 appropriately fits within a cavity of a component housing
and that spacers appropriately engage to establish a vertical position. Any suitable
technique may be used to laterally position probe assembly 150 relative to a component
containing a pin under test. In some embodiments, lateral alignment may be achieved
based on the shape of the spacer either alone or in combination with a compliant
mechanism on probe assembly 150 that allows the lateral and/or vertical position of the
probe assembly to be controlled by features on the probe assembly, a component and/or

other parts of the circuit assembly.

[0075] Turning to FIG. 8A, probe assembly 150 is shown to be mounted to over-
clamp 193 through a compliance subassembly 156. Compliance subassembly 156 allows
for lateral and vertical movement of the probe with respect to fixture over-clamp 193. In
some embodiments, compliance subassembly may additionally permit probe assembly
150 to rotate and/or tilt or move in other dimensions such that positioning of the probe

assembly relative to a component under test is determined by alignment features.



- 17 - [0073]FIGs. 7A-7B illustrate in cross-section a portion of test setup 100 where the spacer is
configured as part of component 110. Specifically, the spacer is embodied as housing spacers 155D
which is forfYEWRAEHEH#UF housing 111 of component 110. Housing spacer$@5352418/¢33#ured and
arranged to prevent probe assembly 150 from contacting pins 116 when the probe assembly is
inserted into the cavity of component 110. When probé ssembly 150 is positioned for measuring,
surfaces 194 contact a surface of probe assembly 150. Surface 194 may be positioned to extend
above the upper surfaces of pins 116 by an amount that may be on the order of distance 199 (FIG.

2B). Thou sin acers 155D are sho long the.perimeter of the cayity formed in component
110, housfsﬁyas%:lce?(s-"S (i%gcbarrhcaeys Eas%%sﬁqyﬁg%smp%or §fl El%hosﬂr%@l |1r(1ﬁ gﬁyes%ﬁrgﬁlte %cation.
[0074]FIGguiia-{hB habe Hhssinbigol S0ninvelidesicediesitiontrglali®d wsinmpmppaaerttobearistadly (e.9.
perpendicub‘:\r to t{;e s%rE%ce of the circuitfflisrsemtiélg)t p gi}ioovg ;irtggg t%%secrg\utg_lé/cwg ‘{Yf%Q dr%c,pect to pins
116 of corft 8%’55 NLLR R *{%‘7‘5%&& TPHRR S arrace of the Circui asseanﬁyS1 positioning of probe

assembly pfdperigypbeittamticliprbbe eriturespieat for diepiss efitdphpOremp tofbreatimedits within a cavity of
a component housing and that spacers appropriately engage to establish a vertical position. Any

sutable tefpie My sesih AP ARSITO0 AN ASTRIONARD (SNE B AGaTBenent

containing a pin under test. In some em eral alignment may be achievedbased on the

shape of theapswespriphientiopéon: iﬁmﬂﬂn@i&n%iﬂ@mﬁlﬁﬁﬁﬁ'{l@cﬂi@mgrﬁcbﬂfmlﬁb@lé(ssemny
150 that allows e IR AR A CR BRSUIRR 10 RCoRER REATP F TP A% RECAARIRR QY features

on the probe assembly, a component and/or other parts of the circuit assembly. [0075]Turning to FIG.

8A, probe HeSaigidly touplsdtoniobs srsembinttPtofotss memabep Lobamd saepnd owmmbleades
subassemply &g@v&grgp@gmigﬂgg%%mgytmg{gmﬁgg {ggral and vertical movement of the probe

with respect to fixture over-clamp 193. In some embodiments, compliance subassembly may
additionally permit probe assembly 150 to rotate and/or tilt or move in other dimensigns such that

positionind @k prdBtei-amp R camrlians corslissiaay brysrddasieadaErninad Bl dtithment

features. g$piORICQMPIRRER SHNASSERMANbA I EFORIRALRhNYIL Buifingideatures that guide
the probe assembly 150 into a desired pasition relative to a component to be tested, allows the

positioningf%’é‘&?é%?lsfrﬁ%eﬁ%@T&%ﬁ%ﬂe{ﬁaﬁlﬂ@%ﬁ@@?%Bfréﬁr’f@‘ﬁ‘ﬂﬂ?é‘rﬁfposition the probe
with respegidehnesRIfs Theu SR MOIMRN LTS k@pledty, compliance subassembly 156 may

include other components, such as fasteners to connect it to over-clamp 193, or members

that limit the range of compliant motion of probe assembly 150.

[0079] Compliance subassembly 156 may have different movement properties in the
lateral direction than in the vertical direction and those movement properties need not be
linear. For example, compliance subassembly 156 may more easily allow lateral
movement than vertical movement. By allowing lateral movement with little resistance,
compliance subassembly 156 may prevent the head of probe assembly 150 from getting
“stuck” before spacers 155E are fully engaged and probe assembly 150 is properly
positioned for testing component 110. On the other hand, a firm response to vertical
pressure ensures that the spacers are fully engaged and the desired gap of distance 199

has been achieved.

[0080] In some embodiments, compliance subassembly 156 may permit vertical
movement up to about 400 mils. Lateral movement of about 50 mils in any lateral
direction may also be permitted. In various embodiments, compliance subassembly 156
allows movement in the vertical direction of at least 25, 50, 100, 200, 400 or 600 mils.
In various embodiments, compliance subassembly 156 may allow movement in the

lateral direction of at least 5, 10, 25, 50 or 100 mils. In some embodiments, compliance



[0077]In the embodiment illustrated, compliance subassembly 156 uses springs 163 to allow compliant
motion. Here, compliance subassembly 156 is shown schematically to include a first member 164
rigidly coup®@ VS ¢8mp 193 and a second member 165 rigidly couple@¢d H0E08832#bly 150.
First member 164 and second member 165 are shown to be compliantly coupled through springs 163.
[0078]Other forms of compliant couplings may be usqu'r]stead of or in addition to springs. Such
compliant couplings may be formed from stretchable, béndable, or compressible materials, or any
suitable complaint mechanism or combination of mechanisms. Though not shown for simplicity,

compliance subassem 15)% include ot rfém Qnen fast to.connect it to
over-clamﬁufggeén?bﬁ?le?n érgs&tﬁ]gétliflrr%te t Ses?rarllr?gl;e% 0] corﬁpﬁrﬁarﬁgﬁ%ﬁ?og} %?b%‘%ga;%%%rﬁgﬁ/r 150.
[0079]Conapiapd® B ishmstemiiBed P6sitimy.have different movement properties in the lateral direction

than in the vertical direction and those movement properties need not be linear. For example,

complianceigghpsseplbly soaapsvRle oy drieEphrepHRRRR dandRcal QBTN BY

allowing lateral movement with little resistance, compliance subassembly 156 may prevent the head of

probe ass8mpersediornsiinng piokkassemhlys fauiding featuses may khaplemerepbobe assembly
150 is propsrh, RAHURNGHA IR eRie-ERRP IR D BeRR NP RIBERRRAMIF [BTgPPONSE to vertical

pressure ensures that the spacers are fully engaged and the desired gap of distance 199 has been

achieved. {ooBOMSEIhe @Rtetireniisasssmbliahi® sysasEEHBhP YSBhEP ISR laveeed Hovement
up to aboyh 40QRils;deHerah a0 ¥eMRRE AAPOUb LIS HIRRY IR SiERIICH- Bt s bE Permitted.

In various embodiments, compliance subasSembly 156 allows movement in the vertical direction of at
least 25, 5050 Botheigsized HEsBUSHE pPslinsusIasiBuisHERESS fmpYiaHiabdashaeeandly 156 may
allow movggaiiimihe tatgea direction of at least 5, 10, 25, 50 or 100 mils. In some embodiments,
compliance WO 2011/087490PCT/US2010/003238 - 19 -

[0082] FIGs 8A-8C illustrate positioning of a probe assembly in an embodiment in
which the spacer is embodied as beveled spacers 155E. Beveled spacers 155E include a
beveled surface 188 positioned to engage a surface 187 with a complementary bevel on
housing 111 of component 110. Interaction of beveled surfaces 187 and 188 may guide
probe assembly 150 into alignment with pins 116 of component 110. As probe assembly
150 is lowered in direction 198, the guiding features, here the beveled surfaces 187 and
188 interact to provide alignment.

[0083] The length of the beveled surfaces of may be selected to ensure that the
maximum misalignment between probe assembly 150 and component 110 is
accommodated. The maximum misalignment may be characteristic of the positioning
accuracy of the fixture to which probe assembly 150 and circuit assembly 120 are
attached. Misalignment of component 110 on circuit assembly 120 may also be a factor.
The length of the beveled surface on probe assembly 150 and beveled surface on
component 110 should be chosen to ensure the initial contact between the two is at the
beveled surfaces. The surfaces are beveled with a steepness that ensures the friction
between the contacted surfaces of probe assembly 150 and component 110 and the
friction in compliance subassembly 156 is overcome. This allows probe assembly 150 to
be properly laterally aligned with component 110 without getting stuck. A shallow bevel
may be possible when there is low friction between the surfaces and within compliance
subassembly 156. A steeper bevel relaxes the need for low friction, but may require

component 110 have greater height. In some embodiments, the surfaces are beveled at



subassembly 156 returns probe assembly 150 to a neutral position when fixture over-clamp 193 is in
the raised position. [O081]FIG. 8A also provides an example of a spacer including guiding features
that may beW@2dtb08atIion a probe assembly. Guiding features may be infi§IEHEHHHOP3IR3S
appropriately shaping the surfaces contacted between probe assembly 150 and component 110
(and/or circuit assembly 120) when fixture over-clamp 193 is lowered to the test position. These
surfaces may be beveled and/or tapered to guide probe assembly 150 to the desired measurement
position. Though, surfaces of any suitable shape and position may be used. [0082]FIGs 8A-8C

illustrate positioni f.a praoh S i odiment.in which the sp is empodied as
beveled 363(%1’%1 e{'gg%b %‘%’vaelvg%ﬁ gpozmdaeeisgi%gg %%%egsb@he g Sd%gzgeerlg%?%%gmg#e%dF!})eengage a
surface 18nglitmaycberss|bast 2Gor B6isigneeholsiyes dtherafrobodpmeets; tkOsurfemeasctdhtf beveled

surfaces ]1)887\139 éB%&g&@%ﬁﬁ@g@gg@q /15 ) intg alignment with pins 116 of component 110.

As probe assem ere on 198, t gréaﬁisding features, here the beveled surfaces

187 and 188 interact to provide alignment. [0083]The length of the beveled surfaces of may be
selected t60884lre tHamMinnsisHDAsSSIRRINghHh adlonstiebs presmebisdemimshblatserlyithonent 110

is accommpadated. 1Thg; BRaIMHR RIS I8P Esh PR el (0 RS GIRIG ﬁfﬁ@p@&id%w accuracy of

i
the fixture to which probe assembly 150 and circuit assembly 120 are attached. Misaligrunent of

componerfisiantly Eh@ mexdsciinghadtepusr slaspel 3 setthatthis raigmtisty aligmed & thitrace on
probe assgmhba At RENNRISUHREERACLIOP A Hut RS Y FIGS SOREH IR SRRRYRE initial

contact between the two is at the beveled surfaces. The surfaces are beveled with a steepness that

ensures the faysenEEn BReRBLIdY sl AsINNeE BdsarINRr-CEnMP3dmplesehiol 10 and

the frictiondg GURRLANES:RSERMRVE It it AVEICAMEngis AOWEBIYRG R386HIAY kR0 be
properly laterally aligned with.component 110 without ge% stuck. A shallow bevel may be possible

when ther@ssofagtediviSnthefielionAErighe asssmbdydRRiindrspliande Suprebsastsirlzel SR steeper

bevel r_elamg the RERd iR TEIOR SHEMATRAHER FOINBRRSALIEBAYR SbRaiaahIght. In some
embodiments, the surfaces are beveled at - 20 - an angle 183 have a value of at least 10 30 degrees.

Though, irfétAtseabOHifhBraideecanyeh sy Hiangasash sbpbprb e atiaBbl s adist @B odiments,
the surfaces p ga%flk&v}eha%ﬁkasséemﬁe qisahpiik meevres tlosrdearaepIdd@R4lgempliance
allo

subassembly 15 ws probe assembly 150 to shift laterally to )
position of probe assembly 150 for testing is determinéd by the alignment features and

spacers rather than the point of attachment of probe assembly to over-clamp 193.

[0085] Those of skill in the art will appreciate that probe assembly 150 and
component 110 may be vertically and laterally aligned for test measurements using a
spacer and guiding features of any suitable configuration. FIGs. 8 A-8C illustrated an
embodiment of test setup 100 with beveled spacers to facilitate alignment. Alternatively,
beveled surfaces may be integrated into only one of probe assembly 150 and c’orﬁponent
110 or alternatively or additionally into a surface of a circuit assembly. Moreover, it is
not a requirement that the guiding features be beveled surfaces. Guiding features may be
implemented using curved surfaces, conical surfaces, or surfaces of any other suitable
shape. FIGs. 9A-9E illustrate further examples of embodiments with guiding features of
different shapes and positions. FIGs. 9A-9E do not illustrate a compliant mounting.
However, the probe assemblies illustrated in these embodiments may similarly be used

with a compliant mounting mechanism.

[0086] FIG. 9A illustrates in cross-section an embodiment where probe assembly
150 includes wing spacers 155F which are beveled “wings” for aligning the probe with a
component 110 having a lip portion 112 (see FIG. 3A). Wing spacers 155F may extend



be properly aligned with pins 116 of component 110. As shown in FIG. 8A, probe assembly 150 may
be attached to over-clamp 193 so that it is not initially aligned with its desired position relative to
component WID2Ni0ated in FIG. 8B, as probe assembly 150 moves toRéard55uifaéht 110,
such as may occur when over-clamp 193 is closed to test a circuit assembly, the beveled surfaces will
engage and, through a carnming action associated with the motion of probe assembly 150 in direction
198, probe assembly 150 will move in direction 189. Mation in direction 189 is possible because
compliance subassembly 156 provides enough compliance such that probe assembly shifts a distance
191 to properly align sense pjate 151, with pins 116, As jllystrated in FIG. 8C, th ition of probe
assemblyot?@ﬁc@%&?ndqg dﬁesrlrlﬁﬁih& ébf/aﬁ%]eoallg%rbneé’ﬁh‘éa Ured &h rcs)pggéﬁgnré glr% than the point of
attachmenhot ¢ cheaddse rbhptmeneurdentgst, $A 11 00BGET hquetadskilllip 1He artenilifgppbeciate that
probe assembly 150_and companent 110 may b rtically and laterally aligned E) r test measurements
Uiy & op ST RS Rt e e e Pt e B 38 an
embodimeanbeésteiisse tioptHObmiplorime cfbel tspatad sudfiacsl it@te ofliginp apacédser HisK weilt, sheeeled
surfaces may be integrated jnto only. o f probe.assembl: an?hc mponent 110 or alternatively
o adtort e 5 SR b ] L BB R e B SRERISbE it e guicing
features basbaublgd Sifaogsofidlippeattfes aseysb e lapientienprdhesisspniryetd surfaces, conical
surfaces, or surfaces of any other, suli cFle shape. FIGs. 9A-9E Jllustrate f rtg)er e les. of
embodimeaﬁt%r%fha%uﬁ'dﬁl%e}f/ga ﬁ‘r/(lat gﬁ ifféren gﬁggésﬁéﬁl Sp'?'onsll Pﬁ???@%? ,&VSE%[dg“gr? illustrate a
compliant atzouatting spimemy pre vhetprg e asseeniiitsfitus wratdat imghpiss enhiodineeatatyagcsimilarly be
used with g complant mouning.MEhARSM.JREOIRIC, O Ialiales in.oaR:sFRgn g embodiment
where probe gssemabfyT includes wing spacers wﬂf&:h are bevered wings for ahgning the
probe withpastoongoobetdskinbly i) avith soright itf{see] BfGodaLtingthsppparsut&sBsmay extend -
21 - beyond lip. porti 12 such that the he % i S.probe a I g ves
towarcs & IR RS2 ARy Shatle) TSSE Sl Mot tEe M TR R TR R T S o
vertically &igned with the component. As probe assembly 150 moves closer to the component, the
beveled surfaces 186 of wing spacers 155F will slide along the upper portions of lip 112, generating a

vertical forgpghpt Mqyes PEPRRASSRTRSHEPSHSJRIARG: HiRnERBbIRSRRSEIBRIRARIe probe

assembly to appropnat;l%enter a cavity of the component. In this embodiment, the beveled wings also

act as spatRACETpie\ A iy ah énshikscadiunaben af berelediapdorneied v facce hahasheeandiBbbe

assembly s fpardially, oS eshibiitienta ity IR asRIsSSr theoyssbRshiQreR WbkRSHg Y obe assembly
150 with straight surfaces 185 contacting the upper surfaces of lip portion 112, wing spacers 155F can

provide thadaRtad QrssriyeRrebaiassembly koA @s sowmipliE 8B ot babisaersahs: embodiment
where probgassgmily %@Qli?@ﬂﬁ@ﬁeﬁ%ﬁﬁ&%éé&ﬁp‘é@éﬁ'ﬂ iRelpehe HsenbepRtdRVSISsLARd tapered
e

surfaces that act as guiding features. In some embodiments, the housing of a component (not shown)
may be adifies weégﬁwé@ermﬁm}lmpwéhswm%@r-ga, such that when probe assembly
150 is fully engaged with the component, the probe's sense plate is properly aligned and spaced with

respect to [E88]ns IrFIG: 90ripatenés (R8s Sectibniltsthetasibalipsens ecppobangtisaibdmbodiment of

robe assempl .
P annc]lbc%mponent 110. Here, tapered spears 155H in probe assembly 150 and conical holes

in housing 111 serve and as guiding features and spacers for vertically and laterally
aligning probe assembly 150 with component 110. Similar considerations as were made
in choosing the width and slope of a beveled edges may be used in selecting the width
and slope of the taper. For example, the slope of the taper should be steep enough to
overcome friction between the tapered piece, the surface which it contacts, and the

internal friction of the compliance assembly.

[0089] FIG. 9D illustrates in cross-section yet another embodiment where guiding
features and spacers are used to achieve lateral alignment and vertical alignment. Here
spacers 155] have tapered spears which are used to provide lateral alignment and a collar

ensure proper vertical alignment of probe assembly 150.



and component 110. Here, tapered spears 155H in probe assembly 150 and conical holes in housing
111 serve and as guiding features and spacers for vertically and laterally aligning probe assembly 150
with compoNeA29I8StMilar considerations as were made in choosing the REdVYSA9d0418178%f a
beveled edges may be used in selecting the width and slope of the taper. For example, the slope of
the taper should be steep enough to overcome friction_hetween the tapered piece, the surface which it
contacts, and the internal friction of the compliance as8 mbly. [0089]FIG. 9D illustrates in
cross-section yet another embodiment where guiding features and spacers are used to achieve lateral

alignment ertical alignment. Here spacers 155J have tapered spears which are used to provide
atoral ol a0 RS PO pE CAF o HIEhE ST DPOp S BRSEIER) TS, 02
[0090]FIGhokesi itiledieis substaas-EaE heena dd b ali gx prople assehidjm & ot wittece taptasenlrilledl in
substrate 130 are use lign probe assembl 0 with.component 110. Here spacers 155K have a
pear portBFTREET O R AT ST REILES P LTALTL RS0 S PR EMon that
contacts tkatstrdect30f amhapisee poitiéhithidioonthet stresarpfiate df ectesoeshdidt@hoddirgnthihe pins.

[0091]Use of Sé)gg?er%h%n lore%u&dé? ggaé%;%%gr achieving lateral and/or vertical positioning of a probe

assembly iekel X|m|et§/lrto plhs ora componglrlﬂs'may increase the strength of a signal coupled to a

sense plate of the probe assembly. Consequently, more accurate testing may be performed. Another

approach Mlihprwwfesnwmﬁmg@dmﬁma foneckiguuiglitergrand/orredicabechniques
may be UsELAIGNSLbIN GRERR RaliaR PAPAI LAl IR el e3mBBRUANHAERAURY Of 2 Probe

assembly 150. As Ilfustrated, probe assembly 150 may further include a probe amplifier 154 electrically

connectedths seergtiphiie signalraibedipifienicalangibairohy asreaiyddsmeaysntired to amplify
the responge signal ¥oltage Aaleaiel gBrRGATEIP AlGotint- dPpFOIBE £5MR FRINRES: RIGRGamplifier 154

is a differential amplifier witha first terminal electrically connected by a first electrical lead to guard

plate 153 aeehvahi & sepoeidde sivaicerastiertls iohae dibesp jeahssausioneaydfdaeibalens eense plate
151. For expmpleiese amplifier 154 may be an operational amplifier. Though any suitable amplifier
may be used. In some embodiments, probe amplifier 154 may be augmented with a filter or designed
to filter the response si&cr)\al. The filter characteristics may be determined, for example, in accordance

with the tel8%ding fdMorkAAd BrsiEatesia SEsRasHipnQid portion of a probe assembly 150. As

illustrated, probe assembly 150 may further include a probe amplifier 154 electrically
connected to sense plate 151. Probe amplifier 154 may be of any suitable design

- configured to amplify the response signal voltage detected on sense plate 151. In some
embodiments, probe amplifier 154 is a differential amplifier with a first terminal
electrically connected by a first electrical leadvto guard plate 153 and with a second
terminal electrically connected by a second electrical lead to sense plate 151. For
example, probe amplifier 154 may be an operational amplifier. Though any suitable
amplifier may be used. In some embodiments, probe amplifier 154 may be augmented
with a filter or designed to filter the response signal. The filter characteristics may be
determined, for example, in accordance with the tests being performed or test signals

being used.

[0093] Sense plate 151 and guard plate 153 are capacitively coupled to each other
through dielectric 152. The amplitude of the signal coupled to sense plate 151 from a pin
under test may depend on the capacitance between sense plate 151 and guard plate 153.
In some embodiments, it may be desirable to reduce the capacitance between sense plate

151 and guard plate 153 to provide a low capacitance probe.

[0094] A low capacitance probe may be provided in any suitable way. According to

some embodiments, a low capacitance between the sense and guard plates is achieved by



[0093]Sense plate 151 and guard plate 153 are capacitively coupled to each other through dielectric
152. The amplitude of the signal coupled to sense plate 151 from a pin under test may depend on the
capacitance'e&Iteds st¥se plate 151 and guard plate 153. In some embodiGENE20AG2 e desirable
to reduce the capacitance between sense plate 151 and guard plate 153 to provide a low capacitance
probe. -23 - reducing a total surface area of guard plate 153 by introducing holes in its surface. When
compared to a conventional probe performing the saﬁ?é’fest, the voltage on sense plate 151 of the low
capacitance probe is larger before amplification by probe amplifier 154. Accordingly, the response

signal measyred on a low capacitance.probe ma Ve a superiqr signal to noise fatio, Jeading to
ore aco RS IS OB EA LT CEFRG 0D Sa FORHICBE 85 POIRRIG 1 CRbss of
dielectric ozhpatddisitshacaionaldiedbetperfoaicirigltioOeanitést, tRBvbhagsavsensopidew of guard
plate 153 a top view of sense plate 151, respectively. Sense plate 151 and d plate 153 may
have any 33 i?a%qé?’g Iilgﬁ'e(fagﬁﬂmﬁg%rﬁ%o %ﬁﬁgﬁﬁéﬁ?ﬁ‘é‘a ﬁ:\ﬁgaéﬁ‘gsafgrﬂfgﬁﬁ B@fﬁgﬂjﬁu res.
Acc;ordingﬂca?ﬁiﬁgeg@ @Bﬁgmﬁcﬁﬁé niaﬁlillr% is15a7s byl ugp@itaﬁdsmj&sbﬁﬁdagtlﬂmem% ;he overall
surface area of.guard plate G. . Holes ma rmed.jn quard plate. in any
Suitable wAUPSFET AR AR SIS BVER I TS G ABra e OR SR RSB plate 151
and guardrpistali®Be irdhecetanipdecdkisty sdie dhivknisksrdfalzdcate dd iR el disingskippaviowrinted circuit
board marzglggegctijrin%%tgchriiques to remove conductive material from guard plate 153. [0096]It should

be appreci h& 1€ HBles need not be filled with air. Any suitable approach that reduces the

amount of conductive material at the surface of the guard plate 153 facing sense plate 151 may be
used to fol#0## holdSG-d0BxEMprbowe hepedewasf igudust plate Q)S?ramb@if@mi@wﬁl,smossing the
plate to mRyg £PBpEUE ey ey e sy dack RALToh Tickagssehangductive
material, or reducing the conductance 0f conductive'matetial. Any of these techniques to create holes
may be acttiepedbyirsthroeinbedinpaisglhgntediae é\_ﬁh@ﬁhﬁﬂ@’mhﬁ&m@mﬁﬁl@@r I&Wﬂ?ﬁgﬁting or
otherwise &eé]%%'yglxbdo%?%%&gw ap&fg%vxﬁ%fﬁﬂt@gtu&mﬁtﬁrl?d@y%??9&&8&?@%@ pestigs of a
region. [0097]In some embodimeénts, guard plate 153 is separated from sense plate 151 by a distance,

d, and eacﬁuzfﬁcmeésalcsﬁghasl@@mmw@%w)hdip@sﬁéﬂmmeﬁwﬁémmhﬁmes with a
diameter tﬂ?&f@%&l?ﬁgﬁg& i 8 5 98 'S ic i esSnEd 40 R SRR BANLIMARRL b dRFedipmeter may

be 3 to 4 times'the . In yet'some other embodiments, the diameter may be about 10 times the
thickness. SenseiplateHs henssgvarg plate 153. In the example illustrated, circular holes are formed

using known printed circuit board manufacturing techniques to remove conductive

material from guard plate 153.

[0096] It should be appreciated that the holes need not be filled with air. Any
suitable approach that reduces the amount of conductive material at the surface of the
guard plate 153 facing sense plate 151 may be used to form the holes. For example, the
holes may be formed by removing material, embossing the plate to move conductive
material away from the surface, reducing the thickness of conductive material, or
reducing the conductance of conductive material. Any of these techniques to create
holes may be achieved by removing 6r changing material once in the form of a plate or
by depositing or otherwise selectively depositing or otherwise positioning material over

only selected portions of a region.

[0097] In some embodiments, guard plate 153 is separated from sense plate 151 by a
distance, d, and each of holes 157 has a diameter greater than d. For example, the holes
may be circles with a diameter that is at least equal to the dielectric thickness 184. In
some embodiments, the diameter may be 3 to 4 times the thickness. In yet some other

embodiments, the diameter may be about 10 times the thickness. Though, the holes may



- 24 - have other shapes than circles. In some embodiments, whether or not the holes are circular,
each hole 157 occupies an area of at least it( n d / 2 )2, where it may be, for example, 1, 3, 4, or 10.
For exampldYéh28he0g8m¥bdiment dielectric 152 has a thickness of about 50PGNIAaEHY YeERd%late 153
has a plurality of circular holes each having a diameter of about 100 mils. In some embodiments,
dielectric 152 has a thickness between 25 mils and 1594mils and the guard plate has holes each with a
surface area in the range of 0.00049 to 0.0177 square’inches (in2). [0098]Alternatively or additionally,
capacitance may be reduced by removing a portion 158 from guard plate 153 when probe assembly
150 is configured to test components having a center, portion without pins. Eor example, many LGA
socket derl\&es Vesgﬁ%‘ﬁsiﬁ rﬁlé{glfss'ee ?é?j f&?fprk%%%?aﬂ%h‘}%eﬁ%%%lg?et %esh P)n(lgsy Sve a removed
portion in gradaiccaeylanchs fespupiisgriatbe dbantimstin(sudh 2 Boekeirthaniaydbediorof pins. A
portion 159 may,similarly be ved from sense plate 151 as sd% WI). in 10C. This removed
portion ma‘@} 4 1%@733%0%‘2%?&% fBAPiah I&gfrgoc%?l\?vlﬁic gllg(%%%(gg 0] aﬁiﬁs?h‘%&?fous
embodimesftabpatrionailthdpdakt Hhatayl £2dhashaphiemBtyfeia rmar dbikiscsch. hadiighba 0.5, or 0.75 in2,
though, in some emg i the arga may be.greater or smaller. For example,,in one embodiment
portions 1§ Rsten e gr%%ﬁ;teéggﬁnﬁgvﬁl d?%rgféi{seiglrll% %f%%%?jt%%e?ngﬁ bgg m%s(f). d|kr{§)s.'s[0099]Fle.
11A-11B ibestrede 26 mésalditidiaheis bod the gt gjatrtaslbotes dachEBitisefulnface lanacapacitance

probe. In l%lllg.ralnlé 9P8.%8!f9°{50&8}]]7573sh3§rg%8§e% %f}alllgned vertlcqlly and horlzon'FaIIy in rows. As
shown, the rowssnaybé parallel with'one another and each row may include a plurality of holes 157.

Holes 157 have a maximum dimension, D, and have an edge-to-edge spacing between adjacent
member of ¥ tancAlsmatisshioerddsinmhiscapdsitangrenarde sidroad by (EBIMME B 130 mils (3.3

mm) and S5 1843895 0524 B P53 TRk o S A TS0 d iR Embagnents, D is i the

range of 50 to 100 mils and S is in the range of 10 to 30 mils. In some embodiments, D is in the range
of 100 to XBMpARERISchEVis PPN IABY IO Rins. Arhsugmplaymamnbiod0ekst D and S may

be used. 32qgnlhide ntPaRRfidrEee/Pie. @%.aﬁgt%%d%gyr,eg@ﬁat%&wq SihRhWayeEnters. In some

embodiments, the rows are staggered such that an angle is created between a hole in a row and a
nearest pdTBe Yrsl@otiemindis cenicrdnsirn cestampardingvaibe toeptiadmisshsa gecksidhatiay be

Detween 5568} BPpDGUREACTFIS0% Y AR AIALL WOl SATspiala!es| b aRshauard plate

153 are shown having a square shape, it should bé appreciated that they may take any suitable
shape. In $ofi&ehiodirhistemgied peedonmay alerastespiniord logatitpimaebporrsketo be

tested.  which is devoid of pins. In various embodiments, portions 158 and 159 may each have a

surface area of about 0.1, 0.25, 0.5, or 0.75 inz, though, in some embodiments the area
may be greater or smaller. For example, in one embodiment portions 158 and 159 may

each have dimensions of about 0.6 in. x 0.8 in. (0.48 in%).

[0099] FIGs. 11A-11B illustrate some additional embodiments of guard electrode
153 useful in a low capacitance probe. In FIG. 11A guard electrode 153 has holes 157
aligned vertically and horizontally in rows. As shown, the rows maybe parallel with one
another and each row may include a plurality of holes 157. Holes 157 have a maximum
dimension, D, and have an edge-to-edge spacing between adjacent member of a distance,
S. In some embodimenfs, D is in the range of 70 mils (1.8 mm) to 130 mils (3.3 mm)
and S is in the range of 27 mils (0.7 mm) to 33 mils (0.8 mm). In some embodiments, D
is in the range of 50 to 100 mils and S is in the range of 10 to 30 mils. In some '
embodiments, D is in the range of 100 to 150 mils and S is in the range of 30 to 50 mils.

Although any suitable value of D and S may be used.

[0100] FIG. 11B illustrates another embodiment of guard plate 153. Here holes 157 are

aligned in rows which are staggered. In the example shown, the center of each of holes



[0102] It should be appreciated that while circular holes were shown for guard plate 153 in examples
illustrated, the holes may take any shape and size. For example, the holes could be triangles, squares,
diamonds, Y130 W74P6ther shape or combination of shapes. The holes R&Y/HE2AIPANGEHE in a
hatched pattern. In some embodiments, holes 157 each have substantially the same size and shape.
Though, in other embodiments, holes 157 need not be, of the same size or shape. For example, holes
may each have an irregular shape and have irregular spacing. Holes 157 may account for any suitable
amount of the surface area of guard plate 153, as defined by the perimeter of the plate to reduce the
capacitan are robe without hol 5 ired level. For example, sense plate
151 and g%%fg’p g@lﬁ%ﬁ@e@%ﬁ r?z?\eg%éﬁi Area Ee%’ﬁsr'}éég tk?f/)t groe%}érstr}‘é%ﬁ\?rel[ﬁresfir;mefgg?ln some
embodimemntbotlimeneqsheeywseard sepseoccsunbsha. 46 a0gle (s togated betvied drhslemeambodiments,
the holes may account for at least or at most ercen h | area. Though, in other

em bodimerﬁgafheah%?(%rse% ?/lléggti)lﬁir’] Sor %“%%%%Bgé‘é;h?%é%ﬁ%‘%m‘éﬁ ‘éarggl,lguch as at least 25, 40
or 50 percanboditnerttstaharemlémsonbe betwocindhimdid L apduitimece Hehard 62t nsalpdate 151 and
guard plat80153 is less than 100 picofarads (pF). In some embodiments, the capacitance is less than
35 pF. In sonie embodiments, the capacitance is in the range of 10 to 20 pF. [0103] Having discussed
some em{0d0hENWhDE tessepiate 160, amd gvadd pliate dthdpusihg washaenpad Gharedkzapeeihod of
manufacturing,probe assembly.,l e brie i it er FlGs. 12-14 [0104] FIG. 12
is a flow cl%aor?lo& %er%%%%:éa &e Oﬂcl)?%tqehs%ﬁ' nr§£ w%k g‘%ﬁgggﬁpgg\ri:%%{i sg2 %&%5?2\ %s(tlgpg)le%si ]ee probe
assembly jdatemase bhapieshtedonitfothetciaqattisdantompthent deiksetedigdment should be sufficient to
ensure the alignment features between the probe assembly and circuit assembly are engaged when

brought infg RFtACHAI BReARRIhEEGRA Sl AlLeINS e ARFARI Wi Uit %?E'BPJ%W be

performed, for example, placing the circuit assembly in a test fixture to which robe is attached.

[0106] At $begx2mplenilysistedsbehplysanavatdenapyfbape And sissciivesunmey Behelsved together
while allovifig £oEPHARI N QR RESE RO HB e ah{FaiwEmabE s BERsRRYREIrcUit assembly.

In some embodiments, the probe and circuit assembly are brought into contact and the alignment

features caR@eeokiibplemBayPerImNEsdAR pRsdEEnaticray ROpPHESRIBNRES pins in the

componentsyf thenaiassartly BLOELA SRRRO3nIRE. PTEBEASHE YL nmsstiaikingerted into the
component. The component m\gg have a cavity formed therein to which the probe is partially inserted.
&

For exampilea ko treedngt haed theisanes size Pathans o dita §X5mpls AplsE mayishhave 8Bcket. The

probe assgpbivds MapRiNI eSS RPN SR OHB s VYBE Nl gash PR spRrobe assembly
is within the cavity formed in the component. For example, the sense plate of the probe assembly may

be inserte@MoentRf the fyfrsecasrekmsrdlatndadisn detinedrybaosamataraisheriyader. The

spacer mayRR{AHDesHALAMYCE WA YR 187 RBPIRItHIAIRACE 1 5o ARitsireetbas apsrtion of the
probe assembly, a portion of the component, a portion of the circuit assembly, or any suitable

combinati&ﬁmﬂr: SvtrPlsdmbRndrea s rirdAd Anevirechihaye aBgesaslsined S eifbodiments,

the spacerggsecGOERIRARBNMERsARAMBS MhiGhisMprk dRe A8 nElaMbyvaidhe sSPacaidg progjider vertical
and lateral alignment of the probe assembly with the component. Insertion is ful%qrﬁetstricted by the

spacer whn & sendedfEiBf-tHB B RRQdimtS thpheletannssanatdreatienst ffhins in the
componerhdgifiergeiceariimabtapspacThbian e uard tnbeaNidenve tikahales hadgraladiginment of

the probe assembly with the component. [0109] At step 205, a signal coupled to the sense plate of the

probe assEPhBIAISTH BESGRiB Bt At v e B RdSAFtESp SRS of BErseliRt BioRthr more pins
under testdreihaicopnRoa@bbdifemy) shendphiashBrBeReex claskiplatkyl SUitald g wiay plate

153 is less than 100 picofarads (pF). In some embodiments, the capacitance is less than

35 pF. In some embodiments, the capacitance is in the range of 10 to 20 pF.

[0103] Having discussed some embodiments of test setup 100, methods of testing using
test setup 100 and a method of manufacturing probe assembly 150 are briefly discussed
with reference to FIGs. 12-14.

[0104] FIG. 12 is a flow chart of a method 200 of testing pins of a component.



-27 - For example, the pin under test may be excited in accordance with capacitive opens testing
techniques. In some embodiments, the response signal is suitably amplified and filtered by the probe
assembly. [BMQA @Y HBEBIAIlY, the measured signal may be analyzed to deteRAIRESPOIEBAFSIe, if a pin
under test is properly connected to the circuit assembly. For example, the magnitude of the measured
signal may be compared to a threshold determined in g learn phase of testing. The result of comparing
the magnitude with the threshold may be indicated through any suitable output device. [0111] At step
206, a determination is made of whether there are any more tests to perform. For example, further

tests may rfprmed 4. test ather pins in the. com I her.test is to be performed, method
200 return@?ggjté{%g #08 }:’oﬁlgﬁé?eﬁﬁ,’eagﬁebnsl%a’ulgﬁto tagé%ﬂﬁgtfei tlﬁcg{]]?él?gérl%}ep% %l,u?naes e?)ng) 00 ends.
[0112] FIG e ehoesligfiowntshoudd AeseffictB00 forstastthg aignmdntfsdmés\betsiegnathow

capacitance prob a&gﬁm ly. ]0113] At step 301, a ignahis dri n_a signal line of the circuit
assembly. eetaesg'f3 Sig a?grggﬁ%%sésgg Ié,j%% g%%%%%%?#%#%yq %K\ﬁﬁl&fzgﬁc%% ‘év(letlrf?eor%?or. Any
suitable elauvitheal Spasdalyaligeingdiearebtemdigralitj@ssenibly stery 86 peafoespdnfs signal coupled
to a low capacitapncs pr ving: [ e Wi lit ' Gorexample, the
responss oL B e A e s = oot aystem
for analysis. The holes on the low capacitance probe's guard plate may take any suitable form. In

some emHO4MAEALSIER203Ich BRI ssRsmhle asd agmpyTonent A the gHeBihssewbINatuard plate as
defined by {Re-areaMitlin ik RAEWRIS L NG AL RISt BRI 8aME ABIeERPAdimRRtSy the holes

account for at least 50% of the surfaceé area. In some other embodiments, the total area of the holes is

at least 4009b¢ gi/ongHER hrsseble bopsemprmbeditenticthsPraReARd GiieHih 2pebhnister of the
sense plaigolpieimemaiemamiosingnts: hadaal arar ebMsbrleadadt lnast 3Rapof the surface

area of the sense plate as defined by the area within the perimeter of the sense plate. Though, the

holes mayPEREdiRg taesa\akienmsrt ahibamrohguatyningindhe semprasefuibsarcwo
2011/0874QQkp[yUS2010/003238 - 28 - [0115] At step 305, a test result is indicated based at least in
part on the response signal measured at step 303.

[0107] At step 203, the probe assembly is partially inserted into the component. The
component may have a cavity formed therein to which the probe is partially inserted.
For example, a socket may have a lip portion that surrounds part or all of the pins in the
socket. The probe assembly is partially inserted into the component when at least a
portion of the probe assembly is within the cavity formed in the component. For

example, the sense plate of the probe assembly may be inserted into the cavity.

[0108] At step 204, insertion of the probe is restricted by a spacer. The spacer may be
formed in any suitable way, for example, the spacer may be formed as a portion of the
probe assembly, a portion of the component, a portion of the circuit assembly, or any
suitable combination of the probe assembly, the component and the circuit assembly. In
some embodiments, the spacer may comprise alignment features which work in tandem
with the spacer to provider vertical and lateral alignment of the probe assembly with the
component. Insertion is fully restricted by the spacer when a sense plate of the probe
assembly is a predetermined distance from the pins in the component. Different portions
of the spacer may be used to provide vertical and lateral alignment of the probe assembly

with the component.

[0109] At step 205, a signal coupled to the sense plate of the probe assembly is
measured. The signal may be coupled in response to excitation of one or more pins

under test in the component. The pins under test may be excited in any suitable way.



[0116] At step 307, a determination is made as to whether there are any more tests to conduct. If the
determination is yes, method 300 continues to step 301. If the determination is no, method 300
continues tdcBAB710417] At step 309, subsequent steps in the manufa®Glif$ 33348 re
selected. The selection of the subsequent steps may be based, for example on the one or more test
results indicated at step 305. 101181 Methods 200 ang_300 may each be used as an intermediary step
in a manufacturing process for circuit assemblies. The‘measurement and/or test results collected as a
result of performing method 200 and 300 may be used for each circuit assembly to determine which
subsequenl sieps iy e MARUIRGLIING PIRPESS AL L0 0 perfarmed, ok g el assembly. For
example, i %Wle[e%IPsppér orted on the coniponen yie ded'a pos%ﬂve result® determination may be
made thatttstinggtegiuneuntshals lsesre propedimmngsaliecresptheschignilas seitably dhspinfiedestd have
failed, a degisio be mad nduct subsequent tests, to replace the component, or take
another sui éﬁ%ﬁépa{?gplﬁ. ﬁog%rar{l%eggénr%b%%diments, method 200 is performed using a low capacitance
probe assembly. [0119] FIG. 14 shows a flow chart of a method 400 for manufacturing a probe

assembly. [Obi0Ppticnalys the megswsed iigeaisediybsens yzrd e detembies Qicrxempleutiftrate.

Sense plaig Mmay ' A ing; erieleaRip RUBRIT {ddd] At step
403, a gua?d platgﬁg%/ﬁifr%ggoﬁrality of Eé%ﬁgﬂggﬁtg@%%%ﬁ%ﬁ% the gué?d% p%%li{s affixed to a

second supfaihs Bf eh¥ Bayderempaspd toonthieshadd dateypmest Horrdramiphage ®fder shown, in
reverse orglefns PEHETIGE SiFUdlaneaISiie Rl MRAPIFHR BIIRBIAYIRG Y 86 iRdibslielectric

substrate and tfien etched or milled with the desired holes. In another embodiment, the plate is
deposited Bt gharyeiaiabieRiBtbEsVic pattern with a plurality of holes. In yet another embodiment,
holes are formed through a plate which is then affixed to the dielectric substrate. In some - 29 -

embodimefitFl thaseapEbsVsfdetimmaticiReersalsEIVIRh eravialtel de e firirs wekae ey of the dielectric
substrate. In various embodiments, the guard plate has 10, 20, 50, 75, 100, 150 or 200 or more holes.

Though, tREGAER] BRtEFREP IS U] €3 4PRY Hﬁrﬂf)‘é?%’i’%@é??&)ﬁ‘ffﬂpﬁé‘b%@? a first electrical

lead is conyepsheddnenTtasgher il aeddadiigbiaiedinaboiodnoopifiats [0kl 20Sterditfuck second
electrical lead is connected from the sense pli%e to a Egﬁond terminal of the amplifier. In some

embodimeltfs StRECGLERR e RSANE AR RetBaR & Whilifier through one of the plurality of

holes in the guard plate. More specifically a through hole through the dielectric substrate and the guard
plate may [#H 12eBI6. fER shifvesse Bomdoblat wita et d 300 thor twtisg plateud tsscarhhlifismgrasome

embOd'mefE)tv%’ égﬁacitance probe assembly.

[0113] At step 301, a test signal is driven on a signal line of the circuit assembly. The
test signal may be supplied by a test system or by a virtual circuit generator. Any

suitable electrical signal may be used as a test signal.

[0114] At step 303, a response signal coupled to a low capacitance probe having a guard
plate with a plurality of holes is sensed. For example, the response signal may be
coupled to a sense plate of the probe, amplified and digitized by a test system for
analysis. The holes on the low capacitance probe’s guard plate may take any suitable
form. In some embodiments, the holes account for at least 25% of the total surface area
of the guard plate as defined by the area within the perimeter of the guard plate. In some
other embodiments, the holes account for at least 50% of the surface area. In some other
embodiments, the total area of the holes is at least 40% of the surface area of the sense
plate as defined by the area within the perimeter of the sense plate. In yet some other
embodiments, the total area of the holes 1s at least 50% of the surface area of the sense
plate as defined by the area within the perimeter of the sense plate. Though, the holes

may account for any suitable amount of guard plate surface area reduction.



lead is passed through a hole in the guard plate separate from the plurality of holes. The hole the lead
Is passed through may be a center removed region of the guard plate corresponding to a center region
without pins¥¥@ M HAEBEIOGA socket connectors. [0124] Having thus descrid&ratS¢H8{(08#38 lustrative
embodiment of the invention, various alterations, modifications, and improvements will readily occur to
those skilled in the art. Such alterations, modifications, and improvements are intended to be within the
scope of the invention. Accordingly, the foregoing de's%%ibtion is by way of example only and is not
intended as limiting. The invention is limited only as defined in the following claims and the equivalents

thereto. - 30 -.CLAIMS What js claimed is; 1. A method of configuring a circuit assembly for testing,
the circuitlgg%gﬁ?t\)}f tggrré{é%’s?nlg Sg rgglﬁﬁplgﬁgn{cﬁ?ﬁ]gaéga?g léaﬁsdt ggﬁ ﬁ%ﬁ’l&%‘f 6?%%03%ep%§lgafwithin the
cavity, therrestined eostgpridd3g acts of: partially inserting a probe into the cavity, the probe comprising a

sense plate; and  restricting further insertion of the probe with a spacer so as to position the sense

plate proxfiaigha s oL AR ARACR ERGCAMIBNIRG Malonctin spope Rl o at least

partially enter the cavity of the component while precluding contact between the probe and the plurality
of pins. 2comslughelfitie detaamnatiopisrsas; mhethehIBrrantiomeitstepa3fdudiididounding the cavity;

and determination is no, method 300 continues to step 309.

[0117] At step 309, subsequent steps in the manufacturing process are selected. The
selection of the subsequent steps may be based, for example on the one or more test

results indicated at step 305.

[0118] Methods 200 and 300 may each be used as an intermediary step in a
manufacturing process for circuit assemblies. The measurement and/or test results
collected as a result of performing method 200 and 300 may be used for each circuit
assembly to determine which subsequent steps in the manufacturing process are to be
performed for that circuit assembly. For example, if all tests performed on the
component yielded a positive result a determination may be made that the component has
been properly installed on the circuit assembly. If some tests have failed, a decision may
be made to conduct subsequent tests, to replace the component, or take another suitable
‘action. In some embodiments, method 200 is performed using a low capacitance probe

assembly.
[0119] FIG. 14 shows a flow chart of a method 400 for manufacturing a probe assembly.

[0120] At step 401, a sense plate is affixed to a first surface of a dielectric substrate.
Sense plate may be affixed, for example, by gluing the plate to the dielectric substrate.

[0121] At step 403, a guard plate having a plurality of holes is formed and at step 405
the guard plate is affixed to a second surface of the dielectric substrate. Steps 403 and
405 may be performed in the order shown, in reverse order or performed simultaneously.
For example, a plate may be glued to the dielectric substrate and then etched or milled
with the desired holes. In another embodiment, the plate is deposited onto the dielectric
substrate in a pattern with a plurality of holes. In yet another embodiment, holes are

formed through a plate which is then affixed to the dielectric substrate. In some



the act of restricting comprises contacting a collar portion of the probe to a lip portion of the housing.

3. The method of claim 1, wherein: the component is attached to a substrate of the circuit assembly;
and  the W& YHARTdIng comprises contacting a collar portion of the prdel#itAHLeM38trate of the
circuit assembly. 4. The method of claim 1, wherein: the spacer comprises a riser portion of the probe;
and the act of restricting comprises contacting thegs acer to a housing of the component. 5. The
method of claim 1, wherein: the spacer comprises a p6rtion of a housing of the component; and - 31 -
the act of restricting comprises contacting the probe to said portion of the housing.

embodiments, the second surface is a surface substantially parallel to the first surface of
the dielectric substrate. In various embodiments, the guard plate has 10, 20, 50, 75, 100,
150 or 200 or more holes. Though, the guard plate may have any suitable number of

holes.

[0122] At step 407 a first electrical lead is connected from the guard plate to a first

terminal of an amplifier.

[0123] At step 409, a second electrical lead is connected from the sense plate to a second
terminal of the amplifier. In some embodiments, the second electrical lead is provided to
the amplifier through one of the plurality of holes in the guard plate. More specifically a
through hole through the dielectric substrate and the guard plate may be used to feed the
second electrical lead from the sense plate to the amplifier. In some embodiments, the
lead is passed through a hole in the guard plate separate from the plurality of holes. The
hole the lead is passed through may be a center removed region of the guard plate

- corresponding to a center region without pins as in some LGA socket connectors.

[0124] Having thus described at least one illustrative embodiment of the invention,
various alterations, modifications, and improvements will readily occur to those skilled
in the art. Such alterations, modifications, and improvements are intended to be within
the scope of the invention. Accordingly, the foregoing description is by way of example
only and is not intended as limiting. The invention is limited only as defined in the

following claims and the equivalents thereto.



6. The method of claim 1, wherein the component is a connector. 7. The method of claim 1, wherein the
act of restricting further insertion comprises positioning the probe with a gap between the sense plate and
the plurality of pins, the gap having a width less thari”100 mils. 8. The method of claim 1, wherein: the
probe is a part of a probe assembly; and the act of partially inserting comprises: moving the probe
assembly in a first direction toward the componeij| ggngsating a force in a second direction transverse to
the first direction by engaging at least one guiding surface between the probe assembly and the
component, aligning the sense plate within the cavity by allowing motion of the probe assembly in the
second direaertas ¢nenelhe assembly moves in the first direction. 9. The method of claim 1, wherein
the component is a socket. 10. The method of claim 9, wherein the socket is a land grid array socket. 11.
The method of claim 1, further comprising:

1. A method of configuring a circuit assembly for testing, the circuit assembly
comprising a component with a cavity and a plurality of pins disposed within the cavity,
the method comprising acts of:
partially inserting a probe into the cavity, the probe comprising a sense plate; and
restricting further insertion of the probe with a spacer so as to position the sense
plate proximal the plurality of pins, the spacer being configured to allow the sense plate
to at least partially enter the cavity of the component while precluding contact between

the probe and the plurality of pins.

2. The method of claim 1, wherein:
the component comprises a housing bounding the cavity; and
the act of restricting comprises contacting a collar portion of the probe to a lip

portion of the housing.

3. The method of claim 1, wherein:
the component is attached to a substrate of the circuit assembly; and
the act of restricting comprises contacting a collar portion of the probe with the

substrate of the circuit assembly.

4. The method of claim 1, wherein:
the spacer comprises a riser portion of the probe; and
the act of restricting comprises contacting the spacer to a housing of the

component.

5. The method of claim 1, wherein:

the spacer comprises a portion of a housing of the component; and



exciting a test signal on a trace of the circuit assembly coupled to a pin under test of the component;
measuring a magnitude of the test signal capacitivql¥ coupled to the probe; and indicating a test result

based on the magnitude of the test signal coupled to %he probe. 12.A process of manufacturing a circuit
assembly, comprising: - 32 - testing circuit assemblies in accordance with the method of claim 11, the

circuit assemblies hgingtestediabgrpdirprost eorbchagrceebetaranyfstisnng hrsheasngerformed;

and for each circuit assembly tested, selecting steps in a second portion of the process of
manufacturing based on the indicated test result. 13. A system comprising: a circuit assembly having a

component \gith a pfueiidtid PET| ARrobfHeavineha sanperRiates #bshnector.

7. The method of claim 1, wherein the act of restricting further insertion comprises
positioning the probe with a gap between the sense plate and the plurality of pins, the gap

having a width less than 100 mils.

8. The method of claim 1, wherein:
the probe is a part of a probe assembly; and
the act of partially inserting comprises:
moving the probe assembly in a first direction toward the component;
generating a force in a second direction transverse to the first direction by
engaging at least one guiding surface between the probe assembly and the component,
aligning the sense plate within the cavity by allowing motion of the probe

assembly in the second direction as the probe assembly moves in the first direction.
9. The method of claim 1, wherein the component is a socket.
10.  The method of claim 9, wherein the socket is a land grid array socket.

11. The method of claim 1, further comprising:

exciting a test signal on a trace of the circuit assembly coupled to a pin under test
of the component;

measuring a magnitude of the test signal capacitively coupled to the probe; and

indicating a test result based on the magnitude of the test signal coupled to the
probe.

12. A process of manufacturing a circuit assembly, comprising:



a spacer shaped to separate the sense plate and the plurality of pins by a gap when the sense plate is at
least partially inserted into the component. 14. The system of claim 13, wherein: the component
further comprises a housing having a cavity bounde 2b_y a lip portion; and the spacer is attached to
the probe and contacts the lip portion when the probe is partially inserted into the cavity and the sense

plate and the pluraliggigine AtesertiRéethicbrignR Whh Thensiam PERiaM 1 3naviadein: the plurality

of pins are disposed within a cavity of the. component; and the spacer is attached to the probe and
contacts a sFFSERPBeYRE IR dEH e 2R B RHRATYAR Bﬁgﬂféﬁﬁoﬁ%ﬁsti%fIWﬁ%’é?FéHr|ﬂﬂ)hﬁ§ebE%ity and the

sense plate paddheeaiiaity of pins are separated by the gap. 16. The system of claim 13, wherein: the
component further comprises a_housif?gl' and the spacer forms a riser portion of the probe that

contacts a surface SR&CRGISHIGPE b/o%%%éﬁle&h%s{ﬁe%%@@%R&Wﬁh@%ﬁsmm&%e
component griviBRAGMEIBiScanshtihe Ploialitd aépirsare separated by the gap.

13. A system comprising:
a circuit assembly having a component with a plurality of pins;
a probe having a sense plate; and
a spacer shaped to separate the sense plate and the plurality of pins by a gap when

the sense plate is at least partially inserted into the component.

14, The system of claim 13, wherein:

the component further comprises a housing having a cavity bounded by a lip
portion; and

the spacer is attached to the probe and contacts the lip portion when the probe is
partially inserted into the cavity and the sense plate and the plurality of pins are separated
by the gap.

15.  The system of claim 13, wherein:

the plurality of pins are disposed within a cavity of the component; and

the spacer is attached to the probe and contacts a surface of the circuit assembly
when the probe is partially inserted into the cavity and the sense plate and the plurality of

pins are separated by the gap.

16. The system of claim 13, wherein:

the component further comprises a housing; and

the spacer forms a riser portion of the probe that contacts a surface of the housing
of the component when the probe is partially inserted into the component and the sense

plate and the plurality of pins are separated by the gap.



- 33 - 17. The system of claim 13, wherein: the component further comprises a housing; and the
spacer forms a portion of the housing that contacts g{,i;urface of the probe when the probe is partially

inserted into the component and the sense plate andthe plurality of pins are separated by the gap. 18.

The system of claim 13, wherein the component is a connector. 19. The system of claim 13, wherein the
probe is configured to output a signal capacitively coupled to the probe from a pin among the plurality of
pins. 20. The_system of claim 13, wherein the component is a socket. 21. The system of claim 20,

wherein: e solRESSEMAREGAM APy 88ERt having a cavity adapted to receive an electronic device;
the cavity comprisegadipgiondd firHiuealiypinnaisdjspased on the floor of the cavity.

the spacer forms a portion of the housing that contacts a surface of the probe
when the probe is partially inserted into the component and the sense plate and the
plurality of pins are separated by the gap.

18.  The system of claim 13, wherein the component is a connector.,

19.  The system of claim 13, wherein the probe is configured to output a signal

capacitively coupled to the probe from a pin among the plurality of pins.
20. The system of claim 13, wherein the component is a socket.

21.  The system of claim 20, wherein:

the socket is a land grid array socket having a cavity adapted to receive an
electronic device;

the cavity comprises a floor; and

the plurality of pins are disposed on the floor of the cavity.

22.  The system of claim 13, wherein the spacer comprises an alignment feature for
aligning the probe with the component in a transverse direction with respect to a direction
of the gap.

23.  The system of claim 22, wherein the probe is part of a probe assembly, the probe
assembly further comprising a compliance subassembly for permitting transverse
displacement of the probe.

24. A probe assembly for testing a plurality of pins exposed on an upper surface of a
component of a circuit assembly, the component comprising a cavity in which the
plurality of pins are exposed, the probe assembly comprising:



22. The system of claim 13, wherein the spacer comprises an alignment feature for aligning the probe
with the component in a transverse direction with respect to a direction of the gap. 23. The system of
claim 22, wherein the probe is part of a probe assembly, the probe assembly further comprising a
compliance subassembly for permitting transverse displacement of the probe. 24. A probe assembly for
testing a plurality opRisexR@sash@n an upper surface of a component of a circuit assembly, the
component comprising a cavity in which the plurality of pins are exposed, the probe assembly comprising:

- 34 - a sense plate? $HRfer ataced 19, e RO ARSEMAYr UMSRARRRINY #ieedRadhasEiRgeded and
positioned tprEGHdE ARItAT HE hepReslar NaietM4tDItha iBjuRliMOlRERSERRAstEIgeNse plate is

disposed parallel to and separated from the upper surface b a%%@) of less than 100 mils, the spacer

being shapet'tBUSABWARY YA RSRATISH TR RS HPAR SHIAFERY CHAR Br!se BBMHEhRIE. 25. The

probe assentldyspadciaiEifsiapedandiesprosinie pPalao i de uanrtatheeatiiface ol ikedtitreit assembly
when the sense F)Iate and the plurality of pins are separated by the gap. 26. The probe assembly of claim

24, further cORATPRIAG an amplifier configured to amplify a signal coupled to the sense plate. 27. The
probe assembly of claim 24, wherein: the component comprises a housing having a cavity formed

therein, the cavity heing bounded by a portion of the housing around the pluraljty of pins comprising a lip
portion. the Braiy) BY DAL RN ALAIEHA oF ¢RDELRRJE spacer i conigured to cohtact &

surface of the circuit assembly when the sense plate and the plurality of pins are

separated by the gap.

26.  The probe assembly of claim 24, further comprising an amplifier configured to

amplify a signal coupled to the sense plate.

27.  The probe assembly of claim 24, wherein:

the component comprises a housing having a cavity formed therein, the cavity
being bounded by a portion of the housing around the plurality of pins comprising a lip
portion, the plurality of pins being at a bottom of the cavity;

when the sense plate and the plurality of pins are separated by the gap, the probe

assembly is partially inserted into the cavity.

28. The probe assembly of claim 27, wherein the spacer is a collar portion of the
probe assembly configured to contact the lip portion when the sense plate and the

plurality of pins are separated by the gap.
29. The probe assembly of claim 24, further comprising an alignment feature, the
alignment feature being sized and positioned to engage the circuit assembly and align the

sense plate in a direction transverse to a direction of the gap.

30. The probe assembly of claim 29, wherein the probe assembly further comprises a



when the sense plate and the plurality of pins are separated by the gap, the probe assembly is partially
inserted into the cavity. 28. The probe assembly of ¢laim 27, wherein the spacer is a collar portion of the
probe assembly configured to contact the lip portionWhen the sense plate and the plurality of pins are
separated by the gap. 29. The probe assembly of claim 24, further comprising an alignment feature, the
alignment feaiigi aniRsssiEaskATl MRS NG iR eRIRYE dheisHRUiRGRaTblY adaliartngense plate in
a direction transverse to a direction of the gap. 30. The probe assembly of claim 29, wherein the probe

assembly fulflec?! EBIMBRG RN e a0aqes i ey R85 Ynbly for permitting transverse displacement of

the sense plate when the alignment feature engages the circuit assembly.



