- 1 - CAPACI TI VE OPENS TESTI NG | N LOW SI GNAL ENVI RONMVENTS BACKGROUND Fi el d
of the Invention [0001] The invention relates generally to testing of
circuit aseentlise®p and nore particularly to capaciti vePredatseog/oaf23s
connections to pins of conponents of the circuit assenbly. Description of
Rel ated Art [00021During the manufacture of printed circuit board (PCB)
assenblies, testing is performed at one or nore stages to ensure that the
fini shed product functions adequately. In some manufacturing operations,
circuit assenblies are first tested before any conponents are nounted to
them The conponents nmay be separately tested before they are attached to

2t ached. o ARG os OFRR EsTEINAW SIGRALE DR ORRRENES monent s are

properly attached. Such testing includes "opens" tests and "shorts" tests
that indicate defects in attachnent of contact points of the conponents to
the circuit assenbly. These cont EO|nts are generally referred to as
"pins," even though the contact QNP ake many shapes, incl uding
posts, gull wng |eads or solder balls. [0003] One approach to testing the

connect 'P‘?Eﬁ tfﬂ%eﬁfn()éntl %] call ed capacitive testing. In a capacitive "opens”
test, a probe I'nCl udes a, sense plate i s pressed agai nst a conponent

with a pinto be tested. A test signal is generated at a point on the
circuit [ae(‘hk]rﬂi‘ﬂeyintzémitonshlateh@ehﬁamm&mrgbﬁmcuhasmnblieacmd mast in a

properly ctured.circui senbl | f the under test is properly
connecté%ﬁ‘rtf Tatrﬁ’etoé’?i’%ﬁh‘i“fe tﬁ@é‘@d‘? c)?nn?‘ﬁ%nf B)SR‘“§P5§HPPWGPTS st from the
circuit @ |y through the pin to conducting structures within the
conponent. Though the probe plate is separated fromthose conducting
structures, the test signal can capacitively couple to the probe plate.
Duri ng dDQSGSPtIOHW@NQerecel ved at the probe plate is analyzed to
determ ne whether the test signal WO 2011/ 087490PCT/ US2010/ 003238

[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



- 2 - has been capacitively coupled to the probe plate, indicating that
there is a good connection between the assenbly and the pin of the
conmponentwO[20004874Phough capacitive testing nay be desir &blras2e10/0b3238 not
been wi dely used for certain types of conponents. For exanple, sockets have
not been wi dely tested using capacitive test techniques. Sockets generally
contain a cavity shaped to receive a sereonductor chip or other conponent.
The pins of the socket extend into the cavity and provide spring contacts
to which the other conponent can be connected. The socket can be sol dered
to the qiak 6bdr capa&iaibllyXoapldd tdtheGhbtie slate, indicating that e is@dzoothen the socket
is tested without the conponent inserted, there is little conductive

st r uct ureennestion detrrerdhe assemblyrangtihe pincofitae compeneat. applied to a pin under
test can couple to a probe plate. Accordingly, even when a pin under test
IS prop con 2 Cclloul 414 LEL T Gl el i ably
det ect 36Q%4daci ?ﬁ %@g"a@gﬂgf‘gﬁé Sgg%%nag?%?aéﬁﬁﬁl?iéﬁ%dg?loggéé;dh‘gwleliyk% flﬁgﬂod of -
errors weeaainttesdsiofgomiposerns. Borsaxakple, sagkets Have abybeenGoidelyl testsdusng nst ances,

t he probe has been |nsertegBi nto the

cket to i.ncrease the . anpbunt of the
test si gRICIRGUSHEEChAYe ?Wﬂeﬁlﬁ.com%ﬁ?‘fltx ﬁ?@%?‘fﬁoﬁﬁc%lvﬁ? obe into the

cavity iRbfQiHGaST éﬁg'épéﬁﬁf%rﬁ#or%inﬁ kTRE pin® BF ARtsbiitkt 2REndAMB W Ghvihe Pi ns.
[ 0006] Also, 1t Is known to 1nclude a guard plate in a probe for capacitive
t est i ng.andlpeovgdaspting @ntactsto ovldeh themtisarcomppherttealh bo nomwieetedr iThalsockstse t hat

coul d change the signal .detected at e sense at e.enqugh.,t,0 produce an
err oneoﬁ“?’gﬁﬁeg’?ﬁgﬁe W@dﬁﬁﬁgﬁ‘i ; ?%Vgt?rbwséﬁ?‘?o%agﬁ%; tively
testing Rkrahd iesdl widdaekicoMpohéht Inseied thére IS ERIRRONdUE vBsRUEHRMNIthe 2 | OW
signal environnent. The system i nproves capacitive coupling between pins in

a conporfepket dhronglewhiohm st signabapnlicddad pin wedes éespran eouple t@ aprebeplate- a t est
system Jhe_probe is rtially.i r. i ] sense
pl ate i sA(f)cr0 g\ggolty e%\%enﬁ’gl% 3 aséégélé ‘riéﬂf% %6%7?%8 ﬁ{igg?llgﬁr;égtetﬁ ﬁé@%ﬂggﬁ Pshslght?y ’ E@ rsrponent ,
pr event i difficifB@eliably ddiect picapaciflVidy spapled tepy tyeiltificrbadihg thedikelihosd of t he

probe so that the sense plate .
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



WO 2011/ 087490PCT/ US2010/ 003238 - 3 - and the pins are separated by a gap.
The depth of insertion and corresponding width of the gap is determ ned by
t he desi gnoabitvdses9spacer. [0008] The spacer may be conf iPGUASA010/003208
suitable way to limt the insertion of the probe so that the sense plate
and the pins are separated by the gap. The spacer may be a portion of the
probe or may be integrated into the conpdrent under test or other part of
the circuit assenbly containing the conmponent. A spacer on the probe may
contact any suitable |l ocation on the circuit assenbly to create a gap snal

enough tyad ald us ;ﬁ@%@%@h@d ®3R3smb! MHe depthfiingridd dHlldoriéspi@end Ridihef pi ns of
the conponent being tested. In some enbodi ments, the spacer 1s a collar on
t he pr oltke gapas detsrmined by dhhdestgmef the spaser.conponent . For exanpl e, the col | ar
may contact a lip portion of the housing surrounding the cavity. The collar

may alt el . J E.CHI I I t
Sone. ot 0T chacal e CoBeBLhTh B} Suipbid I8y 0 fitiuhe ASGEBR oY me 1 V€
subst r atpeotafsotthet the senge plaksarithe pirsard sopatatedisethicigap. Tha spaemal bera

enbodi ments, the spacer is _a .nenber of the probe that extends beyond the
sur f ace POFHANHRS té%a@geera}a@bgﬁateg@mdazefost £158 eﬂ%hl@ﬁ?r,tesaorp FPHSPEi on of

the co : I | . qﬁp:p | t he
pr obe m@ﬁxg&&%ﬁ%@&g? gié’ﬂ apgxﬁé glg'lc? IHXP ?gﬁ&%&%%ﬂhﬁgﬁgnpongﬁm'ﬁ}é pr obe
may be rsoitatletbcatiomomtheldrcai sssenlibly ti ¢reata gapisgahttenvugliotol allovoadeguiter

structure that cent.ers.the sense plate ov the co nent as, the probe is
Toved t GREAHNAHOUBIing titho S BT 46 RN Y LG CABREET JoayBe dBRBMeant | y
mount ed ehodimhMfs,itRe §faBerS¥ATbl1A ¢h BE phdiR that'@HiaktsasikRRRofIkeh that final
positioning of the sense plate nay be controlled by positioning of the

conponersompadent. Fes exaniide,1tb¢ Teldarinray esitast adipipertidreoitberhowsing sursousdintgor ned
11 U, LR, MG e GRS e SREPARSE e ST B

bet ween te an roves’‘coupl i ng

bet ween yehsonid shepfidbddimeashe pedtal dntatisebotiieticnding @ud the@ibsitge o8grRs t he
signal to noise ratio of the coupled signal, increasing the reliability of
t he t esteircai§gssembly to limit ingertiom. grseme ptienmbpdmreaiy, thesPrEET IS p ARV ent i on

and e nb%qitl{@aﬂ]oﬁe hﬁ? Eﬁgﬂdsvﬂelyl)n@ ﬁaetkﬁ}fra% of'tﬂg SEmsk ?)‘ﬁﬂe W&rﬁgﬁs 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.



followi ng detailed description is read in conjunction with the acconpanying
drawing figures. In the figures, elenents are not necessarily drawn to
scal e. | rwQenavmli490l i ke el enments appearing in rultiple PCHIISe&0ma03238
identified by a like reference designation. In the drawings: [0013]FI G 1A
Is a sketch of a test setup configured for capacitive testing in which
enbodi nents of the invention may be prae#i-ced; [0014]FIG 1B is a top view
of a conponent that may be tested using the inventive principles as
described herein; [0015]FIG 1Cis 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 conmponent housing at different stages of positioning the probe for

capacitive testing of piBRIEtDERERIB &t PRAOVINGE| Gs. 3A and 3B are

cross-sections illustrating a portion of a test setup including a probe
havi ng cer : ' | |y and a
5 of Jo0BAnCTRF Akt o RbAincit RS b ert hddibba AREEER Y Dot or
capaci t ifuBowingtdetujled despiripionts tché ircconpamreeioh wififid 8¢ donfgmanyihy dradingB ar e
cross-sections illustratjing an alternativ_fy nbodi nent ﬁ‘f a portion of a
test setfiEyresndn s f!rﬂ@"ras’ﬁ 19,236 NAGNereSIHORIaNRAP ferde-t B &Bhthdikes substrat e

of a cirguj . ; t ; P for
capaci t ie\@/ée%h%nég?lfp%gh J(1)$/ ‘.’f}.s“ﬁgipgéf ﬁé&%ﬁ%ﬁ%ﬁﬁe@ byp‘qﬁ&et refedtd &Eﬁ&ﬁid}{? 9n |
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] FI Gs. 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 wba1108monent housing at different stages of pogiuszanionsy3s he
probe for capacitive testing of pins of the component; - 5 - [0020]FI Gs.
6A and 6B are cross-sections illustrating a portion of a test setup

I ncl udi ng a probe having a spacer adapted-.to contact a surface of the
housi ng of a conponent at different stages of positioning the probe for
capacitive testing of pins of the conponent; [0021]FIGs. 7A and 7B are

CrOSS-Sgﬁgiojn_s Rl Ald 619aR 6?9#—&69@0 fiuas&aﬁﬁgasp%h% biEleydichh @ conponent
havi ng ousing wth a spacer adapted to contdct a surface of "a probe at
di f f er entclsdingaprobe lposig a spacemgadaptedpo obwtadtarsucfapaof theheusisgbfag of pi ns of

t he conponent; [O FI Gs. 8A:-8C.are cross-sections.illustratin portion
of o ¢ o SOMBRnEAS LTI SPeey O LGRS (BRI O FAGCA B S AL PR a1 1 ve
testing tgéc&hp&]eg{; a conponent, the probe having a bevel ed spacer adapted
to self-align the probe upon contact a |lip of a conponent housi ng; '
[0023]FIG 9A is a cross-section of a probe having a bevel ed spacer adapted
to sel f-[0023Ign FHes. Jrotul T atg arpssaseetaonsoHusiratiog aporiionef & teakssslipb| v ;

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;



[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 conponent of a circuit
assenbl y;wpQORBSHIG 9C is a cross-section illustratingraTaseaioons2e$ a test
setup including a probe having a tapered spacer adapted to self-align the
probe with a conmponent of a circuit assenbly; [0026]FIG 9D is a
cross-section illustrating a portion of -&-test setup including a probe
having a plurality of spacers adapted to self-align the probe with a
conponent of a circuit assenbly; [0027]FIG 9E is a cross section

i | lustraphzyg a pRGIOEsQplan VRWM ofSPiudRd platd o 109 Giphéifhiee PRbeREcdtdRigur al ity
of spacers adapted to self-align the probe with a conponent of a circuit
assenbl yto spr0O2BpPiBIENtHA i s a cross-section illustrating a | ow capaci.tance

probe assenbly; WO 2011/087490PCT/ US2010/ 003238 - 6-
[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



100291 FIG 10Bis a plan view of a guard plate of a | ow capacitance probe
according to sone enbodi nents; [0030]FIG 10Cis a plan view of a sense

pl at e of wwoOl0w/mBapaci t ance probe according to sonme enboecwarst&/0pREB1] FI G
11A is a plan view of a guard plate of a | ow capacitance probe according to
sone alternative enbodi nents; [0032]FIG 11B is a plan view of a guard
plate of a | ow capacitance probe accordi-iig to yet other alternative

enbodi ments; [0033]FIG 12 is a flow diagram of a nmethod for testing a
circuit assenbly according to sone enbodi nents; [0034]FIG 13 is a flow

di agr am eI MR pIoBE WiftStht BEmPofdnt C Beleldd s£1aPENd IGTN A M B2 i
enbodi nenf’s; and _

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



[0035]FIG 14 is a flow diagramof a nethod of manufacturing a probe
assenbl y. DETAI LED DESCRI PTI ON [ 0036] The i nventor has recogni zed and

appr eci atwo 20hAB749apaci ti ve opens testing for sone type®CofUSCINOG268
conponents, including chip sockets, has been |inmted because of the risk of
damagi ng the conponents during the testing process which has led to the
test probe being separated fromthe conpdrent under test by too great a

di stance for a test signal to be reliably detected. The inventor has
recogni zed and appreciated that capacitive testing can be nade feasible by

reduci ngnhd B8, Fop kxBhpl6aMBESih An8QTRR DEFNS] 18)n 46PN ATE the telt SN € Proper
alignnment of a test probe with a respective conponent of a circuit assenbly

to be t eslldg.cogpled tapiacidBsvithin compenertildOr Baring tie sast. ©thasignahpathsopr obe

assenbl y.is. moved,.i h tin i.tian er mp.ned. si ze
xi ot < FUPTLERRRY [iEmh) Be bt J4aRitinsNes s BRPoRlent IR SHEIERH

addi ti orrhet @il iM@ughtn Rmbpaimants inl wisikh 3 pést sigfal(dn &her A paths Wik spacers
may be configured to assist in the lateral = WD 2011/ 087490PCT/ US2010/ 003238
- 7 - amopinteriare yfithithe tesing el pintld 3¢ otberdga Raths maysimplanegpsly s drivgn

surf aces,,; 0 | - ' ;9. Rosi tion.
[0037] TRAT HpB e Ml oA iBediAg (B Al oo B b Rl sk B

coupl ed illastatddaatFIGr bbe may be i nproved by using a | ow capacitance probe
for testing. The | ow capacitance effectively increases the anplitude of the

respons i gnal _coupl.ed to the prob romthe conponent. | ncreas) t he
respons 30@(8 nal T8 te§h 1S qonnectio (Wégli Wélgﬁ%}ﬁaﬁeﬂ%y A§$’§é°‘?%%ﬁ58n§1¥31%@he_
reliabili} b¥si@énddteat Esthpdeatd 10. THEEndniY QPR si coABIH Fr8He admBRPr eci at ed
that a | ow capacitance probe may be achi eved by reducing the surface area

of a gud’5@ npyaindicatEhvehetherfpae endar éest by ispropertiuecmaedtyd.pr ovi di ng hol es over
the surface of the guard plate. A suitable set of holes reduces the probe's

capacit whi till bl r t ,Qn j i st

et ronlil T oBrEeptem kT MARS3AE AR S LRIRL RS il BRI
conponerhapdcifivedy ceupted Gointpinasédtheyt 1120 ThEptdpeties Sdudh asthe digplitads] ofis part
of a manufacturing process for producing. circuit assenblies. Crcuit
assenbl yhatest sigral Gergled tosprebe assemblys S0 Wilkdepsad gn the quadigy ef theui t board

(PCB)., %B%%}Sn%&!%% ifd si%a%ﬁ@?l@%#&@%ﬁ@&%& 135C BoPSxApiL Garkel and

conponent rcurt as be nounted In a fixture of test
set up 1@Oupledsignhbmay irdicatethe tpireundes tésh iy proparbdeomaectédh evhilieatsurall may i ncl ude

a fixture over:cl al so not, sho to which probe assenbly. 150 is
connect &QUP élgi“?ﬁ?qg}‘ éu%ﬁ?étrtﬂ‘EF@H% %mﬁgthmbm(@rfﬁt hpyeRParElesitcalssenbl y
120 to Rgnh&teUedheish, HaPIn tatfoh b rilErefsotise Sighsluhly asepdidh)ihd §pbert est ed.

I n sonme enbodi nents, the fixture over-clanp has a cl'am'shell design which
al | ows pesbbeingpsefiobhed. 150 to be | owered into an appropriate position for
conducting a test and raised to replace the circuit assenbly w th anot her

cireut [ﬁﬁiﬁ”b' Ma?ev%? sitgggltig%upled 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



[ 0039] According to sone enbodi nents, a test system 160 perforns a
capacitive opens test on a pin 113 on a conponent 110 by generating a test
si gnal orwe iigsadool ead 161 (see also FIG 1B). The testrcgiuseab/oixr3g hen
coupled to a signal path 123 on circuit assenbly 120 that, in a properly
manuf actured circuit assenbly, is coupled to the pin under test. Signal
path 123 may be any suitable type of ele@trical trace for propagating
signals on circuit assenbly 120. The test signal nay include a tine varying
signal, which, if the pin under test is properly connected to circuit
assembl yyal2 BHuriny 15 WakEPhdse, measBremdridCarBintadeloRra RYAEMN SseinbledlgrcRitn under
test is pi'n 11371 n conponent 110, the test signal w1l be coupled to pin
113 wi t lassembdyrpunhghat thd charmiieristigs Dﬁ'rtzspomts;gr@gwehensthgmﬂs agaodsleomical r cui t
assenbly 120 ..may be held a constant voltage .test. gystem 160 during

t he testCOBI?eCH?)?%ﬁwe\‘;gﬁ.ggﬁ%&ﬁgh,anﬁiﬁ pélh%%elr ﬁ?ﬁﬁ?y?’%lé&ﬂ%&ﬁaa test signal on
ot her signal paths will not interfere with the testing of pin 113, other
signal 100433 mapssilustatedDeRetsttup 100 idconfgured ttesitdnadledtisd] comgedba. O her
possi bl e test actjons are possible, but for sinplicit not illustrated in

FI G 1. bebyeeopsimat path 123 ane pisrander st b1f3%W‘&H@eﬂblm-¥%%ﬁaﬂs%@§éhlﬁ?y 130,
A ; nd _ "
probe a%és%g]ﬁﬁecgss%ﬁ% bé%ﬂ%?b&%@ﬁﬁ%@g%%ﬁ%&éﬁ% anﬁ*la%cﬂ@sﬁibsneglféoh e

signal cou to probe asse may | at e whether pin under test
113 i s piropitassgmbbntz; testing [ Odeéddibrdoineoasstioh withlbfinglegindea campenag pl at e
to which the Lje.steéi nal lﬁ ca citiéelg{ oup] ed f{‘om i n under test
113. ThdopiBBEFLY-cHOWEYRThit shoyld be yhderstogd that giher Rinsopdhe QMRAEHE ed to

pr obe a%ﬁﬁ%hls%sé&@atéﬁ kith%%&@@@mﬁ@néxﬂ@c&ﬂ@bé teétedlin bREmAKMARLH QR Detween the
signal path 123 and pin under test 113. For exanple, a |arge coupled signal

may i ndidifi¢rentttireespion whede sighals tissosiafpdopigh tegtingofet ednpementcorgpismalll  coupl ed
si gnal nmay. suggest..the. si | pa and the pin under test have a poor

el ectri 618}/1@?52%%(‘%%5&“&93@3@&%&‘?Sﬁ?lgrtﬁ?eet ation of the response signal
may depend on the type of test being perfornmed. [0042] What ever signal is

coupl ed [0044)r ObE sassldmel appiolitdiBtiatEIGR Nl 1bdtiaesh oheGppfoavh €egenevdtihgabgnal
path 162, to test system 160. Test system 160 and corrguter 170 may be

conf i gurseshalsobutipihey approdehesase possdle | Brihe eambadimeng diusyated je Fiaal Attgstof t he
I tri i t b QR : i t. Th

r espons S A ERTE Lo RE I EERa i B BRI MBS 1A oF, By MELIHEC et er

to faci lenit@denangltlsiest syfieat 1 b be toifigmyd parohaohasithgralevigepaeb as ng  of

t he response signal befare providing the response signal to a conputer 170.
Conput erdeYieg 17hfo6t BGhYIryah e §RFPE sﬂ}ef%%tea&%gwi% igpignpl 1 esponse
si gnal tgygaekestayeeterdh May bOf pdd tb%n@ﬂa%?t%;ﬁ'sg@la)l/sc&?ég ' l} Qths B¢ Eu}[fﬁg n

signal path 123 and pin under test 113.7 Specific tures of
r esponseuajealayaFartheralegeriptidnyo fanethedseof capfritive tdsting maybe fhexdhéor t he

Fat ur cEXBRRIP eyt PR B R B HEHLAoRDR e OB e TP ALK

enpi ri cajohdd”dVB! PévisidRRPRtcRNASRiQAtioh BePNo. 61185,0981ah@bF st 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



- 9 - way. During the |l earn phase, neasurenents are made on a properly
assenbled circuit assenbly such that the characteristics of response

si gnal s wherrotisr40i s a good el ectrical connection bet weem/us2&i0®nzBs pat h
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 conponent 110-10Because the sane test process nmay
be used for each of pins 116 on conponent 110 and each component on circuit
assenbly 120, testing is described in connection with a single pin on a
conpone %nfi@ﬁraﬁbrﬁ%‘ drfy hY exdi¥1BY Ghougi ilRbeHbslad&pandenRtsORd: HRin Pédrer pins
on the sanme conponent” and pins associ ated wth other conponénts coul d be

t est ed iandzomippier 70 frayiicembodieddisfaf ngle teviceresimmpementhd mearsy gther s
associateqlﬂjth testing of one conponent or pin will not interfere with
testing YF*BENEYs, at the same tine. [0044]1t shoul d be appreciated that
FIG 1 illustrates one approach to generating test signals, but other

appr oacleg46jr e Pasessolk €71 hiaytbeangkhshlepricedsingddvicetstch us) fot éxandple t est
system 160 i s _connected to signal path 123 directly by signal |lead 161. In
some ot Hef neplimitatie acentralrpeassing pait dePYgoligda] sigrakprioeessar Ao cont r ol
anot her LBE, i | K i.qnal generator
That | gerGREpiE: papdafie RIS, denbral bfpftclol BRmsd iddflocBlelE, Doy be

conf i gurmeidrdconggeliy aideessalsle nsc@peadcesson prograaimabdd processoq pyogamhmblee way.

Further descriptigon of nethods of capacitjve testing may be found, for
exanpl e GoRtroNy ﬁ%caa?fgpraﬁ%%@a cigf °9rggql|eﬁg°r@r1¥@fbe?é%t%é%nweaSi%s on a
printed ghiguit 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

whi ch arl@04@8r ei Mémeryrlddmaaycr injegratédmémprocessor hél andéont inppincludetiofle pat ent
applications describe tegchniqu i.n_which itive,tests are rf or med
iSi g t 4P SRR mRLPY AESEled PROtasRer (EDASTP I STHE HEOHBEL it e
based onnoEdSWHG MREnforis 99 elagtseste WbhiWarthbdulésthp Wﬁedﬁmﬁteﬂ%?}processor

si mul t aneousl y, which can allow detection of faults instead of or in

addi t i onl HlpesioEmns:. depisebfuactign.yMemory hohimayde aajsedahlatypg of kampuiee

techni q%@?daﬂ%sﬁéﬂag%eﬁﬁlﬁFﬁl:haafs,efo?%%kﬁﬁ%ﬁ PBPlix%ﬂ%{ticgrprIiﬁlgﬂ gcapacitive
testing of circuit asse 1es.” - s configurationd s only an exanple.
Though idanogthmdlegy-bsed apmiaty coneortrsoretflppy diss s, mompatt disd, opiqalitises, 170 may
be enbodi ed, as singl e device or inplemented in_apy other suitable way.
0046] Pristade gad R0 VoRalerergaty %dfqeéza%grﬁ%é@fgé,i ﬂ?@ﬂmwssﬁ%rﬁ_dé_% for
exanpl e a4l Beduid doRkikatatiBhs irAriERrbBanfh AE &3t WY br 6B emitbtivcalr Si gnal
processor (DSP), controller, addres3able controller, general or special
pur pose devicesprotles sagjbletemputenstovige engdiwddr essabl e mi cr opr ocessor,
programmabl e processor, programable controller, dedicated processor,

173y R cSioubier a0 dMY BBt R aRal RR R bbb Ray por 1 MY

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



chip” nmenory that may be accessible to processor 171, for exanple, via a
menory bus (not shown). Menory 173 may store software nodul es that when
execut ed w9 2priosessor 171 performa desired function. Meomrs2did®o3zay be any
suitabl e type of conputer-readabl e storage nedi um such as, for exanple and
not limtation, RAM a nanotechnol ogy-based nenory, one or nore floppy

di scs, conpact discs, optical discs, volatile and non-vol atile nenory

devi ces, magnetic tapes, flash nmenories, hard disk drive, circuit
configurations in Field Programmable Gate Arrays, or other sem conduct or

devi ces, ., HodfhORE, suftil Qbﬁﬁﬁ@%ﬁfﬁb&trﬁB@lﬂ& e ki 9%?&6@%%5?[60170 may

be programmed to control the overall test process. For exanple, conputer
170 may foetestiig givizuitestensdy dp0.100 to test other pins on circuit assenbly
120. If conmputer 170 determines a test fails, additional tests may be

f identjfy t f the failure. . ter 17 t put
o or a8l anotpt ting Hfe SSGE oghe sarpandHE i RERRNLEY el ARthizeDy o
print er, mehbéYsusk Bslpinf1G! (Mt prRRidRAHk ABAEETScAplifg iChbdnsapstdil & 120 to

ot her manufacturing equipnment for use in subsequent stages of manufacture.
[ 0049] Coepuendionalzgrohagsspmbly gac eompta enhapsameaptsmppy be ysedseriacigesgthes, each

Ctor oo {HOHAREPG BroTRERRLAE. i olTe R D ARG o T

i |1 ust r adesoribedrth gebares dictafirbdlon, irdy B¢ adedge | ocati ons and execution means are
possible. In some WO 2011/087490PCT/ US2010/ 003238 - 11 - enbodi nents,
sui tabl e conput er execut abl e nodul es are used to control test system 160

for testiOfigtlor évliemativelyarangiipnaby, mechamielrgrtutes SHavRy ¥Rl [ BOMKES or
other cORARHRAI Spanalbelilaas eéﬁée/u%llﬁfsainh EOBTHBLAVEmERBBR! TheSPalin@iapi n_ 113,

that provide we pacitive co Ing to a sense plate 1n a conventional
probe aswemidllgnouple taopronileaeliabiia capaniive soumingh getuared enoughtorpesamt t he
accuracy of capacitjve testing.. In . some enbodi ments |l ow capaci t ance
ot obe. - roRtac BN Ge InepriffCiss olyaRd TR BB R Guigh ey Ve casiy
[ 005_111” da®d38d | PR leXarBple2pidbt SNRATHIY 1 50RGY BB ic6Rfi gre@ tdtifSrii®lY infSa USAE) t O
provi de a

formed in a chip socket or other similar component. Spacers may be incorporated into

one or more of the probe assembly, the component or the circuit assembly substrate to

allow a sense plate to be positioned close to pins of the chip socket with a greatly

reduced risk of damage.

[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



control |l ed spaci ng between a sense plate and the conductive nenbers. The
spaci ng may be small enough to provide reliable capacitive coupling, yet
| ar ge enowglzotispevent contact between the probe assenipCy/usnaeonobi23s
conductive el enents, which nmay be easily danaged For exanple, probe
assenbly 150 may be configured for insertion into a cavity fornmed in a chip
socket or other simlar conponent. Spacel2s- may be incorporated into one or
nore of the probe assenbly, the conponent or the circuit assenbly substrate
to allow a sense plate to be positioned close to pins of the chip socket
with a gieait biseh®OHER arld ekte®@lisil2 BB cap2NarnddProbeassemsrP| Pheldobkeray have
spacers for properly positioning a sense plate of the probe near conpliant
nember s allgiyis @mnamhg:etnéqeapatyd pBASIcB agssmbly syshrikatthemicreelppmeaytbe110. These
" pi ns” t p when
1 1 TAEHRTR AR S A T st BetRaR) SRR GORM TG hnd el “TEE
spacers mmch@ve{ammgsm 1traby Bavehiegide aatl tiaclias potbt tanetieadicdbovbaie pr obe
assenbly contacts a housi ng of conponent 110 and/or a_surface of the
ci rcuit SHEa&R] n)n% 19, pkher lin ’é‘aXSQTnt“'t?iY@VB%ﬁlatlhélr?}th§§§§nlﬂl6f°W%

cont act 'an&vft (}gﬁs 250 é& i e@gf"th%%ﬁel kY10 : a%tfserf%ﬁrl rtntQ%BQ nponent

110. In sorre e pacers 0be a uch at the gap
bet ween fohredsiarang spitahlem;/ ﬁoobmxaﬂs,ehdulsmg 130 nmydlatvh eaipedsortranys Withinncr eased
or decre sed. . For exa scre may be used to fine tune the

conf i gurtht /TS sukace ﬁQHEPE““[g§53]Turning nowto FIG 1B, a top view of
conponent 110 is illustrated, which may be beneficially tested as descri bed

herein. [bgs4 COmPRASNYordeldF lmﬁs 1 6 G bntonental10aYe {Hi&aled 306K 8bnnefiedlt&A socket

is one type of conponent 110 that may be connected to - 12 - circuit
assenbl ysigrabpathgion elsftletjasg@mhlg 120 (Blﬁcbﬁs)am)am@b]@rtmoa@mbmwwn afhe socket

al | ons m_cr.ochi seat on.a cir t ) he

m croch:’%?SPer’srtffpbnés 'ﬁ%ﬁaﬁeg g‘ﬁ (rggﬁ%r\r/l 8“6“}\%?16 Fg %ﬂigﬁr%é\(;]iqg %?ns%:hanl cal
SUppor t rhale, feinake, Adienaphtbditie zeilocm@@rtib@.foﬂde@zm)gorla:hgz ofiest tiisevef iatesface Wal |
that acts as a I| " that extends_above the surface of pins 116. The lip

may conpPefosmingzn ?J&?WP%ICPS}HQ&UPBUﬁ%é‘?m%émbPﬁ@em%ahYFﬁ%@thaf wachanicali t h
ins 11
Por e SR COPRLD i B AR St | B HELAfnd Bt

porti OnSnWrﬁeﬂmcﬁolepi rﬁmsrllcﬁrms;ubé sleaped fforcaleqimiced cdnreton Ecﬂﬁﬁ&]ml p&hst sone
of pins 116 .of corrpoqent 110 .afe intended t e connectﬁ(bj nal pat hs

on ci rc it GELifAssembly dn apy wyitagleywayador exampls, by spldsang, FReRtof
types ofjpisedte Laic 88l aﬁ‘&:hﬂféﬁﬁ isfse@ qmﬁgholcﬂ@be Eﬂﬁe@ié@ﬁ%zﬁ thi@i Nns 116

may be male, fémale, hermaphroditic, Zero-insertion-force (ZIF), or any
ot her t yfpen of attavherehbiséllastrativornd q@leaforeﬂs of attachaient mauebctusgch I n some
enbodi nent s, a | ever or other mechani cal structure (not shown) is provided

Pins 110009 be el Gibd FRACFoRRGE: FERR A B DR IEPRE on

circuit 1asssm,ibhy fedtur@ny céitiinonlth EGMRYockeR! RSl 16, miybs o ceaerd ﬂ%glonkﬂ' t he
enbodi ment illustrated, the solder ball attachment is used, though it

shoul d sempeperidilQand mayRe qomnpletebrswionndsd bicping A6 psshownsThanghye and
ot her fQkﬁﬁfggﬁqﬁbQ&ﬂmﬁﬁ%ﬁﬁ¥¥%P§%§§§ lggggéﬁéhgmﬂgwa§jl ustrat ed enbodi nent,

conponent regi

[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. 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.



116. Such a feature is comon in LGA sockets. Region 114 nay be a center
regi on of conponent 110 and may be conpletely surrounded by pins 116 as
shown. Thwoghir/mseponent 110 nmay be popul ated by pins 1PETius2@apoxest abl e
way. [0056] As noted above, a spacer to provide a controlled separation
bet ween a probe assenbly and the pins of a conponent may be incorporated
into the probe, the conponent and/or thelikircuit assenbly. Accordingly,
conponent 110 nmay include spacers (not shown) for limting insertion of a
probe assenbly into a cavity formed wi thin conponent 110. The spacers may

be posi t[pgsAd t ThH&SE EdnfiorleRE] 1 8 Rustrafid A UhTIGA s661E RARIT.NB, AshblR sur face

of pins 116 when the sense plate of the probe is a predeterm ned distance
from pi rbs appEciafdohatcomponshiold? may be @y suitable typsplbeeemponent/thal prevides shaped

to assist_in lLaterally aligni b f.pins.116. - 13 -

[ 0057 TiriRh (8 SR of FepP AR 220 PobGied 11 PR b R oimblband 1p 1
shoul d bt #fffateh,af REkéthal LGAngRReNh cdditcroryorayaiher Suitindtypetofpe of
conponent that provides pins on the surface of circuit assenbly 120.

ConponerfompPPdehtpy be, for exanple and not limtation, a socket, an LGA
socket, a connector, or -any other suitable type of conmponent. [0058] FIG 1C

11 ustr e 0. BIGSFC ARBEAAR iPakheWcAb 3 BAY b RodfonloFHin sahY R0 ORs 25

illustr circuit asse ace on a fixture 190 by
posi t i orllagrapidysirdiiPassénblyi F20unsy bsbeldih plag@ On agixtere 196 byfpositiopmgent 110

are connect tQ circuit assemhly. s trate 130 connectio oints 115.
Comnoot i [ 0n St bsomBR I ok 108 o Biapriean o FRapRetr el Bine of
connect i RErfRY seAR 130Nt RenfdcBch bgﬁ@d 1 B0 NCotidetivdr YoiRBRI1M88Rayb$oldek6 and

the signal paths (not shown) fornmed on or in substrate 130. "Connection
poi nt's Jomtseryanylother guitahilel typewd kemnastipn Surssablistiing eleomsaleomdugtndty Though,

i n sone .enbodi nen addi ti onal chapi,cal \su rts ma S used to
further bseggiﬁneo lﬂsotgq ?‘\"gidt!i}i ilgaf%rpea@?ﬁ l‘y?“’{]%h%‘ﬁﬂz? ra eoﬁ%;dp¥F€%r§gﬁ f&]si ng 111 of
conponentonhtbtidpoifie\e 5 andy dsolgrdvideunéthagical sipport YorwWoklpoRemtiloh pi ns 116
reside. Lip 112 may circunscribe the perineter of conponent 110 or may be

formed cfopghtinsemegmbogimentopddidenal gieshanjcal suppqrsgeey Hsebe veedipso
I Tustr & GfefeRiR RGudis $ TP idedtBAoAGEM AL Mep.t O Ssome

[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.



enbodi nents. Probe assenbly 150 is connected to fixture over-clanp 193. In
the enbodi nment illustrated, probe assenbly 150 includes a probe or probe
head f or w0 2by/®749ense pl ate 151 separated by a di el ect PCcE/uB2®@0f/0388 a guard
pl ate 153. Sense plate 151 and guard plate 153 nay be substantially
parallel with one another. Sense plate 151 and guard plate 153 may be nade
of any suitable highly conductive matert®- such as copper, gold, alloys,
other nmetals or suitably conductive naterials. Both sense plate 151 and
guard plate 153 nmay be coupled by wires or other suitable conductors to a
test Syjb%ﬁ] SUgfarBplh@sis 3eNa semSe Hifte 1 5l @e skparate@by #idiBledirR 1523 may be
grounded to aid in isolating the test environment between sense plate 151
and pi ndmrtpstrfcrmlemeé‘trahlly adieleetricdaving lgwdpsses atdeast suthg friiquengyrange

measur enen n e plate 151. - 14

- [0061]“@.1%? tf)slfEll E@blgﬁbe?%cglﬁ%sel pmgg%ﬁé’%?nanjl %gré&ellﬂ)%rlé | 10613/ a dielectric

152. Di %o@ﬁét&atﬁloléezhylﬁn@mfﬁ?d apdycabéhagd al polgethiend) ghduply dngsaRsblat | east
use

in the frequency range or testing. Suitable dielectrics include, for
exanmpl e delectiemayibeiusgdi on, pol yt etrafl uor oet hyl ene (PTFE), pol ycarbonate
and pol yet hyl ene, though any suitable dielectric may be used. [0062] When

fixture J@q% cl ¥R nlﬁau}e%depmhﬁ;dl%nxs%\{/@r@& ﬁﬁ&réc%%n 899?&&1?12{)%%5 1is

assenbl for testing, a gap between pins sen

achi evechssamtdydho foreestivigen gap betweeh pimsdtl trand smepﬂaﬁbszhmhtdvyd 150 with
features on housi n 111 f. conpone 110. le illustr din
Fra 1 gk Sie insgaation of A 8RB A B R A3 Ry B80S cpatanednde plat e

151 of FHfQBﬁlp%ﬁéﬁ TROY I 82 ex@m! ?@Tﬁukt?atéd mE@Nex hﬁﬂcéb’ 13%%is pPoNid&Pbn CONt act,
pins 116. In the enbodi nent | ustrated, spacer 155 is designed to engage

i p 112 pyabe dssethblyslisAgo amgwafznm’@tg & of piabe apsm&ﬂy $peta ¢ameain glosanhen

spacer 155 .is. ful]l sense pl.ate 151 is
o o uddorT BonttaBl PRTRD Mot 118 Il cRBRERR fubieg “ghE Bodt e o

separ at edtsippedtodeizasd lig 102 of ehehidUsipdl 1di sflcafpendfi9.10/ n some enbodi ment s,

di stance 199 of the gap in sone enbodi nents nmay be less than 20 mls (1 ml

= 1/1000 inch = 0. . I'n other enhodi nents, distance 199 of the gap
i n -sone [B8%Ydi n§ﬁ@§ﬁ?ﬁi§y Medien ggacer h%w@llnﬁn&ageﬂ withsrirugassmind et ment s,
di st anc { SOIe
ot her onad bl 1315 HERLIBY R RELARRR phs 115 SeAPIER 15 50 MBS Lo,

spacer Idspamated bye gaprfi agnedmiexfmnechdlytanca I%bl Iﬁ sgae embakdimernftfGhstiueal®dr 155

i s enbodied as collar cers in ustrati shown in.FIG 1C, though
any sui t46 %8%%&08%?3@’ SR Py e E%diméél ZPEB{:T;A@&OQW%S of spacer
155 accay g9 3mmhs. %P%eﬁé’fﬁ@&dxﬁféﬁfssd@faﬁcéjméf tlﬂggaf!"irf iEdBbENRRnisIndy G-
2A-9E, bel ow. Though, those of skill in the ar appreci ate that spacer

155 may hedkss thary4@ miilsa b sorhe pther embodlments 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



[0065] FIGs. 2A-2B illustrate in cross-section a portion of test setup 100
at different stages of positioning probe assenbly 150 using a spacer

accor di ngvoaosiaises9enbodi nents. I n the enbodi ment il ust Paras2010/05326 .

2A- 2B, the spacer is enbodied as collar spacers 155A. FIG 2A illustrates
probe assenbly 150 and circuit assenbly 120 when the fixture over-clanp
(not shown) is in a raised position. FIGA52B illustrates - 15 - probe
assenbly 150 and circuit assenbly 120 when the fixture over-clanp is in a
| owered position. In the |owered position, probe assenbly 150 is partially

i nser t edyhpY KsemBRVISOYni RIrEH aWeinBly 1 ZPWRaN R iIxhE ovENElafplis 8 a SPacers 155A
contact ‘surfaces 197 of housing 111 when sense plate 151 is distance 199

f r om pi rewered povitien. pr thisdowsrsd pokijion Goobeagsambhyel X0uk pgrtaty angeded &d @i on

£ 0066) oy epiesaf B Bempitiipt SE0.. Sl P clifeels Tl oty BGe@p A ot
assenbl yhohdidgWh e vheaREMeRlat @5 1 &ldistandd 1 BNfrotl§ing BIb. dVhERpde h8Rniblpm pi ns
116. For exanple, while collar spacers 155A are shown flat in the

i 11 ust r at58ds snthe dulheengaged positieipshewivin| FIE. dBacapasitivgjestag a§pastld6 peayni t
sense ph%t%ﬂ%gée&o be positioned closer or further away frompins 116. In
sone enbodihen S,” a screw or other suitable adjustnent nechani sm may be
used to adjust distance 199. For exanple, a screw may control the position
of col | g006gjaceCallibépacerell & Aneayt Ioe safiparaal tatfellyl &dgaiga cacult assembbnl 20

perpendi cular to the suyrface of, sense plate_ 151. 067] Though, col L ar
spacer s BuSenseplatidnn 1t Bty desiee &Gués f)lé?pfrawl&%glﬁ- [RAPMBI5RBAHE 155A
may be 'd&ﬁlﬁﬂﬁ%é}g 1554 QrPERhG AR MR NMudteed E'rn%'dirn%ﬁt,t“ﬁb'sﬁaﬂé@%olﬁm lar

spacers 155A may be positioned along the entire perineter of probe assenbly
150, al apgcsemaybepoed fogresmufsendeeplaterlis inte be postionsd cdosgr sufurthiet awgorti on of

probe assenbl 0., For ex le, .collar s ers. 155A . may be | ocated at a
Pew di ccrabemschipr opEoBe STRECBERER v s e AR SRS o

COr Ner s, mapPBé& astdab adiaist distaf®s 199 IR ex AhpRNa bdiewunslescninde tifposithefassenbl y
150. Col | ar spacers 155A are provided at enough | ocations to ensure that

when pr oisdlanspaeers|lySAgelative tosense plagalgd dn @rkireptierbpernendicular todhe aurfaca a
stabl e pQqsit| FQr exanpl e, spacers may be provided at at |east three
poi nts éﬁ%ﬁ%%qgﬁglggrineter of the probe to ensure stability. [0068]FI Gs.
3A-3B illustrate in cross-section a portion of test setup 100 at different
st ages d00@Tisi t iThouglgcqltad bpacassskisiAl yre Shéwa comediedgo igoardqiate dSBgagollar

enbodi nment s. re the spacer js enbodi ed ol ] ar spacers 155B which are
conf | gurséac%a_%@ e Piegased iptsep egﬁ?@@@i&f@ gy sHiaia vyt (ollarn

addi ti ongphQers 954 RGES bEDbsRionB@HRKP Sheldntire 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



- 16 - spacer is again enbodied as collar spacers 155B, though here collar
spacers 155B only contacts surface 196 of substrate 130 when fully engaged.
Wi | e i n whi2e11g08a4vpl e housing 111 is shown without a |i pCThisesiong23dl nmay
have a |lip portion even though collar spacers 155B only engages surface 196
of substrate 130. [0070] FI Gs. 2A-4B have illustrated several enbodi nents of
test setup 100 where the spacer is is pard- of a probe assenbly. It should
be appreciated that a spacer nay engage any suitabl e conbination of
portions of conponent 110 and substrate 130. Different types of spacers may
be used ghfices HUJARFLEMBEHI¥ A cdIRS bpaeisUB 5B thouBh 8B coWht §ab&s\W8YB Wi | € probe
assenbl y 150 has been depicted as noving straight down'in direction 198, it
shoul d sentapisrserface K aflsabstratey &3kwhen ful gedor Whie astheneampl&0 wi t h

circuit ,asse .120 may. t ake.any suitaple form For exanple robe
assenbl Jlofglﬁgﬁ’gijl lsosi"o&'tnt‘é% %ug adip, Olfﬁl%gﬁl ?lﬂ(gﬁ\‘eea 5&’/893};‘1“? nt , probe
assenbl yollayspaButs 155 B SAly drigagasnement 96ldOsubbiratd 130 or al ong any suitable

path. It should be appreciated that probe assenbly 150 need not nobve in an
absol ute sense. Rather, relatjve notion between the grobe assenply 150 and

conponerdf07llo ¢ EFQ%@!‘E'@ dayhillugiated sev el smbogdiments pf EplselpsIbVhereso and
o r ot the des £Y6bhe ot SbSBe ECRELY 1 30T Be bipRERAITR AbpatB ] O P

5A- 5B, a@ngagesarysaithblocombimtipoof parions of eshparentipl (L&A substrate 130.r at ed where
t he spacer._.is enbod'hed in the form.of risers 155C. Ri se@ 155C arg};l
posi t i orfdderat BPCE ALSAISFTSINNYS WG A e ppction fsptetip ) INPRY spitalle ay pe

POSi 11 Ol NG phdhe oSfhitIS LB hhIBcRdcBlordd ARoiAg SN doith indliRRllof el et

portions of the perineter Such as at the corners, spaced al ong the

per i met 98, vishetlé baappesiattd thdt moweeent tsengbly probe asssmbdy 155G yithuditcais| e
portion of pro ass ly 150., Ri.sers_.155C b 0si ti.0 t 0 .contact any
U1 ¢ ab SRR 0 Ty YRR A S50 BT P, ar et Srlatd ey Hont act
sur f ace al@ehedfto aaiiRRAEHurk R edeMRipd THusprobe dskbmbBLmbRaRVEsef @ exanpl e,

coul d be around the perineter of component 110 or in the center region of
an LGA segwenentsl@hn an pecpratongiany(seitaple path. 1f sonid be aepre@ated that pesbei n
Cross-segli i guration sim t how: i ! Her e
movever Shidy 30 Biad SRy aB aPLaily e, Tl BRI e

[ 0073] Flgrsbe as8eniBlyi 1150Wwat lcairpohent A 0%an ackiéventhe degitedtpositionfoftipesie set up 100
where the spacer is configured as part of conponent, 110, épeci fically, the
spacer i3s@nydreandsompersnh 41Q sxem Heuelk sghatie mptionsisrashigred by mesipp obt

housi ”géﬂééir&fit gsgémﬂg?g%ﬁ;ég, P‘J,‘?Ei’%és%%%p?foers 155D ar.e configured and

arranged to prevent e asse from contacting pins 116 when the
probe assenbly is inserted into the cavity of conponent 110. When probe
assenbl V005 i s Tposng howdo FIGs. SiedBua crogs-setiohad e poftich aftastactupd 08us f ace of
probe assenbly, 150. Surface 194 may.b si ti.aned ext end ve the upper
DL f ac oo MO RSs Apad s FRReY i e BETRRS ¢ REC RGPS bRtaFS: ance. 109
(FI'G  2Bositibhed &hexieidhdlew SRasiRfase dPSdasepRits W 94ed nidybeRRusitioak@r of the
cavity fornmed in conmponent 110, housi ng spacers 155D may be configured as

part of ahengsthagntireperimetanof probeassanblydad; aleng 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.



[0074] FI Gs. 2A-7B have illustrated enbodi nents of test setup 100 using a
spacer to vertically (e.g. perpendicular to the surface of the circuit
assenbl y)wpasitases»opr obe assenbly 150 with respect to pipn3/ubr@onb32eomponent
110. Lateral (e.g. parallel to the surface of the circuit assenbly)
positioning of probe assenbly 150 may be controlled to ensure that probe
assenbly 150 appropriately fits within al7cavity of a conmponent housi ng and
t hat spacers appropriately engage to establish a vertical position. Any
suitabl e technique my be used to laterally position probe assenbly 150
relati vqopfy)a CRRRONANE GRirdldThag:3 Bk ioh 88 fest deurs PIPWRERQGY Ment s,

| ateral "al i gnment nay be achieved based on the shape of the spacer either
al one orspager cevinifigatedas paittolf campomgnit il &0t Spenthicablys thespager obembaedieddd y 150

that all the | at /. tical it f.th b nbly t
be- cont HOPBE SoyperRe ot wEien i e ot B aEB8G 1 CorceieRt fighar o ot her
parts OfHédéﬁngsipﬁééﬂMS%Mnﬁgu{e@%a]aﬁdg%ém prévehnt frob8AsseRIbI es@EsANDI Y 150

is shown to be nounted to over- clanp 193 through a conpliance subassenbly
156. Corephiaghegpias bié sdebthe probe asse is amsertad dHa thegayity of compenamdyvenent of

the pro LEND T e flicxture.over- 93, L ments,
conpl i aﬂ?g%ﬁgé’g‘i‘}%ﬁ%ﬂﬁn@ 13g§ﬁ é?sbtgozﬁ%fvg Jp@%u#%%s&%@c%g@rf&%ga%%o to rotate
and/ or tsutfhcedsf proyeassemblyNiesn. Guiibs | 9nmag belpotitidhedsdxiéndibage ¢e t he probe
assenbly relative to.a conponent under test is _determ ned by alignnment

f eat ur edipper surces ¢fguns] obwmin dnewntdhalayebaen, themgderiof distanse 429 i(BYC-wi t h

gui di ng at | i L sition
ol at i v L R 3 B R I ot o U R L o

t he prolis compbrent dh@rhoubiag spiversatSD may beeqofigwrdd aopat opkeusyngobidiihi on t he
probe with respect to the pins of a conponent to be tested. [0077]1In the
enbodi n@l‘n‘?’sP‘It?s'ﬂ‘%chatt‘%‘H, conpl i ance subassenbly 156 uses springs 163 to

al l ow conpliant notion. Here, conpliance subassenbly 156 is shown

schemat i[gefd]y t PIGNQAUIB havé IIsirateB BhBodikihtd btestsktupaOphRhglOspavéto Cl anp
193 and a second nenber 165 rigidly coupled to probe assenbly 150. First
menber Deticalyl (e gcrampendigubastto tBGsuglage efith@reircuit Besembhy)| Hoaionyreksupl ed

t hrough spri 63, [0078] O.he ofrns_of ¢ | i-ant | i be used
st ead SEUITE A0 Rt R P i1 S agting R, O @i RGO b
formed fsuemarsof Bt chrakit Sselablypbsidonial of prave@ssunitle 1 PO hesyi bl dntroNedsody

sui tabl e conpl ai nt. mechani sm or conbi nati on of nechani sns. Though not shown
for si npmpeethat pehepssembly 150 spRWERAtelY ft5aviHHY aicAvtyelka @Qm@?ne@bﬁ?}tﬁﬁ%t s,

such as afnﬁﬁa‘?gg{#%rsf %ﬁgéﬁn}{[}ﬁi% re]h%?gte% @E/)t%ﬁs(ﬁl aav:%‘igla?%gSQBn.”m%ﬁﬁaﬁlgat limt

the range o pr obe asse
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.



[ 0079] Conpl i ance subassenbly 156 nmay have different novenment properties in
the lateral direction than in the vertical direction and those novenent
properti esoneadsndd be |inear. For exanple, conpliance suhass@niohiz3d56 nay
nore easily allow | ateral novenent than vertical novenent. By all ow ng

| ateral nmovenent with little resistance, conpliance subassenbly 156 may
prevent the head of probe assenbly 150 fr8m getting "stuck" before spacers
155E are fully engaged and probe assenbly 150 is properly positioned for
testing conponent 110. On the other hand, a firmresponse to verti cal

pressur ur egofipfibndd WibaABMBIYE15Y, n Edthbiva®sORER ﬁﬂﬁ’%felaﬁlré’setﬁhtr ed gap of
di stancgo%% hasog{iabgn achi eved. y'[50080] I n so?re enbo%ium;n s, conpliance

subasserguide theprabg psssmbly 4 5§ anto adasiredmasitiontrelagve to aperapontddtabd tssted.at er al

f ab .50.mls i | I, di i | b i d.
I var i Ueva PRORHAREE o Buiy Phthemob Guiecobfl el aRtafied Resbnlie " he
verti Ca'pr@fbdrgcﬁdsmbn(iﬁe pobk eAf redfuct flthe i, 0fAQ3mpdREhtas bE@Ited. | s. I N

vari ous enbodi nents, conpliance subassenbly 156 may al |l ow novenent in the
| ateral direction of at |east 5, 10, 25, 50 or. 100 mls. In sone

enbodi mdAPE] cokpihe sathedinggyt sliusiratydy ernpleanceisphpssrmpl) 3136 usesisprings Lbhssenbl y
156 ret r : . Lt £

over - ol ARy BgBRBIARIFRRLY HAd banfARLLiRb iRy Lp Ol SRR chibiiGiy ¢ o
exanpl e tofindudsafist membleritib dgidly chupieds to avar-elamiphl3 amdya deeondsmember posi ti on
a probe senbly. i di ng features y_be inmpl enented b ppropriately
shapi ng @%é‘gg%b’fcaﬁgéd&%ﬂ‘%gﬁlagﬁ“@ @JW&%@%?@W@S&@QM&&% nent 110
(and/or o s toARSSRIMndY CdupPthrdigh $priRe®ysy.- ¢l anp 193 is |owered to the
test position. These surfactes nay be-bevel ed and/or tapered to guide probe

assenbly 150 to the desired neasurenent position. Though, surfaces of any
sui t abl d08T8¥pe &tlerfomng ¢imemmdianbeoupdings mppbe 23¢d i@steghoBa injadditonde e

posi tioning of.a,praob ssenhbly in an.enmbqdi nent .in hch.the spacer is

P ooui oqPaBeney i RaR il e Ep Rl iy B0 sHERAIR Bhe funbliveRadele SFPACET 12
sur f ace cb&praeibild mareidlst or A0RAELIR complAftemddhanivhi & cdntangioarsmt ary bevel
on housing 111 of conponent 110. Interaction of bevel ed surfaces 187 and

188 may raerhgeismsofBovghseetshowndor simplcisy,icgmpiiaaceubasspmhly h56may conponent
110. As. 0..] i i AN t Ldi.

Feat ur oo RSF omER BT dhehtjolch o TURARE b olhid fisb Bl climp 185, St

al i gnmerthat 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



[ 0083] The I ength of the bevel ed surfaces of nmay be selected to ensure that
t he maxi mrum m sal i gnnent between probe assenbly 150 and conponent 110 is
accomodawveasttfisesdmaxi mum m sal i gnnent may be char act er PSTiUS2@i0/003288
positioning accuracy of the fixture to which probe assenbly 150 and circuit
assenbly 120 are attached. M salignnent of conponent 110 on circuit
assenbly 120 may al so be a factor. The {¥ngth of the bevel ed surface on
probe assenbly 150 and bevel ed surface on conponent 110 should be chosen to
ensure the initial contact between the two is at the bevel ed surfaces. The
sur f acesyBdsSerBVal56GetiiishrabSARERBRSIS 0t tb atne@ftalicR Ridnhehdi fisthiteddvebet ween t he
contacted surfaces of probe assenbly 150 and conponent 110 and the friction
i n conpldlame £9%isn sketigised pesifons over cone. This all ows probe assenbly 150
to be properly laterally aligned with conponent 110 without getting stuck.

A shal | vel J; e . EAN o A he
surfac egwgé;l W ﬂ?#%gﬁgﬁ@ﬁ@ég&dgﬁg@ Eaér:ﬁaysﬂfg%{lﬁ%u@? g%&adrm%ge\%‘#@r e gx es the
need f ormdyobe dised ¢d positioaprobeiassenthly.r Guiding foaants tha) bbh aviplegreatiddry hei ght .
In sone enbodi nents,  the surfaces are, beveled at - - _an angl e 183 have
a val ue aaprogpa@%lwm tg%*“’ é%freéé%‘?taelt%gifﬁ’,ee? Hrog’FH‘é?e“é’ﬁ%éagﬁ’é‘ﬁts, the angl e
may be dbonyBed: 126 @a/a%itanSammoll 120Pknal hefuesRRdldmE193 iibfemuib aces

el ed at about 45

will be be an angle o egrees +1- 5 degrees.
[ 0084] Cahpicstpusgicsu idesestyfaced 5By bk bevwslepambier aperedind guids Prabe assenitily

| at 1y .to b I | i d. wit i 1 f t 110, h
o S RSB ER Sl By RS S b URIB e ndS hol”,
i s not iﬂ&gﬁﬁoﬁlrﬂlgy@éﬁga_ed with its desired position relative to conponent

110. As illustrated in FIG 8B, as probe assenbly 150 noves towards
conponent 110, such as maéll occur when over-clanp 193 is closed to test a

ci rcuit [888dnbl VIGs Ba-Yeilluskate positigriag ofjaprokamsseyablyia an embadiapend it ammi ng
action lhat . j f S j LI j.on 198,

o obe. acRigp{H st fpbolBed B bR spRt Py 5 Blca dlerk TP RAAE 5O
possi bl eeheledysrfaceagslpositioted toeapagerh kyrfaced 8rvath alesmplemegtarg baydl oance such
t hat praobe assenbly shifts_a distance 191 to properlé al i ?n sense. plate 151
with pifousing 1Thef compenenid 1 Interpetign qfbeveled sydages 154 apd 193 g1y mbl y
150 for | ' (A= RysiEals il 1 6S AR OIRPASSHEIY at her
t han the&r g%%é\sltg&g?@alg? a{c O?élﬁ?ﬂlgpy\g&gg’g%als,lggn?%%}ptggageerg-c?g’qrr% 193. Y

[ 0085] Thid®as tfwegéd inl diractiohd 9IS rthe ghidingAopuessi bere thehtvelpdsbHacsddiang 150 and
conponent,,110 be vertically and laterally aligned for test measurements
usi ng ai%d{}@@%ﬁ’@@&ﬁ&?l}é‘@&% ures of any suitable configuration. FlGs.
8A-8C illustrated an enbodinent of test setup 100 with bevel ed spacers to
facilitq0e83 | 9B Nngtbft tAE Betdl¥Esit facBSYEay be sElEae@ fo EMrdxat thtegr at ed
into only one of probe assenbly 150 and conponent 110 or alternatively or
addi t i orfaa¥ijunmisatigementhebvesm proks assemblya lopmpOBERIMES it is not a
requir erg%@(%m}n%ﬁ%teg.h%hg H{a%{}%nfrgf%ﬁ” Fren? fhay Dec ?e?i%ﬁ?SPﬁre poiidhiig features
may be inplemented usrng cufved SUrTaces, “coni cal surfaces, or surfaces of
any ot hefccardty apihe fixiagp o whidhsproBfas3émblyl 18X andtogrchilt abseatbl et 20ptees of

enbodi ments w th. gui di ng% features of different shapes and Poi)i tions. FIGs.
9A- 9E dtiashed: |Misahignment of compenentd | o0 Aire WG asseipkel B0 meyalsgbspdaciesenbl i es
illustr j i i A onpl i ant
mounti g Resran e GEREFITRY 4B PR L0 A e o o

enbodi memimpehnentel 10rshbelddshotrnto Ehsure tivd inded contact tepuceartbe WG IS atttheh ar e

el OO RS P S BLCRS G RIS 02 At 2 1P

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



- 21 - beyond lip portion 112 such that each of the bevel ed w ngs, as probe
assenbly 150 noves towards a conponent under test, will contact a portion
of |ip 110 2euens749h probe assenbly 150 is not vertical | yCalusgmeaosms h t he
conponent. As probe assenbly 150 noves closer to the conmponent, the bevel ed
surfaces 186 of w ng spacers 155F will slide along the upper portions of
lip 112, generating a vertical force tha&0-noves probe assenbly 150 into
proper alignment for a sense plate on the probe assenbly to appropriately
enter a cavity of the conponent. In this enbodi nent, the bevel ed wi ngs al so

act as RAREIeS83Maty 8RhIuBBI blRasta0S0 delordes. TheWRH; aNbMEE ebodiimefits\Mhehi n t he
cavity once the probe assenbly is partially inserted into the cavity.

Because angle max be atdeast 30 ee3Qdegregrodntyebethpr eypodimenispihg sudacosiwill bst r aj ght

surface ont | syr f lip portion 112, w ng spacers
155F caﬁ"e%eﬁg‘\l/gt e'a?%ieé ‘é}gar?t@n%%g?%esaﬁ Egggrl%f’%strat ed in FIG 2B. [0087]FIG

9B il lustrates anot her enbodi nent where probe assenbly 150 includes spacers
155G whi[6084] nc| Gdmpiiamendnbassembhelsd dlbwapdobagsecmblysibiftachet hteadllyatot as

O A Sy SO SR e T h o5 o SOIRRBRD " o
such t haatsse‘rl:fgg? Illﬂli?éé1 tﬁie%?b%%&ﬁéﬁ@d%? $5er-é1§mg3|9g§ A RGS Qot¥nithilyFighedRRGR . the

probe's se IS proper al 1 gn 8' spaced wth respect to the pins
in the clespoihmsitionreR88¢ K GmPdent 1 15t Anillustratad or BKS -&% @t probeaassaniidy

enmbodi of probe .assenbl C onent 110. Here, tapered spea 155H
' pr obd haSe i edSREonhT 1 St RaRey B ateRg Sral8Be 1AL Pgur ai ng
feat ur e&e@@‘éir@@i@ﬁ@éﬁbg@ he/Bdvieledaut tcRe 1l cAbREAdrdy tiabughna BamBimbRtBaSENDI y
150 with conponent 11 Simlar considerations as were nade in choosing the

wi dt h amesosiasgsewish the meten etprobigassembly bY) inghitgciion $83, asebangsernblyis@t h and
sl ope of .the taper. Fo e . | S st eep
enough tvgﬁlor\ﬁ;%‘Feclg rfdl’lare? t??%%@é%é?%&eﬁﬁ?%ﬁggﬁ g%g{ %%Q%iléeg%?iﬁ%%%%ﬁhgf‘%ge which it

cont act sub@&semblye Sbprevided edougk tompligicetsheh hanprlobaassenivdy shithk ¥ dift4289] FI G
9D illustrates in cross-section_yet another enbodi ment V\/nerentgui di ng

f eat ur ed PARR PEPsE¥ AR Fese plate 1 31 Withipdel 10ate ikystrateddn il 8arever tical
al | gn”erbtgﬁiti@ﬁro?gfc%g%g&}bllgﬁﬁo ?&%@sth%ﬁ?ﬁ&gnﬁﬁ@%? tﬂ?{{% £ rddfifrls 4y Provi de

| at er al I gnne n ar ensure proper ve al 1 gnnment ot probe
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[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



holes drilled in substrate 130 are used to align probe assenbly 150 with
conponent 110. Here spacers 155K have a spear portion that provides |ateral
al i gnnentwei2oti/ash®ohol es in substrate 130 and a riser p@ecTiuseomiai2dgont act s
the surface of conponent 110 hol ding the sense plate the desired di stance
fromthe pins. [0091] Use of spacers.- and/or guiding features for achieving

| ateral and/or vertical positioning of &lprobe assenbly in close proximty
to pins of a conponent may increase the strength of a signal coupled to a
sense plate of the probe assenbly. Consequently, nore accurate testing may
be per f QP& 1ifPoHiBA 12 BNHORG each QM BVEONH ML 88 pibeASEHRFYSOS to
provide a | owcapacitance probe. These techniques may be used alone or in
combi natmaves t4vdL: Forgporiednunder est.rwitlksontact g pegiosadilipdi 2o0éven ipprabeon of a

probe assenhl 0. As illustrated,..onobe assenbl,y 150 na ritder include
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t 0 sensappioptigtelybénterzotavity aftheconpoment. daphis kindodibieht thy bbweladwornsr at i onal
anplifier. Though any suitable anplifier may be used. | n sone enbodi ments,
pr obe ari"bqloi WF%?S%S%S%P&W%H&MH?%HMW Pm SORtAPHNgG PigE Wik é’ﬁé&"‘%o‘ilqel ter
the res L : it [ Skl e8! for
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sense pl'BROTYH [F2 Sring SpACRTs g aR REGVide,the SamE SPRCHE #5481 "ét%& diakle: bet ween
sense plog e 151 and guard plate 153. In sone enbodinments, it may be
desirable to reduce the capacitance between sense plate 151 and guard plate
153 to provide a | ow capacitance probe. - 23 - reducing a total surface
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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.



[0096] It shoul d be appreciated that the holes need not be filled with air.
Any suitabl e approach that reduces the anount of conductive material at the
surface ovotha/goeend pl ate 153 faci ng sense plate 151 ne¢ThsS2usedE28% f orm
t he holes. For exanple, the holes may be formed by renoving material,
enbossing the plate to nove conductive material away fromthe surface,
reduci ng the thickness of conductive mat24 al, or reducing the conductance
of conductive nmaterial. Any of these techniques to create holes may be

achi eved by renoving or changing material once in the formof a plate or by

deposi tiggog)’ OFNEIoE ARsEREERTdryg %CQapgﬁ&neﬁaxaﬁpleteHﬁ;omrﬁaumé i oni ng
mat er i aI over only selected portions of a region. [0097]In sone

enbodi ndwies, drigled inlsylistrate 1893r¢ wseddpahign probeassemdy 80 pdltatoenwnerhiyl 18.

ool o et R IS3 e 2 e ot G0, R B8 TRtrE] o RS RAF it A nles T et ¢

t he di elsgpétfdte 130andkd S pbifon thit CoRfR b SElifIR Y TompbRerdi130BbRingyE be 3 to
4 tinmes the thickness. In yet sone other enbodi nents, the dianeter nay be

about 1@enswgteﬁhﬁedqsnpd;dﬁ&1§efrvnbﬁhgmm% he holes may - 24 - have ot her
shapes than circles. In sone enbodi nents, whet her or not the holes are
circul ar ch t where n
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0.00049 to 0.0177 squ re |nches (1n2). [0098] Alternatively or additionally,

capaci t acceracgis tb(prme@hmknw-bgpacﬁmlmgba ]Eimsc teshnigses maphe gsed alopd eit e 153
when prabe a senbly 150 is configured to test conponents having a center
portion Rn?ﬁ% U80hs. For exanple, many LGA socket designs have such a
center (see FIG 1B). Accordingly, guard plate 153 may have a renoved

portion [0092]t S FEG! HUA (IRGirafes & @FJse SRR 0Ta gostidref d HoBt bssembly 530:hA@ socket
that is devoid of pins. A portion 159 nay simlarly be renoved from sense

pl at e 15Hlugirated, @quaﬁsqnﬂtb' 139 GlanHﬁBerrIEﬁBQ%a pmhetamnhfwawap@str@aw espond to

I t
cbod; msaratctetl i ARES, BRAEGATMEAI BBy MBI oy
0.1, 0. Zonfigured te amPlifisthe mékpohsmmg’ml vommcmmnﬂhemplatetlrﬁe dneamany be
R FoB eSS AmGUAR 5 e PR BT b B drkFimabosy 1 oo ™
LA 118 dibduiSaofnaiiPo A dird 'efeaakcaﬂeia@% 246 BRR I 19ya{dﬂwﬁh%%éafae 153

useful in a | ow capacitance probe. guard el ectrode 153 has
hol es 15§nmhabpie£dnmlytqona¢dtqd by semdzmuiaial 1cadmo samss plats1Sholier, t he rows

maybe para | wi,th o a her ,and each. r u I|ty of
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of 27 miwihadilter w}esme@@ fﬂtf:rsth(: @esaommgnah Ebﬁﬁlt@rﬂk@éﬁctﬁéﬁtlgs may P8 in the
range of to 1 and Chd sone
enbodi rre(}]e'?esnm%d ?or Nl 1ee range gfl °‘i8 %gtg%ﬁ%%lgé) ]epfoh-ﬁg??rs{é}stlnﬁ aeﬁr ange of
30 to SOOdmg@sedAlthough any suitable vaI ue of D and S nay be 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



- 25 - 157A, 157B and 157C form 600 angles with respect to the other two
centers. In sone enbodi nents, the rows are staggered such that an angle is
creat ed beoOwersadhol e in a row and a nearest pair of heCegSeeoans2asij acent
row. For exanple, in various enbodi nents, the angle may be between 54 and
66, or between 58 and 62, or about 60. [0101] Wi le sense plate 151 and
guard plate 153 are shown having a squarz shape, it should be appreciated
that they nay take any suitable shape. In sonme enbodi nents, the plates are
shaped to conformto a particular conponent to be tested. [0102] It should
be appr egh at | j i I 153 in
xampl e e BB e B B M.

t he hol esmpardddo heohvémioghlgrpbeperéoresng theaamedsst, the abkageam snse plateer shape

nbi nat i f shapes. The h ‘may be ar. i hat ttern.
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or shape. For exanple, holes may each have an irregqular shape and have
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desi r ed dige&tic ntadgriggxanpl e, sense plate 151 and guard plate 153 nay each
have an area defined by there respective perineters. In sonme enbodi nents,
the areas may be_at |east or at nost 0,15, .0.5 0.7 1.0, o0r i} in2. In sone

b S,
embodi ndA%3] thglﬁoﬁ(&l%ﬁh‘é‘t?@d%f’l%?f%{arqE]é?clsc}rangtatﬁﬂé’fe‘ﬁe F&eent of
t he tot nea. k { I nt for a
| ar ger el?tgelﬁ? ’arge;egég?g?%estg%%g{mgrl gg?ﬂgggﬁagﬁt%?#gggth%g%%ﬁ%ﬁ%g%o per cent
of the tshhpd, bat mahe embsdimentsnitiostratehars subdtantimilp plinaastoetives. wAeeordimgse pl at e

151 and d pl 153 i s | 100 pi.cof.arad F).. |
enbodi e Same RO SUTAITE 15808 F RHIYS b RO 15 LEbeiosdbbPiEAls ¢ he
capaci t afie@cd sreh Bf ERd B 85 PIFIE0108). 2HoRE 157 Yk fhlavNéda gafEpiagerdsone

enbodi nents of tesT sefup 100, nethods of testing using test setup 100 and
a met hodnahy seitablerway pidhmag belsized 98¢ posifionsido geduce the¢dppciganse hsaeagnwi t h

Lot ng BPPIsE 131 clfpaRa At 153 ol e bl et SR Rl AR O

i s coar sglng lalovasehted Eifcuittoaed fratifacAsing Mhyiquéss eaeve eondicgreent shoul d
be sufficient to ensure the alignnent features between the probe assenbly

and ci r dopteriglsfeamigpgrdplatedadaged when brought into contact with one

anot her. Coarsely aligning the probe and circuit -assenbly nmay be perforned,
for exa Pl 3B G ppEdcFatd e rleBd AotteSfilldd with'af. ywhi ch the
pr obe igmg'??]achgﬁhgﬁgl%gﬁpgﬁc%%%%ég%gwtééeeg(%o e assenbly and 3’ conponent
on t he «uitablietapproacinthlatreduecsitbe amotmtgdtchpduotive nmteridl ethegudecspéfithet not i on

based on the ali nt feature th robe and/or . circuit a ly. In
ae enmattrete X TR he sSRe Plite 18] ma e GSL R BN B bk cH AT Tt hot
and the RlItONPBE fdrRRl ByEemeAlg SnaA ! éramssmgtth@ﬁla&ftotrﬁ@vemo@laactweovi di ng

|l ateral alignnent of thé probe with pins in the conponent of the circuit
assenbl ymateoalomaysrom thgsuefige, reducing disdhigksesabf gonductive materia ornserted into

t he conpanpent . ..The conponent have a. cayit or.med, t-herei n whi ch the
pr obe i DTS g\elcﬁnﬁlhcgg}cf é’g ¢ oﬁ%t}gi g}%ﬁréa? éngg)gbgts g%ﬁ{}}“ﬁg?ﬁemé’ r%a?% portion

t hat surkgdesdsy bendhi®led Byl rembvingerRhsgingindabeia ondedh thel Rempifelsatessenbl y is
partially inserted into the conponent when at | east a _portion of the probe
assembl yOY depRpiting or pherwise selgctivehndapositing |9s otheAYish BATILIOMBE MAteiA} 0BT t he
sense pl ly may be inserted into the cavity. [0108]
At step %ﬁsﬁ%ﬁé@ﬁgr{ﬁéﬁpgf eJ%robe is restricted by a spacer. The spacer
may be formed in any suitable way, for exanple, the spacer may be forned as
a porti oj@097] t hdn porobembsdiendntsy guard piate il 63 iscfepsrateddommp eersatplatae 1 pbby aon of

the circuit assenbly,. o n {tabl.e combination of _the prob ssenbl vy,

t he conp‘gﬁtéme’ an‘gl%t%gh 8f‘p€]ﬁ¥g§gb%sean@|a§pe?e|r ﬁresag%haélrfgo]a‘?r F’é’?e’?lhegh@fjsacer may
conpri semay b&BiERs with aldidRsteMhatil atiakt dgial BRHEE Wit thiknéRa®ar Ho

provi der vertical and |lateral alignnment of the probe assenbly with the

conponeniome gieladimenis, the fligmejerraay be 3 ted tigies thcthigknessy Infyehsomesethele pl at e
of the p € ] i i r i i he
conponertOE PSR s REPEF A 05 it AAGels MWD B BaLckBhalyl?, o,
and |l ateral alignnment of the probe assenbly with the conponent.



[0109] At step 205, a signal coupled to the sense plate of the probe
assenbly is neasured. The signal may be coupled in response to excitation
of one orwoupH/(87498 under test in the conponent. The pi ReETMISA@0/00E38 nay be
excited in any suitable way. - 27 - For exanple, the pin under test nay be
excited in accordance with capacitive opens testing techniques. In sone
enbodi nents, the response signal is suit2bly anplified and filtered by the
probe assenbly. [0110] Optionally, the measured signal nay be analyzed to
determ ne, for exanple, if a pin under test is properly connected to the

Ci rcui t 139868l $hapFOhak ¥AERS.CIn oA SHRSEHIMEAIS, Wheth&rorRefé Rfessirgnal may be
conpared to a threshold determined in a learn pha§e of testing. The result
of conpairculgr,teach halgd 57 odenpidstan argreof dleashn( #1d Ady , byeheredimegat eed farhr ough any

sui t abl e out pu Vi C 0111] At .step 206,. a term i,on i.s. de of

whet her ef‘ﬁ‘é‘?%’ L’rgg‘aﬂf%ﬁ%f etxgé}p@e,tuboxbe?pg?q‘}{nep_%fle%gglﬁgll%g,ha]s e lﬁ@S ests may
be perf QraBsuttso hEsinddlied pRtES3 KastauGtipefgitular hbleaeadHlgdvidgst is to be
performed, nethod 200 returns to step 205 tg conduct the subsequent test.

| f t est idigmeter efoapeniet QW mijpt Fowpmpoemedimentsodieleptne| 162 hpg adhiskiesa | ow chart
of a net i L.CL - ] I I tance

pr obe asbrsé?a%gn"abﬁﬁ%fg ff‘ﬁﬂif&ffi@tﬁgf grpl)&%lé,ﬁl agd @g%?{yg:héﬁg?%}gw ??\%ﬁ%}ﬁ%gﬁgé {sn?gnal

| i ne of théinge bE00D04BRANDI Y. sqilie ihelsds (mf)gnal may be supplied by a test
systemor by a virtual circuit generator. Any suitable electrical signal

may be used as test, signal..[0114] At.step 303, response signal coupled
to a Ioﬁ@%ﬁlaci ?‘é‘t‘ﬂ?@t‘ﬁ?lé’lﬁ’é aﬂ%}\vkﬂé}%cﬁeﬁﬂtﬁnﬁﬂrﬁ?%gweﬁﬁcﬁ FRAVI82 of hol es
is sens ; S 158 SRR I gkahb 0l§ coRl&fidtesta sense plate
of the (S‘ragllode:r{,)rsasﬁﬁpliflgﬁdlgﬁg B D 0 o e vei 0. The

hol es orcotiipentsvhavipgeictrtacportipn bathoutpias.dFer exampha ynanyldeGAmspckati t abl e
form 1In, sone, enbodi nent,s,, th ol.es account, for at.le 25% of the total
sur f ace €8S Bive ﬁlfgfl §SHE SF%FE&als‘f)d é%ic_ﬁgﬁn%}}” %&glrahea?%t YAy ﬁa\fehae peri net er
of the guabledpsttion il fis &N& rofibe corBipRHHIB RS the IbERAIONGH 88clRg Sauket thhois at

| east 50% of the surface area. In sone other enbodinents, the total area of

t he hol elsvpid cfpinse ofs porion, 13P mayesimilarly be remeveddfom senseghaie 151 as shoya def i ned

by th i thin i . t ln.
orbod: mahf 10 14 PabAfmBred SEHS) pb U oneRnath Bibcaubl i Bh LEABAENT
area of wiieh safeveidofglins. da vdfbun@tbddimehss, poreiansv 38 uml 13%emppeeachiaee aof t he

sense pl ate. Though, the hol es may accqunt for any suitable amount of guard
pl ate suvffacearss ghakauglds DA, 0-5vps @83 1y odroughh Prsossmedinenissige ara.

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



101151 At step 305, a test result is indicated based at least in part on
the response signal neasured at step 303. [0116] At step 307, a

det er m navpan1/s74vade as to whether there are any nore Pestts2a10/0e288luct . | f
the determination is yes, nmethod 300 continues to step 301. If the

determ nation is no, nethod 300 continues to step 309. [0117] At step 309,
subsequent steps in the manufacturing pr¥cess are sel ected. The sel ection
of the subsequent steps may be based, for exanple on the one or nore test
results indicated at step 305. [0118] Methods 200 and 300 may each be used
as an i NEeAESHBANd B4RPIorih 60°raRBIEE MG tHAckpt@t ) the 8&fer Hé caiitegUIH s@asenbl i es.
The measurenment and/or test results collected as a result of performng

met hod 2obodimaen thameysiaee staggrredsuchdbat agiangleiis crpgtedbstween kfde &y #i ne whi ch

subsequent .steps.in the uf. ] Cc o .nerfornmed for that
circuit r%@%ﬁ%lnfge%&alre&%‘gﬁség%% dJaaP?ntlt? é‘g't ?%8%‘%@‘8%&8?% conponent
yi el ded emboaiihdrity, €hd Afld fad be BeBvdEhsal hod 669 r betwraa 68t iad 624 6r ssponent

has been properly installed on the circuit assenbly. If sonme tests have
failed, 68 -decision may be made to conduct subsequent tests, to replace the

conpone I S it i . i t hod 200
is perf gélrr%lg Vgisl?%genggpfgv%e {:Salp%{cgll @%ﬁf@ﬁg {)%gh rgélgbe\%ﬁ%\@ﬁ%%%#@%%e, ﬁ shows a
f 1 ow chahtuldbeappretiated tiatQhéyomayeakefangtsuitable slzappr tbsoras smbbdiynentd, Gik20] At
step 401, a sense Bl ate%jas affi xed %8 a first surfacg of a dielectric

subst r aPRtesR shans(l 1¢ gonfaym 0.2 prrhicylag compenely 19,05 testefly g1 uing the plate to
the dielectric substrate. [0121] At step 403, a guard plate having a
plurali gm 02 IR bSafprédiRed aid wille TireMafRfled Werehawd B ghfd 8%@153 xed to
a second surface of the dielectric substrate. Steps 403 and 405 nmay be

per f or manl examplogilmsaated.shohples maytekesanyeshapeiend size. géarfesample, ierholesaneousl y.

| e, .pl be. al ued he, di i hsit.rat dth
et ched o aeruBdh Tt Bidhoth it 8F ol ShECH R oIBR8 e ol et o

i s deposhid. Tht Boleb tadi Rl REpeCiSdhaticl @itterh. dnRaffe@itbodirhéntd Holldsr al i ty of
hol es. In_yet another enbodi ment, holes are fornmed. through a plate which is
t hen af flid¥&ach kaversubyaniadlyithe sang size and ghape.n Theygh, in other cmpodimgnitent s, t he

g S . | . ¢ ¢
Che.di erierrry nec Bt s A0 by YERAEAIER, thRs I8 G ay e o Loy
20, 50, intbguldihapd arill levedfiBgdar spaciagh tlodss. 1 5SThnagiccotutefoy ammy shifabkt e may have
i tabl b f hol es. 122]. At 7 a first electrical lead i
connect G PR SUHES U LB DL Y33 a5 eef N he BTTReBATERISE 1 [ 0123]
AL Step (die e SRAORMCE LEENMLEBY 1d £BMLESHARANAGLERST foPIuddied 1RECREY At e Lo

a second termnal of the anp ier.” In sonme enbodi nents, the second
el ect ri cahmpleasknss platols ldad guard pletealfidl ey eachthave ag hreardefinéd bnthept ural ity

f holes in th d te. Me,. i ficall t h hol e t h th
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most 10 percent of the total area. Though, in other embodiments, the holes may account
for a larger percentage of the total area, such as at least 25, 40 or 50 percent of the total
area. In some embodiments, the capacitance between sense plate 151 and guard 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.



| ead is passed through a hole in the guard plate separate fromthe
plurality of holes. The hole the lead is passed through may be a center
renoved rwgQi2on/mwf49bhe guard plate correspondi ng to a cemrCeruSe@gioosz3sv t hout
pins as in some LGA socket connectors. [0124] Having thus described at

| east one illustrative enbodi mrent of the invention, various alterations,
nmodi fications, and inprovenents will rea$i-y occur to those skilled in the
art. Such alterations, nodifications, and i nprovenents are intended to be
wi thin the scope of the invention. Accordingly, the foregoing description

is by wap10%] A (A, el prosesbsérib Ak coatbpdBgnaiswith teldiRdit adtgnlpvention is
limted only as defined in the follow ng clalns and the equival ents
t her et 0. Thewonize aligmat shedd besp iy daomgre thgalignmeny) femurgs detweendhai ned i s:
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di sposednwththi Qodrbety ahgnihgy thetgreba@idettuiteipsmisly ngapbe perddrmedartdri al |y
i nserting a ‘%r obe into the cavity, the gr obe cogg{]i sing, a,sense plate; and
restri cteFpgPuPRABE the.QJEuit assenahly ima test e ta whigh theprabe ixptiigheds positi on
the sense plate proximal the plurality of pins while precluding contact
bet ween (b{1fs) QR A td}fobd dséihbiyVariis Rnflfonent on the Zirciif fesBRbliPtcOf cl ai m
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moved together while allowing compliant motion based on the alignment features of the

probe and/or circuit assembly. In some embodiments, the probe and circuit assembly are

brought into contact and the alignment features cause compliant motion of the probe

providing lateral alignment of the probe with pins in the component of the circuit

assembly.

[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.



the act of restricting conprises contacting a collar portion of the probe
to alip portion of the housing. 3. The nmethod of claim1l, wherein:

t he conpowenviivs7@bt ached to a substrate of the circuit pasasedopos2and

the act of restricting conprises contacting a collar portion of the probe
with the substrate of the circuit assenbly. 4. The nmethod of claim1,
wherei n: the spacer conprises a riser pottion of the probe; and - t he
act of restricting conprises contacting the spacer to a housing of the
conponent . 5. The method of claim1l1, wherein: the spacer conprises a

porti on mjr eRalipléstheHirPlindeh €est AIAPBR AL tePiRthctftdaetwilll cdpRsitive©pbig conpri ses
contacting the probe to said portion of the WO _
2011/ 08 tagmRtgvhngpes.ofrioepsgnbodiments, the response signal is suitably amplified and

filtered by the probe assembly.

[0110] Optionally, the measured signal may be analyzed to determine, for example, 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 a 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 be performed to test other pins in the
component. If another test is to be performed, method 200 returns to step 205 to conduct

the subsequent test. If testing is complete, method 200 ends.

[0112] FIG. 13 shows a flow chart of a method 300 for testing a circuit assembly using a

low capacitance 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.



- 31- 6. The nethod of claim11, wherein the conponent is a connector.
7. The nethod of claim1, wherein the conponent is a socket. 8. The nethod
of cl ai mwQ 2ohienseion t he socket is a land grid array soclker/Us2010/003288 The

met hod of claim 1, wherein the act of restricting further insertion

conprises positioning the probe with a gap between the sense plate and the

plurality of pins, the gap having a wi dR-l ess than 100 mls.

met hod of claim 1, wherein: the probe is a part of a probe assenbly;

10. The
and

the act of partially inserting conprises: noving the probe assenbly in a

first digilas|iARteh308! Stckii@sAPRARMRRED bIRAS flabt g partfddthE rdsPorkespgand
direction transverse to the first direction by engagi ng at | east one

gui di ngmsasyredeat skt Wen t he probe assenbly and the conponent, aligning the

sense plate within the cavity by allow ng notion of the probe

[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 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



assenbly in the second direction as the probe assenbly noves in the first
di rection. 11. The method of claiml, further conprising:

exci ti ng wotes0s8siognal on a trace of the circuit assenblPgTasapb®m28®9 a pin
under test of the conponent; neasuring a magnitude of the test signal
capacitively coupled to the probe; and indicating a test result based on

t he magni tude of the test signal coupl e2%-0 the probe. 12. A process
of manufacturing a circuit assenbly, conprising: testing circuit
assenblies in accordance with the nethod of claim1l, the circuit

assenbl igaiholfhdds, tESiREndbiriceds 4 Eﬁ&éce@ﬁﬁét&rﬁfbll?%a%&?l%l R 186 €3 s@fface of
manuf acturing has been perfornmed; and WD 2011/7087490PCT/ US2010/ 003238 - 32
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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.



a circuit assenbly having a conponent with a plurality of pins; a probe
havi ng a sense plate; and a spacer configured to separate the sense

pl at e andwohelpisaval ity of pins by a gap when the probePC3/tsSasendEds i nt o

t he conponent. 14. The system of claim 13, wherein: t he conponent
further conprises a housing having a cavity bounded by a |lip portion; and
the spacer is attached to the probe and-3ontacts 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 argdhgpgsed within a cavity of the
conponent; and the spacer is attached to the probe and contacts a
surface of the circuit assenbly when the probe is partially inserted into

t he caviWhatdasdlairhed isense plate and the plurality of pins are separated by
the gap. 16. The system of claim 13, wherein: the conponent further

conpri ses a housing; and the spacer forns a riser portion of the probe
that contacts a surface of the housing of the conponent when the probe is
partial l'y insert edA intiod dfconfigmimesn tirauitdadsrabsebs esphgtitke einchit he plurality

of pins agsre(?nbsi}? ggrglglt'iseigg g%oﬁn?)gngn%%ith acavity 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 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
the act of restricting comprises contacting the probe to said portion of the

housing.



17. The system of claim 13, wherein: the conponent further conprises a
housi ng; and the spacer forns a portion of the housing that contacts a
surface obotha/gsrobe when the probe is partially insertedTiuscaotobz3s
conponent and the sense plate and the - 33 - plurality of pins are
separated by the gap. 18. The system of claim 13, wherein the
conponent is a connector. 19. The systeiBlof claim 13, wherein the conponent
is a socket. 20. The system of claim 19, wherein: the socket is a

|l and grid array socket having a. cavity adapted to receive an electronic

device; the gavitYrHeqARho&6sclaint | ORhereintBe Bbiipndnt % PéorPbter.ar e di sposed on
the floor of the cavity; and

7. The method of claim 1, wherein the component is a socket.
8. The method of claim 7, wherein the socket is a land grid array socket.
9. 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.

10. 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.

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:
testing circuit assemblies in accordance with the method of claim 11, the circuit
assemblies being tested after a first portion of the process of manufacturing has been

performed; and



the sense plate of the probe is adapted to fit at least partially within

the cavity. 21. The systemof claim 13, wherein the probe is
conf i gur esot2011008t0t a si gnal capacitively coupled to tRreTarSee/003208n a pin
anong the plurality of pins. 22. The system of claim 13, wherein the

spacer conprises an alignnent feature for aligning the probe wth the
conponent in a transverse direction w ti3Z-espect .to a direction of the gap.
23. The system of claim 22, wherein the probe is part of a probe assenbly,
the probe assenbly further conprising a conpliance subassenbly for .

permitting trgns\aicatuidhsphdeemsiRl, Riecting sRpORea secondfortidn R BReprassenbd! y
for testing a plurality of pins exposed on an upper surface of ‘a conmponent

of a ci of manufasteimgbased drethgrindieated tashissylt.conpri sing: a sense plate; and

a spacer attached to the probe assenbly, the spacer being sized and
positioned to preclude contact of the sense plate wth the plurality of

pi ns when t he3sensg sptéh @ompridingposed parallel to and separated fromthe
upper surface by a gap of less than 100 m|s. ) 25. The probe assenbly
of clai m 24, agispdiapsembly Baving a compopert wilhaplyeality ebpivsi ses a housi ng

havi ng a cavit [ Az cavity bei ng bounded by a portion of
a ﬁ(’ol];ééﬁzgﬁrgg % PS{SQ }plﬂpe ] ?

t he housi ng ar‘oun ura pins conprising a lip portion, the
plurality of aspaserkenfigurad t@sdpatdtotheabndelidate and the; plurality ofdinsiby hgasense

pl ate and the pl %ral ity of. {)i ns are separated by the gap, the probe

assenbl yVhea thaPpropg g Psrieddniodie cARBORHE cavity. 26. The probe
assenbly of claim 25, wherein the spacer is a collar portion of the probe
assenbly configured to contact the |lip portion when the sense plate and the
plurality of lgi ns Eresystepesofatlac b3, wheeeigap.

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.

17. The system of claim 13, wherein:
the component further comprises a housing; and
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



27. The probe assenbly of claim 24, wherein the spacer is configured to
contact a surface of the circuit assenbly when the sense plate and the
pl ural i t yWwof2opiasz49ar e separated by the gap. 28. TPhe/ysecabmorssenbl y

of claim 24,

further conprising an anplifier configured to anplify a signal

coupled to the sense plate. 29. The probe assenbly of claim 24,
further conprising an alignnent feature;3%+te alignnent feature being sized
and positioned to engage the circuit assenbly and align the sense plate in
a direction transverse to a direction of the gap. 30. The probe
assenbl o 1@hli§l Fipisdle séfaeated By tepapt obe assenbly further conprises a

conpl i ance subassenbly for permtting transverse displacenent of the sense
pl ate when the alignnent feature engages the circuit assenbly.

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

19.  The system of claim 13, wherein the component is a socket.

20.  The system of claim 19, wherein:

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

electronic device;

the cavity comprises a floor;
the plurality of pins are disposed on the floor of the cavity; and

the sense plate of the probe is adapted to fit at least partially within the cavity.

21.  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.

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 probe assembly comprising:

a sense plate; and

a spacer attached to the probe assembly, the spacer being sized and positioned to

preclude contact of the sense plate with the plurality of pins when the sense plate is

disposed parallel to and separated from the upper surface by a gap of less than 100 mils.

25.  The probe assembly of claim 24, wherein:
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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.

26.  The probe assembly of claim 25, 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.

27. The probe assembly of claim 24, wherein the spacer is configured to
contact a surface of the circuit assembly when the sense plate and the plurality of pins are

separated by the gap.

28.  The probe assembly of claim 24, further comprising an amplifier
configured to amplify a signal coupled to the sense plate.

, 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 compliance subassembly for permitting transverse displacement of the sense

plate when the alignment feature engages the circuit assembly.



