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As probes are “overtraveled,” the contact loads increase. For probe -cards

implementing many probes, these contact loads can become quite high, and are capable
of producing deflections in system components that may significantly impact the
accuracy of measurement results.

In a typical probe card analyzer system taking electrical planarity measurements
across a single large contact surface, the deflection of the probe card, the probe card
fixture, the metrology frame, or some combination thereof, may become an integral part

of the planarity measurement itself. This is due to the fact that the loads arising from
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30 accounting. In accordance with one aspect of an exemplary method, the accounting

comprises utilizing a distance sensor proximate to the stage deflection.

The computing may comprise utilizing an optical metrology technique, such as a
three-dimensional optical metrology method. In some embodiments, the utilizing an
optical metrology technique comprises: acquiring image data of a fiducial on the fiducial

35 plate; responsive to the acquiring, identifying deflection data -values representative of a
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t hree- di nensi onal optical netrology nmethod. In sone
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a particular probe location and of optical planarity; the computing may comprise
utilizing a two dimensional interpolation calculation to approximate deflections at other

probe locations.
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metral ogy using a 20 substantially transﬁ%are
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t oS RSy Hhe doloyingrdesapiion dprayided st W obrxepaler @hhitgot by
anwRpbf Bditatioh;an@pickent aBEbysd & not intended to be limited to any particular

method of performing an optical planarity analysis.

FIG. 1 is a simplified block diagram illustrating components of one embodiment
of a probe card analyzer system. As is generally known in the art, system 100 may
comprise a metrology frame 110 to which other components are mounted. Specifically,
exemplary system 100 generally comprises a plate reference surface 121 configured and
operative to carry or otherwise to support a substantially transparent fiducial plate 122, a
probe card 132 attached to or otherwise supported by a probe card fixture 131, and a z-
stage 140 configured and operative to provide relative movement (along an axis, z, e.g.,

vertically in FIG. 1) between fiducial plate 122 and probe card 132. In some
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FIG 1 is a sinplified block diagramillustrating
conponents of one enbodi nent of a probe card anal yzer

WG yEHoe8398As i s generally known in the art, sysPenuUsmd04/007818

may conprise a netrology frane 110 to which ot her
conmponents are mounted. Specifically, 30 exenplary

Syéﬁlﬁ)mlﬂegi% SRR hfdkd %n&?ﬁ@ﬁdh%@% s@nsgll ﬁﬁefoﬁ‘ @)Ea%p%q ‘frﬁy measure the
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in FIG 1) between fiducial plate 122 and probe card
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nﬁ}?ﬁélr@&s of ox%ncﬁ” e PRbE 1%@%&%[1%1 subbtbftiafly tlgnsgﬁ%ﬁcﬁdumal plate
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c I
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r e&n‘?&n% difler Fa&@rquersMleoﬁ’ ethWaH&J ol AR ﬁ%fﬁé?peso(fsuch as the
sufficient energy in at portion of e 10
el BEastypiiae tthepresgecetand, ﬁﬁ;nss&n efhanasfpc«tlweonm &l¢. pofdhe material used to
W&Ltﬁﬁghﬁl&m‘l’ﬁalaﬁeh@zsﬂﬂg Bk Bs of Bliucat %!BHJ £ a1dn Y &ﬁﬂéﬁl axis of
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dagriics Hsssmyly ﬂ%/QsI k¢ Aype {reguqucy 2pd quplifgjde) fgseexample) of energy
apRiREiRl dn bhadssi ?fh‘r&h‘éﬁ fi H@&ﬁl%‘iaﬁe Ry tlﬁfcfafa%hmes and sic_IéSétmty of

characterlzatlon particul ar fiducial plate

asoptisy 95 iraagingdiardyvare erpRlpendent optigsrassaibly E¥h ek the likgr In some
eXafR)d8nents, ﬁwﬁ ﬁl@tte'lgﬁ ma§/ B@E@@@ﬁc@éﬁ% Wa&ﬂlcaﬁlﬁa?&t&q similar
or influenced by some or all of the Follomnn

andrigridt pestantialy dresspatepiips ﬁiegwaﬁgnﬁwoﬁr@raw Bsa ameidetenmned or
at §RNUBIIUN RERREL LGS (such as the refractive index,

the presence and density of any occlusions, etc.) of

the mat Brvilll by gertediaied Highsystaretl09 iaycilag cpimpriss vepigus motors,
t hﬁ:t&aﬁi& lﬁ@s@ﬁﬁml‘%@n%fﬁ%‘ R hl&):I (ﬁ&t%hé\%?mqill@ n? cglt}?gu%tah@ @énerally
axis of “optics assenbly 150; the type (frequency and
anfreratiyel &, congpl relﬁtawm()@}w@ﬂg @we?rgﬂytatwwt QVatpuL pORPogents such
PagSi dishe 106, QUGS fl 501 gcs'ta%E (ot &oSind: %gtlcsta@s%mﬁﬁrg@b' fidubibBslate 122,

and SenSItIVIt optics or I m I Ng har dwar e
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s u@g@eam@nﬂwqrr(g%% rdstpeiopp o pibet fRngingrvrdwareHdizgy af pptics

a &5&1%& @Sdﬂnﬁlﬁﬁf&f the @E@hﬁrﬁ dr BQSLh Bt dnhtﬁe 2 Eﬁﬁénngﬁ')‘ between
It wll be appreciated that system 100 nmay al so

c oPRiich gwerphly | 10 gndrbdesia plate 122. Similarly, selective positioning of optics
assembly 150 relative to fiducial plate 122, probe card 132, or both, in either or both of

the x and y directions may be required or desired. In many applications, precise three-

dimensional positioning and orientation of the various components may be influenced or
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25 actuators, positional sensors, and the Iike (not
shown in FIG 1) configured and generally operative

W 000308398®@| rel ative positioning and ori ent at i PCT/0B2004e07818

vari ous conponents such as z-stage 140, x-stage 160,
y-stage (not shown), optics assenbly 150, fiduci al

pl é%'hﬁolie%%y on@&dm&é Qg}ﬁpu@ﬁ'g ingi%%ont &{ers %@Jnﬁjablg Iﬂ%lc controllers
operational focal |en of optical equrlpnent

ar grathye plegirosic os alaeromsc agwelwoal@oraﬁn@hw@es@mﬁpn@@r&d @vm@ gears,
( i aGOATBs SRN 8 ke BN Bherdls AXhidSe da%ﬁ" LARICLRFigurations
( ) detector), or other inagl ng ware uti | |ze§u
atsuighle dar thigpymetst yre ESPTatyyknain do tihe ﬁé aoptaferanseptible of many
degi nﬁfi’ qx&ﬁa@&iﬁ@at&h@ ThB ‘fﬁre%eng u@@@&&&%ﬁ%i{@a@o bPRhit Sy any
asse 0 and f1i1duci al .

S epaetwiav éorplmsatlon ohhasdjvase el@lp@nt%@d saﬁg’@ﬁmoylulxsoperaélrvaﬁl@p@vely
to,f in

o Bl P et PG DR e cdbennal B

r equi r eddaiionglyi waighus | wmmwltwﬁimt@miu dmsthe p@?@mpw FIG. 1
t hén%d%?en%@?ﬂééo‘&ﬁl@h 1P ok !m@%ebl éi?ﬁl}pﬁ&% 4o gm%pér@zéésﬁ%wmponents

t he vari ous conmpo ents may ['uence
208518380 AT USSIRAYDPPENG comprifingohadrdihrg ynd prdtvgre may be
”%%ﬁ%%@@ L EERratitl For 1ch%%”$ gﬁi!réd%x% e Rt GIAHIER &‘te PGt s for
contr ers or other el etronlc or electro ni ca
CopEREN s te; wetforgis otheregiseationpt Gueh avERtaTPIyessping component may
pr I, t

D LR, RIS coffihdon ool oy MAFEAIBHITITIRLR sysiem
ar engpenwisalol serReidanddtisctione agset, foriinén mee datpilclegiey-biTee present
”Hﬁlycloiu%éaiﬁ B $nRRGdaD Be Wigﬁ 'b§%ﬁgy %Fﬁlculy‘%tﬁéﬁééﬁﬂﬁg hardware or

di sclosure is not inte
pafoftwerel implegeniationagontiel elsctroniesdfvadhaclemehanisms, apgthe like.

sof t war g fOANLES, 8{6%% l¥Car €& ‘chLY hder yﬁx@ tﬂ%%r%b&ed and

t he conponents of system 100 in ree- | nens

s pdeiencxdd opticehlinagity apalyses Quer eleatpior atanarity apalgicalanetbodofpgies
the tl@ﬁ%ﬁ'@l{t}aﬁﬁﬁ elf:flicgéncylwnﬁ Tl 'tﬁ'g%ﬁinaﬂ@yof l%ﬁss@cpﬂ‘gi)c%‘éaﬁ Be ﬁlgﬁured
or nore conputers or other processing conponents.
Spesdngitheenticgl technddesya processi ng conponent conpri si ng

har dvar g angk SQbJdRES, @Xysﬁe‘?n %Q@fﬂl&wdeéjon%%tegpﬁ{daéﬂe\’&ve in
to receive acquired | mage data and to conpute

pl g:ﬁg{ﬂmcy with the easPpl d@lisclgpure ocomhnfeo naR-bessed electrical planarity

OPRERLIRRSs Wit Tkt éptiiélt ;ﬁaxﬁh%@a%ﬁx@ﬁe&?f@&@&(&& “H?e\ftlvely loaded”
additionally be operative to conmand or request

" rroRlatesift measuregents ciedficallur aspesss ok B agser ORYFIH@N A Telgted to

Co&cﬁ@ﬁh%_ff { mgﬁtuleﬁeﬁté Qinﬁ\larﬁﬁtystﬁ&t Jl&h;opaté the TRE&s ije(feﬁéc!tlon under

bel ow. he present di scl'osure iI's not i ntended to be
| i }opd bt bare gpfgsepfa i ﬁ)@aﬁahreleétaltca plepaiy gm@glrﬁa?mr%méﬁmore

Soéxte}%fa?y 'aﬁB}Ba%H&nésaBﬂt%d l’?e?é?ﬁ ra@é'o Sb&ifch VLQEFuF %easfuif‘e%i%ﬁé‘f the

nmechani SNs, and the ener a y known i n
T qomhorre o estion e o prebe o 130 ehe UGLBaTRHL.

effici eﬂ?%oﬁ’t@:mﬁ’l%ﬂ %}elrplaﬂﬂl%ftﬁeﬁf B’Naby So?soagé@%und the following
electrical planarity analytical rethodologies 1s the

r algireinelpgyavidl befupqddp eserjoofaripnspritledds fos ancpivang plapayitys f
bussed @iQR&s ﬁlgﬁlm%@ é@ﬁé’%ﬂ‘f &ders 20 M3irg ﬁ]%rlgrpﬁlbé‘sﬁllganents of

technol ogy. I'n song enbodi'nents, a system an
c ot iugted @EPbaTREAE e ing logéedpgndltlon (i.e., under contact load);

“optical planarity” or “unloaded planarity” generally refer to optical planarity
measurements of all probes acquired in a no-load condition (i.e., under no contact load);

and
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accordance with the present disclosure combine
non-bussed el ectrical planarity neasurenents with

wo a®i/083980 cal pl anarity neasurenents to producPCT/US2004/007818

"effectively | oaded" planarity neasurenents.
Specifically, aspects of the present invention are
rel at ed«bgied b, a fn
hat | noosarinatfy gyt 1 SR B mB AL e al
t Hefpbes Redyies seder 1qa¢w ip {hxi eatexieload plenariy mpdsareaneits yay be derived
me
e B L oo 0 ! oo A A furements,
t hEhese BRgsPIsEEntg @eneedly imasi inpatheraty badifests gidsfectiompufieq Bad, and
anﬁ%n@é Iﬁgebé:@fagid fd &tchrQ tdBith Aﬁecﬁ%f lﬁﬁﬁ# gﬁ ?r%agﬁ%n%l
d further b back Kgroun | 'ow ng

t er m nolngygervp palcuiﬁée @s@d plapadigst Aétbreninatioh ous ﬁmsetoh maée of the
f r
o PR 1 SRcoRNB by o OB R QAL domponcng s s
of forth ghedngesl ewvp ribrse defleetinis o fetumesandyomdediucion dletme@surement
( ' oieelectrféﬁ‘lqﬁz{naﬁ@%lﬁﬁ toné &e}ﬁj()re oggstdré: le_] e& {05&113{& asQ result of an

‘unl oaded "pl anarity"” genera y re
p| Wisray¢lycongdifian rS@me&ﬂaBy,oﬁuclaldbﬂwﬁ@tsemaﬁammdﬁ esdmg ror all of the
n

e 8k, Byl Blor USR8 SR ARk A B e 122
pl &d aeflaclion gfareheghidyl 32, é‘fxeargllloormpltir id planarity
measur enent s of al | grAsHaRLEdHIARRLOad TN
this context, |oad planarity nmeasurenents nmay
der i vedAs setdhitt abayeelensridab plapdrity ds conygsttiopally lacﬂsurﬁdablv slowly
n ¢ L r u
O e U Rk B é#%:%%eg%?‘%t STRE ek i 120
deflative tp@ﬁeﬁawa@rsurfwd 35 ass@lmatéd Wé e@bcragrd tﬁeturer Bl afreide tave of
or t t
e 0 S Sl Gl S BACAEF by PLBRAE fkcra 100 1o FIG, 1) tha
a BesErTRIpReriiPtingly Vi qogpangévermeiwlagy, ftnmpproma@m tefayehee efrface
def {ﬁﬁﬁll}oﬂ§te %fettehc%’&hﬁrfa%g 138 Sﬂ&daﬂhﬁga bbb caY@fS‘Zqﬂaé/ BRYEofd as

conp onents; as set forth in gene ove
déhfr logation 96 z-sipeet 148 elpregharagxidicelativede plat‘?geﬁewéce surface 121 at the

MERSH WEERNhe lonest%Jrﬁﬁtl'?:B ?ﬂt IIQiIk@S‘ e dubdl &4?1%'3 Qe {19&012{7?%?6 122.
probeS are subj ect ed | oad Ing as a resu t o

oVt fiagpdecatiohidn the érﬁhm@g@@) generally i comniderpdde fapeasent ghedocation
Meyf pla&qjefé%cegéﬁ%ce%l ?élaltwgto feffencd §Ellr1}a5§’\f 3@ %’ Fl‘%é QP Extyre 131.

l[imtation: defl ection zsagf ection o
fi duci dilGpPdt & sipified éz}vak d@graéttlruetranog epemm @atage fglkction

f it Bntdd toadRty dQQFol'bver%é@e@ eAPafukSaLd 2 '%IWﬁ gfq%ﬂ:ﬁﬂgw arise as

Ef fects As set forth above, electrical

c APRFE T dpaduripe muaisiick dSsgifisalbweytaga $4Qme/y tegd taofeflect in the z
" Q¥ REtonaYiet bt ‘on@ of GloRY %Q eoﬁé’tﬁér@z%@ 6 %Hg)ﬁn 381atdleBh Sreference

reference surface 121) relative to a reference '
s PHared 31 95 fxyEoBil dpelp spuethrappeshidianes; additionnllyr e altgrativety, as

t fb@d&@%@b&f)w fRexBlQpP @th&q{eﬁ)rﬁ%nﬂﬁ (30(71%‘“119 %xﬂ?e 137 Sﬂr&t?et &fh 132,

by reference nunmeral 100 in
plo&Rethidug tafhe pasng fpgﬁeswxartwrmm mmta«zblon@ng ol mglyes 13h By way of

ARREMNE, B Sl SALEERACE 2SHEdAEE a deflection of plate reference surface 121
relative to reference surface 135 of probe card fixture 131. If a base-line or tare z-
position of stage 140 that is used to infer planarity is taken from a remote measurement

that neither observes nor accounts for such deflection effects (e.g., a measurement
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is typically plate reference surface 121. Planarity
for probe card 132 may be recorded as 20 the | ocation

wo@R002/08198ge 140 (al ong the z-axis) relative toP@I/EBM04/007818

reference surface 121 at the point where the | owest
probe 133 first nmakes electrical contact with fiduci al

a6 T hOBask | i
Genariagfom o MGE SR ARMLARE kOBt Lph o AR}, B ay e
p| wiredyced wiocthe plarapiby mepsurg@dnty el ati ve to reference
surface
sinpli fPéégéB?% aﬁyg@%aﬁ%%n@f ﬁh’&éﬁ%{e}%&y&i@%f@tHeSfoz%gomg error
z- grplge aldifdckoeiyremeitacgpickdras sdnse as:pOSSIb@duorrgat@I mertlu‘:e surface
OVWItarnQYQ"Erenc@?imlf%:e l‘f§§ 55@5023%& \Qltlﬁlrgbe &rd éxtpxrqu e tﬁ@}fegard the
arise as uring overt
SpEki. 2 eetiodimeny lssﬂlasgleteslza@ emakwylne niddltegt oefshegient] sangoh éz-sensor

di [ﬁg%g@ ng)rlaft%lg%&}seéeggﬁj rog er fécﬁﬁrg[a‘te %?e?%ﬂgeé %ﬁrﬁa&g 2?[ \%&5 Eeference

f | s&@faﬁfel%%S@w@dt\@ﬂspmbmtand Aktursolidl i Flentecal pldukrity cmalute;nents

a%e& 3; P@t on %!alé{n QR0 Q&g&n?sﬁ%g %@%ﬁ}ﬁ/al %x%&u rn?ea rements may

&f Gr mat nay occur’ in ire 1

13$3gnlt§@m63' reldmererramendueedﬂyeieﬁenmen bfﬂtagesl%xert ed by t he
contact |oading on prob exanpl e, the
left side of FIG 2 ill 32‘%“?’2{3%@5”3%0 ¢tion of pl at e
r ef er entedes Ueadalpen pobes 18| whitly bave deere bereaveled sfidutiab plate 122
13 .
- &g}g Isiﬁf{%tg ﬁgxé?@ » g oxf 6tﬁe§1r%%§ d%t%lgm | %Jcaglg é%ﬁgn I))Rp,gl})pl{as 2 Srlmary
pl eawzpopenys: lrlgldtbarhed\eﬂeptmn@ﬁdmﬁbpleteriﬁ&dm @rcempharmhants supports;
ne b r d

l?thé‘:elhdl ﬁgfﬁe’\éﬁgn ﬁt% atg S?lgl %Ees oéﬁ’%ﬁg g% Af ) %2 égglg Qfkh deflection
Pomw@m/r@mell &d mtﬁqmlkyeldnilnl@momml ofload ¢r ragre prdbes 133
ne f % r
: n?\{eg g{eﬁprgt?elsaﬁ-{a Iﬂ?ﬁati ?Ag%%f IF{({/ a_:)E éli‘%‘:?éhﬁe% ﬂl@c&c{@anp ﬁlustratmg
exevepiryfidnsiahpinfe slﬁﬁlqnmrumdnwpnte«ttﬂ@dmg\det fp avkitavelat e
the for j I: t
acqui 1 e Set e L AR he SEBLREY cApiBi o FRRAULERERbd os st foh
s uhdreie enay Becppateln mgasuesf the emevat glidefllagion 185 hasserowiedtin the area of
Wi cayd r t

ﬁ(?l\jggag ﬁhﬁgﬁ h ﬁZIrZS tl‘}ca l)%:{éﬁtﬁl‘rl‘fyagchgfacte Nid I'H@Ita§ &gafoge 1@? g!:cg}dmgly,
nemn@ﬁ%@veﬁmsldnay(lpoeme@med mm)lhfa op tootprtug@tt: en@esuable effects

e th efer

el oy Gy TEHERE " SRR ChE) ERAEnE WLBERL by glosely
f | paxématgdesivgd exertravelallt \plﬂléa\qappregzatﬁéﬁnsuhewéﬁpsmorbafscheﬁectlon
U PR hain®H; Elﬁ:%{nﬁgnsht% %@C&OH ectl(;J] gﬁ %d&g;ﬂxfﬂg@l 125C0810E the area
measur erent s ignificantl uce errors
i neptieds mﬁyl%@ne@tw@hthefarrsx a@embﬁsoml:l Idwpedctife, Shis feroponent of
Defiéf@&ﬁdnoﬁ Hﬁg‘p r]e L %?gqfffcﬁlflr@h% (i’lt?ee%thxln3 %eﬂ@&¥ F1b cgfﬁ}ﬁﬁep@ GHat are
overtravel ducia ate 12
waidgntifigd, @ﬂh@y\musée ekerfse?rmi n@bglhledefl ection typically
has two :
1 duct ol ol Rr0Yepee RANGRIE obhell ReBAGh SRl EEAAHA horcin
15aran eenseaﬁm ﬁgeqd@mpeseqnalo reoniperativs gentgolaganeealysps employing or

amhdifehibeessed Gy SIS A9T Yaf piat

o e R RS A b SR BRI ER O Pl Byl

oné22orlnm§1ﬂélop ite m@gsumgg probe planarlty and alignment, these optical analytical
methodologies may also be capable of measuring deflection of fiducial plate 122 relative

to optics assembly 150.



10

15

20

25

30

over the probe array. In that regard, FIG 3 is a
sinplified block diagramillustrating exenplary

wo p@uos®Bo pl at e defl ection under contact | oadi PQI/US®04/007818

overtravel. In accordance with the exenplary

enbodi nent, a system and nethod as set forth 20

her ei n 1M8Y4 ACLh ‘iﬁ‘édybl&ﬁ fi1 ! t

t hat has _ occur reg1 in e(’élgdrlé%lg1 lotmr ?ﬁ%l&% ﬁodﬁp (ﬁ%tki%glque
t HaT meAsYng fidylc‘«leldﬂ%taéctfbctaqme Impiredipaging pirentiion, al ﬁ;@clal grid network
ACHROsHINA! ¥ incorRBIHaH &Y Bl iR Y1aRE

to %BI i fy oulr1C to mti gaet gMﬁﬁgge& raub e¥lea% 1622323}%%915%‘& from
qUARAACISPESH Vase f Thit fnpaging oppratiorf mewrdsylt imeqquisision|of aistal or other
O\Gﬁﬁ%é BYLbf t@ﬂd&la@?ﬁé h a APBELRIRIE;. eﬁdurcﬁgplate 122 is not under
overiravel be appreciated that t 'y
paPIdBTOIIRRSeY & dhif ipashm presessi Aibp gositinutsrsttielarmmyin a no-
baogieloh&éd) iy OF el G the area
ac?ua0 |y ) Ki %g coen gegt&vlm\n &kﬁ]&lﬁdggng% %JCH#’ probes 133.

In prad @e@herﬂm@&ng:@m@m atloaglf(such e mex bé opeited druimb overtravel

| Q?r% pgdrbg ﬁhzflﬂ/ fsaa?bhctaﬂéxp f(g alﬁ}%@eﬁ?\)ﬂ@ ;{ggﬁédctg Elél?agﬁ&)?%ee Y55 as set

nef@llﬂ? gfione é'ldu%] Plade 1220?1%%@@1@@\719613“5?@ adrahplherfidugptaridaktwork

MehdythQode gk 'agéill? FoHGRG rg'eggé%tlpe%r h Qom@%ﬁ@ﬁ ons mcludmg the

general ly three-dinension onparative trol

ar?@iPly@é%’ cayplizgntridusgpted soFiGr f.3hesg PesREcE S (lmmlcgrmsnmgh tpghose
Preéfpfoye® $n %dncﬁlo§&' %&@{H tn@l:ésy gl{eﬂﬁﬁw qgtsofn% qﬂ&é %L histicated

plate” 122. In addition orreasurlf%pro I%

ari@aging tsakraanes. opp exs both perspestives maly iffes ftom ﬂmmh@mu@g |use<§l for

q

o B R aRRssS, B IO P gl oB el 1. pgauigion

WO 2587 b 8B g8 T St A SPE O DO S 18y then b taken ef the gnd structure (in

SitAPlbhdel @&d‘i}loﬁ?ﬁorﬁle%nﬁmlhé ﬂ)éﬂ%%(ﬁ%' ng one enbodi ment

of a technique for nmeasurin uci al plate

def | ectlf BHl by @ppmq@tqdﬁhaguthﬁgorggen athichrihe orégothg dinagingyeriegations

NetaQhHuctddl RORRE Ue q’rﬂ%orﬁﬁt bpﬁ%; QQBiatsrgPd a'rl%:nqzlgﬁe\l\n}\%gﬁéﬁ% Y% Some

of , fiducial "'plate

pepRljsaiqusyater thaleadpdrarginp g‘orb‘it?ércatl 1ten may be émaged firsy In some

a%ﬂ&hﬁér?'e%ﬂ)o@ifneﬂﬂssﬂﬁ@l1m9§m§bﬁ')@£ssé hapge 1’&%&:@ o?fa c}&llﬂﬁe? one or

fiducial grid in a no- situation, i.e

pITefre HmelojpEe VARt califatiqn eriopedithgpiticete theuetfrots dkeresf. Ailbistrated

| RGN, BFaeGASTate 1D iPRIELLLN d@fanéehg fbgéﬁ%%salln aﬁge{r location
(in a no- |oad condition) nay be nmeasured

| Hegi Mghplerdsgeenditian) of eneam aorreslerneniiptfiiky Bneiaheridonlative to the
| Q&dinbiI96GoRE. JTRY tHE 80 836 @61 Shn§ Wl BQe)@Y?EetdraQ‘g ehnd $y1, £6 each
probe anal ysi s a_lpl ication, for eka

appPeeEide PUSHertge i TAls gspmetey i3 zlgpwtafkmslﬂﬁ 4 Mherfbtﬂl@ ﬁ apip dpvesrtical
fiad@iead aBb @st ﬁ‘orﬂzggtalnﬁythg efaheck tﬂénﬁgQ&e S ‘l*ﬁcb vRwAfRAH leTJ}GOptlcs

fiduci al g networ k may then | ma agaln from
t Wsepeb dp effmr@sal frpm eamsrspgnbive @aif:ﬁrmd }’theﬁ’@B]@@I ng the

eXan' HiVen@ROQLIHREP I F1Gl WSt ﬁ?gﬁﬁ)lé 8 cEhfte ﬂTe defl&Hibn i in ﬁdumal

perspectives nmay corresp ond hose en‘p oyed 1 n

(Blalteo% relpGit G B?'&f@é%ﬂdltmntv@rlﬁmlﬂ'il%e(ﬂy in some rmr e

sophi sticated i na&lgkgyoq%cslngtgﬁges one or bgzh
perspectives may differ ffomthe perspectiv used for
Individual deflections may be mapped over the area of fiducial plate 122 that is

in contact with probes 133 to produce a set of measurements representing a number, n, of

deflections over the contact area, as set forth below in Equation (2)

p]l:(xis Yis 8g]i) (i=1,2,...,n) (2)
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15 the no-load i magi ng process. Based upon this | oaded
i magi ng operation (i.e., acquisition of visual or

worde8ismge data), mneasurenments nmay then be tRKEOSD4/007818

the grid structure (in the | oaded condition) from

each i rragi ng perspective. It wll be appreciated that

;ngheg% gi %f)é“ﬁ{e‘%i‘a&{‘)? g)cguong O% {1]19 d?ill'm gé)nnl%ease%;n%}lt Ond?]?gy is the

t amepswred é¢ﬂeptrrqmdnt there él;rectlnn)sm fréucia? lagpaR | Ha:t nooerkthat the x axis is

ei oy the no-load condition may be

i n%og%%lt¢ﬁ§£%a89?ﬁqgoére exenpl ary enbodi nents, the

i maygi nglngivslodpomts, pﬁyndyeberfirmab@dﬁmlamluyezancatsembtlmdmlmh asa
r calibratipn errors

RO Ey a—

4, méth@d@hlgal anattl@ }ﬂl% fits altl ef the(fbllmlvn@ physmairtmmact&istlcs fiducial

Ch ' t he .| oaded

. Oﬁ%???% hrsgy %g @)@tlra%{éor n%?itéecg n at tﬁ? gent ]x ({élﬁ%‘e’ tlaeu%lfj glangle about

grthelx pah, @glramlthaxotllamglaaaomuhgyaah cngocatr on (e.g., in

tg/hg no- lln a%gorﬁa%ng estho[ﬁ% fo\ge in rpslagn)ef(zc Ieo\% eaesmrﬁ uélét:g%gte (g?ﬂectlon

[ sandbpms opeeatlornnz-ﬁth@ 149, ma/yl‘llﬁfr mamlbléat@i axotlerwise ‘rtél’ftiolllécﬁto perform

anagl &prgmﬁﬁ)ﬂl&e iR hglrtéhZ? o¥ somet comebn%gg% i rrf)eiO{/ t?%ﬁrf%rfnr a first

noordral cofreciivn efac memrslp@tﬂbctms [ :Sudeﬁm nmniedmtaﬂ hmovartgl [@sitional

0., 4G h | G 401 0ssi b
oSl P RORRIEIb 1154 Ryt st BRSR 451,08 sencraty
r eheatefineal as et tfdrth inEqhasiaoy B6heddwi on vi a Equation (1):

5, =(8yo+Sy] )/ 2tan0 ( 13 I ndgS vi dual defl ec 5 ons may be
mapped over the area offi dutyl plate 1227that is in
contact with probes 183.tedproduce a set (GB
nMeasurenments represenging g, number, n, def | ecti ons
over the contact area, “4s set fort h bel ov6 P n Equation
( 2yhe3Saxial rotations are WrforBigd §oul the cenfer oPfiducial plate 1271) ( 2)

9 WO 2

are t hgﬂl%éeaﬁlgxggg?tgiggé\}ggﬁg Qél {gs%%gn%s gla¥ ﬁ@ve tﬁe effec? og es¥abhshmg a
rrefé;sum@lremectlemﬁr égflectiansefiette Inmerag wases thieﬁtsemtiermorréctmn will
: Et s%{fﬁéaﬁﬁ&%g@&ﬂméﬂte théj H&+1%%nt Qilflﬁetc? 01} 0211arac erti.g? ég %tar?ect for any
| redfevts darséd therebyt, snd ol modehraylesived feivel df (unliorbHS/lertfaNd:l pluartegely
byto \f]@;drg %foﬁﬁ&tnﬁ ot 0 ?ljfé? H‘ra@ﬁaladeﬂgctlo% EF& rt%%blf 1s%%§srlbqe that the

t echni

' st@ﬂ |esttemt®§the cnmmh@dlooggsrred:monmttel Ipcb\ar(whéthetr z tahélatwh or x or

ol bl a0, MR ER HRLARHELLSC | o5 fiducial  plate

be ex rac | on at the center
(Sgl ceritléh%t regdndy, piwill Haeaerpgreelatelddhett any hdevietiax ifiem Oyl fpregoing

ﬁdeo(Jrlde%gl ?t?‘r e‘ﬁgfgl dy re?f%se%t (?econd order. deﬂfctlon error.

ac cor dance w
quénathighat leved of efduesy |(tb1arn thﬁOplawdb@/ by thedperaddr cmrrectlon set forth

Z'ﬁ%@eﬁﬁ%&%e%}ﬁop% Jgﬁwdptlﬂl %gf?&itlgn raPe oq'efrdu%m Hﬁ:lé:tg n%%‘ 1%'&1}'6 also be

to perform  an Incr ment al
s amecisstynisientifisdpra th;en@oﬂcremmtqbemé\@r o adj‘ustnsnt may then enable

elimination or minimization of such second order error effects. In some applications, for
example, a second order correction may be accomplished by measuring deflection of
fiducial plate 122 over the same area as measured prior to the first incremental move.
This second deflection analysis may allow acquisition of a set of measurements as

expressed below in Equation (6):
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generally be defined as set forth in Equations 3-5
bel ow. 15 | Zlcnmd= - Sglcent er (3) Olcmd = - egl (4)
(Dlcmd = - 1qg] (5) atigns ar erfornmed
about the center ofpz1 g"ﬁy”l ézl'ﬁpl g?}é 12%5] 66)0
i ncr enefga thasy @@awemm}swm,nmnlse fitatp mh&seﬁt blene fsfidhcas with a
of st ﬁ%t'sﬁﬂr&gteéhmq%g FidiRt sQrAR ste{“tg{]ga? ecﬁ)enl 0 rto 1dent1fy the
deflection effects. I n many cases St
c ofenad tdefestion pnd mﬁéo@uﬁfff“dmlémlatt @Qa(@@em@aaarei Cbg]zve The second
dosthranheifRhdi S 160 i
any ef Sect S caué?e ? %géfge%{figﬂa%%hﬁ?be éogn@ %%g Vc?fg%%uétgoél s (7-9):
| evel of uniform oket Bpawet Sgchla@e/@gmmgel y td7f | exure,
deformation, or oth er ma_t@r)l/ﬁ defl ecti on or
compliance, it is sOPoI B { Pt the full exPent of
t he conmanded or dés*r(%ﬁi oY @eent al nove (vPet her z
transl afj opgR
realized in slgrrlraé g%rp?fr%gtg%og%s g‘}él] %@X’r g&gtrl\% 9 the qofnmal
beovapisrd epsitiendl.e-hae dﬁhynoai@omaensawnfnosmrt)mw thﬁleg@@}mg?ssed as
cognRRadas: I adj ustment generally represents a
second or Qa&logse@belgjtjl on error. |f a higher |evel of
accuracy (than thadzipsovbded [BYlihE first oflder
correction set for —aho im;conpensati o
desired, the defl eé:mldon ;ﬁg fr)]fl duci al Qte 122 may
al so be 30 preci se‘l’ymdi:d-e%i [ileds] a second i ﬂ@) enment al
nove prAtatﬂb légltng@ c Iaesgco%ﬂ Jr&nen@h Inj;g 1’[1? theO xception of
m ni mi zation of such second er error e ects.” I'n

S OTHOT SIS | 19 @mdllftgn@ﬂaﬁ@ﬁ in Eserindplafe B2gweothd acra}d ef probes 133, the
C%ﬁ@Qsﬁrb@@veﬂ?a%el%g%%@]ﬁmehsmd by neasuring deflection
of  fiduci al 122 over the same area as neasured
prior to the f| rst i nBiobmEertdand Fstnes DeflRhiien second
def | ecth aR: ARALy = sgmé’erﬂil)ddmé\é i AthcRlib Bfboflcathcl Pl d dBhiection

neasurenents as expresse e ow I n ua 1 oNn.
10 \wihep defammgion sﬁpmb;erﬁay@z D 4f fowsd 831, PP ng both siay byiconsidered.

8g“2ésﬁm1§1g 110 ;’pn%n knowledgﬂ)of (t@ r&g@krbbn@hﬁﬁg of tlhe two foregoing

measur enment s, fit to a
s feRPaRents; thy C@lnpllain??e%f%/%ﬂs @ésachimdnrcembtned: mgﬁ'd}@re amjr therefore a

otdd qidentify the
o AL R PSRN B, 071 e 122
(8g2certetne grpglry smiiodzpnt, Thee relaivoshd Hevede rmeasured optical
t fﬁd?ﬁh@t drian@dcraad faﬂéri% 'n%a% Qﬁn?és?ec&t c—%@r flj'?ltagssetnﬁ)\ﬁhbl%low in
conpute Vi a Equa 1 ons fcen ter -
3diwatitndtd): / 6glcenter (7) fe = (egg - egl) / (r)gl

( 8) f m = ( ( I:Ezpemb -Lgon)o +/8gl"(7 %Cﬁ"b(ﬁésmb (13)

The quantities pei, and pein, represent the electrical and optical planarity,

respectively, at a non-bussed probe, i,,. The remaining three terms, S, Scfinb, and Sy,
represent the deflection of fiducial plate 122, the combined probe card/fixture deflection,
and the deflection of z-stage 140, respectively, at a non-bussed probe, iy, at the time of
its first electrical contact. As set forth in detail above with specific reference to FIG. 2,
the term &g, may be made effectively zero, for example, using appropriate z-sensor data
from a suitable location.

Solving for the card/fixture deflection, 8.4y, in Equation (13) yields:
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expressed as follows in Equations (10-12): AZlcnmd = -
6glcenter [1/(1 - Q (10) ellgrml Aglh [1/(1I -tfe)] (11)
Olcnd 191 [1/ (1 t the conpleti
such a second i r?cﬁf'ber% aﬁ%"‘ oy é\W’ th the excep 51) on of
errors Hefesotegmiseayd tagpn meEquaqudm%) i the defihetiomain fpiluahlq;lzftéﬂ 222 at
oV 0
OVE{Stt “Irl‘g%leﬁr%g%ﬁbgegm ac’ﬁ@ %ﬁ.’ ﬁ’ﬁ?%%?e c:((za{églplag sgera@j mecgnanlsms for
DefFasBRiEd estma&ecm%fmct@ohﬂptam ®]§Fceloe,rﬁmd| ggnt s, o
def | ect f e or, 0
def or m¥%&gg Rt g‘%gg’?g ‘%YSLEI g8 Spoo tl>(3tau 5t opgge! gl 1: 150 to
bosgeraecHe om@ @eh ethbe lz\'swnnmgesrmntactpmmfﬁdumal plate 122, and
k f Qf i t
gt?\g%%ug{g@ ttf deha%ﬁ{é S)k‘ ?hhc\{ﬁ é)(l:a%rﬁ)i% ﬁgﬁ% g‘gissap%rpacélaé?,'wever
rrafipn@é ath Wpﬁ@é of b@}ét@hleplemamhdtthw wtmeilxzensmﬂbnmed of optics
c I [
e B S b STy e D P e B2 B Bl g
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gelagg\%{ %aﬁyp%g%ggﬁgﬁt)&?%%ﬁ&, lrg% Séu%m nb + 8ginb + 8cfinb
+ 5si nbAofl®y apeach Lﬁqmonmutm ﬁ@ﬁ,l inbasadh dp@mnnissmmmt oe sienfoading
t t t I , e I ve
ap@f afﬁh%%l_ﬂld&g ?e2 ﬁ&g V‘gfﬂ Ijes‘f)@{)t t® Jl?%&g ahér%) rﬁll re]m(% ?}Ec% rre\or?eéx?,/snglay be
8graatsd ag emrmmatalmdmgan with, totaBC)lmlé:prvespmbb otvmaca@tﬁ; Exem:su @hAtext,
of g, i dMcé ar, I X
def ethé éég'ftﬁl gﬁtldl gdr%lgﬁlﬁw‘l?%el%el ec Pa%ﬁb Jg?geg‘algrt Pek%ers % 4(She sum o aﬁ the
r epEieYl pernonents (eacfmfnvhmhmdae pespipiyely aﬂnr,lbummetth eachiimividual
f t t r ont
adrase B BB oA Gt B bl i Forndel prppe cares
t é%ﬂﬁ?fswleﬁb PRy thBduried platst eeding vedditionertbis aﬁsumpemaaﬁalhrear total
a
s To i B S SRR BlinE "Dle nr e BBt o of
8dwels, cards wdgiag |Veﬁlcéll@)ck}9|@hldstechno_lﬁgmuﬂew fh&3@8@1010gy has
F)
soED gy e (R ok, MAcT O AR e ullall, ) |
t he defqlwth@fvrqgﬁmg |1ld€mt3a¢881p1lmtoe, theﬁrsatouclf fidustal plate deflection
el R61dd GRhlafaNs aacitl.mTtI%g'cﬂ' B S0G R, ?ﬁ&wlal g'la? déh%gtlon Bgfink, at a

contenpl at es several nechani sns

© edertiselay rigbet(hi) gnd kiosdedge ofthe mtaal@lajleﬂﬂyamlu on, Sgl nb 5

The nDgfitighly, %&oﬁ?& n% 8&M¥ EBY 28 toudR th $he' Bnal overtravel

adj ust optical asse
position may be determined in accordance with Equation (15):

. Ny linear techr v
OT\etal _{ 2dd=0Zfinal = Py linear technology

: o) 15
Yip MiN{ Zfingl = Pop d2y0,)  Duckle beam technology 3

where the quantity zsn, generally represents the final overtravel position as determined
by Equation (10) set forth above, and the quantity &, generally represents the probe
buckling distance. Then, for every probe, i, the total linear overtravel required to reach it
from first touch is given by Equation (16) set forth below. In this context, “total linear
overtravel” refers to the total overtravel distance over which the loads are linearly

increasing with displacement.
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approach, however, cones at the expense of both
conplexity and time, as two-dinmensional notion of

optics assenbly 150 (in both the x and y directions),
fiducial TJo te 12 ‘1mm bgot,lq ;gl S I eQhthf @noldy accuLat e(IM)}/
to posi tlofi opt measur e t he h
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conput i 65816 AESUPRtign eklgad, b’éﬁﬁnﬁ’n“”gt SuvHitve 9 vertiatel, the fiducial

| ofdte ﬂ@flecﬁkfn zftlﬂist(%nb@h 1@&131}3@/ kgrsseB QL ﬂe‘ﬂdﬁ&alrﬁﬁpggﬁecﬁ&l at full
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rmy p aémb 8g¥ann§bb?tottl)o tﬁeycurrent

b 3 ective first touch to
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%fgé}ﬂg qg%lg%woa?m@@sonalnmﬁmlaa%e of 20 probe
cards utilizing vert Ls@c&%gga%dmmlpﬁgg&q}@ ogy, but
even t inearly increasing | oads
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touch.fi.duci.al | at e d& ection cul ate

- N G Bronnbpe 50 SPEe Fit foue s bt defecton observed

de]ﬁdt @eibe,0fe eQ@idMnt 1Al ﬁ)l&l{bﬁf}x ey bé @x;ﬁés@&?as( 1'11@1@3tecﬁﬁquuat1on
a

kzﬁy edge of the optic pl anarity, "poin
ally, the total cunulative overtravel fromf| rst-

touch to the final oyesp [k, yposition be
determ ed'% ccC ance wi th Equation 5:1r 0
4u, al- 190 Opf&erYi ‘8@‘1]%108&/8 CTRUHES tweo dimeqsgpnal interpolation to

\ f Ie{/a‘hﬁaZef UFhad 1nter[mﬁmon to mod®1 dhaldekiiRs @ﬁﬁéﬁot:ﬁfbh %@5 Bd¥e, (! miay be

ntity zfipai_generall

%Eff"é%%l%?%tvh\? ﬂ’éie%eflﬁaﬂg géﬁﬂl aty ¥ fros) Vplgeda acpetnéfxﬂqyr)ed

30 by Etﬂﬂai fis0f s(rrfyﬂ)i}'le@ dbwf Bidrdin ANRYRingRE gEItb?al %é’tgﬁént ¥f one
resents the probe “buck

ner y I
‘ﬁ °|dcﬂf EF?&H&E Ri3pl, measurements iy eaprobfr prad pnalysis
omteﬁn‘ aNﬁhdll’:a&aLHt ﬂ%d:eﬁt@r Jt@aG.I5, bl exehpRRY) hithed ofto@féﬁhng planarity
glv b uat i on set forth below. In th
?Sé‘&ﬂ&‘yemsqaiyaﬁenﬁa %éPmP%R?e‘%Ompav%a or ReSPWHDetler fhgs deflction
t offiauks ©loek 51®YSImpitisd aeCovaMey fowﬂuﬁd?altpﬁh@e hé?@@k?onae%cts (block
Lnear | I ncreasi ng th di zdpl acenment. 12 WO
oG8 RS B 87 Bo%ecrs! and Pﬁ?belﬁxﬁﬁ% Aqflogtioncefigety(block
0530)] ane asmpria fuall e@ypedalated(plhrity (block 540).

One exemplary mechanism for mitigating stage deflection effects contributing to
planarity errors employs a direct measurement acquired as close as possible to the
fiducial plate and to the probe card fixture, i.e., acquiring stage deflection measurements
at proximal sensor locations, where “proximal” in this context generally refers to the
vicinity of the fiducial plate and the probe card fixture where stage deflection is most
likely to occur. Applications employing an appropriately disposed direct measurement

sensor were described above with specific reference to FIGS. 1 and 2. As indicated at
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the fiducial plate deflection at full overtravel
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c éntleadedf copditipn, 5 wheypine gashp Fendifioneish ddegefl Gbmatwi mgrspectives.

I ' . .
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fiducial plate and to the probe card fixture,
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FloG2all ky@8 nfifitatdddhfPbRbhadical precision, resolution of the imaging
apparatus employed, computational capabilities of data processing components, desired
accuracy of corrections, and other factors. Corrections beyond the second order are also
possible and may readily be implemented with appropriate hardware and data processing

capabilities.
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oper at | SHR"dEpi Bt & o OHE’P%@sangB@%l%B%DWPé%}n%eC%%’GEeél load
subst antonglehsted plasaity fop didprabossed. Wi t h speci fi c

reference to Equations 13-17. Simlarly, conputing the

| oad conpensated planarity (bl ock 540) may be 10

exjac tU“_hedae&;obsifa?tm al ﬁmalqea&toﬁgﬁsn:sg' mgmﬁfag;f_&. plla_lﬂtﬁty effects due to
rel ationshi et.ween ectrical .a opti.cal .

ol st eﬁ?"‘gﬁl thfsem&@r"&%%%t&lgi ‘ﬁﬂﬁgﬁfa{ﬁ%‘?l\(@f%ﬁld fgpunting.

exanple, may allow | oaded planarity to be cal cul ated

as, a~function of the neasured .optical plaparity for a
gisg\ienTf he pol(r‘fo laelma dw{leﬁgn fsfl‘n‘as‘icc?‘ﬁ’ﬂﬁg CS‘QPWE jWktigjpg a” distance sensor

dgfrbembte onsatbsape deftbcddn. t hat probe. Aspects of the

present invention have been illustrated and descri bed

in detail 15 with reference to particul ar enbodi nents
by4. wdte ahetisodaotd tleino h | Wherdi daid OdontpyitiNgB Yorffrised uiffidit hi©Rptical
It é@ii-olll kt)eecha or eci ated that various nodifications and

al't mﬁa

eraty one ey be made to the exenplary enbodi nents

wi t hout departing fromthe scope and contenpl ati on of
I s intended, therefore,

t S isclosyre, |t , i
tﬁt ﬁ{hﬁeﬁgﬁ%‘gﬂ F%‘ﬁ“ BeVABHL i B2 2 joptiqal gneglogy igphnique
t kemguspe of the appended clainms 15 WO 2004/ 083980
PCT/ US .007818 IS . CLAINED I.S: 1. A nethod of
obt ai mzag‘g‘%’? (Nar] %afl%yn?é-aﬁgﬁ?%lr?@ﬁ?lﬁgﬂcé P%Sbe card
alnal ys !rtSSpslyssL\%eemsaid; aciqdiritng;ei?lhgﬂyiﬁg)?m‘reibﬁdtnrt@aa \?lﬁﬂptbbfe%xtaéive of
pl anari ; S. to.fiducial plate deflection;

a @éﬂg{tlog 811 sa{dgydg?lgl é)&t%, aa%

conbi ni'ng planari e to probe card
def | ectresponsaedo daié ideatifyingpbgrotiding cofréctibhlideta delibL&hbldg; a first

cal cut SRS A SRR ca’ol anar i ty for sald
probe card.
6. The method of claim 5 wherein said utilizing an optical metrology technique further
comprises:
further identifying rate data values representative of a rate of deflection of said
fiducial plate; and
responsive to said further identifying, providing additional correction data values

enabling a second order correction of said deflection.

7. The method of claim 1 wherein said combining comprises:
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10 2. The nmethod of claim 1 further conprising
accounting for planarity effects due to stage

waledokmsioBon and wherein said cal culating is furPCh©s2004/007818

responsi ve to said accounting. 3. The of claim 2,
wherei n said accounting conprises utilizing a distance

sensor tage defl ec 4. . Th )
met hod Jﬁ&ﬁﬁgqﬁ£§n%ﬁé§%?ﬂ ég?ﬁg%%ﬁﬁgﬁP%ﬁggﬂﬁ%ﬂﬂ§@§WTgrSmd
utilizipgbasardgptical netrol ogy technique. 5. The

met hod N n optical

net r ol olg]%asg i ni “glﬁiém%gef[é“ Pl ag lgi lecérd?fﬂgqj‘?al‘ib ﬁ%f'ra

dat a of regpdnpidel a9 adaido nbtmamg éndd secidl aheaplllrﬁigﬁ cofnPS&IGNS | dbthbined
to said Ir] i def ectio ata val ues
repr ese%e?%%?b\?evafg for Saldgl?o}j éé rﬁi B P& %J gfdﬂ‘é‘? al

pl ate; and responsive to said i dentifying, providing

cogr ' . val a first 5 order

o TR o b 4R BR ok e ot f dolie s af prove
5 aatbangiarpragicarddixivid; 2aidigethind opiyprslg: Met r ol ogy

t echni further identifying rate .
data va Saélfélgé é&r%égeen it at |tlv %C?l Blaparyy, apd mpayy So?ltr gipctrical
sai d aﬂmMHQUbrahupﬂmMEdpmhﬂ responS|ve to sai d

further. n r correc i on

dat a vafi%rgz}%%gg%clmg 8§ ke ge\ﬁeg[g)ﬁgat g‘dsgéfiec rcé’BiaFto‘ﬁ fnon-bussed

sai d dafrbedbéatipns; am.The net hod of claim1 wherein said

conbi ni 16 MD 004/ 083980 . )

e usootaiBB i 383 st B SR HFERRRes copviipe; & pmbined

pl anar |deﬁle<:md agtibgable tafleflobtionacti daid probe sl Adnd @EREon of said

card; a% (ﬂ@( %du0|al pl ate deflection at first

el ectrifcal’ eontac and responsive to said obtaining

and said nmeasuring, conmputing a conbined 5 deflection

1 bR A A PRS0, R0l B R BB s

nﬂva@@m@lnwmorflmatldef dnchlneamn; saifl @mpuiddpeis fathd Bfdndve to said
@ﬁ rd fixture; said nmethod conprising: obtaining

nts of optical planarity and neasurenents of
electrlcal 10 planarity for aII non- bussed probes;

el Soriry ST st | T onBf iy SRR Bt e remaed o

arvd zero.

11. The method of claim 8 wherein said identifying fiducial plate deflection comprises:
selectively positioning an imaging apparatus to acquire optical data at a selected
non-bussed probe location;
acquiring said optical data when a non-bussed probe makes contact with said
fiducial plate at said selected non-bussed probe location; and
responsive to said acquiring, measuring said fiducial plate deflection at said

selected non-bussed probe location.
12. The method of claim 11 wherein said identifying fiducial plate deflection further

comprises selectively repeating said selectively positioning, said acquiring, and said

measuring for a different selected non-bussed probe location.
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responsive to said obtaining and said identifying,
conputing a conbined deflection attributable to

waledosmgioBon of said probe card and defl ecti on PET/E&2004/007818

15 probe card fixture. 9. The nmethod of claim8
further conprising acquiring stage deflection

me s UHRBah& &lclail rSQ%HeE@Jx s Hﬁt%fgfng %Pélﬁgﬁateageqlec 1y comprlses
sai d conput | furt respon
actpiLfipgsaid f@}iuml platp deflepticnad adifinctibmoifuld oveneavel plats déftkction at

st@ assunmed to be zero.

11. ﬂ%ﬁgﬁﬁgﬁﬁggﬁg?ﬁgﬁgﬁkggaﬁ %?%ﬁ' sai d identifying
fiducial plate deflection conprises: 25 selectively
posgi t iQRi a uire .opti
o o AR e b BB e PaRR g o o
acuEnsiong! istgrnalatipn jadcalatiomt a mhen a non- bussed pr obe
makes contact with said fiducial plate at said
sel ect ed non-bussed probe | ocation; and responsive to
sald Acepmmuion geadphla sgdivngensadad Witld deth znd phsmleﬁlons for obtaining
d

| QoA AR gimat i RSPl TR, ARDFRRE S 3 get and soa
i déﬁchsﬂgns §ePsing ¢ eparatys Iemcetlrcgesraidemtnumnﬁ tet her
conpri S&ﬁ)p%%lp@a‘ﬁsﬁty ket &Q%du@ﬁ dpc'lgljeq dt?e% Lggtively
posi tioning, “sald acquiri ng, nedsuring for a
di f f er etombins| plavesdly efiets Idus goeplropcv otyd defiecdivn omd d@5Stoltodrard
2004/ 083339 4Rfel{iddSR04/ 007818 13. The method of claim
8 wherein saird idéentifying fiducial plate deflection
conpr i s‘@éﬂﬂa@@r’r@ﬂﬂ‘tcpmge@%tpdjplﬁnadlt}cﬁoai;aumrabee:atﬂefI ection as
a function '"of full overtravel plate deflection at a
particul ar probe | ocation and of optical planarity. 5

14L6- THa&e rropmper sfadableaimedin® whelagn nl 5s firdierc enqodd:d mgth data and
cq i I atio
oy RS i el bl RS e bl b s S i

wilRshrugling tosaseounhiss plererityoafiscts dre tolstage dhflegtionpl anari ty
measurenents with respect to a probe card analysis
syste said data and said 10 instructions causing an
appar g’lhasw@ia@emqaﬁ@lesmedmmngf clatn i Gn8irther: epodquiuvith data and

- Pliaatidny, &fdf Batsd géi@ ifsBudelody ﬁlrﬁl&r &hﬁﬁf a ar}%a%&% legecutlrégnsald

conbine planarity effects due
anePigelons & sompais seig plnarity ﬁff‘éﬁtsedlﬁéﬁ fidectidl plate defidetion utilizing an

c%g&h flefoldgy &@&dpr&ggggl%q&%ﬁg&pl anarity for said probe
card.

18.  The computer readable medium of claim 17 further encoded with data and
instructions; said data and said instructions further causing an apparatus executing said
instructions to execute said optical metrology data processing technique by:

acquiring image data of a fiducial on said fiducial plate;

responsive to said acquiring, identifying deflection data values representative of

a deflection of said fiducial plate; and

responsive to said identifying, providing correction data values enabling a first

order correction of said deflection.
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15 16. The conputer readabl e nedium of claim15
further encoded wth data and instructions; said data
w@pah4®83980 i nst ructi ons further causing an apparer/us2004/007818
executing said instructions to account for planarity
effects due to stage deflection. 20 17. The conputer
a e .da
i gy oD el By o MAHCTs FHARERHME 3uPb8a and
f uinsthistionsasisd dajp and sajdpastatimns éwﬁwutaungg saiapparatus executing said
I n; | ue to
! iryg%t%fleg@s@{&e&ﬁe GRS gﬁewaggfpﬁyglrozzesxnge{e&gs@é b
met r ol o@lyth@ad@}tlﬁ'nrrgdetgsiahg/atue@tnptespmtlve 6f a&te dihdetlection of said
conmput e l.eada Ig medi um of claim 17 further encoded
with data and 1nstructions; said data and said
i nst r uctebrong Ve tasaif émh@aldgltldi}gngmrcapmgaﬂmlm)z@wmm@ta values
Sata probipeLANgolS: EXEGILS S flRldon Tel T ol 907
data processing tec ng i mge data of
a fiducial on said fldu0|al plate respon3|ve to said
acquiring, identifying deflection data val ues
representative of 30 a deflection of said fiducia
pl ate; and responsive to said identifying, providing
correction data values enabling a first order
correction of said deflection. 18 WO 2004/ 083980
PCT/ US2004/ 007818 19. The conputer readabl e nmedi um of
claim 18 further encoded with data and instructions;
said data and said instructions further causing an
apparatus executing said instructions to execute said
optical netrol ogy data processing techni que by:
further identifying rate data val ues representative of
a rate of deflection of said 5 fiducial plate; and
responsive to said further identifying, providing
addi tional correction data values enabling a second
order correction of said deflection. 19
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