SYSTEM FOR 1ESTI NG SEM CONDUCTORS CROSS- REFERENCE TO RELATED APPLI CATI ONS
[0001] I lone BACKGROUND OF THE | NVENTI ON [ 0002] The present invention relates
to a systemthat includes an inmaging device for effectively testing a

sem conduct or wafer. [0003] Processing sem conductor wafers include
processes which forma large nunber of devices within and on the surface
of the sem conductor wafer (hereinafter referred to sinply as "wafer").
After fabrication these devices are typically subjected to various

el ectrical tests and Ch%?ﬁ]}%ﬁ%a d@m@gg@gﬁshe el ectrical tests

characterize the operation o ry an _ er cases characterize the
sem conduct @RoN-REGRENCEY IENATAFASLIAMREst he circuitry and devices thereon
the yield of the sem conductor process nay be increased. [0004]In many
cases a prob¥@0d} ati oMYon¢uch. as t hose avail abl e frothascade Mdcr ot ech,
Inc., are u r %Fﬁ aracterization of the sem conductor
process. W?ﬁgléél?oe@én(%e o\&ﬁ&@?’ 1,2 and 3, a probe station conprises a
base 10 (shdMZparti dlieyyesedtiichnsanpplatet © esyplkatten idkidehaivghing deweger of
jacks | 4a, f1_4£fF AAG %4d Mi.ch’dgel ectively raise and |ower the platen
vertical ly rarratfVeY e Phe  PREEHYGOVERal | *i ncrenent (appr oxi rrg!trel y
one-tenth o i nch)py - | bed. 18 0

fooas m&&gmmegfg&ﬁéucg& WRkrdesIahd RECkHS WRadh!E a @0

supported by the base 10 of t probe station is a notorized po
havi ng a reBvabwef &sviqs witharand gn siseacs opihe semsicenduotoaivhler Gstiafterssenbl y 20

for supporti g\@% Fec r j passes
freely thr otégi}%regtl ar g[ey %pg}ra%l??eA Pjirahl%tedﬁ&érP%Fsg;ﬁgﬁc%}ﬂ%ﬁp%E‘%g%}rBJr%&teé%t he chuck
assenbl y t oviseupplgeiticdl trgepadh demcteyizgions. hia spinatesas thy clebidcgossist | oner 16 al ong
X, Y and Z | [0 al- l. tual l.y-perpendi.cul ar axes X
and Y, and \%?Etﬁ:feélgf Fn; og%l%ﬂé\c&g%ﬁ%é@%ﬁ%@ﬁ@ |{<é§l€\?sg%?la‘?tﬁré%ﬁ %%egﬂcof@fc $hen noved
vertical |l y btpctsheBy alvkartetingipv@suitnydepdevitenthesconthetydd sfiek assenbly 20

and the posget)ﬂi&gﬁ{lct&fspfocess may be increased.

[0004] In many cases a probe station, such as those available from Cascade

Microtech, Inc., are used to perform the characterization of the semiconductor process.
With reference to FIGS. 1, 2 and 3, a probe station comprises a base 10 (shown partially)
which supports a platen 12 through a number of jacks 14a, 14b, 14c, 14d which
selectively raise and lower the platen vertically relative to the base by a small increment
(approximately one-tenth of an inch) for purposes to be described hereafter. Also
supported by the base 10 of the probe station is a motorized positioner 16 having a
rectangular plunger 18 which supports a movable chuck assembly 20 for supporting a
wafer or other test device. The chuck assembly 20 passes freely through a large aperturc
22 in the platen 12 which permits the chuck assembly to be moved independently of the
platen by the positioner 16 along X, Y and Z axes, i.e., horizontally along two
mutually-perpendicular axes X and Y, and vertically along the Z axis. Likewise, the
platen 12, when moved vertically by the jacks 14, moves independently of the chuck
assembly 20 and the positioner 16.

[0005] Mounted atop the platen 12 are multiple individual probe positioners such
as 24 (only one of which is shown), each having an extending member 26 to which is

mounted a probe holder 28 which in turn supports a respective probe 30 for contacting



[ 0005] Mounted atop the platen 12 are nultiple individual probe positioners
such as 24 (only one of which is shown), each having an extendi ng nenber 26
to which is nounted a probe hol der 28 which in turn supports a respective
probe 30 for contacting wafers and other test devices nounted atop the
chuck assenbly 20. The probe positioner 24 has m croneter adjustnments 34,
36 and 38 for adjusting the position of the probe holder 28, and thus the
probe 30, along the X, Y and Z axes, respectively, relative to the chuck
assenbly 20. ! .S | ar f at.is referred to herein | oosely
as the "axi§w% ggggﬁ%%gﬁt&%ﬁéﬁggwﬁgﬁgﬁﬁ@%@%wﬁgﬁggﬁy§gfﬁﬁ6n@%gmg ok

assenbl y 20,24ahs houghetciadpstmeots 84016 aap A8 daakjusthigahe @osiionef the@robeer ti cal nor
l'inear, alo ieh the probe tip, an fer other test device are

br ought i nt 21%@?;%823?& W Re BIé’@ﬁggtahoélﬁ %e?f %ﬂd%a’%eﬁtr%%‘éﬂeﬁyow V§ R Uded

W thin the rakiasgndly 2(h&hé &nxis isoxe@plafy of pridatdferiedAo hetbihM@sclyiaghenet er

adj ust nent 40 .adjustably tiltg th raobe hol der 28 to just plaparity of
Che pr obe. wi P PLApisa soses Bear e Roo e Trsbeckssimnad) S0 sbreRa by t he
chuck assemalyctdds ofsppivactywiaish breabivRr deiay hetuRbarPAORSWROSIHE pRBS S akft, €ach
supporting azégggagtlve robe, may be arranged on the platen 12 around the

chuck assend & 5 dpdeein brapgit miaenniict Witk earh oot g dyedpinded debr| y

simlarly tondiied Smeese BtantVWIER] termNaki3 of HsiRoRAR» A fuARESABR e aCh .
i ndi vi dual positioner 24 can_i ndependent Iétadé_ust its respective probe in
944

the X, Y and%zstercthadanably dilfs s rrahs hpldends ta adissimlaparitiof tapeaberdihr ai se or
l'ower the phabeniolife datr bivifer st dlfce siHoRABH 1O &ﬁfclﬁ a8mBRG ot {if!yﬁrgf &spective

probes in unison. [00061An environnment "control enclosure’(fu eal ed,
partial |y sd&Hslegindiyiduglimeliagosispndrs24s eaeh senpdrton aasspegive prabexmgyoret i on 42

rigidly attaghedg Bﬁ)ﬂfe?}gdtéﬁg@a‘?&ngi%xe_ ARG a@seﬁrﬁ)‘!ﬁi&)e&%? t&(?d’nkl%rggraﬁﬁ%lki gidly

attached to the base oth portions are steel or other suitable
el ectri cal | Yovesha ehyolassymbbrsimilartydo pre spikde ofiMvheh iVéitldsueh an Ficangeoennodat e
the smal | verdicalig . ho ortiaons.42 and, 44 when the
jacks 14 areé act ualt‘?a%%?%{%r}%f %géaor |%&mg§nt@%ugﬁl§tr§%’ ALY eé?%&?(r i‘cal |y
conduct i ve peb? Hirentions, phile hagdeks 146 bp nehaedib ryiscanposait ghitesil uer or

car bon-i npr i.llecone, i s,Lnterposed ri.pherally at their mating
juncture at E%ﬁﬁf%ﬁk&%ﬁgﬁﬁg4gﬁ %%gﬁséﬁiﬁ%mﬁg?digﬂﬁﬁhe | ower portion 44 and
the platen f@osp tnatandEbme:s ubtloPlioaht Yl SRl Gridfidcdildbf seal arc
al |l maintained despite relative vertical nmovement betweén theé two box
portions 42°BARVisALs cEpgesed RbURPPEH PPN 4B oigidhosttablud ta theipdaten G alidp
attached { OlgReLBl @& Aiipidly Sl A 19ARELT0. Bl RrRELELAR br L Bf Pos ed

bet ween the_&ortion 42 an e top of I platen to maximze seall ng.
[0007] Wt h Peflepiiecledri@ilpgondyaivemeptaB] tortevidepMbshicliog ufiper box porti on

gﬁdczggr i's € fecAinBala e @ﬁ’llall %&Iﬁ%l nﬁ)gémé‘ﬁ ba@%&{.‘tﬂe g}lfcgl';'o psoirtgoens B3 Qr?(i R4 e%h as 49a

the jacks 14 are actuated to raise or lower the platen 12, an electrically conductive
resilient foam gasket 46, preferably composed of silver or carbon-impregnated silicone, is
interposed peripherally at their mating juncture at the front of the enclosure and between
the lower portion 44 and the platen 12 so that an EMI, substantially hermetic, and light
seal are all maintained despite relative vertical movement between the two box portions
42 and 44. Even though the upper box portion 42 is rigidly attached to the platen 12, a
similar gasket 47v is preferably interposed between the portion 42 and the top of the platen

to maximize sealing.

[0007] With reference to FIGS. 5A and 5B, the top of the upper box portion 42

comprises an octagonal steel box 48 having eight side panels such as 49a and 49b
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t hrough which the extending nenbers 26 of the respective probe positioners
24 can penetrate novably. Each panel conprises a hollow housing in which a
respective sheet 50 of resilient foam which may be simlar to the
above-identified gasket material, is placed. Slits such as 52 are partially
cut vertically in the foamin alignment with slots 54 fornmed in the inner
and outer surfaces of each panel housing, through which a respective

ext endi ng nenber 26 of a respective probe positioner 24 can pass novably.
The stiffed ViSER nbers 26 of
each probe 6%1‘3@% ‘gﬁgﬁ%% ﬁdnﬁ%&ﬂ?é irﬁ)ng t h%eg&%&%e 5185% 521% cggher metic,
and |ight s@ametI@m@‘dbld Bachiphes! eoprssie llowihohigug inofhithverepmniéteshed o enabl e

a greater r t@Pﬁl gr% %Py S 04 ndiv ched
bet ween a pgp r%?f) Fheé V% r%al\llellrﬁogthé gﬁg%%ﬁ(ggagff%? a?em pI at es
bei ng sl i dalplaged. IShtssﬂpv@r@éIZWamatttaillm ctthertipalhelh tedush mgaltginnmntg;ht}ﬁsldtaﬁlge of

novement en sed [ ots . .56,in in ter s rfaces of
t he panel hguré%l% g %f‘ 61%]82}11 t(’%%l Plh%c%scotf%cgr?ﬁ?e g%@?m%%mélgﬁ thlpﬁ‘ aéf’Spf’/‘i ¥ ng
aperture 58 ex@nq)ng)memhd 26h>aunesgeoavémmlﬁeﬁoﬁermuhrapasé mansdaraetlieaal i ng

i ndow 60 t in. . 62 h t i di tt 64 t
\émelneg}tNi Vel yl%%%ﬁﬁq?utg?ibgfagégﬁ?wfﬁl Oﬁ%ﬁ?%’[@n egr lingé s ?%1%’%‘{?”91’”?’ é vm'e:ldow 2\
st er eoscope pemaneghﬂm)nammagﬂe@momsmwamrteae aﬁ&ﬂgﬂﬁ%eeﬂ'pﬁﬁ/ﬁﬂd gpove the
wi ndow to pr OV'gl &ulf %d d| f the wafer or other test device and
the probe t i PSUﬂﬁ“E% B# BBanﬁ a@ﬁ?ﬁﬁ@“@éﬁ&ﬁ? or MgpraRcat ithsn.

Al ternat i Ve|f()ém e 50iiNSaNw R R CREvdRE aﬁoefr@f/s%u Aads 85 M LIAePLmkRAS (not
shown) surroun t?sﬁ]émgég am gasket can _be inserted through the view ng

aperture 585y bﬂfﬁ&&?ﬁ@f%ﬁb{VEFhmhﬁe?lwbmvémaﬂaomghgwn&eem ing. The
upper box pﬁfo&zérﬁ&té@coﬁfpais&?b}ﬁﬁifgef QOEBAIL GORLEUNd BhE QSHER o‘ﬂh%g) andicl udes a
hi nged steeI door 68 which pivots outwardly about the pivot axis of a hinge
70 as shownlP¥igl G 2A. The hinge biases the door downwardly toward the top

of the uppet, portj.on.,42 t forps_a tight sliding
peri pher al i ﬁlx68a Vé‘t%ﬂ}eﬁgag%hquzf@h%c% e?”eWB’)gg“BBWrFB WYE‘P‘?th he door is

gpen and. thmzu@nmkamﬂmnﬂﬂh%ﬁ%m@t ﬁaau@ggwmiloﬁ; lae teash. tA Bragkt éﬁh&ﬁﬁag h the
oor openin chuck asse i s accessible for

| oadi ng and%ﬁi’aﬁ)géf %g S}["%b@W‘?lﬁ"W’ EFEREY W?Ye‘ﬁng@as@géﬁﬁh@”}{f%hseal i ng

integrity thetvhﬁdo@xﬂ%l G etsCopegndtisk@w) SenmdBrbdioal O ol QUER B4/b1aR@SbeJeoNi Ng

i novenent s ﬁ¥ nDtorl ed posjtioner 16 due to the provision of a series

of four sea é’§°v 2 mapnified disglay ‘?@théf”&@kéﬂo'@?fﬁ%ﬁéé?‘w 23l 15 e

anot her, Thﬁp 831 pﬁﬁae@roﬁé}ﬂad@hﬁﬁt@nﬁg %ﬁﬁ%ﬁoﬁefh@ﬁ)ﬁ@@teﬁ%Melgr I idwigpr to the
bot t om one, do thﬁ spective sizes of the central apertures 72a, 74a,
76a and 78a“PorAEBOYeH ap %mﬂCé%Sﬁ@& lpRpdngy|shgvany syrpounierd b%foamasﬂet caarbd t he
aperture 79%sdrfiMReudhing iewhek é}fﬁélﬁﬁzvﬁ{ hE QD44 The
central apertsure 72ag inth ve’ ? b | ate 72t nah%glsﬁ?ﬁglgg[@mg?%&ngpﬁe beari ng
housi ng 18all@t s¢afige. @FPPR%WP&P%%‘EQ o thy @ﬁgelrm%wnﬂqeem&wreplsat e in the
downwar d preehee%ﬁ dBlel poy al
margin 74b which 1 kqgr?l tse thggéebx‘?’@ﬁi? l’?%smﬁ[w{@l%) B{tﬁ ?Q’H?B% canhﬂ% 2é acr oss
the top of #Heopn ilEGy2A. "ﬁh?éllltgeﬂmseﬁlthea@f@rﬂwmafdﬂamwardﬂetcp;i aftthe ﬁia@en s of a
size to per un 1 beari ng
housi ng 18 ga)% ro%tﬂ%\/%%éél}a‘tﬁ@ Knsjaqﬂghé)o@\éﬁpdﬁgﬁ%@e%p egﬁ’%‘ ?ie?‘ler%’%g Zl Qf the top
plate 72 ab‘i@P of @gapm box m;‘twmr‘»f@hm theddwonis opérg agal the etk assiaaelyszoziemo%dt he

aperture 7 V. yncov d, by ate 72
when such a %Sjt&?\o{x{(g:rcﬁ;bsenga%gl% qﬁ%rrog?mn%as SRR eIIKIg} %& the gﬁ‘“r‘f% l’]\Xeen t he
plates 72 alﬁdCCESBﬂﬂegmﬂcdﬂmggncbﬁnlbatdmgmvement of the plunger 18 and its

bearing housing along the X and Y axes. Further novenment of the plunger 18
and beari ng[Oﬂ@ﬂa ng AMRErEre BdHEB @ 4athaserbing insgerithef the enclos@2isni t h t he
margi n 74b gesuehsidtNnddBroshddt her al
margin 76b of the next unde% ﬂﬂﬁﬁ&l?B&w%hé%?%{%ehgﬁgﬁgghgﬁé g:{ik;lgrture 76a
hi the pl at@e%ﬂ]ieglqvasr@éféﬁwgwf T fféklitﬁ Itlata&)m A6 aof 78 hfeclpﬂah@blm with the
margi n 76b, but small enough to prevent the plate 74 from uncovering the
aperture 76a, thereby |likew se maintaining the seal between the plates 74
and 76. Still further novenent of the ﬁrunger 18 and bearing housing in the
same direction causes simlar sliding of the plates 76 and 78 relative to
their underlying plates into abutment with the margin 78b and the side of
the box portion 44, respectively, without the apertures 78a and 79a

becom ng uncovered. Thi s conbination of sliding plates and central
apertures of progressively increasing size permts a full range of novenent
of the plunger 18 along the X and Y axes by the positioner 16, while
nalntalnlng t he enclosure |n a sealed condltlon desplte such p05|t|on|ng
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19010]Wth particular reference to FIGS. 3, 6 and 7, the chuck assenbly 20
is a nodul ar construction usable either with or without an environnent
control enclosure. The plunger 18 supports an adjustnent plate 79 which in
turn supports first, second and third chuck assenbly elenents 80, 81 and
83, respectively, positioned at progressively greater distances fromthe
probe(s) along the axis of approach. Elenent 83 is a conductive rectangul ar
stage or shield 83 which detachably nounts conductive el ements 80 and 81 of

circul ar Sh% onggfot elrelrﬁ%g% sﬁ& tﬁeﬁga‘c@ aggrg iR asii) llc}ilt%m C%ﬁ%’g‘? the b ttmg 4

waf er - supporglﬁng surtace avi ray o tica e
therein. Theseg aap@thlqusg&tmommfdatcmw apwrtn&smm;ﬂ%;%azmmelf@msemar ated by

O-rings 88, .the ¢ t in 0 to different

vacuum | i ne%hegﬁsz?ea% B 2kg rl%“lfllﬂ dg%% %rgiﬁﬁ%??eb gﬁﬁ’ﬂjﬁ?‘{) ﬁ oo 42 0F

separ at el y- deribwealHog gortian ddirTheabnies afertate 734{1&1/!1116 topipldic "az Bt @eseBf vacuum

The respective umlines s i vel onne he r ectlve chanbers and

their apertﬁ?@ggﬁﬁgﬁﬂgggﬂﬁ?%%ﬁ%ﬁgbﬁ %@f gﬁ%rﬁ ?En?ﬁpé$ﬁ%rnatlvely

i sol at e t he fiepRWhnwERIDrédresioh\Bats Mﬂlﬁﬁarﬁfpv@éﬁﬂylyﬂ%dc@ng PhipRaS hdignwaber, in a
he respective chanbers

conventi onal ner. The sep operability o

and their c&@?ggﬁ%W&$ kﬁb@ﬂ%ﬂaﬂg BH@HP@@“?W@aQHﬁékapBoﬁ dlafgatelle o

di fferent dian@i @eture[789Hkhd parddiid drarit @ ﬁéﬂﬁn%&;{bﬁk@&&%%ﬂ%@m@o and 81,
auxi | iary chucks such as 92 and 94 are detachab nount ed on the corners of

the el ement PEB8%H 8 8¢ EnReanphousing WA v rriyesen aleng ?{19 Xotndthaxcs paifdht s 80 and
81 for the paRPaR 16§ }f)l&t%! PR Akt E@.ﬂﬁpﬂﬂé ﬁﬁ%ﬂ§m§)tf 'ﬁ%tﬁa?e \Ghe @b QIIF i 1 on

substrat es Whl le a wa or other test device is simu taneou y supported
by the el endfitusy/4ainbowerigkited wal te herateowzed toshhites plais7owkensegar at e

upwar dl y- f agihideR o8, asdhbR%Se eg-%gl lﬁélggﬂtgl&%%%ﬂgle %ﬁ%aﬁé&%?%%% ?% | el

relationship to the surface 82 enent ures 104
protrude t hregtiglest %h%mmeéoflwlmr 10adfits brargiwusingadongthe Wianh Y

respective Qﬂ:@rﬁ?}%&ﬁ%%meﬂt thﬁ% ang%gar USIII1 ai‘il¥he#]%é8t§0él E ach of these

chanbers in turn conmmuni cates t ug a sepa cuu nd a separate
i ndependent klypiraertt whthe glajeat2umith thahmegir( ’r'ﬁbtleslltts)m'the slidirty o tisonlste @4 afvamiacuum

apertures 107 PERRHEEMNEIN GAIELIRGHe A A8 Al hrdobi BRIy B The
oper alt i on ofn thmlelataﬁénstlmrgesnc&ghm pering abadbtmaﬁm)tfﬂﬁ@latt)@m WRh thia n%élﬁgsﬁ vel % hol d
or rel ease a.contac stra ration. substrate_|ocat on the
respective gﬁr a%g%) %gnﬂeﬁmﬁﬁﬁ aﬁﬁ@ﬁ%ﬁﬂ@ﬁ?w§mﬁf‘?ﬁ%ﬁﬂﬁﬁgﬁt%ﬁﬁ%ther t est
devi ce. An bigwissnmedintaieinglthesdehledetivelt e plyes (77 ahd D6l St pwaicd yvémamvtthe edges

of the elenent 83,to.surround the. other _elenents 80, 8 and the auxiliary
chucks 92, nEE?g g% 416k bpring-fhousing m the same direehng cpuses simbat Jidmg of i Dlaigs 83, as

wel | as th e763;dﬂ| Birelatinte t6 HslHnaG BaEY1xtesehe WBRincHSwittAhe nﬁ@&m ey

insulated Tr (?e ofo Qeebo%rij%} tﬂ)%r44el\e/:sepréct1vely, without the apertures 78a and 79a becoming
uncovered. This combination of sliding plates and central apertures of progressively
increasing size permits a full range of movement of the plunger 18 along the X and Y
axes by the positioner 16, while maintaining the enclosure in a sealed condition despite
such positioning movement. The EMI sealing provided by this structure is effective even
with respect to the electric motors of the positioner 16, since they are located below the
sliding plates.
[0010] With particular reference to FIGS. 3, 6 and 7, the chuck assembly 20 is a

modular construction usable either with or without an environment control enclosure. The

plunger 18 supports an adjustment plate 79 which in turn supports first, second and third



t hough they are constructed of electrically conductive netal and
i nterconnected detachably by netallic screws such as 96. Wth reference to
FIGS. 3 and 3A, the electrical insulation results fromthe fact that, in
addition to the resilient dielectric O-rings 88, dielectric spacers 85 and
di el ectric washers 86 are provided. These, coupled with the fact that the
screws 96 pass through oversized apertures in the |ower one of the two
el enents whi ch each screw joins together thereby preventing electrical
cont act bet e n he l.ower, el ement royi de the
desired insgﬁggﬁ%%$digé?§mg%%§?gﬁ%f$%ﬁ%§f?w%%%?%%nﬁﬁgf18lFﬁgmlﬁ%%%?s 85
ext end over dntdngestronotheporbe(spaisngpthe txieofypposcn flesent dicie a aseistiaf t he
i nt erconnect c SS |- %l ene her e | eavi ng air et ween
t he opposinéggﬂépgbéggﬁggggﬁé?8@“%%?%%%%@I%ng%@Pﬁm 153 8%??%%ﬁ§5§2§% Such
ai r gaps m mirmdlaeshifreThl déreat B) bascoistaniwardly-fdvihgSpdaesphetivgerifaded 82
respective ghuck assenbly el.enents, .there correspondi ngly, m.ni mzing the
capaci t ance ‘é”%v%%%rratyﬂcg%grgﬁﬂ aper It]?ef%}ll'%seé‘fp%rg‘{l% C@Qm‘%‘m%'feé’i‘fﬁl to | eak
from one el espadiivt chanbeiseparatl Bf @it 38, tHehBasRacRemashs vashers 85 and 86,
respectively, are constructed of a rial having the | owest possible
dielectric é?ﬁ?ﬁéﬁﬁ) J;%ﬁg?tsvtaé‘fwn e ﬁg‘%%@h 9@? %ﬁsﬁ)&g‘&f’l@?&%& thiogeland hi gh
vol une resi sgpavitdly-corrositd vadling vaRERhbahoWOwittEsoSRBGETRuARdTMAsSher s i s

mar ket ed under. the trademark Delrin by

gl ass epoxy, or acetyl annpg¥é%§£ ] I

E. |. DuPont“SPfoyisxrWanIFee congectihetespetiyn ehambetstiad Eifliererissendl y 20
al so i ncl udestha spakd ofthedel BEDRIRhGwSLE 6f dlicfiRlivGPRPBEIR aRt ST Rbh ,
designated generally as 108 and 110, each having at |east two conductive
connect or eFeHEIyaapELto relemp thevpieripa conveptional mapse (The e¢ppratedperbilitc al | y

i nsul at ed f oPiK 8RG0S BmbeMiah el 8ot QPAR I%hfg@, , Ob
preferably coaxiaFLylsur[oﬁnging th% cgnng%g%? e engﬁggéggggggﬁ%& 10a as
guar ds t her 8@E¥s of|diffge idiagmgters. he connect or assenblies 108 and 110 can be

triaxial in igurati .SO to inglude res tive outer shields 108e,

110c surrou#@ﬁﬂg thequgggglwgéa%@H%%%?B?ﬁ%(BWB§E§W§ Bl SHeksF1dRs Y4s shown

in FIG 7. koot stachiablehtbontO8€ tharermdd O€ thaRemehi 8308Skreed (nd@@hcﬁ@@nec'[ ed

el ectricall thrggg@ shield%gﬁ q§x 112 and a connector supporting bracket

113 to the X“r‘iiﬁ%el? ShBicyicatcatidl engs! fog fhepyipgse & gepPosingcopiapigrbstisishect i on

i s optional apbdalib@tbadubtratdd WhileW vifierlbNEmSUES: AsVIgH 5 Qnﬁ%ne%@lﬂ-%}é&%de”d osure
the respective connector elenents 108a a 110a are

42, 44. In any case, ]
el ectricall Yﬁ’ﬁﬁ%@@?’é@' Farhpaxiipryehugkd 29 as e owe sensrase eovardlyfeeiiengl y and

det achabl y pliesied 180,008 r@p&utlPdn fRMARdatRHIfRGahddABLY quﬁeews | 14b
and 114c to the curved edge of the chuck assenbly el enent 80. Conversely,

t he connect@Fn@ﬁ§HéK¥§HTGBT?H§H&4?%@%d%ﬁéﬁﬁbHW@@ﬁ@&Sﬂw)@dﬂéﬂﬁ@m»to a
connect or ptafBurkddios Wiqﬂnlr%blzéfivg‘eﬁdnﬂ)g}s%viﬁlgﬂﬂg 86@%@&&%%?@1911 Yernhé, %LC ment 81.
The connector el enents pass freely through a réectangular opening 112a in

t he box 1129f hese shanghessin fira gppypupigied thiovgh 4 sepmatchecivoxlitel@d ancpatdter ef or e
fromthe el gaBRLIBEv-288.0081 ' beal insul ated from each

ot her Set sc?@&% sugﬁ,a% 11'80u efg@hg%fgkgggﬁgﬁgf‘%“H%ﬁﬁ%%?%?méﬁgﬁgnts to
t he respect vake selsaliedt enngsting esisdlatingghereqpb6tive] 06 b dieititee 1 0£ vtk r@pecor ,  as
shown, triayi I . [ rt.ions. of the spective

det achabl e gﬁ%%%@?ggf§%%%ﬁé@%g?%§§1éﬁgﬂ*%gaﬁﬂﬁaﬁﬁ%meB?Sggogﬁeﬁﬁ@FF
respective 84 isaxd talseldaivalyhabl @ rdenae cantacs subRZatancaiR4tivhiubtrapeloedddat e a

wal | of the r rtion 4 f .envi ro control .enclosure so that
t he outer 5?14 tgl%\%sSp %?1 i ‘Wéﬁfersidlggfl%cf n@dﬂ%@‘&%&g’e ‘%lé};ﬁwr}l?klorﬂ@r?? Ef-cal Iy
connect ed t4nthienehodtashickl 106udytpestride upElatlyGrbl ©6 ed@2af thd /AT B t

det achabl y &gpg%ﬁkabﬁg Ho th cggnec ors.122 and 124 fron1suifab|eotest
equi prent  sUSRYAS™E &L H EREpile ka7l e #FBIaRoaUFS 92084 sour ce/ noni tor or a

Hew et t - Pacjgaiy] 4284A1Rfrec (ﬁh&d“asge%l}ﬂa&ﬁénts Qf@? | £, L0004 de test

application. |If the cables 118 and 120 are neérely cdaxi al cabl es or other
types of catsidiiony]gbagkgsssaibly elgmens dhdurcalestrically insulsion duut we ahsthereonnect s t he
inner (signal) connector elenent of a respective connector 122 or 124 with
a respective connector clenent 108a or 110a, while the other conductor
connects the internedi ate (guard) conn&ctor el enent of a respective
connector 122 or 124 with a respective connector elenent 108b, 110h. U. S
Pat. No. 5,532,609 discloses a probe station and chuck and i s hereby

i ncorporated by reference.



[0015] I n order to position probes for testing sem conductors, typically on
a conductive pad, a mcroscope nay be used. The process for positioning the
m croscope on the sem conductor is tine consum ng and | aborious. A w de
angle field of view objective lens for the mcroscope is selected and
installed. Then the probe is brought into the general field of view of the
m croscope wth the sem conductor thereunder with the objective |ens
focused on the upper region of the probe. Hence, the upper region of the
probe farth r r n. focus. .The | ower

regi ons of ?]%Oél%pr afe %stniu%teg 0P Qgct}l%aﬂxpr ndgguvg rll%rtaal%?d mter onneoterOCUS due to
the limted ddtaphahl)dfy rfle;tdhdscméwstsheh nxtﬂ6e%ﬂh\tﬁeﬂemsto I‘KI}SG andBAtﬁnes poi nt only

the larger f ur.es of . ar rnabl e. .The.zoom of the
ni croscope & nﬁ%I T 3}18% 5@%“% ﬁ‘é%ﬁ@ ﬁlﬁa Tﬁgreﬁﬁlf?todé%%cg‘éc Bt ed to
focus on a f88rd1bie¢mdsmtamss mirdlelaﬁnddmhas 86 erewhividied prievd, desplal wikteds ower
field of vi Wtﬁ%\tthat a ddl%ﬁ gion of. the m.cro e is_in focus. Hence,
t he upper SERES PWéSIFF&B@ﬁ??SpHﬂ@E?% | OBf g%‘éﬁ@r ally not in
f]pc ]chS \lfvgenf \éleﬁibhﬂsgv}ﬁdh%am ﬁeﬁvejoﬁg@gemelqhermﬁprw&b@g Qétﬁméalpfdnba@t bdtwedned ]glepth h
ield of t ective at t oint smaller regions of the
seni conduct &€ gf“g(% }%ecsé’feﬂ’aﬁd‘ﬁgﬁ“?wér WB’FOV{(%& erfaeéllr‘??s‘&% PoReyS Be i ncreased
by the oper apgiier@ROFIGNS, thi GER&EEOPRCENBRS H&hdlRel REHSIRPpdNEnsIraRe tip which
provides an increasingly narrower field of view so tha}tj t he probe tip

region i s gORRASHEISYRc aﬁ@%@i@ % Bretonasctedichrrkasembbhdeperiditseby dsaviass under
test. The | qwghpsREIQRAheWppbdies sﬂff@é%@o@é?%a}d?goﬁlgﬂs%f tﬁ&lgﬂe%étlv%fa dbe probe are
generally not in focus when viewn e tip region of ﬁ probe due
to the |initeeh %%ﬂpﬁméﬁlﬂ#ﬂiﬁéh%ﬂl@ﬁcwlm@n@m@te@thwpacp%bﬁéweemmlsqmwe@huqk woul d
appear to b@sséﬁﬁ@'e%eh@rﬁﬁ@%gy &&rema&p%ﬁrﬁ %ﬁletcbﬂ?ﬂm & (eI ap! e device
under test, it turns out th hi's 1s a burde di fiicultot ask.

Ot en when 2ubile aljlityHer ﬁ%m@k@@péﬁplh@kﬁpabewg@e@nﬁgtan@herf Prefesabnthewhen t he
M CTOSCOPE Lol hALHRREs s EnPER BRplchy OOty b o Lol Rl it Vihen
this occurs ere 15 a need to’zobm out’ 1o a w de 4 Few and
restart thelqwesgmssible Aiel;aotncwhmuant hmsmtemﬂslﬁg]edmjensimail siebzlmymnd hxgﬁe

proximty t | d_of view observed

difficult t%lg?lgé%&ﬁt” i %)el?/fn\(/:\%eemglnf%ré[re TS ?rlﬁlewaﬁb%é* giﬁsf)ei?"%‘y’aoét ual |y

pr oxi mat e. A@tﬂhexnnpcdymaanqmbemcﬁlnziaahetdadamdrkabblmmw BasDapést. narrow field of
viewit tends to be difficult to determ ne which device the probe is

actual Iy teS¥aly amonlitareswencefo EiGSsapyd B frrcdicidewingds 20 sl alngescases, the
operator W bair Qﬁ&ta@@able%lé&?caﬁcdﬂh&k&ﬁrass@ﬁgﬂésfdeﬁgﬁa!t r%eﬁérgﬁfﬁcl@@%ﬁd Yy ch

requires the mcroscope to be retracted, th Ive 'l ens changéd, and
the microscéisé H’GQ%EFI%EWOM%‘BNBWOWWW e@ﬁﬁ@tﬁtlﬁﬁ’fﬁaﬂ@eﬂhﬁndllﬂoéaﬂawtxmvenent of

the waf er r?clsﬁéchVe@ %ﬁcﬁﬁ%lﬁﬁmﬁe@ﬁ:&ﬂ E&h%ﬂﬁr tvﬁthetﬂé/ +Jn8%%§e%e %%915 BIL ns or
otherwi se, the probe will 'no longer be in close a £ robe may
mss the paéllq%mrefmblmew@b sumelendingdls conmctmgcmhnsd%mnﬂ il 0¢eas;malrdsiur| ng
ext ended t eglLs.y E)I%ﬁﬁ%% A L.V

[0017] FI G :ﬁthml%sorE@ l;:)l'gsﬁl'—ite i’a ro?lcltog\#fséﬁbg%ﬁggg\e/gﬁ% i be S UEKELI Eﬂgur?ﬂona waf er
probe st at i gresdohstuderseattiveowe cbiclla htte, W()tchuxtdmdpnge]saepipectme&phnepml

elements 108b and 110b, as shown in FIG. 7. The outer shields 108c and 110¢ may, if

desired, be connected electrically through a shielding box 112 and a connector supporting
bracket 113 to the chuck assembly element 83, although such electrical connection is
optional particularly in view of the surrounding EMI shielding enclosure 42, 44. In any
case, the respective connector elements 108a and 110a are electrically connected in
parallel to a connector plate 114 matingly and detachably connected along a curved

contact surface 114a by screws 114b and 114c to the curved edge of the chuck assembly



[0018]FIG 2 is a top view of the wafer probe station of FIG 1. [0019]FI G
2A is a partial top view of the wafer probe station of FIG 1 with the
encl osure door shown partially open. [0020]FIG 3 is a partially sectional
and partially schematic front view of the probe station of FIG 1.

[0021] FIG 3A is an enlarged sectional view taken along |ine 3A--3A of FIG
3. 100221FIG 4 is a top view of the sealing assenbly where the notorized
posi tioni ng nechani sm extends through the bottom of the encl osure.

element 80. Conversely, the connector elements 108b and 110b are connected in parallel
to a connector plate 116 similarly matingly connected detachably to element 81. The
connector elements pass freely through a rectangular opening 112a in the box 112, being
electrically insulated from the box 112 and therefore from the element 83, as well as
being electrically insulated from each other. Set screws such as 118 detachably fasten the

connector elements to the respective connector plates 114 and 116,

[0014] Either coaxial or, as shown, triaxial cables 118 and 120 form portions of
the respective detachable electrical connector assemblies 108 and 110, as do their
respective triaxial detachable connectors 122 and 124 which penetrate a wall of the lower
portion 44 of the environment control enclosure so that the outer shields of the triaxial
connectors 122, 124 are electrically connected to the enclosure. Further triaxial cables
122a, 124a are detachably connectable fo the connectors 122 and 124 from suitable test
equipment such as a Hewleti-Packard 4142B modular DC source/monitor or a
Hewlett-Packard 4284A precision LCR meter, depending upon the test application. If the
cables 118 and 120 are merely coaxial cables or other types of cables having only two
conductors, one conductor interconnects the inner (signal) connector element of a
respective connector 122 or 124 with a respective connector element 108a or 110a, while
the other conductor connects the intermediate (guard) connector element of a respective
connector 122 or 124 with a respective connector element 108b, 110b. U.S. Pat. No.

5,532,609 discloses a probe station and chuck and is hereby incorporated by reference.

[0015] In order to position probes for testing semiconductors, typically on a
conductive pad, a microscope may be used. The process for positioning the microscope
on the semiconductor is time consuming and laborious. A wide angle field of view
objective lens for the microscope is selected and installed. Then the probe is brought into
the general field of view of the microscope with the semiconductor thereunder with the
objective lens focused on the upper region of the probe. Hence, the upper region of the
probe farther away from the probe tip is generally in focus. The lower regions of the
probe and the probe tip are generally not in focus due to the limited depth of field of the
objective lens. Also, at this point only the larger features of the semiconductor are
discernable. The zoom of the microscope may be increased by the operator and the

mictoscope shifted to focus on a further distant part of the probe which provides a
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[0023]FIG 5A is an enlarged top detail view taken along Iine 5A--5A of

FIG 1. [0024lFIG 5B is an enlarged top sectional view taken along line
5B--5B of FIG 1. [0025]FIG 6 is a partially schematic top detail view of
the chuck assenbly, taken along line 6--6 of FIG 3. [00261FIG 7 is a
partially sectional front view of the chuck assenbly of FIG 6. [0027]FI G
8 illustrates a probing systemtogether with a mcroscope. [0028]FIG 9
illustrates a test probing pattern for a wafer. [0029]FIG 10 illustrates a

pattern rec %%Qé\}vér%ms o%svge%vrrs]:oftﬁe{t a%i&ﬂg retg}ogsof the microscope is in focus. Hence, the
upper region of the probe and the probe tip region are generally not in focus when
viewing the middle region of the probe due to the limited depth of field of the objective
lens. Also, at this point smaller regions of the semiconductor are discernable. The zoom
of the microscope may be increased by the operator and the microscope shifted to focus
on the probe tip which provides an increasingly narrower field of view so that the probe
tip region is generally in focus together with the corresponding devices under test. The
lower regions of the probe and the upper regions of the probe are generally not in focus
when viewing the probe tip region of the probe due to the limited depth of field of the

objective lens.

[0016] While it would appear to be straightforward to position a probe tip on a
desirable device under test, it turns out that this is a burdensome and difficult task. Often
when zooming the microscope the probe goes out of focus and when the microscope is
refocused the probe is not within the field of view. When this occurs there is a need to
zoom out to a wider field of view and restart the process. Also, when there are several
devices in close proximity to one another and a wide field of view is observed, it is
difficult fo discern which device under test the probe tip is actually proximate. As the
microscope is zoomed and an increasingly narrow field of view it tends to be difficult to
determine which device the probe is actually testing among a set of closely spaced
devices. In many cases, the operator will desire to use a higher magnification
microscope, which requires the microscope to be retracted, the objective lens changed,
and the microscope moved back into position. Unfortunately, if any movement of the
wafer relative to the probe occurs due to environmental conditions or otherwise, the
probe will no longer be in close alignment, the probe may miss the pad for the device

under test, or may slide off the pad during extended tests.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0017] FIG. 1 is a partial front view of an exemplary embodiment of a wafer
probe station constructed in accordance with the present invention.

[0018] FIG. 2 is a top view of the wafer probe station of FIG. 1.
[0019] FIG. 2A is a partial top view of the wafer probe station of FIG. 1 with the

enclosure door shown partially open.
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[0030]FIG. 11 illustrates X and Y drift over tinme [0031]FIG 12
illustrates pattern recognition relative to position of the focus of the
probe to determine z-axis offset. DETAI LED DESCREPTI ON OF PREFERRED
EVMBODI MENT [ 0032] Referring to FIG 8, a probing system nmay include a _
probing environment 200 having a support 202 for a wafer 204 together with
a mcroscope 206. The m croscope 206 preferably includes a single optical
path 210 that passes through an objecti vle | ens f212. ~I'n addi tlhon, t he sys'élem
r ef er abl inclu 1.ngl i gal . pat or i magi ng .t he.devi ce under
Itoest or o%/hgpa\)/%ﬁée a s?ﬁ%ﬁgs %%%?%&ISQ%%Pﬁa%B%%é%h gSCI{;JesHéa C%c‘)mg‘ﬁ%ﬁ%?’f’cal ly
posi ti on t hergrsbhtoonf Flkeldevi ce under test. By including a singl e optical
path 210 fromthe device under test, the registration and al |(gnmant t hat

woul d have H8¥HIot her WS dArerreduest ssetondairviakerengtling B8 ik ElG.8ns from a

lurality of,s§,¢r 0SCO I: |l eviated. .The agptjical path may pass through a
1I‘Oi rst Ie%s ﬂ(?zilm ch ?ﬁéé@aﬁ)ﬁé’l “i%;ﬁl%e SF?I%afﬁ%gl%geV@?eé%%ﬁm&I&f(gst on a first
i magi ng devipositiddifig mschehisas xendstarggh e btoedofirviepsurdn optical splitting
device 218 nmay be used to direct a portion 220 of the light from being
i mged on tr{ﬁalzﬁi rst igPAds eesnlasgeddapsdetafhacy fager almlw:aﬁﬁ—bsféx qfé?IGebé ed by a
m nor 221 a ss t .a second .l ens.222.. An. optical itti evi ce
226 and ni ngﬁoz%o ma;'lE @éggése%“‘tn I%elgri%pcstec%{m%lovrl?‘?’%he aé%n@fnet%%é'sﬁ}loéﬁ%'bei ng
i maged on alsecond inaging device 224. Accordingly, the light fromthe
second lens 222 inmages the light on a second inmaging device 224. The |ight
passi ng t hr dUYR] t he PG 64 a ralidlly sehematetep detaik 26 Wpd stwecbiuekassamtly,a | ens 232

and is inageéj(eggloggfhl;gg_g%gﬂﬁgjﬁg device 234. [0033] The first imaging device
216 images the device under test at a first

[0026] FIG. 7 is a partially sectional front view of the chuck assembly of FIG, 6.
[0027] FIG. 8 illusirates a probing system together with a microscope.

[0028] FIG. 9 illustrates a test probing pattern for a wafer.

[0029] FIG. 10 illustrates a pattern recognition system for probe tips.

[0030] FIG. 11 illustrates X and Y drift over time.

[0031] FIG. 12 illustrates pattern recognition relative to position of the focus of

the probe to determine z-axis offset.

DETAILED DESCRIPTION OF PREFERREb EMBODIMENT

[0032] Referring to FIG. 8, a probing system may include a probing environment
200 having a support 202 for a wafer 204 together with a microscope 206. The
microscope 206 preferably includes a single optical path 210 that passes through an
objective lens 212. In addition, the system preferably only includes a single optical path
for imaging the device under test or otherwise a single optical path is being used to
automatically position the probe on the device under test. By including a single optical
path 210 from the device under test, the registration and alignment that would have been
otherwise necessary between different objective lens from a plurality of microscopes is
alleviated. The optical path may pass through a first lens 214 which images the light
from the device under test on a first imaging device 216, such as a charge coupled device.

An optical splitting device 218 may be used to direct a portion 220 of the light from



magni fi cati on based upon the objective lens 212 and the first |ens 214.
Normally the first imaging device 216 inages a relatively wide field of

vi ew. [0034] The second i magi ng devi ce 224 inages the device under test at a
second magni fication based upon the objective lens 212, the first lens 214,
and the second lens 222. Normally the second i magi ng device 216 i mages a
medium field of view, being of a greater magnification than the relatively
wide field of view of the first inaging device 216. [0035] The third i maging

device 234 inages the device under te .t hird nification based
Coon_the an SRR s Sn Bo%S SmpiaviERle e bk bdelney B RS Hn e85 > 5 e
the third | edbaBss houphh kacotidiend 1021 dhniopagil Bgitiievdeee ﬁﬁ@laﬂddrm_ 'geﬁ%_m Ingrr ?W
field of view ,h bei f r eat ification than the nmediumfie o]
Ui ow ot h T e B R r0n 225 T35 Vb bt Mibetd S hcdend B R BV ow f or
the first inpgi Agoetvdlgehadid fibhehd RE@E 1dneabpinesedhe ifIg od@\E&adunder test

may be observed. With e narrower, field of view of the second imaging
devi ce 224, lm%n%%}%éﬁ : Q&tallﬁh@%asﬁ’flg el Bigioplcal sRliging ds¥ice 238/ a5®s obser ved.

Wth the i ngreasiaeis23nand RMBLgchiof ladhiff imijigWdeficddie, third i magi ng device
234, the increasingly smaller f%eatures of the device under test may be
observed. A$0038] may Béhedvgemegiog davive 21 fingges thedévigy unhderi test st pfitsvi de

different fiel f view of the .same,deyjce., |n.additjon.. w he use of a
single opticar lglgé%{gng’i‘qfwiu C éé%(s)tégc 1tvﬁgml’ly Zgﬁ}%dﬁ%eo%g&qﬁ%tjlgaglﬁr%%tt%\eeﬁrﬁmges
from each ofimigheg devieg 2 h@inthges cethtiacle witediat! diwiat.i gned wi th each ot her, such
as centered one wthin another. Internal to the mcroscope there may be

nul tiple opld084l pat hidhe seqopd Sraging desisy 2¢4isuages the dgvicegadiriesbita seepntlest t he

device u nde‘fna&ﬁﬁ&aﬂ%ﬁ biNefi Bﬁ&?tﬁ& objective lens 212, the first lens 214, and the second lens
222. Normally the second imaging device 216 images a medium field of view, being of a
greater magnification than the relatively wide field of view of the first imaging device
216.

[0035] The third imaging device 234 images the device under test at a third
magnification based upon the objective lens 212, the first lens 214, the second lens 222,
and the third lens 232. Normally the third imaging device 234 images a narrow field of
view, being of a greater magnification than the medium field of view of the second
imaging device 224.

[0036] With a wide field of view for the first imaging device 216, the large
features of the device under test may be observed. With the narrower field of view of the
second imaging device 224, the smaller features of the device under test may be
observed. With the increasingly narrower field of view of the third imaging device 234,
the increasingly smaller features of the device under test may be observed. As it may be
observed, the three imaging devices provide different fields of view of the same device.
In addition, with the use of a single optical path 212 increases the likelihood that each of
the images from each of the imaging devices are properly aligned with each other, such
as centered one within another. Internal to the microscope there may be multiple optical

paths.
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tenperatures. For exanple, the device under test may be tested across a
very | arge range of -100 degrees C (or less) to a range of 300 degrees C
(or nore). As a result of the potential for |arge tenperature variations,
during a particular test or test sequentee, or probing at relatively
extrene tenperatures, the materials fromwhich the probes and probe station
are manufactured tend to significantly expand and conpress. In addition,
the relative expansion and conpression tends to occur at different rates

depending o part cuI ar materi.al Thi s _expansi on and traction
results in E?O%’P]ecul t y i 6 |1tdﬁf1‘??ﬁstilﬁ@ tﬁifgﬁég‘élﬁe %'i{ﬁglfleﬁ}é%ﬁlg@ ©Phg si zed
pads for tesdngtirbe Rievxmw n@delkvit€sider t[ea(ih&&]bblfesfwd&bsmveaﬁ@ dg%tlaﬂga

adjusting th |t|o t he rob ar test t he_devi ce under test, in
some cases TBBEF%‘*@ }%S)é? 138G r?@@éegr?f’s T BPEi AY2ESEEAHS to obtain

a three di mposhQINar 1o @wngérammaﬁams NEriBRY birBANRNEs oBRKREWREE of he three
di nensi onal vi ew of t probi ng environnent, the position of the probe is

adj ust ed t oPIPRKE aé{ﬁlqhé(ﬁlb’ éXfé%]Pﬁ té@?ef%“’feﬁ theygalgials Eem vhirdythe prgbes amehi
t echni que ”?%b@%@éﬂ@é@ﬂa@ut&&ﬁ@&%ﬁd o rifRak: W&% AESomPlebs, TR Sifich, 1

significantly increased con&m Xity due to | e i magi ng device$ used for
probe posi t thsAflagre cxpwsion pndwiraiession tesdsiotdcer etdifieient tatcadensndingerdthe
envi ronnent aﬁlaﬁé%a@aﬁmofmamgan%&ﬂ%ﬁd &dﬁ%ct%ﬁ%ghﬁswdﬁ#ﬁﬂmgg%ggm ecially

when changing the tenperatur significantly incre. ature, is

that the z- Heipge opfevereciprstigsisedbedsifudostiog thqeledemucler tesider t est

S|gn|f|cantk¢@ ncrea vi.ce versa. Sim.larly, when S|gtn|f|cantly
?

e
decr easi ng 1123k enpef[ﬁf’{ilre’eto apfigl 2 ‘@F%@‘J'B?Sl?‘??eof&edﬁ%berf@ﬁﬁ ngdhg o t he

devi ce undEHeﬁ@&mdﬁ&y&t Sh githd dag@hdipl6l @6h RATCSarradfeMh IR pLeTiSRvicinlly gener al ,
t he probes btéﬂ& grevm se change their position over_the duration of t he test

in the x, cqiflimepsipnsh Eew st Hieperbing esirerpeent. Based pposthabresnd t he

duration of dﬁﬂ@@s@ﬂmeﬁf%e,ma@ng@m%ﬁﬁm& QnelfdsHaY 87 tht Biode IRVRIRAL, MY be
significant, and frequently results in inaccurate test data collection. The

movenent t efake fgatle C‘ﬁ’ftflcﬁ’é(%th iy desigewrenipst: fbisieshnigue mauecsemmeddiani cal
expansi on aggncQnkE ffki g&aﬁf‘e Bﬁ?esﬁftﬂg%gﬁﬁﬁ:aﬁfé)mcréets‘@d RIR&SHRE oM MY

i nclude, for exanple, e probe body, the probe signa In e.g., needles
and/ or ti pspulipldmagiag éem eaddr mrpbetngpidening eaeh of prhddhcrapasioned pitlihe car d
hol ders), apg,irh6s &RSHANLEal i nterconnection between the platen and the
waf er chuck. This resulting relative novenent of the probe tends to result

in the probmobai ng 0 Wine of the OGS thit obdugs vﬁiﬂﬁﬁr@lﬁﬁ@Q%)ecmﬁ?d/h&h&«}ﬁnéxhgﬂﬂev' ce
under test and t tIr‘))robe re not S|€§Itaneousltﬁ¢| n focus. This lTack of

si mul t aneouSPFENE P aSteniiwantly 19eteased [rmpgralies &rthattharghaeht ohbe pes®at i on of the

probe rel at telaﬁvéta) thd\@evile\hee 1dsnelfifié-any mcf%ﬁié@Qir@lcleyfeﬂsQ Slﬁﬁlaﬂ dHegction, and
t hus accur at, erPﬁ “&&HEM of the device under test. 100401Hi storl cal ly, t he

pad si Zes of8 groasia thederppsrasaics e zheightiof thegrehs relgiue to the device

under test may significantly decreases, or vice versa. In general, the probes may

likewise change their position over the duration of the test in the x, y, and z directions.
Depending on the type of probe .and the duration of the test (e.g., 10 minutes to 10 days)
this movement may be significant, and frequently results in inaccurate test data
collection. The movement tends to be primarily caused by thermally induced mechanical
expansion and contraction of the probe system. The probe system may include, for
example, the probe body, the probe signal line (e.g., needles and/or tips), the probe
mounting fixtures (e.g., probe arms or probe card holders), and the mechanical
interconnection between the platen and the wafer chuck. This resulting relative

movement of the probe tends to result in the probe being out of focus of the microscope,
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150 urn) and generally lower testing tenperatures resulted in a probing
systemthat could readily accommbdate the resulting nmechanical errors and
drift of the probing device. Wth ever decreasing integrated circuit
geonetry, there has been a correspondi ng ever decreasing pad size (such as
20-60 urn) together with nore extreme tenperature testing. Thus it is nore
chall enging to accurately test a substantial portion of the wafer due to
the errors and drift in the probing device. [00411lIn order to use a single
optical path t M crascope, .and.not require addi.ti.onal. . in

devi ces vieﬁf%gﬁgﬁgggwgﬁ%u¥$%%f% h@P“@?F?@?ﬁ%ﬁghTﬁmg388?“?8 E@?Egé@gurately
det er mi ne t hinpasdots ruoksitlisén giffiniy détaminibg vake dedton i therdbbadlattviee anount

f of fset ired t f th be tip.i |ated to th
vertical - di & BRAEHEFOTRG SResBy 11 e Rlenn e s ASBHSP GG 0 f ocus of

t he m cr oscdpécd sdemntestenent al |y nodi fied for the probe tip (or other
suitable structure on the probe) to evaluate the offset of the m croscope
when the prd¥d0} i p ( distoriprbly, e padatites on the piafan tenderhtotbieeclpivehydprge §30-

subst anti al Ly 48y {RGHSerai s ' ' Q | t di.stance
that the pro e_t?p ﬁ%sm%§oe§mﬁ%§?Hg%QgQQ#%Fgﬁgg%ﬁ”ﬂﬁéﬁng%égﬁﬂgﬁﬁﬁ%g noved,
t he pl at en, rgadidpeccommafase theesuking ansclipicalpviods 2an defipr dpmictie divet.ance to

pl ace the pkehe, i r.otherw se deternine a suitabl e anount of
verti cal nnygﬁ%ﬁ?p%%$%%n %%%%W%B?B?ggﬁg%ﬁ%ﬁg??ﬁﬁng%aﬁFﬁﬁﬁﬁgnﬁe&%t of tests
may be sel edtwmehsingpadsitestcheaRe6) vl @gothereritinhoe ¢elicrhd RRpOHtueestap. Mor e

probe tip needl.es, as .the chuck is ved to different positjons within the
pr obe statigﬁwV’m£§g ﬁg'glyn§8?“€%gﬂ%FtF' ﬁgqﬁ%Qﬁﬁ%h t%%Wﬂ%vﬁﬂﬂt €10
di fferent demoreand dréft inaheprobing tidviek. soaki ng time of 1 hour at each test

| ocation to determine the drift over time for correlation of the focus to
the di stanc@04tk set . Inovlentrmes epipglagpticel RdErom the naicypataperand netcegpict i on

Lechni que MyiiiataRgink Achit@ ol nE pBBskm P REM R bR, LI 0RE 11 PS.
Dependi ng on the elegg'ion of the pr%@e fﬁgs, fﬁg f%ad%go %%ﬁ@gﬁ by the
m croscope gpiatedy datmmingtbaipisdion a6 the pebptipliewis detarminsé that the alnewo e s
i ncreasi ngl yeehl HEEet o ik 8 h%,.ﬁg 11 ] trates. t X apd Y axis drift
of the probe t#pﬁ&Verotlng a§ eac egﬁlﬁﬁgﬁigﬁﬁ%gfv]%cﬁgﬁng? t%ﬁ t he test
waf er . probe tip has changed. Accordingly, the focus of the microscope is incrementally

modified for the probe tip (or other suitable structure on the probe) to evaluate the offset

of the microscope when the probe tip (or other suitable structure on the probe) is

substantially in focus. This evaluation is used to evaluate the distance that the probe tip

has moved in the z-axis. Based upon the distance moved, the platen, probe, and/or chuck

can be moved an appropriate distance to place the probe back in focus or otherwise

determine a suitable amount of vertical movement during probing.

[0042] Referring to FIG. 9, a set of tests may be selected for a test wafer. The
movement over time of one or more probe tip needles, as the chuck is moved to different
positions within the probe station if evaluated. For example, the wafer may be moved to
10 different die on the wafer, with a soaking time of 1 hour at each test location to

determine the drift over time for correlation of the focus to the distance offset,

[0043] Referring to FIG. 10, a pattern recognition technique may be used to track
the x and y movement of the trope tips. Depending on the elevation of the probe tips, the

image observed by the microscope varies. For example, as the probe tip raises it



[0044] Referring to FIG 12, by using any suitable pattern matching

techni que, the inmage obtained by the m croscope at different focusing steps
is provided with a matchi ng score based upon an "ideal" imagc or otherw se
a known "match". In general, any suitable inage processing techni que nay be
used to determ ne the amount of in-focus or out of focus state of the probe
tips. The position that the probe tips are nost in focus is then related to
the distance that the probe tips are offset. This distance may be used to

adj ust the probing of .the. .devicg. upnder.test... [00451The rns .apd
expressionsﬁﬁﬁw% %ﬁg@gng-gﬁﬂgﬁpggyﬁﬂﬁﬁﬂ&tﬁéﬂP%Wg@§F§§w§B§8¥¥éeﬁpf%ﬁ are
used t her ei prabs tipervergingf at dedaif ihgtdevioesantle eatbd of the ikddt dwafed. on, and there is no

intention, in the use of such terns and expressions, of excluding
equi val ent s [#4 he f eaRefpingéhbivh 1A udias eny piitablepatisor matohing tehleriewsf | it
bei ng recogmiZiged dlindd 1 REARSoBEpel NG el RUEBLHR of limted
only by the clai %n; V\/nuilch%f ol | OV\25 p&f‘aiﬁ%sﬁ{ﬁ?%@%é@? %ﬁ%‘ﬂ&ﬂvﬁg} od for
probi ng a davichingisaere basedspon andiidtaliempgsdr othapyisesi lmgwn “match”. nagenaradlcei vi ng
an i mage of EORE i1 . [ nder dest qrough a.single
optical pat ﬁﬁ% %[ i d m1 C?g%g%%cgsé%n%s[&chﬁlqgg?ﬁh}? fe ﬁjseg & dele etthe A & is

focus or out of focus state of the probe tips. The position that the probe tips are most in

focus is then related to the distance that the probe tips are offset. This distance may be

used to adjust the probing of the device under test.

[0045] The terms and expressions which have been employed in the foregoing
specification are used therein as terms of description and not of limitation, and there is no
intention, in the use of such terms and expressions, of excluding equivalents of the
features shown and described or portions thereof, it being recognized that the scope of the

invention is defined and limited only by the claims which follow.
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(b) substantially focusing said m croscope on said probe; and (c)
based upon said substantially focusing, determning a vertical height

adj ust mrent between sai d probe and said device under test, wherein said
receiving said i nage and sai d substantially focusing said m croscope are
performed for a plurality of different |ocations of said device under test
to determine a plurality of said vertical height adjustnents, and further
wherein said plurality of vertical height adjustnents are used to adjust a
di st ance bet ®Wa@mG3ai d devi ce under test and said probe for a |ocation not
proxi mate onguekisgi d plurality of different |ocations. 2. The net hod
of claim1 wherein said i nage of said probe is proxinmate a probe tip of

sai d probe. 1. 3 mefipd forprabing adevieq urfsntest faid methed ceBPRRNEsi ng adj usting t he
di stance between @ni dred@ving gh ihagess al postle uadddo RatiaGledécQin@er RasREbugHIOsngal d
verti cal hei%qgapd}y§tnent.Ig]aten. chuck. probe 4. The nmethod of claim3
wherein said 5&1&% ﬁhﬁ"g%ﬁ%f i stance includes noving a 5. The net hod of
claim 3 wherein s@ d adpagialngesaigdaid midresnepe on suixl prokesandovi ng a 6. The

method of claim 3ephepgbh (i LaRdkibihhy SREAind! LG ACLUHEs ML ng sai d
adjustment between said probe and said device under test, wherein said receiving said image
and said substantially focusing said microscope are performed for a plurality of different
locations of S';lid device under test to determine a plurality of said vertical height adjustments,
and further wherein said plurality of vertical height adjustments are used to adjust a distance
between said device under test and said probe for a location not proximate one of said

plurality of different locations.

2. The method of claim 1 wherein said image of said probe is proximate a probe tip of

said probe.

3. The method of claim ! further comprising adjusting the distance between said

device under test and said probe based upon said vertical height adjustment.

4. The method of claim 3 wherein said adjusting said distance includes moving a

platen.

5. The method of claim 3 wherein said adjusting said distance includes moving a
chuck.

6. The method of claim 3 wherein said adjusting said distance includes moving said
probe.

7. The method of claim 1 wherein said plurality of vertical height adjustments are
used to adjust a distance between said device under test and said probe based upon said

vertical height adjustments at said plurality of different locations.
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7. The nethod of claim1l wherein said plurality of vertical height

adj ustnments are used to adjust a distance between said device under test
and sai d probe based upon said vertical height adjustnments at said
plurality of different |ocations. 8. The method of claimI| wherein
differences in said plurality of vertical height adjustnments are based upon
changes in the tenperature. 9. The nethod of claim11, wherein the
met hod i ncl udes i pe easi ng tenperature of the deyice under test, wherein,
subsequent to the r'B%?E CAmd WRTHR d e &P S?%@f“ﬂ?&'@'s r\é"f‘lf&h‘%‘?gﬁ‘b on the
probe, eval uaﬁjustgeammﬁissﬁpomfhahéh@ufﬂla'.‘.tbmﬁdtﬂme. when the probe is
substantially in focus, correlating an anount of the offset of the

m croscope to a change in the vertical position of the probe, and adjusting
a di stance betweeh Thremgshasing claivel L.t Whereiiethé methohelpdes dngreagizgseldmpseivre tohe
change in thepy @é’vﬁck%berpt%@v&ﬂel@ﬂl subsequent td-the Jé?@asxﬂ%tth@glelm)d flrdfiérThdugepVher ei n
the receiving includes receivin he i mage t hrou t he single optical

pat hway with reforiising A4n; thy Rypbe; ‘faﬂ&g dB\Rfeeisof Wﬁe?‘é?fcﬁc"l?ﬁé”]'ﬁ lH‘%Ipf"P?/ it
i magi ng devi cestantitlyldidSusadorrtiedfgtan ambint Sftthd d’fﬁgloﬂgle dﬁmsc@em 4 dharge fin thet

magnlflcatlon n irs fled W, i ng devi.ce. wth a
second nagni fier?la |p85r‘1'I](§1n° eé%naj ﬁ? of%'svanceew aeﬁ[&l a%r?qﬁ Xlthr?adelvlrc]ég devi ce

with a third lmé‘grtﬂslfbaéedmp@nhmhdnmuttﬁw vedtich] mksitlonsf  vi ew. 11. The met hod
of claim 10, wherein the first imaging device includes a first charge

coupl ed device (CCD), wherein the second inmagi ng device includes a second
CCD, wherein the 1%hir dhe meBPher elay beviersin thedseiking Miclidescegsiving the imsge her
wherein the rmegmnmgnglmﬂubmigah\v@@awa mgamthef inﬁ@x@@dewic'éh v\ﬂlhemfther;ﬁllral@:D t he
second CCD, and t J ¢ loast ‘ § 8\ pt t.ml%r(l)amy\/nere| n
the third magdh ”?mgé%t ev'ﬁes ‘%C FoUle ‘iﬂ'ﬁ lniaﬁlgg G “él radni ?gf:“a ion " wher ei n

t he second negsiftldolrieen se®ndineging devideayithtalyecond magnifiratipniahd a:&cqndlﬁeldwherel n
the first fiekd, ofq avthmn{a@dg\?ééﬁé wﬁtﬁ@&u%%grﬁﬁ&ﬁ&ﬂanﬁ'a%ﬂ fiela oY li€W, Wherein the

second field of viewis w han the thrrd field of view, and further
wherein the receiving includes receiving a first image with the first
i magi ng device, recei VihBGhethod ®F GRGh 0BG RreM the ﬂrhems@cgomlcia nRgidega davi ce,

and receiving,a third imge th.t hlrdlnaln 3. The
met hod of cl aifif1"P 8?‘%‘%#%@ wrl'r‘ﬁ’te‘ﬁ‘o%‘: “FH@? '%Ivﬁ%i'e[gl% SV SR IgeC?)pr obe
relative to twhereitethe dérdimdgng deygt idcinded 4 glndtCI@ pndnbsahwwliqreal lbomdgvtlg ve pad
on the devi Cndifiietecd i me WA Gitnd A% Y ddedeia BEBEHy uRlniks@RY, 11 part, on

at | east one of t I rst ge and e second | nage.

12. The method of claim 10, wherein the third magnification is greater than the
second magnification, wherein the second magnification is greater than the first
magnification, wherein the first field of view is wider than the second field of view, wherein
the second field of view is wider than the third field of view, and further wherein the
receiving includes receiving a first image with the first imaging device, receiving a second
image with the second imaging device, and receiving a third image with the third imaging

device.

13. The method of claim 12, wherein the method further includes moving the
probe relative to the device under test to align the probe with a conductive pad on the device
under test, wherein the moving is based, at least in part, on at least one of the first image and

the second image.



14. The method of claim 12, wherein the nethod further includes adjusting a
di stance between said device under test and said probe, and further wherein
the adjusting is based, at least in part, on the third inage. 15.
The met hod of claim 1, wherein the nmethod further includes automatically
positioning the probe on the device under test based at least in part on
the receiving and the substantially focusing. 16. The net hod of
claim1l, wherein the substantially focusing includes utilizing a pattern
mat chi ng t echni qué*t o Thetmsthed 96 claiie A2.t Weerghy Sisamgtiod; fyrtifep dqelpdes adpsingnt hod

for . probing dstMeybt@ect 3@ Hevicd Shdetektand sl §RBe, ahd'RrthE WheEin G AN Usigng

(a) collecti n | mage throu single optical pathway of a m croscope;
(b) receivinggﬁsffkﬁ? %ﬁd@tvggﬁﬁmm?'single optical pathway at a first
magni fication with a first inmaging device; (c) receiving a second

| mage fromthe sipgl :_ﬁ?%ﬁ%ﬁ oP BLINRY ke o SRR ABAP Ik uGRLAuRhatitah 2

second i magi ng devi ce;
positioning the probe on the device under test based at least in part on the receiving and the

substantially focusing.

16. The method of claim 1, wherein the substantially focusing includes utilizing a

pattern matching technique to determine when the probe is in focus.
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(d) receiving a third. image fromthe single optical pathway at a third

magni fication wth a third i magi ng devi ce; (e) substantially
focusing the third i magi ng device on the device under test; ()
substantially focusing the third i maging device on the probe; (9)

determ ning an anount of offset of the m croscope based, at least in part,
on the substantially focusing the third i magi ng device on the device under
test and the substantially focusing the third inagin% devi ce on the probe;
(h) determning altli stAarfkcthopdenwerbingha dsrighandendes ethdairels. (irderethpést
based, at | eashpiidingart, on the determ ning an anount of offset; and

adj usting the dis%Snce @;tmeen t he grobe and Ige gevi e under test to bring
the probe into colfactVict ¥ HE G EV4ER 2 5iRBlE PPYCE SRV MRS R BYTOSEHE: adj usting i s
based, at |east i (b)parmnéceiving atfifeinthgé epmitie sirglepidabpaginae at alfgst hingnifiettibod of
claim 17, whes.ei he method. further includes noving the probe relative to
t he device uﬁdc;i‘g]rarﬁrgets"?ag?%dgﬁ%gn the probe with a conductive pad on the

devi ce under t est (€)whegceiving t4eccansl image j feonbh gkee singleitopticalagathway prap tsecopd at

| east one of fhgifitddos tvith FRUEdanckitdRvisgcond i mage. 19. The nmethod of claim
17, wherein a third magnification of the third inmagin .
d receiving a third image from the single optical pathway at a third
magnification with a third imaging device; .
(e) substantially focusing the third imaging device on the device under test;
® substantially focusing the third imaging device on the probe;
® determining an amount of offset of the microscope based, at least in part, on
the substantially focusing the third imaging device on the device under test and the
substantially focusing the third imaging device on the probe;
(h) determining a distance between the probe and the device under test based, at
least in part, on the determining an amount of offset; and
(i) adjusting the distance between the probe and the device under test to bring the

probe into contact with the device under test, wherein the adjusting is based, at least in part,

on the determining a distance.

18. The method of claim 17, wherein the method further includes moving the
probe relative to the device under test to align the probe with a conductive pad on the device
under test, wherein the moving is based, at least in part, on at least one of the first image and

the second image.

19.  The method of claim 17, wherein a third magnification of the third imaging
device is greater than a second magnification of the second imaging device, wherein the
second magnification is greater than a first magnification of the first imaging device, wherein
a first field of view of the first imaging device is wider than a second field of view of the
second imaging device, and further wherein the second field of view is wider than a third

field of view of the third imaging device.
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device is greater than a second nmagnification of the second i mgi ng devi ce,
wherein the second magnification is greater than a first nagnification of
the first imging device, wherein a first field of view of the first

i magi ng device is wider than a second field of view of the second i nmaging
device, and further wherein the second field of viewis wider than a third
field of view of the third imagi ng device. 20.The nethod of claim 17,
wherein the device under test is a selected device under test of a
plurality of devitles Ubd@pthedeeftclaimal. Wheseip thedsriee ertesias & pelecigh dpdeen t he
met hod i ncl udeder teefataplun@rytdi@evicat taer EQEhataré presehr daQrviaked wRfeinl hem@thetr al ity

of devices under test, and further wherein fhe .hod includes contacting a
second porti (5"ﬁﬁ18fs Frting tﬁ‘?‘ QF?H?{/QBF TR PPEiay 0{1?488{;?4‘8{3 dPHEE UPET 5% £ ent
from t he secdénthepahdraiohe afethiol érclpliesrahtadtipng afsccdad/ padm ainiteplurtles bf davicks t he
probe, wher eiypyel i QN Al o B! HAGE G%le' i {)t{@%%ﬁﬁ& L B9 the

[ t
amount of of f set ?%r the secon 'pqrtloﬂ&gglthe plura ) evi ces under
test and wit FSuRORse BRI hengpntapinz didludsheenaire YIROUSERRINGdP FBRINDPT t he
plurality of offeyids e ssbslSordoR 8 the plurality of devices under test and without determining the

distance for the second portion of the plurality of devices under test.
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