SYSTEM FOR TESTI NG SEM CONDUCTORS CROSS- REFERENCE TO RELATED APPLI CATI ONS
[ 0001] None BACKGROUND OF THE | NVENTI ON [ 0002] The present invention relates
to a systwonbhatizésmcl udes an i magi ng device for effecti welryust@sionssgs 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 protb®0dl ati orfNonguch. as those avail abl e from Cascade 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 (sh@i2parti allieyesutiitionsamplatet & esyplatten hﬁ:ﬂ;dbhairoiugtbirr]@ délxlticfd)er of
jacks l4a, 14b.. ldc, .14d which Sel ectively raise and | ower the platen
vertically %Oélegfﬂ;t{yglytt%snfl%%S%%?%%ndﬁg/tmaw%fﬁal | increnent (approxi rrg!trel y
one-tenth o i nch)py - | bed. 0

fo0as )P15&531Me§f£®ﬁ§uc{t)c9 wRerdgsaad RECsNS Wéhtﬁgn 3 @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 whi ch we 2oounsed a probe hol der 28 which in turn supportts2@oesspect i ve
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&%ﬁ%ﬁggwﬁgﬁgﬁﬁ@%@%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 phabeniolie datr bivifor st dlfce siHoRABH 1O &ﬁfclﬁ a8mBRG ot {if!yﬁrgf &spective

probes in unison. [0006] An environnment "control enclosure’(fu eal ed,
partial |y sd&Hslegindiyiduglireliagosispndrs24s eqeh senpdrto 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@@“§ﬁl§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 Egﬁ?ﬂgﬁkéégf&?ﬁé’zﬂréﬁ #h81§ﬁe géciﬁﬁprggﬁs\,\ggg}}?%e | ower portion 44 and
the platen fRosp thatandEbmed ubtloPlioaht YullPLaiRl Gridfidcdibglf seal are
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

betweenthe%ortion 42 an e top of I platen to maximze seall ng.
[0007] Wt h PeferiHiecledri@ilpgondyativemaptaB] tortevidepMbshicliogufiper 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
respect i weo=haet136@ of resilient foam which may be si nmPCaruSt@1iobss73
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 slitted ViSER nbers 26 of
each probe 6%@@%%\2%&1&%%% té?dlg%wlg?ﬂ?%?%?ng thé’e@\xefpl?@oe Elgg%%%gher metic,
and |ight seahetigieondvdbld. Bachiphes! eproprssis mllowongug inofhi¢theregmaitesshed 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 ofhetdigdoenal Sbeiéb’seopeindtlslf@/ﬂ)%@mﬁ&bd\ioad ORH mohfi QUSR8 1h1aRASbEVONT NY
novenment s bﬁFthe not ori z positioner 16 due to the provision of a series

of four sea ML QL0 an?% 76 disalgy pBthe W&@Réﬂo@‘i’fltﬁﬁéé?‘?% and theprehge

anot her . Thap for pﬁ@eloﬁrosma@heﬁmnﬁg %ﬁﬁeﬁoﬂefh@lbﬁaetewnwe& e idiswlsgp to the
bot t om one, do thﬁ spective sizes of the central apertures 72a, 74a,
76a and 78a°FdFHBEROYeH ap %mﬂCé%Sﬁ@& IpRsdng|shqvey syrpountierd b%foamasﬂet caabd t he
aperture 79sdrR6MBeudhthd Rewhgh &méﬂsaw e 4. The
central apertsure 72ag inth ve’ ? b | ate %th%ahﬁﬁsﬁgﬁg?gwgg%&ngpﬁe beari ng
housi ng 18all@t s¢afige. @FPPR%WP&P%%‘EQ o thy @ﬁgelrm%wnﬂqeem&wreplsat e in the
downwar d prpgmessi fifked t hefal
margin 74b which |1 %et 51! e?h(g)oéibf‘gﬁr}%}?l@&\/\gﬁ\gﬁ{d@hﬁjﬁ{tﬂ% ggf?{f&%a(ﬁ%s 26 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 abﬁQPQf @gapmbox m;‘twmr‘»f@hm theddwonis opérg agal the ehMassHﬁBlyQOZiQmWedt 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
in 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

- P——"1 o - o, Y




[0010]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 ewol20suInae51The pl unger 18 supports an adj ust nenPCpltist@1//2830hi ch 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 neéhe%%)ea%lg rl%“lfllﬂ dg%% %“ginﬁ%??eb gﬁﬁ’ﬂjﬁ?‘{) ﬁ oo 42 0F
separ at el y- dmrlbweﬂlioeqbomaﬁamrﬁhﬁabmasaﬁeﬁmte 734{1&1/!1116 towpldﬂe’azlﬁﬁxw&@se@f vacuum
The respective umlines s ivel, onne he r ective chanbers and
their apert 8§X&‘F§611H’§ houihe aé’? %1\7 TEBOH fe rl @a&%"rm’"‘&ﬂmm
al ternativelhe do&@h&w@régﬂ@sﬁﬁ@l&twﬁiﬁ aﬁﬂi@vﬁaﬂﬂ’y -BIRWCER ls&lpﬂéirgluh'ﬁgﬁl(?% el ease
the wafer, in, conventl onal r’r&# The separate operability of the

uehihs plaigda

respective & - erghig Wl GF%ﬁIdSB‘éPiSl}Pf‘e@P ehths Pk Hnéhchuck to

hol d waf er Sc@ﬁraﬁaﬂeft@ﬂe@ﬂi inth@peie @ $s ofla@Bd 1d pedmadic ﬁokﬁﬂnérQ6thhﬁo€é tﬁ&m ar
el ements 80 and 81, auxjli aréO chucks such as 92 and 94 are detachably

mount ed on PRESE AP ARY Us Raeripmousing AR A tramsyerssly slonsihs X #ndtY srrewnyl the
i ndependent bypeQf tHesp Sih@ '7@ @.B@ts 2idnde SrohiPiavtd? %e&ﬂ'&t@‘?@ h ?gmé yPROr ting

contact substrates and cali bration substrates or other test
devi ce is spifilUeatfe buboyevsy fsormaddo byuncheered @rfbﬁ@pwte Bavhenagusti | i ary chuck

72, oa NS UbAnGIcRRDRR PSRRI N AT A AN L84 P, 102

respectively, in parall relations e el enent 80.
Vacuum aper fqgwﬁbe%lmhﬁpmmméofﬁhmdu@ﬁr thandsubtanghot ol amg thOX ahd ¥m

comuni cat | ofs ol ESREE B GAHIBE Sl 1h1G LAY Bl cgACH auxi i ary

chuck. Each o ese chanmpers |n “urn conmunfca Aroug epar at e
vacuum | i nealamlera o§thpakit B wuttd@p em@nﬁbyeam matheshdmémﬂﬂlm platk Vetopaal  shown)

with a sour such, v ive conne n

i sol ating tﬁl p&fl h‘é?a?té'zi{pm setos ﬂ%)efne)étue?? L?'r”&p 2% aﬁ}/?}&cﬁ’ét ali’eg%tar?{éasour ce
of vacuumi mdbqaplmdélﬁusl Igngaf:nddghtcommatabmmemfoftﬂa@la@wMﬂieﬁn&’aélglﬁfmli,he el ement
80, so as tgutsel gﬁ(}wgh&/ Q\% gt ?4?{? e a cont act subs%rate cal i bration
substrate |ocate LR gEP Pt YT ARG 304 tFE Endent | y of

t he waf er ohkew\nskwenamtemingdlmmwléaeWn dptplati’ gl af@ V6 ISti8 Fuled mbO&ndmRYyr thE Ot r ude
upwardlyfr mth elenment 83 to surroundthe ot her el ements

t he
80, 81 and ¥ Pbeen fg cigoa?mn%:}f‘ﬂ‘fﬁ% ¢ sagp AUCBRPPPPACE SIBY At eI e P el y
el ements 8076 &l 78 ﬁﬁlat&& to &félr\mﬁﬂéﬂyﬁ@ dlde imd dbhthReRakitt iy alards sl Ynee! ement
79, are el ecé i nsul 2t ed froin one anot her even
p01 tion 44, respectively, 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
FI GS. 3 awo28A/1184%¢ el ectrical insulation results from Phg/Usait/opdsat, 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 enent rovide 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 er connect c SS .y, el.eme her e | eavi ng air etween
t he opposingr&%at}1 %E%a 5§§$Q@é?gﬁn%bﬁ%?%ﬁ§r%pm?%@pﬁm 153 8%??%%ﬁ§5§2§% Such
air gaps m mirilaeshefveThi @émat: B) bascoiahanivardly fivmgspdaesphetingRifadd s

respective ghuck assenbly el.enents, .there correspondi ngly, m.ni mzing the
capaci t ance bet aré?lrratyﬂcg%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

gl ass epoxy, or,acek%$ annpg¥é%§£ mar ket ed under the trademark Delrin by
E. |. DuPont®SPfayisWniFee congectihetespetiyn ehamberstiad Eisliererassendl y 20
al so i ncl udesthd soped df vaduudelb a6k §afel, 8C4ifelfaflclF RIBRGA O eASIE TN .
designated generally as 108 and 110, each having at |east two conductive
connect or ePRHEM s 23080 rdlewp hereiaioa convrotonal wepss (The stppratetperbiliccal | y

| nsul at ed f opik eaph 9L BRinbeliahd R o cARAREL o B ETRALIS, HOBR AR O
preferably co axially surrounding the connector el enents a and 110a as
guar ds t her 8@E¥s of|diffge idiamgters he connect or assenblies 108 and 110 can be

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

110c surrou#@ﬁﬂg theqPé§§E@1@3§3%%H%%@?B?ﬂ%$ﬁw@§§§m% Bl SHeks P8RS 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

detachably plnaesired 160,000 rdp&utdlfdn SRR Ui ddAB.L¥ SGhews 114b and
114c to the curved edge of the chuck assenbly element 80. Conversely, the

connect or eF%ﬁﬁﬁ@gfﬁﬁﬁﬁééﬁﬁﬂE%@@4QH&“@%ﬁﬁé@hé&Spﬁmﬁaﬂﬁlm@hOE@Dm»connector
plate 116 sgdhrhatitaionHithNEbYc1io0 BREHRL MG A AR of L a%lxﬁiggf%lu% Eath €
connector elenments pass freely through a rectangul ar openi'ng ain the
box 112, befiessichanberscigityry commynigatesdhiongn seperatsorcuttlizerid bivepaefior e f r om
the el enent ;83 cn@it1V8LkaB8SvREI ' Lnsul ated from each other.
Set screws gh%%masf¥%8}%etécﬁgﬁﬁﬁﬁ%§§%%%%@%gﬁggﬁﬁgg?gsa%ugﬁg% §u$b t he
respective vayarsteeibrelptoanensing ovliselptchglicresje0iive4}Eiof prtume 484 aith osspecas shown,

triaxial capl ti.0ns _of the, respectiye.detachabl e
el ectri cal gﬁﬁ%ﬁ%ﬁ%ngggéﬁg?%géﬁ%@ghgﬁ§‘%T&?magﬁ quﬁgFF%¥8@g%8??9@
triaxi al de8Gehabbecledivalydiobrs rd@ae anchtdldibuirite br qaihatisrodu®stataiatdiedof t he

| ower porti 44 of ..t he envi.ron .control - enclosure sq that the outer

shi el ds of xﬂtge %’ersﬁ %%%%’ﬁn%%eﬁr'llggfnr%@gra{s}bff%,penfﬁﬁﬂya&ghee‘fv EIECI‘TiO%EF fest deglsfrect ed to

t he encl osuAeoptimnlrhesl shieldadicahayqadihes upwaaly fbddte algs dethdehRalhds3 o
connectabl e to t connectors, 1 nd 124 from sujtable test equi pment such
as a Hew etstuylglé%(t@? 8%?133%%%9&%?&[5% %ﬁ@@’e‘? Foi*or a Hew ett - Packard
4284A precimp LCR nmt | ' pon. If the

cabl es 118 @nﬁ?lzo a?g‘ﬁg¥2$§&§%§§@gﬁH@%%?%§f§§g%%%ﬁgp%§%%§h§f cabl es
havi ng onl yAddiiond sherkesssdly eeraent 3 durcalestridally ewdlateh éotsone heothereen (si gnal )
connector elenent of a respective connector 122 or 124 with a respective
connector elenent 108a or 110a, whi.le the other conductor connects the

i nternedi ate (guard) connector el ement “of a respective connector 122 or 124
with a respective connector elenent 108b, 110b. U. S. Pat. No. 5,532,609

di scl oses a probe station and chuck and is hereby incorporated by
reference.



[0015] I n order to position probes for testing sem conductors, typically on
a conductive pad, a mcroscope nmay be used. The process for positioning
the m cr osoapd/wasosihe sem conductor is tine consum ng almdTIushanioe’sss 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 rtl%rtaallrya?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 8b erewhivixked prievd, desplal witthias r ower
field of VI W hat a ddl gion of. the m.cro e is_in focus. Hence,
t he upper tﬁﬁ“ SERES %%1 PWéSIFF&B@ﬁ??SdHﬂ@E?% °§?8f%‘éﬁ’%pr ally not in
f]?C]chS \lNgenf \éleﬁlbhh ﬂﬂgvhﬁdh%adiﬂ ﬁfﬂvﬁoﬁﬁ@dg@fheﬁﬁer&ﬁ}ﬁpr@%ﬁb@g Qét@néalpfdnb&t bdtwedned ?epLh
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 th ? t he probe tip

region i s gORRASHEISYRc aﬁ@%@i@ % Bretonasctedichrrkasembby ¢lenertn dierryy dsvinges  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 e probe due
to the |initeeh %%ﬂpﬁméﬁlﬂ#ﬂiﬁéh%ﬂl@ﬁcwlm@n@m@te@thwpacp%bﬁéweemmlsqmwe@huqk woul d
appear to bgsshhRiMLRr aks & rabl e device
under test, ?t t%r ns (aJo{l%’tﬁﬁ/té’ld‘;iy &reF}%’ﬁF@g@%ﬁpfé %ﬁm%ﬂ%ﬂ 89?%%&% t'.%léﬂtlask

Ot en when 2ubile aljlityHer ﬁ%m@k@@wéﬁplh@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%EWW\Q{“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
extended te A L.V

[0017] FI G :ﬁthml%gorglF ggsﬁﬁte | ai Lo%cltog\#lsséﬁwbg%ﬁgg?e/gﬁ% i be S UEKELI Eﬂgur?ﬂona waf er
probe st at i gresdohstuderseattiveowe cbiclla htte, W()tchuxtdmdmgelsaeﬁipectme&ﬂhne@ml

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 osur evocor/gbewn partially open. [0020]FIG 3 is aprpamsc@liioyssgecti onal
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. [0022]FIG 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. [0024]FIG 5B is an enlarged top sectional view taken along |line
5B- - 5B ofwBI2@1/1130510025] FIG 6 is a partially schemati cPCopSdataps37’yi ew of
the chuck assenbly, taken along line 6--6 of FIG 3. [0026]FIG 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 wWetermisesiz-axi s of fset. DETAI LED DESCRI PTI ON @ETRISEHERRSTS
EMBODI 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
Ito est or o%/hgpa\)/%ﬁée a s?ﬁ%ﬁgs %%%}gzg&lsg%}gfl ?C{ afl% abr%éelrlhﬁ’gscﬁesr%a ¢ c())ng‘ﬁ%ﬁg?’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 | e%s ﬂ(?zilm ch ?ﬁéé@aﬁ)ﬁé’l “i"glﬁl%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 i &gPAds eesnlasgeddapdetafhdcy fager alomlineedA-t9ed ofdfiGelbt ed by a

mrror 221 ass t h a seco | ens 222. opti cal | i tti devi ce
226 and ni rﬁg(%étgso nalflkgggﬁss%ncfmfabgegg?pesc?fuoém Vd?vffagﬁl Q%Wﬁébl quﬂ(lg' 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 dUYRI t he o € a paptially sehegatietob detaid v Sreduckassumtiy,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. [O008O]20t113@eond i magi ng devi ce 224 inages the devCtasaondeessvest 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
wi de field of view of the first inmaging device 216. [0035] The thi lr)d igagi ng
device 234 inmmges the device under te .t hiyd nifi i on .based upon
the obj ect i VEE Eneeed To IR 8 pHBEF iR 2o e A T s B S Ml L e
third | ens 23Randessmhtdugh b beohdich22magi opgeat eplitits 23#kte RPRGRISniacon2B0r ow fi el d
than the mediumfiel d of view of

f view, bei of reater magnification
Che. second. MG ROREbE oloT PHUHAR N oG okt Forch SPoOT Frems AOHoe ho
first imagi ngd.desdoedngly,the lighefrb@nigesecdn@ddnd LESinRtged (RO 1SR VhGRedbdEr test may
r field of view of the second i mging device

be observed, W.th the rro ) e.

224, the smiPf&te deie 82‘23{%%@%3%%%%F?Gé’Ptl‘Eaé&hW%’é? BpsePed. W th

t he increasighgh aNads20MaAd fsiiRhgdoh a\hiRMWALink B&iddvud i magi ng devi ce 234,
the increasingly smaller features of the device under test may be observed.
As it may b¢003BEker vedihetthg imhgiegddvive il hignagevthe dsvigrumdéerdest di f filsr ent  fi el ds

of view of sane devi.ce. tn addition, wth the use. of Si e.opti cal
path 212°1 nePEuTRTRpRE FRon B oBR AR s B R PR SRR of e
i magi ng devim@sngiericp R dpimidgys atelagney widetfleldatievot her, such as centered one
within another. Internal to the,n‘icrpscolf)e there may be nmultiple optical
paths. WO 1934} 11 305HPcTenssipeRinaEgny 224 images the device under test at a second

magnification based upon the 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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[0037] I n many cases, it is desirable to test the device under test at
different tenperatures. For exanple, the device under test may be tested
across a wenyilas@ge range of -100 degrees C (or |ess) t@ca/usangm2s33 300
degrees C (or nore). As a result of the potential for |arge tenperature
variations, during a particular test or test sequentce, or probing at
relatively extrene tenperatures, the materials fromwhich the probes and
probe station are nmanufactured tend to significantly expand and conpress.

I n addition, relative expansion.and conpression tend Q. occur at
differlenlt rJl?oégledepeﬁtazr’?\%ﬂm%(f%f’ﬁégg%ﬂrf?]?qﬁ?lt S@'F?%ﬂ ?teslj"sﬁfé‘?@?ﬁ%nsion and

g ontraction td’nq&tdtﬁrSsdiHa)r ghtanfple tﬁetdﬁvibﬂurwgﬁtieitin&@ib@ges’ﬁ&i%cﬁéwifbéglgléf}fﬁfge g
ecreasi ng si ads r.testing the device under test. n order to
assist in a&%égg idigﬁjeetstae((‘)’b@é;tt‘? %ﬁ‘%%@f"f@ﬁ%d%ﬁr%@ﬁ@ bRotees 7 AEFsthel Melevi ce under
test, in soRBekas s 4K fempb@tbBh@hms AluBndk baANaRs ol B8 sfeRedigr Vi cinity
to obtain a three dinensional view of the probing environnent. Based upon
the three dPIRSHSHTRAYEY Shiiemre temaerpiieshi thgmalaialy Bemwuch thepropesend i on of t he
probe is adpkbpt ShidOartRERuBdnbARWE (UM BRGEIM LD DA cHEMGE HAGE L St This
techni que may accommodat e changes due to tenperature, but results in

si gni fi cant Mg relatrecxpEgion gap rasiresyion trads 1§ ogeH: ef Gffarentaigs dependivg oebe used f or
probe posit L9aLn8- Off; L S 1 oA 0, & it fden @, ;

envi r onnent bg?%%%ﬁ%ﬁrgﬁogfh%%b%?gggdg( a.&g}gg(%ggy\f\?ﬁd?%&égégg%%@g%peci ally
when changi H§ Prave operpaeecasing sizgd gadsifgriesting thatdeyicsd wolertased tenperature, is
t hat the Z-F@%&ht of thed grobe relative to the c%evi ce under  test

si gni fi cant ncr eadB&rdebio agiist in giysting thepppitionyqiyhe Ripbsostesfimertic ant | y
decreasi ng thgcehRb@aEsdlinE@ne 6@ ndultige eMer@fad HEnPEORE RBES ViBinltPtd he

devi ce under,  test may significantly decreases, or vice versa. In general,

the probes Rifein ajtheg .’%n%ﬁ}fﬁﬁléwtqﬁ@rerpr‘ﬁ’%@éll"’é?f‘WErBﬁsﬁ‘équﬁrt%ft‘i}% of the test
in the x, ydin@nslodal dictvas iicinsoinBRenehdE 1/ hdsfien bYRE pRfbe R RREARA t he
duration of the test (e.g., 10 mnutes to 10 days) tﬁls novenent nmay be

si gni fi cant fnakéfiﬂ“tﬁl?l%ﬁfﬂﬁ?gwth@éjﬁYlﬁ%midﬁf tead Bigfecheiquemey gepameddtt ecti on. The
movement t epgsodsQub® BihaRhld Yurcaused Mjﬁcaﬁr%mé 2% qu,g@ ani cal
expansi on and _%:on_%lr a_cti%r_l ofe t%e probggs'ys.te 'Izhee%ro e&g?/’rsatﬁg% may

i ncl ude, fomubipleipieging deydcep uerddotypelie positienipg, sheh ofivdwdl ard pasgioped withinneed| es
and/ or tips) ¢odid&s BaBEnaRUNti Nng fixtures (e.g., probe arns or probe card
hol ders), and the nechani cal interconnection between the platen and the

waf er chuckf003®i s r eukbf g idstdsakdt vecurOViegRBbingfesfdRIPWABEH8RdS H O T esul t
in the probg bei ﬁlge out . of foi:us of the mcroscope, and thus the device

under test AHEC BAsHER i peresrdismpEAREL S aeiﬂi“F Flsagd of heprobe ack of

si mul t aneouglakio€téShe @SibeuBddrfestléiblifiily dacRBlc8 Fivite Rers2f Sibdig 1Y, QpRET on of the
probe relative_ to the device under test, especially in the z-direction, and
t hus accur at@ifsaate Hiﬁﬁ?am&g therfemprasiie dhe rieighiiod gie probe relative 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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[ 0040] Hi storically, the pad sizes on the wafer tended to be relatively

| arge (80- 150 um and generally |lower testing tenperatures resulted in a
probi ng swetemvtibest coul d readily accommopdat e t he resul PCRgSa®aioa837E al
errors and drift of the probing device. Wth ever decreasing integrated
circuit geonmetry, there has been a correspondi ng ever decreasing pad size
(such as 20-60 urn) together with nore extrene tenperature testing. Thus it
is nore challenging to accurately test a substantial portion of the wafer

due to the drift int robin evice, 041]1n arder. to use a
singl e opti %é(? &%g%h%ra?‘floerﬁmtdﬁrete%mé‘?@g looggf’regﬂgsl glt?all‘?%'%& lpgcgﬁldﬂ?lf’ %ﬁlé?fo i magi ng
devi ces vi ewimgtatdoes focaesilis dmliffidaky deérmirding effte Jobatioh @€ thetheobavglgivaccur at el y
determ ne the si.tion of the obe_ti it was determ ned thatthe anmount
of offset r éoqﬁ]g 88‘806} %lq?retf‘ %’celﬁ%ecg’hy {thige 6’585%“’?4 aﬂi‘g s aequraly Qf""é’&‘e%"f?}i‘?e

vertical di dtdccendeiadt. t he probe tip has changed. Accordingly, the focus of
the mcroscope is increnentally nodified for the probe tip (or other

sui tabl e st {@MPLre orHisivacaglyotbe pad wzes vmihgataéer tendedtofbs e¢latifelst lge (B0 r oscope

when the pr i 0 . ' o e _Dr i.S
substanti al ?5@}]@ %gcgg{éélgﬁ h?gvel:t\ggﬁgg%nlﬁ)gﬁa%% rgstsﬁetgd ?‘ona %Q%Pgsa?gg’g%tﬁg °8‘.‘1%t ance

t hat the pr otdily iqsommedainthedesiliing nechanizali grorsBad ddftwfte prddnglesicance noved,

t he pl aten, o) .0r . of pved. an ropriate .di stance to

pl ace the py@%e&glédc%%l%ﬁ% Igﬁe%%%gr&lg@hger%ﬁgg%q%é? ear%%gnea P PIRES Arount  of
vertical nodenensingged sing(sprhab26g0 un) @f2h&etbidr mome gxirandlefperduratesial. of tests

prope i p non bl Mot gl Bl g SET AR aoT T P OHE UPE hi ¢ he
probe st at i edors Bnddrift inahegobikgdeviceanpl e, the wafer may be noved to 10

different die on the wafer, with a soaking time of 1 hour at each test
| ocat i on t ol®édller mi ndn pwler @riis¢ ¢ sivgle prticehiatlf om gsrmietostdpermmd ot hguifocus t o

techni que. ma e inagih QAR A AOp B b ot D diBRih B bERE" | po”
Dependi ng ofcchigehedasrmitedhe refsitioh of fhe plvbe tip,pewastdeermmad thatths emved oby t he
M croscope Y@l xeeﬁuire!éqg re%(c‘%lggh e p?(ﬁ;ettig % %Ergg%dtt(i) e l;/g‘ritéglsdisite'{nce that the

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



beconmes increasingly blurred. Simlarly, FIG 11 illustrates the X and Y
axis drift of the probe tip over tine at each of the devices to be tested
on the t e8020:f@8051[ 0044] Referring to FIG 12, by usi ngramssuilivadshe
pattern matchi ng technique, the inage obtained by the m croscope at
different focusing steps is provided with a matching score based upon an
"ideal" image or otherwi se a known "match". In general, any suitable inage
processi ng techni que may be used to.determ ne the anount of in-focus or out

of focus state of .the .pr.obe tips. .The sjti.on that §he probe. ti are nost
in focus i S%F Oghesrlrécr%lflg%lyi%gu”teﬁ'e§1&?”§9§’r¥@§‘ JtIHQPSQka%?é%Br}éBIéd?iaﬁlﬁﬁﬁ@P%?f set .
Thi s di st angeobetiy ober tinsed chioh clidjeudsticéshe bprestbd agthotest Wefeclevi ce under test.

[ 0045] The terns and expressions which have been enployed in the foregoing
speci fi cati d¥44t e usedRefeingitnliss 12.dymsing pnydwifablp patieonmatbing techique,
lim tation, ganfhabd@hfinddoytRe nftr&BEdAR disfefint BEsH S1eBE 1s TG adu&hifFB, and
expr essi ons, of .a%xcl uIéJi ngﬂg‘aui val eﬂrg't' S lo ﬁm%egt lf?gelss%g éﬁ%ﬁ% descri bed
or porti ons mardmgetore based upargenr édseld rinzgsdr pthatwisdrekrovnmath .t iegenanalent i on i s
defined and_]i o : ' | ghyfoltow . MO .
2011/ 1130515@%@8 i@%%é%?‘%%%ﬁ gﬁ?}/v\%e‘%%? ]é% Ar#‘“’ e the amount of in-

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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1. A nethod for probing a device under test conprising: receiving an inage
t hr ough qwabgﬁﬁﬁ‘%gtical path of a m croscope of a probgcgﬁﬁgqﬁ8€%g§t a
devi ce under es?; substantially focusing said m croscope on said probe;
based upon said focusing determning a vertical height adjustnment between
said probe and a device under test. 2. The nethod of claim1 wherein
said i mage of said probe is proximate a probe tip of said probe. 3.
The nebnggfgf claim1 further conprising adjusting the distance between

sai d devicg under test and said probe based upon said vertical height

adj ust Kenrtclaithe net hod of claim 3 wherein said adjusting said distance

ol udes moy! 19 & BB siEaORt Sliofldl Ghidtigr ol n said adjusting said

(a) receiving an image through a single optical path of a microscope of a probe used
to test a device under test;

(b) substantially focusing said microscope on said probe;

©) based upon said focusing determining a vertical height adjustment between said

probe and a device under test.

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 1 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.

S. 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 receiving said image and said substantially

focusing said microscope is performed for a plurality of locations of said device under test to

determine a plurality of said vertical height adjustments.

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

height adjustments at said plurality of different locations.

-14-



The nethod of claim3 wherein said adjusting said distance includes noving
sai d probe. The nmethod of claim1l wherein said receiving said

i mge andweand/gsisst antially focusing said m croscope i $Cparsbanmess7s or a
plurality of |locations of said device under test to determne a plurality
of said vertical height adjustnents. The nethod of claim?7
wherein said plurality of vertical height adjustnents are used to adj ust

t he di stance between said device under test and said probe based upon said
vertical height adjustments at said plurality of different |ocations. WO
2011/ 113058 PCT/ 152 H0Q283MAn 7 wherein aid Phealiytof oektiof] Hel @it Adjdstmeatsein sai d
plurality of vertical height adjustnments are used to adjust the distance
bet wesseddapdiusiahs distaneriestweastaihdryissaindepiedisad pae proledent iasationeotpr oxi mat e
one of_ saj [ . dj £ §. i ons. 10. The net hod of

cl ai WE}]?)%(%%[I@g%lﬁglﬁalti#é}l%ﬁ%ggéfélﬁ&%g% lgl:%ﬁ)gl%'al ity of vertical height

adj ustnents are based upon changes in the tenperature.

10.  The method of claim 7 wherein differences in said plurality of vertical height

adjustments are based upon changes in the temperature.
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