Pol i shing Head Testing Wth Mwvabl e Pedestal BACKGROUND -
5[0001] Integrated circuits are typically fornmed on substrates,
particularly silicon wafers, by the sequential deposition of
conductive, sem conductive or insulative |ayers. After each layer is
deposited, the deposited layer is often etched to create circuitry
features. As a series of layers are sequentially deposited and
etched, the outer or uppernost surface of the substrate, i.e., the
exposed surface of the Subsitplen cAR. 4O PECATELIAGESAN Nl Y

non-pl anar. This non-pl anar "Surface may epresent proprems in the
photol i t hographic steps of the integrated circuit fabrication
process. Theref oggextRep®p S often a need to periodically planarize
t he substrate surface. [0002] Chenm cal mechanical polishing (Ca) is
one accepted nethod of planarization. This planarization nethod
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station to déi ergwitiseonnplishinghead hingridesd coppesembles The operel yuhesadte usi ng
it on expensive yBfek K pRikedizfl a HAMICRRMNGE bR THYWREhMA bRfmay be either a

"standard" or a fixed-abrasive pad. A standard polishing pad has a durable roughened

surface, whereas a fixed-abrasive pad typically has abrasive particles held in a
containment media. The polishing head provides a controllable load, i.e., pressure, on
20  the substrate to push it against the polishing pad. A polishing slurry, including at least
one chemically-reactive agent, and abrasive particles, if a standard pad is used, is
supplied to the surface of the polishing pad.
[0003]  The polishing head can undergo periodic maintenance in which the head is
disassembled, worn parts replaced and then reassembled, Prior to returning the head
25 o polishing additional wafers, the refurbished head can be tested at a test station to
determine whether the head operates properly before using it on expensive wafers or

other semiconductor substrates.



SUMVARY [0004]In accordance with one aspect of the description .
provi ded herein, a polishing head is tested in a test station having
a pedestal for supporting a test wafer and a control | abl e pedestal
actuator to nove a pedestal central wafer support surface 5 and a
test wafer toward the polishing head. The pedestal may be noved
between a first vertical position vertically displaced fromthe
pol i shing head, and a second vertical position vertically closer to
the polishing head to facilitate polishing head testing. [0005]In one
enbodi nment, the ?ggmpﬂﬁyincludes testing a wafer |1oss sensor of the
10 head. A waf er[d004]s Seasatarkesith @F aptdoeithepidciigidh p@videid@eest S may
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chanmber. [0006] | veriduaigiobiden @eioalytclosdr tottheepolinhing beatl teckegitrate pilislony; heddhe t est
wafer may be posjlj.gned using a positioner having a first plurality
of test wafer engagenment nenbers positioned around the pedestal
central wafer su%ﬂgﬂt dupresmbodingng thedasting ipehudes lstinpa e I06s KEsatd the
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vacuum pressure to a membrane chamber of the head to pick up a first test wafer

disposed on the pedestal ceniral wafer support surface. The testing may also include
applying pressure to an inner tube chamﬁer of the head prior to applying the vacuum
pressure to the membrane chamber and monitoring the pressure in the inner tube

15  chamber while applying the vacuum pressure to the membrane chamber.
[0008]  In another aspect of the present description, the test wafer may be
positioned using a positioner having a first plurality of test wafer engagement
members positioned around the pedestal central wafer support surface. The test wafer
engagement members engage the test wafer to position the test wafer with respect to

20  the pedestal central wafer support surface. In one embodiment, the wafer positioner
comprises a ring member adapted to carry the first plurality of test wafer engagement
members distributed about a first eircumference of the ring member.
[0007] In yetancther aspect, polishing head testing may include positioning a test
wafer having a second diameter wider than the first diameter using a positioner

25  having a second plurality of test wafer engagement members positioned around an
outer wafer support surface disposed around the pedestal central wafer support
surface and adapted to support a test wafer. The second plurality of test wafer
engagement members may be distributed about a second circumference of the ring
member, the second circumference having a wider diameter than the first

30 circumference.
[0008] Instill another aspect, the test station may have a removable cover plate
having its own wafer support surface, The cover plate may be removed to expose the

pedestal and test wafer positioner.



20 the pedestal central wafer support surface. In one enbodi nent, the.
waf er positioner conprises a ring nmenber adapted to carry the first
plurality of test wafer engagenent nenbers distributed about a first
circunference of the ring nmenber. [0007]1n yet another aspect,
pol i shing head testing may include positioning a test wafer having a
second di aneter wi der than the fast dianeter using a positioner 25
havi ng a second plurality of test wafer engagenent nenbers positioned
around an outer &ﬁr SEEport surface di sposed around the pedestal
central wafer s uﬁ% t JOFF areaddiigel 2wegst e B Peseatipsaions- 4t shevdd thegalprsr |
The second pl ur abd dnyer@fodities the wateging 2 RERYQVEEsufRD ef ssmé@ybobighents and

di stributed abou P r I er, .
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circunference. [596BimeA s¥hdnrecadins shemary aefore is ndymeantigdimithestophofay
have a renovabl emgavefiptihat e having its own wafer support surface.
The cover plate may be renoved to expose the pedestal and test wafer
positioner. [00091There are additional aspects to the present
inventions. It should therefore be understood that the preceding is
merely a brief summary of some enbodi nents and aspects of the present
i nventions. Additional enbodi nents and aspects are descri bed and
claimed. The preceding sunmary therefore is not neant to limt the
scope of 5this description.



BRI EF DESCRI PTI ON OF THE DRAW NGS [00010] FIG 1 is a perspective
view of a polishing head test station having a 5test wafer hold and
transfer systemin accordance with one enbodi nent of the present
description, with a cover plate renoved. FIG 2is a
schemati c cross-sectional view of a typical polishing head di sposed
over a pedestal of one enbodi nent of a test wafer hold and transfer
10system FIG 3 is atop view of the test wafer hold and
transfer systemof the test station of FIG 1, shown with a cover

pl ate renoved. 15FIG 4a is a schematic partial side cross-sectional

vi ew of the testpr@fEepeSoreTeON dranshrRAWINGE em shown with a cover

pl at e. FI UéaP]i s an expl oded schematic partial side
cross-sectional W of the test wafer hold and transfer system shown
wi t hout a cover plate. 20FIG.1isapep&tiveviewsofa pplishinp batl iestatationduving a a

\i\/af er positioner of tAe.iEgbia W ®hsYsthnR bobb ARSI ons Uit BiReRor ik G

present description, with a cover plate removed.

FIG. 2 is a schematic cross-sectional view of a typical polishing head -
disposed over a pedestal of one embodiment of a test wafer hold and transfer

10 system.

FIG. 3 is 2 top view of the test wafer hold and transfer system of the
test station of FIG. 1, shown with a cover plate removed.

15 FIG. 4a is a schematic partial side cross-sectional view of the test

wafer hold and transfer system shown with a cover plate.

FIG. 4b is an exploded schematic partial side cross-sectional view of
the test wafer hold and transfer system shown without a cover plate.
20
FIG. 5 is a perspective view of a wafer positioner of the test wafer hold
and trangfer system of FIG. 1.

FIGs. 6a-6g illustrate one example of operations of the test wafer hold
25 and transfer system to test a polishing head.

FIGS. 7aand 7b are schematic diagrams illustrating operation of a
wafer loss sensor of the polishing head of FIG. 2.

30 FIG.8 is a graph illustrating pressure changes in the inner tube chamber
of the polishing head during operation of the wafer loss sensor as indicated in
FIGS. 7a and 7h.



FIGs. 6a-6g illustrate one exanpl e of operations of the test wafer
hol d 25and transfer systemto test a polishing head. FIGS. 7a
and 7b are schematic diagrans illustrating operation of a wafer | oss
sensor of the polishing head of FIG 2. 30FIG 8 is a graph
illustrating pressure changes in the inner tube chanber of the
pol i shing head during operation of the wafer |oss sensor as indicated
in FIGS. 7a and 7b. FIG 9 is a schematic diagram of one
exanpl e of test station pneumatic circuits associated with each
pressure chanber of the pdGi%h sierhrtiodiagyfm 6o ex@mple of test station pneumatif| G,
10 is a flow chart '%h&ﬁ@&ﬁkhﬁgwﬁﬂéw@?ﬁﬂﬁg@mﬁ@ﬁgpﬁ%ﬁﬁ$HMQm&ﬁdﬁﬁ¥§
Stest wafer hold and transfer systemto test a polishing head

FIG 11 is a schematic partial perspective cross-sectional view of a
test wafer hold and transflérlosysiiemhamilleseing daganpé dflopaniohd s the
enbodi nent. 1QFIG 1 I ' [ npl e of a wafer
posi tioner fo? t he tgﬁééﬁngﬁmﬁgﬁ%&gﬁﬁm¥¥§%%?é?g§§%$%§1of FIG 11.
FIG 13 is a schematic partial perspective cross-sectional view of
the wafer positioner of Fm@,111&schaniawﬁaﬁatﬂeﬂgecmafotsmmoﬂav@tv of S8
wafers of differing 15 ctlve Vi ew
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accordance with yet another enbodi nent.
10 FIG. 12 i8 a perspective view of one example of a wafer positioner for

the test wafer hold and transfer system of FIG. 11.

FIG. 13 is a schematic partial perspective cross-sectional view of the
wafer positioner of FIG. 12, illustrating positioning of test wafers of differing

15 sizes.

FIG. 14 is a top perspective view of a test wafer hold and transfer

system having a pedestal in accordance with yet another embodiment.

20



20 DETAI LED DESCRI PTI ON [ 00011] A test station in accordance with
one enbodi ment of the present invention is indicated generally at 10
in FIG 1. The test station 10 includes a frame or platform 12 which
supports a head positioning control system 14 which positions a

chem cal 5 and nechani cal polishing head 16 above the platform 12. As
described in greater detail in US. pat. No. 7,089, 782, the head
position control system 14 can precisely position the head 16 at one
of many electronically controlled positions above the platform 12 to
facilitate vari oDETAHSD RESERIBTERNres of the head 16 It is

appr eci at ed howemw]haat tegt@@noq@d dcéd?daﬂ&-. @tk &ﬁ,omynt Qﬁhémeg@ﬁtﬁﬁeﬁgn

fixed height or manual | g novabl e between different heig
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number and type gf; sensors may vary fromone type of- polishing head

to another. O her. _common types of head sensors include wafer
[00013] FIG. 2'shows a schematic cross-sectional diagram of a typical chemical

20  and mechanical polishing head 16 positioned over the movable pedestal 19 of the test
wafer hold and transfer system 17. It should be appreciated that a test station in
accordance with aspects of the present description may be used to test a variety of
different types of wafer or substrate polishing heads including heads for polishing 150
mm, 200 mm or 300 mm wafers.

25 [00014] As described in greater detail in U.S. pat. No. 7,089,782, a polishing head
such as the head 16 of FIG. 2 may have several sensors which are preferably tested by
the test station 10. An example of such a sensor is indicated generally at 18 and senses
if the wafer has been lost. The number and type of sensors may vary from one type of
polishing head to another. Other common types of head sensors include wafer

30 presence sensors and wafer pressure sensors.

[06015] The polishing head 16 also has three pressure sealed chambers, that is, a
retaining ring chamber 20, an inner tube chamber 22 and a membrane chamber 24.
The test station 10 can apply various tests to the chambers to ensure proper sealing

and operation. It is appreciated that the number and types of chambers may vary from



30 presence sensors and wafer pressure sensors. [00015] The polishing
head 16 al so has three pressure seal ed chanbers, that is, a retaining
ring chanmber 20, an inner tube chanber 22 and a nenbrane chanber 24.
The test station 10 can apply various tests to the chanbers to ensure
proper sealing and operation. It is appreciated that the nunber and
types of chanbers may vary from head type to head type. For exanple,
the head may have fromthree to eight chanbers. [00016] In the head
16 of the illustrated enbodi ment, the retaining ring chanber 20 is
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Three pressure ||nes , and 54 direct f1 as air or
nitrogen to eachﬂ%ﬁlﬁwbﬁﬁ%ﬁ%ers 20, 22 and 24 either at a pressure
above anbi ento( pnoemr TEEEbLsiOF 260edofiéctedro @ BjthdRI U4 ofmaﬁuigmgmyaaﬁwe@)

[ 00020] As shown e ositi an..cont.ro

the head test sta (f 6%£hﬁl}l%1%16 Eﬂeremgiﬁfme%t ?Sl(l)nrli1 kY a€5°gtr°tat%/ gn]m]ﬂ“éar
actuat or 60 whi ctwbgtantigiiypeipesidicaldr th the surfacerof thebfbhehmmd(iﬁinepolgyin&ﬁhreh may

be a programred ,ﬁ&aﬁéﬁdesw&p&ﬁweﬁm&@aﬁm&um%@em&%@%e conputer.
Al ternatively, e contro rise | ogi ¢ 30

my co
arrays, distri bu‘thé‘abqrso@r%za&?%ﬂ‘i%?@t e HASPVE ‘i"’f‘ esé‘im%dr)u&‘ll’ﬁ §%cont r ol
circuitry. Thg |dmtdear(vantmatesnref0 can position a head 16 nounted in a
nount 64 at one f i I, eI ected
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the pedestal 19 :9 ;]:erstona?computer Alternatively, the controller 62 may comprise programined logic

30 arrays, distributed logic circuits or other digital or-analog control circhitry. The linear
actuator 60 can position a head 16 mounted in a mount 64 at one end of a2 mount arm
66, at a precise position selected by the controller 62. In the illustrated embodiment,
the controlled precise position is the vertical displacement of the head 16 relative to a
test surface or test wafer support surface 68 (FIG. 2) of the of the pedestal 19 of the

7



test station 10. This vertical displacenent is neasured along a
Z-axis which is orthogonal to the test surface 68 which supports a
test wafer for testing with the polishing head. In this enbodi nent,
the Z-axis is parallel to the axis 46 of rotation of the head. It is
appreci ated that other displacenment directions nay be sel ected for
5control. [00021] The head nobunt actuator 60 includes a servo notor
assenbly 70 mhich is controlled by the controller 62 through suitable
driver circuits. i s appreciated that other types of notors nay be
used to actuate F’ﬁétab%’l Hosﬁw@mﬁ%&ﬁplicemwawFﬂ@ﬁsre%?rtga@amsry@schﬁ ons,
dﬁpendl ng upon t keopaklth i keadswdRpbd \filﬂ&lsﬁﬁ@ons]aQesEQﬁQZ'&]tesmamﬁliﬁepUt of
the servo notor asse 1S C ed to.a vertjc arri.age.
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carriage 80 to i th nt arm 66 is _nopunted a pair _of braces
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schemati ¢ vi ew ofrmgnéheaedybelieadlftto icar, fvarotaé ortal wevkweatsriing fhaﬁdaxk ransf er

system 17. A paréah@gegsse%%ﬁ%tua&q%m&fe@@wmcﬁ m\é'n%%tqfnlédlgmsﬁisehbwf o
hol d and transfer syste

as viewed al O‘%tf | I nes 4a-4
of FIG 3 is shoWfifohbrsesl-Zhe carige §0dat2 R plguids By 2apitchareafapted o
system 17 i nab udmeﬂo@gnmefaﬁlswmuete&a&wgbappmp‘lﬁemtvgdddtnecarrﬁgevi ty
102 (best seen i E n e of the
frame or pl atfor%afgg% gllé%ﬂ%rtg gerf%l’ngﬁlpé‘%g%gsmﬁr vﬁ'ﬁ“@“"lﬁiﬂm chis
recei ved by a shdenederZ- @%Tleﬁfsumpnzép faﬁ%mouqmd&véraeeawWhm@ntallsnpppw S

manner, the suppgit 9@&@@1@&@& 0f 1t tsgprdctet maRfiRF mB@httatdhEn ﬁla{assﬁ@r
[S%Sf)gérln] 1I7nI Zcigr%%%%d%\ﬁ%ﬁ&e edf"ﬁ%ﬁ’%rgt%aﬁéjl@?gt%?%?”f’fge egtg%‘%‘%s ‘geg?ﬁer“?eﬁtt i on
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100 to be flush with _or recessed wth respect surtace 112
of the support pll“’éq@dgﬂnSfeSiYétﬁméW%ﬁ}aaﬁgé‘ﬁ‘éﬁ‘tal%éﬁef“%féf‘? 1‘%05?19 Pisacement
of an optional covesinFi@i4e. Th @stenfd had Sidppefet sypbal BinQddes @sx@@dtﬁﬂatet he
test wafer hO! d. ﬂfg%hicilasn%feﬁfgc} in cavq:gB(i];J f:stI sQensoﬁE'r ‘R)B dé%{neds%%e supp’ort

cover plate sim
25  plate 94 of the frame or platform 12. The support plate 100 has a flange 104 which is

received by a shoulder 106 of the support plate cavity 102. In this manuer, the support
plate 100 of the test wafer hold and transfer system 17 is supported by the support
plate 94 of the frame 12.
[00024] In accordance with another aspect of the present description, the cavity

30 102 of the support plate 94 of the frame 12, is sized and shaped so as to permit the top
surface 110 of the support plate 100 to be flush with or recessed with respect to the
top surface 112 of the support plate 94. Such an arrangement can facilitate placement
of an opticnal cover plate 120 on the support plate 94 to cover the test wafer hold and

transfer system 17. In some prior systems, a cover plate similar to the plate 120 is
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often used to provide a test wafer support surface simlar to the
surface 122 for polishing head testing purposes. [00025] Accordingly,
inthe illustrated enbodinent of FIG 4; a polishing head such as the
polishing head 16 nay be tested using the test wafer support surface
122 5 of the cover plate 120. Alternatively, the cover plate 120 may
be renmoved to expose the test wafer hold and transfer system 17 to
facilitate additional testing of a polishing head using the test
waf er hold and transfer system 17 instead of the cover plate 120. The
cover plate 120 nfige us thprevidsety waoshprion seticeaimilahte tewpiios 122firat e 94
of the frame 12 ygishgs h@Biestink 8lehQts. Pi Nns 130 of the cover plate 120
received in Corrf@'@ di n% %,0 relgi stration hqgles qr apertures 132
(FIG 4b) of the gﬂor’%“- pingly e ilgtrated erbodimentiof FIGH 13, p aglistipadiesd
mechani sns and dencheede prliyhidpcheaiiEahay be palivtingihe tehi evafeestppoailicerzzer
pl ate 120, dependi t el | J LQR. [0 6] . The
test wafer hoPd g{; Q%Olréga}%%feeﬂrﬁéag%%g%&yﬁcﬁr ﬁlgtF ?ﬁ]cgﬁaé%mgé%t% %‘ls af er
posi tioner 140 wie&st iz bald gad traagfer systeps 17 tocfagilitgie fdditionsh tystiye parnolivhingber s
3;12 carri reﬁd 15 bxeaa;lﬁitlgr}geﬁaw@ﬁfhoind;aﬁd&&fgigzsyﬁ&n gngsttéihsﬁtﬁéé_awrgdte@ﬂgutth
e circunference, 0 r er " st _seen i : e
test waf er engaggﬁ% erﬁ@%zggaﬁfe’(ﬁ‘fgeq Wé‘u@ﬁ@tﬁﬁ%@?%p@ﬁ%&r}' °i§i‘gﬁ %
posi ti oned ar ound? esingeveisrationwaf &0 of thp portplaul2f scdved dadcofrbspiding) of t he
pedestal 19. jphe d eelioNRA& r a;ag@&qa??ﬁc.mﬁm%%p%?ﬁﬁs 64, ﬂ%aa?%:@%%%io

engage and position a test wafer 36 (Fla 6621! [ h Trespect
pedestal cent r al tAtheF mohaniyns FBt deviss oy beusadia pesitiop fhe fanopabls coeaRia o
19 recei vi ng t heliteédpentiiiz@ponife @rtiduliriapslisqtiosi.t i Ng the test wafer 36 up

to the polishing 7 [ evi ousl tioped, .the_test
Stati on 10 oy DOGES Bs FAR o Rtk Bt f7 BEDG LGRS

ot her st ruct ur espesitioger pf] Wil haga pleralily offtesCrafer PagagamgntDhemibets iftcpmied | n

schematic form t bea GRehaibe0ns afias) badRiiseRbted Woki@le chrOSFereR SRR rind 8
whi ch 25 provides b%dlctlon_t the head is not ho d|n§g waf er .
e

I
As shown in FIG 772" Flren R EL- Ldirdet Y cpggeaarfdRmhes LiLbhe gi sk
195 whi ch i s conwefetesititngr HOgkabditioh8barduod acextad] wefersapron surfe8:/146 {FI1G.

val 198. Th i j i
val ve e shafrtne ;9%@%%_%3 et “afelpafgggufgszm g)ngﬁ?eﬁﬂew Qreg&p%g@teg%géﬂ

e
menbr ane chanber 24 to e pressure |l1ne I nner nber
22. Wien a waf er 28@ositonadestvafer 36 fdCrabpithyespect fdhepsdesiel coprakeatirs t he
anbi ent pr essor esupforosnsyce fl40d¥ok 1 ehelpedehislan cedlng tharedoalfei 36084 t he

support structurg 32 is displac f rom t he. waf | oss sensor di sk
195. If the innergautségﬂengé eeﬁeﬁgwe?%erggu_ {éﬁlﬁ:’rpgﬁslsglﬁg?efgyat a pressure of 1
psi (pounds per E§02#le Asmedviousibeensiongriihedest statipe 0 mayaapied fo tephalvaribte

nmenbrane chamber o sensars, BarMABURHIRRY SaStfeCofipolisRinPBdad. BeG:OVY Adtd ent, for
exampl e, the vaI){ nber 197 attached to. th LSensor shaft 196 is

e ne e 5 :
seal i ngly seate dt ]]uﬁrag ip 5o wtlggtgP the operation of a typic r loss™ sensor 18 which
25  provides an indication that the head is not holding a wafer. As shown in FIG. 7a, the

wafer loss sensor 18 includes a sensor disk 195 which is connected by a shaft 196 to a
valve member 197 of a valve 198. The shaft 196 moves in a conduit 199 which
connects the membrane chamber 24 to the pressure line 52 of the innertube chamber
22. When a wafer 36 is held by the head 16, the wafer 36 seals the ambient pressure
30 away from the mermbrane 30. In addition, the support structure 32 is displaced from
the wafer loss sensor disk 195. If the inner tube chamber 22 is pressurized at a
pressure of 1 psi (pounds per square inch) above ambient, for example, and the
membrane chamber is at a vacuum pressure of -5 psi beldw ambient, for example, the

valve member 197 attached to the sensor shaft 196 is sealingly seated in a valve seat
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200 of the conduit 52. Consequently, the valve 198 is seal ed cl osed
and the pressures of the nenbrane chanber 24 and the inner tube
chanber 22 remain constant, indicating that the wafer has not been

"l ost." [00028] However, should the wafer drop fromthe head 16,

anbi ent pressure acting 5 on the nmenbrane 30 drives the nmenbrane 30
and the support structure upwardly into the nenbrane chanber as shown
in FIG 7b. The support structure 32 engages and conpresses the inner
t ube chanber 22 causing the pressure in the inner tube chanber 22 to
begin to rise as200diheaorddit 5t CABRuently, FleQalva] 98 Assedldialasminbd timpre@@esand

the support strugidl GerGRibk iHBerDRURN Y i¥net {08 Bndnbier iﬁq@gifuﬁ&ﬁst&p amber 24,
the support structure al so 10 engages the di sk 195 of the wafer |oss

sensor 18 as shotfficftine peidhe yfer hagqo eé”né"ébenent causes the valve
nmenber 197 conne[uoezs]t dsdeed:shdhBihOfafdr i@p F6 18 heall 86, ambidit prbsaactdns oM

the val ve sea 29n the ﬁm&ﬁ%ﬂﬁﬁ%‘%@@?%bénhﬁo V%'the SE[%)Q%QEIU.C(%I& o W”Q 103%1& ed at

203 and the pressu egr ns
i ndi cated at 204thg ﬁielﬁbf@?e Bamahsgies shosmtid0] - Bquwpmz@swwﬁhqums ménbr ane

chﬁrrbe{ 200I i ndi &a{ptaa%% &@ﬁﬁembekmb&izm&@gme &@%@ﬁ%hegﬁn@r tul% chénbﬁr
schematic diagra e neu r. associ ated with eac
chamber of thg pg%'ic’i’f"ﬁ“?ﬁ‘j X7 (o CFtFl attﬁéaz HGugtArsg’teé‘%f {hE SRRty

chanmber has a pr e@ssureoginnraoupwbrdly 0o mhmeiiarimcﬁauﬁersm,ahessopnoaemﬁ&& alyb

pressurized fjhui t-Qr 6 to.the
chanber. Eac h b c h% é%y@l% %9% ﬁ%r ﬁﬁé{%fyrq?fg%éﬁ?%é Q}g(”rﬁ %{.J%Ité ’%4-‘83%1 i ch

i ncl udes a sour cEegesperranges g ralvpREs o2 cergected tp el Bi6 e segsoalltacuum
ej ector valve) caifiMcestloiyhe@alVerdast@0R 442 Rstq@nteC@talle@pend ddndidtel hre

chamber. A vent gircuit 250 ntgelude beachv%e}/fzbé%gsotg%g]ﬁggﬁca%edapﬁ’es 234,

associ at ed chanber T the an ere e va

244 and 254 are Elﬁinﬁmﬂlerv@@alévyeqvﬂeesmmemcmbnaneeﬁzmnbfo%z@dle@msbs&péthe
pressure in quaﬁ,&fﬂﬂcm ar chanber, the vent valve 254, pressure valve
234 and vacuum v 2 re c osed cl 03| t hese val ves, the
chanber i s isol a@géﬁﬂ ﬁq %é? Yy WP‘E‘“%EFQ‘/%‘F&% i Fewis @SFaeHe v

vent ed. The pr essul éhambdrof the gdhichinghesibanberitfugtrdtdd embaiithant, edth bhyambérdas
control | er 62 t hy auglye ok SR 8RR RRDs P4 LA bt 30BN

fluidically coupl'ed to the associate
pressure drops afderR3bmdaresaiang b dapiesEaghehiebsr Dugher hap 2 xacny 254,
the presence20f @archiedo vitschiiittiieatsaice 24 ofl¥i@Nh Gréssluy (dmmereae@a,a if the

pressure in the |nner .t e ol]ows a cur S o1 fat
Chown in Fl1G 6, i rhdettpre o BIRE nAtah Ougetf Raftdf SHa Ry e
pol i shing head i ni eindiit0dntludés@al8d 354 Tiveopens the asspeittddehantber to Hn am@slt t he
chambers of the pghdygdt.ng head for pressure

[00030] The valves 234, 244 and 254 are controlled by the controller 62. To

25  conserve pressure in a particular chamber, the vent valve 254, pressure valve 234 and
vacuwm valve 254 are closed. By closing these valves, the chamber is isolated from
being further pressurized, vacuumed or vented. The pressure within the chamber may
be monttored by the controller 62 through a pressure sensor 260 such as a transducer
fluidically coupled to the associated chamber. If the chamber pressure drops after

30  closing the control valves 234, 244 and 254, the presence of a leak is indicated. As
previously mentioned, if the pressure in the inner tube chamber 22 follows a curve
such as that shown in FIG. 8, a loss of a test wafer which had been held by the
polishing head is indicated.
[00031] The test station 10 can test the chambers of the polishing head for pressure
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and vacuum | eaks including | eaks across the various chanbers (cross
tal k). Testing includes height and tine of rise as well as valve and
sensor tests. [00032] FIG 10 illustrates a polishing head test
utilizing a test station in accordance with one enbodi ment of the
present description. One exanple of such a 5 test is a wafer |oss
sensor test. It is appreciated that a test station in accordance with
the present description my be used to performa variety of tests,
dependi ng upon the particular application. [00033] In a fast
operation, the tawsitvagpifdgaky inclusingdaakh atlobsdlekvak@éyhambers(caesftall). Trotirist i oner
such as the waf ei:ucm@h&g@eerun%@meIa@wéufa@vawelaﬁégeﬁs%m& embodi nent, the

test 10 wafer ers 142 of the wafer positioner 140 are
general ly fi ngerﬂ}gﬁggegﬁgﬁgqg’é@ﬁsﬁh ‘F}H%adaffft‘é\th’éﬂn%gte?téﬁﬁb"n%rface 270
(FIG 6a) which sngdgeswithme edlgdimeht of the pieesidessftion (R6 eﬁﬂﬂledfﬂfudﬁzt s the
test wafer tO Se{egtﬁeavbmg?d’ss éeps t'es@fﬂ g%g&gmtg ﬂxgle%’e\ét'sgaggl 1Ba£9rd«%ce g%ed

position between the ranp sur aces rally
hori zontal suppote Ptspidsecaption mappe ‘é%f@hpﬁtf@ﬁamﬁfépﬁéﬁgé@@}@ﬁwmer
142. 15 In this pricdRLpRAGHE I oN, the center 274 of the central wafer

et pe L DRSSl b A A g &Y
i Il ustrated enbophisitiewst such kghcwafir gesitandr 44046 tfeRIirat@) embbditéng tipodst shi ng
head 16 i s sypst @Q‘Eﬂ eﬁé&gé!mél{ ﬁl&ﬁ’ﬁg IXM detnelvR®r ﬁrﬁﬁﬂgﬁl} 1 @fﬂetggx%mt]lf %? ng

waf er. Such an alignnment can facilitate testlzre\(g g I ng head
16. It is apprecfhéﬁeédnd(?‘i‘ﬂ’(m‘fhﬁjés%&F%‘fdrﬁ%ﬁ“fffcéﬁ (FEp Snaicheneggss gned t o
achi eve ot her al eqgaotmd test refensBend dils@s hesitwagr wadibiunad the idfieenpedtest al
19 or the polishj h r he t est
waf er engagerrentérgkg %@%11%}%&&0&?%%%5& Bl F%Bféce%a @%ﬁg@%@% shapes
and engagenent sgnwdbféenzqaebemrtﬁgfaew A Of da¢h tmwgfp@agaaqzmeabpqmb@alﬁiz on.

[00034] In the |in'ﬂh4§£1fgﬂéd%dsﬂ%ﬁbtﬂéjéeﬂﬁli74 oﬁtﬁl&eﬁﬁdﬁﬁ‘&r@h peD st 1hder deest

waf er positioner 40. are s edest al .housi n

BT xen to 1 ho. cRRET 15 pir et Gonay ﬁ@f@@?ﬂ%ﬂ?ﬂﬂt PR ans er
system 17. The patieds thé illidramh eintodigentyibd @nteqagis 16 (FOB.E) of tk(polishing head
supported in thelél@%stﬂﬁw aﬂ&eagltﬁﬁgankpﬁheqaﬁngqﬁ%%ﬁh Q'I ah, nt can |

pedestal 19 and test wafer positloner are coaxjally alrgned with
the center axis #gliplefegingpf hypolishes Yol ]iﬁs Ffl‘sr?@Pfﬁ‘é%‘?ﬂi thagthe Wﬁfe’i ngsitioner
appreci at ed that mﬁ)ﬁﬂ’&fﬁé&@bdgmmtz &hﬁaygn&entﬁt&b&eﬁmdtestiﬂgﬁmdhmge% upon
the particul ar 500 e.test een

posi ti oned by t hgegeska? ?Jér(a:e éjllE 1R héerall i&ﬁ&s Pxﬁpera decla{eylvﬁnatqﬁe tes, \ga ?rai sed
(bl ock 290) causitnﬁ@eeﬁéEpeﬁe%k%maxhﬁspemm%f#lﬁe@t&mptseﬁdepﬁeenpfehestal

19 to engage thesumﬁdaiegﬁngquoﬁh@paheﬁﬁara\p@tcﬁron Conti nued UDward not i on

g];,] dt rr]ne)vggdte ﬁtea![ eé?ﬂ%’ﬁf él? the Hlustrate§ emb f %It;t, tge pedesth 19 a ES} t wa eEr Ilmos{tllgrEBr 140

25 140 are supported by a pedestal housing 280 affixed to the support plate 100 of the

test wafer hold and transfer system 17. The pedestal 19 and test wafer positioner 140
are supported in the test station 10 such that the centers of the pedestal 19 and test
wafer positioner 140 are coaxially aligned with the center axis 46 (FIG. 2) of the
polishing head 16. It is appreciated that other alignments may be selected, depending
30  upen the particular application.
[00035] Once the test wafer has been positioned by the wafer positioner 140, the
pedestal may be raised (block 290} causing the pedestal support surface 144 of the
pedestal 19 to engage the underside of the test wafer. Continued upward motion of the
pedestal 19 lifts the test wafer off the wafer positioner 140 and moves the test wafer
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vertically upward toward the polishing head 16 as shown in FIG 6b,
for exanple. hi this position, the center of the test wafer continues
to be coaxially aligned with the center of the polishing head 16.
[00036] In the illustrated enbodi nent, the pedestal 19 has a central
connecting rod 5 292 which is jounaled for a sliding, vertical notion
wi thin the pedestal housing 280. A pedestal actuator 294 coupled to

t he pedestal connecting rod 292 vertically actuates the pedestal 19
between a first, |lowered position depicted in FIG 6a, and a second,
rai sed position, veéglixursdedteway @ pobikhing|headi 16 apghpwmein FE- €4l farlexampiehie
pedestal 19 may hﬁ sxﬁﬁnhﬁé ccBRARAR tANFhrTIHRRIS tolo0 cdailly AiikRY Gidy@E L1 Ccal
novenment. 10 [ 0003 £%tj % il ustrat ed enbodi nent, the pedestal
actuat or 294 i ncFdif ATt d%cyl i nder 300 whi ch is driven by
pneumati c circui {W03E]2 Iﬁ&aﬂrusﬂateédmllmﬁmtehtethé gesléstad 1 Bliab Otened Bdnh@tihgabd 62.

The pneumati c Cy?éz fh i ejglgxslehe%]f&%&ﬁa@%p%%c@%q%oﬁ%ﬁﬁmé‘%?&% ho%gélﬁ 48 the

connecting rod o on application
pneumati ¢ press uﬁé’sdeﬁt?} a?%@‘“&ﬁ’éﬁﬂ#ﬁ?‘i fe the pedesial eenngging rod PR vartirally aqiatber

304 and hence th@lep@d@auaben&én;ﬁrsaro&e@@c@ﬁ&ﬂ déﬁh\éd 03 (0] ahcﬂa ddwﬂ@r d or

downwar d novenent s he vertical imted
by suitable st op%ms?ﬂ‘poﬁ o ﬁeé’gcgeg ];%I &b lsé@mﬁéeﬁgﬁtcfl‘ d‘ﬁtﬁglr? Ay gave
particul ar appl i etgrislopes ahd mersbegsppiaeilitria vatial hakemedtt.her types of
actuators mi)dobe[ddﬁ?ﬂ tlﬁ)th@hﬁ%@.&:@e&%@mﬁﬁdﬁ§ﬁeaésta%§:mamnﬁ H

actuators includés electric tors and servos. 20[.00038] Prior to
initiating a tesPrelpate ﬁéﬁnﬂ%ﬂf*P%WPl?PgS FYsRPyRSCumRfRcicH P propEqlleghy theyn
control the |ineastsatdotaittlerdd. ThEploumdt): ciidd@ a6l it tadBected bpLoivad hehbet he

ggag_s 12 h g;[Nn al f\e t\t(‘)e % E'o %H}Egsr%#) &ﬁ% é%&%&lgs qﬁ:%%t_r%}:hgagona or}g%ltaﬁg %Iﬁ%%at.tlc waf e r
the particular t pggsuresdo Be prramptgciiinger 30§, fﬁeﬁln@pmﬂé’eli 38t end hprrvaﬂne ﬁ%ﬁﬁst% 0 rre
pol i shing head t esdsselcp@slylatiRRiinig w@:fd of nRah s indeks. B HnkOF KRY be

250m tted. Once the poljshi hea at t ei ght
above the pedest XitcPgnotgn pase lgpte ‘b%f”‘é’?ﬁ%gyﬁégﬁ“ﬁ@&é%épfﬂﬁiﬂh at ed
(bl ock 312). [00@8@}helﬁunc@xamhbaepn Itrmaapmvaa‘tadnhakmt:@aﬁmtuatossnaybe he
pol i shing head npy, RSl @:@?s%l aPeYe oﬁ:&%ct&é?&s S def0&uR ottcl?seanEeSt
waf er prior to |oading the fer by a distance such as 1.5 nm
for exanple. At tHi°8 height, the controller 62 can cause 30 the head
16 to begi n tzhe MOOXBYS PrioHdto lntRAMigGest dTehetpbitshinpBda€ 16, BRtaubiResPahi shi ng
head. The nenbrane 4 e
the head menbrane 3(8%6@1%%%%“%&%@ ?ta tmnfbk{%?%ﬁ#‘uaﬁaﬁ% tasgm%r% t he
waf er. As the hebaiebhabais thenredsnl 16@41@9 @Stwafet 36@99@@}’991&11365% dpe sleettdice

of the test vaf creiDgytlt &58Rms WAYAtialR KL B by rtaiya@;ebﬁw se

becone trapped bet rane 3
PP &1 r some po?ls]:ung ead tests, p031t10nmg o} the pc\),\glnng head 16 may be

25 omitted. Once the polishing head 16 is at the appropriate height above the pedestal
16, a test of the polishing head may be initiated (block 312).
[00039] For example, in a wafer loss sensor test, the polishing head may be
displaced above the top surface of the test wafer prior to loading the test wafer by
a distance such as 1.5 mm, for example. At this height, the controller 62 can cause
30  the head 16 to begin the process of loading the test wafer onto the polishing head.
The membrane chamber 24 (FIG. 2) may be pressurized to cause the head membrane
30 to become inflated prior fo actually loading the wafer. As the head membrane 30
inflates, it engages the top surface of the test wafer and expresses away air pockets

which may otherwise become trapped between the membrane 30 and the wafer top
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surface. [00040] To load the test wafer, the inner tube chanber 24 is
al so pressurized to apply pressure to push the perineter of the
menbrane 30 agai nst the perineter of the test wafer. The pressure in
the inner tube chanber is then conserved at that pressure to 5 test
for leaks in the inner tube chanber as set forth above. If the
pressure in the inner tube chanber remains steady at the preset
pressuri zed |l evel, a proper sealing of the inner tube chanber is
indicated. In the illustrated enbodinent, it is preferred that the

i nner tube chanbenﬁhe pressurized to a level of 1 psi above ambi ent

for the wafer E%%?(gnﬁ%rloa%%tcest% edgel e? 11S.I§eu ?IJI'ISDEII.‘ﬂI-lSa algocai)g sun%fd Q-3 psi

may al so be used partti cul ar ng upon
the particul ar apphiresiroa P“%@@@Q‘!F}ﬂt@fd@ mbmemamest e Pftrh'éwpfrfé@s ure

i ndt he i nnerk tUb%stG‘ah&FftIQE r%m@&&hehﬁeﬂg%eﬂmbeﬁme@&?km% ﬁ%&g&?u\‘@tl)ue
and air pockets e an e er to rface
expr essed awa;% \fm@ﬁgsn"ilg?é”élgrﬂ agbg st gﬁﬁ% "Wff ealﬁg‘ ¢ PR mber
24 to finish | oatbshatbee redrait stewelf githe pikkee preoinzsdieve)) ahmad swiitgofthae

| oaded test 15 b Barts ; o
anot her hei ght \2%%%& bt he gggg?gtew iﬂhﬂymﬁ%&ngﬁéﬁa &%%ﬁa%&hm%ﬁhet

i|lustrated enbotPhEive chappberibe pigysurized o @ dpvelRhl pst Hhaversbispifprehecrmibesy be
vacuum pressur i Z&dsot' ﬁstaOthe\p&lssu&& inaPangSof otzq:linﬁyaﬁbbeaﬁ&d Tpatibgarwaf er

| oss sensor t; no - 8;0%: ng§ |rt1nerparrmupag?%gcamn 0 -7 psi bel ow
r

anbi ent may a soV e use I cufFar val'oes wl | vary, depending
upon t he partl culﬂapmoé}mmmqamq of hewrea 2§ in(te inngcigerhaagber 22 hprteger | y

| oaded in a MANN@hfisdcAid B préstt vl bndSrPWikets betddefihe ARmbradtdo bdanaaf er
| o0ss sensor has been?I{) %gerl ées%fréstal | ed and operates properly, the

wafer | oss sensoPit P BHORRPTEHE HvRLde be mEmHE | nner
tube chanber 22 canbd:@4 rodfimih wadingysd tasnivifad The polishing beatl wills theadet @sted by

th troll afer . e 6 I
ot S o Wl e PP

menbr ane chamberPedestal I asihawnid Cstsp e Hlusrped ehodimgy. it %Pféfﬁgﬁiq@t tihe

i nner tube chanbesmmad chdﬂﬁer\/@fv&iﬁurhmﬁu&%ﬁaﬂev&%fa%mi’o@@%mbléhtEﬂrﬁic | b.
Consequent |y, the 1 el he | nner e

T eralTy ) se Al Es SR ek b e dFh BT B s Pt
chanber 22 as sh@wberuwdﬁl@parscuhmwhteheﬂvarbreiepnnélssmoethpnartmer 30 inner
tube chanber s9i | dppfi@lidn. @as the wafer |oss sensor opens the vaI ve 86

bet ween the inne er nd the nenbrang chanber
"ndi cating to th2o A RS e e AP SPRLe U S ..
7a, and the wafer loss sensor has been properly installed and operates properly, the
walfer loss sensor will not be actuated and the pressure in the inner tube chamber 22
should remain substantiaily constant as monitored by the controller 62. On the other
25  hand, if the wafer is not properly picked up or is dropped, the membrane 30 will be
drawn into the membrane chamber 24 cansing the support structure 32 o engage the
inner tube chamber and the wafer loss sensor 18 as shown in FIG. 7b. Consequently,
the pressure in the inner tube chamber 22 will initially rise as the support structure
engages the inner tube chamber 22 as shown in FIG. 8 and then the pressure in the
30  inmer tube chamber will fall as the wafer loss sensor opens the valve 86 between the
inner tube chamber 22 and the membrane chamber 24, indicating to the controller 62
that the wafer has been lost.
[00043] In the illustrated embodiment, it is preferred for the head test station 10 to
be able to precisely position the polishing head at a precise, electronically controlled
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[00043] In the illustrated enbodinent, it is preferred for the head
test station 10 to be able to precisely position the polishing head
at a precise, electronically controlled position to facilitate
testing of the polishing head as described in U S. pat. No.

7,089, 782. For exanple, in the wafer | oss sensor test with a test
waf er as descri bed above, if the polishing head is positioned too
close to the test wafer prior to loading the wafer, it is believed
that the nmenbrane 30 and support structure 32 can be driven 5 up into
t he nmenbrane chameronmacxmau&ktﬁyoitbepomﬁrglhedd@s&scsmaﬂﬁu Slfac e, be

i nproperly actua N i oned
too far fromt he%’t% gebéztgg\?j\;a}¥ glr %trhg f.vat%,ﬂgss P‘%} a?"?t wafer%d%scflb

waf er may not beaysve pidhd Wlliﬁnélhe?élwﬁmqe%@@dos@wm}mtHP@@S@?'@1@@@ i ed
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spaced within a 5@6?93%5&‘? ]tﬁe%.r RRQY Gl NG h&%é%;ﬁ%bhgﬁﬁ@ea gl eved
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used. The parti cUACEF BF&Ise aPnlipd tp thy seqpbrarpehanie 3140 Rigfow thavetsaqat i cul ar

application. 15 Ln&@e{a%]seae&au&enab aﬁmpﬂa@wucﬂma&d &Hsﬁthﬂx@wﬂ\lﬁto(iﬁb t he
head may be RLo9r a

test statl
o oy conrib OB I Y et A REA0 et 0 8o BB 0P Rt ¢ o
the rai sed pedesidi \@Qlcalﬁbﬁetwpeﬁfbe proishinteibead spagel Withing: rprgs pf i-Dmmabove he
head may be defi peestslrRt iswaidQ a%é’k@prfaé'f&%ﬂn;pﬁg%ﬁlﬁelmol@ R i SRR

different types of ds nce he size qf the heads
i ncl uding differ Eﬁ’bai"%"ﬁseﬂhﬂ%ﬁﬁ'@ gl ‘i‘*’éﬁﬂi‘?‘ﬂ”ﬁg’&mﬁ%‘&ét ed by

programm ng the amhuamor control to nove the head to the optinum

positi ons Tor1st oo AT Sk a5AR, fokRes o AR eLRRG £ BAGLASLAD of

testing of the pol a test war part of
testing, the pol rngvﬁ ﬁghﬁéﬁﬂts%@h‘aﬁff@@%ﬂﬁlqﬁs T%@“P‘é§9n“'\ﬂb‘7"é“rth(t’ﬁ°"’ﬁlﬁ@t
pedestal 19. Acceftsh Hagl matnteh@thlemécr selidsRI 196Phe @i HokifidnSand fo€d ﬂohﬁﬁfi:rfthe
act uat or 60top5|t|on ishing.2 e to a.vertica
posi tion adj acenftRa B Pmetd%?ahﬁgébseqaslﬁgﬁ% e?%%%ﬁmﬂé’gffy R dunat i ¢
circuits of the pofs émrﬁg’erbreesdnﬂ;@sinwﬂfeéwaﬂhieﬂumd@f&mme@ﬁdt@dmbs}mhe

control l er 62t Ob&@ﬁaﬁa&&ﬁn&g{ehsﬂrega ﬁ%théﬁ:ufaﬁr éoﬁirﬁ@a%ﬁovfehﬁhza@%&l ng
waf er and deposit the testl?r}%lfwa er on e pedestal 19 as shown in

FIG 6f. In addi tbfgpiimumposig 1} ReFicydr head i t hdr aw t he pol i shi ng
head to anot her [00048]t Uien sdacivsion of tektin@of 6 polidthghedd04 Gdingantesewitheort est

wafer has been rgturBREED alelGiREY AL X cad el¥end 4G wRRE o B0 stal 19,

Accordingly, the controller 62 controls the linear actuator 60 to position the polishing

25  head 16 to a vertical position adjacent the pedestal 19 as shown in FIG. 6e. The
poeumatic circuits of the polishing head 16 may further be controlled by the controller
62 to cause the polishing head 16 to release the testing wafer and deposit the testing
wafer on the pedestal 19 as shown in FIG. 6f. In addition, the controller 62 can
withdraw the polishing head to another height as shown in FIG. 6f,

30 [00048] Once the test wafer has been refumed to the pedestal 19 by the polishing
head 60, the pedestal 19 may be lowered (block 314) to the wafer positioner 140,
Continued downward motion of the pedestal 19 deposits the test wafer on the wafer
positioner 140 and realigns the center of test wafer with respect to the center of

the polishing head 16 as appropriate. Testing may then be concluded or additional
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head 60, the pedestal 19 may be |l owered (block 314) to the wafer
positioner 140. Continued downward notion of the pedestal 19 deposits
the test wafer on the wafer positioner 140 and realigns the center of
test wafer with respect to the center of the polishing head 16 as
appropriate. Testing may then be concluded or additional testing of
the polishing head may then be perforned as appropriate. Such
additional testing may include or exclude use of a test wafer 36 or
novenent of the pedestal 19, dependi ng upon the particul ar

appl i cation. [ 00@&iap of the pdhishing headstay dliee te ierfvodi mepgropridewdwa ndliticed t i cal
motion of ‘the peggg; gﬂ-Jay ﬁa%déo%mu'a@ﬁssﬁfﬁ&stw&3%9m5ve§9n%bﬁ+@dedégﬁi @w the
waf er positioner icted In . The pedest act uat or
294 coupled to tﬁ%’“t%’éé‘g‘{ ‘"R?B’ﬁﬁ@é?l?lﬁﬂm?od 292 vertically actuates
Ithe pegestal 19 faoo4m]t hemeamaﬁddp@mdhﬂeamdcdﬁmm@ﬁbﬂﬂotﬁham@ed@@ﬁ the
overed positison, r.ec

term nal posifi onééI %ma&f)dttﬁeq?werf’ oscfmglc’ieéwé%%‘l”ﬁar%ﬁ%%oﬁer h&‘ da‘?"%l cu%
application. 10 FQOM@PCIGM aei)(am?%comlemthpsm’f@C@é@dnare@ﬁ?-wgﬁtﬁés been

provi ded in whi Chndrel £ ed\mﬁﬁbxﬁmaaasgaﬁgn&ydeﬁl&@d wefce ks ROak idweRRgr 140
and lifted to the polis eﬁg]f ga &g}aratlonfor t.he polishing
head 16 to | oad PI&ioR gepteteqgrid 6gﬂf*8fﬂ%?ff§§t§ Eﬁ°§‘€‘é"8‘“’f”r‘i‘h‘?°“§6‘ﬁéﬂab5? i shing
head tests utili sldogd, defediig womthe patichlar appicafodance with t he present

descri ption gy gﬁb&ﬂa Arh%ilmp\{\@t;f?glisiu %ﬂ'acptg%ﬁggfag g‘éeng JvidXin Fhi eastgst waf er

al i gnnment 15oper at or a ation, dependi ng
upon the parti cuWéfPflaﬁﬁﬁqu@aﬁ%‘ﬁfef]?‘@’GMQ]“OPJF@ﬂeitP tlsq?@wnah@@h@m

enbodi ment of a fgre@}auwofeﬂlem&mgelﬂgh m&ﬂaﬁft@artesw&&emﬂa&ewemordance
wi t h anot her aspect

ti FI G
12, "the Lost wal BTPRAFHTARAT CPARGERE - EYSPIM At RE IR A Phe! vaf er
positioner 440 wissaiptidrasayamitiariest waltrloading eppratidn, eragddst waddreliznemgagenent

nenbers 442a;gar fielodYr aakeszs)afsﬂmgrssaar%ﬁ déb% orfthStakil Bt Bk caRQut
the i nner mrcurrfer;qgceo he ring 44 The test wafer

positioner 440 f PP, FfGd! ah%e%?ﬂ*af eﬁ?"ﬁ‘?“&?‘ﬁt pip test walerdipld gpg tepster
engagenent menbesysted 4@hin aabidaredwhlyarbiher asfetrgf dreprisest dddiTptiamn dAs best seen

distributed abouf, f1q, UGS wiel 1B ThEAFHNES yRm 400 Faclubddd tJIERHAS posthibitr

440 which has a first plurality of test wafer engagement members 442a carried by a

20  ring member 443 and distributed about the inner circumference of the ring member
443, The test wafer positioner 440 further has a second plurality of test wafer
engagement members £442b carried by the ring member 443 and distributed about the
outer circuraference of the ring member 443.

[00050] As best seen in FIG. 13, the test wafer engagement members 442a of the

25  wafer positioner 440 are positioned around a central wafer support surface 444 of a
pedestal 450. The test wafer engagement members 442a are adapted to engage and
position a test wafer 36 with respect to the pedestal central wafer support surface 444
prior to the pedestal 450 receiving the test wafer 36 and transporting the test wafer 36
(FIG. 13) up to the polishing head 16.

30 [00051] In the illustrated embodiment, the test wafer engagement members 442a,
like the members 142, are generally finger-shaped and each includes an angled ramp
surface 270a (FIG. 13) which engages the edge of the test wafer 36 and directs the test
wafer to settle under the influence of gravity in an aligned position between the ramp

surfaces 270a and supported by a generally horizontal support surface 272a of each
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[ 00050] As best seen in FIG 13, the test wafer engagenent nenbers
442a of the 25 wafer positioner 440 are positioned around a central
waf er support surface 444 of a pedestal 450. The test wafer
engagenent mnenbers 442a are adapted to engage and position a test
wafer 36 with respect to the pedestal central wafer support surface
444 prior to the pedestal 450 receiving the test wafer 36 and
transporting the test wafer 36 (FIG 13) up to the polishing head 16
30 [00051] In the illustrated enbodi nent, the test wafer engagenent
menbers 442a, I|W@“@ﬁ@ﬂwﬁﬁﬁéﬁgm@WQ4ﬁﬁﬂém§éhgwép$ywmﬁwggﬁﬁ%ﬁ%pé@3and

each incl udes anceaﬂaheférguaﬁms&wc£M%f§Z§]aes(£As@1so%&auy»@s gk wRgeges the
edge of the test waf t wafer to settle under

a ire
the influence of ° é‘?eé%rﬂleﬁesf‘ﬁar}%fﬁgaﬂ"%%% I&f‘“ﬁﬁ@f’ edlﬁado]ét ween the ranp
surfaces 270a aniP0834)pdht ed wofer engggemer abbersid?l of drivaler gudigper 440sier f ace

272a of each 5t eﬁ}nﬂ%@ £§£t10§5%ﬁm9 Een@ le%lr su?’p%?t@urfalcgﬂh '8% iﬁﬁ%‘sgg%g 44 of

pOSI ti on, t he center e central wa SuppOI’
the pedestal 450PYtatactides pismierencq thandhs Wafer speasmens svmbas 49pa. Thdest est

waf er 36 and t hewserth@iperfont BerfHerst4dm aﬁ:ﬁﬁﬁbtehﬁo enp 430 Qfﬁ%bsﬂ-dﬂﬁ tdsOgdfer WG er
engagemnent rrenbeg%l% 1}1133&)3(9 to t[: ; teP%tva\.,aY"aIém‘i W r su surga ﬁgp % ﬂ?ef éeg?al 4%5 | y

posi tioned aroun cen supp SPFacePs:
pedest al 450, buteceatingghafpsy Eﬂfeicﬂﬁo@aw@ﬁpen@ethv etrwafeh €60wp foerpobishizage nent

menbers 442a.19 Thgead. e&tmu@a@ﬁt@n@agemsmmaﬁmmnﬁ ﬂ&z@wﬁ%m@&lﬁp to
engage and positjon a W th respect to ecla%%e dest al

60
central wafer suﬁbf??twai"ﬁ%r a{’&é“&ﬂ&i ¥ e Wl beldan té‘”’&?—f%‘lsﬁ B°fecei vi ng
the test wafer Afeiilaacohmadacpolishingfeatidred tesiafowak ifferthgGize) puch as 130

polishing 10 head A% g, Ll G 13, the test wafer 460 may
have a wi der dianeter rAﬂﬂan tE test V\g er 36. Accordi ngl y, the test

waf er hol d and twameﬁhgvgf”éﬁi%@e’é%m?@ﬁ&ﬁﬁb biect & 8428819 shi ng
heads and tests wghéeks Mkerdhdpbeinll BEh SlcRes 1b41€16d Afp 11.5@06120% (Eﬂﬂmm and

300 f 053 T 442D,
Tke The momber SPHEARERtR B T8 DURUPAITY 1S OB CREROIARE At
i ncl udes an angl@dmﬂmtgamvlademwli@md@ﬁﬁti@lb%&)enﬂhirmsgf?g@@é@:@ﬁe edge

of the test wafeg, é)ﬁ@dW'ngegérﬁﬁ@lgrﬁoﬂta%uﬂpﬁ%§mf\é@f2¢fb eracﬁéxtwafer under the
i nfluence of gravi in an a?ﬁ%neq%hsmlon bet ween the ranp surfaces
1

270b and support %’éa%?"‘“émﬁ%wé ?nft?)H‘ES&P“’él}?ﬁ%?‘tz”?lﬁFtl’l%%mi 72b of
each test waber esfgagenenifaceideftheltddtal 450 istcbixilpdligggdedth esedtdrofn, t he

center 274a of t \]ﬂg teg‘\t%{"eg %0 and the polishing head.
[00054] In the illustrated embodiment, the pedestal 450 includes a plurality of
flanges 470 (FIG. 11) which are received in recesses 472 (FIG. 12) of an inner ring
wall 474 of the ring member 443 of the wafer positioner 440, An outer shoulder 476
25  of each flange 470 engages an outer ring wall 480 of the ring member 443. The

central wafer support surface 444 may have cushions 482 to inhibit damage to the test
wafers.

[00055] In one embodiment, a pedestal such as the pedestal 450 may be dedicated
to test wafers of a particular size such as the test wafers 36 or the test wafers 460.

30  Alternatively, the pedestal 450 may be able to accommodate test wafers of different
sizes. For example, an upper surface 484 of the pedestal flanges 470 may be adapted
to provide a pedestal outer wafer support surface to engage and support a larger test
wafer such ag a test wafer 460. In another example, the test wafer hold and transfer

system 400 may include a pedestal adapter plate 490 {FIG. 14) having both a pedestal
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20 wafer support surface 444 of the pedestal 450 is coaxially aligned
with the center of the test wafer 460 and the polishing head. [00054]
In the illustrated enbodi nent, the pedestal 450 includes a plurality
of flanges 470 (FIG 11) which are received in recesses 472 (FIG 12)
of an inner ring wall 474 of the ring nenber 443 of the wafer

positi oner 440. An outer shoul der 476 25 of each flange 470 engages
an outer ring wall 480 of the ring nenber 443. The central wafer
support surface 444 may have cushions 482 to inhibit damage to the
test wafers. [000883 wiafer oppcromiod#3¥and 2 pedespbutizs watkr suppott saBea 436

pedestal 450 mayrhe,-aedi a‘&%ﬁ& ‘EIaIeQSJG ﬁ?ytba\éﬁfm%r@ th@%ecﬁstﬂ%&g'e&%b Hd iy e

such as the test wafers test wafers Al ternatively,
the pedestal 4509t et lagr @S&V@feé?éwma&@%r‘%68§faltwafféml§ may befdtntedy ent
si zes. For exarrp{oapcoamou@qoteﬁmﬁfﬂfsfoaﬂﬁerékﬁélze@f};nttﬁaeﬂupmha&ba&dﬁdnamges 470

may be adapt eg t (;[dgsta? ?{dagtgrep?até)&)g %?rh& Fes%%? b ﬁ%ns%rn b%tH &%8&%&%&5 gen%éc et (r:])

engage and suppo test wa Suc
anot her exanpl e, Wlifhféum?éétls“ffﬁaq@ﬁ apfohepedgsidl quicntiferevppey sriaenddb0 nay

include a pedestgiooasjams@nmah@m 19 Qe bdntefBwatAdpitaidige LALRLS RGeSt al

central wafer surface 492 a edestal oute fer support
surface 494. Th eﬁ)%edra%%f 3PIvIRbrg s BB ‘gﬁ é’ﬁ%%@%ﬁe tof: "‘PV\@H Ve he
pedest al f| angested#@feasiagymynt bembke d42e shedhd pddsial geral wastsuppad am%ces uch

as test wal erip460uarnahdRRILENPLIRYshEnBAPLEM hBeARGONTRARLe test

wafers of different sizes | ustra | men
pedest al adapt er #93|04the Pegtial adspter plate 498 Sefingranbialisy afroews “BHEEDLN t he
pedest al cent r al aliyaddeFithIneppassts 96 ﬁﬂ‘daa@teé Bedaitela feh@:aﬂedﬁsgbﬁ&nt DEhRF

waf er support su nt r al
vt o supbort  surpafEerti bRl sR SOk it ooddon. BIGWERD 12
recesses 496 wh ewefprrﬁnmwnawe‘riqew@b |4§2baaﬂ thptiestivales epgagaievianezpbere 4t2bwaf er
engagenent magbese fi#endtRefchd sloRpdashalshinShthd 8 N LOmSHARRE fvafer

surface engagement surfaces 470a, 472a of the test wafer engagement members 442a, a
larger diameter test wafer such as the test wafer 460 may be aligned and supported by
the test wafer engagement members 442b above the tops of the test wafer engagement
members 442a as shown in FIG. 22. Thus, the test wafer engagement members 442b

20 can be used with the larger test wafer 460 without the test wafer engagement members
442a for the smailer test wafer interfering with a larger test wafer.
[00057] Referring again to FIG. 1, the platform 12 has a set of wheels or rollers
600 which permit the test station to be readily rolled from one site to another within
the fabrication facility for testing polishing heads. This can be particularly useful

25  where the facility has more several polishing systems which utilize different sized
heads.
[00058] As described in preater detail in U.S. pat. No. 7,089,782, the test station 10
may include a lateral carriage assembly to facilitate loading and mounting a polishing
head 16 into the test station for testing. It is appreciated that the details and

30  particulars of such a lateral carriage assembly may vary, depending upon the
particular application. Still further, the test station 10 may include a wafer chuck to
chuck a test wafer in place for testing the polishing head. Again, the details of such a
wafer chuck will depend upon the particular application.
[00059] It will, of course, be understood that modifications of the illustrated
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10 444 is.in a lowered vertical position. Simlarly, the central

waf er support surface 492 of the pedestal adapter plate 490 defines a
plurality of recesses 498 (FIG 14) aligned with the recesses 496 and
adapted to receive a test wafer engagenent nenber 442a when the
pedestal adapter plate is in a |owered vertical position. Because the
waf er engagenent surfaces 470b, 472b of the test wafer engagenent
menbers 442b 15 are positioned vertically closer to the polishing
head 16 than the correspondi ng wafer engagenment surfaces 470a, 472a
of the test waf efRROAFSEEARIET YREPHS éwgﬂwgldw agpajeniytebpsegrilldun bF ot est

waf er S]chC h as thenkeshs mnﬁaﬁ oﬁlﬁQ’teﬂﬁ)ﬁyhﬁae&%ﬁ@@ﬁﬁ&eﬁ%roﬁﬂﬂﬁ[ﬁQEHaELdal maf t he
test wafer engag nt. e ove .t he t.est wafer
engagenment nenbe ﬁg%a%%dw ﬂﬁr eﬁbogﬂne G al?f OSs‘t]bﬁepf%mr ﬁpﬁmp(‘tde%%n Swaf er
engagenent menbefependihg ppadGherarictie améleftﬂwwAts Fuch,iee sbee githis tagiptiomf er 460

Wi thout the testyyah ﬁJtb@ﬂﬂﬁ&%?%@%arﬂ&@&ﬁb%dﬁéﬁ@de@%eéﬂgﬁlmhbﬂbet est
wafer interfering with a |ar wafer. [00051 Referring again to

FIG 1, the plat egP?ﬁbi'éheﬁB%en‘ge%§]@’t‘“56‘FdW‘?éaé?ﬂ?ﬂﬁfeoFoI |l ers 600 which
permt the test station to be readily rolled fromone site to another
within the fabrication facility for testing polishing heads. This can
be particularly useful 25 where the facility has nore severa
polishing systens which utilize different sized heads. [00058] As
described in greater detail in US. pat. No. 7,089,782, the test
station 10 may include a |ateral carriage assenbly to facilitate

| oadi ng and nounting a polishing head 16 into the test station for
testing. It is appreciated that the details and 30 particul ars of
such a lateral carriage assenbly may vary, dependi ng upon the
particul ar application. Still further, the test station 10 may

i nclude a wafer chuck to chuck a test wafer in place for testing the
pol i shing head. Again, the details of such a wafer chuck will depend
upon the particular application. [00059] It will, of course, be
understood that nodifications of the illustrated enbodinents, in
their various aspects, wll be apparent to those skilled in the art,
sonme bei ng apparent only after study, others being nmatters of routine
mechani cal and el ectronic design. O her enbodi nents are al so
possi bl e, their specific designs dependi ng upon the particul ar
application. As such, the scope of this description 5 should not be
limted by the particul ar enbodi ments descri bed herein but should be
defined by the appended cl ai m8 and equival ents thereof.
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What is clained is: . 1. Atest station for testing a polishing
head using a test wafer, the polishing head for planarizing a

sem conduct or wafer, the station conprising: a franme; a pedestal
having a central wafer support surface adapted to support a test

waf er ;

a polishing head nmount adapted to nount said polishing

head owéhatsedladneint ral waf er support surface; a pneumati c
circuit adapted to couple to said polishing head and to pressure test
sai d head; and
and sai d rourt &‘FES"&H%{?Rf@ﬂte?ttﬁ‘gﬁﬂ?@hﬁ‘ﬁlhaa%bﬁ"lgsaﬁfeﬁd’af?éé@?| n a vertical
di r ect ipanshirglhabd feeplbtarigiag € semidbridattonedfel ths apar donptsif@ace; and

a pedest al agygggor coupled to said frame and said pedestal and
adapted to nove Said central wafer support surface in a vertica

di rection repagdastal bayinga agniral aater Bporbeuifage ddapted tysupprtatesposi ti on
verti cajdry: di spl aced fromsaid head of said nmount, and a second
vertical position vertjcally, closer to s . head of sai d nount .

e The t eat - ePRTEATEI Tt SHapien it PRV SERIFNGS NpovE el RatLr

posi t i ovefar shpportsgfacef irst plurality of test wafer engagenent nenbers

positioned af
engage and

pos

head nmount actuator, coupled to said frane

A Aot SA o WAL o BB e R8 AhBaPt o to

It1on sal

r-wt res Ct to sal central

waf er §ﬁﬁﬁ@?ﬁe%hP$hce

a head mount actuator, coupled to said frame and said mount and adapted to

move said polishing head in a vertical direction relative to said central wafer

support surface; and

a pedestal actuator, coupled to said frame and said pedestal and adapted to

move said central wafer support surface in a vertical direction relative to said

frame between a first vertical position vertically displaced from said head of said

mount, and a second vertical positicn vertically closer to said head of said mount.

2. The test station of claim 1 further comprising a test wafer positioner having

a first plurality of test wafer engagement members positioned around said central wafer

support surface and adapted to engage and position said test wafer with

respect to said central wafer support surface.

3. The test station of claim 2, wherein said wafer positioner comprises a ring

member adapted to carry said first plurality of test wafer engagement members

distributed about a first circumference of said ring member.

4. The test station of claim 3 wherein said central wafer support

surface defines a plurality of aperfures, each aperture adapted to receive a test wafer

engagement member of said first plurality of test wafer engagement members when

said central wafer support surface is in said first vertical position.
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3. The test station of clai.m 2, wherein said wafer positioner
conprises a ring nenber adapted to carry said first plurality of test
waf er engagenent nenbers distributed about a first circunference of
said ring nenber. 4. The test station of claim3 wherein said
central wafer support surface defines a plurality of apertures, each
aperture adapted to receive a test wafer engagenent nenber of said

first plural 5t4heQdst b@fdn HRERT 3 FRAEHSHE BLadIRMRRID JMRERRALp&GENT T al
waf er support surface is in said first vertical position.

5. The SUdqe dspgs8dsieuse seif SriebvRfaeR it WHpqs Fredeeied ©has an out er

waf er  supolrd testivafercadd dinseinsat msidtrtcseirdescesticom plualitesf tesippor t
S“rfac%va?é?%nga%%%ﬁ%é%eﬁsu&ﬂ Stb ?a.& ﬁﬁq m&‘@fﬂ?‘?ra d@%&ﬂio £r86|4?1 syl d

posi ti oner rises secon urality of te engagenent
menber SueaWpEEHPBYT Syt ?ﬁdrfbetfﬂhé'ﬁﬁﬁ@boﬁﬁcﬁewﬁictr ¢Lt5ﬁ%’élncl§|%a¢ifé1”%l d outer
vaf er  shdRRF lsaitdbdong QiraiferhcatnaliRg'h Gl RRRNREsiC r cunf erence of
said rin nber sai d second circunference having a w der dianeter

t han saﬂrg"”i’ FF8%® ci r cunf er ence. 6. The test station of claim
5 wherein each test wafer engagenent nenber of said first and second

pluralities giy.qsh st‘éﬁcfn‘%{fclﬁﬂgéﬂﬁé@%aéﬁq@%%r Qﬁg’%g@mérﬁ?&em‘f@

engagement surface and where each test waf ngagenent surface of
sai d s&@@AEet prdsespid Rjurglities @f§?5tW§feé?”9é‘H%jH@‘éﬁ€WPerﬁ\?%%Fe§t waferertical |y

di spl acadagiresesurfbe Mivme&@abﬁi&hﬂ’i@fé}%ag’egfehﬁﬁl sufigcetor sdid yabed
enIage iR ShadRidly bl RybhBll HkaBled Rl Rl gr engagement

nmenber I"on n said franme
i ncl udeslishinghppbihan the dastwifavenggoemanbprriecesiaiezid (it diwalitesfliterts a cavity

adapt edvak@eﬁ@@h\éﬁmugrgoedestal and said test wafer positioner bel ow
said top surface, said franme further conprising a renovabl e cover

pl ate adapted to be di sposed on said top surface and cover said
pedest al and7istteshstbiom gb olgint 2, suhersin s ficdimeonbdeph atppoftalateng a t est

waf er %‘AHR% Eog%ﬂﬁéc%%wh defines a ¢ w% ad té@#}h&gwgfsaﬁ Sdds¥af ARl 1 shing

head nari zi n% a sem con tor wa corrp [sing: nounting a
pol i shﬁ?ﬁﬁwﬁ@éﬁost"@"%[ BlsrisaHiterpPUrassd stv firrme @ftheé cPERtsingt3at i on;
cont r olréré\gb@ cﬁﬁﬁbl’a@i ddéb:b@td"[%&ﬁbpﬂﬁdlrﬂn saﬁttdnlﬁéuﬁécet@ldmi&)r&sﬁﬁl d pol i shi ng

head in [ C ative to .a ¢ r support
surf acgeg?s\{aefa;!c!% v¥a e[r pgs&ongr sarSCOVE{ ?I tfa}hla\Hn %%(s;to%?er sFﬁ)po | e pedest al

act uat ¢urfiaes. nove sai d central wafer support surface and a test wafer
having a first dianeter disposed on said central wafer support
surface in a_verti c(??fédl rection relativ tQ sai d polishing head

between a fi F<tMGop %ﬁt'”%ﬁgi’qsp‘{iﬂh%aéjrf?r ao{'laf";}”gd? O r om sai d
pol i shivwaferheagbrisiegnd a second vertical position vertically closer to

sai d polishi H\gumﬁeg;poﬁsﬂﬂg head to a polishing head mount of a test station;
controlling a controllable head mount actuator to move said polishing head in
a vertical direction relative to a central wafer support surface of a pedestal;
controlling a controllable pedestal actuator to move said central wafer
support surface and a test wafer having a first diameter disposed on said
central wafer support surface in a vertical direction relative to said polishing head
between a first vertical position vertically displaced from said polishing head, and a
second vertical position vertically closer to said polishing head;
and

testing said polishing head.
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testing said polishing head. 9. The nethod of claim38
wherein said testing includes testing a wafer | oss sensor of the
head. 10. The nmethod of claim9 wherein said testing

i ncl udes appl yi ng vacuum pressure to a menbrane chanber of said head
to pick up a first test wafer disposed on said central wafer support
surf ace. 11. The method of claim 10 wherein said testing

i ncl udes  applbyfHagnddhddSs bt & Pnédbin sH8RstilgIRGuCD RIRES Wrersai d head
prior to applying said vacuum pressure to said nertbrane chamnber.

12. Théo"ﬁé?’?ﬁ?&f’fdge k4adi m 11 wherein said testing includes nonitoring
the pressure in said inner tube chanber while applying said vacuum
pressure 10 saigle HRARL AP GRAMELY said testing includdSapp 16 vAGAAC Of cl aim
8 further conprising posﬁh oning sald Pest warer-Pds ng a positioner
havi ng reeskinede a pletnpeane chendfer efegid haad torpickvg adieatrtsat wateriseesedposi t i oned
around ssRi@nef AbfePrduppat &ifagdipport surface, said positioning including
engagi ng said test wafer with an engagenent surface of each test
waf er engagenent nenber of said first plurality of test wafer
engagenent neniIbde setted opdaint0owhierstn sal tekstihe Bitlunafapplymgt h respect to
said c : : ; of claim
13, wh res%ﬁjest%%ﬁg%zll}b??g%\%?égﬁ%@ﬁf‘egceig%t??prﬁlj' mr?éS% é’%-ag'gggg%%ggto carry
sai d fit?83id pRUP=ENE 2Rt est waf er engagenent menbers di stri buted
about a first circunference of said ring nenber. 15. The

met hod of claim 14 rein said contralling a.controllable pedest al
actuat or i ncﬁ%g]gg ”}%{;’lg ﬁg‘:[%"giﬁ M%Src‘fg]sﬁagqessf'ag %ﬁ'ﬁ?eser%%ﬂorf"@@fe waf er
engagerpgssuragmdsét inies tube cbdmteed while applyimpeait vaeiunfpresspe tr sdid t y  of

aper t uresnfisfc Aedpdy said central wafer support surface when said
central wafer support surface is in said first vertical position.
16. The nethod of claim 14 further conprising positioning a test

waf er havi ng1a Theoetidd dif aaimtseurthar cerprising postivhidg Baid sist whifemet er using a
posi ti j f gagenent menbers
posi ti g%@% agrggcl)'{ﬂdr;:]gr }gar\{ﬁlgcﬁjﬁ (E:@ p%ﬂ%?%&%ﬁ%ﬁ@%&?ﬁ@ﬁ gfbgg'osed around said
cent r alPofbgne agypherid cantipimmies seRfertaHEsE @i RISERPort a test wafer,
\é\her ei ghomié@ eﬁ@eﬁgﬂ-@dza@tw’: a;gﬂet Wittodn nin@ﬁ@en%f ﬁ{ﬁa@@?@@f@ﬁt\ua@m@er S | ‘Sd

i stributed about a second cjr rence of said ri nmenber, sai
second CPIETT LT RS ST Ty PLAIV Gt st arsef B martier 1 st

ci r cunfresitang. said test wafer willirespiigtto seit kedrabivafed sipportisBifageenovi ng a cover
pl ate to expose said pedestal and positioner, said cover plate having

a test wafer surpgort surface, . . . .
14. The method of claim 13, wherein said positioner comprises a ring

member adapted to carry said first plurality of test wafer engagement members

distributed about a first circumference of said ring member.

15. The method of claim 14 wherein said controlling a controllable pedestal
actuator includes moving said pedestal so that each test wafer engagement member is
received by an aperiure of a plurality of apertures defined by said central
wafer support surface when said central wafer support surface is in said first

vertical position.
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16. The method of claim 14 further comprising positioning a test wafer
having a second diameter wider than said first diameter using a positioner having a
second plurality of test wafer engagement members positioned around an outer wafer
support surface disposed around said central wafer support surface and
adapted to support a test wafer, wherein said second plurality of test wafer
engagement members is distributed about a second circumference of said ring
member, said second circumference having a wider diametsr than said first

circumference.

17. The method of claim 13, removing a cover plate to expose said pedestal

and positioner, said cover plate having a test wafer support surface.
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