Pol i shing Head Testing Wth Mvabl e Pedestal BACKGROUND 5 [0001] Integrated
circuits are typically forned 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 uppernpst surface of the substrate,
i.e., the exposed surface of the substrate, can 10 becone increasingly

non- pl anar. Thi s non-pl anar surface may present problens in the

phot ol i t hogr aphi ¢ steps of t .in rated circuit fabrication process.
Therefore, there is often 8‘ ‘?gTﬁﬁwg8ﬁﬂUﬂPW?‘ﬂPﬁﬁﬁ?|ze the substrate
surface. [0002] Chem cal nechanical polishing (CVMP) is one accepted nethod
of pIanarizatiqggjggkﬁugbanarization met hod typically includes nounting a
substrate on a [ or polishing head using a | oad cup assenbly. The
exposed surface of the substrate is placed against a rotating pol i shing pad.
The polishin p y ei.t her i Xe rasf.ve pad. A
standard pol |%sh dﬁ Prhfagéated “da Cm@l%ﬁe lca Orel?teedd’ " S%bﬁttr"tt oL o i ¥eia%°na

fi xed- abrasi ve p’a:dert ypthcaéqlusntlhlakptamoasﬁ omdupmwet seglicesdulbigledhr insulaive cont ai nment
nmedi a. The poli g . ressure, on
20 the substratgg%g AH&%Q?@&%%Eﬁﬁé%é%%%%é%ﬁ%%hgkﬁmoﬁ%ﬁ&%&d%cmmﬁlng slurry,

i ncl udi ng at | eagtuirofretucshdwiagerich gt lpxesete seeuentipén tisposited amkrtchsd, the oplar t i ¢l es,
if a standard p t f | i shing pad.
[ 0003] The pollgﬁ ﬁénﬂéggﬁggﬁfﬁggggh%?g%#ﬁgﬁpﬁwﬁg#%§ﬁﬁgﬁég£?ﬁemﬁtch t he head
is disassenil e@ecomrmr%aﬁ&ls nfrnetfitﬁatgbls aerdplaraeqyrfpes gy @resgne problpns igthet o
returning the heagolikrdpRicRRpd THcle G@QEH Jl&lﬂﬂi@ll)rlc\é\@tﬂcn%&esstﬁﬁrefcﬁé WeRi shed head
can be tested at a test station to determ ne whether the head operates
properly before1%@?H@“ﬁ?‘%ﬁ”@%&éﬁ§a@@“&&?é@%“%ﬁ“m%ﬁher seni conduct or

substrat es. Mwm] [ @Q4iLal kidcrAkicA helaRse (ONIbhs aRacRsBestmef ot he description
provi ded herein, polishing head is tested in a test station having a

pedestal for suﬁBBWFWH@ y”f@@F“ﬁ%?%?wmﬁﬁﬁmgméHHW#§FWEBW5aﬁ@ﬁ%@?%ﬂaactuator
to nove a pegestcatieC® pblishing Werd AkinSaRRDIuD asbhBIRC €The exposed surface of the

substrate is placed against a rotating polishing pad. The polishing pad may 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, 1.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  to 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.



5 and a test wafer toward the polishing head. The pedestal may be noved
between a first vertical position vertically displaced fromthe polishing
head, and a second vertical position vertically closer to the polishing
head to facilitate polishing head testing. [0005] In one enbodinent, the
testing includes testing a wafer |oss sensor of the 10 head. A wafer |oss
sensor test or other polishing head tests may include applying vacuum
pressure to a nenbrane chanber of the head to pick up a first test wafer

di sposed on the pedestal central wafer support surface. The testing may al so
i ncl ude applying Eressure to an inner tube chanber of the head prior to
appl ying the va ABYessure to the nenbrane chanber and nonitoring the

pressure in the (hatagr HRErdmcCHREE s Mb%tﬁe@a@&lpﬁbrﬂﬂo%ﬁk%h\é@ﬁlu&'m pressure to
t he nenbrane chanber. [0006] In anot her aspect the present description,

the test wafer malsh 5’5hea&d%‘ie%‘?qjﬁééFSthé%“ﬂ'ghaé(mE6§?qeft6rf@r5“1|’?&mﬂﬁ@“‘ét Wafgrst

plurality of teshg M@Jn@&lﬂ%ﬂﬁ)@cﬁ,@tﬂﬁﬁﬁatoﬂﬁma%aspeﬁ&&ﬂ tdneRQARLPPMathe pedest al
central wafer support surface. The test wafer ga genment nenbers engage the

test wafer to pde}tfednvaienovarkthe pplishing hepd rThFE%dB% fHay §e mopdppEFeHiddest al

central wafer Suﬁ@o&ﬁmwsmﬁeeméamyaﬂ@,ﬁaa@mm Blishink H&d%ﬁ@%ec@ﬂﬁ' tioner
urallty of test wafer

conprises a ring nenber. adapt e first

engagement  mentEHEal gpsdtiony B‘E‘ff’g]éf Q?B?Slﬁtg%lgoﬁ‘i*hr”égtheéq Wéﬁﬂ?%?%%ﬁaq he ring
menber. [0007] katiyget anot her aspect, polishing head testing may include
positioning a t er havi n secand neter w than the first
di anet er usi ng i&(?)“élu "ocﬁléFm%"ﬂcé'v|ﬂfﬁ’deS§“g§8‘ﬂ‘6‘ﬁﬁteﬁ1nﬁraéﬂagf {?SSOSF’HSP% t"waf er
engagenment mnm@nbéesl. posifénles edsanﬂtmdthamOllﬂmtg&eaMmaysmm applyty f ace

di sposed around the pedest al ur d adapted to
support a test wé‘fuumpmfﬂléetg aénc?ng;an?ﬂlra\gﬁemhhggégﬁ ?sﬁm ef];rsq%gtnvéaggerrent nmenber s

may be di stri butdedosabauthe gﬁdsseaiwmtalovafmampm enfeee. dhe tektagmiapglso melwiier , t he
d nf ' : i
second circunfer g@%@% H@Qrélhrgﬁ Mefll%%&'aﬁﬂé‘?fo%e ﬂéﬁ&‘ﬁ%&?cg%pﬁalﬁn?me%wum

ci rcunf er ence. anot her aspect _ ation my have a
renovabl e cover ppsisareto theanembepng G@nﬂbwmmwrlwbpmmrsmﬂlameer tihae cover plate

may be remvad (L. AXPORR abhFing BE VE2hR predf «§ BS meMfBaf cnlS! 1 Oner .

[0006] In another aspect of the present description, the test wafer may be
positioned using a positioner having a first pluratity 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 circumference of the ring member,
[0007] In yet another 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] In still 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.



2 [0009] There are additional aspects to the present inventions. It should
therefore be understood that the preceding is nerely a brief sumary of
sonme enbodi ments and aspects of the present inventions. Additional

enbodi ments and aspects are described and clained. The precedi ng sunmmary
therefore is not neant to limt the scope of 5 this description. 3 BRI EF
DESCRI PTION OF THE DRAWNGS [00010] FIG 1 is a perspective view of a
polishing head test station having a 5 test wafer hold and transfer system

i n accordance with one enbodi nent of the present description, with a cover
pl ate renoved. E 2 Is a schematic cross-sectional vie a ica
pol i shi ng head lgﬁ%bosZ%“%V%ngmﬂgagg?%? %ﬁ”%ﬁ%“gﬁﬁﬁﬂiﬂ%ﬁ%ﬁéﬁwﬁﬁ%gst waf er
hol d and transf ée undkf3tosy shethe prede@Gng 3 megelyea HrePsuninevy dfsorhdemtodmtenaider hol d
and transfer systemof,the test.station of FIG 1 shown Wth over plate
Femoved. 15 F1 Coray pne P EepaRitiopt Thdatond bmbodihenkond BN M dedeed CUFL P e
test wafer hol dndeldmed. anBfegrecednst semmaiyoherefare tsmoamenoite implttatseapeBf G 4b i s an
expl oded schgnah%gmggﬁﬁ&gl side cross-sectional view of the test wafer hold
and transfer "'system shown w thout a cover plate. 20 FIG 5 is a perspective
view of a wafer positioner of the test wafer hold and transfer system of

FIG 1. FIGs. 6a-6g illustrate one exanple of operations of the test wafer
hold 25 and 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. 30 FIG 8 is a graph illustrating pressure changes
in the inner tube chanber



of the polishing head during operation of the wafer |oss sensor as indicated
in FIGS. 7a and 7b. 4 FIG 9 is a schematic di agram of one exanple of test
station pneumatic circuits associated with each pressure chanber of the
polishing head of FIG 2. FIG 10 is a flow chart illustrating one exanple
of operations of the 5 test 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 transfer systemin accordance w th anot her
enbodiment. 10 FIG 12 is a perspective view of one exanple of a wafer
positioner for the test wafer hold and transfer systemof FIG 11. FIG 13
is a schematic partial perspective cross-sectional view of the wafer

posi tioner of FIBRIEFDESCRIPFIOROMTHPDRAWISIISNg of test wafers of differing
15 sizes. FIG ﬁﬂbi a top perspective view of a test wafer hold and
transfer syste ﬂng a pedestal in accordance with yet another

embodi ment. 20 5 DETAI LEDI@ESERb&?aaeéﬂ\le Eﬁ@@ﬂzﬂ.ﬂaolﬁlﬁgﬂﬁeﬁid &Et&fah@fhahﬂg @ccor dance
wi th one enbaqdi nent of %F ares §nt|on i cat %gne%aﬁly at 10
T E G 1 THe ost GRANTERO G RO HIELes A ogrates IO PRTIeRSPT O o
supports a head pOSi@kﬁﬂhhgxmﬁmiﬁﬂha&y@ﬂ@ﬂﬁ&ﬁamﬁjCh positions a chemcal 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 positidifGihea hbedatit@rostsegiveal ofewmdayypehigotishingibeal | y
control |l ed positions testing
procedures of the heggg%%%’%nﬁF$B§§%%§%$§%§ &ﬁ%ag%%%%?%g¥%&ﬁggg§i|sh|ng
head 16 may Be nount#&dteasrt a fixed hei ght or manually 10 novabl e between

di fferent heights, or actuated using other nechanisns, depending upon the

particul ar application. . _
FIG. 3 is a 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 transfer 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. 7a and 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 tnner tube chamber
of the polishing head during operation of the wafer loss sensor as indicated in
FIGS. 7a and 7b.



[ 00012] In accordance with one aspect of the present description, the test
station 10 further includes a test wafer hold and transfer system 17 which
i ncl udes a novabl e pedestal 19. As described in greater detail below the
test wafer hold and transfer 15 system 17 positions a test wafer relative to
the polishing head 16 to facilitate testing of the polishing head 16. For
exanple, the test wafer hold and transfer system 17 can provide for
simulation of the |Ioading of a wafer by the | oad cup assenbly of a CW
tool. [00013] FIG 2 shows a schematic cross-sectional diagramof a typical
chem cal 20 and nechani cal gol i shing head 16 positioned over the novable
pedestal 19 of the test %Saﬁ@e@awgf@m{ﬂf‘eerxa@wg?@ﬁﬁtﬁﬁonlppe%rwam d be
appreciated that a teﬁ&m@asa&dlmwlm caBAGRRERLANEEbAbE the RAIRERT ea@bf HIGES. Pr esent
description nay be used to test a variety of different types of wafer or
substrate polishing heads including heads for polishing 150 mm 200 nm or
;08831117;/3\? ers. I25 L 0001;1]1«‘1651(1195%6&blﬁdri]ﬂua:rx]@ﬁagaﬁleea&m?yﬂ&?ﬂdpeﬂ;ﬁbnyotsﬁe pat. No. |
olishin ad . su t he hea . 0 may have severa
sensors whi chP are pr é‘%‘e‘?@ffﬂ\?m{%@?@g‘%bwm‘l‘w&esf%E‘?‘S@P%{‘iiagn 10. An exanpl e of
such a sensor is indicated generally at 18 and senses if the wafer has been
lthEj tlhgngtjﬂgrer g‘ﬂeﬁypanﬁ];llsltgn%c rrrslatm%nlal eﬁtévgrcgogsn.«%ct(}ﬁglewe%?faQe | shing
presence sensors andwm&fm1dmﬂe&ssfereymnmm@rdmﬁoe@ﬁm51}ot1il€:hemtp:dlmesh| ng head 16
al so has three pressure seal ed chanbers, that is, a retaining ring chanber
20, an inner tube chanber 22 and a nmenbrane chanber 24. The test station 10
can apply vai® ous tests tHGt Hesebaspoaivs view obors gxanphr of p evafes pasitiong forand
operation. It is app{%%s%ﬁ@rﬁo%dh%ﬁp ercAid;fypes of chanbers may vary
from 6 head type tohn type or exarple, the head may have fromthree to
ei ght chambers. [00016] In the head 16 of the illustrated enbodi ment, the
retaining ring chanmber 20g §31L9§¢%Erﬁﬂlc*ﬂ%¥t‘g€r@pe@uﬁ‘él—b§é il ARfbranePase 28 of
t he head 16. The retaining ring_ chanbér ressurized to apply a | oad,
i.e., a downward pre¥sfsr ositioper PhBIGh bk dlugtgiting %F‘P‘H@ of teayelers pbiiffaiieng
operation. Ajgollinggdicaphragm 29 flexibly couples the

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

systemn having a pedestal in accordance with yet another embodiment.

20



housing to the base 28 and permts the expansion and contraction of the
retaining ring chanber 20. In this nmanner, the vertical position of the
base 28 relative to a polishing pad is controlled by the pressure in the
retaining ring chanber 20. [00017] A flexible nmenbrane 30 extends bel ow a
support structure 32 to provide a 10 nounting surface 34 for the wafer or
ot her sem conduct or substrate 36 to be polished. Pressurization of the
menbr ane chanber 24 positioned between the base 28 and support structure 32
forces flexible menbrane 30 downwardly to press the substrate against the
polishing pad. A flexure 38 flexibly couples the support structure 32 to the
base 28 and pernppgAiwgﬁﬁﬁﬁﬁﬂﬁ’Nand contraction of the menbrane chanber

24. 15 [00018] A{f’@@@‘hﬂr £ e&%ﬁah@n i R6bofdaf¥ inlth Gnd BRIFBEi ARG of e Eﬁygﬂ?maénﬁﬁp hed to a
(0]

| ower surface base 28 cl a ring or other suitable fastener to
define the i nnerisingfsated gepg Wﬁ%’f‘t 19 Fligy b dhgtest statiors 10 dncdpdes aclppmgor giatoriay  be

g| rect eg into or1mlclo§‘up;5dme a hEWd@bsitidabg c%&ﬁm&hfﬂ%hi@mlﬁoﬁtﬂﬁd’zﬁdhh‘mﬁﬁlg'(i) rolzoa
ownward pressure on su struct a exi bl e, rane

[00019] The hdusi™M§ eﬁ'@“lo re W&Faéjal%tagwﬁ%?ﬁraﬁa‘%fﬁﬁsgqscrfﬁmﬁﬁ?afeéhl ng system
used to rotate deh’ael 1inereﬂdpéka\1ct nﬁssavazuhe Bhad bﬁgioﬁﬁiﬂnﬁmyﬂgnacbﬁnntprﬁi‘seiﬁXI s of
rotation 46 which 't%nth %t]gn;tl aI tend| ul ar 1%@ E atﬁe of the

pol i shing pad duf¥hg p8 FShr g T Eoemscg rEPT e RO an Y 54 direct
fluid such as ai platﬁmnnizltcrﬁagmatewmceatehnngﬁarotdfderescfhamﬁwat96 BGs app2ciatedl 24 eit her

reastre . [ 000201 e Tk B ko kBHERG 14 AE e B P BRSNS e 14
of the head tfléstmogblatbtoren dxffd:r@rtﬂhggfanomceu@tbct@mg@ﬁet xyecdn@mrmsodidpedldgl near

actuat or 60 whi Clgbollﬁle ot ngl. Eﬁ%mﬁ% a controller 62 (FIG 9) which may be a
programed gener ose ¢ uter such as a personal conputer.

Al ternatively, tiq80 ntha adcpipneg vithane asesrig! iths@repmopdaseriptied thedest #atR0 1@ r ay's,

di stributed | ogi ﬁnﬁerﬁ&musssd 4% wRleNiRYid Q.u%ﬁsﬁk sﬁ{emaﬁadhﬁg i RRAES QhovghiE cui try. The
| i near actuat or can position a head 16 nounted in a nount 64 at one end

of a mount arm 1@6"*3‘3&%9 A gpsrbeden geardpiaihbde. ety hokleng bimsicnl | er 62. In

the illustrated gubady gBMons a teltQvafed A0 o Rt PRl $8dNB S fabiffei&tidghe verti cal
di spl acenent of the head 16 relative to a test surface gr test wafer

support surface ¥ahemelidgingdyadyyo. tiosexsmplenie f5i drater bald ang ugpstyrpgystem 17 can

provide for simulation of the loading of a wafer by the load cup assembly of a CMP
tool.
[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.

[00015} 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



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 enbodinent, the Z-axis is parallel
to the axis 46 of rotation of the head. It is appreciated that other

di spl acenent directions may be selected for 5 control. [00021] The head
nmount actuator 60 includes a servo notor assenbly 70 which is controlled by
the controller 62 through suitable driver circuits. It is appreciated that
ot her types of notors may be used to actuate the polishing head to various

vertical positions, depending upon the particular application. 10 [00022]
The out put of t headdEevenes tipe Fasegempleyheagad maychaupirerd thres tecightchdmbals. carri age

assenbly 78 whi ¢hogde] dgSihd Rad T iflsthBBerdRBindeRShE Lebhisind i ARMRARNT Oof the
mount arm and hence the head 16 to |linear, nonrotational novements al ong

the Z-axis. The s leeiedibgigeenssontipg 3 anga pase Phiefdke head Ly Theg@inBg iog whi ch t he
mount arm 66 i s chpkbRE BIis PissufzeR & dpp9ta 1030 ACEE ddnwalkd|Besidé lid @PBas8fR has a pair
of guide bars 82 which are,%dapte . to 1?_slide al on ide rajls 86 nmounted
on a vertical sOppEa™EiTrRekshing opgatgn 4i'ling diaphpgn %?gtgex‘%%ﬂif hfence the head
16 in a Vﬁl‘ti calhpusitgfio e YRk RO ghd peinii€ @fe eﬂ%ﬂﬁ%ﬁﬁﬁ cotira@tiod oﬂmwﬁtairﬂlgeﬂlg Ithe
Z-axis. The support ate 90 is unte .braces 92 to .a horizontal support
plate 94 of theCEmhﬁ? %ﬂrfﬂ%*zmmm Vawﬁ?q@eﬁ\"taﬂpég&% hese g%ﬁe%ave ‘fraeNEhrE al
arrangenment s mayad i eor@llQiyakt frasgelindie: rethiging hg Hainbg 2bead al ong one or nore
sel ected axes of .. 20 002 Fl shows a t chemat.i ¢ vi ew of
one. enbod; nont _(MOEE " Ratekib Rt A aR ey AR Sy Fe i RO Bar ¢ | o
Cross-secti aal npafregatife 94 forvhe fvafeher othestemivafidactor fubdtdtedich termphisiter syst em

17 of FIG 3 aspvi . al he. lines 4a-4a.of FIL.G IS ho in FIG A4a.
The test wafer ﬁg?sW%%ﬁ“?ﬁ@%@%@%“?f@?%ﬁ{ °§H§Fﬁ§%§m%3%ﬂﬁﬁ3%f“%Tate 100
whi ch i s recei veeppmnstamcgiee/i2t fredsGRxblsasmbseed) downFhdly tdpressdiefsubsgate by t he

SuPPOTt 25 Pt at Gk A phldink BATE oBRPALAN des tHGHAHARARL. B B4 100 has a

flange 104 which™Is celv . _ support plate cavity
102. In this nakeel8 apdpermitpshompansiph ardeontaetiogfof th membrene ¢hambar 2fhol d and

transfer systsemdohibp SHARALLAR HY R SURPRE Y0 ma) B Rudfe B ibbg frame 12.

surface of base 28 by a clamp ring or other suitable fastener to define the inner tube
chamber 22, Pressurized fluid such as air may be directed into or out of the inner tube
chamber 22 and thereby control a downward pressure on support structure 32 and
flexible membrane 30.

20 [00019] The housing 26 is connected to a spindle 44 of the polishing system used
to rotate the head 16 therewith during polishing about an axis of rotation 46 which is
substantially perpendicular to the surface of the polishing pad during polishing. Three
pressure lines 50, 52 and 54 direct fluid such as air or nitrogen to each of the
chambers 20, 22 and 24 either at a pressure above ambient (pressurized) or below

25  ambient (vacuum pressure).

[00020] As shown in FIG. 1, the head position control system 14 of the head test

station includes an electronically controlled linear actuator 60 which is controiled by a
controller 62 (FIG. 9) which may be a programmed general purpose computer such as
a personal computer. Alternatively, the controller 62 may comprise programmed logic

30  arrays, distributed logic circuits or other digital or analog control circuitry. The linear
actuator 60 can position a head 16 mounted in a mount 64 at one end of a 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



[ 00024] I n accordance with anot her aspect of the present description, the
cavity 30 102 of the support plate 94 of the franme 12, is sized and shaped
so as to permt the top surface 110 of the support plate 100 to be flush
wWith or recessed with respect to the top surface 112 of the support plate
94. Such an arrangenent can facilitate placenment of an optional cover plate
120 on the support plate 94 to cover the test wafer hold and transfer
system 17. In sone prior systens, a cover plate simlar to the plate 120 is
8 often used to provide a test wafer support surface simlar to the surface
122 for polishing head testing purposes. [00025] Accordingly, in the

il lustrated enbd&t satipn 18f Thiy werticalglisplacepsntismeagyedidens a Seehviad it he pol i shi ng

head 16 maybe t ashEshnish e tdti8riic8 8¢ wiiah ﬁ@p&talaw&af&%rft@ﬁﬂg W*idgdthe © Of the
cover plate 120. Alternatively, the caover plate rempved to expose

the test wafer HSHiEmgIgad fnfhis prabodimynt, g‘r‘“rlz’la?“stlﬁ’af"’él&]it? ﬂFéf‘é“%ﬁfdPtP‘?O&r?él testing

of a polishing themdd usik Agrdched tasithendkgicenedt direbhstnlagBs fddcted Y&t em 17
i nst ead of tnse cover plate 120. The cover plate 120 nay be precisely
posi ti oned or® t F8"&lpport plate 94 of the frame 12 using registration pins
130 of the cover[oonzm]eT:he?h‘)eadameﬁtuaﬁhtdrmomruﬂaapemdinn@r dsCentb®gTositiatis on hol es

or apertures 132 h ort te 94, is a iated that
ot her nechani sme”° tﬁ%%@(/@%%@%@@%@"ﬁ t?bg ‘%B'Er gk I{Iﬁé‘p?rgcﬁ%fﬁ% e cover
plate 120, depextidr tygesuifontotsdreaydeutad cudcamnte dppoblishatgihedd. to fHBA2G ticdlhe t est

waf er hold and transfe hel ingludes a test wafer positioner
140 which has af ?‘E?ng#ef)%\é&%%f’ ]Lg JaH Bl 16C§gerrent menbers 142 carried 15

by a ring nelﬁoer[oﬂ_ﬂIZZ] ( ﬂ'h@ut@)t Oﬁhdseddosmmqr b&strebiy Abpgoupledeo Tiertpainkeirgnce of t he
ring member 143. aséb‘ﬁlb eiﬁtwhﬁ:ﬁ 1désrlhe':rl'1(gt:int ﬁm 6%91?(11%531%&5 tﬂ@Iﬂ \I;engﬂtg)'filq@gfoﬂﬁt menber s

142 of the wafer posSitioner 140 are positioned around a centr waf er
support surface am4nd iepgg the igpd bffmthh@r,pie@etsmfml moyemepifcalngghe ZmSeThﬂengagerrent

menbers 142 are adapt fdnkf ’%qm@sa(ﬁﬂﬁgéj@stb%faﬁ'th@n{oﬁ&tm%@éﬁ‘inogrﬁe(f@ 6a)
with respect to the edestal central wafer 20 SUE port surface 144 prior to
i

the pedestal 19 ahei et wpesg st Hbe ¢amdaze fhlias p B gRge bary Ehxlidrare #lgntedie t est waf er
36 up to t he olyighiifig dRashiilfs mbRRARRh vABPESYIHOMSE Yo BBRIEL MBESagk he test

station 10 maybe used to testa variety

80 and hence the head 16 in a vertical, non-pivoting, linear movement up and down
along the Z-axis. The support plate 90 is mounted by braces 92 to a horizontal support
plate 94 of the platform 12. It is appreciated that other mechanical arrangements may
be selected to guide the polishing head along one or more selected axes of movement.

20 [00023] FIG. 3 shows a top schematic view of one embodiment of the test wafer
hold and transfer system 17. A partial cross-sectional schematic view of the test wafer
hold and transfer system 17 of FIG. 3 as viewed along the lines 4a-4a of FIG. 3 is
shown in FIG. 4a. The test wafer hold and transfer system 17 includes a support plate
100 which is received in a cavity 102 (best seen in FIG. 4b) defined by the support

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 manner, 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 34. Such an arrangement can facilitate placement
of an optional 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



of sensors, chanbers and other structures of a polishing head. FIGs. 7a and
7b illustrate in schematic formthe operation of a typical "wafer |oss"
sensor 18 which 25 provides an indication that the head is not holding a
wafer. As shown in FIG 7a, the wafer |oss sensor 18 includes a sensor disk
195 which is connected by a shaft 196 to a valve nmenber 197 of a val ve 198.
The shaft 196 noves in a conduit 199 which connects the nenbrane chanber 24
to the pressure line 52 of the innertube chanber 22. Wien a wafer 36 is
hel d by the head 16, the wafer 36 seals the anbient pressure 30 away from
the nenbrane 30. In addition, the support structure 32 is displaced from
the wafer |oss <dfsEEd i rRvidegeest ppfck HRPOFtSHEce Bipe te thampBee B2 fors pressuri zed

at a pressure q,t)hgmr@%a((t@gﬁygﬁlﬁp@@r square inch) above anbient, for exanple,
and the nmenbran mber i s at a vacuum pressure of-5 psi_ hel ow anbi ent,

h
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e hraitAmE Y

the inner tube AHEFGE¥T Dot fgover Plateii20 may heyrepRyqd 19 HROKaf er has
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anbi ent pressur tin 5. 0on.th rane 30 drives the nmenpr 30 and the
support struct uﬁ’%%%é?tﬁltvtWaff’r(}w%t%ggb%%ﬁyétﬁ@ 2 ?f%sco‘éq’ig@ﬁ%?(ﬁ FIG 7b.
The support str Ut vever @2 e2pages paantslelyﬁmirbn@lsmes; sh;lsmrtlprme;m of the @aehanber 22
.CanSI ng the pr e;ﬁ%glgﬁe%s&agl nI ﬁgﬁ? otfwgn%ve% %recm % ncorr Bgndt g rise as

i ndicated at 20 e su structure
conti nue upwHr dirggistnatien Holvre onapmituresnié2 gHanbief t@ﬂsupnoh@liﬁﬂiﬂpbﬂst@%‘riu& ure al so

10 engages the qﬁa%&hér%éecﬁimshegnmtﬁés Q8 gegbgjegltlax&h@em%be E@ée 7b.

Thi s engagenent causes the valve nenbe nected to s of the
sensor 18 to dll%ldamdrpgmﬁnttlreevavmlm@psl@attonzoo As a consequence, t he val ve

opens as indi catigehadj TRORsAAf: memﬂrteﬁsw detewntftmei ReRkesh Whewghanber 22
begins to fall as I ndi cat ed at and event ual I%/ equalizes with

t he menbrane cha@ftéqmep0 Whﬁauhe%mlwghty e%tsst Bpfer gagementygemders 14200089] FIG 9 is
a schematic g aghanmmPinelB& 199NBYOE) b Gdifitkitth bSout S SRR Mb itk ring

member 143, As best seen in FIG. 3, the test wafer engagement members 142 of the
wafer positioner 140 are positioned around a central wafer support surface 144 (FIG.
3) of the pedestal 19. The test wafer engagement members 142 are adapted to engage
and position a test wafer 36 (FIG. 6a) with respect to the pedestal central wafer

20 support surface 144 prior to the pedestal 19 receiving the test wafer 36 and
transporting the test wafer 36 up to the polishing head 16.
[00027] As previously mentioned, the test station 10 may be used to test a variety
of sensors, chambers and other structures of a polishing head. FIGs. 7a and 7b
illustrate in schematic form the operation of a typical “wafer 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 scals the ambient pressure

30 away from the membrane 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 below ambient, for exampie, the

valve member 197 attached to the sensor shaft 196 is sealingly seated in a valve seat



each chanber of the polishing head. In the illustrated enbodi nent, each
chanber has a pressure circuit 230 which includes a source 232 of
pressurized fluid coupled by a valve 234 and a regulator 236 to the
chanmber. Each chanber further has a vacuum 20 circuit 240 which includes a
source 242 of vacuum pressure (often referred to a vacuum ejector val ve)
coupled by a valve 244 and a regulator 246 to the chanber. A vent circuit
250 i ncludes a val ve 254 and opens the associ ated chanber to the amnbi ent
at nosphere. [00030] The val ves 234, 244 and 254 are controlled by the
controller 62. To 25 conserve pressure in a particular chanber, the vent
val ve 254, presgi? éf‘b%?%é‘“?@élcafﬁﬁﬂ“e‘%(c‘ﬂ]‘iwﬁl‘(?dB%/@ seatpd closed apd B8 8WSSUBY ¢l osi ng

these val ves, thguchamhake limb&ohAbEE: HifdMbe BRMBE HYEhdelonRERSSUr i ZEd,
vacuurmed or vented. The pressure within the chanber may be nonitored by the

control ler 62 tHPdEHERe Batiheualinhas nobbrebrlo$d0 such as a transducer

fluidically couqus]OHrohevea,smfaeeﬂercd?@rmﬂﬁhema‘adummaia@crpmgurﬁcﬁ@gsure drops
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station in accor ce Wt resent description nay e Used to perform a
vari ety of test@lSpEa@wthngalumﬁ 20 s agensequensk.dke \applopapaty 1tyfllilcatﬂ[d@()033] In a

first operationsof by tiaﬂep%ssmmn%e 1|n§er mb@aﬁﬁbér% ggéfns%@g I apfad@atwa;t 84 in posi ti oner

such as the wafer positioner | ustrate nbodi ment, the test
10 waf er engagerm&@ts f’f‘i‘éﬁ’tﬁéff"é“mﬂzal{?ﬁs Vt’*ﬂ’éhq/mﬂfn@rmnﬁéhﬁntble'b%%md@@?@géHS%Ofg‘@ner ally

finger 15 wafer.

[00029] FIG. 9 is a schematic diagram of the pneumatic circuits associated with
each chamber of the polishing head. In the illustrated embodiment, each chamber has
a pressure circuit 230 which includes a source 232 of pressurized fluid coupled by a
valve 234 and a regulator 236 to the chamber. Each chamber further has a vacuum

20 circuit 240 which inciudes a source 242 of vacuum pressure {often referred to a
vacuum ejector valve) coupled by a valve 244 and a regulator 246 to the chamber, A
vent circuit 250 includes a valve 254 and opens the associated chamber to the ambient
atmosphere.
[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
vacuum 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 monitored 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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shaped and each includes an angl ed ranp surface 270 (FIG 6a) 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 ranp surfaces
270 and supported by a generally horizontal support surface 272 of each
test wafer engagenent nenber 142. 15 In this aligned position, the center
274 of the central wafer support surface 144 of the pedestal 19 is
substantially coaxially aligned with the center of the test wafer 36. Al so,
in the illustrated enbodi nent, the center axis 46 (FIG 2) of the polishing
head 16 is substantlall allgned with the center of the testing wafer. Such
an alignment carfd yageyP ieﬁlﬁtl’éd‘tdé@ti?ahhacﬁ’lss the warige shatpber cpesdaik)y Bestipg | s

appreci ated thatmdldmesmg‘heﬁndmm&"hmswemvmwamexgsﬁbwed to achi eve other
al i gnment s betweiﬁn the testing wafer and the pedestal 19 or the polishing

head 16. 1t is fPYA3REr Fip AP dlurtzates g polsipe Pqﬁ‘@teﬁté%‘{m%? t&§t staliggement  menber s

142 may have a \wafok@hde vith dﬂh Eﬁwaeﬁ&u sthapeser fdcligR CaEetinplefbicaees,
dependi ng upo par u ar %)I i cation. In the illustrated

e.
enbodi nent , etﬁé‘déé”tagr RNAT I 10 élst'"@%"tc”\tﬁ&;}@ ﬁﬁgﬁai“?"dﬂé?c‘“%e 40 are
supported by a p]&(:iﬁ&br&ldedﬁﬂpl&hlﬂgyBBﬁheﬁfofpbﬂﬁ&d\ atvaridtin ef tedthp epeidi@lupbethd 00 of t he
test wafer hold and traqsf system 17. The pedestal 19 and test wafer

positioner 140 grrngﬂ%rl?B%lcmf 8d in the test station 10 such that the centers

of the pedestal [Q®03dhd I =fist opwatcay thptasi»\tafeofsqatacevé[alowE&:mmdfaﬁrl y aligned wth
the center axis %ﬁtl Js@bh %)theq/{raf% gg 1t103|9r 13& I]n ﬁl_lg Jlmgt%gcél&%bodénel%t ShARR' eci at ed

t hat other alignnen S may be se he particul ar
appl i cation.1q Omﬁpnmntmgnh%slﬁ Wléth%wafha)sﬂmw@@mgﬁnmlecﬁnw t he waf er

posi ti oner 140, SIE'L gd ar@%gﬁl%@ddemangﬁdrr@meéyﬂggbt %ag%lc ers Ghet e pedest al

support surface edes to enga e ‘of the test
waf er. Conti nue@dmﬁéwdeshﬁ%fﬁr&ﬁﬁ@qldlteh@theﬁﬁ@sﬁrm seftlg updlef the inflyence o6t waf er of f

the vafer positi,Qey intAQ@RdodRNE Seckif cletiity WAEES 270khaVahbid Ly upvar d

toward the pO|IShIeé$ as shown in b, for exanple. In this
position, the ceépteallygprizopal @&0@1Swéarce?”déﬁftchFﬁﬁ@gaf%r@nmewaw@w ¥*2al i gned

with the ceptenn gfs dibRdp&diknhihd&nRead ot e @3, sﬁﬂﬁortt Befatd la4st hat ed

enbodi ment, the pedestal 19 has a central connecting rod
pedestal 19 1s substantially coaxially aligned with the center of the test wafer 36.

Also, in the illustrated embodiment, the center axis 46 (FIG. 2) of the polishing head
16 is substantially aligned with the center of the testing wafer. Such an alignment can
facilitate testing of the polishing head 16. Tt is appreciated that the wafer positioner
20  may be designed to achieve other alignments between the testing wafer and the
pedestal 19 or the polishing head 16. It is further appreciated that the test wafer
engagement members 142 may have a variety of different shapes and engagement
surfaces, depending upon the particular application.
[00034] In the illustrated embodiment, the pedestal 19 and the test wafer positioner
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  upon 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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5 292 which is journaled for a sliding, vertical notion within the pedestal
housi ng 280. A pedestal actuator 294 coupled to the pedestal connecting rod
292 vertically actuates the pedestal 19 between a first, |owered position
depicted in FIG 6a, and a second, raised position, depicted in FIG 6b. It
is appreciated that the pedestal 19 may have other shapes and nenbers to
facilitate vertical novenent. 10 [00037] In the illustrated enbodi nent, the
pedestal actuator 294 includes a pneunatic cylinder 300 which is driven by
pneumatic circuits 302 controlled by the test station controller 62. The
pneumatic cylinder 300 is connected by a drive nenber 304 to the connecting

b
rod of the pededt@rallygrweyd dryaglipt podishipedisadio a ghovant BIGo Al diergkiveple. By essures to
the pneunatic cyhii fidfion 3R benibE tdRdsyVRartRORRLsI0F RadalNangRtNE HRedest al 15

19 are selectively driven in upward or downward novenents. The range of the
vertical motion °RES %bleppliFPingBeadyS-sui t abl e stops or by the controller 62,
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FI G 6c. The selrggiedsitidagdeglated ireBIGVEL:. It is ajppanel thg thepedestahi® nugtkvecul ar t est
to be performed. It is appreciated ..that for sone polishing head tests,
posi tioni ng of toﬁhgr Spl)]a els%‘qumn%mcq?{asé%%i%&tr%ﬁﬁmﬁagmfgené)e ‘tted. Once the polishing
head 16 is at0 t je003Fpr bphé¢ dineratee eghddinadng e pedeetalpedast 294 incllBgs aa t est of the

pol i shi ng head 1 Dt -l . 039]. in a wafer
| oss sensor testrg,g é{‘?rﬁté& g’&‘%‘?@?%ﬂlﬁl&g “’r‘?gg’g %)%U&%gs%?dé%g%?gg@g% tget op surface
of the test waf dgst gatioprontrolldr 62.dihn gneuiretic eybndeniPay cobyectrd by s drmsommberch as 1.5

mm for exanpl e. £ tofinddfeo3Bd of th a0, BbdrBlppiR2ti AbS Fneurd@ict he head 16
to begin the prggﬁfsosf of Ioa&?ngmtthﬂﬁgﬁst vvakenr pgnt%&ltaaﬁgﬁ%ol ?réeﬁi nglzjc head. The

menbr ane chanbePresshres [ & PEpmpney bdept0B e drive egmbes 3@benddiena éheipededalmenbr ane
30 to beconesi nfibateQeleddiviif biried iEiwdAl dr Mo RAFH B etbRs. Wad ﬁﬁ%e oAhet he head

menbrane 30 inflates, it engages the top surface of the test wafer and
expresses away aprltlcaé FOken may be limited by suitable stops or by the controller 62, depending

upon the particular application. It is appreciated that other types of actuators may be
used to elevate the pedestal 19. Such other actuators includes electric motors and
Servos.

20 [00038] Prior to initiating a test of the polishing head 16, the controller 62 can
control the linear actuator 60 (FIG. 1) to position (block 310) the head 16 at a selected
height above the pedestal 16 and the test wafer 36 as shown in FIG. 6c. The selected
height may vary, depending upon the particular test to be performed. It is appreciated
that for some polishing head tests, positicning of the polishing 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 to 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

12



whi ch may ot herw se becone trapped between the nenbrane 30 and the wafer top
12 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 nenbrane 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
t ube chanber as set forth above. If the pressure in the inner tube chanber
remai ns steady at the preset pressurized |evel, a proper sealing of the

i nner tube chanber is indicated. In the illustrated enbodinent, it is
preferred that the inner tube chanber be pressurized to a |l evel of 1 psi
above anbi ent f owfache wafer | oss sensor test. Qther pressures in a range of

0-3 psi may al s?odaﬂopsemoaarta@m@e;atfer% @her 1Be URLUES 4\ Jléopve@;umzeddt%pend' ng upon

the particul ar application. % Once mal ntenance of "'the pressure in the
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nenbr ane chanbetmnﬁretu‘?FaC(}?El‘BlFﬁr ﬁr‘%‘é‘?ﬁ'ﬁ g’égﬂrzﬁ'bsuétg“fmm&f“ it i peelpred d1abthe anbi ent
for the wafer |11ﬁ18§tu563dh51ﬁﬂierbe§rbssu1&cﬂle>ra l@fl‘eﬂﬁ'ﬂl{bﬁleﬁodel&m&eﬁt&'&gﬁe \Offfer-ltz;st 0 -7 psi
bel ow anbi ent i

be used.. The ticular val ue gr dependi ng
upon the partic e per y | oade
h C ot o0 U PR B BT P PR P er |y | oaded
in a manner i mvhlags vhbvﬁrhatepalhmgmpdnmhel-}hﬁcularﬁpphcamﬁl the wafer | oss sensor has
been properly i per at ro er ss, sensor wil |
not be actuated Eliadnn@ld hgncer“eaé u“ra‘é"ef’%% ﬁr 58 n%é’ g“bgmgar‘?g’&rb%ﬂ %&houl d remai n
substantially coorﬁinacrtataspmﬂwam,enﬁdnypothebcimatrrtbé inenbr& 30@nd thihe ot her 25
hand, if the waigr. |3 Nok. %Pe%ﬁw b GKG ﬂxé%@ssgje id 2 1%%8%::@5 menbr ane 30

will be drawn into the nmenbrane c rrber caus the sup structure 32
to engage the icharder 24ubénichlnadies thated wafve T\WaJPCéushmgiEsd wehléletoacleg tas shown in

FIG 7b. Conseqyght ln){y then be withdrawn from the pedestal 19 to another height above the
pedestal 19 as shown in FIG. 6d. In the illustrated embodiment, 1t is preferred that the
membrane chamber be vacuum pressurized to a level of -5 psi below ambient for the
wafer loss sensor test. Other pressures in a range of —2 to -7 psi below ambient may
also be used. The particular values will vary, depending upon the particular

20 application.
[00042] If the wafer is properly loaded in a manner similar to that shown in FIG.
7a, and the wafer loss sensor has been properly installed and operates properly, the
wafer loss sensor will not be actuated and the pressure in the inner tube chamber 22
should remain substantially 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 causing the support structure 32 to engage the
mnner 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. § and then the pressure in the

30 inner 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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the pressure in the inner tube chanber 22 wll initially rise as the support
structure engages the inner tube chanber 22 as shown in FIG 8 and then the
pressure in the 30 inner tube chanber will fall as the wafer |oss sensor
opens the valve 86 between the inner tube chanber 22 and t he nmenbrane
chanber 24, indicating to the controller 62 that the wafer has been | ost.
[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 13 position to facilitate testing of the
pol i shing head as described in U S pat. No. 7,089,782. For exanple, in the
waf er | oss sensarositiesto fagilitdie sting of thepdlislngleadiessiescribrildn UdbparaYe.i f t he

pol i shing head 8908} FPOGHpE IR HE mﬁﬁogsqe&s&%es&%ﬂ Wil Rfer BE deQiriblg | 0adi ng
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and support structure 32 to be withdrawn into the 10 menbrane chanber 24,

agai n resul ti ng AT PAKKES dhe wabi b S et mpet bearrenerly pigkedypdissre. 18, A
vertical positi Oﬂcmnﬁr&alrpﬁﬁpnlsdlbﬂg nk@Behns fAKES 20d i upahd WdIgRadf 1-2 mm

above the test surface S bel i d riate such plications.
O her di st ances i carshe psm §‘éed3 aﬁ*ﬁg‘%b"&f WF&%“\)’&I“WB@“W*“F“@%

dependi ng upoh trixentpdk Chabesl4, agampkslumag 1nompro;1éi a&t%@ééﬂthaeﬁauaes@fmrt he many
POSI t I ons to Whl h ¢ hrﬁcaégosqmno the olPhlgglgaﬁ({lq{ae ?ed w1th1n ar?]nézé ﬁépgﬁ]ﬁlnat gvet est

station in effec con LoV ES over 't of the head
relative to the thakesedfapedbsiieatd aj:&oprﬁltaefmtlam spbsipplicationg her distaneposi ti on of

the nead may be,gefineth s chablusul tnbial Al-adRANEsL b buloL many

different types 0 Terences i ads
i ncl udi ng dif f eragpletioni n t hi ckness nay 20 be readily accommobdat ed by

Progr amni ng {10 868! e BONRRndh P pdIRIfs b Uik R Heduhey b0 BRELYD POSI t1 ons

for that partic
move, the head test statlon in effect provides continuous control over the movement

of the head relative to the raised pedestal 19. The test position and load position of the
head may be defined relative to the raised pedestal 19 for many different types of
heads. Any differences in the size of the heads including differences in thickness may

20 be readily accommodated by programming the actuator control to move the head to
the optimum positions for that particular head type.

[00045] Upon conclusion of testing of the polishing head 16 using a test wafer, or
as part of testing, the polishing head 16 can return the test wafer to the pedestal 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
pneumatic 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 [00046] Once the test wafer has been returned 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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[ 00045] Upon conclusion of testing of the polishing head 16 using a test
wafer, or as part of testing, the polishing head 16 can return the test
wafer to the pedestal 19. Accordingly, the controller 62 controls the

| i near actuator 60 to position the polishing 25 head 16 to a verti cal
position adjacent the pedestal 19 as shown in FIG 6e. The pneunmatic
circuits of the polishing head 16 nmay further be controlled by the
controller 62 to cause the polishing head 16 to rel ease the testing wafer
and deposit the testing wafer on the pedestal 19 as shown in FIG 6f. In
addition, the controller 62 can w thdraw the polishing head to another

hei ght as shown testing$fhe BlishighepdDOAEN bOpeérméveastapmoprivgf Suchhddtitneen r et ur ned

to the pedestal tés%ngaaaytlmau&%'emd@gseo@%g“ﬁ?ﬂs&B&Pm .gaﬁg%e%e%emxg be | ower ed

(bl ock 314) to the vva positioner Cont |nue ownward notion of the
pedestal 19 depdbpﬁtﬂémgH@ntt@snﬂﬂwa‘ﬂwplé?ﬁuqnhe waf er positioner 140 and

realigns the cenpeda7pl 1i B8 huWaiedembbdidlert, %é\pﬁ;;atrd Iie?ucranﬁotibﬁ'a?ﬁl% péafastel:lhe
polishing head 16 as aP propriate. Testi n%@ t hen be concl uded o
“® ad

addi tional 1% tl@demingtepit ﬂmewis@wwbﬁl@w Igrpopitioner 49 as f}serﬁqe@)mrﬁ%‘a as

appropriate. Sucdy agdtdeanatmabedl i b&glear&m dﬁlﬁés%@&)nﬁéctlﬁg(&hggjﬁve%&ﬁlym a test
waf er 36 or novenent of the Eedestal ependi ng lufgon t he partl cul ar

appl i cation. [0COHHEs thepadeyal ?fr%tﬂ}eéﬁlﬁﬂp@ﬁﬁaéi’%‘?ﬁmlz Whtndiths 199544 cal noti on

of the pedestal gasikéh depiciil RAIGS6eAlt istaprediQdiREat POSH thrhid]l BRIt hdyde Waf er
positioner 140 as de icte f’gﬁ; n Fl G 6%% 'IA} edestal actuator 294 coupled to
t he pedest al corfﬁlé‘if? figpending upenthg partiquias pplication + yat es t he pedestal 19 from
the rai sed posi t[Dﬂﬂ#Sﬂiemn&kBﬁblé depEl|1§Engﬁéad%@ﬁhgtHQdee@mﬁiGdi inm&hhie@g depi ct ed
in FIG 6g. It is t at ot her term.n ons y e

sel ect ed, depencﬁ'aﬁej 18‘?1“% HepE TP%S&PB?I“%) l‘gﬁﬂo %‘m[gé’ﬁeﬁl ™ An exanpl e
of polishing hegteph@agdn fhghhmlsﬂnegahitacpr@ulaiedwndm wfu:rclmgaapb&sfated haf er i s

al i gned by the wafer 40 and lifte ishing head 16 in
preparation for °f 'ﬁeep%g i %38[' e O t?StStaIuS%ﬁ‘ af‘ﬁ)rdaP 1913%?%\:3&9” i's

appr eci at ed t hatdescsiption rqwlorrstmtﬁgwaeaaldadtrgs:p@atwm drlazasngafer aliggienst ati on in
accor dance V"lst h #;Ekgno%r S35 w?@ﬁﬁﬁ W&@Eﬂig&b&g%a@g‘ohﬁhé Sﬁ&cu%{ %fmab&’ad' ng

operati on, est wafer ates er lifting
oper at i on, deper[ﬂim@] upbn 1t h@wpamthecem@dlmpmf B ¢eat wager.hold and transfer

system 400 in accordance with another aspect of the present description. As best seen
in FIG. 12, the test wafer hold and transfer system 400 includes a test wafer positioner
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 circumference 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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[00049] FIG 11 shows another enbodinment of a test wafer hold and transfer
system 400 in accordance with another aspect of the present description. As
best seen in FIG 12, the test wafer hold and transfer system 400 incl udes
a test wafer positioner 440 which has a first plurality of test wafer
engagenent nenbers 442a carried by a 20 ring nenber 443 and distri buted
about the inner circunference of the ring nenber 443. The test wafer
positioner 440 further has a second plurality of test wafer engagenent
menbers 442b carried by the ring nenber 443 and distributed about the outer
circunference of the ring nenber 443. {0005_0] As best seen in FIG 13, the
test wafer engad@huser sreqepasns mambes 4bda. yls aligned pasiden, s sentsr disof 80 ar e

posi ti oned ar ounehudl $ARsuHort WERE 4MIUD R hbdesiM 4B AR Qodifly dfignad witedest al  450.
The test wafer en aggrrent nt_g‘grs 442a are agagt ed to engage and position a
test wafer 36 wiPRerPELRLEELVAR 3P ard Pecralet asfs ot Wabsadl6waf er support surface 444
prior t? thg peclemsaFl G1 1gﬁﬁeﬁ@@ﬁwﬂgm@m&|henetna§r§ Mgafogthe%feaMiubﬁeamti nﬁ the
test wafer . .up to e polishin ead_16. 3 0005 In the

T ust rared dboiaupostioE ¢ ae B aRaH G AeHeH b ar G RASH 454 [ ke ¢ he
menbers 142, ar éugeneidat dincuiferger thahbpederangg@aahmemgrimdes Tanteangl ed ranp
surface 270a (FI 13) which en s the edge of the test f and
directs the test > narar s Igeeeb[e%g‘ggbnad%?d% tﬁdcejtg ie?ﬁa%aélﬂggsubqp agt‘\Flgg\‘/’%rfl%ﬁn an

al i gned posi ti onithetspeeeto tidyedgsahgentrs wafeaspporGiGae dddtiprw ppby geecitabysoa
generally horiz f t 2r - engagenent
menber 442a. In(?%l&uil@%gg#ﬁég%ﬁ%%fer;%@ia? ?garl]nggot gq%et%? g’?feégﬂtgsg%a%ﬁ%ﬂgcent ral waf er
support sur fldce hea4 Asfin appareniedllSit B, the 56t wader dblhmpyalialvya widegrhacktaniialh t he

center of the t 3 c [ [ 00052] The
test wafer engaggt%ﬁ?ggesr?bgrcgd?%ﬁ% ’q}é)ef é?h&g&\r/\g{? &e?hdq%gsltf%}?%%gﬁ%ﬂc% are 5
simlarly positireddédeceserneidtetpnlbshing fieadaandvigsf wafers oiphidering sige, fucbes ¥4 of t he

pedestal 450, Byt 188 méh Ml 9 m&l HELhpEENce than the wafer engagenent
menbers 442a. The test wafer engagenent nenbers 442b are adapted to engage

and position a (¥983haTkstest pafer eigpasmen sismbers #4301 like thsansaderatéZeenit r al waf er

support surfgce oddhip bRk skaed 28 cREURRMAan 4Rfd fE KMot (PG gt waf er 460

and transporting the test wafer 460 up to a polishing
which engages the edge of the test wafer 460 and directs the test wafer to settle under

the influence of gravity in an aligned position between the ramp surfaces 270b and
supported by a generally horizontal support surface 272b of each test wafer
engagement member 442b. In this aligned position, the center 274a of the central

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 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 cnshions 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 Altematively, 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 as 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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10 head. As in apparent in FIG 13, the test wafer 460 nay have a w der

di aneter than the test wafer 36. Accordingly, the test wafer hold and
transfer system 400 can readily accommodate polishing heads and test wafers
of differing size, such as 150 mm 200 mm and 300 mm for exanple. [00053]
The test wafer engagenent nenbers 442b, |ike the nenbers 442a, are 15
general ly finger-shaped and each includes an angled ranp surface 270b (FI G
13) which engages the edge of the test wafer 460 and directs the test wafer
to settle under the influence of gravity in an aligned position between the
ranp surfaces 270b and supported by a generally horizontal support surface
272b of each tegentphiater suphrefadive A2 ang Abedestad 9Dt water spvion sufdceffdd posi ti on,
the center 274a @t Fédaﬁal(égﬁarterrgiatezigoH@}tﬁ'erca%@%& pélesrmﬁ%?geé% 2B mb& pedest al

450 is coaxially a ned wit he center of t est fer 460 "and the
pol i shing head. dﬁ@%@z&? lager tepiavafery augltqséﬁswf@ﬁé%ra#@mﬂwvﬁ@yb@@f@e%l 450

i ncl udes a pl Ur%h&b{nnﬂf)dateftles%argﬁﬁ o‘ﬁleﬁ‘er@lli—tls@bs Yelthe M§tﬁrbd%ﬁ1§odﬁtﬁ&@|tﬁleed in
recesses 472 (FIG 12) of an inner. ring wall 474 of the ring nenber 443 of

the wafer positiPsHsel a&‘ﬂlﬁer PKF @QF@FG%FF&KYF%@PSIH% opbotiythe gedestelicpidhe 470

engages an out efwaldr Bgpph@burfad3402Qhd thbFededtdd GutbrRrERe kupfddsurfhfteroacent ral  waf er
support surface 44 482 to inhibit damage to the test

waf ers. (00055] [Wpéggﬂgx‘é \é’gl ; Ilpg’seﬁélﬂré‘g‘f’ﬁi’r SURPEY, supface 41 06316&‘{5%{?1 450 maybe

dedi cated to testddsabées Swality af Redsdes €96l vilierefil caéh apetifie i addphee td re&ivewalf ers 36 or

the test wafers 460.. 30 Alternatively, th e tal 450, may be able to
accommodat e testtesvxﬁ"l‘féreélgac?f’mﬁltfr’fe@#’gﬁfda‘%}leﬁgfgecgﬁ RS SIS sur face
484 of the padesialsii i bnged vedcnl yloheSﬁdﬁm,ﬂd: ceitaal Pifansupiertaurieeest al out er

waf er support sy ort arger te f such as a
test wafer 460. P%a%ﬁeo?e%es(? gﬁg%@g 4%£P?E§SP?WL{S’§?I%%SF?§%S{;?¢ 1qufer system
400 may i ncl ude abigrpé dab thalrecasdest9é nndoddaitet td S0ei(d t€3t wil#) enigagemag nivoblr a

pedestal 16 ce qa%a%h%%% Hpﬁg;ftér é)?flw % ﬁ%%ov?e?%levgﬁgﬂ %OSQt?Oq]b %teuaaluseqw er waf er

support surface est e carried by the
pedest al f | angesvalky engagainervbgprfives 4’@éd47é‘a@fél@h Eﬁiwaﬁrg@gmmmmeﬂéﬁsuch as

test wafer 460 qf, p%Liﬁ@Jeﬁ %r-lié/aﬂsr Y108 tp@poﬂgﬁrﬁth‘éﬁ 16 than the corresponding wafer

engagement surfaces 470a, 472a of the test wafer engagement members 4423, 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 smaller 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 greater 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. [t 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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to accommpdate test wafers of different sizes. In the illustrated

enbodi nent, the 5 pedestal adapter plate 490 carries test wafer cushions on
both the pedestal central wafer support surface 492 and the pedestal outer
waf er support surface 494. [00056] As shown in FIG 11, the central wafer
support surface 444 of the pedestal 450 defines a plurality of recesses 496
wherein each aperture is adapted to receive a test wafer engagenent nenber
442a when t he pedestal central wafer support surface 10 444 is in a | owered
vertical position. Simlarly, the central wafer support surface 492 of the
pedestal adapter plate 490 defines a plurality of recesses 498 (FIG 14)

al i gned with thembelieaten tHdo anmy aspdetp tvaltibe apparent toi thase skilleddn thewart,er engagenent
menber 442a wh r ISyt yertical

posi tion. Becauggm%%ggg@%$%£a%%ﬁgﬁgﬁgﬁ?ﬂéﬂ%ﬁgggg&g%%g#gﬁg%ggglﬁ?ﬁ% t est

waf er engagenen@kﬁ@ﬁﬁék%@n@ﬂﬁfqgmgm@mbaﬁﬁ$¢Eﬁé@ﬁv@WﬁP%ﬁﬂﬁyﬁﬁﬁoser to the

pol i shing head }&chd? h@e GRLERS RRIEIE AMRLES the RRPRGRITEMscritbf aces 470a,
472a of the testa%af§$q§nga$enent ﬂgnbers 442¢ er &?gneter t est

] 442a, a | ar gt
waf er such as t Rouldastbefigisf byt partisnlas embpdingeris dessHbpddesipdut bevldhe t he test
waf er engagenenticimeibens apided akmsand eiviieonsnhatort he test wafer engagenent
menbers 442a as shown in FIG 22. Thus, the test wafer engagenent nenbers
442b 20 can be used with the larger test wafer 460 without the test wafer
engagenent nenbers 442a for the smaller test wafer interfering with a
| arger test wafer. [000571 Referring again to FIG 1, the platform 12 has a
set of wheels or rollers 600 which permt the test station to be readily
rolled fromone site to another within the fabrication facility for testing
pol i shing heads. This can be particularly useful 25 where the facility has
nore several 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 lateral carriage assenbly to facilitate |oading and
nounting a polishing head 16 into the test station for testing. It is
appreciated that the details and 30 particulars of such a |ateral carriage
assenbly may vary, depending upon the particular application. Stil
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
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waf er chuck w Il depend upon the particular application. [00059] It will, of
course, be understood that nodifications of the illustrated 17 enbodi nents,
in their various aspects, will be apparent to those skilled in the art,

sone being apparent only after study, others being matters of routine
mechani cal and el ectronic design. O her enbodinents are al so possible,
their specific designs depending upon the particular application. As such,
the scope of this description 5 should not be limted by the particul ar
enbodi nents descri bed herein but should be defined by the appended cl ai ns
and equi valents thereof. 18 What is clainmed is: 1. Atest station for
testing a polisiigisKemsdising a test wafer, the polishing head for

pl anari zing a sem conductor wafer, the station conprising: 5 a frane; a
pedestal having a central wafer support surface adapted to support a test
waf er; a polishing head AdtfhfiadptesteePohtingtheadiswe pé&st Eifirne head over said
central wafer $SURPAE headrfipB@izinkQ semPsAlI@Water,Ghd Cdhbh cabapihgd to couple to
sai d polishing head d to pressure test said head; and a head nount
actuator, codpled td 'S5 frane and said nmount and adapted to nove said

pol i shing head in a aetéstatbdvingiarcetial waferrsejpait bntficd Qlaged 1 sppaestead centr al

waf er support su¥face; and 15 a pedestal actuator, coupled to said frane
and sai d pedest 31*“8nd adapted to nove said pedestal central wafer support
surface in a verti cad polishilgedicadmouneidaptede ntoontsai dolishinghaad bedr weddenaalf | r st
vertical positiggﬁygrt&ggﬁé%ydisplaced fromsaid head of said npunt, and a
second verti cal posf??on vertically closer to said head of said nmount. 20 2.
The test stalli on of agingirmatit cirenittatiapted tosmpple B saig palishing beadafdio ppoesid | oner
having a firStnthﬁ%EhE%MOf test wafer engagenent nenbers positioned around

sai d pedest al
a head mount actnator, coupled to said frame and said mount and adapted to

move said polishing head in a vertical direction relative to said pedestal central wafer
support surface; and

15 a pedestal actuator, coupled to said frame and said pedestal and adapted to
move said pedestal 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 position vertically closer to said head of said mount.

20 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 pedestal
central wafer support surface and adapted to engage and position said test wafer with

respect to said pedestal central wafer support surface.

25 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 pedestal central wafer support
30  surface defines a plurality of apertures, each aperture adapted to receive a test wafer
engagement member of said first plurality of test wafer engagement members when

said pedestal central wafer support surface is in said first vertical position.
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central wafer support surface and adapted to engage and position said test
wafer with respect to said pedestal central wafer support surface. 25 3.
The test station of claim?2, wherein said wafer positioner conprises a ring
menber adapted to carry said first plurality of test wafer engagenent
menbers distributed about a first circunference of said ring nenber. 4. The
test station of claim3 wherein said pedestal central wafer support 30
surface defines a plurality of apertures, each aperture adapted to receive a
test wafer engagenent nmenber of said first plurality of test wafer
engagement members when said pedestal central wafer support surface is in
said first vertical Dodictesbittion of dpim Prhereiastid gedastsl bas avfouter wifph sapadfier ei n sai d

pedestal has an sﬁ’ﬂk@ﬂmﬁ@@éd%ouﬁ&'Ebﬂgﬁeﬂeswﬁééﬁ{rﬁ%fegéu%mﬁfa&raﬁ&'iHﬁpt@@tbd pedest al
central wafer support surface and adapted to support a test wafer; and

wherein said poSTRPPOA LS adsiptd ddereiy S@%eewaneﬁrctfmSFWedeI@etw hedtskr

engagenent rTean\rafer EridhganReh dmbSRIcEtritd BYGaia ey msijotmmmoamula geceathid pedest al

5 outer wafer ortf surface andd%”% tlﬁ#g}oed abo second cl, rcunf erence
of said ring> rré’ eyt SuPar SRS H Y }étr?cgécoﬁ Wcﬁﬁl aensf fsfiddPanet er t han
said first cirenhrbel ﬁtti:sﬁconﬁc1rc'ﬁhﬁeretneeltavﬁlgawldaﬂdlﬁxhete?rlﬂadnml&ﬁwher ein each test
waf er engagenent. ne 10 said first and second pluralities of test

waf er engagement™ Erl*g has a test wafer engagenent surface and where each
test wafer engagenent surface of said second plurality of test waf er

engagement menber s IGS ﬂ'te tes s?a?if)n Xfc‘ijlr%g %CTEI aclh(t)ecigf/?f%r ePgaéFmentFi Iin C%E# ng head

than the test wafer SUrTaces ot 4 ur a t est
waf er engagelr@entsamlrﬁntm:rlsecoadéplﬂraht‘ﬁhef tees&tafesemgeomntoﬁenmleralhm Destwhfer ei n sai d

frame includes 5, RRQl L@l ey hENNL. AgkoRBUELAC LA deLhpes a cavity

adapted to recei sal sai gsitioner bel ow said
top surface, salphhraﬂlryalfmesif\m‘ftrhegﬂg@mmpmmberﬁgs @nlmmmp@clmw@n ate adapted

to De, di sposed. gl s 0B SHILPERADESCAKEL,BAL tr A AHERLYocRad test wafer

positioner, said cov |'at e having a est er suppor
wafer engagement members.

15
7. The test station of claim 2, wherein said frame includes a support plate
having a top surface which defines a cavity adapted to receive said pedesta] and said
test wafer positioner below said top surface, said frame further comprising a
removable cover plate adapted to be disposed on said top surface and cover said
20  pedestal and test wafer positioner, said cover plate having a test wafer support

surface.

8. A method of testing a polishing head for planarizing a semiconductor
wafer, comprising:
25 mounting a polishing 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 pedestal central wafer
support surface and a test wafer having a first diameter disposed on said pedestal
30  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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surface. 8. A nmethod of testing a polishing head for planarizing a

sem conductor wafer, conprising: 25 nmounting a polishing head to a
pol i shing head nount of a test station; controlling a controllable head
nount actuator to nove said polishing head in a vertical direction relative
to a central wafer support surface of a pedestal; controlling a controllable
pedestal actuator to nove said pedestal central wafer support surface and a
test wafer having a first diameter disposed on said pedestal 30 central

waf er support surface in a vertical direction relative to said polishing
head between a first vertical position vertically displaced fromsaid
polishing head, and a second vertical position vertically closer to said
pol i shing head; and 9.t estrhéigettiad ¢f cRO § Shirflg sdiERding 2Q1ules tdbisy Awifrod of cl aim
8 wherein said estlngﬁtgchﬁges testing a wafer %oss sensor of the head. 5
10. The met hod O &H Tein said testing includes applying vacuum
pressure to a nenbrane chanber of said head to pick up a first test wafer

di sposed on _said pegdest rt. sur 11. The met hod of
clai m 10 wherein salg] g%?ﬂaﬂ?ﬁgfﬁﬁﬁéwbﬁ gﬁﬁ@“Té“ﬁﬂg SEPENE YOI i nner t ube
chanmber of sai dphese tprimembtase dppbeyioNGiddeidio piak uplaniipt es sdfeedisgosedoai d

menbr ane charrbersald mhmﬁcmonwﬂg " on%h |n111 wherein said testing includes
nonitoring the FeSSUT e 1'h sard inér tube chanber while appl ying said

vacuum pressure to said 15 nenbrane chanber. 13. The nmethod of claim38

further conprising pasi tiflhod@cflinl fRIn Bld cestf) Hudks BAYAJ ONEr having a

first plurality of test engagenent ers osit around said
pedestal centdr alproifecp as pgsibe chambbread eaid heail priqy @sﬁppiymglsﬁg v@OUI pEEksUdi ng

engagi ng sai d t gshiedfrandctdi@dn engagenent surface of each test wafer

12.  The method of claim 11 wherein said testing includes monitoring the
pressure in said inner tube chamber while applying said vacuum pressure to said

15 membrane chamber.

13. The method of claim 8 further comprising positioning said test wafer
using a positioner having a first plurality of test wafer engagement members
positioned around said pedestal central wafer support surface, said positioning

20  including engaging said test wafer with an engagement surface of each test wafer
engagement member of said first plurality of test wafer engagement members and

positioning said test wafer with respect to said pedestal central wafer support surface.

14. The method of claim 13, wherein said wafer positioner comprises a ring
25  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
30 received by an aperture of a plurality of apertures defined by said pedestal central
wafer support surface when said pedestal central wafer support surface is in said first

vertical position.
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engagenent nenber of said first plurality of test wafer engagenent nenbers
and positioning said test wafer with respect to said pedestal central wafer
support surface. 14. The nethod of claim 13, wherein said wafer positioner
conprises a ring 25 nenber adapted to carry said first plurality of test
waf er engagenent nenbers distributed about a first circunference of said
ring nmenber. 15. The nmethod of claim 14 wherein said controlling a

control |l abl e pedestal actuator includes noving said pedestal so that each
test wafer engagenent nenber is 30 received by an aperture of a plurality
of apertures defined by sai edestal _central wafer support surface when

sai d pedestal central® F@Fgg‘gﬁﬁgﬁ“{’ 14 fyrtheg comprising gositipning ptestyafer, o ¢4
position. 21 16 havifies ¥Edndatimefer widad thank4id fitst dilifdter QOIAP4 pSitidGerPOSAZH ONi Ng A
test wafer havi ng dalsecong di apeter w derg&)han said first dianeter using a
posi ti oner havi AP PRUARE QL MGIehFIepsrmE Rt e ?rsﬁﬁ‘ftlg?edeaﬁﬁﬁaéw"trw fber s

posi tioned ar ourgppat sfatedisposdd@roundiapiy@ddstalSidiitiah & efethuposedacabeiind sai d
pedestal central wafer support surface and 5 adapted to support a test

waf er, wherein §38lpﬁfd§°esé18?10§‘p tfﬁﬁ?vé#éf’t‘@e%‘f] S?’&?P"’&é’ﬁrg%h%' %ftntéséévé‘ nt menbers is

di stributed aboutgagenssacondbets is disib@edabae aefcosadidunhieregee afedibedg sai d second
circunference haylng g;4des AL ARBLEL, 1030 S0 G bld o, Shigunt erence. 10 17.
The method of cl&im 13 FENOV] ng a cover gpI \ a2 ) expose said pedestal and
test wafer posi tiromdsrenceai d cover plate having a test wafer support surface.
22

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

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