A CARRIER HEAD W TH A SUBSTRATE DETECTI ON MECHANI SM  FOR A CEERASCRE->
MECHANI CAL PQOLI SHI NG SYSTEM Background of the I nverf®son

The present invention relates generally to chem cal nechani cal polishing of
substrates, and nore particularly to nethods and apparatus for detecting

the presence of a substrate in a carrier head of a chem cal mechani cal
pol i shing system 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 layer is etched to create circuitry features. As a series of
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substrates, particularly silicon wafers, by the sequential
deposition of conductive, semiconductive or insulative
layers. After each layer is deposited, the layer is etched
to create circuitry features. As a series of layers are
sequentially deposited and etched, the outer or uppermost
surface of the substrate, i.e., the'exposed surface of the
substrate, becomes increasingly noh—planar. Therefore, the
substrate surface is periodically planarized surface to
-provide a substantially planar layer surface.

Chemical mechanical polishing (CMP) is one accepted
method of planarization. This planarization method
typicall? requires that the siubstrate be mounted to a
carrier or polishing head. The exposed surface of the
substrate is then placed agalnst a rotating polishing pad
The carrier prov1des a controllable load, i.e., pressure, on
the substrate to press it against the polishing pad. 1In
addition, the carrier may rotate to affect the relative

»velocity distribution over the surface of the substrate. lA
polishing slurry, including an abrasive and at least one
chemically-reactive agent, may be distributed over the
polishing pad to provide an abrasive chemical solution at
the interface between the pad and substrate.



2 " Typically, the carrier head is used to renove the substrate from
the polishing pad after the polishing process has been conpleted. The
substrate is vacuum chucked to the underside of the carrier head. Wen the
carrier head is retracted, the substrate is lifted off the polishing pad.
One problemthat has been encountered in CWP is that the substrate may not
be lifted by the carrier head. For exanple, if the surface tension binding
the substrate to the polishing pad is eater than the force binding the
substrate on the carrier head, then the substrate will remain on the
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A related problem that has been encountered in CMP
is that the attachment of the substrate to the carrier head
may fail, and the substrate may detach from the carrier
head. This may occur if, for example, the substrate was
attached to the carrier head by surface tension alone,
rather than in combination'with vacuum-chucking. _

As such, the operator may not know that the carrier
head no longer carries the substrate. The CMP apparatus
will continue to operate even though the substrate is no
longer present in the carrier head. This may decrease
throughput. In additiodn, a loose substrate, i.e., one not
attached to a carrier head, may be knocked about by the
moving components of the CMP apparatus, potentially damaging -
the substrate or the polishing pad, or leaving debris which
may damage other substrates. ' .

Another problem encountered in CMP is the difficulty
of determining whether the substrate is present in the
carrier head. Because the substrate is located beneath the
carrier head, it is difficult to determine by wvisual



'3 insﬁection whet her the substrate is present in and properly attached to
head. In addition, optical detection techniques are inpeded by
the presence of slurry. A conventional carrier head may include a
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recei ving surface. Miltiple channels extend through the base to the
ecei ving surface. A punp or vacuum source can apply a vacuumto

substrate r
t he channel

vacuum chucked to the bottom surface of the carrier

s. Wen air is punped out of3the channels, the substrate wll

may be conntegpectibon whesherethensubetwets ihepvesenm souend preperdy
channels i n,d{ig-£8a" £8T hEAarkl ok NfeaHlSt EA! 2aliae A1 SuERafUl Iy
§0 § tﬁ eaé, t he

vacuun}chUGie

he underside o e carrier

be open anddetecbiont hechnigugsware AeRrRdpAt byt RBechagsense of sddrgyher
hand, if the subst ateWashESLSHES Eatht Yo A mGP Ukerud® 4 heigider si de of

the carrier

head, then channels will be sealed an Ehr wi 'l not leak into

the channelRas€onsTHEcRRF®, DeRc2pPRLECM: SUEaGE WAL

mE&SVEE &%hifgher

be

head. A pressure sensor

the channels w |

vacuum or | gulest paEESHEeeWRtngt Bargubst r aMaltipiecchanhelllsy exaemdn chucked

to the underside

f
not proper | SREPYERNERS: BaPRe tOaF

B34 5, RS gameLee

ared Eo.mhen t substrate is

Unf'8r Eif At ey, EM8%P;ar e

several probtevacuitnhsbhirseneghodppllydet sacung thetheesbaomedfs.a $dest r at e

in.the carr
and cont am

Lg bgﬁgurggrgg g,a'bcvgfs Ly %hggaaeﬁg SUgk gnﬁggg%% qulc%%nne' S

nat e r head. I'n additioh, the't

det er m ni ngvageunechugkedubst theebrisopesnrfprecff thm e iy fisiasy pad

must be detgrgksgfeCsBAELIEHAY bk connectefiCeer di Pak¥surle WaHed Ha weesf Ul

to provide
substrate i

a CWP system capable of reliably_sensin thexpnesence of a
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the substrate was not successfully vacuum-chucked to the
underside of the carrier head,'then the channels will be
open and air or other fluid will leak into the channels. On
the other hand, if the substrate was successfully vacuum-
chucked to the underside of the carrier head, then channels
will be sealed and air will not leak into the channels.
Consequently, the pressure sensor will measure a higher
vacuum or lower pressure when the substrate is successfully
vacuum-chucked to the underside of the carrier head as '
compared to when the substrate is not properly attached to

" the carrier head.

Unfortunately, there are several problems with this
method of detecting the presénce of a substrate in the
carrier head. Corrosive slurry may be suctioned into the
channels and contaminate the carrier head. 1In addition, the
threshold pressure for determining whether the substrate has
been lifted from the polishing pad'must be determined
experimentally.

Accordingly, it would be useful to provide a CMP
system capable of reliably sensing the presence of a

substrate in a carrier head. It would alsc be useful if

pressure for



4 such a system coul d operate w thout exposing the interior of the carrier
head to contam nation by a slurry. ' Summary of the

| nventi on In one aspect, the present invention is. directed to a
carrier head for a chem cal nechanical polishing system The carrier head
I ncl udes a base and a fl exible nmenber connected to the base to define a
chanber. A lower surface of the flexible nenber provides a substrate
receiving surface. There is an aperture jn the flexible nmenber between the
substrate receiving surface and the chanber. | npl enentation of the
i nvention raych recl spist éhecbdol dovperatdhei sheut uexposindgetheningaredrsoch
that if a st cped h r ng surface, the
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following. The aperture may be configured such that if a

substrate is attached to the substrate receiving surface,
the substrate blocks the aperture. If fluid is forced into
or evacuated from the chamber and a substrate is attached to
the substrate receiving surface, a pressure in the chamber
may reach a first pressure which is different than a second
pressure that would result if the substrate were not
attached to the substrate receiving surface. The carrier
head may be part of an assembly including a vacuum source |
connected to the chamber, a sensor to measure a pressure in
‘the chamber and generate an output signal representative
thereof, and a processor configured to indicate whether the
substrate is attached to the substrate receiving surface in
response to the output signal. The processor may be
configured to indicate that the substrate is attached to the
substrate receiving surface if the pressure in the chamber
is greater than a threshold pressure.

In another aspect, the carrier head includes a base,
a flexible member connected to the base to define a chamber,
a first passage in the base connecting the chamber to the
ambient atmosphere and a second passage in the base



5 connecting the chamber to a passage in a drive shaft. A l'ower surface of
the flexible nmenber provides a substrate recetving surface.

| mpl enent ati ons of the invention may include the follow ng. The second
passage may be positioned such that, if a fluid is evacuated fromthe
chanber and a substrate is not attached to the substrate receiving surface,
the flexible nmenber deflects inwardly to block the second passage so that a
pressure in the second passage drops tosa first pressure which is less than
a second pressure that would result if the substrate were attached to the
substrat e recmnecninguthacehamhercsor pepapgagenty andrive shafieck &alve in
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second flex'Qa%banPﬁroHSX gﬁfl%§rggepassage The carrier head may
include a mechanically actuatable valve across the first
passage, the valve configured such that if a fluid is
evacuated from the chamber and a substrate is not attached
to the substrate receiving surface, the flexible member
deflects inwardly to actuate the valve.

In another aspect, the carrier head includes a base,
a first flexible member connected to the base to define a .
first chamber, a second chamber in the base, and a valve
across a passage between the first chamber and the second
chamber. A lower surface of the first flexible member
provides a substrate receiving surface.

Implementations of the invention include the
following. The valve may be configured such that if fluid
is evacuated from the first chamber and a substrate is not
attached to the substrate receiving surface, the flexible
member deflects to actuate the valve so that a pressure in
the second chamber reaches a first pressure which is
different from, e.g., less than, a second pressure that
would result if the substrate were attached to the substrate



second’ chanber. The second fl exi bl e menber may be positioned above the
first flexible nenber, and an upward notion of the first flexible nenber
may exert a force on the second fl exible nmenber. A pressure source may be
connected to the second chanber to pressurize the second chanber. A
pressure sensor nmay neasure the pressure in the second chanber at a first
time and a second tine and generate output signals representative thereof,
and a processor nay be configured to ingicate whether the substrate is
attached to the carrier head in response to the output signals. A second
val ve may i geketieitke sprEager.e Aouecenﬁr Eheixidlee awberhadiedefine thd N
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carrier head including a base, a first flexible member
connected to the base Ed_define a first chamber, a second
flexible member connected to the base to define a second
chamber, and a passage in the base connecting the chamber to
a passage in a drive shaft. The first flexible member
exerts a force on the second flexible member. The passage
in the base is positioned such that if a fluid is evaCuatea
from the chamber and a substrate is not attached to the
substrate receiving surface, the flexible member deflects
inwardly to block the second passage so that a first force
on the second flexible member is different than a second
force that would result if the substrate were attached to
the substrate receiving surface.

Advantages of the invention include the following.
The CMP apparatus includes a sensof to detect whether the
substrate is present or properly attached to the carrier
head. The interior of the carrier head is not exposed to
slurry. The sensor is able to detect whether a substrate is



Brief Description of the Draw ngs FIG 1 is an expl oded perspective
vi ew of a chem cal nechani cal polishing apparatus. FIG 2 is a
schematic top view of a carousel, with the upper housing renoved.

FIG 3 is partially a cross- sectlonal view of the carousel of FIG 2 al ong
line 3-3, and partially a schematic diagram of the pressure regul ators used

by the CMP appar at us. FIG 4 is a schematic cross-sectional view of
a carrier head with a flexible nenbrane_and a chanber in accordance with
the present invention. FIG 5A i< a schematic cross-sectional view
of a carri efel®asnihé eaveteedhebdnber surfaceotdaatenwrtbhelre thaes byt

i nventi on. FIG 5Bis a viewof the carrier head of FIG 5A w thout
an attachedv%Eﬁ%Trate FIG 6A is a schematic cross-sectional view

of. a carrier head Wthen adwrantagemand ripaturashafbdihe cinveptderr in
accor dance B\é&?&n%:h%pﬁé%éﬁﬂt FrBERheORo11owing dELErifBiba, alvlbqwd%g;h

carrier head o 6A W thout an attached substrate s a
schemati ¢ ctlmsdsa¥ingfaRngdi 64233MSa carrier head with a val ve connecting
t he chanber to ambi ent atnosphere in accordance with the present invention.

8 FIG 8A and 8G are g Ephs show ng prgssﬁjr%as a function of tinme in
a CWVP apparatus using th |GS. 8B and BC
are graphs show ng RI@®ssuris asn em1m|msﬁedum iview @f apglesnlosl
usi-ng the GRL éﬁgﬁlggfdpgilghghg apparatus.

FIG. 2 is a schematic top view of a carousel, with
the upper housing removed.

FIG. 3 is partially a cross-sectional view of the
carousel of FIG. 2 along line 3-3, and partially a schematic
diagram of the pressure regulators used by the CMP
apparatus.

FIG. 4 is a schematic cross-sectional view of a
carrier head with a f;exible membrane and a chamber in
accordance with the present invention. |

FIG. 5A is a schematic cross-sectional view of a
carrier head with a vented chamber in accordance with the
present invention. .

FIG. SB is a view of the carrier head of FIG. S5A
without an attached substrate. _

FIG. 6A is a schematic cross-sectional view of a
carrier head with a valve connecting the chamber to a
bladder in accordance with the present invention.

"FIG. 6B is a view of the carrier head of FIG. 6A
without an attached substrate.

FIG. 7 is a schematic cross-sectional view of a
‘carrier head with a valve connecting the chamber to ambient
atmosphere in accordance with the present invention.



FIGS. ‘8D and 8E are graphs showi ng pressure as a function of tinme in a

CWP apparatus using the carrier head of FIG 6A FIGS. 8F is a graph
showi ng pressure as a function of tine in a CVMP apparatus using the carrier
head of FIG 7. Description of the Preferred Enbodi nent(s)

Referring to FIG 1, one or nore substrates 10 will be polished by a
chem cal nechani cal polishing (CWP) apparatus 20. A conpl ete description of
CMP apparatus 20 may be found in U S. RBatent No. 5738574 by Perlov, et al.,
filed Cctober 27, 1995, entitled CONTI NUOUS PROCESSI NG SYSTEM FOR CHEM CAL
MECHANI CAL POLI SHI BEG -arfh 2nsd e dt 8 A¥ S BRIy RROWING RISFBLEtas a

i nvention, #hgceiénrSfdtsmbosHr g @MPV\/&p%Bﬁa%u@eh%li)&gl BBer paratied Mead
r ef er ence. CMP apparatus 20 includes a | ower nmachi ne base 22 with a

table top 2f BHERt el thereon and a renovabl e upper outer cover (not
shown) . Tabl e FQE23 eBI t8C caxerdgesphé mwmg nredsirenss 2ba, 25b

Gener al |y Sy 408 v e Al foe, ABERY AR, SERbky Rpecfariaty 188 5,
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substrates of FIG. 6A. 9 again, and finally

transferring the subhstrate acktoth
. g FIéS. 8§ b graph show1ng pressure as a function

of time in a CMP apparatus using the carrier head of FIG. 7.

Description of the Preferred Embodiment (g)

Referring to FIG. 1, one or more substrates 10 will
be polished by a chemical mechanical polishing (CMP)
apparatus 20. A complete description of CMP apparatus 20 may
be found in pending U.S. Patent Application Serial No.
08/549,336, by Perlov, et al., filed October 27, 1995,
entitled CONTINUQUS PROCESSING SYSTEM FOR CHEMICAL
MECHANICAL POLISHING, and assigned to the assignee of the
present invention, the entire disclosure of which is hereﬁy
incorporated by reference. ‘

CMP apparatus 20 includes a lower machine base 22
with a table top 23 mounted thereon and a removable upper
outer cover (not shown). Table top 23 supports a series of
polishing stations 25a, 25b and 25c, and a transfer station
27. Transfer station 27 may form a generally square
arrangement with the three polishing stations 25a, 25b and
25c. Transfer station 27 serves multiple functions of
receiving individual substrates 10 from a loading apparatus
(not shown), washing the substrates, loading the substrates
into carrier heads (to be described below), receiving the
substrates from the carrier heads, washing the substrates
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| oadi ng appar at us. Each polishing station 25a-25c includes a .
rotatabl e platen 30 on which is placed a polishing pad 32. If substrate 10
is an eight-inch (200 nm dianeter disk, then platen 30 and poli shing pad
32 will be about twenty inches in diameter. Platen 30 nay be a rotatable

pl ate connected by a platen drive shaft (not shown) to a platen drive notor
(al so not shown). For nost polishing processes, the drive notor rotates
platen 30 at about thirty to two-hundrefl revol utions per mnute, although
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station 252 ne@PG FENELY dcranas et g e PR th Raclone? Eipar at us
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posi tioned tetoibeniores gheo mitgateo) iAlteuglt alowes or higher rotational

10 25a, 25h d e shing stations rinse the substrates as they pass
from one poﬁ‘?gs]%qgnggaﬁ% o%éc} anot her . A rotatable nulti-head

carousel 60 is posEarbnpdlabbingl etet ipncRiShe 25as @a@?2 futthens éhcddies

supported hy, & SEN At RPPad Tt £ UL LLHEFLANs APUL B GRroMgel axis 64
conditioner apparatus 40 has a rotatable arm 42 holding an
independently rotating conditioner head 44 and an associated
washing basin 46. The conditioner apparatus maintains the
condition of the polishing pad so that it will effectively
polish any substrate pressed against it while it is
rotating. '

A slurry 50 containing a reactive agent (e.g.,
deionized water for oxide polishing), abrasive particles
(e.g., silicon dioxide for oxide polishing) and a
chemically-reactive catalyzer (e.g., potassium hydroxide for
oxide polishing), is supplied to the surface of polishing
pad 32 by a combined slurry/rinse arm 52. Sufficient slurry
is provided to cover and wet the entire polishing pad 32.
Slurry/rinse arm 52 includes several spray nozzles (not
shown) which provide a high pressufe rinse of polishing pad
32 at the end of each polishing and conditioning cycle.
Two or more intermediate washing étations 55a and

55b may be positioned between neighboring polishing stations



by a carousel notor assenbly |ocated within base 22. Center post 62
supports a carousel support plate 66 and a cover 68. Milti-head carousel 60
i ncludes four carrier head systens 70a, 70b, 70c, and 70d. Three of the
carrier head systens receive and hold substrates and polish them by
pressi ng them agai nst the polishing pad 32 on platen 30 of polishing
stations 25a-25c. One of the carrier head systens receives a substrate from
and delivers the substrate to transfer ation 27. The four carrier
head systens 70a-70d are nmounted on carousel support plate 66 at equal

angul ar i nt2Faal 25hband 25¢ousBhe axrashiig Leat tenporxinse theossbsbrates

carousel My oy T aLgLeeLAE 638 Pl ohURgOBLaRl Ghec B0aaaEhbe OTDI L (e

carrier Sys subStrates _attached thereto,_ about

carousel axis 64. A rotatablenmudtii-Beage s3ropeedmcPoadst RPsitdaness a

pol i shing ofp&SpsrishebendchPe FAsd 22! 1i Carbesdl 160 isdsappeeptlybyohat es
about its own axis, and_inde endentl% IaterallgEOSC|llates I n,a radial slot
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one-quarter oftcher 68%. There is. o carrie€ diivg ggaft and_not or gor
each head. P°% BUPRPFFRgat 2EPWEeD SURPORT ilehleP 68708t 2cEPBtEef 360
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slide 80 aligns, al ong _one _of the ragla% slots, 72 gnd noves freely along a
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assenbl i es Hragketrasehfradi ahdsdeliv@rsotheppabsteacs gbi deafiffer As
shown in Fﬂé%%tgo%n97§, each |linear bearing |

The four carrier head systems 70a-70d are mounted on
carousel support plate 66 at equal angular intervals about
carousel axis 64. Center post 62 allows the carousel motor
to rotate the carousel support plate 66 and to orbit the
carrier head systems 70a-70d, and the substrates attached
thereto, about carousel axis 64.

Each carrier head system 70a-70d includes a
polishing or carrier head 100. Each carrier head 100
independently rotates about its own axis, and independently
laterally oscillates in a radial slot 72 formed in carousel
support plate 66. A carrier drive shaft 74 connects a
carrier head rotation motor 76 to carrier head 100 (shown by
the removal of one-quarter of cover 68). There is one
carrier drive shaft and motor for each head.

Referring to FIG. 2, in which cover 68 of carousel
60 has been removed, carousel support plate 66 supports the
four carrier head systems 70a-70d. Carousel support plate
includes four radial slots 72, generally extending radially
and oriented 90° apart. Radial slots 72 may either be



assenbly includes a rail 82 fixed to carousel support pl ate 66, and two
hands 83 (only one of which is illustrated in FIG 3) fixed to slide 80 to
grasp the rail. Two bearings 84 separate each hand 83 fromrail 82 to
provi de free and snoot h novenent therebetween. Thus, the linear bearing
assenblies permt slides 80 to nove freely along radial slots 72. A
bearing stop 85 anchored to the outer end of one of the rails 82 prevents
slide 80 fromaccidentally comng off tiee end of the rails. One of the arns
of each slide 80 contains an unillustrated threaded rece|V|ng cavity or nut
fixed to t hﬂ@e-dmd@r(as sshpen bl orreperrtended caddte el t9L oPuUPRPrEecei ves

a_wor m gear é&@é f’éﬁ eé‘l@é’té’dﬁ afR dRdiadg angbpdAt 051 1BLLT 887

nmount ed on “car ous notor 87_turns. | ead screw 86,
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support plate 66. '
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(hereinaf t eg4 c4d éfété(eéélcheﬁsﬁaegbtﬁrémnﬁéﬂ a2 wmh&éafraabaﬁad 93c
may be connected to fluid I] 92a, 92b ectivel Thre
pressure sefRAET JPORETRGRE éﬁare’%%waﬁ’a gg‘gh‘h%‘y the eﬁﬁﬂ%%fegegﬁl??w d lines
92a, 92b argksshbliesppetmiel ylideat 80l tabheve of vesl P8al o8gbradda®8c may be
connect ed a0f§§s ge fluid Iines between pressure gauges 96a, 96b and 96¢

and
A bearing stop 85 anchored to the outer end of one

of the rails 82 prevents slide 80 from accidentally coming
off the end of the rails. One of the arms of each slide 80
contains an unillustrated threaded receiving cavity or nut
fixed to the slide near its distal end. The threaded cavity
or nut receives a worm-gear lead screw 86 driven by a slide
radial oscillator motor 87 mounted on carousel support plate
66. When motor 87 turns lead screw 86, slide 80 moves
radially. The four motors 87 are independently operable to
independently move the four slides along the radial slots 72
in carousel support plate 66.

A carrier heéd assembiy or system, each including a
carrier head 100, a carrier drive shaft 74, a carrier motor
76, and a surrounding non-rotating shaft housing 78, is
fixed to each of the four slides. Drive shaft housing 78
holds drive shaft 74 by paired sets of lower ring bearings
88 and a set of upper ring bearings 89.

A rotary coupling 90 at the top of drive motor 76
couples three or more fluid lines 92a, 92b and 92c¢ to three



punps 93a, 93b and 93c, respectively. Punps 93a-93c, pressure gauges
- 96a-96¢c and val ves 98a-98c may be appropriately connected to a
general - purpose digital conputer 99. Conputer 99 may operate punps 93a-93c,
as described in nore detail below, to pneumatically power carrier head 100
and to vacuum chuck a substrate to the bottomof the carrier head. In
addition, conputer 99 nmay operate val ves 98a-98c and nonitor pressure
gauges 96a-9.6c, as described in nore degtail below, to sense the presence
of the substrate in the carrier head. In the various enbodi nents of the
carri er heagrdmseei bhdnhel swo4the 9pbnpadr 8dwi, nresppcedvedyt hensdmevel ui d
lines, altho t fu Lon r pos y n
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transfers tGPHRECERBnEPNELY ioegs P28 R Sverespectively
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shaft 74 tocarrier head 100 and to vacuum-chuck a substrate to the

bottom of the carrier head. 1In addition, computer 99 may
operate valves 98a-98c¢c and monitor pressure gauges 96a-96c,
as described in more detail below, to sense the presence of
the substrate in the carrier head. In the wvarious
embodiments of the carrier head described below, the pumps
remain coupled to the same fluid lines, although the
function or purpose of the pumps may change.

During actual polishing, three of the carrier heads,
e.g., those of carrier head systems 70a-70c, are positioned
at and above respective polishing stations 25a-25c. Carrier
head 100 lowers a substrate into contact with polishinglpad
32, and slurry 50 acts as the media for chemical mechanical
polishing of the substrate or wafer. _

Generally, carrier head 100 holds the substrate
against the polishing pad and evenly distributes a force
across the back surface of the substrate. The carrier head
also transfers torque from the drive shaft to the substrate



rotate therewith about an axis of rotation 107 which is substantially
perpendi cul ar to the surface of the polishing pad. The | oadi ng mechani sm
108 is positioned between housing 102 and base 104 to apply a load, i.e., a
downward pressure, to base 104. The vertical position of base 104 relative
to polishing pad 32 is also controlled by |oading nechani sm 108.
Pressurization of a chanber 290 positioned between base 104 and substrate
backi ng assenbly 112 generates an upwa 9 force on the base and a downward
force on the substrate backing assenblg The downward force on the
substrate tm'akletgﬁlamrﬁhqt prfessﬂdosmtsﬁjbh¢%t@0ﬁg%\lmtf1€% brieatiing pad.

The substr Fasfitd e éggﬁqa.support structure 114, a
flexure 11 1gonnectﬂ%rbetween suE &%t structure_ 114 and hase 104, and a
flexi bl e nenbrane Re§ezsAREctOdFLS-s@ppSrrrierufiedde 1994 inpludesed bl e

menbr ane 1%@&%@@&@%&@;@4 & rgibd B dddhaniPhrovosle & mmn@g
surface 274 for the substrate. Each of IheSflglenegts vmﬁltbetezg akned in
greater det™¢ hapisgy, 108, a retaining ring substratgq Sac
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of base 104 Lnc| udeg. A0, AN BbuE S5E58x18% s £oPBEEBHC1470uHBERCERNECT @
substantially perpendicular to the surface of the polishing
pad. The loading mechanism 108 is positioned between
housing 102 and base 104 to apply a load, i.e., a downward
pressure, to base 104. The vertical position of base 104
relative to polishing pad 32 is also controlled by loading
mechanism 108. Pressurization of a chamber 290 positioned
between base 104 and substrate backing assembly 112 .
generates an upward force on the base and a downward force
on the substrate backing assembly. The downward force on
the substrate backing assembly presses the substrate against
the polishing pad.

The substrate backing assembly'112 includes a
support structure 114, a flexure 116 connected between
support structure 114 and base 104, and a flexible membrane
118 connected to support structure 114. The flexible
membrane 118 extends below support structure 114 to provide
a mounting surface 274 for the substrate. Each of these
elements will be explained in greater detail bélow.



top surface 152 of base 104 to annul ar recess 154. A fixture 174 may be

I nserted into passage 152, and a flexible tube (not shown) may connect
fixture 133 to fixture 174. The base 104 nay be fornmed of a rigid materi al
such as alum num stainless steel or fiber-reinforced plastic. , A

bl adder 160 may be attached to | ower surface 150 of base 104. Bl adder 160
may i nclude a nenbrane 162 and a clanp ring 166. Menbrane 162 may be a thin
annul ar sheet of a flexible material, sugh as a silicone rubber, having
protrudi ng edges 164. The clanp ring 166 may be an annul ar body having a
T-shaped cross-secHougitgd 1iorcligdgegewahdy thFculam unalshiapeotta apped

hol es, spaced at equal, angul ar. i nt-er cal edei h upface
of the cl arﬁ?’ﬁ?ﬁ)‘.’&’fﬁet%o 3 énlalilc loar%a(%)ots)lﬁ%%ahglc%mgf ttgh%e%ﬁfrjl%e?%%écﬁénp
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of FIG 6A),, Claqg réﬂg 166 seal s qgg%rane 162 to_ base 104 to fe%'nﬁ %

vol ume 170.93RMR%E¢¥ (ERaptRe JPRsD BRI bughPe | BapsiRdgPi8Beahdli s

al i gned w trhaypassageuid2lowebaseb it fon 26 nand 7Be naff bredsed tppeeal the
connecti on ,bet ween S 156, age 172. Punp 93b (see FIG

3) may be éb é%?%%f$§ g?§d52?b€%%53¢§§f|uid | ine 92b, rotary coupling 90,
channel 94b in driwa saiuilaz4 cushdeongad213mayn beoaditeghe@l, fidre dxtampls o

t ube (not , | 4. S : ] ring
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punp 93b evaghat eehé| dbdnia B ¥BAWEE dff Obasdenod| adder 160 will contract.
ro S ogussed el ow AU 00 Mk, ieed 0 ML P SIEL G prgosur et
106 perm t shémeet AOHot10ingveoi t lA lower surface 150 of base 104
includes an annular recess 154. A passage 156 may connect a
top surface 152 of base 104 to annular recess 154. A
fixture 174 may be inserted into passage 152, and a flexible
tube (not shown) may connect fixture 133 to fixture 174.
The base 104 may be formed of a -rigid material such as
aluminum, stainless steel or fiber-reinforced plastic.
A bladder 160 may be attached to lower surface 150
of base 104. Bladder 160 may include a membrane 162 and a
clamp ring 166. Membrane 162 -may be a thin annular sheet of
~a flexible material, such as a silicone rubber, having
protruding edges 164. The clamp ring 166 may bé an annular
body having a T-shaped cross-section and including wings
167. A plurality of tapped holes, spaced at equal angular
intervals, are located in the upper surface of the clamp
ring. The holes may hold bolts or screws to secure the
clamp ring to the base. To assemble bladder 160, protruding
edges 164 of membrane 162 are fit above wings 167 of clamp

ring 166. The entire assembly is placed in annular recess



respect to housing 102 so that the base may remain substantially parallel
with the surface of the polishing pad. G nbal nmechani sm 106 incl udes a
ginmbal rod 180 and a flexure ring 182. The upper end of ginbal rod 180 fits
into a passage 188 through cylindrical bushing 142. The | ower end of gi nbal
rod 180 includes an annular flange 184 which is secured to an inner portion
~of flexure ring 182 by, for exanple, screws 187. The outer portion of
flexure ring 182 is secured to base 104 bﬁs for exanple, screws 185 (not
shown in FIG 4, but one screwis shown imn’the |eft -hand side of the
cross-sect il \Cwpiring 164)mays heaseroredsto egee| 108 D¥r 8FE8WBY al ong

passage 188 &0 LAt D3SEn1P4 FRY. NBYepyerbheabbyew 18 éﬁéaﬁ%nt ehBOysikRY
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the central_ axis of ginbal_ rod 180. sa 196 connec surf 134
of housi ng hifb 12% Y%rEﬁﬁﬁ%ePa§§6geC£?§nﬁggfﬂasnﬁﬁrﬁﬁgée?fgﬁ orf89egggs
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| oadi ng meche ﬂ§%1&%%d %ﬁ Q?%%d?ﬁe SgghgﬁﬁéégiﬁgFﬁggg égéﬁgﬁgegggog ocat ed
bet ween housdsepd®21d2d base 104. Chanber 200 is fornmed by sealing base 104

to housing 102. ThesgalgdCldules iR diAPHAI ML Conrdikddd &0 YHB&ENg 204,
and an outer clanp ring_206. D aphragm 202, which may be fornmed of a sixty

ml thick st$9 céhe Eih'éa-;fl ligeq83 rarpyaryngogﬁéb@a 9% t fhanpedt SAPddPe
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202 to base, 194, Qui&h §h2HPr"! Pe8000h GmeeE Y08 ehenPBEEaddS 160 will
expand downwardly.  On the other hand, if pump 93b evacuates
fluid from volume 170, then bladder 160 will contract. As
discussed below, bladder 160 may be used to apply a downward
pressure to support structure 114 and flexible membrane 118.

Gimbal mechanism 106 permits base 104 to move with

respect to housing 102 so that the base may remain
substantially parallel with the surface of the polishing
pad. Gimbal mechanism 106 includes a gimbal rod 180 and a
flexure ring 182. The upper end of gimbal rod 180 fits into
a passage 188 through cylindrical bushing 142. The lower
end of gimbal rod 180 includes an annular fiange 184 which
is ‘secured to an inner portion of flexure ring 182 by, for
example, screws 187. The ocuter portion of flexure ring 182
is secured to base 104 by, for example, screws 185 (not
shown in FIG. 4, but one screw is shown in the left hand
side of the cross-sectional view of FIG. 6A). Gimbal rod
180 may slide vertically along passage 188 so that base 104
may move vertically with respect to housing 102. However,



for exanple, by bolts (not shown), to hold the outer edge of di aphragm 202
agai nst the top surface of base 104. Thus, the space between housing 102
and base 104 is sealed to form chanber 200. - Punp 93a (see FIG 3)
may be connected to chanber 200 via fluid |ine 92a, rotary coupling 90,
channel 94a in drive shaft 74, and passage 130 in housing 102. Fluid, for
exanple a gas, such as air, is punped into and out of chanmber 200 to
control the |load applied to base 104. lfigpunp 93a punps fluid into chanber
200, the volunme of the 17 chanber

wi Il incregiebald sk d 800 praventise anys et eadnveetiign odh hdee citerwitind, if

punp 93a p flui q“£1 faeR@ysber 200, the volume of chanber 200 will
decrease an §§gyf%2 mnsﬁlﬁg pul'l ed upwar di Quter clanp _ring 206
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annul ar ri hopdhaigndl42 substantially flat bottom surface 230. Wien fluid is
punped into chanbegs 20 S Y S d csLetaining ring
110 is al so pushed&gémgﬁg?gfgﬁtgoégéﬁeﬁaBFogggfoaggr?é %ﬁav%aESSZ. An i nner
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surface 274163@‘%%&&&@1@&4{&@& 2 Shbd At 2006 LSt M &) BOGRSS 234. The
retaining ring 1 reveqiitthe substrgte fromescaping the receiving

recess and RAUsHOEILZ And hase19%ad $HRehe? QUnst ripiEned hnsSeaking
Ret ai ni ng ba@e Wik rey Heugiade 1002 a2 Mehiel 9dabtincDides ceraiaphrag®r2ed,

Ret ai ni ng Qd“iﬁ%%%rgﬁéégfE%%é”fﬂhf‘énd an outer clamp ring 206.
Diaphragm 202, which may be formed of a sixty mil thick
silicone sheet, is generally ring-shaped, with a flat middle
section and protruding edges.

Inner clamp ring 204 is used to seal diaphragm 202
to housing 102. Inner clamp ring 204 is secured to base
104, for example, by bolts 218, to firmly hold the inner
edge of diaphragm 202 against hoﬁsing 102.

Outer clamp ring 206 is used to seal diaphragm 202
to base 104. Outer clamp ring 206 is secured to base 104,
for example, by bolts (not shown), to hold the outer edge of
diaphragm 202 against the top surface of base 104. Thus,
the space between housing 102 and base 104 is sealed to form
chamber 200.

' Pump 93a (see FIG. 3) may be connected to chamber
200 via fluid line 92a, rotary coupling 90, channel 94a in
drive shaft 74, and passage 130 in housing 102. Fluid, for
example a gas, such as air, is pumped into and out of
chamber 200 to control the load applied to base 104. If
pump 923a pumps fluid into chamber 200, the volume of the



base 104 by, for exanple, bolts 240 (only one is shown in this
cross-sectional view). The substrate backing assenbly 112 is
| ocat ed bel ow base 104. Substrate backing assenbly 112 incl udes support
structure 114, flexure 116 and fl exi ble nmenbrane 118. The fl exi bl e nenbrane
118 connects to and extends beneath support structure 114.
18 Support structure 114 includes a support plate 250, an annul ar
| ower clanp 280, and an annul ar upper chanp 282. Support plate 250 may be a
general ly di sk-shaped rigid nmenber. Support plate 250 nay have a generally
pl anar | oweth#midoe P56 ndrdase dowhvieasd QY ofickck ib@ pmqhezm at its out er

edge. A pluralit ap S t
pl ate 250 c%??ﬁé%%ﬁ‘#gﬁ 05\%% l{-’;hﬁerfoztgie Jgggarfcié elrju_jl} eé surf eg%%n annul ar
groove 262 m(ia)/cllcmnb@r & i rtheppmlung f@fc@@nb%a‘w@ HélJeJdgcéeQﬁeQﬂ*% agpor t
pl at e. Sup @41%%12 )éphgq%&)r,[ﬁggfghﬁl um num or stainless steel.

rane |

Fl exi bl e rre rcu sheet Tormed of a flexible_and el astic
mat eri al', such as Quﬁ?ghf:é@mﬁngﬁﬁgs?PﬁcéﬁéOr dpEeidere A5 4r¥aTr8dYmay have a

lor ot rudi ng Ok} ﬁﬂa&l, éﬁl%égwmﬁ7&%r§d@®&éﬂ§hdd§n@gtﬁmis angennd a
ower corner ppor t at e war roun out er
cylindri cachkP%Péef fPJf?%S%{ﬁfScﬁ’%éQ? 1@‘2&“‘?\%\% %‘? YR ohY upper
surface 2541nﬁm1ycbf@3@dgm§7ﬂaﬁgmmm ditBe ayl &mp rmg) 2000albu262.
The edge of _fl.exi bl r | 2, and
support pla "é %gﬁ%}) &g%’eé‘tqtﬁr%&o]? &9‘7{’@& tlL‘g %’F%is may %‘g f or med
at the apprhxwamdbqum;eecmingmﬁﬂ:ﬂm 2_1163 alme @@Wt%ﬁe@ #laiebd tbout one
to ten mll gﬁ%éﬁggtgelggbhtg sense the
presence ofﬁﬁ% sub%ﬁgri A5 %&éﬁﬁ%? exure 6 I's a gener al?y pl anar
annul ar ri rdlaphesgme2026 i3 thexeareien Rerdvertical direction, and may be
flexible or rigid iRethhfihgdirahgand ot aageBbel Fecilive’T Htothe Hme&ate@rgeal of

flexure 116 ksbggéefégd tthkafhlng ring 110 is a generally annular
ring having a substantially flat bottom surface 230. When
fluid is pumped into chamber 200 and base 104 is pushed
downwardly, retaining ring 110 is also pushed downwardly to
apply a load to polishing pad 32. An inner surface 232 of
retaining ring 110 defines, in conjunction with mounting
surface 274 of flexible membrane 118, a substrate receivihg
recess 234. The retaining ring 110 prevents the substrate
from escaping the receiving recess and transfers the lateral
load from the substrate to the base.

' Retaining ring 110 may be made of a hard plastic or

a ceramic materlal Retaining ring 110 may be secured to
base 104 by, for example, bolts 240 (only one is shown in
this cross-sectional view).

The substrate backing assembly 112 is located below
base 104. Substrate backing assembly 112 includes support
structure 114, flexure 116 and flexible membrane 118. The
flexible membrane 118 connects to and extends beneath
support structure 114.



a duroneter measurenment between 30 on the Shore A scale and 70 on the Shore
D scale. The material of flexure 116 may be a rubber such as neoprene, an

el astoneri c-coated fabric such 19
as NYLON err] or NOVEX[err] a plastic, or a conposite material such as
fibergl ass. The space between fl exi ble nmenbrane 118, support

structure 114, flexure 116, base 104, and gi nbal nechani sm 106 defi nes
chanber 290. Passage 196 through gi nbal 1&d 180 connects chanber 290 to the
upper surface of housing 102. Punp 93c (see FIG 3) may be caonnected to
chanmber 290 via f| §UPHILYe SEXBCtgEady 4cdRRUdPDd UPRMH RIALS 23R ve

shaft 74 angh passausr 196wep gishg! 2600 488 ahf aptupaP3apbercesampl bobd, for
exanpl e a gas, such as air, into chanber 290 thagﬁ#be volane.of t he

chamber wi [FUPPRFEBLAER2PP 2P| R R rBrPaREa 1Y ghapPsHc EdIdGwnwar di y.
On the ot hakertssd. | Suppopt IpTaty aZzs@t sy ahavér angeharhtly?flantliredotee

vol unme of the gchanb W lL]. decrease a the r cane.wi.l L _bhe_forced

upwar dl y. |?u¥§a%ﬁv§5§a8éghsatéPﬁQ%a53g%§PF8$§§?5ﬁﬁa%¥% FP%UF& %ggause a
gas i s nor eoutapredgebl eA pluralififeof ocamperturéacaéof mayerkbeadnenbr ane 118
provi des a | u 74. | I SARN . rat S

posi tioned ?%yg%%gg%gtéﬁ?éggﬁvéu re%ggégg%4ﬁaft%o?ﬂggggégsggéggf t he
substrate pasrfaoaedSaghPnar whRehvsWrfagesgbPfaceANTRENEYGE GFOPNE 262

substrate ngy, CRAt Eéhéaeiﬁahﬁgéﬂ §8r288e0b53UpRAKt theNBagdd oEhEaegh
flexible nmenbrane 118.

center of fFERPHFE H%ﬁﬁ?aneSEEBgﬁguggégg %éﬁL%ﬁ§££80f°Cha of 230,,the i
y 0 | FORRGS QI BdUHESWE | i p
258. |If theoﬁagkaiﬂgggé gbgegubstrate i s placed agai nst nDunting sur face
27 s en he oxt et Sidle WSyt 1 TR A e 40 258 Shest 8 @
(see FIGS. &AfheribAg. andhedabbiepmasevial poskeh macauhighuelksength
o o0 LB EhBbebe Chenbeane  £1FRpOPREVPL LSpUb il SR
edge 270. A portion 272 of membrane 118 extends around a
lower corner of support plate 250 at lip 258, upwardly
around an outer cylindrical surface 268 of the support
plate, and inwardly along upper surface 254. Protruding
edge 270 of membrane 118 may fit into groove 262. The edge
of flexible membrane 118 is clamped between lower clamp 280
and support plate 250. A small aperture or plurality of .
apertures may.be formed at the approximate center of
membrane 118. The apertures may be about one to ten.
millimeters across, and are used, as discussed below, to
sense the presence of the substrate.
' The flexure 116 is a generally planar annular ring.
Flexure 116 is flexible in the vertical direction, and may
be flexible or rigid in the radial and tangential
directions. The material of flexure 116 is selected to have
a durometer measurement between 30 on the Shore A scale and
70 on the Shore D scale. The material of flexure 116 may be
a rubber such as neoprene, an elastomeric-coated fabric such



_receiving recess 234 with the backside of the substrate

20.- abutting nmounting surface 274 of flexible nmenbrane 118. Punp 93b punps
fluid into bl adder 160. This causes bl adder 160 to expand and force support
structure 114 downwardly. The downward notion of support structure 114
causes lip 258 to press the edge of flexible nenbrane 118 agai nst the edge
of substrate 10, creating a fluid-tight seal at the edge of the substrate.
Then punp 93c evacuates chamber 290 to §eate a | ow pressure pocket between
fl exi bl e nenbrane 118 and the backsi de O0f substrate 10 as previously

descri bed. ggnﬁg NDB'EDNgﬁﬁxIﬂ'U”BSEﬁh‘ét@coubroﬁ ebapbes t20malt@ Hilfit Rase

104, substrate |ng assenn and substrate 10 off a pol i shing pad
or out of thR& f#éﬁ§9@ﬁs§tat|on Carousel 60 then, for exanple, rotates the

Cﬁr ;ﬂl)er gggd t0I a prhé Sépdde Shetween PLEPiI9Ga :ﬁémrl af:ﬁécmssa éhppdrtggg
chanber to |l ower t strate ot i shin

evacuat es vEFGHETYFEE &g%thgﬁeﬁp§&d&&%16gaﬁ8 ﬁgﬁ PngpSPﬂEE -
pressure toilggpherftinets ahiamberl 24 0and Palsasigel e%enhlranghlg&mbamaidd/ 18unp
93c may pu a_gas in I I trate
10 for t hen§8ﬁngﬁi%|’°i’g c&%g%@%@% %%Tth% g)f: %}1% us ofﬁ' kl%%%ltn%e%t

i nventi on i PuoppaBlce (Sleed FIEGt 3Ng Webleelcoamsabgﬁr &Dechgﬂ]hefmé?rﬂfly eitat ached

to carrier BgadslqQnel fsz@ezG@xgp ?tlliigd@becbﬁahﬂéﬁ @bra- SYbHFAlL |8

missing or i inproperly attach the Carrier head operator may be
al erted andspaffits AtnGnsh ®2E2ees 1%1%9&6%’@%&@9&1%9 haIItfedPumP 93¢ The

CVP appar at ggridey SCFIQIE)ee esample ahers, 1@Qc$1U@.%e&S.fﬁJ| |l ih tod wstkeab d he
substrate as foll Af ter .punp evacuat es ch 290 to create | ow
pressure poéR&r §%§nbépﬁbgﬁlﬂ °%3% ﬁ%@§%@rifé &nFﬁ@aﬁﬁﬁﬁg? e of
substrate 1Elepriddsuiendrape 968 willske tforredsdoenwhedivesswOre the chanber
290. other hand, if pump 93¢ evacuates air from chamber 290, then
the volume of the chamber will decrease and the membrane
will be forced upwardly. It is advantageous to use a gas
rather than a liquid because a gas is more compressible.
The lower surface of flexible membrane 118 provides
a mounting surface 274. During polishing, substrate 10 is
positioned in substrate receiving recess 234 with the
backside of the substrate positioned against the mounting.
surface. The edge of the substrate may contact the raised
lip 258 of support ring 114 through flexible membrane 118.
By pumping fluid out of chamber 290, the center of
flexible membrane 118 may be bowed inwardly and pulled above
lip 258. If the backside of the substrate is_placed against
mounting surface 274, then the extension of the flexible
membrane above lip 258 creates a low-pressure pocket 278
between the substfate and the flexible membrane (see FIGS.
5A and 6A). This low-pressure pocket vacuum-chucks the
substrate to the carrier head. '
A CMP apparatus utilizing carrier head 100 may
operate as follows. Substrate 10 is loaded into substrate
receiving recess 234 with the backside of the substrate



21 ) Referring to FIG 8A, chanber 290 is initially at a pressure
Plerr]. Then punp 93c begins to evacuate chanber 290 at a tine T[err]. On
the one hand, if the substrate is properly attached to the carrier head,
substrate 10 will bl ock aperture 276 and punp 93c will successfully
evacuat e chanber 290. Consequently, the pressure in chanber 290 will fal
to a pressure Plerr]. If the substrate is not present or is not properly
attached to the carrier head, then aperture 276 will not be bl ocked, and
air fromthe anbi ent atnosphere will |eakli nto chamber 290. Consequently,
pump 93¢ Widhduttindancitteind faonfded et y4 eyhcEihéribhanhenb?dfe BIgl. t he

pressure in cha r 290 w only fall,te.a p surg Plerr] which i

greater th}ﬁ‘mﬂﬁ 23;3331r%ur?‘fserﬁl‘.‘lél]’h%.‘%?(a}aag‘%?ﬁe%g@f p'rﬁel"s u?%ésf’fe?fﬁlc,ﬁﬁferr]
and P[err] spam exuand hndffordensyppdrpuspregunadlisedevaeandlypert ure
276 and ch Ao | t r {4 pe S e e
96¢C neasures ﬁ% pré?%ﬂ?gﬂg%nFﬁﬁgggiéggﬂdééﬁﬁggﬁﬁgcﬂgﬁbg?ugég,fg% %gﬁgg

T[err] aft &0 toeesRunphe edge ohtetexibhpunerbuanepl lcagrbashntle edae

conpar e the HrAast Lat@aps!f esh-&y/e Oi s&uwugaueggﬁécséalaathtﬁéh@agepéessure
Pl[err] which is hetween pressures and Plerr ropriaie

err ]., An_app
t hreshol d pPrR&sSIHRSEIRES] nERPHPYER of 1T nSH2ER E??n‘éh??ﬂ’?g.z? tRe pressure
measur ed bycgsage D6Lowsphessrd hvecket doptwestir £1&keblé tb@Prahei $18ssunmed

t hat -‘the substrate . s .chucked.to the carriger_head and the polishin rocess
may proceeaa.n‘i)ﬁ?%eb%?]ﬁ%lr&%a%%,sﬁﬂfs’f’ﬁ%t%r%Qsﬁ?epﬁ%‘é%all’lggybgeﬁ%ﬁ?@e&ig is .
above t hr estichall iy espeme Fj@rpymps hf bupd ooutest aphawdera2dontohhifthe
substrate iy, [0ty @ Cebetals HOLK P psggxmggggfgggt%ﬁdt bepLepLter 1pead.

In the alternate enbodi ments o e carrier e present rnvention
di scussed i@ rekheing \padh eHIPEt AL f thet FoaRsEeropbabieBAs will be

referred tcaddllssi Ngd e-19én dOED) CoRAMPEE I beaLASCLRENBEEBielkThaddi £b0R, i N
the enbodi nents dj scussed, bel ow, alt NOuGh, pregsure SENSOTos ineo
chamber 200 to lower the substrate 10 onto the polishing
pad. Pump 923b evacuates volume 170 so that bladder 160 no
longer applies a downward pressure to support structure 114
and flexible membrane 118. Finally, pump 93¢ may pump a gas
"into chamber 290 to apply a downward load to substrate 10
for the polishing step.

The CMP apparatus of the present invention is
capable of detecting whether a substrate is properly
attached to carrier head 100. If the CMP apparatus detects
that the substrate is missing or is improperly attached to
the carrier head, the operator may be alerted and polishing
operations may be automatically halted. |

The CMP apparatus may sense whether carrier head 100
successfully chucked the substrate as follows. After pump
93¢ evacuates chamber 290 to create low pressure pocket 278
between flexible membrane 118 and the backside of substrate
10, pressure gauge 96c is used to measure the pressure in
chamber 290.



22 96a-96¢ remain coupled to fluid |ines 92a-92c, respectively, the purpose
or- function of the pressure sensors may change. Referring to FIG

5A, flexible nenbrane 118" of carrier head 100 does not include an
aperture. Rather, carrier head 100" includes a vent 300 between chanber 290
and the anbi ent at nosphere. Vent 300 includes a passageway 302
formed in flexure ring 182', a passageway 304 fornmed in base 104', and a
passageway 306 formed in outer clanp ring;206'. Vent 300 may al so include a
check valve 308 to prevent fluid fromexiting chanmber 290. Check val ve 308
may be | ocated bet re€erirdng t64FIandsayt ehaabenrp 200ndLAGitiAIdWMGLE a

pol i shing, when 93c e 29Q, ' e,
passagewayﬁgﬁﬁFS&ﬁ%m%aloséﬁﬁﬁéééaéé.§383 %Bfﬁ% ggeﬁggggghghgbgﬁﬁgkp?ggsure
i n chanber #9(G rieime MB,condnarlhe one handuppbrthel gubspsetendy i ncl ude a
| arge cent ?’-1%12%’?& 3 Eratdibd ac sk hepes] &r %@c‘i‘t ré‘ul@@fi‘a@gzlﬁ’fw?f sage

196. As di w, flexible nenbrane 118' may lect up g
t hrough ap&Qfle 2DerEwre|dLe a BUMRr93a29il} rﬁ‘éﬁﬁ?‘f’?gﬁlllﬂ %mg‘é? €not

shown) may dearbéchesl, tQ‘_‘dri'ﬁécﬁiériﬁmyﬁUﬁlﬁécﬁr@ésﬁféxﬂﬁechaﬂﬂﬁeﬁ829o Thell
di rect cont act bet nd flexure ring

te,250
185 and pr FAUBSES GAFTHTE Fue-t oL | GRET PURPEREERqLEaPoR0PTEBSE: BT por
322. i\ P pppperlivsatisachedaro i e heaxdr 160’ heads esheheabertﬁhe

substrate has heey sugeasstuldycchucked Lo theogarl ebead as hollgus, The

substrate i% 1 at e’ recei ving frecess
backsi de ofwxlﬂe h@@swm@ crankex 2 Munt Forseauently 2 7aumpuipc %clbvaotlat es

chanber 29G,d GBI E%S é&xﬁﬁﬁéﬁw&mt% A{&ubet V889, f LRI PhE PP ﬁ?
118" and subpstrate ._Pressur€ gauge 96c neasures the ressure IL.n chanber
290 to dete#?n?k?@@@%fﬁﬁo will only fall to a pressure P,, which is

greater than pressure P,,. The exact values of pressures
P,,, P,, and P,, depend upon the efficiency of pump 93c and
the size of aperture 276 and chamber 290, and may be
experimentally determined. Pressure gauge 96c measures the
pressure in line 92c¢c, and thus in chamber 290, at time T,
after the pump is activated. Computer 99 may be programmed
to compare the pressure measured by pressure gauge 96c to a
threshold pressure P,; which is between pressures P,, and P,.
An appropriate threshold pressure P,, may be determined -
experimentally. If the pressure measured by gauge 96c is
below threshold pressure P, then it is assumed that the
substrate is chucked to the carrier head and the polishing
process may proceed. On the other hand, if the pressure
measured by gauge 96c is above threshold pressure P,r, this
provides an indication that the substrate is not present or
is not properly attached to the carrier head.

In the alternate embodiments of the carrier head of
the present invention discussed below, elements with
modified functions or operations will be referred to with
single or double primed reference numbers. In addition; in
the embodiments discussed below, although pressure sensors



23 the substrate was successfully vacuum chucked to the carrier head.

As: shown in FIG 5A if the substrate was successfully vacuum chucked,
flexible menbrane 118" is maintained in close proximty to substrate 10 by
| ow pressure pocket 278. Consequently, air may flow into chanber 290

t hrough vent 300 as punp 93c attenpts to evacuate chanber 290. As shown in
FIG 5B, if the substrate is not present or is not properly attached to the
carrier head, then nenbrane 118 w | deflzct through aperture 320 and be

pul | ed against a | ower surface_324 of glnbal rod 180 to cl ose entry port
322 of pass2@@a-266. remain cpupledi kg fOuUEPGliBgs ERaTHer: 2§@SP§CtHVFﬂXIIy

at a preSSU£nePbatpbsePu&pfaaetbeﬁl65 theepaéuaheech@ﬁb@&SZQanbhhh@é Tho.

If th bstrat tt head t

pr essﬁrzumssagﬁr gdl E‘%}%‘gﬁ’g’%‘% < \m] f&f'l éjret?ﬁ’t ‘%L"E%‘P%e%f ?E{]og pressure
Plerr]. If taersebsheatie108’'ndbeprrseninolude ampa@p&thyeattaahhérto t he
car 1 e NeAdarthEl LRAPIBRS UG AOIRASY' EUvBN-0308 LRk Libiler BOY

pressure P[ér ure ince air may | ea
t hr ough ven@ndochefamgeegubstmasphesepresent pressure P[err] is greater

than pressure P[errfant 300 1né¥uggg<a'ﬁ%g PE @9 f9IRIg t o conpare the
pressure neasured by gauge 96c at tinme T|err af er activation of punp 93c

to a threshblexpressdng PPérr] 2 Ppsepgelr¥s3te framed @ bpsgadgé ' 96ands
greater thaa pagsaaé@abobdspf@&méaelﬁ[@ﬁtkr tlap asngmedet-hat viehe 300
substrate is_chucked.to.the carp t he O|IShIn o
conti nue noPA¥l Ry SOotnERY StﬁeF iVetﬁgsngs e S g&%&& %foﬁhuge 96¢
i's !ess_thaexibmnghchambbd psessuCheEkevalvetBescawpuberlbha&eﬁsb&mween
Lﬂglggﬁl?gr %eadiegr2§g§£é§E L?%iﬂﬁ ?Eﬁgfabs[err? %‘Pfér %hﬁgﬁéﬁﬁ &% to
the effici ePeppPoP3c pressurizes chamber 290, the air pressure in
' passageway 304 will close check valve 308. This ensures

that the pressure in chamber 290 remains constant.

Support plate 250’ may include a large central
aperture 320 located beneath an entry port 322 of passage
196. As discussed below, flexible membrane 118’ may deflect
upwardly through aperture 320 to close entry port 322. 1In
addition, a spacer (not shown) may be attached to the bottom
surface of flexure ring 182. The spacer prevents direct ;
contact between support plate 250 and flexure ring 182 and
provides a gap for fluid to flow from passageway 302 to
entrxry port 322.

A CMP apparatus using carrier head 100’ senses
whether the substrate has been successfully chucked to the'
carrier head as follows. The substrate is loaded into
substrate receiving recess 234 so that the backside of the
substrate contacts mounting surface 274. Pump 93c evacuates
chamber 290 to create low-pressure pocket 278 between
flexible membrane 118’ and substrate 10. Pressure gauge 96c
measures the pressure . in chamber 290 to determine whether



24 punp 93c, the size and shape of chanber 290, and the size and shape of

vent 300, and nay be determ ned experinentally. In order for carrier
head 100" to function properly, menbrane 118" nust deflect sufficiently to
bl ock entry port 322. The deflection of menbrane 118 depends upon the
di anmeter of aperture 320, the vertical distance that nenbrane 118 needs to
deflect, the elastic nodulus and thickness of nenbrane 118', and the vacuum
| evel in chanber 290. Aperture 320 may p® about 1.25 inches in dianeter,
t he di stance between bottom surface 256 of support plate 250 and the bottom
surface of fhexsubstragelsasnaycpesabulilylrecuymigsbugked teefbicae@rri®r may
have a thic%ggﬁs of 1/32 inch and a duroneter neasurenent of about forty to
forty-five on the Shore A scale, and the vacuum | evel in chanber 290 may be
about twenty-two t &= &ewn furFIGicRs off e FYPFETAKS WiEn aperture 274

is blocked grdcabestil 1 gnvheulini thaekiealiy faesn Hlkemapbi-hnee 1138 ‘ndts bl ocked.
Referring to FIG ILn an al ternate . nethod appar at us

. . 8C, |, of operating,a
i ncl udi ng c%?%?%?lﬂﬁgd1EOGE?SFhBrBFéE§GVétPnSV&FE%EtT7BBWEy Sgﬁﬁbasured to
ﬁetgrnipe ﬁﬁgé@@ﬁréhpo&kbstﬁaﬁe_wa&segueasi&ylhyrchaykégowoﬁﬁTe(ﬁhﬁ?hyr
ead. If t alternate ne is _use rrier ' need.not have a
vent 300. \/%?ﬁrré}q?ﬁghayep%i Slggl Fﬁ Bélmgtg cpﬁggse&%ggP%gr F]v,gcg‘lr? Sral ve 98b
is closed tchambhérvapOne A80showm pnefFIcr.e SBegulfatbe 88bstilter imumpto3c
‘evacuates c 2 : a r e 7 : xi bl e
paben 280 18 BbRALEOLRMR! ggt%gc%ggog% tné’Babelitaehdd s

menbrane 11 he backsi of “su ressure gauge 96b 1's used
to neasure thenpresbyase A18J| widl1deflastpliroysh apgalires 33Pamit o,

support strygiveq ad4ihstdaaWoweRVaiutifhcelRiza GFUGEMbANNHE 18w alo i ng 282
to press upwardly on nenbrane_ 162 and reduces the vol une of bl adder 160.

y
25 FLOSBLERFLY e PPEY 328 GfePAPS2EEACE to carrier head
Referring to FIG. 8B, chamber 290 is initially at a

pressure P,;. Pump 93c begins to evacuate chamber 290 at
time T,,. If the substrate is properly attached to the
carrier head, then the pressure measured by gauge 96c will
fall from pressure P,, to a pressure P,,. If the substrate
is not present or is improperly attached to the carrier
head, then the pressure measured by gauge 96c will fall from
pressure P, to a pressure P,,. Since air may leak into
chamber 290 through vent 300 if the substrate is present,”
pressure P, is greater than pressure P,;.

' Computer 99 may be programmed to compare the
pressure measured by gauge 96c at time Ty after activation
of pump 93c to a threshold pressure P,;. If the pressure
measured by gauge 96c is greater than the threshold pressure
Pyr, it is assumed that the substrate is chucked to the
carrier head and the polishing process may continue
normally. On the other hand, if the pressure measured by
gauge 96c¢ is less than the threshold pressure P,,, the
computer this is an indication that the substrate is not
present or is not properly attached to the carrier head.

Pressures P, Py, P,; and P, depend upon the efficiency of



100", the pressure in volunme 170 will rise to a pressure Plerr]. On the
other hand, if the substrate is not present or is inproperly attached to
the carrier head, nmenbrane 118 w | deflect through aperture 320 to cl ose
entry port 322 of passage 196. Consequently, sone fluid will be trapped in
chanmber 290, and chanber 290 will not reach as |ow a pressure. Since

support structure 114 will not be drawn as far upwardly and bl adder 160
will not be as conpressed, the pressurg neasured by gauge 96b will rise
only to a pressure P[err] which is less than pressure P[err]. If the

pressure ngamp Bdy thegeisshand ghape coft ghamber h?228horad peeseize Pl err]
It 1S assunggyt h@fsygﬁﬁrﬁéﬁ,'§n§P§&§2§et8eE@€mEﬁéa'@%p@?ﬁﬂeﬁ@&li??

pol i shi ng process %%y continue nornma the other_ hand, if the pressure
measured by gauge J8horderedon warnies MIRaSHAY Foe LIMCE Yo BrPPSFd Y

Cormutfr thﬁ&%}é%ﬁé\ ii\ﬂi Cﬁﬁé@ﬂdéﬂﬁécghguﬁﬂbéiéﬁt%ﬁyi 6qnblo@kgiéﬁﬂf%zpojrﬁ not
properly attached to carrier pead., rring to . in
anot her enﬁ%ﬁ?neﬁ?h%.%%g%%ﬂF%%?l9Paﬂ?ﬂafﬁﬁev§F52 §%BGP§S|BBBPe PBet ween
chanber 2903 afetv@t UGE dprtiabve2850thayvbetatal edsstpacei bhay | ocated in
a chanber 366 .forned r0ss .passage b L XLU a bl adder
160, Val v | hHESHSous) b8 ‘g?ﬁﬁméggz gfr’%%egf%ékéé 'E%?‘%‘égé%l% 4" 356.
Val ve st em @hckmysexofmienbranghlad’ apandutbe3sachunwkevet hanbehagbérand
chamber 290,48 T £3UEEuEENG2080ay. HE! ¥BoRECES B! ShendaOihSasafiaeetedehg L he
of “val ve" stem 352 an o] S

| ower end its 1n a shallow depression In a | ower
surface 360dbstanesupetvean bebtomTausEashaRREl 9L36UPPERF yPdAEecRBRNERd s

shown in t hen&reseeSRCELPRALe VoEVEDEXTLE r8AY TBY hayfBenBHoLB ibextee ring
182" surroundi ng, aperture 354 and val ve sten135ﬁ.tﬁpconne t Zh nber. 290 to
chanber 36614%aR%LS 8sPeRRY28E s BncMadeaNCafnblaF PFERgR 36 3§0§PFPoned

above flexusgd a durometer measurement of about forty 26 Eopgy-f82¢ on

charber 200cneaGaEkR FERETYaBA RS, RBISE Toguid haLeBbem 352uas ven

posi ti oned betakeutabwehfiy-fwange Beénsydfaureinchgs3df werchapbéinBgd.
when aperture 274 is blocked and about ten to fifteen ian
when the aperture is not blocked.

Referring to FIG. 8C, in an alternate method of
operating a CMP apparatus including carrier head 100’, the
pressure in volume 170 may be measured to determine whether
the substrate was successfully chucked to the carrier head;
If this alternate method is used, carrier head 100’ need not
have a vent 300. Volume 170 may initially be at a pressure
P, and valve 98b is closed to seal volume 170 from
pressure regulator 93b. After pump 93¢ evacuates chamber
290 to cieate low pressure pocket'278 between flexible
membrane 118 and the backside of substrate 10, pressure
gauge 96b is used to measure the pressure in volume 170. As
pump 93c evacuates chamber 290, support structure 114 is
drawn upwardly. This causes annular upper ring 282 to press
upwardly on membrane 162 and reduces the volume of bladder
160.



Spring 370 biases valve stem 352 downwardly so valve 350 is closed. Mre
specifically, Oring 368 is conpressed between annular flange 364 and
flexure ring 182" to seal channels 362 from chanber 366, thereby isolating
chanmber 366 from chanber 290. However, if valve stem 352 is forced upwardly
(as shown in FIG 6B), then Oring 368 wll no | onger be conpressed and

fluid my |l eak around the Oring. As such, valve 350 will be open and
chanber 366 and chanber 290 will be in 23uid connunication via channel s
362. Support plate 250" may incl ude a generally circul ar aperture

374 | ocat ed beneat BEvEPEtEaESs1pPl aBe PISPEYAY Gt g4 tBe ICGKE 1fe

menbrane 1lfyg “HYtl‘i’@fﬂn?éés&iFé/\/@ird'%hhﬁ@Uﬂ‘hc aPEIl UFEs@Tdot® Ppesswed ve 350.
A CMP appar at us |nclud|a€ carrie ? 00" E E whet her . t he subétrate has
been succesdbul | YrvEREUAFLRAE t oL F hEPEAPPPEFERES A Es7PhI PHRESD

substrate isgs fd;p@:enylatttm@mbtsmame cazmarngeaécasemnﬁmeolmat t he

backsi d f 1 trat t f t

bl adder 1607 f%?ﬁf%&?e S R e R R e A
Then val ve P8ésage c196ed Conseprently) agdee fboidreidpuke 93@9P¢dfimst
easureent plub0f PSESSULE AiiSLLTE0q T0:1 3 ABECTDICAEABSIO) Br essur e

gauge 96b c evacuat es 290 to create gressure pocket
278 bet weerpre.%surem wwwmw%mﬁtmﬁt%ﬁsnﬁtEllirh%ﬂ aPeedHREn as

measur enent ¢ 0f {HGa PAEY SEME BTad@HME6d7Rils ABEELEYasEaOS ﬁés@é@ssun@

gauge 96b. The first and se ond essure neasurepents y_be conpared to
det er mi ne WPESHBRTE {BSIFREST P %9§u3§QS§Firl§l§ﬁcﬂﬁﬂ§ Eﬂu%k%gg?%ufﬁe

carrier heap, which is less than pressure P,,. If the2pressure As shown in

R L T S s

pressure poRket i78s aﬁdumadvehaﬁothﬁlBUbgﬁmaﬁelnSiF§u§k§§e§0p§bet|on On

Fggrgggs{yhgg? Cﬁ%dﬁggﬁmﬁﬁﬁ A& pEPi shing"BroUBSE" AL LEnPRhuRT €Sent or is
normally. On the other hand, if the pressure measured by
gauge 96b is less than the threshold pressure P, the
computer this is an indication that the substrate is not
present or is not properly attached to the carrier head.

Referring to FIG. 6A, in another embodiment a

mechanically actuated valve 350 is located between chamber
290 and volume 170. Valve 350 may be at least partially
located in a chamber 366 formed across passage 156" between
fixture 174 and bladder 160. Valve 350 includes a valve
stem 352 and a valve press plate 356. Valve stem 352 may
extend through an aperture 354 between chamber 366 and
chamber 290 in flexure ring 182". Valve press plate 356 is
connected to the lower end of valve stem 352 and fits in a
shallow depression 358 in a lower surface 360 of flexure '
ring 182". Three channels 362 (only one channel is shown in
the cross-sectional view of FIG. 6A) may be formed in
flexure ring 182" surrounding aperture 354 and valve stem
352 to connect chamber 290 to chamber 366. Valve 350 may

also include an annular flange 364 positioned above flexure



carrier head, then when chanber 290 is evacuated, flexible nenbrane 118"

wi il deflect upwardly. The flexible nenbrane will thus contact val ve press
plate 356 and open val ve 350, thereby fluidly connecting chanber 290 to
chanmber 366. This permts fluid to be drawn out of volune 170 through
chanber 290 and evacuated by punp 93c. Referring to FIG 8D, vol une
170 may initially be at a pressure Plerr]. The first pressure neasurenent
is made at tine T[err] before punp 93c hegins to evacuate chanber 290. When
chanber 290 is evacuated at tine T[err]?6support structure 114 is drawn

tig\évar '?‘lhy ;kjl?scggges l@nh@%laailbe&pla% L: Agd%%mg plsﬁsmaypm%diqslmdmd)rane
is w reduce the vo adder e se I
measur enen®r PN Y@ éﬁe HHRR ‘#ge Pﬁﬁz%efegra é‘#ﬁgr £ eeaE1 dg\%g'c%ﬁ{a &d

| f the subgingt esis .pr dseridditdone AS@piremgi Bgoclmaaedbe emnsltm@nee?ductlon of
t he vol une_of bl adder h b ngr I8, I3lgge 170
nmeasur ed b9 5 683 G sqrp\r%&flsnr géﬁe#’]d 8 %%:a%l her %ﬁd"?)e\iﬁ
substrate Bpriog priésdimseshonlvel vsess0 Ses dopaad it 59 valves 36Mdist ed
from vol urTF 1568450 Mule tég%&ﬁ%%ﬁﬁge”%aﬂh%d I GG dld bdtveen

pressure P[err|. Therefor cond neasured pressure i s |larger than
the first poasdesd feanga 3st omd fdssvrs #1mgs 18&h tuEedsrahatnedifucked by

the carri epghegdontRMMder iFsd,heneaenyd 1@&5‘3&1@@ pieatEe 366 Sdnl er than
the first neasured pressure, t he S strlate r}’%tz bee succcf:ssfull
chucked by ChABbER A8~ ndigrever, 1f valve ste Srced tpwardiyy

Conput er 9qagysH¥wIPriGyFEI®d 68) S toied ma'mg) g ssiirle m:eabmngmerhes

conpare the pressure, nea rAYi

substrate \f/gg'pérﬁcgcses%ﬁﬂi&l\%amgd]u&%}ycﬁ%%k}é% %ﬁ%rﬂ%ﬁl% ‘sddi, For

carrier headli@0'3%0 Wil theorogam@ad whamher 366 Brst chamberefa 2 will

sufficienthy 4o oty %&ﬁ{;}tﬁﬁﬁaﬁiod Qfl%d@ﬁair&féltso iéde, factors di scussed
ea

with reference to carrie ., the abili of menbrane 118" to
actuate val ve 350 SuppRats Bpahet REOJi BR¥L H“%P 9an@eBF§§§1m gi&cydarand

the downwaighdr@afd-&f3 APridh e vehealy ralvainpiess phetd W6 374s
discussed below, flexible membrane 118" may deflect upwardly
through aperture 374 to open valve 350.

A CMP apparatus including carrier head 100" sense
whether the substrate has been successfully vacuum-chucked
to the carrier head as follows. ‘- The substrate is positioned
in the substrate receiving recess 234 so that the backside
of the substrate contacts mounting surface 274. Pump 93b
inflates bladder 160 to form a seal between flexible
membrane 118" and substrate 10. Then valve 98b is closed to
isolate bladder 160 from pump 93b. A first meaeurement of
the pressure in volume‘170 is made by means of pressure '
gauge 96b. Pump 93c evacuates chamber 290 to create low-
pressure pocket 278 between the flexible membrane and the
substrate. Then a second measurement of the pressure in-
volume 170 is made by means of pressure gauge 96b. The
first and second pressure measurements may be compared to
determine whether the substrate was successfully vacuum-
chucked to the carrier head.



may be about 1.0 to 1.5 inches in dianeter, spring 370 may apply a downward
| cad of about two to three pounds, valve press plate 376 nay be about the
di stance between bottom surface 256 of support plate 250 and the bottom
surface of flexure ring 182 may be about 80 to 100 mls, and the vacuum :
| evel in chanber 290 may be about ten to fifteen inHg. Referring to
FIG 8E, in an alternate nethod of operating a CVP apparatus including
carrier head 100", val ve 98b may renaig7open when punp 93c evacuates
chanber 290. Volunme 170 may initially be at a pressure Plerr]. The first
pressure neasureneRs showhdenaFIG.NMBA][ @fr kheebobetpaop ¥3@ begins to

evacuat e chanber ...The second pressurg ne rement is gat _time
T[err] aft &GP %e‘@?%‘éuq‘bg%'ﬁ%l&%é‘t eﬁc%}é%?)s% %@?rqr}e {f‘ggs ubRtrate is
present, valaimtzGthedma nslosesproximitpresssulesteafid atbrbY3bowi | | mai ntai n
the pressure | r . t h )y e
substrate ipg'ﬂér%t?% g{%;%g@vg?%g %@%U‘?%l‘gépgir%%w re.slg%rrlegil?gz[%l g?%rcgéﬁégm Il
be unabl e m@sidiiAi n PMethe c’BLEE RaNd ol 3Feshown 70 BLG | BB i 5febheuat ed,

and the pregydta-dte V4 Uit lgPeibht b2l 1st Dupresstle flwedched THEr here, if
t he second neasure riss re is, smaller. than the first rrea(iurgfl gﬂr_)ﬁsure,
the substr SFRHEE ftaducttherrvrey chamrer 0 112 HRTiarefeatiie Ger, if

t he membrane 118" will deflect upwardlysecTinsl flecibbred meebsahe i S
equal to the . first nmeasured pressure he subst e i roperly. at hed to
the carri erw%éladﬁms coryt%% rY%?v%e%%le%%opfab?%v##ésa%iv%% Yi%%fn‘é?i %’58'
First, carrnilardsadliondly scangeat Eug syisamber n2 9hitoh ¢hmmneenr 2660 | Thks or
apertures ?%tzh@eﬁsatmp&ee '?%hﬁfﬂﬂr&t'éf'r?oﬂhrﬁé' te RPSuGh YERY gﬁd

cont am nat nteriror o e carrier head. In addition, carrier
100" provi A andisncratedt AYdPYRP d@3@r mi ni ng whet her the substrate has

been vacuum chuckegflefariieiC #d iraig.hedd: vidlumee 170eamay’ enlift ival1yhel 23}
i ncreases, the substrate is_properly attached to the carrier head, whereas
i f the pre?smﬁsdl%l% 1F¥ge Iirst pressure measurement is made at _

time T; before pump 93¢ begins to evacuate chamber 290.
When chamber 290 is evacuated at time Ty, support structure
114 is drawn upwardly. This causes annular upper ring 282
to press upwardly on membrane 162. This will reduce the
volume of bladder 160. The second pressure measurement is
made at time Ty, after chamber 290 has been evacuated.

If the substrate is present, valve 350 remains
closed, and the reduction of the volume of bladder 160 will
theéreby increase the pressure in volume 170 measured by
gauge 96b as pressure P;,. On the other hand, if the
substrate is not present, then valve 350 is opened and fluid
is evacuated from volume 170 so that the pressuré measured'
by gauge 96b falls to pressure P,;. Therefore, if the
second measured pressure is larger than the first measured
pressure, the substrate has been successfully chucked by the
carrier head. However, if the second measured pressure is
smaller than the first measured'pressure, the substrate has
not been successfully chucked by the carrier head.



decreases, the substrate is not present or is not properly attached to the
carrier head. Experinentation is not required to determ ne a threshold
pressure. In addition, because valve 350 is biased closed by spring 370,
the valve only opens if chanber 290 is under vacuum and a substrate is not
present or is inproperly attached to the carrier head. Consequently, the
waf er sensor nmechanismis not sensitive to the sequence of pressure or
vacuum states in chanber 290 and vol unggl70. Referring to FIG 7, in
anot her enbodi nent nechanically actuated val ve 350 i s connected across a
passage 380 betweefompuisar 990maxhdre MrogaAnad ta FEBFetde e 350 may

be at | east,pardi,ad ':ﬂeéétﬁ?érﬁént@ acstﬂﬁat?ertﬁé%ré@éﬁ?él Reaosbenancage 380,
and includés val ve stem 352, val ve ress ggate 356, and annul ar f%ggge 364.

Inits clo§§Hid€@$¥¢QV|d%%ﬁﬁﬁl%%ow EBPﬁt e AURBEFakRevas  BHCCRS ¥90.
However, lfvdéﬂdmLéﬁ@@k§@2t¢Stﬁ@reeﬂrmanahéha.(as shown in FIG 6B), then
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Oring. As such, vBP¥e Vgl I pu }n% %*n?réﬁrﬁa%%%i%%y'bg&%% it d
conmmuni cat ims Wimst hdefbbeensufif iosphtly tpaaphushgevdsve 350. In
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substrate has been sUCCESS vacuum chucked to the carrier -head as
follows. Reiead i MPto th@iabFllEHaﬁﬁemewbgap§ LABli 6P pchvabepyadygr 850
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flexure ring 182 may be about 80 to 100 mils, and the vacuum

level in chamber 290 may be about ten to fifteen inHg.
Referring to FIG. 8E, in an alternate method of

operating a CMP apparatus including carrier head 100", valve
98b may remain open when pump 93c evacuates chamber 290.
Volume 170 may initially be at a pressure P,. The first
pressure measurement is made at time T, before pump 93c
begins to evacuate chamber 290. The second pressure
_measurement is made at time T., after pump 93c begins to
evacuate chamber 290. If the substrate is present, valve
350 remains closed, and pressure regulator 93b will maintain
the pressure in volume 170 at pressure P,,. On the other
hand, if the substrate is not present, valve 350 is opened.
Pressure regulator 93b will be unable to maintain the
pressure in volume in 170 as fluid is evacuated, and the

- pressure in volume 170 will fall to pressure P,,.
Therefore, if the second measured pressure is smaller than
the first measured pressure, the substrate was not
successfully chucked by the carrier head. However, if the



pressures Pf2 and Pf3 to determine whether the substrate is present and
properly attached to the carrier head. As di scussed above, the CW
apparatus may detect whether the carrier head has successfully chucked the
substrate. In addition, in any of the enbodi nents, the pressure gauges nay
al so be used to continuously nonitor the presence of a substrate in the
carrier head. |f pressure gauges 96¢c or 96b detect a change in the pressure
of chanmber 290 or volume 170, for exanpbe, while transporting the substrate
bet ween polishing stations or between a polishing station and a transfer
station, theecbhﬁsméasanednnreasune ibaequhé tabtheaférhtismeasarédd from

the carrier In | t apc t t the
orobl em corPRepggre: "che' BulkbEHER SO BroBRELY SREac R B T Tn
is that theheadstrate nmay escape fromthe carrier head during pO|iShIng

For exanple, if th%aﬁl%ﬂlm&llrtm-awmééIg/es}éxfaus wérdetites polpishiig
pad, the frictional_ force fro
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A CWP appar akHksUsikngpeatuires Beadhélatmepphenee Wmhéhefotbe subskrate is
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head 100 isa?%fbg ggegan ?HFEYf ghFSHtaPPnﬁgea ban geou gfhggg sever al
apertures 2&8rkdeat bdadear Inheddétipher gasiriehehihdxLB0& pEnUndﬁs amg. . When
purp 93¢ Pr 888l L£eSmERABRCHE 2A8 bendARRY Gnkefdy! @nk2uBubsLER! Bal0

pressure gauge f0 neasure the& pressure in ch
Ref erring tbeFnGraguumcghusked2b0 FbelﬁPFTéﬁFyhﬁﬁda pfe§bgr BYPEEHKE. iRf t he

substrat e i gopiABeLLY @ﬁétébeegd bReealbsthateais pro éﬂy aﬁbébhéiietéo
wi |l block aggrtures 278 and the pressyre_in chanber

const ant . VGPrrPFrtHGagubypﬁﬁﬁéseé apee PFﬁéﬁuﬁﬁeFPuwmgu??Blﬂﬁll not be
bl ocked, andetikehgek’oghehaubeerade Wsl ndtegiresentuglt tikenapepiropesliynt o

the anbi ent atmsphete.  Consequent! ke e RLERNYHnkAedBA™E" not
required to determine a threshold pressure. In addition,
because vaive 350 is biased closed by spring 370, the wvalve
only opens if chamber 290 is under vacuum and a substrate is
not present or is improperly attached to the carrier head.
Consequently, the wafer sensor mechanism is not sensitive to
the sequence of pressure or vacuum states in chamber 290 and
volume 170. '

Referring to FIG. 7, in another embodiment

mechanically actuated valve 350 is connected across a
passage 380 between chamber 290 and the ambient atmosphere.
Valve 350 may be at least partially located in a chamber
366’ formed across passage 380, and includes valve stem 352,
valve press plate 356, and annular flange 364. 1In its
closed position, valve 350’ isolates chamber 366‘ from
chamber 290. However, if valve stem 352 is forced upwardly
(as shown in FIG. 6B), then O-ring 368 will no longer be
compressed and fluid may leak around the O-ring. As such,
valve 350 will be open and chamber 290 will be in fluid

communication with the ambient atmosphere via passage 380.



290 will fall to a pressure Plerr]. The present invention has been
described in terns of a nunber of preferred enbodi nents. The invention,
however, is not limted to the enbodi nents depicted and descri bed. Rather,
the scope of the invention is defined by the appended cl ai ns.

32 Cdains 1. A carrier head for a chem cal nechanical polishing
system conpri sing: a base; a flexible nenber connected to
the base to define a chanber, a | ower surfiace of the flexible nenber

provi ding a substrate receiving surface; and an aperture in the
flexible menber beRAwWEMP B@@axabgsraneluddagvbngrﬁamf@@@daﬁ@ofhé ckasker .

Thew?%rqﬁee{ méd%\?:}% C#%ﬁﬂ%a%& Ny i dee SPEET eva&u&ergm%ﬁ@@ such

that if a su els Substrate rec ving surface, the
substrate ficodie terrapertiead as ollowshe Refereingichd HIGcl & m 2 wherein

if a fluiddm@yacups@disr om €181 ppagbes @f@b@ﬁ@bp raTﬁehspﬁﬁlfba§§1€d to the
substrate recelving surface, a pressure in the cha gs to a-first

pressure wheSHNS FRseVRFUAte SRABPRE #38 At eat‘I"FaH‘eV\BuI d FEsthe if the
substrate wRikstheicat 1§cbgdsé@t; healswsswt;eemm véDgséd| f @8- the 4.

The carrier_head of ¢l ai %b a fl ng forcgd nt o, ife chanber
and a substﬂrﬁses"fgea:l‘?a‘&ﬁ% %0 éﬁ@ %%62??%‘&% e@él%“i“ﬁ% s ‘Fa‘& fattssure
in the chaanarpfessmneaPLLrsOnpthesothemhhahdL51@rEHEeBubhanaaes£sond
Pressure  pot present, then valve 350 is opened. Consequently, pump
93c will not be able to completely evacuate chamber 290, and
the pressure in chamber 290 will only fall to a pressure P,
which is greater than pressure P,,. Computer 99 may be
programmed to compare the pressure measured by pressure
gauge 96c to a threshold.pressure P, which is between
pressures Pg, and P;; to determine whether the substrate is
present and properly attached to the carrier head.

As discussed above, the CMP apparatus may detect
whether the carrier head has successfully chucked the
substrate. In addition, in any of the embodiments, the
pressure gauges may also be used to continuously monitor the
presence of a substrate in the carrier head. If pressure n
gauges 96c or 96b detect a change in the pressﬁre of chamber
290 or volume 170, for example, while transporting the
substrate between polishing stations or between a polishing
station and a transfer station, then this is an indication
that the substrate has detached from the carrier head. In’
this circumstance, operations may be halted and the problem
corrected.

Another problem that has been encountered in CMP is
that the substrate may escape from the carrier head during
polishing. For example, if the retaining ring accidentaliy
lifts off the polishing pad, the frictional force from the



~t hat woul d result if the substrate were not attached to the substrate

recei vi ng surface. 5. The carrier head of claim1l wherein the
aperture is between about one and ten mllineters in dianeter.

33 6. The carrier head of claim1l wherein the aperture is |ocated
approxi mately at a center of the substrate receiving surface. 7. The
carrier head of claim1l wherein the aperture is |ocated near a periphery of
the substrate receiving surface. 8. 33 An assenbly for a chenica

mechani cal polishing system conprising: a carrier head including a

base, a fl e?h?&?hﬁ?@’?&d‘:%’l@aﬁqw e SRR3R rheedslitnerame Bamesith afeover

surface of l exi’b nber providing a substrate receiving surface, and
an apert ur eCANTERE beadi-bl e nenber between the substrate recei ving surface

?nd thﬁ Chﬁﬁber t hpe @Wr&ppéraaﬂélasiﬁg ﬁ&lﬁhléfldhead P00 Imé@ sénggacuat ed
romthe cha nd.a strate i,s attac to the substrate receivin
surf ace, thggggb§F gﬁ? déﬁgfﬁqﬁa LHHERE opPﬁéﬁlgnﬁa é?&Féﬁhh%gﬁ% °
chanber dropartrdear hieast chnxemgurpmMaMg S |Idfssarirderaheadond Opries o dod hat
woul d resul il Eﬁet%ﬁtés?aaéhﬁé’}?r%t”% eéix%%'&%%eto%ha RURRt IALe elce' ving

sur face; cadm’source ‘connéec er to evacua

fluid from apercnmlserﬂs located gwanthe pexdphesya ofr éb@urféemhﬂma
chanber and @eReLALE 13 OUGHEN SThilR o R RALAKS chiRbeH 2 NG a
processor, F% regponse to the 133% put si 2; conf F uFed to |nd|caf% whet her

the substraPPPLY & feaced &ft%es%ar‘%ﬁ é-or'eé’é?e\ﬁsh’ﬁesﬁla\“&@e 96c .is used

to measure the pressure in chamber 290. Referring to FIG.
8G, chamber 290 is initially at a pressure P,. If the
substrate is properly positioned beneath the carrier head,
substrate 10 will block apertures 278 and the pressure in
chamber 290 will remain constant. However, if the substrate
escapes, then apértures 278 will not be blocked, and fluid
from chamber 290 will leak through the apertures into the
ambient atmosphere. Consequently, the pressure in chamber
290 will fall to a pressure Pg

The present invention has been described in terms of
a number of preferred embodiments. The invention, however,
is not limited to the embodiments depicted and described.
Rather, the scope of the invention is defined by the
appended claims.



9. The carrier head of claim8 wherein the processor is configured to
i ndi cate that the substrate is attached to the substrate receiving surface
if the pressure in the chanber is greater than a threshold pressure.

34 10. A carrier head for a chem cal nechanical polishing system
conpri si ng: a base; a flexible menber connected to the base
to define a chanber, a | ower surface of the flexible nmenber providing a
substrate receiving surface; a fi3xst passage in the base connecting
t he chanber to the anbi ent atnosphere; and a second passage in the
base connec€laigpst he -chanber to a passage in a drive shaft. 11. The
carrier heafl of cl | i
afluidis :gvacuat 2\dr§‘a}%m e c ar?‘:stf a ﬁ%ﬁ?ﬁ%ﬂé&%} g%ﬁopog{}%guh

t he substraﬁ%SF%@e|9PW@réﬁ%Faée the flexible menber deflects inmardly to
bl ock the second pasg@R ;SO that a-pressure in the second passage drops to

a first pressure which is less an a second(fres§§{e t hat mould result if
the substrate were aat % d“? S HRER ] dRiih fask tadefing a

The carri erchaadepf al homai:Osﬁb‘lEhber ofonhei filegiblehretbesal yﬁovﬂdihg first
passage to i.ng the chanmber through the first
passage. %%ggggé?%eréé?gyer heéad ES eélgpﬁllo further conprising a

nechanlcally actuaﬁabﬁ@anﬂunﬁaﬂn(khﬁtfk£Xkaﬁ menkey detween the
substrate receiving surface and the chamber.

2. The carrier head of claim 1 wherein the aperture is
configured such that if a substrate is attached to the
substrate receiving surface, the substrate blocks the
aperture.

3. The carrier head of claim 2 wherein if a fluid is
evacuated from the chamber and a substrate is attached to
the substrate receiving surface, a pressure in the chamber
drops to a first pressure which is less than a second
pressure that would result if the substrate were not

attached to the substrate receiving surface.

4. The carrier head of claim 2 wherein if a fluid is
forced into the chamber and a substrate is attached to the
substrate receiving surface, a pressure in the chamber rises
to a first pressure which is greater than a second pressure
that would result if the substrate were not attached to the
substrate receiving surface.

5. The carrier head of claim 1 wherein the aperture is
between about one and ten millimeters in diameter.

AR



val ve ‘configured such that if a fluid is evacuated fromthe chanber and a
substrate i's not attached to the substrate receiving surface, the flexible

menber deflects inwardly to actuate the val ve. 14. The carrier head of
“claim 10 further conprising a support plate connected to the base by a
flexure, the . : 35 support plate

I ncluding a plurality of apertures, and wherein the flexible nmenber may
deflect inwardly through one of the apertures to block the second passage.
15. An assenbly for a chemical nechani 83l polishing system conprising:

a carrier hgad inclpgéngadri@seresd fdexéDh enMEMREr6 ORNERE eSpL P b A Pélse to
define a chanber, a | ower surfﬁce of the erm%% nengg providin
tEﬁ’r? FRSE

substrate r&ERFEy appreLimatsly; pky a) center LT @Re CECR VPH@

chanber to shefawki.ent atnosphere, a second passage in the base to connect
the chanber to a passage in a drive shaft, the first and second passages
positioned such, if a fluid is evacuated fromthe chanber and a substrate
is not atta@hed to The @@mwiatl%ﬁa@c@f-Wh@lmulfuh%re;hethéea(pﬁtmmnbm

deflects '”W@Egkédt%egko%kpkr ?gggfp%%éa@%ﬁgif%yg f%d@f%%%ﬁr%uE@gkgﬁ

second passage drops to a sure which is less than secon
pressure that would result if the substrate were attached to the substrate

recei ving serface An asseﬂoyﬁcmwné%uﬁ@@l@@mﬁ@éﬁdni@ai hsoThawbes to
evacuate a fluid fromt a sensor to neasure a pressure in

the second PF¥E&&0w EHWHiéﬁépgte an out put signal representative thereof;
and a procesaocarrier dsgad singbudimg caltpase si gnﬁlexi:bhéltgammb:t o]

| ndi cat e whebfel e $UPTHAbcks t8l RHIE L0 MiRRIDSY Al !

surface
of the flexible member providing a substrate receiving

surface, and an aperture in the flexible member between the
substrate receiving surface and the chamber, the aperture
cohfigured such that if a fluid is evacuated from the
chamber and a substrate is attached to the substrate
receiving surface, the substrate blocks the aperture so that
a pressure in the chamber drops to a first pressure which is
less than a second pressure that would result if the
substrate were not attached to the substrate receiving
surface;

a vacuum source connected to the chamber to evacuate
a fluid from the chamber;

a sensor to measure a pressure in the chamber and
generate an output signal representative thereof; and

a pfocessor, in response to the output signal,
configured to indicate whether the substrate is attached to
the substrate receiving surface.

S. The carrier head of claim 8 wherein the processor is
configured to indicate that the substrate is attached to the
substrate receiving surface if the pressure in the chamber
is greater than a threshold pressure.
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16. The carrier head of claim 15 wherein the processor is configured to
I ndicate that the substrate is not attached to the carrier head if the
pressure in the second passage is |less than a threshold pressure.

36 17. A carrier head for a chem cal nechanical polishing system

conpri si ng: a base; a first flexible nmenber connected to the
base to define a first chanber, a |lower surface of the first flexible
menber providing a substrate receiving gyrface; a second chanber in
t he base; a passage through the base between the first and second
chanber; ango. R Yat¥el R@ARUESP 4 hehdRSSEl amdShdh ksl Yo&DPLSh g he

first chanber gnd the second chanber. 18. The carrier head at claim17
wher ei n t he®¥YEFFBi SBHSGH%Ed such that if a fluid is evacuated fromthe
first chanber and aashésérate is not attached to the substrate receiving

resoure 1n the. sechrit Shiupe TetSeh Sl S e MAdE 83 aePipdrar cne
from a secopbapbesure ldwer wowfaceeofl thef flrxiblies mexbervprovidiached t o
the substraggphkeeaird HEHRIME surface;
a first passage in the base connecting the chamber
to the ambient atmosphere; and
- a second passage in the base connecting the chamber
to a passage in a drive shaft.

11. The carrier heéad of claim 10 wherein the second
passage is positioned such, if a fluid is evacuated from the
chamber and a substrate is not attached to the substrate
receiving surface, the flexible member deflects inwardly to
block the second passage so that a pressure in the second
passage drops to a first pressure which is less than a
second pressure that would result if the substrate were
attached to the substrate receiving surface.

12, The carrier head of claim 10 further comprising a
check valve in the first passage to prevent a fluid from
exiting the chamber through the first passage.

13. The carrier head of claim 10 further comprising a
mechanically actuatable valve across the first passage, the
valve configured such that if a fluid is evacuated from the
chamber and a substrate is not attached to the substrate
receiving surface, the flexible member deflects inwardly to
actuate the valve.

14. The carrier head of claim 10 further comprising a
support plate connected to the base by a flexure, the
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19. The carrier head of claim 18 wherein the first pressure is |ess than
the second pressure. 20. The .carrier head of claim 17 wherein the second -
chanber is defined by a second fl exible nmenber is positioned above the
first flexible nenber. 21. The carrier head of claim?20 wherein an upward
nmotion of the first flexible nmenber exerts a force on the second flexible
menber. 37 22. The carrier head of
claim 17 wherein the valve includes a sgging to bias the valve closed. 23.
The carrier head of claim 17 wherein the valve includes a pressure plate

posi tﬂijloneg Qﬂbp@hﬁthplalaée iw%u&hiﬁlgy ablp_l&%‘_hma’tgdot'oapéﬁﬁutb_e,yah‘dE. 24. An
assenmbly for, a chem ca chani cal__polishin stem, _conpti sing: a
carrier heaﬂhFﬁﬁFﬁgkﬁﬁ gqg§§§?eamFWE§F PFXXgﬁ%geﬁggkgwan§%Xeggggqﬂy19“?
base to defofiethef apettaolrasben, bd okcbwehes sefcand pasthgefirst flexi ble

menber providing a substrate receiving surface, a second flexible nmenber
connected to the base to define a second chanber, and a valve connecting
the first chlmber thn tarserelyidienarbehenicrl vegchanistal pekiskied that, if
afluidis gyggggﬁegoabgqgggg:first chanber and a substrate is not attached
to the substfate receiving surface, the first flexible nmenber deflects to
actuate the valve b SHF1er phead #rclvding 3 RRFRY chadnfribache®bary | r st

pressure whiehndictear sof to@ dHagecead deresneuie chiabewpuhd1beew toudfddee
substrate were gttgihedbéo t he substrat§ receiv a vacuum
€ 5-Fd

. i g sugface; .
source conn8Et & Fr TPt REPVE l@@é@ung tREtP FECeHYAMSer ;
surface, a first passage in the base connecting the chawmber
to the ambient atmosphere, a second passage in the base to
connect the chamber to a passage in a drive shaft, the first
and second passages positioned such, if a fluid is evacuated
from the chamber and a substrate is not attached to the
substrate receiving surface, the flexible member deflects
inwardly to block the second passage so that a pressure in
the second passage drops to a first pressure which is less
than a second pressure that would result if the substrate
were attached to the substrate receiving surface;
' a vacuum source connected to the chamber to evacuate
a fluid from the chamber;
a sensor to measure a pressure in the second passage
and generate an output signal representative thereof; and
- a processor, in response to the output signal,
configured to indicate whether the substrate is attached to
the substrate receiving surféce.

16. The carrier head of claim 15 wherein the processor
is configured to indicate that the substrate is not attached
to the carrier head if the pressure in the second passage is
less than a threshold pressure.
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a preésure source connected to the second chanber to pressurize the second
chanber; a pressure sensor to neasure the pressure in the second
chanber at a first tinme and a second time and generate OUtTRIdShezt HHI BLeh Replaced

representative of the pressures; and a processor that
out put signals and is configured to indicate whether the su EM' "U
attached to the carrier head by determ ning whether the fir

38

| ess than the second pressure. 36
25. The assenbly of claim24 wherein the pressure neasured at the first
time is nmeat@red p@ sranwiewdwsd ifor & ahenigakmeghamieahiPtihbr@ssure

measured atg, ot88 Secppeikipg.is neasured after evacuation of the first
chanber . 3%? ‘The gssenﬁ?y of claim24 further conprising a second
valve to isolate tﬁe?ﬁ%%%ure source fromthe second chanber. 27. The

assenbly of clai m 24 shestei il dxi1d atagser cornerdd ot ethd badeli €at e t hat
t he substra%e IS attgcheg tg %Ee carrier head i.f the sggpn%.gr ssure i s
greater thafiethBes fr SEXFFeSOAMRST, 9glower\Surface, ofe kS §AT5  heni cal
mechani cal pbekiblegmeybeenprootiingi agsubstrate rackdvéng surface;a first

flexible menber conpegted ¢o.the hasg tg define. ng

a valve across a passage between the first chamber

and the second chamber.

18. The carrier head of claim 17 wherein the valve is
configured such that if a fluid is evacuated from the first
chamber and a substrate is not attached to the substrate
receiving surface, the flexible member deflects to actuate
the valve so that a pressure in the second chamber reaches a
first pressure which is different from a second pressure
that would result if the substrate were attached to the
substrate receiving surface.

19. The carrier head Qf claim 17 wherein the first

pressure which is less than the second pressure.

20. The carrier head of claim 17 wherein the second
chamber is defined by a second flexible member is positioned
above the first flexible member.

21. The carrier head of claim 20 wherein an upward
motion of the first flexible member exerts a force on the
second flexible member.

22. The carrier head of claim 17 wherein the valve
includes a spring to bias the valve closed. '
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a first chanmber, a lower surface of the first flexible nmerber—proviting—a—
substrate receiving surface; a- second erX|bIe menber connect ed to
the base to define a second chanber, an upward no of tﬂ@sﬂwﬂ§h53¢ Ry
menber exerting a force on the second flexible nenber and

passage in the base connecting the chanber to a passage |n

wherein the passage in the base is positioned such that

evacuated fromthe chanber and a‘substri?(al S not attached to the substrate
receiving surface, the flexible nenber deflects inwardly to bl ock the
second passgge SO tiid caftied Hé&&eoﬁnclamsmomdeféﬂxnbhe webhber is

G et ent, L Ia gaacand, L9L5ee! B UL ISSMIds Wil B Gl

39 29. mAycberaetuaheddtasspehtﬁhdﬁyalyeahenicaI mechani cal poli shing
system conpri sing: a base; a flexi ble nmenbrane connected
to the base to define a first chanber, a lower surface of the flexible
menbr ane pr @¢i-di ng An sagsenbkiy feeervrhgmigal apechanical po3ighiBg passage
in the basegl@rbhui HotpeQuRhg the first chanber to a fluid source; and

a carrier head including a base, a first flexible

member connected to the base to define a first chamber, a
lower surface of the first flexible member providing a
substrate receiving surface, a second flexible member
connected to the base to define a second chamber, and a
valve cennecting the first chamber to the second chamber,
the valwve configured such that; if a fluid is evacuated from
the first chamber and a substrate is not attached to the
substrate receiving surface, the flexible member deflects to
actuate the valve so that a pressure in the second chamber
reaches a first pressure which is less from a second
pressure that would result if the substrate were attached to
the substrate receiving surface;

- a vacuum source connected to the first chamber to
evacuate the first chamber; -

a pressure source connected to the second chamber to
pressurize the second chamber; . _

a pressure sensor to measure the pressure in the
second chamber at a first time and a second time and
generate output signals representative thereof; and

a processor, in response to the 6utput signals;
configured to indicate whether the substrate is attached to

the carrier head by determining whether the first pressure
is less than the second pressure.

25. The assembly of claim 24 wherein the pressure
measured at a first time is measured prior to evacuation of
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a second passage in the base to fluidly couple the flrst rto a
vatuum source,. wherein at |east one of the passages and the fI e@RﬁM“ﬂ
menbr ane are configured such that, if a fluid is evacuat abis$

chamber and a substrate is not chucked to the substrate re

the flexible nmenbrane deflects so as to open or close at

first and second passages. 30. The assenbly of cIarnr , further

conpri si ng: a vacuum source flugglly coupled to the second passage:
to evacuate a fluid fromthe first chanber; a sensor to neasure a
pressure i nthdef sesondhathbabeandabtbegpnesatizeameastped sitgmalsecond time

representative of 1 p r S $anf i gured to
i ndi cate mhe?h@?a?ﬁggguéﬁgggtgv?gag ache tg%tﬁeggﬁbstrate recei ving
surface in response to the output signal.

26. The assembly of claim 24 further comprising a second
valve to isolate the pressure source from the second
chamber.

27. The assembly of claim 24 wherein the processor is
configured to indicate that the substrate is attached to the
carrier head if the second pressure is greater than the
first pressure.

28. A carrier head for a chemical mechanical polishing
system, comprising:

a base;

a first flexible member connected to the baee to
define a first chamber, a lower surface of the first
flexible member providing a substrate receiving surface;

a second flexible member connected to the base to
define a second chamber, an upward motion of the first
flexible member exerting a force on the second flexible
member; and _

a passage in the base connecting the chamber to a
passage in a drive shaft, wherein the passage in the base is
positioned such that if a fluid is evacuated from the
chamber and a substrate is not attached to the substrate
receiving surface, the flexible member deflects inwardly to
block the second passage so that a first force on the second
flexible member is different than a second force that would
result if the substrate were attached to the substrate
receiving surface.
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