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In U.S. Patent No. 5,893,796 issued April 13, 1999 and in

continuation Patent No. 6,045,439 issued Apfil 4, 2000, Birang

15 et al. show a number of designs for a window installed in a
polishing pad. The wafer to be polished is on top of the
polishing pad, and the polishing pad rests upon a rigid platen
so that the polishing occurs on the lower surface of the wafer.
That surface is monitored during the polishing process by an

20 interferometer that is located below the rigid platen. The
interferometer directs a laser beam upward, and in order for it
to reach the lower surface of the wafer, it must pass through an
aperture in the platen and then continue upward through the
polishing pad. To prevent the accumulation of slurry above the

25 aperture in the platen, a window is provided in the polishing
pad. Regardless of how the window is formed, it is clear that
the interferometer sensor is always located below the platen and

is never located in the polishing pad.

In U.S. Patent No. 5,949,927 issued September 7, 1999 to
30 Tang, there are described a number of techniques fof monitoring
polished surfaces during the polishing process. In one
embodiment Tang refers to a fiber-optic ribbon embedded in a

polishing pad. This ribbon is merely a conductor of light. The
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part is measured by interferometry to determine whether the

polishing process should be continued.

20 In earlier attempts to mount the sensor in the polishing
pad, an aperture was formed in the polishing pad and the optical
sensor was bonded into position within the aperture by means of
an adhesive. However, subsequent tests revealed that the use of
an adhesive could not be depended upon to prevent the polishing

25 slurry, which may contain reactive chemicals, from entering the
optical sensor and from penetrating through the polishing pad to
the supporting table.

In conclusion, although several techniques are known in the

art for monitoring the polished surface during the polishing

30 process, none of these techniques is entirely satisfactory. The
fiber optic bundles described by Tang are expensive and
potentially fragile; and the use of an interferometer located
below the platen, as used by Birang et al., requires making an
aperture through the platen that supports the polishing pad.

35 Accordingly, the present inventor set out to devise a monitoring
system that would be economical and robust, taking advantage of

recent advances in the miniaturization of certain components.



35 Accordingly, the present inventor set out to devise a nonitoring system
t hat woul d be econom cal and robust, taking advantage of recent advances
in the mwoateuiszati on of certain conponents. 2 WO 02/ 264B8T/BSN/i0821/ 30922
SUMVARY OF THE | NVENTI ON The di sposabl e polishing pad described belowis
conposed of foanmed urethane ) , al sensor for nonitoring,
in situ, an optical characterts S e et S U ace being 5 polished: The
real -ti me data derived from the optlcal sensor enabl es, anong ot her

t hi ngs, the,end-poin t he, process t e _det i ned wi t hout di agi ng
t he \?vaf er fé[?l Soff-SPP ﬁggﬁ'%s??%gsmnﬁﬁl%acgr‘%éﬁqjﬂ}%eﬁggggg&l?h@‘”&???% e?lgy of

t he pomoamedgupebhase The amdmafns(adxognﬂdaiheénaoe tonposn i eosingict ur es
that 1Q. de_st t l_s [ t t er nost

ot at unr B a8 ee DR S Mot
hasSbe§W1ﬁ§§§ﬁed The ?ﬁ%l pneitdata iderdaied frgm the entiicabisensdrt he

pol i Sh'e&ﬁbQEQr abin8hg h@@h@@etfhirﬁfé: hQ‘.d&e Ea-RRlinghbRdtRadpAREL £€ COAMadYi Ng
Optl cs .and el ec%r onIrcs 1I's a detect transiti ons from an- oxi de

to
| ayer C6CETELPPEOHFAQRE %&?e%&ﬂqlqﬁsQH%NWQfFFoﬁQrfP5ﬁ151%%t%ﬁs§¥ﬁgm1 oxi de,
or ot hahisapeenaly IThergadéshitig gl ddeseri bEd thavebyeshimdg i hyddgs A,
conventional polishing pad by enmbedding within it an optical sensor and

other compoRRal saelbe WATRILLEd ol LAl ngupals g oM dEL v yel bl e,
Iwﬁﬁ)Jeﬁ§€QUdésS§r@9®l@éjd{ﬁﬁﬁ%ﬁﬁﬁ(ﬂ$t9¥%§1spad§Y93ﬁaiéEtutb@ thﬁﬁmpsmuawas
Wﬁst C?@éﬁfﬁm@é{fﬁ%ﬁ@slb&i unTéltqhq&tg qallge%%aéerﬁ@ﬁs%ﬁ %m&pf%'ﬁﬂ} .
characteristic, o e ace is hein ol i she pically, e
opticaft r@ﬁHWaE?Er?%??cr%ﬁéﬁ?éest?é%@t|§°PF§ gEfF%c??%@tEhg?dﬂﬁ%é?Fi ot her
opt|cabomh&raft@hespobsshﬁngrupemaﬁmmmehaanbabsOrb3cBeasedmhe|ncludlng its

| ari i b h I f
Techn §§%§8?%?bté%§. B0 P00 (b cRash8, UTLEPPSRNSE S5 b i n
tﬁgiop e@gptaﬁrgnskﬁgpns from an -oxide 1ayer to a silicon layer as

well as transitions from a metal to an oxide, or other material.

The polishing pad described involves modifying a
conventional polishing pad by embedding within it an optical
sensor and other components. The unmodified polishing pads are

20 widely available commercially, and the Model IC 1000 made by the
Rodel Company of Newark, New Jersey, is a typical unmodified
pad. Pads manufactured by the Thomas West Company may also be
used.

The optical sensor senses an optical characteristic of the

25 surface that is being polished. Typically, the optical
characteristic of the surface is its reflectivity. However,
other optical characteristics of the surface can also be sensed,
including its polarization, its absorptivity, and its
photoluminescence (if any). Techniques for sensing these

30 various characteristics are well known in the optical arts, and
typically they involve little more than adding a polarizer or a
spectral filter to the optical system. For this reason, in the
following discussion the more general term "optical

characteristic" is used.
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The electrical signal produced by the detector is conducted
radially inward from the location of the detector to the central
aperture of the polishing pad by a thin conductor concealed

20 Dbetween the layers of the polishing pad.

The disposable polishing pad is removably connected, both
mechanically and electrically, to a hub that rotates with the
polishing pad. The hub contains electronic circuitry that is
concerned with supplying power to the optical sensor and with

25 transmitting the electrical signal produced by the detector to
non-rotating parts of the system. Because of the expense of
these electronic circuits, the hub is not considered to be
disposable. After the polishing pad has been worn out from use,
it is disposed of, along with the optical sensor and the thin

30 conductor.

Electrical power for operating the electronic circuits
within the hub and for powering the light source of the optical
sensor may be provided by several techniques. In one
embodiment, the secondary winding of a transformer is included

35 within the rotating hub and a primary winding is located on an
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20 applied to the primary winding of a transformer on the rotating

hub and received by a secondary winding of the transformer

located on an adjacent non-rotating portion of the polishing

machine. This transformer may be the same transformer used for

coupling electrical power into the hub, or it can be a different

25 transformer.

There must be a viable optical path between the top of the
sensor and the lower side of the wafer. However, a void would
not be acceptable, because it would quickly become filled with
polishing slurry, thereby rendering it incapable of serving as

30 an optical medium. In addition, a void would present a large
mechanical discontinuity in the otherwise homogenous and
uniformly resilient polishing pad. Further, the components of

. the optical sensor must not come into direct mechanical contact
with the wafer that is being polished, to avoid scratching the

35 surface of the wafer.

To overcome this problem, the optical sensor is embedded

into the polishing pad using techniques described in detail
J
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a di agram show ng a cross sectional view,of a hub _
10 FIG. is a front top perspective view of the optical

SEensor.

FIG. 4 is a side elevational diagram showing an optical

sensor without a prism.

FIG. 5 illustrates an electronics hub using an inductive

15 coupler.

FIG. 6 is a diagram showing a cross sectional view of an
hub using a light emitting means to transfer signals to a non-

rotating hub.

FIG. 7 is a diagram showing a cross sectional view of a hub
20 utilizing radio emitting means to transfer signals to a non-

rotating hub.

FIG. 8 is a diagram showing a cross sectional view of a hub

utilizing sound waves to transfer signals to a non-rotating hub.
FIG. 9 shows a snap ring disposed in the polishing pad.

25 FIG. 10 is a top view of the snap ring, with a contact pad

and conducting ribbon disposed on the bottom of the snap ring.

FIG. 11 shows a medial cross section of the optical sensor
embedded into the polishing pad.
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polishing pad. The slurry used in the polishing process is injected onto

20 the surf&d€-of ot AROYWDI FadiPRL bl nchAshH nsitaldedi aneat FYR svdeem7. The
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the pa@y@@%&elta§tﬁuphgléﬁ%45§ﬁ é@%%(%(&&gifﬁ%o the polishing pad 3.

~The wafer 4 (or other work piece requiring planarization or

polishing) is held by the polishing head 5 and suspended over

15 the polishing pad 3 from a translation arm 6. Other systems may
use several polishing heads that hold several wafers, and
separate translation arms on opposite sides (left and right) of

the polishing pad.

The slurry used in the polishing process is injected onto

20 the surface of the polishing pad through slurry injection tube
7. The suspension arm 8 connects to the non-rotating hub 9
that suspends over the electronic assembly hub 10. The
electronics assembly hub 10 is removably attached to the
polishing pad 3 by means of twist lock, detents, snap rings,

25 screws, threaded segments, or any releasable mating mechanism.
The hub 10 is attached to an electrical conducting assembly
located within the pad where the hub attaches. The electrical
conducting assembly can be either a single contact or a
plurality of contacts attached to a thin, electrically

30 conducting ribbon 11, also known as a flex circuit or ribbon
cable. The ribbon 11 electrically connects an optical sensing
mechanism, located within the optical port 2 and embedded in the
pad 3, to the electronics in the electronics hub 10. The ribbon

11 may also comprise individual wires or a thin cable.
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23 and secure ere by screw ng a base 26, which 1ies belowthe

polishing pad 3, onto a threaded portiaon of the hub 10. As seen_in Figure
As shown in Figure 2, the polishing pad 3 has a circular

, shape and a central circular aperture 23. A blind hole 24 is
formed in the polishing pad, and the hole opens upwardly so as
to face the surface that is being polished. An optical sensor

20 25 is placed in the blind hole 24 and a conductor ribbon 11,
which extends from the optical sensor 25 to the central aperture

23, is embedded within the polishing pad 3.

When the polishing pad 3 is to be used, an electronics hub
is inserted from above into the central aperture 23 and secured
25 there by screwing a base 26, which lies below the polishing pad
3, onto a threaded portion of the hub 10. As seen in Figure 5,
the polishing pad 3 is thus clamped between portions of the hub
and portions of the base 26. During the grinding process, the
polishing pad 3, the hub 10 and the base 26 rotate together

30 about a central vertical axis 28.

The non-rotating hub 9 of the polishing machine is located
"adjacent and above the hub 10. The non-rotating hub 9 is fixed

during operation to the suspension arm 8.

Figure 3 shows the optical sensor 25 in greater detail.

35 The optical sensor 25 includes a light source 35, a detector
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the arcapgepeshsi ey &F otes) ZHandA 1half bes ikay PReUsEHatSement shown
in Figure 3 was chosen to minimize the height of the sensor.
The reflective surface 37 may be omitted and instead the

20 arrangement shown in side view in Figure 4 may be used.

The optical components and the end of the conductor ribbon
11 are encapsulated in the form of a thin disk 38 that is sized
to fit snugly within the blind hole 24 of Figure 2. Note that
in the arrangements of Figures 3 and 4 baffles may be used to
25 reduce the amount of non-reflective light reaching the detector
36. Included within the conductor ribbon 11 are three
conductors: a power conductor 39, a signal conductor 40, and

one or more return or ground conductors 41.

Figure 5 illustrates an electronics hub using an inductive
30 coupler. The power conductor 39 terminates adjacent the
central aperture 23 of the polishing pad 3 at a power plug 46,
and the signal conductor 40 likewise terminates at a signal plug
49. When the hub 10 is inserted into the central aperture 23,
the power plug 46 makes electrical contact with the power jack
35 50, and the signal plug 49 makes electrical contact with the
signal jack 51. An O-ring seal 52 prevents the liquids used in

the polishing process from reaching the plugs and jacks. A ring



25 reduce the amount of non-reflective |ight reaching the detector 36.
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opt i caltrelnsmatteri 87i.c. The processed signal on the conductor 56 is then
applied to a transmtter 57. 10 The process by which the signal is passed
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transf Qrner hat roduces a varyin rrgg,netlc field 59 representative of
t he pr(%)cggse %Pgﬁgglvﬁ'h O%h%%t?rcgdfn C8YPE%F ends upward t hrough the top

of the hub 10 and is intercepted by a secondary wi nding 60 of the
transf or mer Thiei EapsmibEar 87 orprphieglj adame narricatilegtpacailon 20 9 of

t hes polaughieRd BBCHRhEEpr BfaBP WwIHEL R B PNy dldldfl@mer that produces
a varying magnetic field 59 representative of the processed
signal. The magnetic field 59 extends upward through the top of
the hub 10 and is intercepted by a secondary winding 60 of the
transformer which is located on an adjacent non-rotating portion

20 9 of the polishing machine, or on some other non-rotating
object. The varying magnetic field 59 induces a current in the
secondary winding 60 that is applied to a receiver 61 that
produces on the terminal 62 a signal representative of the
optical characteristic. This signal is then available for use

25 by external circuitry for such purposes as monitoring the
progress of the polishing operation or determining whether the
end point of the polishing process has been reached.

A similar technique may be used to transfer electrical
power from the adjacent non-rotating portion 9 of the polishing
30 machine to the rotating hub 10. A prime power source 63 on the
non-rotating portion 9 applies an electrical current to the
primary winding 64 of a transformer that produces a magnetic
field 65 that extends downward through the top of the hub 10
and is intercepted by a secondary winding 66 in which the
35 varying magnetic field induces an electrical current that is

applied to a power receiver circuitry 67. The power receiver

10



object. The varying magnetic field 59 induces a current in the secondary
winding 60 that is applied to a receiver 61 that produces on the term nal
62 a si gmvad orvapsesentative of the optical characteristicpCTise/®bprenal is
then available for use 25 by external circuitry for such purposes as
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further includes a
non-rotating portion 9 into the rotating hub 10.

Figure 6 shows the transmitter 57 further includes a
modulator 75 that applies to a light emitting diode or laser
diode 76 a frequency modulated current representative of the

20 processed signal that represents the optical characteristic.
The light-emitting diode 76 emits light waves 77 that are
focused by a lens 78 onto a photodiode detector 79. The
detector 79 converts the light waves 77 into an electrical
signal that is demodulated in the receiver 80 to produce on the

25 terminal 62 an electrical signal representative of the optical

characteristic.

The prime source of electrical power is a battery 81 that
supplies power to a power distribution circuit 82 that, in turn,
distributes electrical power to the power jack 50, to the signal

30 processing circuit 55, and to the transmitter circuit 57. In
Figure 7 the transmitter 57 is a radio transmitter having an
antenna 87 that transmits radio waves 88 through the top of the
hub 9. The radio waves 88 are intercepted by the antenna 89
and demodulated by the receiver 90 to produce an electrical

35 signal on the terminal 62 that is representative of the optical

characteristic.
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Electrical power is generated in the rotating hub 9 by a
solar cell or solar panel 105 in response to light 106 applied
to the solar panel 105 by a light source 107 located in the
non-rotating portion 29. The electrical output of the solar

20 panel 105 is converted to an appropriate voltage by the
converter 108, if necessary, and applied to the power

distribution circuit 94.

Figures 9 through 16 show the hub insertion assembly and

the optical-electrical insertion assembly 25. They also

25 disclose methods of sealing a snap ring (to releasably attach
the electronics hub) and a optical-electrical assemblies into
the polishing pad. The polishing pads 3 shown in these Figures
are typical polishing pads available in the industry, such as
the model IC 1000 produced by Rodel Co. The model comprises two

30 .045 inch thick layers of foamed urethane bonded face to face by
a .007 inch thick layer of adhesive. However, each has been
modified to allow for a conducting ribbon 11, a snap ring 114,
and an optical assembly 25 to be placed into the pad.

Figure 9 shows a cross section of a molded insert,
35 comprising a snap ring, 114 used to fix the electronics hub 10

into the center aperture of the polishing pad 3. The snap ring
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15 the optical characteristic. Electrical power is generated in the
rotating hub 9 by a solar cell or solar panel 105 in response to |ight 106
appl i ed woorba@4sol ar panel 105 by a |light source 107 | oce¢B@SOIWBODIzE
non-rotating portion 29. The electrical output of the solar 20 panel 105 is
converted to an appropriate voltage by the converter 108, if necessary,
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so that the electronics hub 10 will snap securely into place. A guide pin
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120. The contact pad is provided with contacts for
establishing electrical contact with matching contacts 122
disposed on the hub 10. The contacts 122 are preferably spring
loaded or biased contacts (such as pogo pins). The contacts may
20 be provided in redundant groups. As shown, three contacts are

provided in the group visible in this view.

The snap ring assembly 114 is preferably isoplanar with
the polishing pad 3 such that multiple pads may be easily

stacked on top of each other.

25 Figure 10 shows a top view of the snap ring 114. The
circular 1lip of the snap ring 115, the guide pin hole 116, and
the electrically conducting ribbon 11 are the same as shown in
Figure 9. Also shown in this Figure are three electrical
contacts disposed on the contact pad 126. Specifically, the

30 three contacts are used for power conduction (contact 123),
signhal conduction (contact 124), and common ground (contact
125), all of which lie on the contact pad 126. The contact pad
127 is disposed on the bottom inside surface of the snap ring

assembly.

35 The electronics hub will snap into place inside the lip
115 of the snap ring 114. Proper alignment of the contacts of

13



The el ectrically conducting ribbon 11 conveys electrical signals and power
bet ween the optical assenbly 25 and the electronics hub 10. The term nus
of ribbowadd22@4dli sposed on a 15 contact pad 126 in the bptTosviaf91zhe
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ure 143 is produced in the polishing pad. The

ap%%tﬂWét?4§hﬁu§?uB@arles of the pad.

A channel is produced in the underside of the upper layer

147 to accommodate the conducting ribbon 11 used to convey
electrical power and signals from the electronics hub 10 to the
optical sensor 25. The conducting ribbon 11 may intrude into

20 the space generally occupied by the layer of adhesive 148,
which secures the upper layer 147 of the polishing pad to the
lower layer 149 of the polishing pad. Alternatively the
conducting ribbon 11 may lie above or beneath the adhesive layer
148. '

25 After the aperture 143 has been formed in the polishing
pad 3, the optical sensor 25 and its conductor ribbon 11 are
inserted into their respective places, where they are supported
and held in place by spacers composed of urethane or by portions

of the upper layer 147 and lower layer 149.

30 Thereafter, the assembly is placed into a fixture that
includes flat, non-stick surfaces 155 and 156. The non-stick
surfaces 155 and 156 are brought into contact with the upper

pad surface 144 and lower pad surface 145 and pressed together.

Next, a liquid urethane is injected by syringe 157 through
35 a passage 158 in the lower mold plate 159 and into the void

14



| ar ge enough to accommodate the optical sensor 25. The optical 10 assenbly
25 is placed into an optical assenbly puck so that it nmay be easily

di sposed wobp2d4lne aperture. Portions of the aperture adj BCEUSO®IL2he upper
surface 144 and | ower surface 145 of the polishing pad 3 extend a short
distance radially outwardly fromthe aperture. This creates a spool - shaped
voi d 15mmbﬁhathebeUﬂdamm&5n@ftﬁéubgnmtaLAs@habmensianpimduhedimjeéimﬂ

U“dersh?%tﬂénéhﬁe{%ﬁ%rtcg a%/rﬁ’é%ﬂt%xtogag%c%ﬁmgg é%e]e é)”ijé' tLRg éﬂ;%?on 11

used to conve ran nal s elec roni € ub 10 to
t he plpnléaplgéﬁsbﬁl% DVNQHGOhbac%m]@CtﬂQJborltlllsrrhﬁlpﬁtlﬂuae Ehlb 20 the

space @ﬁ@eaglsleﬁbpgcgp@@tpy ﬁhecﬂ@xeqroc@ttuéehsﬂa@tﬂéﬁ ' so WKL greures the
upper lLayer 147 of  the gollshln to the |ower layer 149 of the

po|$sh.1ﬁguﬁ;§dlsmlé?ﬁ%% Vet yt?ﬁ]gl %?d@@ﬂpﬁgoﬁl%%nvqadﬁgﬂm asRre or

beneat batbagadhesi ve hayehe HéAShe5 Afirar. t ITalapeant uhe i43ehviybeen forned

in the Rgllshln Bad 3 the op |caI sensar @5 and |t§ g@nducgfr ri bbon 11
0

are |nserte I'n RETT ?é%ﬁéc iVe &cggégg e?%e?hey are supported and

held in place by spacers conposed of urethane or by portions of the upper
| ayer 147 afdel ongectagenradioang(l Ghedbedciely alinveaddenbibygicglpl aced into a

fixturgchbat 25NgLudes eﬁéaé wﬂ%ﬁtﬂk&‘%xﬁw g es %ﬁé 8peidas. sdfisopon-stick

su aces 155 and 156 are into contact with the upper ad surface
and”| 6&Br VpsY Eh?fﬁﬁ%eﬁ% %ﬁﬁfd#§%§@§eFogeWHéF KexPLaget i &PRir et hane

|s |nje@teﬂebmpﬁytlmggei5147hrou@@ 1idpiidl passageeli8 antybe béwer nol d

pl at e 159 n 0. the void 1 02/ 26445 P /USOl/30922 gnedlately

surroun |ﬁ§a eQ%p i cal® %ﬁﬁﬁéh\gg SR ERS C‘Fl-ll_jec%edl'laure Yane begins to

emer ge Bekrgeghithes venempesbhges it60 caf toppbe unetiope av®e 1. During the

i nj ect be@ashangs;tags' Bl UittPofrhét e ARagemhli¥ushl QP&M b&nd Nes G agk se

direction so t is 1njected at the lowest point of the void
ahH5th@a@€ﬁﬂalp8§355§ H%bl$ 1%@ B3¢ i ghest point. Tilting the assenbly in

The snap-ring assembly can be inserted into the pad, as
shown in Figure 9, or formed or integrally with the pad with
injection molding processes. As shown in Figures 13 and 14, the
polishing pad 3, including the upper pad layer 147, lower pad

20 layer 149 and adhesive layer 148, has been punched and cut to
provide voids 168 for the optical sensor, ribbon cable and the
electrode pad. The ribbon cable 11, contact pad, and optical
sensor 25 are placed in the corresponding voids in the pad, and
a snap ring hub mold is inserted into the hub aperture. The

25 electrode pad may be glued with a weak pressure sensitive

adhesive (sticky glue) to the snap ring mold 1689.

As shown in Figure 13, an upper mold base 172 and a lower
mold base 173 are pressed against the polishing pad’s upper
layer 147 and lower 149 layer, respectively. Urethane or other

30 injectable plastic is then injected through the injection port
174, and the urethane fills the voids. When the void between
the plates is filled, the liquid urethane 162 will exit through
the exit vent 175, signaling that the injection process is
complete. As shown in Figure 14, the injected urethane 176

35 forms the snap ring assembly and fills the ribbon cable channel
and the optical sensor assembly aperture. The injected urethane

seals and connects the entire length of void between the snap

15



this manner prevents air from becom ng trapped in the void. The injected
urethane 162 directly above the optical sensor 25 serves as a w ndow

t hrough who ofr2dsle opti cal sensor 10 25 can vi ew t he undepeT/@soiaforzhe waf er
, Which is placed on top of the upper layer 147. The liquid urethane is a
type of wurethane that is optically transparent when it has cured. Because
it is chegi dakdl gnsi rhkeavptdcthénaeet habe afidt he 1poks sthdgritssb3, it forns

a dura 1ol LAYI r n i 5 rj e polishing pad 3.
The sngéggfnéggsggﬁb$§£%§ﬁ %g%4%£§{¥§§%iﬁ?%gghg§%%g$ %é? éﬁéﬂm1i n Figure 9,
or formed or integrally with the pad with injection nolding processes. As
shown in Fi ghf€sPI3CaAE 2an baeacqimlsishes padng, ai aepmdy g tWesigper pad

| ayer 247snbeweinprdgdPed ayeind 4D ad sadhasi vael BYBI addSsuias hbagp punched
anq%cut t.0 grgvhde vOoi ds %@%}f r the OELIC&L sensor, ribbon cable and the
el ectr 588 PAYIRTHE 1REHBhH &P SNEBNTARE PRAST AndPRptiTHIY sor 25 are
pl acedingethedcoreekspoadivngf soitds ismapheipgdinaadt @o stiap paddg hub nold is
inserted into the hub aperture. The 25 el ectrode pad nay be glued with a

weak pressu Shti dhesi.ve I, G leu t i | d 169.
As shgwn in%gggggeh%&gﬁgﬁgugp%e’%ﬁ(% B};lls%] %‘?2%%11%8\6{&?%\1/\%%”%}81 éans)e 173

are pregded aparastednen py| (¥hisustsad' $sippethe| pyér deaiomnshevgnei 149

|y cct ot ot The Foect o port g e 1ol ls T he voi d

i c rou e injecti or : e . urethane fills voi ds.
it 60 B0t Auen e PHAPBLVESLFYTE olhS: hotl Foc Whetieit 16 wil
exit tkileughicthéyexbtduenivd7hibisomgridl,i rptikatl tskasion) @6t i dasprobeds i s
conpl et.e. A ! 14, iNj.ec et.ha fornms the
R R o Lt A e
sensor ThSsekBFrapeesubeb Yhels ninagrdgduriat fgnéhessphB BHET coFMEREE t he

entirechengbhoobiMobUebelVELED LA 157 WP0242644%PETUSPLLRO922  ring
114 and_t he ggtlcs i nsert_ 25, and | ocks the ribbon cable and th%)sensor

as%%nb?}eFHF ﬁFa%E Rp%h¢}pqqﬁ94ﬁm§;a. The non-rotating receiving hu

9 is suspended from the suspension arm 8 over the rotating
electronics hub 10. The electronics in the rotating electronics
hub may be the electronics shown in Figures 5 through 8, inside
the box numbered as item 10 in those drawings, and the non-

20 rotating receiving hub 9 will house the corresponding
electronics in the boxes marked as items 9. After extended use,
the pad will be exhausted and may be removed and discarded. A
new pad may be placed on the platen, and the rotating hub may be

inserted into the snap ring of the new pad.

25 It should be noted that the various inventions may be
employed in various combinations. For example, the releasable
hub embodiments, described in connection with inductive couplers
and other non-contacting couplers, can also be employed with
slip rings and other contacting couplers. While urethane has

30 been discussed as the material to be used as for injection and
use as the injected sealant, other materials may be used, so
long as they provide substantial adhesion and sealing between
the several inserts and the pad. Additionally, while the pad
construction has been discussed in relation to optical sensors,

35 electrical sensors, heat sensors, impedance sensors and other
sensors may be used instead, and the benefits of the molding and

releasable hub still achieved. Thus, while the preferred

16



Thi s process can be acconplished using a snap ring insert as shown in
Figures 9 and 10 by sizing the hub aperture in the 5 pad slightly |arger
t han t he woap2a4ehg i nsert, and using the injected urethaneCT/oséi/30912he snap
ring insert to the pad. Figure 15 shows a detailed view of the overal

pol i shin pad 3 installed in a CMP system using the pad design shown in
Fi gur eembgdanmgnts. ofhehpadechres iawh ndtdodgpbrvpadetaydesddibed Oit ower pad
| ayer %%er@qegsweth@ygﬁvﬁé&méﬁu et %l%efth@pew;zé de@%ﬁ%éd cally,
conductive ribbon 11, optical sensor 25, describ reV|ous

Fi gur e§XSTRE*Fay F%leéﬁéﬁlYﬁl?ﬁu?ﬁﬂzﬂﬁ%?ciglesTﬁé %h%c%@Yﬁﬁ%%QQﬁﬂo 10 is

i nsert edhiet bmbbherﬁéﬂa@ eﬁ-ﬂ%dlgﬁoﬁﬂédwtlﬁn&eﬁ%)glbepﬁ&g&@@tﬁi@u@ont acts 137
ar e; in geantact with t el ectr s af t electr a e

non r o Sr ngngcéF\%“ngﬁﬁuﬁp“@l‘i L i&gﬁeﬁ&é’& 8ﬂ?tﬂ%83§§‘ge%%?%% A % over

t he roeapengedetéetimeni cs hub 10. The electronics in the rotating

el ectronics hub may be the el ectronics shown in Figures 5 through 8,
inside the box nunbered as item 10 in those draw ngs, and the non 20
rotating receiving hub 9 will house the corresponding electronics in the
boxes marked as itens 9. After extended use, the pad will be exhausted and
may be renoved and discarded. A new pad nmay be placed on the platen, and
the rotating hub nay be inserted into the snap ring of the new pad. 25 It
shoul d be noted that the various inventions nmay be enployed in various
conbi nati ons. For exanple, the rel easable hub enbodi nents, described in
connection with inductive couplers and other non-contacting couplers, can
al so be enployed with slip rings and other contacting couplers. Wile

ur et hane has 30 been discussed as the material to be used as for injection
and use as the injected sealant, other materials may be used, so |ong as
they provide substantial adhesion and sealing between the several inserts
and the pad. Additionally, while the pad construction has been di scussed
inrelation to optical sensors, 35 electrical sensors, heat sensors,

i npedance sensors and other sensors may be used instead, and the benefits
of the nolding and releasable hub still achieved. Thus, while the
preferred

17



16 WO 02/ 26445 PCT/ US01/ 30922 enbodi nents of the devices and nethods have
been described in reference to the environnent in which they were

devel opedyovhimsds are nerely illustrative of the principl eBCDUStB922
inventions. Oher enbodi nents and configurations may be devised without 5
departing fromthe spirit of the inventions and the scope of the appended
clainms. 17 WD 02/ 26445 PCT/ US01/30922 W claim 1. A polishing pad
assenbi¢ £éRrilise in a CMP process using a sensor assenbly to detect the
progress of the CMP process, said polishing pad assenbly conprising: 5 a

pad haui.ng goCeBhehy PadPeStebBpebveisd dhsposat bhotbes padhng adi al l'y
displaced fromthe center of th ad; a sensaqr assenbly disposed .ipn a
spool SAESEH BPEG™W t h° @%F%F%pﬁhéjQﬂ?&ﬁ@&spngtB?s%%gé%rQE? ﬂ5¥%%£sp00|
shapedpol@shand. p@d dTheemoly sdvnygy ipdchgof C ai m 1 wherein the spool shaped
plug conprises urethane. 3. The polishing pad of Claim1l wherein the spool

shaped plugg4 gg?p%%§§ﬁgag g@ﬁ%ggjly transparent urethane. 15 4. The

pol 1 shing pad o aim1 further conprising an electrical conductor

di sposed within the pad and running from the sensor assenbly to the_ center
of the pad. 355PROHoFPEREAGVREE BEFRAMAY Wolthgseafn BadhPlpy debrlasghg a
sensor assenbl rém et etdnidie gF egeepsdef the CWMP process, said 20
pol i shing pad assenbly conprising: a pad having a center; a rel easable

mati ng structuyr IS t the center of the d aid rel easabl e mating
structure hév%ﬁgégrf?gégggg é%ﬁp%‘%%ffﬁébFPSS%tgg?ge i%%%%éd”?%%reon; 25 a
sensor assenbl sadd spozeld stiadsich ptlvg gadposead dvsgnisorthe spool shaped

10 void.

2. The polishing pad of Claim 1 wherein the spool shaped plug

comprises urethane.

3. The polishing pad of Claim 1 wherein the spool shaped plug

comprises an optically transparent urethane.

15 4. The polishing pad of Claim 1 further comprising an
electrical conductor disposed within the pad and running from

the sensor assembly to the center of the pad.

5. A polishing pad assembly for use in a CMP process using a
sensor assembly to detect the progress of the CMP process, said

20 polishing pad assembly comprising:
a pad having a center;

a releasable mating structure disposed at the center of the
pad, said releasable mating structure having a first set

of electrical contacts disposed thereon;

25 a sensor assembly disposed within the pad, said sensor

assembly radially spaced from the center of the pad; and

an electrical conductor connecting the sensor assembly to

the releasable rotating mating structure;

18



assenbly radially spaced fromthe center of the pad; and an electrical
conductor connecting the sensor assenbly to the rel easable rotating mating
struct ur ayo 048480 02/ 26445 PCT/ US01/ 30922 a hub adapt ed por/sowsabreasably
attached to the releasable mating structure, said hub having a second set
of electrical contacts disposed thereon such that insertion of the hub
into the rekehsbbkdabieti hg bestklendably eltéetchiedakoconé aceéldmtateln t he

first set of aneeldd clrudlActa anubhEoe60nd s&lod elecld | cal

contacts. 6. The polishing pad of claim5 wherein the releasable mating
structure furt®ePCieoiprl EntagtondpsPrrgiaslentty Hdpdded ilmsenéioant er of

the 10 polishiag @as hisiihtNabe FedeassBdl yi femidd AR S iipg and a hub
recei vi ng apertfre said hub rec Lyi ng ager%ure havi ng. a _bottqQm _a cont act
pad® di sposed of THe" ot t STRTBAThEHEEReERF vi hSt affer tUr &1SFERERH t he
first set of etectadtcalambniactsecobl aee df spbsedrorel kertertact pad, and
wherein said contacts face towards the hub receiving aperture; and the

el ectrigcal ?ﬂ'&dBBEQEhQ{qSC]Eé&C@flé’la&%@e 18 %ﬁgsgﬁlegégﬁf@waél he

plurality of electrical "contacts on the bottomo e snap ring. 7. The
pol i shBhgUpEHTBf fTeF BhAT SCOMRT9F t he top surface of the releasable mating
structure and the top surface of the pad are substantially co-planar and

wher ei n t he abehbpmrsugf agecmbl ¢ @i spsa@ rinnghandehberbett ema surface of the

p are substantjally co-planar,. 25 8..The_polishi ad of claim®6

PR el h the t i kiR L RELE ABRe: FiS R THel P Bl S08%0f PHe pad

are substanti sy xdulplzaraiving whereiunet heabdthdmmradiadegof the snap

ring and the é£§ﬁgénﬂgfaﬁa of hheopad are substantially co-planar. 9. The
claimb f

polishing pad o ere the renovably attachable 30 hub is an

el ectroni cs hub hol di ng_el ectronics. o
a contact pad disposed on the bottom of the hub receiving

aperture, wherein the first set of electrical contacts
15 are disposed on the contact pad, and wherein said

contacts face towards the hub receiving aperture; and

the electrical conductor electrically connects the sensor
assembly to the plurality of electrical contacts on the

bottom of the snap ring.

20 7. The polishing pad of claim 5 wherein the top surface of the
releasable mating structure and the top surface of the pad are
substantially co-planar and wherein the bottom surface of the
snap ring and the bottom surface of the pad are substantially

co-planar.

25 8. The polishing pad of claim 6 wherein the top surface of the
snap ring and the top surface of the pad are substantially co-
planar and wherein the bottom surface of the snap ring and the

bottom surface of the pad are substantially co-planar.

9. The polishing pad of claim 5 where the removably attachable

30 hub is an electronics hub holding electronics.

10. The polishing pad of claim 6 where the removably attachable

hub is an electronics hub holding electronics.

19



10. The polishing pad of claim®6 where the renovably attachable hub is an
el ectronics hub holding electronics. 19 WO 02/26445 PCT/ US01/30922 11. The
pol i shi ngv@azi2a@fis cl aim5 wherein the first set of contacpeT@eMmWIPRES a
signal contact, a power contact, and a ground contact, and the renovably
attached hub is an electronics hub holding electronics for processing a

si gnal ldeceheegol i 6hihg thed o Hndlaiaom atlerefiar the anst €f rédg cppvver to the
power gggkg _ nd for connectlnaha connon round to the nd cont act .

12. The pofishi g pat sl &I uHHE Y&t Re ?W?gtc%%ﬁa?ﬁ thct s
conpr i Sesuadsignahctontadt thea poweraldoneachchaddhab gsoammbk&nunnn;csand t he

r enmovapl,y ﬁb&aﬁﬁsdebé@tfénf%Ff%é%“ﬁf88é§%1%8 Fuplﬁﬁég' $&d Taes for

proceSS|n a Sl ghna recel ve from the si act or trans errlng
power 8t RéIpBheforbhthct for aﬁfi’dinfstfrercréﬁﬁeEPWﬁé EOCW@%WQW he

gr oundagantaet coddecTheg pol dsitidig Jradinel cel ahe §ryded ecdhendl ectri cal
conductor conprises a power conducting line, a signal conducting |line, and

15 a grgqun o] c n I|n 4.. The polishing of claimb5 where the

opticapaapgrg ngl &%fﬁé@%léfw &FS%“l.ﬁ% FheRr teF 1%t erall'y into
the | @@Bﬁabayeﬂomdmﬁe mp@m’nala;ceqnt@fctb he poweshiomtapetd, &l ch aperture
bei ng ?%hﬁé' eogeacﬁigﬁalﬁge%n&oq}abqys gkagheimﬁﬁ 20 hecor LB I angpar ent

and so he pol i shing pa m 5 where poli shi ng
pa ha§u® hedeéne %%@f%?fwesa eRE WF FeSMlnHeashagnat n@eca%ﬂs‘éerém%mnb t he

opti cakhasseghhy, coatdeoeut Pt @%ﬁsmﬂ@gngowtt@@@lé Qfowd e CRInt g ,a
liquid sgalant whi ch_becones transpar tégnggsol 35 when dry. 16. The
Hﬁﬁ I

pol i shPRY pR8 GPRFaltid s WFareh Bndf Ag< a3¥ertsily, " the

el ectrically conducting ribbon, and the snap ring are sealed into the
cut out léecﬂ“hsnpbiliﬁhéngimdcbfse:aﬂm 5 vherghehpoklshinicapad afdudtairm 16

where thepkh guid, sg&b@fﬂcoﬂl&%ﬁ hses | Laul dnlf eLhafe-« 48 ALE! heg of
seallng an optlcal sensor assenb I N an optlca
15 a ground conducting line.

14. The polishing pad of claim 5 where the optical aperture
further comprises circular lips inserted laterally into the
lower layer and the upper layer of the polishing pad, said
aperture being suitable for receiving a liguid sealant which

20 becomes transparent and solid when dry.

15. The polishing pad of claim 5 where the polishing pad has a
cutout section extending from the snap ring assembly to the
optical assembly, said cutout section being suitable for
receiving a liquid sealant which becomes transparent and solid

25 when dry.

16. The polishing pad of claim 15 where the optical sensing
assembly, the electrically conducting ribbon, and the snap ring

are sealed into the cutout section by the liquid sealant.

17. The polishing pad of claim 16 where the liquid sealant

30 comprises ligquid urethane.

18. A method of sealing an optical sensor assembly in an optical
aperture cut through a polishing pad having an upper surface and

a lower surface, comprising the steps of:

20



aperture cut through a polishing pad having an upper surface and a |ower
surface, conprising the steps of: 20 WD 02/ 26445 PCT/ USQOL/ 30922 provi di ng
a pol i shimgopad4d ashi oned with an aperture cut through a padyseizioge2apert ure
being suitable for receiving a liquid seal ant which beconmes transparent
and solid when dry; 5 inserting the optical sensor assenbly into the
optical apervtuidingabdpropisbahg sentdasdseeealdl wibei ag speedurs edwt i ve to
the aperture s i j . optical sensor
assenbly and tﬁ%£%§%3%% eggi%%agﬁaggggFP%D?%féﬁtgﬁéééﬁ%%usOrthe upper
surface of 10F¢FRIPOIT shiligiuisd sgadant| vhweeh pheganes dinsisperenitonad
surface of thesppldsindlg #43d; injecting the liquid sealant into the
aperture until the Iliquid sealant fills the void space; allow ng the
ligquid sealant to.dry:,and, 15 renoving the err. mold plate and the | ower
nnf% plate.lnf§?9+ﬁg EBFhSEtb?a£I%ﬁqﬁofgaﬁﬁgpﬁq heRFPqbie R&t conpri ses
| i qui d ur et hanmpe2urelhesairt lhpd ichlckansvi 8asdmnlein ddiemd isquied seal ant
comprises an OpldCald v d raoRReeat, Urebhane. 24,3k AR hadagff ashi oning
g the“steps of: pad

a polishing pad conprisin . provi ding a polishing
conpri sing: arPRIN | e rordficgleshaAer apgls e biveand e pefd: ur et hane, and
a center aperture disposed in the center 25 of the pad and a sensor

aperture di ppesedngnahheppad méBdigldte digshhacedntr gppéheseeri@l ;o snap
ri assenbly ji.nserted.i.nto the

center aperture, sald sn ring assenbly
cofrr(gri sing a snap ¥4y &2 S‘Bgr gci?‘@gjﬁgpﬁ%%? tFE «5?’\% o %‘fd hub
recei ving 30 sipefdas eothahen dodtisbing2pad;

injecting the liquid sealant into the aperture until the

liquid sealant fills the void space;
allowing the liquid sealant to dry; and,
15 removing the upper mold plate and the lower mold plate.

19. The method of claim 18 where the liquid sealant comprises
liquid urethane.

20. The method of claim 18 wherein the liquid sealant comprises

an optically transparent urethane.

20 21. A method of fashioning a polishing pad comprising the steps

of:
providing a polishing pad comprising:
an upper layer of urethane and a lower layer of
urethane, and a center aperture disposed in the center
25 of the pad and a sensor aperture disposed on the pad,
radially displaced from the center;
a snap ring assembly inserted into the center aperture,
said snap ring assembly comprising a snap ring and a
hub receiving aperture, wherein said hub receiving
30 aperture has a bottom;

21



WO 02/ 26445 PCT/ US01/ 30922 a contact pad di sposed on the bottom of the hub
receiving aperture; a plurality of electrical contacts disposed on the

cont act pedp2/2dies e said contacts face towards the hub 5 peT®swi/aog?
aperture; an sensor assenbly disposed in the sensor aperture; and, an

el ectrical conductor disposed within the pad, electrically connected to
the optical seasiogtasseqrdid \iispadetioohhehel Bsttdtadf cod aafks on the bottom
of the 10 snap ring, .pressin n_upper nold plate agai nst the upper surface
of the polishinéQggﬂeéﬁé gp?5€%¥ghnld pl ate agai nst the |ower surface of
the polishing pad to create a nold for injection of a sealant into the
pad; 15 inj ect®nglyrrelityuifd degttaacalneontaet srolisrosdd oni rdret he | i qui d

seal ant to dry; aRGtatenBYaNgwhbee UpPRd JBthdilsatracandolAsaloves HRbd
plate. 22. The nethod.of claim?21 where the |iquid seal ant conpri ses

li qUi d uret hane. T86S33 2 "¥hBPREWOSY of clai m 21 wherein the liquid seal ant
conprises an optically transparent urethane. 22
an sensor assembly disposed in the sensor aperture; and,

an electrical conductor disposed within the pad,
electrically connected to the optical sensing assembly
and to the electrical contacts on the bottom of the
10 snap ring.

pressing an upper mold plate against the upper surface of
the polishing pad and a lower mold plate against the
lower surface of the polishing pad to create a mold for

injection of a sealant into the pad;
15 injecting the liquid sealant into the mold;
allowing the liquid sealant to dry; and,
removing the upper mold plate and the lower mold plate.

22. The method of claim 21 where the liquid sealant comprises

liquid urethane.

20 23. The method of claim 21 wherein the liquid sealant comprises

an optically transparent urethane.
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