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1. Field of the Invention:

The present invention pertains to polishing
of wafers, and in particular to the polishing of wafers
using free abrasive machlnlng technlques.

2. ggégrigtidn of the Related Art:
e . _. The. polishlng of thln, flat dlSkS has been_ ..
) ' 'practlced for some time. Some of the ‘earlier work was
done with disks of glass material. Recently, however,
semiconductor and other electronics-related materials
of significant commercial importance have received
similar treatments. _
' ' Semiconductive materiélé such as electronics-
grade silicon is very costly, warranting unusual
measures to reduce or eliminate failures arising during
manufacture. Consider, for example, silicon wafers
having solid state structire formed therein, such as
metallic layers. 'Such structures are sometimes
encapsulated within the silicon disk so as to be
electrically insulated from the surrounding o
environment.

In one type of polishing-related production
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esses to flatten at least one major

fﬁe disk. Such flattening is carried out to
;J'of accuracy, so as to produce what is

65 ed a "mirror surface" or an "optically

? Ace. The same processes are sometimes
referred to as "planarization" techniques. Flattening
of the major surface of the disgk is accomplished by
removing the "high spots" which project above a
theoretical reference plane. Hopefully, such



having solid state structure fornmed therein, such as metallic layers.
Such structures are sonetines encapsul ated within the silicon disk so as
to be electrically insulated fromthe surrounding envi ronnent .

%l n one type of polishing-related production technique, silicon disks are
machi ned using free abrasive processes to flatten at | east one mmjor
surface of the disk. Such flattening is carried out to at high degree of
accuracy, so as to produce what is conmnly terned a "nirror surface" or an
"optically flahesurface. The sane processes are sonetines referred to as
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of polishing or grinding machines readily available for

this purpose, there is still a need to develop

operating techniques for polishing and similar

equipment to accurately control the amount of material

removed from a disk or other workpiece.

o -7+ - ‘gUMMARY OF-THE INVENTION -

It is an object of the present invention to
provide methods and apparatus for operating polishing
and similar machines.

Another object of the present invention is to
provide nondestructive testing of a wafer being
polishpd, or its optical flatness, using low cost
equipment.

Another object of the present invention is to
provide methods and apparatus for polishing thin wafers
to a desired degree of flatness.

to provide methods and apparatus for polishing'fhin
wafers having internal structures, without damaging the
internal structures.

Yet another object of the present invention
is to provide methods and apparatus for controlling

' polishing and similar operations with real time
monitoring of the ongoing polishing activity so as to
determine when a desired result has been achieved, and
so as to terminate further polishing.

These and other objects according to
principals of the present invention are provided in
apparatus for polishing a workpiece, comprising:

a nonconductive table;

A further object of the present invention is . .



to expose hidden structures. Wiile there are a nunber of polishing or _
grinding machines readily available for this purpose, there is still a need
to devel op operating techniques for polishing and sim |l ar equipnent to
Saccurately control the anmount of material renmoved froma di sk or other

wor kpi ece. SUMVARY COF THE | NVENTI ON It is an object of the
present invention to provide nethods and apparatus for operating polishing
and simlar nachines. Anothe?3bbject of the present invention is
to provi de nondestructive testing of a i olished, or jts optica

fer bein
flatness, using |ow cosf EGEF&EEnﬁssemb%? glsp%ﬁ%& o¥R)j ¢ APtRe present .
invention is tferpravirgéngethedwozhfiappatatbe porigloédshing thin wafers to

a desired degree of flagness. . further objegt .of t resent

invention is to provide&%giﬁoggraWBVéﬁga$stE§a75r°%%l? rﬁ%@ ?%ﬁ%gmafers
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apparatus for controlling po ) operations With real tine
nmoni toring of the ongoi Aif POLESRANGORPYLFiNG 3othsntblemsiklei skedhen a
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These and ot her objects accordin

to principals of the reﬁgq% i nvention
are provided in apparat §SSCEFLG88 ERPRELZBWLPR RS E?ﬁkﬁ? i Agrween
a nonconduct i thet ghlreier assembly and the antenna; and
, the polishing pad being sufficiently thin and
being adapted to allow ionic disassociation generated
_-. by the polishing .activity to be detected by ‘the ~
carrier.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 ié a schematic drawing of a mounting
head and polishing: table arrangement according to
principles of the present invention;
FIG. 2 is a fragmentary cross-sectional view
of FIG. 1 shown on an enlarged scale;
FIG. 3 is a fragmentary cross-sectional view
showing a portion of FIG. 2 on an enlarged séale;
FIG. 4. is a schematic view of .an alternative
"~ polishing arrangement; _ - -
FIG. 5 is a fragmentary cross-sectional view
thereof on an enlarged scale; and
FIG. 6 is a fragmentary enlarged view of FIG.
5, shown on an enlarged scale.

'DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to the drawings, FIG. 1 shows a

polishing station with polishing apparatus generally
indicated at 10. The polishing station includes a
mounting head generally indicated at 12 and a support
table generally indicated at 14. A workpiece or wafer



- 3- a carrier assenbly disposed above the table for cafrying t he

wor kpi ece to be polished; nmeans for noving at | east one of the
table and carrier assenbly with respect to the other; a polishing
=pad carried on the table; an antenna conprising a thin flexible

sheet of conductive material between the pad and the table;
el ectrical energization neans coupl ed between the carrier assenbly and the
antenna; and the polishing p4&d being sufficiently thin and being

adapted to al]low ionic dlsaSSOC|at|on generated by the polishing activity
to be detectetCplOthe RAt1§Red 1s carried by gRerpoynsiRgphesd oF AfHE

DRAW NGS will beF$éen lhésein soiiegiiabeditavini@nefich Baweng head and
Pventi on; - <bpfiE8 B HOoSEES OF Akl BefRadan shabeigion
and varying thickness. The present invention has found
immediate commercial acceptance for polishing
workpieces comprising a relatively thin disk of
semiconductive material, especially silicon wafers
having a thickness ranging between 0.5 mil to 5 mils.
In general, the polishing apparatus operates
on a major surface of the wafer carried in the mounting
head. In the preferred_embodiment,'the wafer is _
vplanarized”, i.e., made flat-erough so as to remove ~ -
virtually all depressions formed below a theoretical

target plane, to an accuracy on the order of several
angstroms. The wafer 20 may contain internal
structures such as metallized layers or layers of
disgimilar semiconductive material, although this is
not necessary. However, if intermal structures are
present within wafer 20, the present invention can be
relied upon to aid in avoiding unnecessary damage
(e.g., exposure at an outer surface of the wafer).

As will be seen herein, the present invention
is concerned w1th monltorlng extremely low level - -
'51gnals. In the preferred embodlment the 51gna1s lie
in the nanovolt range and care must be taken to
preserﬁe the signal integrity, while providing a test
arrangement in which conventional, economical equipment
can readily discriminate the test signal from
background noise originating not only from the
polishing equipment, but alsc from equipment operated
by neighbors. Referring to FIG. 1, the table generally
indicated at 14 includes a nonconductive table bed 24
mounted for rotation on a support column 26.

A mounting head 12 includes a carrier
assembly 28 mounted for rotation and for vertical
linear movement on an upper support column 30. In the



of FIG 1 shown on an enl arged scal e; FIG 3 is a fragnentary
cross-sectional view showing a portion of FIG 2 on an enlarged scal e;

FIG 4 is a schematic view of an alternative polishing arrangenent;

FIG 5 is a fragnentary cross-sectional view thereof on an enlarged scal e;
and FIG 6 is a fragnentary enlarged view of FIG 5, shown on an
enl arged scal e. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Referring now to the drawings, FIG 1-shows a polishing station with
pol i shing apparatus generally indicated at 10. The polishing station

i ncl udes a nurefieny et athbgeriaealt!,y ai plugal &tyabf lRoantding shepdst 12 abl e

general Iy indjcatd e[%hv%gejd‘lfo'% WRILKRY; sﬁeﬁﬂr E‘Qf) £ asgeubly 14, The

-4- 20 to be poI Car rred e nDun 'ng
herein, the praddentessemdityl emdcawupséing head are of conventional

construction and may, for example, comprise any of a
number of polishing or grinding machines available from
SpeedFam Corporation, assignee of the present
invention, located in DesPlaines, Illinois.

One example of a polishing apparatus is given
in United States Letters Patent 5,328,732, assigned to
the assignee of the present invention Certain
additional features are added to a conventlonal }

“mounting head; as will be described herein. As will be'
seen, some of these features relate to electrical
energization of the mounting head with a radio
frequency carrier signal and/or a direct current
voltage signal.

The mounting head 12 id schematlcally
illustrated in FIG. 1, and includes a carrier 34 of the
type used to hold wafers, disks and other items during
wet lapping and polishing processes or alternatively
for planarization and texturizing processes. Referring .
additionally to FIGS. 2 and 3, carrier 10 uses a

- backing tab or film 38. of conventiomal materlal such

. as urethane elastomers, laminated to part holders 40,
such as ring-like structures made of fiberglass or
other insulating material. The backing pad 38 cushions
the wafer 20 from its holder. In a single-sided
‘polishing of wafers, such as that illustrated, the
carriers may be mounted to polishing chucks to contain
parts during processing, and to allow rapid handling of
parts during a production run. When polishing chucks
are employed, they may be of the vacuum operated type
which maintains the part holder 40 and assoclated wafer
20 by vacuum forces. Accordingly, holes are typically
punched through the backing pad 38 so that a vacuum



applied to workpieces of different material conposition and varying :

t hi ckness. The present invention has found i nmedi ate commerci al acceptance
for polishing workpieces conprising a relatively thin disk of

sem conductive material, especially silicon wafers having a thickness

rangi ng between 0.5 ml to 5 mls. I n general, the polishing
apparatus operates on a major surface of the wafer carried in the nounting
head. In the preferred enbodi ment, theéwafer is "planarized", i.e., nmade

flat enough so as to renove virtually all depressions forned bel ow a
theoretical t&pgee paanke appihedctorthy wifenhe br cag wdllsa@sertdle angstrons. _
The wafer 20 ppyrcppigkp hpternal structures such as netallized layers or

| ayers of dissimlar sem conductive materjal, although this_is not

necessary. However, if TheePrarestr teYeReonkag famd metiatRfer 20, the
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of the polishing machine, the mounting head . 12 is
pressed in a downward direction against table assembly
14. I
Referring to FIG. 3, the table bed 24 is
covered with a pad arrangement against which the wafer
20 is pressed during a polishing operation. In the
preferred embodiment, the pad arrangement, generally
indicated by the reference numeral 44, includes an
upper pad 46 facing the mounting head 12 and a lower
pad 48 in contact with the table bed 24.” The polishing
= - - - pad 46 preferably. comprises commercially ava;lggle
Rodel Model No. IC-60 or IC-1000 series pads. When
planarization of the wafers is desired, it is preferred
that the polishing pads have a hard surface character
while being flexible over the width of the wafer to be
polished, so as to accommodate undulations (i.e.,
global variance) in the wafer. In addition, the
polishing pads 46, 48 are preferably highly wettable so
as to enhance polishing uniformity. The backing pad 48
preferably comprises Rodel Model No. Suba IV filter
paper or very uniform thickness felt {(approximately
1/16 inch) to take ué size variations, parallel
variations and out-of-flatness variations of the wafer
being polished.



J1inear novenent on an upper support colum 30. In the

-5- preferred enbodinent, a plurality of nounting heads 12 are prOV|ded'
for use with the table assenbly 14. The table assenbly and nounting head
~are of conventional construction and nmay, for exanple, conprise any of a
nunber of polishing or grinding machi nes avail abl e from SpeedFam

Cor poration, assignee of the present invention, |ocated in DesPl aines,
d11inois. One exanple of a pétishing apparatus is given in United
States Letters Patent 5,329,732, assigned to the assignee of the present

i nvention. Certain addﬂpiéﬁﬁlpﬁééﬁﬁr@g greodHment (Al ¥WEeAR i onal nounting

head, as wi | ehpedesor 1bedobakenberasell theDadels, SBe Ofnd hese featur es
relate to electrlcal rgi zati,on of _the poun g g with a, radio
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The antenna member could also be made of stainless
steel, as well as metals and metal alloys which provide
a low corrosion conductor film having flexing
characteristics compatible with those of the overlying
polishing pad 46 and underlying backing pad 48.

The top pad 46 prov1des a pollshlng surface,

R - whlle the underlying pad 48-allows the pad 46 to " -

readily conform to the characteristics of a wafer being
polished. In the preferred embodiment, the pads 46, 48
are of a standard size, 24 inches in diameter, while
the antenna member 50 was constructed to have a
diameter of 23 inches. The pad arrangement 44 '‘can be
readily accommodated by conventional polishing table
equipment, without requiring substantial modifications
of the table bed 24 and associated drive mechanisms.
However, since one design goal of the polishing
apparatus was to promote reliable detection of faint
81gnals, i.e., signals having .a _very low s1gnal
strength the antenna and table members must ‘be -
compatible with relatively noiseless contacts used to
couple electronic equipment to the antenna member 56.

As mentioned above, the radio frequency
carrier signal passes through the polishing pad 46. 1In
order to enhance the signal detection capabilities of
the polishing arrangement, it is preferred that the
polishing pad 46 be perforated to allow direct contact
of the ionically charged polishing medium with the
antenna member 50. Although virtually any pattern of
the optional perforations can be eﬁployed for the
polishing pad 46, it is preferred that the perforations
comprise uniformly sized diameter holes formed in the



wet | apping and polishing processes or alternatively for planarization and
texturizing processes. Referring additionally to FIGS. 2 and 3, carrier 10
uses a backing tab or film 38 of conventional material, such as urethane
-elastomers, lamnated to part holders 40, such as ring-like structures nade
of fiberglass or other insulating material. The backing pad 38 cushions the
wafer 20 fromits holder. In a single-sided polishing of wafers, such as
that illustrated, the carriers may be-founted to polishing chucks to
contain parts durlng processing, and to allow rapid handlln% of parts
during a prod@ast énd dpcanmsh osolundfiorglyhapRsedr eeahpryeditt A8y may be of

the vacuum ow@ﬁqltyy%éﬁaﬁ%mmttawé b@@f@%&ElBﬁbdﬁé ?9né@§1§§500' at ed

waf er 20 by vacuum fodrces. Accord hol es are i cal unched t hr ough
the backing pHt Higm, S NI HPua cgrorking surface BF the boliShing ' OUY!

force can be pypldeed to the wafer 20, as well as the part hol der 40.

The present invention has found |nn§ l,atg conmer i lication for use
with a special type of%:%errlng 36 g, a0 el&e 1 88P

feedthrough connector 54 is secured atop a conductive
mounting block 56. Mounting block 56 is in turn
secured by a bolt fastener 58 to a dielectric block 60
mounted in the center of table bed 24. An electrical
lead 64 is coupled to bushing 54 through an arm 66.

The lead 64 and arm 66 remain statlonary, that is, _
nonrotatlngv _with the arm 66 attached to the upper-end'
of bushing 54. The lower end of bushing 54 rotates
with table bed 24, about the axis of support shaft 26.
Bushing 54, as mentioned, has first and second
interfitting parts which are movable relative to each
other, and which employs a iiquﬁd conductive medium
between the parts for relatively noiseless coupling of
an electrical signal through the rotating bushing.

In the preferred embodiment, bushing 54 was
obtained from the Mercotac Corpbration as commercially
available Model No. 205. In this commercially
avallable bushlng,-the fluid conductive medlum
comprlses mercury. By using a feedthrough bushlng
having a conductive fluid for electrical coupling,
brushes and the like contact devices can be avoided,
thus eliminating the noise created by brushes in a
rotating machine. By utilizing the fluid filled
bushing 54, extremely low level signals were
successfully detected, with a reliability for an
especially continuous data stream) which allowed the
signals to be used on a real time basis for control of
the polishing equipment. As schematically indica@ed in
FIG. 1, the electrical lead 64 is coupled to an input
terminal 70 of a signal analyzer 72. The signal
analyzer 72 is in turn coupled through a bus 74 to a



.polishing referred to as "planarization." In these types of operations, the
polishing machine is operated so as to flatten relatively bunmpy filns of
oxide, netallic or resinous |ayers over devices, such as conponents grown
~on sem conductor wafers. Since the wafers are not always flat, polishing
processes are typically carefully controlled to maintain a uniformfilm

thi ckness across-the wafer diameter. Iq operation of the polishing

machi ne, the nounting head 12 is presseéd in a downward direction agai nst

tabl e assenbly; d# 78 B %?% le Redd4 is
covered with alpa%plé?crzasr\séoeﬂent e‘?g%‘? n;éb%ﬁﬂsﬁ%%awa erls%ﬁes 'préés'ed during
a pol i shing op®¥ a2XFPLen FMe Prk dring cogwinaf then@Pdehdmaangenent ,
general ly indappaestby.the reference nuneral 44, includes an upper pad 46
facing the nounting he 12 and a, | ower d 48 i ontact with the table
bed 24. The poli shi ngaﬁ‘ala% ﬁ%’f%r‘a‘bl‘iﬁ%ﬂr&r iag’g%%comﬁ’é’rn&léﬁ Ve | abl e-
Rodel Model Nb2 1f=bides a GddDO frsqesngadransifieted @rambdaii on of the
waf ers i s desj i3 k8. P that the polishi.n hayve a hard
surface char a%%‘g?e\s/\h{i\zf‘%f%e#ﬁ%ﬁérg% oe"'eolﬁlrel:r0 %?e %@&a%e%afrﬁén er to be
pol i shed, so astemnackdmmoibeetxichl anergizdtion ofl dhal resldicance) in the
wafer. In addgtd thee pol dshi 4 f alcl

wettabl e so as tq(;@(,aérrllh}gnce p% :P&s |hﬂ%%§’fﬁ?tﬁ#ﬁ§; %agioﬁir‘lg&ygﬂiﬁ}éy

preferably cofpridesh Rotefoumtrd BlrousihLanduqiateB4pdifedor very uniform
thi ckness felé&léeppiexi nBéed yad/ iéd i 46h)8d At dIR SitR (it ieHE,

paral | el var|a£|gns q@d 0 t-of-flatqfss ¥€r| tiaons of the wafer being

pol i shed. o eédthrough bushing 90. n the preferre

embodiment, the feedthrough bushing 90 is-similar to -
the'bushing 54 described above. The lower end of

bushing 90 is mounted to support column 30, and

electrical conductors (not shown) couple the lower end

of bushing 90 to the radio frequency transmitter 80.
Optionally, power supply 82 may be connected through f
conductors 92 to an input 94 of signal analyzer 72.

Referring to FIG. 3, a fluid (i.e., flowable)
polishing media 98 is disposed between wafer 20 and the
upper pad 46. The polishing media can comprise any of .
a number of commercially available formulations, such
as those commercially available from the assignee of
the present invéntion. Alternatively, the polighing
media can comprise water or other liquids which are
free of added abrasives. Carrier head 12 and table
assembly 14 are operated in a conventional manner, with
a polishing media 98 covering the pad 46, in
preparation for a polishing operation. The carrier
head 12 is then lowered until its travel is halted, and
pressure is applied as the carrier head and/or table
assembly are rotated.

It is believed that the wafer 20 rides on a
very thin layer (on the order of a few monatomic
layers) of the polishing media 98. In some instances,
portions of the wafer 20 may directly contact the pad



- 7- In the preferred enbodi nent, an antenna nenber 50 is | ocated
bet ween the pads 46, 48. The antenna nenber 50 is preferably conprised of a
thin aluminumfilm thin enough to readily allow flexing of the overlying

| C-1000 pad and underlying Suba |V pad. The antenna nenber could al so be
made of stainless steel, as well as netals and netal alloys which provide a
| ow corrosion conductor film having erX|ng characteristics conpatible with
those of the overlying polishing pad 4690 and underlylng backlng pad 48.

The top pad 42 proyi des a gollshlng surf e the undgg ad 48
all ows the pa&® 8 PEYdFV§EentS h?’t‘bc?‘ rh%t%‘??%‘?’?&% 0 n fer
bei ng polishedowbm shefpcefefredfeﬂbzdlﬂﬁna,pfbeewmﬂé é6mmdﬁrﬁre of a

t andar d , i le, 50

conet ruct ed + 5oRSTEeE §B.n8, SPRTRLSL 1ilhatidar AOLER T R £90 0 Can e
readi | y accomebaagedibytbenpedtisbhah meﬁiahiwglsa:bgef:eqmmm;oml hout
requiring SUb%Jt%%'cahlgﬁngbﬁﬁEhBHs glwg ﬁg §§§ﬁlﬁfh d associ at ed

drive nmechani sms. However, _since ohe design | i shing
progresses. Ionic interactions occur between the wafer

20, the polishing media 98 and the polishing pad 46.
The polishing rate can be controlled by altering the
down force of the mounting head and the wvelocity of the
polishing media particles. The ion-exchange capacities
of the polishing media 98 may also be employed to
govern removal rates and, for semiconductor wafers, the
surface charge of the wafer is influential in the
.Chemical-Mechanical Polishing operation.

In the first embodiment of the present
invention, a radio frequency carrier signal is
transmitted through the wafer, polishing media dnd
polishing pad, and thus is altered to some extent by
the ionic activity occurring along its path of travel
towards the antenna member 50. A radio frequency
shield 32 prevents upward radio frequency leakage and
provides shielding of unwanted noise from entering the
wafer interface area durlng pollshlng _— - - - -

The altered carrier 51gna1 is recelved by the
antenna member 50 and is coupled to input 70 of signal
analyzer 72. The carrier noise signal is preferably
extracted from the carrier radio frequency using
conventional signal demodulation techniques. The
signal analyzer 72 observes the noise interference énd
frequency energy losses associated with polishing
activity. As mentioned, the signal is of a very low
level, and in the preferred embodiment ranges between
200 nanovolts and several hundred microvolts. The
radio frequency transmitter in the preferred embodiment
comprised a Hewlett-Packard Model No. 8647A radio
freqguency generator, while the signal processor 72



M
apparatus was to pronote reliable detection of faint signals, i.e., signals
having a very |low signal strength, the antenna and table nenbers nust be
conpatible with relatively noiseless contacts used to couple electronic
equi pnent to the antenna nenber 50. As mentioned above, the radio
frequency carrier signal passes through the polishing pad 46. In order to
enhance the signal detection capabilities of the polishing arrangenent, it
is preferred that the polishing pad 46-%e perforated to allow direct

contact of the ionicall har ged ollshln% medi ym wi_th the ant enna nenber
50. Al t hough SAPERXI&edy é§$}3§§rﬁéﬂ agh FRELOPPLGHEr PEFRBFIFPoNEFEAN be

enpl oyed for stlige:aaolamh r@adm@en Nol.S3p6€bAL I eghéhaartherpaoiseati ons

f
T8 bad, and ek 3 GrtRatee Ay SsT00H RERReFSE FRTFEFeneral |y
preferred thanalysigsr frelattednt dehge feegubpcynsédeatiheolighsas the wor ki ng
surface of t% 0'&5@ fiﬂg?jlgzsultlng fromngggﬁhggtﬂg Eggilgr an

el ectrical
signal through its path of travel. In general, this

first preferred embodiment of the present invention is
concerned with radio frequency signal injection rather

than signals in the sonic wave regime or other

frequency regimes. The radio frequency regime has been

found to provide a practical env1ronment for reliably -
-extract;ng meaningful data concérnlng pollshlng i )
progress and rates of polishing, on a real-time basis.

After evaluating several different antenna
arrangements, it was found that the antenna member 50
provides signal quality sufficient for the signal
analyzer 72 to perform along-side signal detection in
the -145 dBm range. However, the carrier noise signal
was dro&ned out by surrounding interference and could
not be reliably detected, even using the sensitive
signal analyzers described above.

In the preferred embodiment, the carrier
noise 51gna1 upon analysis was found to comprlse a true
noise s1gnal whose fregquencies ranged between two and
two hundred hertz. After evaluation, it was discovered
that the noise being observed was created by a large
number of widely different sources, including sources
located on neighboring properties. While investigating
solutions to this problem, it was discovered that the
most detrimental noise occurred at or around ground
potential. The solution employed in the present
invention was to clamp the potential of the carrier or
mounting head 12 above ground. Because of the noisy
environment of the preferred embodiment, it is
preferred that a +9 volt bias be applied to the
mounting head 12 through the relatively noiseless



.feedt hr ough connector 54 is secured atop a conductive nmounting bl ock 56.
Mounting block 56 is in turn secured by a bolt fastener 58 to a dielectric
bl ock 60 nounted in the center of table bed 24. An electrical lead 64 is
-coupl ed to bushing 54 through an arm 66. The |l ead 64 and arm 66 remain
stationary, that is, nonrotating, with the arm66 attached to the upper end
of bushing 54. The | ower end of bush[gg 54 rotates with table bed 24,

about the axis of support shaft 26. Busfiing 54, as nentioned, has first and

second interf S noy l,e. 1 atlv to each .oth and

whi ch enpl oyslfétE ?gﬁ? %o%% ?H%%ﬁe %}&%\g\: %’g}at gngng}errg atively
noi sel ess coubﬁlﬁgtoasahteleespecaiVS|gwmundhrough t he rotatlng bushi ng.

In the preferred enbodl 6 a ngy yaﬁ: t t:-he Mercotac

Cor poration as_commerci a yraggﬁﬁb 1§?\/b J% %ds | rskecom*rer cially
avai | abl e busRPRgieghEhrough bwaduelavivedsinpislnRs sl%sshm%r%n By using

a feedt hroughahgshing nayamglé SENEME 1 Mendrhit «bd Qa8 &Gt r'diGlacoupl i ng,
brushes and the_li ke co yi ces can be avoided, thus elTmnating the

noi se creat ed*B§LB bgﬁegr?ﬂ 5?86?af??@??&&%u9ﬁ§nﬁﬁ# q#l%ﬂrﬁfthe fluid
filled bushi ngobpleéxtheocegly tomdhever %2 giwlinpwt ©4wE esixindl y det ect ed,

with a reliab ran; £s I n dat whi ch al | owed
t he signals t%hgi¥2£9 75 if 898%§ LX &%%%%Qlf con 4u(§hthe pol i shi ng
equi pnent . Assgbﬁ@ﬁavecattgnuaulcateesmltingafngmt&namﬂm&ssmqnﬂoﬁead 64 is

coupl ed t0 anthaPHh i EEH Ei’JTye 4 tﬁﬂoug@%&géu S@@éxyﬁﬁéaig S gnal

analyzer 72 is_1in turn cou
the po 1ishing medla and the media/pad interface as well

as. tHe polishing pad 46. -It is preferred-that the
-51gnal samples for input terminal 94 be taken from the
'carrier'assembly 12.

As mentioned above, polishing apparatus could
employ either a single carrier assembly 12 or multiple
carrier assemblies cooperating with a common table
assembly, such as that §chematica11y indicated in FIG.
1. When multiple carrier assemblies are employed, the
radio frequencies for different carrier assemblies can
be made sufficiently different so as to allow
discrimination between the various carrier assemblies
simultaneously employed in a given machine._ .

S Turning now to FIGS. 4-6, a second embodlment
of the present invention is generally indicated at 100.
This arrangement is in many respects identical to the
arrangement described above with reference to FIGS. 1-
3. One significant difference is that the radio
frequency transmitter and power supply referred to
above are not used. Rather, unlike the polishing
arrangement of the preceding embodiment, the polishing
arrangement of FIGS. 4-6 passively listens to the noise
generated by ionic disassociation. As shown in FIG. 4,
a direct current bias indicated by a battery 104 is
applied to the carrier assembly 12 through the rotating
bushing 90. The bias source is in turn coupled through



--9 - mcroprocessor 76 which perforns data anal ysis useful, for exanple,
for real tine control of the polishing apparatus. Tuning again to
FIGS. 1 and 2, nounting head 12 includes a radio frequency transmtter 80
~whi ch causes radi o frequency power to be radiated fromthe antenna 50.

El ectrical energization of the radio frequency transmtter 80 is provided
by a power supply 82 which is coupled through conductor 84 to an el ectrical
| ead 86 and arm 88 nounted to the uppet3end of feedthrough bushing 90. In
the preferred enbodi nent, the feedthrough bushing 90 is simlar to the
bushi ng 54 deSEF FBLET Y bbW ef rateen eyveanasr et s Hetyrasm itemminsals to

support col ungg 3070208 EAECAfit Stha GRS WS « QU 1aRp! € the | over
end of bushlgg 90.to the radio fr% uencz trangﬁﬁ%égy 80. Cg#fonally, power

supply 82 may®Behindinatt edTherSlREE Aiae generahed dguttioy agesi gnal

anal yzer 72. of pollshnﬁgf@éﬁixﬂgq}%fd& tﬁue arddutitd rd ,bﬂ‘a{sb\/t&bl e)
pol i shing med] 20 and t e upp pad, 46. The

98 is, di sposed b r
pol i shi ng mad’f@ c%lﬂplé%n’fﬁ’%gjenag]n %5) 361‘ Y&Rrer@-al | ea\f’aﬂll%ﬁ)l e
formul ati ons, ssgoal asstpmﬁemhmprmaelyzeqa\dm It esdmeomashasassi gnee of

described above in the preceding embodiment, with the
noise patterns and frequency potentials being monitored
for observation of ongoing polishing activity, and
especially thickness reduction of the wafer being
polished. . _

-2 7 As can be seen from the above, the presént
invention is particularly useful in observing iomic
charge disassociation effects on a real time basis,
during Chemical-Mechanical Polishing of semiconductor
wafers and other commercially important objects.

The drawings and the foregoing descriptions
are not intended to represent the only forms of the
invention in regard to the details of its construction
and manner of operation. Changes in form and in the
proportion of parts, as well as the substitution of
equivalents, are contemplated as circumstances may

. suggest. or. render exped1ent~ and although spe01fic
' terms have been employed they are intended in a
generic and descriptive sense only and not for the
purposes of limitation, the scope of the invention
being delineated by the following claims.



the present invention. Alternatively, the polishing nedia can conprise
wat er or other liquids which are free of adéfgLing?Lygs,f/’fﬁfrier head 12
and tabl e assenbly 14 are operated in a conve ‘m

‘pol i shing nmedia 98 covering the pad 46, in pre “mg@ l'i shing
operation. The carrier head 12 is then Iomered@@& rsavél is halted,
and pressure is applied as the carrier fead an t abl e assenbly are

r ot at ed. It is believed that the wafer 20 rides on a very thin
| ayer (on theyphgersObraTHRY §BPatom c | ayers) of the polishing nedia 98.
I n sonme instances, portions of the wafer 20 nmay directly contact the pad
-10- - 46. In any event, ‘mechAPPeBERLUSr fOF PPN R PRI wer surface
of wafer 20 |aoﬁpgiggﬁ§ure connDnIy referred to as Chem cal - Mechani cal

Pol ishing. An ion charge in the.p dia, arising fromfrictiona
atom c di sassoci ation, BuPPBSOH uﬁglﬁ%IF%hfe progresses. lonic

i nteracti ons occur betmeenarhﬂemaéSSeﬂEnytdmsgnﬂedﬂubmyéﬁﬁﬁéiE&bkﬁuﬂ t he

pol i shing padfég'carrying the wérkpiece to be polished;
means for moving at least one of the table
and carrier assembly with respect to the other;

a polishing pad carried on the table;

an antenna comprising a thin flexible sheet
of conductive material between the pad and the table;

K __electrical energization means coupled between

the carrier assembly and the antenna; and

the polishing pad belng suff1c1ently thln and
being adapted to allow ionic disassociation generated
by the polishing activity to be detected by the
antenna.

2. The apparatus of claim 1 further
comprising a fluid polishing media disposed between: the
rad and the workpiece.

3. ' The apparatus of claim 2 wherein the
electrical energlzatlon means’ applles a direct Surrent
bias voltage between the carrier assembly and the
antenna. '

4, The apparatus of claim 2 wherein the
electrical energization means injects a radio frequency
carrier signal between the carrier assembly and the
antenna so as to pass through the polishing media and
8o as to be modified by the ionic disassociation
assoclated with the polishing activity.



.The polishing rate can be controlled by altering the down force of the

nmounti ng head and the velocity of the polishing nedia parti - The
i on-exchange capacities of the polishing nedtgzgaﬂnay’éT'#/QLe%. | oyed to
-govern renoval rates and, for sem conductor waf ﬁﬁﬂ char ge of
the wafer is influential in the Chem cal - Mechan L WN& g eperation.

In the first enbodi nent of the present |nvent|o acradi o frequency carrier
signal is transmitted through the waf ert> pollshlng medi a and polishing pad,
and thus is altered to sone extent by the ionic activity occurring al ong

its path of travel towaPds tA8SaAPBARECHENBECERI™ A YREFSIR¥tiency shi el d

32 prevents upsaidhiadi atr equp@wolrawagsoa@d 6 wlles sieel di ng of
unwant ed noi s d& S%h%nterl he \wafer. .interface ea_during polishing.

The altered carrier sggﬁgpgg EpegéFﬁgélgyC?ﬂ a%ﬁté% a.%%%%%g 50 and is

coupled to input 70 of signal analyzer 72. The carrier noise signal is

preferably extracted fr%”‘th%h%a%hgﬁEaEﬁg'8fféfgﬂﬁnfy L&, Coyent i ona
es %

si gnal denodul ation techni qu st ghal analyzer observes t he noi se
i nterference &ﬁ&cﬁﬁéﬁéén@Fe€ﬁéﬁéylpés§€§n§s%%c?@ﬁﬁ@e@n%% Bl | ankegna

activity. As mmoughed, fbléﬂth'r%gh bisBing ¥ rié’ﬂbéefﬂ'staéhﬁ?d' n the
preferred enbod|n§§f ran etween 200 nanovo i gnd several hundred
&P R

mcrovolts. T &nFFg%&EF&99t935§ﬁ1VPEP #n pr R V?Eﬂv%nbodlnent
conpri sed a Hmeldduin Batweeth Whecpbalos 864d4 tadcmﬁuleqmr@yegernﬁcalor

while the sign3 B1088330n ehe bushing.

- T . =77 7. 0 The- apparatus of claim-1 wherein the
electr1ca1 energization means signal is coupled to the
carrier assembly by a feedthrough bushing comprising
first and second interfitting parts with a fluid
conductive medium between the parts so as to couple an
electrical signal through the bushing.

8. Apparatus for polishing a workpiece,
comprising:

a nonconductive table; ‘

a carrier assembly disposed above the table
for carrying the workplece to be pollshed _

means for moving at ‘least one of the table |
and carrier assembly with respect to the other;

a polishing pad carried on-the table;

an antenna COmprising a thin flexible sheet
of conductive material between the pad and the table;

electrical energization means coupled between
the carrier assembly and the antenna;

' a first feedthrough bushing comprising first
and second interfitting parts with a fluid conductive
medium between the parts coupling an electrical signal
from said electrical energization means to the antenna;

a second feedthrough bushing comprising first
and second interfitting parts with a fluid conductive



--11 - conprised Hew ett-Packard Fast Fourier Transform (FFT) signal

anal yzers, Mdel No. 35665A. The carrier noise signal is detected and
denodul ated for further analysis, related to the frequency sel ective | osses
‘in carrier strings, resulting frompassing the carrier signal through its
path of travel. In general, this first preferred enbodi mrent of the present

I nvention is concerned wwth radio frequency signal injection rather than
signals in the sonic wave regi ne or otlfer frequency regines. The radi®
frequency regi me has been found to provide a practical environnent for
reliably ext P§SdlHyLeExReRgLhe Barisceneptinegthel ftarhyiprbgeéaraind rates

of polishingfrom &aigalkelbct®iPasi nergization MbARE- €¥atHat tagrsever al
different antenna.arrangenents, it was found that the antenna nmenber 50
provi des si gREEEYRaNiit #1€ufficient for the signal analyzer 72 to perform

al ong-si de signal dete¢heopolishlifg- p48 BBihd¢ aggefitbuRyEy, thhe gadri er

noi se si gnal ,was dg@gﬂﬁ% o%t g¥ surnoundiag interfegence and_could not be
reliably detgf?@g, &) Ssiﬁg ﬁgwééﬁg?Fi Si?ﬁﬂﬁfa ﬁ%?y%%?%rﬁgg ri bed
above. by thenpohdshiagencedvétipotonkat det@etedrbyetheoi se si gnal upon
anal ysi s masahggggago conprise a true noise signal whose frequencies ranged
bet ween two an

9. The apparatus of claim 8 further
comprising a fluid polishing media disposed between the
pad and the workpiece. |

10. The apparatus of claim 8 wherein the
electrical energization means applies a direct current
bias voltage between the carrier assembly and the
antenna.

11. The apparatus of claim 9 wherein the
electrical energization means injects a radio frequency
carrier signal which passes through the polishing media
so as to be modified by the ionic disassociation
associated with the polishing activity.

LS

12. The apparatus of claim 11 wherein the
polishing pad is perforated so as to allow the
polishing media to directly contact the antenna.

13. A method for observing polishing activity
on a real time basis, in an ongoing polishing
operation, comprising:

) providing a nonconductive table;

providing a polishing pad on the table;

providing a carrier assembly disposed above
the polishing pad; )

carrying a workpiece to be polished in the
carrier assembly;



two hundred hertz. After ev fign, it was di scovered that the noise being
observed was created | A \g@gber of widely different sources, '
i ncl udi ng sourc 0 m“% - oring properties. Wile investigating

solutions to this m was di scovered that the nost detrinental

noi se occurred at B3Tcound ground potential. The sol ution enployed in the
present invention was to clanp the potential of the carrier or nmounting
head 12 above ground. Because of the ndaiay environnment of the preferred
enbodinment, it is preferred that a +9 volt bias be applied to the nounting
head 12 through the rel atdwiglgy atoilsels¢sone of the table and carrier

12 Teedthrouahishiie P Qe RY chiae oBRLENER HEBTRE' gBREsCh a5 (1S
respective ground. . AcCcordingly, the volt bias~signal is applied
t hrough two r @Alishaing feitsianidys hatsgieng$heowarlpsacepasdnphe BRrdt he
transmtted cafdisinei0n@dgiicdica imild alshadoeibteaneneytheansmtter 80 is
coupl ed throuq? onductor 92 to input 94 of signal analyzer 72 in order to
determ ne the sel ective attenuation resulting fromtransm ssion

of disposing an antenna comprising a thin

flexible sheet of conductive material between the pad
and the table;
coupling an electrical energization signal

between the carrier assembly and the antenna so as to
flow through the ionic disassociatibn; and

- éénfigﬁfihg_thérpéliéhing.pad to be )
sufficiently thin so as to allow ionic disassociation
generated by the polishing activity to be detected by
the antenna.

i 14. The method of claim 13 wherein the
electrical energization signal applies a direct current
bias voltage between the carrier assembly and the
antenna.

15. The method of claim 13 wherein the
electrical energization signal injects a radio -
freqﬁency'carrier signal through the region of ionic
disassociation of the workpiece so as to be modified by
the ionic disassociation associated with the polishing
activity.

16. The method of claim 13 further
comprising the step of disposing a f£luid, polishing
media between the pad and the workpiece with the region
of ionic disassociation at least partly contained in
the polishing media. }

17. The method of claim 16 further comprising
the step of perforating the polishing pad so as to



the carrier signal through the wafer/media interface, the polishing nedia-

and the nedi a/pad interface as well as the polishirgpagd—46—1TtT5
preferred-that the signal sanples for input term nalysf mrllmmmu mthe

‘carrier assenbly 12. As mentioned above,
coul d enploy either a single carrier assenbly 12 or #u qlpleﬂca?rlér
assenbl i es cooperating with a common table assenbly, such as that
schematically indicated in FIG 1. Wen8nrultiple carrier assenblies are
enpl oyed, the radio frequencies for different carrier assenblies can be
made suffici eallpwdthéepehisbingsmedial tovdiiscrlyn cantiact beteveen the
various carrigp géggnblles si mul taneously enployed in a given nmachine.
Turning now to EI 4-6, a second enbodi nent of the present invention is
generally indicated at 100. This arrangenment is in many respects identical

to the arrangenent descﬁBbe@hébﬁééh%thréiﬂrﬁ“fﬁ £ O R&SS. cdmpBi s INE
significant di ference i.s th t he_radi o frequency transn1tter and power

suppl y referr&8et §L§Bo0E 5}%1ﬁ6935§¥d°°¢2&¥ﬁﬁ BRI $IRERHECTbI i shing
arr angenent oéntalnglpaeﬁ:edl BigraodbNERE, aﬁ&@mﬁwlmﬂbmadrﬁhg@ﬂent of FIGS.

4-6 passively he, noi se _generated_by ioni¢c disassociation. As
shown in FIG fgeé&ﬁagyggt E‘éﬁ’ﬁgﬂtc ﬁgggl?:’rf(‘ﬁ &kt <§ %%?‘?%&y 104 is
applied to thénterfitkingspabtg.12 through the rotatlng bushi ng 90. The
bias source is in turn coupled through

19. The method of claim 13 further comprising
the step of fluldlcally coupling the electrical
energlzatlon s1gna1 to the carrier assembly through a
second feedthrough bushing comprising first and second
interfitting parts with a fluid conductive medium
between the parts.

20. A method for observing polishing activity
on a real time basis, in an ongoing polishing
operation, comprising:

providing a nonconductive table;

providing a polishing pad on the table;

providing a carrier assembly dlsposed above

-.-the -polishing pad; . .- - oL .
carrying a workpiece to be polished in the
carrier assembly;

moving at least one of the table and carrier
assembly with respect to the other so as to generate a
polishing activity between the workpiece and the pad
causing a region of ionic disassociation of the
workpiece;

disposing an antenna comprising a thin
flexible sheet of conductive material between the pad
and the table;

coupling a direct current bias voltage across
the carrier assembly, the region of ionic
disassociation and the antenna; and



-13- circuitry in frequency analyzer 72, between termnals 94, 70 to the’
ant enna nenber 50 through rotating bushing 54. T ctrical noise
generated in the area of polishing activity ride2e~éLg?E§UTTTﬁg‘dt—bias to
‘the input terminal 70 of signal analyzer 72. The ih@i i 4” ' referably
analyzed in the sane way as descri bed above in th Elguﬁlnent
with the noise patterns and frequency potentials being ﬁbnﬁtoﬁed* or
observati on of ongoing polishing actiwvil®y, and especially thickness '

reducti on of the wafer being polished. As can be seen fromthe above,
the present invention iSOpéigncmhartyeupeiiﬁhimgq@@@rm¢r@pionic char ge
d'SaSSOC'at'OBuEEEEEEEtQQ Eh&?aéotégﬁtgaﬁifowc&5ﬁiﬁl &gni cal
Pol i shing of sem conductor wafers and

conmmer ci a rtant obj ect s.
The draw ngs SRBSFRESAOPEgEPRgPALIERIRT| BRI wHEY eR b?n%%ﬁﬁﬁF?Q)bbpresent
the only formgnefahbenhavention in regard to the details of its .
constructi on and manner of operation. Changes in formand in the proportion
of parts, as well as the substitution of equivalents, are contenpl ated as
ci rcunst ances nmy suggest. OThermedhbdeaﬁedl&im‘2GHthﬂhéfKnmﬁpf¢EiméiC

ternms have be % y ? re [ ngended r|c c# criptive
sense only an EP § § hdggggﬁgggsgo%fViﬁ%t é# §ﬁ5 6%e %)é%
i nventi on the pad and the workpiece with the region of ionic
disassociation associated with the polishing activity
at least partially contained in the polishing media.

-
...

22. Thé methdd of claim 21 fufthér coﬁprisihé
the step of perforating the polishing pad so as to
allow the polishing media to directly contact the
antenna.

t 23. The method of claim 20 further comprising
; the step of fluidically coupling the direct current
' bias voltage to the antenna through a first feedthrough
buéhing comprising first and second interfitting parts
with a fluid conductive medium between the parts.

24 .. The method of claim 13 . further comprr51ng
the step of fluldlcally coupling the direct current
bias voltage to the carrier assembly through a second
feedthrough bushing comprising first and second
interfitting parts with a fluid conductive medium
between the parts.

25. A method for observing polishing activity
on a real time basis, in an ongoing polishing
operation, comprising:

providing a nonconductive table;

providing a polishing pad on the table;

providing a carrier assembly disposed above
the polishing pad;



bei ng delineated by the follow ng clains.

-14- WHAT IS CLAIMED | S: 1. Apparat us for—pott+shing—=a '
wor kpi ece, conpri sing: a nonconductive t carrier
assenbly di sposed above the table for carrying themmummg 'HH

pol i shed; means for noving at |east one of thelia carrier
assenbly with respect to the other; a polishing pad carried on
t.he tabl e; an antenna conprigigng a thin flexible sheet of
conductive material between the pad and the table; el ectrical -
ener gi zati on neans coupledrdydingean wiorkpdacei eo bsspoblighaddithenhant enna;
and d being sufficiently thin and bei ng adapted
to allom/|on|cEgﬁéa§£5§¥2?§bﬁﬁgenerated by the polishing activity to be

detected by the antennamoving at leas® oneTh&é thpatablie ahdctarmiérfurther -
assembly with respect to the other so as to generate a
polishing activity between the workpiece and the pad
causing a region of ionic disassociation of the
workpiece;
disposing an antenna comprising a thin
flexible sheet of conductive material between the pad
and the table; '
_ - 1nject1ng a radlo frequency carrier signal
- - between the carrier assembly and the anténna, through
the reg;on of ionic disassociation of the workpiece so
as to be modified by the ionic disassociation
assoclated with the polishing activity; and
configufing the polishing pad to be
' sufficiently thin so as to allow ionic disassociation
generated by the polishing activity to be detected by
the antenna. -

26. The method of claim 25 further comprising
the step of disposing a fluid, polishing media between
- the-pad and the workpiece with the region.of ionic.: ..
disassociation associated with the polishing acﬂivity
at least partly contained in the polishing media.

27. The method of claim 26 further comprising
the step of perforating the polishing pad so as to
allow the polishing media to directly contact the
antenna.

28. The method of claim 25 further comprising
the step of fluidically coupling the radio frequency
carrier signal to the antemna through a first
feedthrough bushing comprising first and second



conprising a fluid polishing nedia di sposed between the.pad and the )
wor kpi ece. 3. The apparatus of clai f ectri cal

energi zation neans applies a direct current bias yaht " t he

-carrier assenbly and the antenna. 4U'ﬁl‘9mamml)f claim?2
wherein the el ectrical energization neans injectss iosfrequency carrier
signal between the carrier assenbly and_the antenna so as to pass through

t-he polishing nmedia and so as to be modifi ed by the ionic disassociation
associated with the.polishing _activjty. . . . 5. The
appar at us of &Pﬁ?ﬁsiggﬁﬁgepﬁgFﬁewbﬁbiéhF%ﬁ?%aﬂP?%P?ﬁﬁY?w@ﬁ%ﬂngo as to allow .

t he pol i shi ngbeedeant ahdi paetky contact the antenna.

29. The method of claim 28 further comprising
the step of fluidically coupling the radio frequency
carrier signal to the carrier assembly through a second
feedthrough bushing comprising first and second
interfitting parts with a fluid conductive medium
between the parté.



6. The apparatus of claim1l wherein the electrical energization neans is
coupled to the antenna through a feedthrough bushing conprising first and
second interfitting parts with a fluid conductive nmedi um between the parts
'so as to couple an electrical signal through the bushing. 7.
The apparatus of claim1 wherein the electrical energization means signal
is coupled to the carrier assenbly by a4 eedthrough bushing conprising
first and second interfitting parts with a fluid conductive nmedi um bet ween
the parts so as to couple an electrical signal through the bushing.

nonconduct i ve ¢ abi o: POLISHING CNERAE et M) RrRARATUS above the tabi e

for carrying the workpiece to be polished; means for noving at
| east one of the table and carrier assenbly with respect to the other;
a polishiARSTRAICTarri ed on the table; an antenna conprising a

thin flexible sheet of conductive material between the pad and the table;
el ectrical energization nmeans coupl ed between the carrier assenbly and the

ant enna, Polishingof whafets, sectiishwafegof Reraitondnctiogrmiatesiahiy catrictltouddg second
interfitting parts with a fluid conductive nmedi um between the parts

coupl i ng mamntihg therwafet (20) gmatarkien @83,2ind presingrthe whfee (20)gigainast 20polishimgs t o
the ante 223 carrying a polishing media. An antenna is placed beneath the polishing pad and

electrical energization is applied between the carrier assembly (28) and the antenna. "The
eleg:i;ric;al_ energization preferably includes a direct current bias, but may-also include radio
frequency c_:arrier injection S1gna1 The noise associated. with iox;ic disassociation is

monitored to assess ongoing polishing activity, on a real time basis.

Fig. 1
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éEQ?CDﬁd f eedt hr ough bushing conprising first and second interfitting parts

with a fluid conductive -16- nedium
between the parts coupling the electrical signal fromsaid electrica
energi zation neans to the carrier assenbly; and t he polishing pad

being sufficiently thin and being adapted to allow ionic disassociation
generated by the polishing activity to be detected by the antenna.

9. The apparatus of claim8 further coifp¥ising a fluid polishing nedia

di sposed between the pad and t he workpi ece. 10. The apparatus
of claim8 wherein the electrical energization nmeans applles a dlrect

current bias voltage between the carrier assenbl
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1. Th& apparatus of claim9 wherein the electrical energization neans
I njects a radio frequency carrier signal which passes through the polishing
media so as to be nodified by the ionic disassociation associated with the

polishing activity. 12. The apparatus of claim 11l wherein the
polishing pad is perforated so as to allow the polishing nedia to directly
contact the antenna. 13. A nethod for observing polishing
activity on a real tine basis, in an engoing polishing operation,

conpri si ng: provi di ng a nonconductive tabl e; provi di ng
a polishing pad on the table; providing a carrier assenbly

di sposed above the polishing pad; 86 carrying a workpiece to be

polished in the carrier agaenbly;

R\\\\¥‘\
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-Fr- ¥ noving at | east one of the table and carrier assenbly with
respect to the other so as to generate a polishing activity between the

wor kpi ece and the pad, causing a region of ionic disassociation of the

wor kpi ece; di sposi ng an antenna conprising a thin flexible sheet
of conductive material between the pad and the table; coupling an
el ectrical energization signal between the carrier assenbly and the antenna
so as to flow through the ionic disasstd ation; and configuring the
polishing pad to be sufficientl.y thin so as to allow ionic disassociation
generated by the polishing activity to be detected by the antenna.

14. The nmethod of claim 13 wherein the el ectrigcat—erergrzatton——strgnal
applies a direct current bias voltage between the carrier assenbly and the
ant enna. 15. The method of claim 13 wherein the electfica
energi zation signal injects a radio frequendﬁ carrier signal thropgh the
regi on of ionic disassociation of the workpiece so as to be nodifjed by the
i oni c disassociation associated with the polisﬁhng activity.

053:

<
~ : '
N\ o

o

O
~

64
54

26

FIG. 4

84
/1 2
H

86
S
88
‘20

44

This Sheet Has Been Rep Iaced

LTI



16. Tie method of claim 13 further conprising the step of disposing a
fluid, polishing nedia between the pad and the workpiece with the region of
ionic disassociation at |east partly contained in the polishing nedia.

17. The method of claim 16 further conprising the step of perforating the

polishing pad so as to - 18- al | ow
the polishing nedia to directly contact {ﬁe ant enna. 18. The
met hod of claim 13 further conprising e step of fluidically coupling
the el ectrical energi zation signal to the antenna through a first
f eedt hr ough bushing conprising first and second interfitting parts.
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naj er i avafliqROkter dahder[{28), andydssidpethé dafe? (20) against a polishif@p# {43Y carhg £Ct

cu
di

cafrying a workpi em
nmoyi ng at | east on ISHING 5

ho°el OHARCH REFGRTE, R ar Ter ascensly

r second feedthrough bushjng conprising first and second

)

T 3 LR ot dcontuet e et um—between—the—parts————
f@#ﬁ@@hc #¢ggk§ggépg}ng polishing activity on areal tine basis, in aj
joi ng pol i shing operation, conprising: providing a
nconducti ve tabl e; provi ding a polishing pad on the table;
pviding a carrier assenbly di sposed above the polishing pad,

ner so as to generate a polishing activity between the workpi ece and
b pad causing a region of ionic disassociation of the workpiece;
s posiBodisking afi wefens sedngsrivafens @f serhicomductifé mutekibleis sireied oof by modnthig e

[ T entpolibifg RbdiAIAndGReES: (SONR PRCEd Yendis ARD! polishilg PROLRY ot C
5aSS QabRtalih W dpfil BlER the &iffer assembly (28) and the antenna. The electrical

energization preferably includes a direct current bias, but may also include radio frequency
carrier injection signal. The noise associated with ionic disassociation is monitored to assess
ongoing polishing activity, on a real time basis.
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19 configuring the polishing pad to be sufficiently thin,so as
to allow ionic disassociation generated by the polishing aﬂﬂﬁ@?ﬂyﬂro be
Letected by the antenna. 21. The nethod of clai'm20 further
fofprising the step of disposing a fluid, polishing nedia between the pad

and the workpiece with the region of ionic disassociation associated with

Ieast partially contained in the polishing nedia.

t he pollshlng act|V|ty at
22. THE BRI “ 1 o WS Vi a )

HEA,F . o . AETher conprising the step of perforating the
poll“QfQ%A A i O o pol i shing nedia to direct contact the
ant enna., a'J """ of cl aim 20 further. conprising~the step of
fluigd ?%Qﬁg pﬁyﬁp I gacurrent bias voltage to th&a nna t hrough
afiy ﬁ ﬂg? onpri si ng ﬁ% t fand second |ntbrf|tting parts
with f&ﬁ?ﬁc con mbef ween elf' an
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24. The method of claim 13 further conprising the step of fluidically
coupli;ng the direct current bias voltage to the carrier assenbly through a
second feedt hrough bushing conprising first and second interfitting parts

th a fluid conductive nmedi um between the parts. 25. A net hod
for observing polishing activity on a real tine basis, in an ongoing
pol i shing operation, conprising: 2/41,provi di ng a nonconductive table;
provi ding a polishing pad on the table; providing a carrier
assenbly di sposed above the polishing pad;
- 20- carrying a morkpiec-|to_&e polished in the carrier

assenbl y;

nmovi ng aﬁol-
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assenbly with respect to the other so as to generate a polishing activity
between t he morkplece and the pad causing a region of ionic disassociation
ofqthe wor kpi ece; di sposing an antenna conprising a thin flexible
sheet of conductive material between the pad and the table;

injecting a radio frequency carrier signal between the carrier assenbly and
the antenna, through the region of ionic disassociation of the workpiece so
as to be nodified by the ionic disassociation associated with the polishing

activity; and configuring the polishing pad to be sufficiently
thin so as to allow ionic disassociation generated by the polishing
activity to be detected by the antenna. - 26. nmet hod of

ol ishi ng nmedi a

claim25 further conprising the step of dj posnnn a fluid
bet ween the-pad and t he workpiece with Lﬁk lon of ionic di sasspciation
associated wth the polishing activity at ast partly contained |n the
pol i shi ng nedi a. 27. The nethod of jclaim 26 further cpnprising
the step of perforating the polishing pad so ag to allow the polighing
media to directly contact the antgnna. 28. The net hod]of claim
25 further conprising the step offfluidically ¢oupling the radio {requency
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carrier signal to the antenna through a first feedthrough bushing
conprjsing first and second -21-
Pgierfitting parts with a fluid conductive nedi um between the parts.

29. The nethod of claim 28 further conprising the step of fluidically
coupling the radio frequency carrier signal to the carrier assenbly through
a second feedt hrough bushing conprisin lgr st and second interfitting parts
with a fluid conductive nedi um bet ween parts.
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