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1“Specification . Title of the Invention Polishing Paflas2£@ - Bet hod

and Appar at us Field of the Invention The presentizﬁﬁﬂynon rel ates
to a method and apparatus for controlling a polishing pada r to a
surface plate of a plane polishing apparatus. Prior Art “PYPl ane

pol i shi ng apparatuses for polishing a selniconductor wafer generally

I nclude a sughara sl th a polishing pad adhered to its top surface
and a carrief that grips a wafer to be polished, wherein the carrier

| owers. while rotating in order to press the-held wafer against the
pol i shing pad on the rotating surface plate for polishing.

Title of the Invention

Polishing Pad Control Method and Apparatus

Field of the'Invention

The present invention felates to a method and apparatus
for controlling a polishing pad adhered to a surface plate

of a plane polishing apparatus.

Prio: Art
Plane poliéhing appafatuses.for polishing a

semiconductor wafer generally include a surface plate with
a polishing pad adhered to ité top_surface and a carrier
that grips a wafer to be pdlished, wherein the carrier
lowers while rptating in order to presé the held wafer
against the polishing'pad on the rotating surface plate for
polishing.

| In such a polishiﬁg process, the flatness of the wafer
obtained after polishing is very important and is eﬁaluated
using the following as an indicator: the totgl changé ih the
thickness of bare wafers, the uniformity of the remaining.
films, a reduction in the number of stages, or the fiatness
of wafers with inter-layer insulating or metallic f£ilms

™
after polishing. These indicators are impbrtant elements
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I ¥ such a polishing process, the flatness of the wafer obtained after
polishing is very inportant and is evaluated wusing the follow ng as an
indicator: the total change in the thickness of bare wafers, the
uni-formty of the remaining films, a redyction in the nunber of stages, or
the flatness of wafers with inter-layer fnsulating or netallic filns '

after polishifde aliesfundfid! 9hs1d' 8ol BUOL! BM aBbAERNAfers.

2 that determne the yie are or device wafers. Pol'ishing is

I ITed "tr g di | I | of 1 ' [ hat .
The flatnoss of PROLPBIPRLAE ALAPoORbIRM ARARBLRA | SRCRY Y £0 BRCr e or

the flatness of the polishing pad surface directly transfers to the
f1 atness of Pﬁecﬁaﬁépsapﬁ@ﬁSé%ﬁp§ﬁﬁﬁgf for thaknphe flptnegs of thee pl ate
or the polishing pad has a recessed surface, the wafer is polished into a
protrudi ng ssutfaee plbhtecis whithetbear patésbliagepad tilsc agberelli oy phe has
a protruding surface, the wafer is polished into a recessed
flatness of the polishing pad surface directly transfers to
the flatness of the wafer after polishiné. For example, if
the surface plate or the polishing pad has a recessed
surface, the wafer is polished into a protruding surface,
whereas if the surface plate or the polishing pad has.a
protruding surface, the wafer is polished into a recessed
surface. |
‘Thus, to iﬁcrease the flatness of wafers after
polishing, the surféde accuracy of the surface plate and the
polishing pad must be increaSed. Since, howeve;, the
surface accur;cy of the surface plate has been'substantially
increased by having its expansion';educed, and in actual
polishihg the wafer contacts the pblishing pad fof
polishing, attention musf-father be paid to the surface
accuracy of the polishing pad. Particularly, improved
accuracy control is required for those polishing padé'that
comprise non-woven fabric or foaming urethane and which have
‘a relatively high hardnéss._
In general, the surface of the polishing pad is worn out

and deformed due to the wafer polishing process. Thus, a

grindstone-like reproduction tool called a "pad conditioner®
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sur f ace. Thus, to increase the flatness of wafers after polishing,
the surface accuracy of the surface plate and the polishing pad nust be

i ncreased. Since, however, the surface accuracy of the surface plate has
been substantially increased by having ijfs expansion reduced, and in
actual polishing the wafer contacts the:%olishing pad for polishing,
attention nuor pat'deesseriaii® menued 1yupsade toaprevide eondidigainghi ng

pad. Particularly, inproved accuracy control is required for those
pol i shing pad€fteraa comybarse numberooén cfebenc ior ofrdeni ey wudt degeraded

whi ch have a relatively high hardness: I n general, the surface of the

pol i Shi NG Pagays MOLEOrondihelahoraRe Bucthe pog WMisl Pal,SthageByOCeSS.

Thus, a grindStone-like reproduction tool called a "pad conditioner

bt o eS8l ) g PR B Sl o bl Ba"st o
Partiqularly, in a process for ?rocessing device wafers
called CMPs, not only the contour of the polishing pad but
also its surféce roughness are attracting attention as
important elements that affect the finish.

In addition, since the.polishing pad is worn out over
time due to polishing and conditioning, it must be repléced
when its wear exceeds a specified limit.

Thus, to strictly control the surface accuracy of the
polishing pad, the interval at which the surface should be
reproduced or the pad should be replaced must bg accurately
known. In order to do this, changes in the shape and
thickness of the surface of the polishing pad must be
measured over time.

No means, however, has been proposed that can
simultaneousiy. simply, and inexpengively measure changes
in the shape and thickness of the Sufface of the golishing
pad. |

¥or exémple, Japanese Examined Publication No. Heisei
8-61949 discloses an apparatus that uses two sensors to
simultaneously measure the contours of the surface plate and

the polishing pad. In this apparatus, however, one of the
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| ayers off fromthe surface of the polishing pad, thereby reproducing the
contour and surface roughness of the pad. Particularly, in a process for
processi ng device wafers called CWPs, not only the contour of the
polishing pad but also its surface roughness are attracting attention as
i nportant elenents that affect the finisk I'n addition, since the
pol i shi ng pagsenhsowsr measuregethet contdur bf bl shinfpcen@letalivhide ige it
nmust be replaced when its wear exceeds a specified limt. Thus, to

strictly CO”&EHértB%a%H&E%CQhéCEBhﬁéﬁrobftEﬂe pRlLiEtingy PRk, iRt itHeye/a
at which the surface should be reproduced or the pad shoul d be repl aced

must be accua{;ﬁmr?rawnptnﬁgsgsgeaosmu&@gae OS5 U P (SRR

t hi ckness of € surface O measur e

No neans, has ,been propose that can aneous| ly, and
i nexpensi veI? rTgQ?uPQléﬁEﬁ&gspa n t HBRERGPE™ ﬁf‘ra"t% @3;5"3’@5“‘% e of
t he polishin pad. For exanpl e, Japanese Exam ned Publicati on No.

Hei sei 8- 61bhe spzEpcecmush hppaeRraduchd: cagede mosah it the interval

si mul t aneously neasure the contours of the surface plate and
at which the pad must be replaced cannot be known,

Furthermore, the use of two sensors significanfly increases

the costs of the apparatus.

Disclosure of the Invention

This invention is intended to provide a simple and
inexpensive means that can simultaneously measure changes in
the contour and thickness of a polishing pad caused by
polishing, in order to enable the surface accuracy of the
pad to be efficiently controlled.

To achieve this object, a first controlling method
aécording to this invention is characterized in that it
comprises using a sensor to scan the surface of.a surface
plate in its radial direction prior to the adhesion of a
poliéhing pad, in ordexr to measure'tﬁe position of the
surface plate's surface, and setting into a controlling
means that positiorn as a reference surféce used to measure
the thickness Qf the polishing pad; adhering the polishing
pad to the surface of fhe surface plate; using the sensor to

measure the initial contour and thickness of the polishing
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thE polishing pad. In this apparatus, however, one of the

4 sensors neasures the contour of the surface plate while the other
nmeasures the contour of the polishing pad, and these contours are not
measured sinmultaneously with the thicknegs of the polishing pad.
Consequently, the interval at which the surface nust he . reproduced can be
known but thB2BnPELRE to,PTRGPER1PFap: dtﬁﬁsFo °W§b@§%53m5§ﬁﬁﬁﬁsbe known.

Furthernore, the use of two sensors significantly increases the costs of

t he appar at uthereofi aftesupzocesshingl nandt besed on the differensesi s

I ntended to provide a sinple and inexpensive neans that can simultaneously
measur e chanpetwe8n the pgetownhdapOsthpeboessinly zondcuzhiang thd chmesed by
polishing, in order to enable the surface accuracy of the pad to be

rerfe I ihgident 'Y 6GBphetifg from A8 86BEEYE1LALSMERNECE rprdabictieR! Baghknd
for surface reproduction or a replacement signal for pad
replacement.

In addition, a second controlling methbd according to
this invention is characterized in that it comprises forming
an exposed pbrtionnfrom which the surface plate surface is
exposed, at at least one end of the surface plate in its
radiai direction after the polishing pad has been adhered;
using the sensor to scan the surface plate in its radial
direction, starting from the exposed portion in order to
measure the thickness §f the polishing pad based on the
positions of the surface ,plate's surface and the pad surface
and also to measure the contour of the pad; and based on
changes in the contour and thickness of the polishing pad

before and after polishing, outputting £rom the controlling
means a reproduction signal for pad surface reproduction or
a replacement signal for pad replacement. |

The controlling method according to this'invention'may

include the step of using tbe sensor to also measure the

surface roughness of the polishing pad before and after

processing'and, depending on any change in surface

roughness, outputting from the controlling means a

This Sheet Has Been Reilaced y E’"S SHEET HAS B
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according to this invention is characterized in that it conprises using a
sensor to scan the surface of a surface plate in its radial direction
prior to the adhesion of a polishing pad, in order to nmeasure the position
of the surface plate s surface, and segting into a.controlling neans that
position as a ref nce surfage used t.o ne ure hiGkess of the

pol i shing pd®# e{? W”ﬁgtl £ | kG BRESPES K& 5%’ cLuel% the surface

pl at e; . usi ng the sensor to neasure the initial contour, and thickness of

t he pollshlng' This invention can be configured so;#Hg;jlﬁq(ﬁeqﬂ9qge to
pol i shing process and the contour and t hi ckness thereof after the

pol i shing pridee ssprdhdicdsed sdgnaiie outpldr Emows thisetmpdiralidng seans) a
post - processi ng contour-and thickness, outputting fromthe controlling.

nmeans a repr it i Abans' q&zc&ua&ﬁge_ar dpeedest iautonatd daldyacement
signal for replacenent In addi tion, a second controlling nmethod

according t ﬂﬂy q%a ceNdEaAghLEr 6 dshi d.t conprises formng
an exposed 8% tio (§ﬁ$f%he g&r a%ebp ate g%fﬁk%e is

A controlling apparatus according to this invention is

1

characterized in that it comprises a single sensor for
detecting the surface positions of both the surface plate
and tﬁe polishing pad adhered to the surface plate, in order
to measure the thickness of the polishing pad.and the
contour of the polishing pad surface; a moving means for
moving the sensor in the radial direction of the surface
plate; and a controlling means including a'function for
outputting a reproduction signal for surface reproduction
depending on the change in the contour of the polishihg pad
surface before and after polishing obtained from measured
data from the sensor, and a function for outputting a
rep1a¢ement signal for pad replacement dependiﬁg on any
change 1in the thickness of the polishing pad before and
after polishing. |

'According'to this invention, the senéor may have a
function for measuring the surface roughness of the pad, and
the controlliﬁg means may output a reproduction signal for
surface reproduction depending on a changa in surféce

roughness.



exposed, at at |least one end of the surface plate in its radial direction
after the polishing pad has been adhered,; using a sensor to scan the
surface plate in its radial direction, starting fromthe exposed portion
in order to neasure the thickness of the polishing pad based on the
positions of the sur .plate's surface, and the pad sufface nd also to
neasure the cont%raégffh&’pa%;%m%@em ‘f#‘?’i‘gﬁea HIHT and

t hi ckness of the polishing pad both before and after polishing, outputting
from a cont MY ibgy prewided septhatuctinresnpnge (tp thel xepreduction
reproduction or a replacenent signal for pad replacenent. The

control | i ng sl feonr Hhe gcdmbidll 1Sing i ey repwddicet idre ndeaps dfs
using the sensor to al so neasure the surface roughness of the polishing
pad before ubA{icd t@’AESESAINEE AHb ARTUKE WE GhadPadhange in surface
roughness, outputting fromthe controlling nmeans a :

6 reproduction signal for pad surface reproduction. This invention can
be configured so that, in response to

Brief Description of the Drawings

Figure 1 is é froht view schematically showing the

integral part of a plane polishing apparatus.including a
-controlling device according to this invention.

Figure 2 is a plan view of the integral part of
Figure 1.

Figure 3 is an enlarged cross sectiohal view of the

.integral part of Figure i.

Figure 4 is a plan view 6f a surface plate used for a
different embodiment of a controlling method according to
this invention.

Figure 5 is an'enlarged Cross sectionai‘view of the

integral part of Figure 4.

Detailed Description

The embodiments of ﬁhis invention are described below
with reference to the drawings. Figureé 1l and 2
schematically show the integral part of a singie-side
polishing_apparatus including a controlling device according

to this invention. Reference numeral 1 designates'a body;



the reproduction signal output fromthe controlling neans, a reproduction
means i ncluding a dresser autonmatically reproduces the surface of the
pol i shi ng pad. A controlling apparatus according to this invention is
characterized in that it conprises a single sensor for detecting the
surface positions of both the surface plate #@&nd the polishing pad adhered

to the surface pbasesurfagedplatbonstated conhhehé hbeagessand tbEatabighi ng
pad and the contour of the polishing pad surface; a noving neans for

moving the sefspvelipyhe hadbar d58ch! oL flnihe SHa! 86fpr DS ndhd 2

controlling neans In ng a functTon _ outputting a reproduction
the pol i shi nd"Peeh EaPTAEeobePBPBIAR NG ROrom teBRFg Loy bh T igne (Ene.
measured data fromthe sensor, and a function for outputting a
repl acement ssuFbace plphe supfacelete ofpdhel FarEacenplateatycdiare he
t hi ckness of the polishing pad before and after polishing. Accor di ng
to this inventaonietsetbabsholdey wafer 5 tanptess ibrageimstithe tiwrface
surface roughness of the pad, and the controlling nmeans may output a
reproduction sigp@l2{06 is a supporting plate that supports the carriers
| 4 so that they can be elevated and lowered and rotatably
driven by almotor; and 7 are rails that guide the movement
of the supporting member 6. In this polishing apparatus,
when the carriers 4 holding the wafer 5 in their loading
position (not shown) are moved to above the surface plate 2
along the rails 7, they lower while rotating.to press the
held wafer 4 against the pdlishing pad 3 on the rotating
surfage plate 2 for polishing. |
The body 1 of the polishing apparatus includes a
reproduction means 10 for reproducing (conditioniﬁg) the
surface (the péd surface) of the polishing pad 3; and a
measuring means 12 for measuring the contour and thickness
of the polishing pad 3. The measuring means 12
constitutes ; controlling device 11 for the polisying
pad 3 together with a controlling means 13, as shown in
Figure 3.
The reproduction means 10 comprises a grindstone~like

reproduction tool 16 called a "pad conditioner" or a

‘dresser" rotatably mounted at the tip of an arm 15 that
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surface reproduction depending on a change in surface roughness.
7 In addition, a reproduction neans including a dresser may be
provi ded so that, in response to the reproduction signal fromthe
controlling neans, the reproduction negns is operated to reproduce the

Front vi ow SeReRR ROAALE RATHRS thSUTRRE SRAE % HIMRERRI i ng
apparatus including a controlling device according to this invention.
Figure 2 isaagdean Theewerraduetiiane hosl d& masgd R grie degraded Riayexe 3 i s
an enl arged cross sectional view of the integral part of Figure 1.
Figure 4 iso®fplfaony ittt Gurfany e dhe aiod ilsdnchd ad 3 did fmepaiduweeb atienent
of a controlling nmethod according to this invention.
surface nature (contour and surface roughness) of the pad 3,
and is disposed at & position that is different from the
position at which the wafer 5 held by the carriers 4 is
polished.
In addiﬁion, the measuring means 12 includes a
horizontal support arm 18 disposed between the carriers 4
and 4, and supported by the body 1 so as to be moved back
and forth in the radial direction of the surface plate 2 and
to be elevated and lowered; a sensor 19 movably mounted on
the support arm 18 so as t§ be moved along the radius of the.
surface plate 2 and which can measure the positions, shapes,
and roughness of the surfaces of the surface plate 2 and the
polishing pad 3; and a moving means 20 for moving the
Sensor.
| The sensor 19 comprises a non-contact laser focus
displacgment gauge. This ;aser focus disélacement gauge
irradiates a measured objeét with laser beams and’receives
reflected beams to measure the distancg to the object. The
sensor 19 can be used to scan the surface of the surface
plate 2 in its radial direction in order to simultaneously

measure.thé position, contour, and roughness of the surface

plate's surface or the pad surface.
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.Figure 5 is an enlarged cross sectional view of the integral part of

Fi gure 4. Detail ed Description The enbodi ments of this invention
are described below with reference to the drawings. Figures 1 and 2
schematically show the integral part of a single-side polishing apparatus
including a controlling device accordingloto this invention. Reference
nuneral 1 desi gikeemomibgdppans 20 comprises, for example, a pulse 8 2is
a surface plate nounted on the body 1 and rotatably driven by a notor; 3

is a polishhffoPadn@OBPHEILIIANEBntrdRY EAgl 8RELGIR! (h8&NEREWH) C8PEPEs
adhered to the surface (the surface plate surface) 2a of the surface plate

2; 4 are cgpLigrgebha %tQ9|@Pam$@Ee£hé EQnBB?Si?'Ba@ﬂahﬂﬁtfbgghsgi%ﬁgt t hey

plate 2; 6 I's a suppor ate that he carriers
can be el evated and omered and rotatably driven by a notor; and 7 are
rails that gﬂ?dﬁr?hé rovenent of the supporting menber 6. In this

pol i shi ng appar at us,
The controlllng means 13 processes a measured signal

frpm the sensor 19 and outputs a reproduction signal for the
reproductidn of the surface of the polishing pad 3 and a
replacement.signal for pad replacement. The thickpess of
the polishing pad 3 is determined based on the positions of
the surface plate and pad surfaces measured by the sénsor
19, and the changes in thickﬁess cauéed by processing is
determined. Changes in the contour and surface roughness of
the pad surface caused by processing are determined based
on the contour and the surface roughness, and based on these
changes, the reproduction and the replacement signals are
output to a display device 21 and represented in character
or voice formats. 1In this case, the measured data can be
continuously displayed on the display device 21.

Next, a first embodiment of a method for controlling the
polishing pad 3 using thé controlling device 11 thét uses
the non—contact.sensor 19 is described..

Prior to polishing, the suppért arm 18, which has been
in a standby position, moves forward in the radial direction
of the surface plate 2, to which the polishing pad 3 has not

been adhered. The sensor 19 thus scans the surface of the



when the carriers 4 holding the wafer 5 in their |oading position (not
shown) are noved to above the surface plate 2 along the rails 7, they
| ower while rotating to press the held wafer 4 against the polishing pad 3
on the rotating - surface plate 2 for poliishing. . . The body 1 of the

pol i shi ng appa LRclydes p ele! I 0 I ng
(conditionin ?E?%gg ?g%ngg éghghgaggggg?agéfgggﬂ?ﬁéqﬁg F?ﬁﬁ%% %Q% 3; and a
measuring nmeans 12 for neasuring the contoyr and thickness of the
pol i shing paBogitipe H§a§ﬁPiﬁ§r%§5ﬁsplﬁtec ms WG d S, them B6t ARy ti8yi ce
11 for the polishing pad 3 together with a controlling neans 13, as shown
in Figure 3controllingr spansudBi es aezaferencenpurfsces ugeiniot oeasiirke
reproduction tool 16 called a "pad conditioner"” or a "dresser" rotatably
mount ed at tgRet thieknassabih thet polishing pad 3. The reference surfaced

can be rotated around a supporting shaft 15a a specified

is measured at one or more positions of the surface plate
surface 2a along the radius of the surface plate 2 s0 that
the average of measured values obtained at the plurality of
points on the radius can be used as the reference surface
in this radial position. |

Next, the polishing pad 3 is adhered to the surface of
the surface plate 2, and the reproduction means 10 carries
out pre-processing conditioning as required. Then, as shown
in Figure 3, the sensor 19 scans the surface of the
polishing pad 3 in the iadial direction of the surface plate
2 at the same positions used for measurement of the
reference surface, in order to measure the initial contour
and surface rOughneés of the pad surface 3a. The position
of the pad surface is simultaneously measured as an average,
and the initial thickness of the polishing pad 3 is measured
based on the pqsition of the pad surface relative to the
reference surface. |

Once the initial contour, surface roughness and

. thickness of the polishing pad 3 has been saved to the

controlling means 13, polishing is initiated. In this

polishing, the carriers 4 receive the wafer 5 in its loading



angl e. The reproduction tool is used to cut degraded |ayers off fromthe
surface of the polishing pad 3 to reproduce the surface nature (contour
and surface roughness) of the pad 3, and is disposed at a position that is
different fromthe position at which the wafer 5 held by the carriers 4 is
pol i shed. In addition, the neasuring?means 12 includes a horizontal
support ar m pesditdpss danoke whown )t.hmoyssr iter abovey khey sunfaospddteed by the
body 1 so as to be noved back and forth in the radial direction of the

surface pl at a13ngndthe Taid=el7qvaindd then owersd wik lsensdatifgrtoaplress
nounted on the support arm 18 so as to be noved along the radius of the

surface platgng ﬁ%@d“@a@é&@a@%fiﬁ%‘tethgeﬁﬁgﬁiﬁ padh thehdotardRgess

of the surfaces of the surface ate 2 an ishing pad 3; and a
novi ng neans_20 f%r ngv@@gérma sensor. The sensor 19 conprises a
non- cont act FQEgP Fofd& di"spl acenent gauge. This |laser focus displacenent

gauge irradiates a nmeasured object with |aser be and recei ves
refl ected beans P@CﬁeasEP@UHH@GGPyﬁéﬁﬁé°¢oWP%€16b?% fveﬂh§enSPR§&Fhf§'can

be used to scan the surface of the surface plate 2 inits radial direction
in order to theuseasesud®y scans the surface of the polishing pad 3,

which is stopped at a predetermined rotating position, in
the radial direction of the surface plate 2 at the same
positions used for measurement of the ipitial data, in order
to measure the contour and surface roughness of the pad
surface after polishing and the thickness of the polishing
pad 3. These measurements are made each time a set number
of wafers 5 are polished.

The term Yafter processing” used in referenqe to this
inventipn refers to the conditions "after the initiation of
polishing® but does not necessarily refer to the conditions
after a specified number of wafers have been completely
processed. In addition, this term does not depend on whether
the surface plate is rotating forxr polishing or is stopped
for wafer replacement.

The measured data is compared by the controlling means
13 to the data for initial contour, surface roughness, and
thickness obtained prior to processing to determine the
changes in these characteristicé associated with processing.

When the change in contour and/or surface roughness exceeds



measure the position, contour, and roughness of the surface plate's
surface or the pad surface. 10 The
novi ng neans 20 conprises, for exanple, a pulse notor and a belt. A
controlling circuit (not shown) drives &ge pul se notor to nove the sensor
19 back and forth along the arm 18. The controlling nmeans 13
processes examgn@méﬂigggﬁalownbbawlh@iten§b$ gongrel bipgureans  bdr oduct i on
signal for the reproduction of the surface of the polishing pad 3 and a
repl acement sugpatsfar repgodapt boeneidnall hEot hsukfase oéprodechddnstong pad
3 is determ ned based on the positions of the surface, plate and pad

surfaces meagyd edi by1bPpeageser 2119, 1ansadlei6hangReni enéhbrkngssigaused by
processing is determned. Changes in the contour and surface roughness of

the pad sur fgee causede beBEOCESSb00 Al6a Ui FEWAOFA Dl Rt he contour

and the surface " roughness, and b anges, the reproduction

and the repl acenen i gnal s ar .
pcontroilfng means f3 outputs a replacement signal for_pad

replacement to the display device 21. These signals are
represented in voice formldr as characters on the display
device 21. |

In this case, the reproduction signal can be output to
the reproduction means 10 to operate the means 10 in ordex
to automatically condition the pad surface.

The measured data obtained before and after processing
can be directly displayed on the display device 21.

Thus, the surface accuracy of the polishing.pad 3 can_be
strictly controlled by measuring changes in the contéur, énd
surface roughness and thickness of the polishing pad 3
caused by polishing, and hy oﬁtputting the pad reproduction
and the pad replacement signals.

Furthermore, since the single sensor 19 can
simultanecusly measure the contour, surface roughness, and
thickness, the accuracy can be controlled simply and
inexpensively cohpared to conventional methods using a
plurality of expensive sensors.

Although the first embodiment measures the contour,

surface roughness, and thickness of the polishing pad 3



output to a display device 21 and represented in character or voice
formats. In this case, the neasured .data can be continuously displayed on
t he display device 21. Next, a first enbodi nent of a nethod for
controlling the polishing pad 3 using the controlling device 11 that uses
the non-contact sensor 19 is described. -*¥ Prior to pol i shing, the

support ar maf8erwhothishingbehile the suzfdbe plsitid O isatepHed Wy d in the
radial direction of the surface plate 2, to which the polishing pad 3 has

not  been aegﬁgesnﬁg%sa%g&alt tRiEhneasaRBRchite O RC exdcutdd while

surface pl at In the radial direction to neasure the position of the

h
f I 2 ich i h t | | 1, .13 '
ol cronce SHAPAPBGOER PIaNacure “PhebIRFenebe ol Tt SOV SR 3.
The reference surface, K is_neasured at one or nore positions of the surface
plate surf&eeseg aPody the radial éirerbicp, picdhs Fatating swnpfacene

average of neasured val ues obtained at the plurality of points on the
radi us can ptateec@ during poléshing, sthéaveture of the surface of the

polishing pad 3 can be measured at spirally positioned
measuring points. In this case, data measurements can bé
continuously obtained by repeating the above measurements in
éne or both of the travelling directions while moving the
sensor back and forth in the radial direction of the surface
plate.

As a.result, measured data can be virtually obtained for
the overall surface of the polishing pad 3, in order to
accurately determine the degree of the wear on the pad
surface caused by polishing and associated changes in
contour and surface roughness, thereby enabling éccuracy to

be controlled more-efficiently,

The controlling device 1l can control reproduction
condifions for £he prad surface by the reproduction means 10.
As described above, when the contrdlling means 15 outputs
the reproductibn signal, the reproduction means 10 is
operated to reproduce the surface of the polishing pad 3.
ﬁuring reproduction, the contour énd surface roughness of
the pad surfaée can be measured by using the sensor 19 to

scan the surface of the polishing pad 3 in the radial



in this radial position. Next, the polishing pad 3 is adhered to the
surface of the surface plate 2, and t he reproduction neans 10 carries out
pre- proceSS|ng condi tioning as reqU|red Then, as shown in Figure 3, the
sensor '19 scans the surface of the polishing pad 3 in the radial direction
of the surface plate 2 at the same positi®ns used for measur enment of the
reference surface, in order to neasure the |n|t|al 3& and surf%

tey L

roughness ofifretign of thee syrfacseplade Rowbide A rotRd

si mul t aneously neasured as an average, and the |n|t|al t hi ckness of the
pol i shing ped &toppedasuldd theapedsomempotpdsi cagwied owd phdleuthgce
relative to the reference surface. Once the initial contour, surface

roughness ap@rfhabieCipletse Ak Htopped,shikngspaesd randybesecuteddatothe
controlling neans 13, polishing is initiated. In this polishing, the

igrrlers 4 Leme ¥ositSoMef ¥s whkh the iA3¢iB8 data was measured.

The measured data obtained is compared to the initial
confour and surface roughness of the pad surface prior to
processing. When the difference between this data and the
initial data becomes less than a specified allowable limit
in contour and/or s&rface roughness, the controlling means
13 outputs to the display éevice 21 a reproduction-end
signal causing reproduction to be finished. This signal is
given either as a voice signal or as characters on the-
display device 21. The reproduction means 10 is then
stopped.

Thus, using the controlling device 1l to contro; the
process for reproducing the pad surface, an appropriate pad
surface can always be reproduced without providing excessive
or insufficient conditioning, thereby improving reproduction
efficiency and accuracy.

.Figures 4 and 5 show a second embodiment of a method for
controlling the polishing éad 3 using the controlling device
11 that uses the non-~contact sensor 19.

According to the second embodiment, the polishing pad 3
is cut to form an exposed portion 23 from which the surface

plate surface is exposed, at both radial ends of the surface .



position (not shown), noves to above the surface plate 2 along the rails
7, and then lowers while rotating to press the held wafer 5 against the
polishing pad 3 on the rotating surface plate 2. Once a required
nunber of wafers 5 have been polished, thggsensor 19 scans the surface of
the polishing pad 3, which is_stopped at a predetermn ned rotating
position, i|Rlatre2 with ther eelishing pPre Supfhered Fhereld- (he same
positions used for nmeasurenment of the initial data, in order to nmeasure
t he contour andPmivirate roddshdpg.owhihe the sumfesse plater ds sttoppesnd
t he thickness of the polishing pad 3. These neasurenents are nade each
tinme a set awWgotatdhglaibes sengbe POl sebad. the sulifadecif 't eurface
processing" used in reference to this invention refers to the conditions

"after the bg?%éabbﬁaeﬁh_FB@LEﬁhbﬂgénﬁulhgoéﬁtﬁgte&%@%&%ﬁﬂdf&i&%&eﬁato the

condi ti ons ter a specified nunber of wafers have been conpletely

processed. |n.additio this,termdges,n Eg end o t.her surface
plate is ro?ﬁpigg F@rgaﬁlpgﬁFﬁ Sofaﬁéggtg% egglgg? \%Q%agﬁp a nt.

The nmeasured data is conpared b% the controlling neans 13 to the data for
initial conPegitiomsi 8fctheugrrésse phgte's surface and the pad

surfaces at their exposed portions. Based on.these
positions, the initial thickness, contour, and surface
roughness of the polishing pad 3 are measured.

Subsequently, while the wafer 5 is being processed, the
sensor 19 is used to scaﬁ the surface of the surface plate 2
between the inner and the outer exposed portions 23 and 23
in the plateUs radial direction in order to measure the
thickness, contour, and surface roughness of thg polishing
pad 3 after processing. The results of the measurements are
compared to the initial data.

When the change in contour and/or surface roughness
exceeds a specified allowable limit, the éontrélling means
13 outputs to the display deyice 21 a replacement signal for

. pad surface replacement, which is represented as a voice
signal or as characfgrs on the display device 21.

In this case, the step for obtaining initial data on the
polishing pad 3 prior to the polishing of the wafer 5 may be
omitted, and measured data obtained immediately after the

initiation of polishing may be used as initial data and



t hi ckness obtained prior to processing to determ ne the changes in these
characteristics associated with processing. Wen the change in contour
and/ or surface roughness exceeds 13 a
specified allowable limt, the controlling neans 13 . outputs a reproduction
signal for surface reproduction to the diigplay device 21. In addition,
when the change in . thickness exceeds specifie I le.imt, the
controlling "Wg‘ﬁ)r%x . %%t%%?‘%uﬁe%eiﬁeta%e’%ﬁﬁfl%?%n%&‘?%rp pa Ssr"éﬂ‘acenent to
the display device 21. These signals are represented in voice formor as
characters on tHdEheyghthifm srample neasunes ithe ihicknass, copteysetion
signal can be output to the reproduction neans 10 to operate the neans 10
in order teamutsonsiacel touglomis ich tthe ppedishanaead whileThbensasfece

dat a obt ai ned before and after processing  can be directly displayed on the

di splbay devipdatdl 2 is rotuting har nicearamitnanbd xepoiteghivhgpad 3
can e

the surface plate is stopped at a specified position.

Furthermore, the position of the surface'plate‘s surface
may be measured at the equséd portions each time the
sensor is mbved in the radial direction of the surface
plate, thereby allowing the thickness of the polishing pad
fo be measured using this position as a reference,

The exzposed portion formed by partially cutting the
pelishing pad 3 may be formed at only one of the inner and
the outer radial positions.

According to the second embodiment, the reproduction
conditions for the pad surface by the reproduction means 10
can be controlled iﬁ substanfially the same manner as in the
first embodiment. |

Although each of the above embodiments use a non-contact
sensor, a contact sensor may 56 used. Such a contact sensor
may be a publicly known thickness éauge that inclqdeé at its
tip & contact. This contact contacts the surface plate or
the pad surface to scan the surface in the radial direction
of the surface plate, thereby enabling the contour of the
surface plate and the contour.and thickness of the polishing

pad to be measured.



strictly controlled by neasuring changes in the contour, and surface
roughness and thi ckness of the polishing pad 3 caused by polishing, and by
outputting the pad reproduction and the pad repl acenent signals.
Furthernore, since the single sensor 19 canjgsi nultaneously neasure the
contour, surface roughness, and thickness, the accuracy can be controlled
sinmply and i nexpuasesiteeithectapkrofl aoycocapahilibbyz toemeasuressnygface
plurality of expensive sensors. Al t hough the first enbodi ment neasures

the contour, rofighhags,  enehaeetirag@dcbhtesntifigonethodpaking 8gcpatadt
14 after polishing while the surface plate 2 is stopped at a constant

ition thi reat " :
Fotati ng. TagFer KoRNEY, aCtrdeefRTElhElq kAR, hitaPl rRANILEE o5 The
tati f late 2 duri | shi b t f th f f
e por’ shi HGSpRARSEERaRE e he GUPaF COPPEAPYSa0 EPORHeCHEeur | ng
points. In this case, data neasurenents can be . i
: however, are substantially the same as in the Ffirst

embodiment, so their description is omitted to avoid
dﬁplication. In this éase, however, measurements are
desirably executed while the surface plate is stopped at a
specified position.

In addition, in the above embodiments, the support arm
18 supporting the sensor 19 is mounted on_fhe body 1 so as
to be moved back and forth and moves forward aldng the
radius of the surface plate 2 during measurements.
Furthermore, the measuring means 12 may be_formed
independently of the polishing apparatus so as to be
installed on the surface plate 2 or at another position
during measurements.

Thus, ac&ording to this invention, the sensor measures
changes in the contour, surface roughness, and thickness of
the polishing péd caused by polishihg, to cause the
cpntrolling means to output the pad surface reproduction and
the pad replacement signals, thereby providing efficient
control over~the'surface accuracy of the polishing pad.

Furthermore, since the single sensor can simultaneously

measure the surface contour, surface roughness, and



‘conti nuously obtained by repeating the above neasurenments in one or both
of the travelling directions while noving the sensor back and forth in the.
radi al direction of the surface  plate. As a result, nmeasured data can
be virtually obtained for ‘the overall surface of the polishing pad 3, in
order to accurately determ ne the degree of the wear on the pad surface
caused by polishing and associ ated changes in contour and surface
roughness, thereby enabling accuracy to be controlled nore efficiently.

The controlling device 11 can control rept®duction conditions for the pad
surface by the reproduction neans 10. As described above, when the
controlling neans 13 outputs the reproduction signal, the reproduction
means 10 is operated to reproduce the syrface of e po[is?ing ad 3.
During reproduct i FHECERRSE o RETICAFY %él:}?]ti?fce"% ed BfUPl¥e 5§d surf ace
can be nmeasured by using the sensor 19 to scan the surface of the
pol i shing pad 3 i¥nexpensively compared to conventional methods using

‘maltiple expensive sensors.



15 dlrectlon of the surface plate 2 while the plate is rotating or

st opped. ”Huﬂ Mimmﬁm,e' s carried out while the surface plate is

st opped, cuted at the sane positions as when the
initial data was meaSured. ' The neasured data obtained is conpared to
the initial contour and surface roughnes20of the pad surface prior to

pr ocessi ng. en the difference between this data and the initial data
becones Iess¥¥$éh+¥§4ﬁlﬂﬁﬂﬂé:igﬂ-Iowable limt in contour and/or surface
roughness, the controlling means 13 outputs to the display device 21 a
reproduct i on- end 1-si2yalighisith pad sosbrolildng #a5dad & sipg &he gna
IS given either as a voice signal or as characters on the display device
21. The repredeps @fneans 10 is then stopped. Thus, using the
controlling device 11 to control the process for reproducing the pad

surface, an appr%mln@t % Rathsor il e et it hel WAt FatRe (DD HIRFLY didite in
provi di ng excessive |nsuff|C|ent condltlonlng thereby | mprovi ng

reproduction f f 5i. 8N cond'
enbodi nent of"t% ag. @ir contr ﬁI%\I’% 1:tOhe poI 'S |ng p?ffsfgi tf‘ihn%e

controlling de%hc%n order to measure the position of the surface plate

surface and tq gset into a controlling means the position of
the surface plate as a reference surface used to measuie the
thickness of the polishing pad;

adhering the polishing pad to the surface of said
surface plate;

using the sensor to scan the surface of the polishing
pad in the radiai diréction of the surface plate to measure
the initial contour of fhe pad surface prior to:processing_
and.also-to measure the_initial thickness of the polishing
pad Erom the pos;tion of the pad.surface; |

using the sensor to scan the surface of the polishing
pad in the radial direction of the su:face plate after
processing while the surface plate is rotating dr.stopped,
in order to measure the contour of the pad surface aﬁd the
thickness of the polishing pad; and

comparing the measured contour and thickness to said
initial contour and thickness to determine any changes in

contour and thickness caused by polishing, and based on the

changes, outputting from the contrelling means a

This Sheet Has Been Reﬂ THIS SHEET HAS BEEN
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11 that us: sensor According to the second

enbodi ment 1mrm(ﬂm3mmmuméd S cut to forman exposed portion 23 from
whi ch the. sdrfécet pfat%_§Urface is exposed, at both radial ends of the
surface ' 21 . 16 plate 2 with the
pol i shing pad 3 adhered thereto. Prior to polishing, while the surface
plate 2 i s sepppddctaonr sighabgfor heusBacerrddrodactioheozuaf ace of the
surface plate between the inner and the outer exposed portions 23 and 23

in the pIat§é§15agh§htdgg§ﬁalogertﬁaaagéﬁigbéﬁgntpos|t|ons of the surface
plate's surface and the pad surfaces at their exposed portions. Based on

t hese p03|t|on§ éhgoiﬁbii % %%acg&§é§%$%§%EQHét gadﬁﬁﬂ?gggﬁngrgyghness of

t he pol i shing pad re neas uent 5is
bei ng proces E. sensor 19 is used to scan the surface of the surface
plate 2 be?gﬁgﬁ PHé i nner and the outer exposed portions 23 and 23 in the

pl ateus radial direction in order to neasure the
cutting said polishing pad to form an exposed portion

from which the surface plate's surface is exposed, at at
least one of the radia; ends of the surface plate with the
polishing pad adhered thereto:

using the sensor to scan the surface of the surface
plate in its radial direction before and after polishing
while thé surface plate is rotating or stopped, to measure
the thickness of the polishing pad based on the positions of
the surface élate's surface and fhe.pad surface at the
exposed portion and also to measure the contour:of the
polishing pad; and

based on changes in the contour and thickness of the
polishing pad caused by polishing, outputting £from the
controlling means a reproduction signal for pad surface
reproduction or a replacement signal for bad replacement.

3. A controlling methéd according to C;aim 1l ox 2
further including the étep of using the sensor to also
measure the surface roughness of the polishing pad before
and after processing and depending on any changes in surface
roughness, outputting from fhe controlling means a

reproduction signal for pad surface reproduction.

This Sheet Has Been R
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thickness,_ ' 111 . f.ace roughness of the polishing pad 3 after
processi n@”!lﬂl mn"ﬂg "m[the measurenments are conpared to the initial
data. . - en tthenmchange in contour and/ or surface roughness exceeds a

specified allowable Iimt, the control$jng neans 13 outputs to the display
device 21 a replacenent signal for gad surface replacement, which is
represented as avoPcEondrglding makhed praeerdingntonlaispl a9rdavi ce 21.
In this case, the step for obtaining initial data on the polishing pad 3
prior to theipoludinggthe shepwab€e 5 ndy be omtted, and neasured data
obtained imediately after the initiation of polishing nmay be used as

initial data andijn response to the reproduction signal SUtS@FPEFSR £
nmeasured data obtained after processing. Al t hough thi's exanple

h ' f | i.shi
T S ! gk BRI ARRHSL reo PRI Ehe SUERRES o8 LA REELAINS
while the surface plate is séogggd at a specifiggﬂgosition. .
Fur t her nor e, Pa%heUpd88: RoFeBrotietion fagansy | tpely fgcgresser,_

using the sensor to scan the surface of the polishing
pad during the reproductibn step to measure the contour of
the pad surface; and

when the difference between the measured contour and the
initial data becomes less than a specified allowable limit,
outputting a reproduction-end signal from said contfolling
means.

5. A controlling method according to Claim 3 including
the steps of:

in response to the reproduction signal cutput from the
'controlling neans, reprbduéing the surface of the polishing
pad using a reproduction means including a dresser;

using the sensor to scan the surface of the polishing
pad during the reproduction step to measure the contour and
.surface roughnéss of the pad surface; and

when the difference between at least one of'thé measured
contoﬁr and surface roughnes§ and the initial data becomes
less than a specified allowable limit, outputting a
reproduction-end signal from said controlling means.

6. A polishing pad controlling apparatus comprising:



nay be posed portions each time the sensor is noved in

t he radrﬁmmmmmu)mﬂnhe surface plate, thereby allow ng the thickness
of the polkishing pads té be neasured using this position as a reference.

The exposed portion forned by partiallgscutting the .  polishing pad 3 nay be

formed at only qne_ of e_lnner an t

According to t h& m @%%‘?ﬂeﬁ?zd q%%?%iaﬂé?d%%l Cf)%%%l t|O(r){:zise for the
pad surface by the éﬁgroductlon means 10 can be controlle(}E %

subst ant i al Spnface Hk theariace plake and gbe pRRition of theysurdage -

each of the above enbodi nents use a non-contact sensor, a contact sensor
may be usedofSthe paisking gpad ardhenad Heo a_tlpmtﬁlqu&:a(mi\ﬂtet.hit&(ness gauge
that includes at its tip a contact. This contact contacts the surface

plate or thRapete WHRCEhickaad drle conane of the poldisting pad:i on  of
the surface plate, thereby enabling the contour of the surface plate and

the contour and 4 B RKAGS mdiind P Pdvitd ' ba RPbdibdr HPAHYE G%aial
direction of the surface plate; and

a controlling means including a function for ocutputting
a reproduction signal for surface reproduction depending
on the change in the contour of the polishing pad before and
after polishing, as obtained from measured data from the
sensor, and a function for outputting a replacemént signal
for pad replacement depending on any changes in the
thickness of the polishing pad before and after polishing.

7. A controlling appafatus according to Claim 6 wherein
said sensor also has a funqtion for measuring the surface
roughness of the pad, and wherein said controlling means has
a function for outputting a reproduction signal for surfacé
reproduction depending on a change in surface roughness.

8. A control;ing apparafus according to Claim & wherein
the contrélling appafatus includes a reproduction maans that
uses a dresser to reproduce the surface of the polishing pad
in response to the reproduction signal from the controlling
means, and wherein said éontrolling means has a function for
outputting a reproduction-~end signal during the reproduction

of the polishing pad by the reproduction means when the



18 ny capability to nmeasure surface roughness,

t he accura i“ﬂmm“m lm mrhod u5| ng a contact sensor cannot accurately
control thesurface moughness of e pad surface. The other functions of
this method, however, are substantlally the sane as-in the first

enbodi nent, so their description is omtted to avoid duplication. In this
case, however, neasurenents are desirably executed while the surface plate
i's stopped @ifFersnne (hethansithorcontour Ineazidied by said heemoy and
enbodi ments, the support arm 18 supporting the sensor 19 is nmounted on the

body 1 sO agnd QP BV shha Weditibd Wddls ¥HhAW Spdf MEed Al ARBIRE

radi us of the surface plate 2 during neasurenments. Furthernore, the

measuri ng nﬁgggj%Z may be formed independently of the polishing apparatus
so as to be""installed on the surface plate 2 or at another position

durlng neasur e us, accordln to thi i nvent e sensor
neasur es chang §|41QQR§¥R#h ﬁ%ﬁﬁ%rﬁﬁﬁﬂﬁé&ﬂg Eﬂu# Qh he

pol i shing pad caused by pollshlng, to cause the
the controlling apparatus includes a reproduction means that

uses a dresser to reprodﬁce the surface of the polishing pad
in response to the reproduction signal from the controlling
means, and wherein said controlling means has a function for
outputting a reproduction-end signal during the reproduction
of the polishing pad by the reproduction means when the
difference between the sﬁfface roughness measured by said
sensor and the initial data becomes less than a specified

allowable limit.
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Contrblling means to output the pad surf ace reproduction and the pad
repl acenent signals, thereby providing €fficient control over the surface

accuracy of the polishing pad. Furthernore, since the single sensor
can simultaneously nmeasure the surface contour, surface roughness, and
19 t hi ckness, accuracy can be controlled sinply and inexpensively
conpared to conventional nmethods using multiple expensive sensors.
What is clainmed is: 1. A polishing pad controlling nethod conprising
t he

25

POLISHING PAD CONTROL METHOD AND APPARATUS

Abstract
A single sensor 19 siﬁultaneously measures the thickness

- and contour of a polishing pad 3 before and after polishing

to determine changes in the thickness and contour of the

polishing pad 3 caused by polishing. Based on these

changes, a reproduction signal for pad reproductidn or a

replacement signal for pad replacement is output from a

controlling means 13'to enable the surface accuracy of the

polishing pad to be efficiently controlled.

Fig. 1



4 e 'w - .
steps of: using a sensor to scan the surface of a surface plate in
its radial direction prior to the adhe5|on of a polishing pad, -in order
to measure the position of the surface plate surface and to set into a
controlling neans the position of the surface plate as a reference
surface ‘used to neasure the t hi ckness of the polishing pad;
adhering the polishing pad to the surface of said surface plate;
using the sensor to scan the surface of the polishing pad in the radial
direction of the surface plate to neasurej,3 the initial contour of the pad
surface prior to a polishing process and also to neasure the initial :
t hi ckness of the polishing pad fromthe position of the pad surface,
usi ng the sensor to scan the surface of the-polishing pad in the radial
di.rection of thff'ﬂ ZE; pmate after the polishing process while the
.surface plate i Qg ¢r stopped,  in order to measure the contour of
the pad surface and the thickness of the polishing pad; and conparing
the measured contour and thickness to sald initial contour and thickness
to determ ne any changes in : ' :

9 )
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contour and thickness caused by polishing, and based on the changes,
outputting fromthe controlling neans a
21 reproduction signal for surface reproduction or a replacenent signal

for pad repl acenent. 2. A polishing pad controlling nmethod conprising
the steps of: cutting said polishing pad to form an exposed portion
fromwhich the surface plate's surface is exposed, at at |[|east one of the

radi al ends of the surface plate with the 5 l'i shi ng pad adhered thereto;
usi ng a sensor C th urface of the Sturface plate in its radial

di rection both f%rgsﬁpg;é?ter pol i shi ng while the surface plate is
rotating or stopped, To sure t he,t hi ckness of the polishing pad based
on the positions of =~ the &urface plaﬁzgs surface at thé? exposed portion

and the pad surface and algo to neasur®gthe contour of the polishing pad,
and based on chafigeg~ tTare- TN CRKNESY o .

(S

12

32 3

AN LTSS OSSN SN

U T

“L
S

11




oo e
pol i shing pad caused by polishing, outputting froma controlling neans a
reproduction signal for pad surface reproduction or a replacenent signa
for pad replacenent. 3. Acontrolling nmethod according to laim1l or 2
“further including the step of using the sensor to also neasure the surface
roughness of the polishing pad before and after processing and dependi ng
on any changes in surface roughness, outputting fromthe controlling neans

a reproduction signal for pad surface reproduction.

22 4. A controlling nmethod according gggClaim1 or 2 including the
steps of: in response to the reproduction signal output fromthe
controlling neans, reproducing the surface of the polishing pad using a
reproducti on neans including a dresser; using the sensor to scan the
surface of the ad during the reproduction step to neasure the
cont our of jfpahsgy and when the difference between the
measur ed conto :

23
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i ni,tial data becomes |ess than a specified aﬂ:ﬂy5 1 y 1T it —etH-prt-t-i-Rg—a
reproducti on-end signal fromsaid controlling s-.‘f 5 REPLAGEMENG| $HibEd
met hod according to Claim3 including the steps°€Pﬂ ° iln response 1o
the reproduction signal output fromthe gcontrolling neans, repiﬁgﬂgtqgmghe
surface of the polishing pad using a reproduction neans i rcljudi

dr esser; pad prigr toheepalishmgrprowssaulthe hentgwranddhickyiess he [olli-shi
during the reproduction step to neasure the contour .and syrface roughness

of the pad sunfcestafi@nthe polishingiprocedspand fased emthe diidergResh at—teast—one—of
t he neasured contour “and surface roughness and the initial data becones

less than a spetivbegdtR: | QMEDIBd ipot-pPYESsE {hd LEn P A &hiieRn8Bd,
signal fromsaid controlling neans. 6. A polishing pad controlling

Sopar e OBk Seen S it Bt phbing means @ reprodibtion Bighld
fo: surface reproduction or a replacement signal for pad
replacement.

in addition, a second coﬁtrolling method according to
this invention is characterized in that it coﬁprises forming
% an exposed portion'from which the surface plate-sufface is
exposed, at at least one end of the surface plate in its |
radial direction after the polishing.pad has been adhered;
usinga sensor to scan the surface plate in its radial
direction, starting from the exposed portion in order to
measure the thickness éf’the polishing pad based 6n the
positions of the surface ,plate's surface and fhe pad surface
and aigb to measure the contour of the pad; and based on

. changes in the contour and thickpess of the polishing pad

both before and after polishing, outputting from a controlling

means a ;.'e_production signal for pad -surfabe reproduction or
a replacement signal for pad replacement. -
The contfolling nethod according to this invention may
include tﬁe step of using the sensor to also measure the
surface roﬁghness of the polishing pad before and after
processing and, depending on any change in surface

roughness, outputting from the controlling means a



—

surface of the surface plate and thé position of the sy ¢ :
pol i shi nﬂlmﬂuﬂmm H the surface..ptate, to, rreasurerhagﬁt%ﬂ&m;rﬁﬁigm
cont our "ﬂ Iﬂﬂnpad; a noving nmeans for rnoyjing said sensgr
the radi al* @irkcthorf of the surface plate; and . alcdnt 1 QG DEQIIBans
including a function for outputting a rep?oduction signgl for surface

repr oducti on %ngjsngl Jc_)!ge&r&es change in the contour off tfe"porTshing pad
bef ore and a%&eﬁ'ﬁﬁﬁ'%%mm obtai ned from neasured |[data fromthe
sensor, and a function for out put t | acene na

repl acement dependi nf BRtLFHL éﬁﬁt§%P§rPﬁE1n9hF€E%8§sg8WP?H§ﬂﬁ6qﬁ?ﬁ|ng pad
before and after polishi ng - 7. A controlling apparatus according to

-Cl ai m 6 wher estiepsaoli: sensor al so has a function for measuring the surface
roughness of the pad, and wherein said controlling neans has a function
for outputting a ﬁeﬂﬁgdwcgeﬁb:sltgnabahotheusﬁnfacereﬁradsmfme Gepdrdiing on
a change in surface roughness. 8. A controlling apparatus according to

G aim6 wher eaes 1881 SPNA{ A di ik %&a&awsmecgaﬂegianr@tﬂr@c&miémdgeans
that uses a dresser to reproduce the surface of the polishing pad

response 10 g r eprodueLl otk Sindlee! LR LHEs £00LT kI LAY sdEALS Ate

wherein-said Egﬁtro I'ng rreans unc

>S5

surface and to set into a controlling means the position of

the surface plate as a reference surface used to measure the

~ thickness of the polishing pad;
adhering the polishing.pad to the surface of said
surface plate; |
using the sensor to écan the surface of the pol_iéhing
pad in the radiai direction of the surface plate to measure
the initial contour of the pad surface pri;)r to a polishing process
and also to measure the initial thickness of the polishing
pad from the poé.ition of the pad surface;
—

uéing the sensor to scan the surface of the polishing
pad in the radial direction of .the' surface plate after the
polishing process while the surface plate is rotating or stopped,
in order to measure the contour of the pad surface_‘. ar;d the
thickness of the polisbing pad; and |
comparing the measured contour and t.hickness to _said
initiai contour and thickneés tq determine ény changes in
~.contour and thickness causeq by ._pqli,sb,in'g, énd based on the

changes, outputting from the contrelling means a



- S

outputting I ] nd signal during the reproduction T ‘ —
pol i shi ng Umllm'nmnmuct i on means when the . T REPLACEMENT SHEET
24 differehcet bet w¥enst he contour neasured by said sensor and he 1 nitral
data becones |ess than a speci-fied allowable limt. 9. A canqqyp ' 8
apparatus according to Claim7 wherein_ the controlling apparajupg includes

a reproduct i vepPredustiomeignadsiar purkace reREBIIIAR OFe 8sur f ate—of—the
polishing pad in response to the reproduction signal fromthe controlling
means, and wheskademaitd signalofbr nppdrezesl deesnemtf.uncti on for outputting a —
reproduction-end signal during the reproduction of the polishing pad by

the reproducti on MepaRs1WasAnkNad dddierEncaad elemria dumprusingethoughness
nmeasured by said sensor and the initial data becomes |ess than a specified

al I owabl e lié@éps oF: _ ,

cutting said pblishing pad to form an exposed portion

from which the surface plate's surface is exposed, at at
least one of the radial e_nds of the surfacé plate with the
poiishing pad adhered thereto;
uéing a sensor to scan the surface of the surface
plate in its radial direction both befox;e and after polishing
while th.e surface plate is rotating or stopped, to measure

the thickness of the polishingﬂ pad based on the positions of

the surface plate's surface at the
exposed portion and the pad surface and also to measure the contour

of the polishing pad; and

based on changes'in the contour and thickness of the.
) i.i polishing pad caused by polishing, outputting from a
| - controlling means a reproducticn signal for pad surface
_-reproduction or a replacement signal for pad replacement.

3. A controlling nmethod accordiné to Claim 1 ox 2 |
further including the sﬁep of using the éensor to also.
measure the surface roughness.of the polishing pad before
and aftef proceséing and depending on any chahgeS'in surféce_
roughness, outputting from the controlling means a

reproduction signal for pad surface reproduction.



