2 5 APR 2005 POLI SHI NG SYSTEM BACKGROUNb OF THE I NVENTION Field of the

I nvention 5 The present invention relates to a technique for polishing the
surface of a workpiece, and nore particularly to a polishing systezuppﬂiﬁ
polishing nmethod that can be suitably applied to planarization of S g%
waf er surface in a sem conductor manufacturing process. 10 Description of
the Related Art In a manufacturing process for fabricating a high density
sem conductor integrated circuitpO E%ﬁ%%h QW cihe surface of a silicon wafer,
steps are forned on the surface of thé silicon wafer by the formation of a
dielectric film a netallic pattern 15 or the like. If pattern formation is
further carried out over the silicon wafer having the steps formed on the

surface, for exanple, th qﬁgﬁ@ q&.f 'nkﬁééég) phy is caused to
decrease, so that there §¥A > I&‘ﬁfgﬁ%%c lqQ'?resolution becones
insufficient. For this reason, the wafer process enploys a 20 chem cal
nmechani cal 1 pbii Shi h§S( EMRREGThi que for planarizing the steps of the
device fabrication. At the polishing step in the device fabrication,
usual Py, a renbhal Ppesent tinvent (Heres haieerte & re@ 1 st ar r enoval
rate) is period[callg measured for grasping the degradation of 25 the wafer
pol i shi ngee}isbiagcyhdepentang oh a Herkpdscei anATGLRS PAE L3GHladd Y 6@ghness
of the polishing pads or the like. 1 '
a polishing system and a polishing method that can be suitably
applied to planarization of a silicon wafer surface in a
semiconductor manufacturing process.
10 Description of the Related Art
In amanufacturing process for fabricating a high density
semiconductor integrated circuit element on the surface of a
silicon wafer, steps are formed on the surface of the silicon
wafer by the formation of a dielectric film, a metallic pattern
15 or the like. If pattern formation is further carried out over
the silicon wafer having the steps formed on the surface, for
example, the depth of focus in lithography is caused to decrease,
so that there is caused a drawback that a resolution becomes
insufficient. For this reason, the wafer process employs a
20 chemical mechanical polishing (CMP) technique for planarizing
the steps of the device fabrication.
At the polishing step in the device fabrication, usually,
a removal per unit time (hereinafter referred to as a removal
rate) is periodically measured for grasping the degradaticn of

25 the wafer polishing efficiency depending on the loss of

sufficient surface roughness of thepolishingpads or thelike.



2 5 APR 2005 More specifically, every tine a predeterm ned nunber of silicon
wafers are polished, a dumry wafer is polished, to detect a ratio mT of a
change min a thickness of a silicon dioxide filmformed on the supfiatiR 65
the dummy wafer (a difference in thickness 5 obtained before and after the

polishing) to a polishing tinme T, as a renoval rate. At the polishing step
in the device fabrication, a value obtained by dividing a target renoval by

a remvalydal elduis; caliol aved periodi Galhybenshld kbR aopoli skog time
per 10 silicon"wafer. Conisequently, there can be prevented a fluctuation in
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di anond di sk .or the_like i n .efficiencg of the
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rate periodically calcglated during the polishing, a fluctuation in the

removal Tat® i3 SHPPrasseatsnd the time required for polishing the wafer

is controll ed depending on_the renoval rate. Therefore, the 25 error of the
renoval from t Het idFePOddsd& Ppresent o9 fevHEepérPEdre thedsufer@ht®of the

renoval rate utiliziqg_ o )
obtained by dividing a target removal by a removal rate thus

calculated periodically is set to be a polishing time per
10 silicon wafer. Consequently, there can be prevented a
fluctuation in the removal caused by a deterioration in the
polishing efficiency of a polishing pad. Further, when the
removal rate comes to be smaller than a predetermined value
during the polishing, the surface of the polishing pad (a
15 surface used for polishing the silicon wafer) is dressed through
a diamond disk or the like, so as to recover the polishing
efficiency of the polishing pad which is deteriorated by the
loss of sufficient surface roughness of the polishing pads or
the like. A fluctuation in the removal rate can be therefore
20 suppressed. |
By a process utilizing the removal rate‘periodically
calculated during the polishing, a fluctuation in the removal
rate is suppressed and the time required for polishing the wafer
is controlled depending on the removal rate. Therefore, the
25 error of the removal from the wafer can be prevented.

In the periodic measurement of the removal rateutilizing

(8]



2 5 APR 2005 the dummy wafer, it is difficult to make real-time detection
of the renoval rate which successively changes during the polishing. For
this reason, it is possible to mss the optinmum timng of a dressi?g APR 2005
process and the optimumtimng of a process 5 for correcting the tine
required for polishing mght. Mreover, while the renoval rate is neasured
t hrough the dummy wafer, the polishing process of the wafer is interrupted,
so that tdwe duenuf actfidd nd tefifd eiiafgyuaft aosanikeoreduqt-arinte\ioa decseases
to that extent. 10 SUMMARY OF THE | NVENTI ON According to the present
i nventi o, tther e-drgowr PVi ged whieel s@@a:egswéugm:ﬁahgegl ashHiRgy Warkpi eces,
conprising: a polishing tool for polishing workpieces; 15 noving nmeans for
relatively mawingy t heRoth$hinghdH0] iands o Okl eeenBi| €h &4 gLk he
polishing tool and the workpiece to be in contact with each other;
measuring ; o) ' asi itRd S rheh ; r en the
polishinglgggﬁﬁgﬁd%f%g£§§$§%¥g%éeaﬁen t he g% nn@%ﬁgﬁﬁggﬁg%r%&§?¥%§%§Bnnves
t he poli shin e, .\warkpi ece: {fayd for ifying a
char ot ertdr e SREERES T FAR RN B0 Bt A RE R s PEEPRE oF The
pol i shing, .tool,on_the basis of the frjicti S d t he_ peasuring 25
G e HEO Yo e dPricanar rer oA hE il e PR

neans; deci ether or n a
polishing process of the wafer is interrupted, so that the

manufacturing efficiency of a semiconductor device decreases

to that extent.

10
SUMMARY OF THE INVENTION
According to the present invention, there is provided a
polishing system for polishing workpieces, comprising:
a polishing tool for polishing workpieces;
15 moving means for relatively moving the polishing tool and

a workpiece while causing the polishing tool and the workpiece
to be in contact with each other;
measuring means for successively measuring a friction
generated between the polishing tool and the workpiece when the
20 moving means relatively moves the polishing tool and the
workpiece;
quantifyingmeans for quantifying a characteristic of the
polishing tool related to polishing efficiency of the polishing
tool on the basis of the friction measured by the measuring
25 means;

deciding means for deciding whether or not a value



3 2 5 APR 2005 obtained by quantification by the quantifying neans is

smal ler than a predeterm ned reference val ue; and dressing neans for
dressing the polishing tool when the deciding neans deci des that tZGg) A’F:R‘ HES
is smaller than the 5 reference value. Further, the present invention

provi des the polishing system further conprising: storage neans for
storing information about correspondence of a friction generated between

t he pol i shitadnelObtyophamnds { bet wor kpt et toaatt éyovgl néate;i £amaullatd ng
means for calculating a renmoval fromthe workpiece froma renoval rate

corr espomdiafg at @ i fdciid QD roeasiies byl tde agasuri ng nmeans, on the basis
of the information stored in the storage neans; and 15 control neans for

control ling theg mRVingG FRARS eBrtAeLeshasistid ddel sy aosalwidated by the
cal cul ating neans. According to the present invention, there is further

pr ovi dedd@crfati?%g rrf%farpéj!de;tmc{kgs WO KD 9685y 2 CBPL 5 SkRY 1 1 be sheps tefe 20

relatively novi a polishing tool and a workpi ece while causing the

poligﬂin%e%ggg and t.he morkpiece to be in contact wth each other, to
polish the morﬁpféce; successively neasuring a friction caused between the

wor kpi ece and ghe.pald shing Lool. during tihe, pqlLshi 89s 2R AY8REhY LYY 2
characteristic o € 'po |sﬁ1ng‘too
system, further comprising:
storage means for storing information about
correspondence of a friction generated between the polishing
10 tool and the workpiece to a removal rate;
calculating means for calculating a removal from the
workpiece from a removal rate corresponding to the friction
measured by the measuring means, on the basis of the information
stored in the storage means; and
15 control means for controlling the moving means on the
basis of the removal calculated by the calculating means.
According to the present invention, there is further
provided a method of polishing workpieces, comprising the steps
of
20 relatively moving a polishing tool and' a workpiece while
causing the polishing tool and the workpiece to be in contact
with each other, to polish the workpiece;
successively measuring a friction caused between the
workpiece and the polishing tool during the polishing;

25 quantifying a characteristic of the polishing tool

related to polishing efficiency of the polishing tool on the



related to polishing efficiency of the polishing tool on the 4 2 5 APR 2005
measuri ng

basis of on the friction when the friction is neasured at the

step; decidi ng whether or not a val ue obtained by quantification i?
quantifying step is smaller than a 5 predeterm ned reference val ue;

stalgge 2005

dressing the polishing tool when it is decided that that the value is

smal l er than the reference value in the deciding step. Furthernore,

t he

present paveat benoRr oMk desi at 1Bh hatk Oft hel & PRl iIH NG WRkRIRGE St GHRPr i Sing
the steps of: relatively noving a polishing tool and a workpi ece while
w th each

other, to polish™the workpiece; successively neasuring a friction caused

between the  13-WoHKRLCRANGE L RE R Shivit JoUp ALY Lhe pol i shi ng;
Cc r

causi ng Lhgspekinghisngd,00l and the workpiece to be in contact

guantifying a charact

151 ST RO i, o ol b el

friction®'s measured a surin I ng whe

istic of the polishing tool related to polishing

hog when t he

er or

not a

valuq%obtaigeg b%. gu|ﬂigié§§één%ifléh%ugyantifying step is smaller than a
predetl er i i€d -Féf'éréiice Vai'ue,“and di¥ssi'hy the polishing tool when it is
deci ded that that the gglue is smal | er th?p th% {§ﬂ§g§¥5§h\g§£¥3thgtthe

ressing e polishing tool when 1

deci di ng

the value is smaller than the reference value in the deciding

step.

Furthermore, the present invention provides a method of

10 polishing workpieces, comprising the steps of:

relatively moving a polishing tool and a workpiece while

causing the polishing tool and the workpiece to be in contact

with each other, to polish the workpiece;

successively measuring a friction caused between the

15 workpiece and the polishing tool during the polishing;

quantifying a characteristic of the polishing tool

related to polishing efficiency of the polishing tool on the

basis of on the friction when the friction is measured at the

measuring step;

20 deciding whether or not a value obtained by

quantification in the quantifying step is smaller than a

predetermined reference value; and

dressing the polishing tool when it is decided that that

the value is smaller than the reference value in the deciding

25 step.



25 step. 5 2 5 APR 2005 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
schematic view showi ng the whole structure of a polishing system according
to an embodinent of the present invention; 5 Fig. 2is a partial 75 APR 2005
cross-sectional view showing a polishing portion of the polishing systemin
Fig. 1, Fig. 3 is a chart showng correlations of a renoval rate and a
friction to the total nunber of silicon wafers to be polished; 10 Fig. 4 is
a chart show ng the r @&RiEDONSHS PR beT We¥nOFh@HEf PREVINASand t he renoval rate;
Fig. 5is a chart show ng effects produced by a polishing apparatus
accordi ng to t e geniodismants chfentatte cpresents hiomdent itbre; wheilg. s riustarrehar t
showi ng effects obtained by using the 15 polishing apparatus according to

t he enbodifnendo bf s heg pryesent acicoventigons @neénbiogliméntsod fthowrelsartt show ng
a polishing step according to the enbodi ment of the present invention. 20
DESCRI PTIieNegk iBdE PREFERRED EMBCODI MENTS An enbodi ment of the present
invention wll be described belowwith reference to the acconpanyi ng

drawimgs. Firstriq.he std uctdhe: of1 theo pol s sbt hgnappat aiushaseagdang to the
present enbodi ment will be explained. The polishing 25 apparatus suitable
for OWP i3 sdeHL oAb dcal oM bb1P8hing system in Fig. 1;
Fig. 3 is a chart showing correlations of a removal rate
and a friction to the total number of silicon wafers to be
polished;
10 Fig. 4 is a chart showing the relationship between the
friction and the removal rate;
Fig. 5 is a chart showing effects produced by a polishing
apparatus according to the embodiment of the present invention;
Fig. 6 is a chart showing effects obtained by using the
15 polishing apparatus according to the embodiment of the present
invention; and
Fig. 7 is a flow chart showing a polishing step according

to the embodiment of the present invention.

20 DESCRIPTION OF THE PREFERRED EMBCDIMENTS
An embodiment of the present invention will be described
below with reference to the accompanying drawings.
First, the structure of the polishing apparatus according
to the present embodiment will be explained. The polishing
25 apparatus suitable for CMP in a device fabrication will be

explained as a specific example.



expl ained as a specific exanple. 6 2 5 APR 2005 As shown in Fig. 1, the
present polishing apparatus conprises a polishing section 100 for polishing
a workpiece 6 wth a polishing pad 5 a dressing section 300 for dpe&sgpngs
the polishing pad 5, and a control section 200 for controlling the 5
pol i shing section 100 and the dressing section 300. The structure of each
section is as follows. The polishing section 100 is constituted by a platen
10 havi ng t he Fol $isdwmgipadi®. at t achedpt heprtopodinbinke appetratsirown) for
supplying a slurry toward the polishing pad 5, a notor 10 11 for rotating

t he pl at erorid); i e g hugo 14 Samdeleditignt A@Owbpkppeteshbngaa s midb eeSef or
rotating the chuck 7 while pressing the workpiece 6 to the polishing pad 5,
a bearingv#étH ar poatahahbyoadd,diangré beispisulteli @y 3D omdberdfees ishovimg f or
rotating the spindle 3, a sensor 1 for detecting a friction between the 15

pol i shi ng ek 19i RO ING , Wahkp echtholarddtien pke. fon gener@lling hthe
direction of a friction 8 between the polishing pad 5 and the workpiece 6

i's vapi e sepend #0s 80t Bolli 56 @nseqbehwegnethengcerierioef 3vet.atiraa of the
polishing pad 5 and the workpiece 6. Preferably, the sensor 1 to be used

shoul d t hareforerdetecta2l §oreesn(conpanent 1basces of the friction) acting
in two orthogonal directions included in the surface of the polishing pad

5 (a surface orthogoy @sﬁl%%@%caﬂd?ml@03)LsaBQn§EQEL1‘€e@eB§C£ pldweds r@sul tant

force as a friction. In such a structure, a relative notionis given to the
having the polishing pad 5 attached thereto, a nozzle (not

shown) for supplying a slurry toward the polishingpad 5, amotor
10 11 for rotating theplaten 10, a chuck 7 for holding the workpiece
6, a spindle 3 for rotating the chuck 7 while pressing the
workpiece 6 to the polishing pad 5, a bearing 4 for rotatably
holding the spindle 3, a motor (not shown) for rotating the
spindle 3, a sensor 1 for detecting a friction between the
15 polishing pad 5 and the workpiece 6, and the like. In general,
the direction of a friction 8 between the polishing pad 5 and
the workpiece 6 is varied depending on a distance between the
center of rotation of the polishing pad 5 and the workpiece 6.
Preferably, the sensor 1 to be used should therefore detect
20 forces (component forces of the friction) écting in two
orthogonal directions included in the surface of the polishing
pad 5 (a surface orthogonal to the spindle 3) and should detect
their resultant force as a friction.
In such a structure, a relative motion is given to the
25 workpiece 6 and the polishing pad 5 while generating a proper

polishing pressure between the workpiece 6 and the polishing



25 wor kpi ece 6 and the polishing pad 5 while generating a proper polishing
pressure between the workpiece 6 and the polishing 2 5 APR 2005 pad 5, so
that the workpiece 6 can be polished with the polishing pad 5 and 7 5aPRINE
real -time measurenment of the friction acting between the workpiece 6 and
the polishing pad 5 can be made can be neasured by the sensor 1 during the
polishing. 5 The dressing section 300 is constituted by a dianond di sk 16
for dres$athSt v poRitshi ey ope 15 Ceab mptrobe (Aol Hies} thdrhe petashiga he

di anond disk 16, an air cylinder 12 for applying a dressing pressure to the
di anond @iask S183d drhadi theonpz bstsbne mign fwrersipplyi bige il atolarthecaiimacyl i nder
12, a pipe for connecting 10 two chanbers 12a and 12b of the air cylinder 12
to the abretwemprtésseprkbiecet baraltthiedpo ashbsphma@) caa walmeslsl4apr ovi ded
on pipes 22 and 23, a pressure regulator 13 for controlling a dessing

pr essur e bac g hetdveen the pohishi hgdpatng and pbeisdiagond di sk 16, and
the like. 15 In such a structure, the polishing pad S deteriorated by the

execusion of timagakeshiing sant ben Foassed-aw  ti tie=dbgmandt artbrsk di6kunder
the control of the control section 200. Specifically, when a first control

i nstructilen floy @inesys fdPrnhd b IGUHIR} weCctd on 20@ort haotalskewhd rFegponds to
the 20 instruction to open a |line 23b provided fromthe air conpressor 15

to one chaberink?and dikecald deyid nderad2a andeya Iddeer 220 £opr apbded g om t he
ot her chanmber 12b of the air cylinder 12 to the outside, whereby a piston

i's noved of areaisd ngueh tddairet ke thetat hngndi @end ai sk 16 A soppessedrt o the
rotating polishing
15forsupplyingairtotheaircylinderlZ,apipeforconnecting
10 two chambers 12a and 12b of the air cylinder 12 to the air
compressor 15 or the ocutside (atmosphere), a valve 14 provided
on pipes 22 and 23, a pressure regulator 13 for controlling a
dessing pressure acting between the polishing pad 5 and the
diamond disk 16, and the like.
15 In such a structure, the polishing pad 5 deteriorated by
the execution of the polishing can be dressed with the diamond
disk 16 under the control of the control section 200.
Specifically, when a first control instruction is given from
the control section 200, the wvalve 14 responds to the
20 instruction to open a line 23b provided.from.the alr compressor
15 to one chamber 12a of the air cylinder 12 and a line 22b
provided from the other chamber 12b of the air cylinder 12 to
the outside, whereby a piston is moved forward such that the
rotating diamond disk 16 is pressed to the rotating polishing

25 pad 5, to start dressing of the polishing pad 5. Upon the start

of the dressing of the polishing pad 5, the pressure regulator



25 pad 5, to start dressing of the polishing pad 5. Upon the start of the
dressing of the polishing pad 5, the pressure regulator 8 25 APR 2005 13
responds to a control instruction fromthe control section 200 to g&nARRoM0%
pol i shing pressure acting between the polishing pad 5 and the di anond di sk
16. When a second operation instruction is given fromthe control section
200 while the 5 polishing pad 5 is dressed, the valve 14 responds to the

i nstructidnrésp@ped teo ld ren3a priositded tfircomfirher chanbentt2a setttibea air
cylinder 12 to the outside and a line 22a provided fromthe air conpressor

15 to theochanbert12b 0pol hehaht wndd noes actAngibet ebyntdhe posiehing noved
backward such that rotating 10 dianond disk 16 is separated fromthe

rotatingppel pshhlgrpaddiamoandd dikg dressiiAgnoh tskedpe icphimgikad S is
conpleted. The control section 200 is constituted by a notor controller 17

for contiQktingribg mat g&v@fn tehe P Hes i repctd it 1 d0020@ WL 08 egatrol | er
(not shown) for controlling the notor 15 of the dressing section 300, an

A/ D gon ;f%i?gh%f) fBgdd59agahlrﬁs%%raverttﬂéﬁgfﬁw%wessgscsmé 8, 0fnthe sensor
1, an informationh ~processor for executing a polishing efficiency

eval uati Ngs+ PLOLESH WB sg ané' 1Eﬁed§§9rbiﬂsole@aowroa eQnt Lk pEocess of the

whol e pol i shing apparatu an 1 nput device (a 20 keyboard or

the |1kes19,d of; AGCAPLAAG: VET Lok e%ql't%g.diata%d(rah§lﬁ%a%gﬁ o¥glugeel the

removal or the required for t execution of t Ing which are

{)?p?ﬁ,tee‘jf%ﬂ@% H$Eloorbrl spL ay devieeclanbar Misplraylog datg) (hhe result

12, whereby the piston is moved backward such that rotating
10 diamond disk 16 is separated from the rotating polishing pad
5, and the dressing of the polishing pad 5 is completed.
The control section 200 is constituted by a motor
controller 17 for controlling themotor of the polishing section
100, a motor controller (not shown) for controlling the motor
15 of the dressing section 300, an A/D converter 20 for digitally
converting an output signal 9 of the sensor.l, an informatiocn
processor 18 for executing a polishing efficiency evaluating
process which will be described below, a control process of the
whole polishing apparatus and the like, an input device (a
20 keyboard or the like) 19for‘accepting“various-setting<jata (the
target value of the removal or the like) required for the
execution of the polishing which are inputted from a user, a
display device 19 for displaying data (the result of the
polishing efficiency evaluating process or the like) outputted
25 from the information processor 18, and the like. The above

information processor 18 has a hardware that is an ordinary



polishing efficiency evaluating process or the like) outputted 25 fromthe

i nformati on processor 18, and the |ike. The above information processor 18
has a hardware that is an ordinary 9 2 5 APR 2005 conputer in whichj& G005
(not shown) executes a program | oaded onto a nmenory 18c, and carries out

| oadi ng and execution of an evaluation program defining the polishing

ef ficiency evaluating process to be described | ater and a processing 5

pr ogr am defupnitey tihewahahreadtBSsimy; Htawn) texdagiesnmenprogoanf Unetednal
structure sections (a calculation processing section 18b for executing a
pol i shi ngnebf & chencyy evadt pairid@a riecesstahda di ne nvdle xealutuilat iorfgapr ocess
and a control processing section 18a for giving a control instruction to

the 10 pekikshifg cse@dy WU anth ihe thessd nosiseed | onf 300¢na@g a process.
The polishing efficiency evaluating process and the renoval cal cul ating

process, cWANLGA ke THRIIB i) H¥ esSOIbed 8l £Xee Ui RS AustadetBengol i shing,
w Il be explained below As 15 a specific exanple, there will be described

the opsepusiyRam & f it MRS KHLHEre Sidd 607, veier, (8 diaeiREnef t430 run)
provided w'th a silicon dioxide filmhaving a thickness of approximtely 2

m As shewRckRoRg: shriMiid& e $1d4£00 Wad BEuPat SoRAbESHEEsing0 that is,

whil e a polishing pressure 2 is generated between the silicon wafer 6 and

the polishingopad sy By.ald.oung hoth of1themqtorslidencyhesiristing 8 is
gener at ed between the polishing pad
process and a removal calculating process and a control
processing section 18a for giving a control instruction to the
10 polishing section 100 and the dressing section 300) as a
process.
The polishing efficiency evaluating process and the
removal calculating process, which the information processor
18 executes during the polishing, will be explained below. As
15 a specific example, there will be described the case using, as
a'workpiece 6, a silicon wafer (a diameter of 150 mm) provided
with a silicon dioxide film having a thickness of approximately
2 um.
As shown in Fig. 2, while the silicon wafer 6 is polished,
20 that is, while a polishing pressure 2 is genérated between the
silicon wafer 6 and the polishing pad 5 by allowing both of them
to slide, the friction 8 is generated between the polishing pad
5 and the silicon wafer 6. The friction 8 is successively
detected by the sensor 1 through the chuck 7, the spindle 3 and

25 the bearing 4. A signal 9 successively outputted from the

sensor 1 is digitally converted by the A/D converter 20 and is

10



5 and the silicon wafer 6. The friction 8 is successively detected by the
sensor 1 through the chuck 7, the spindle 3 and 25 the bearing 4. A signal 9
- successively outputted fromthe sensor 1 is digitally converted by p i§e\pR/ 1005
. converter 20 and is 10 2 5 APR 2005 then inputted successively to the
information processor 18. Every tinme the cal cul ati on processing section 18b
of the information processor 18 inputs a signal fromthe A/D converter 20,
it sequentherh| ynexecatesuthespdiliedhi ng effd dirgfuoyndt ieralpaddcegs pr otéss and
the renoval calcul ating process based on the signal as will be described

bel ow. Fizsérythemeathul atilenlprtiees piddg SeinPs ki aalldld as £sthéhe current
renoval rate on the basis of a friction indicated by the signal inputted

fromthe A eRaveshairdbesspeaid iaplity,a 34 gaqurrentcHenpyatonatecket) of
the polishing pad is calculated fromthe detected value of the friction by

using a famctiensfqubAEidener ekiichgshe HemyvalsHiale Sfomidecdriction. The
above function f i$ pre-created on the basis of neasurenent data obtained

02 Bol | Shi g, eXREr bBALGALEL etk OUkend Ba Uinder o her sage, processycendi ti ons

as the process con fons to be used for actual polishing, and the function

f is inco ed: iRt o the . evaluati f e present enbodi nent uses
$PDOF 1AL glgb!ﬂ akhgigvaluatiQn NLegr am; Jih

the follow ng proCess conditions for the actual polishing, and the

friction and thesfemual, £ahe, uake Lhorel oL e; EAMNOn DY 80 £EAYLBGSOUL the

pol i shi ng experi nent under the sanme process
the current removal rate on the basis of a friction indicated

by the signal inputted from the A/D converter 20. Specifically,
10 a current removal rate k(t) of the polishing pad is calculated
from the detected value of the friction by using a function £
for determining the removal rate from the friction.
The above function f is pre-created on the basis of
measurement data obtained in a polishing experiment carried out
15 under the same process conditions as the process conditions to
be used for actual polishing, and the function f is incorporated
into the evaluation program. The present embodiment uses the
following process conditions for the actual polishing, and the
friction and the removal rate were therefore measured by

20 carrying out the polishing experiment under the same process

conditions.

(1) Work piece (Silicon waferx)
Diameter : Approximately 150 mm
Polished film : Silicon dioxide film having

25 thickness of approximately 2 um

Rotation speed : 126 rad/min

11



(1) Work piece (Silicon wafer) D aneter Approximately 150 nm Polished film
Silicon dioxide filmhaving 25 thickness of approximately 2 m Rotation
speed : 126 rad/mn 11 2 5 APR 2005 (2) Polishing pad Thickness MaisipR 2005
conponent Approximately 1 mm Pol yur et hane foam having a conpression el astic
nodul us of approximately 100 Mpa 5 Rotation speed approximately 300 mm's (3)
Slurry (containing abrasive grains) Abrasive grains Si02 Content of

abr asi ve (grlai n®Palppsroxigratafily 3 w% Feed rate: 100 ml/mn 10 (4) Polishing
pressure 500 g/cnR By plotting the friction and the renoval rate neasured
in the polishimhiexpesssrent under the above proédegsozanditeilgng, mma graph
shown in Fig. 4 was obtained. The graph shows that a neasured data point
group obt ai ned it heomgsdrieht ng experiment 15 wes lgumeshapesifbiaened on a
straight line. In the present enbodinent, therefore, the renoval rate is
caused t qia AR eXicoRbe lsRiewyR 1khke ild Aeanlhunst | Qipadx iec Iy atoomply a

5 Rotation speed : approximately 300 mm/s
(3) Slurry (contailning abrasive grains)
Abrasive grains : 510,
Content of abrasive grains : approximately 3 wt$%
Feed rate: : 100 ml/min
10 (4) Polishing pressure : 500 g/cm?

By plotting the friction and the removal rate measured
in the polishing experiment under the above process conditions,
a graph shown in Fig. 4 was obtained. The graph shows that a
measured data point group obtained by the polishing experiment
15 was almost positioned on a straight line. In the present
embodiment, therefore, the removal rate is caused to
approximate through the linear function of the friction by a
least-squares method, and the linear function is set to be the
above function f to be used by the calculation processing
20 section 18b. If the process conditions used.for the polishing
experiment are changed, the function f obtained from the
measured data is also varied. When the process conditions to
be used for the actual polishing are changed, therefore, it is
necessary to reset the function f by renewing the experiment

25 or to correct the function f according to the changed process

conditions.
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| east -squares nmethod, and the linear function is set to be the above
function f to be used by the cal cul ati on processing 20 section 18b. If the
process conditions used for the polishing experinent are changed, §BeAPR 2005
function f obtained fromthe neasured data is also varied. Wen the process
conditions to be used for the actual polishing are changed, therefore, it
is necessary to reset the function f by renewi ng the experinent 25 or to

correct the fumakhomhk ace@viing 4t tiher changedl pibsess beondihyonse 12 2 5
APR 2005 When the renoval rate k(t) is calculated by using the function f

thus det eiichedn tthe nieale fratee&k( tdhOf rdtieva pokhshi Ry tpadrdegeeases
together with a friction that decreases due to the |oss of sufficient

surface LRUgRIAESY %gdtd&n@iéém%e_%h@%dﬂm h 8P;iEREhBase d BekheRumber of
silicon wafers to be polished, as is shown in Fig. 3. The cal cul ation

rocessi i.0 h Lshi | C} the i shin
p I BQe @cﬁ%‘e Po%@?ﬁ%%?%?%n?cﬁ@%ﬁ*}'oﬁh%gg{:éi‘s'?sf? b%lf‘%e’ g6 1t ke 1 pe) g

pad 5 on the basis o renova I ca the calcul ation

i 2t 1 ~ i ned. 10 ith th
processi ?gds%ﬁttho) v qufc‘\tﬁ%m} g%m%kfé f‘rgtﬁﬁek%{‘(&e s}PLESfxeC«S@EEsV%USeW €

renoval te Kk t) 1s smaller than the reference

o, 5 S VR s ol ek LI, Ot BBt oo

is deterforate e renoval rate o] e polrs S equ o, or

greater Lhanol iprelanence. valus, i1y 15, sealuatad | Batoibpoholaning 19

efficienCy © e poli i's recovered.

eval uatign are, digpl gyed on-q.,di $Rlay, eyl ee 18 specifically, the

calculation processing section 18b compares a predetermined
10 reference value with the removal ratek(t). If the removal rate
k(t) is smaller than the reference value, it is evaluated that
thepolishingefficiency of thepolishingpad 5 is deteriorated.
If the removal rate kof thepolishing pad is equal to, or greater
than, the reference value, it is evaluated that the polishing
15 efficiency of the polishing pad 5 is recovered. The results
of the evaluation are displayed on a display device 19.
When the polishing efficiency evaluating process is thus
completed, the calculation processing section 18b calculates
a removal X k(t)dt of the silicon wafer from the start of the
20 polishing to a current point from the remo§al rate k(t)
calculated in the polishing efficiency evaluating process.
The removal rate k(t) and the removal 2k (t)dt calculated at this
time is displayed on the display device 19.
The polishing to be executed by the polishing system in
25 Fig. 1 will be explained below. In the polishing to be carried

out, the above process conditions (1) to (4) are employed.
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When the polishing efficiency evaluating process is thus conpleted, the

cal cul ation processing section 18b calculates a renoval E k(t)dt of the
silicon wafer fromthe start of the 20 polishing to a current poing 5fARRN005
the renoval rate k(t) calculated in the polishing efficiency eval uating
process. The renoval rate k (t) and the renmoval E k (t) dt cal cul ated at
this tinme is displayed on the display device 19. The polishing to be

execut ed by thé&igol Vst agt by comritnshBi iy ghelpod 1 $h beg @gsicd sedsbaldow. | n
the polishing to be carried out, the above process conditions C) to (4)
are enpl dyedpold 26 PAPR RO0EN Fig. F¥gisla flow chart showi ng the polishing
process using the polishing systemin Fig. |I. Wen the silicon wafer 6 is
attached to théhehucke7s{Biepn WO 6t he stuppthedftoatsburyck &7 t(s&epol i shing
pad 5 is started. 5 Then, the notor controller 17 rotates the platen 10 and
t he spindlo®@)3 itheresppbgecf @ alaemtyr ob ispoldshdngseat 3 rieamsthe tedant r ol
processi ng section 18a of the information processor 18. Consequently, the

pol i shi nghpad Thandndher scdheonl Wet e17 6ratgtesl tlet®l stant 100apal kgl t he
silicon dioxide filmfornmed on the 10 surface of the silicon wafer (Step

701). VWSEQIH_’L%_ S liircor Mafree 8d & ows Al iisReducaibhi Glein@n freenenhat ed
between-the silicon wafer 6 and the polishing pad 5 is successively

det ect ed pythhe sepsassinangedr s69NBa f AHPULE8EmatioMI - SensPNBL i S

successively inputted to the information 15 processor 18 through the A/D

convert etod@eqe )} CHH i ishing pad 5 and the silicon wafer 6 are
slid to start to polish the silicon dioxide film formed on the

10 surface of the silicon wafer (Step 701).

While the silicon wafer 8 is thus polished, a friction
generated between..the silicon wafer 6 and the polishing pad 5
is successively detected by the sensor 1 and a signal 9 outputted
from the sensor 1 is successively inputted to the information

15 processor 18 through the A/D converter 20. The calculation
processing section 18b of the information processor 18 executes
the polishing efficiency evaluating process and the removal
calculating process every time the signal is inputted through
the A/D converter 20 (Step 702).

20 Further, every time the polishing effi-ciency evaluating
process and the removal calculating process are completed, the
information processor 18 carries out the following process.

First, the calculation processing section 18b of the
information processor 18 decides whether or not the dressing

25 of the polishing pad 5 is required (Step 703). Specifically,

when the calculation processing section 18b of the information

14



processi ng section 1G of the information processor 18 executes the
polishing efficiency evaluating process and the renoval calculating process
every time the signal is inputted through the A/D converter 20 (Stzb APRANNS
20 Further, every tinme the polishing efficiency evaluating process and the
renoval cal cul ating process are conpleted, the information processor 18
carries out the follow ng process. First, the cal culation processing section
18b of theocestormEts aeqirdcessmt 1Ithaaed Hesh whet dBfiorenoy ¢hetdeessing 25
of the polishing pad 5 is required (Step 703) . Specifically, when the

cal cul at pohiphdeessaty Ssect idut k8ilp ftddhein nflos nad 1 Deh 14g 2e 5£ APRe20Q5
processor 18 decides that the polishing efficiency of the polishing pad 5

i s deterkorateding e qeedd,shithd efddci g ythevat vat dngs pingess, the is

deci ded that the dressing of the polishing pad 5 is required. Wen the

cal cul at benipha&es piadgs55i Seeddoird8h ofhdrhenentanaathenopr peessesihy deci des
that the polishing efficiency of the polishing pad 5 is recovered in the

pol i shi ngeetfibel @@%y ogvahdat hAg rRk@Gess proktekssodegisgdadctlat that énessing of
the polishing pad 5 is not required. Wen it is decided that the dressing of

the polishiRgnRad c¥@isikscRals rt@féu bedsntRg ok Uk 8t Ofb Rk PEESS] RY Sect i on
18b of the information processor deci des whet her or not the renoval

cal cul at gd1iiBntihe é?ﬁ?&%n@?'&#ﬁlﬂld@ﬂm@b%%%%s' sleqtéa&e&;@de&rthagg eateer than,
a target renoval preset by a user (Step 704) . he renoval calculated in
the rempyakscaheulat ing PPCEISidP pad 5 is not requlred.
When it is decided that the dressing of the polishing pad
10 5 is not required, the calculation processing section 18b of
the information processor 18 decides whether or not the removal
calculated in-the removal calculating process is equal to, or
greater than, a target removal preset by a user (Step 704). If
the removal calculated in the removal calculating process is
15 equal to, or greater than, the target removal preset by the user,
the motor controller 17 stops the rotation of the platen 10 and
the rotation of the spindle 3, to complete the polishing of the
silicon wafer which is being polished, in response to the
control instruction sent from the control processing section
20 18a of the information processor 18. Then,Athe supply of the
slurry to the polishing pad 5 is also stopped and the silicon
wafer 6 is removed from the chuck 7 (Step 705). If the removal
calculated in the removal calculating process is to the contrary,
or smaller than the target removal preset by the user, the

25 polishing of the silicon wafer which is being polished is

continued.
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15 equal to, or greater than, the target renoval preset by the user, the
notor controller 17 stops the rotation of the platen 10 and the rotation of
the spindle 3, to conplete the polishing of the silicon wafer which?5 &PR 2003
bei ng polished, in response to the control instruction sent fromthe
control processing section 20 18a of the information processor 18. Then, the
supply of the slurry to the polishing pad 5 is also stopped and the silicon
waf er 6 is renovedhfsr orhehehahdckwi{eStepl ¥@Bciddd Hhher térpvales sdalcul at ed
in the renoval calculating process is to the contrary, or smaller than the

target refovak poesehiby phe Jserregherd§, pold shilrg loft ildie psolcdeeeinaf er
which is being polished is continued. 15 2 5 APR 2005 On the ot her hand,

when it isecdacidady hat the diesshdgionfptbeepobishingipad a iesrisequired,
the cal cul ati on processing section |8b of the information processor 18

gives a fdohstro1coMd b disdh usd ione tea1he valve % ate shartirkheidressing 5
process for the polishing pad 5 (Step 706) . Wiile the dreSS|ng process IS

carrigd g%’cets*},ef%' gﬁ'&%ﬂ%ﬂﬁﬁf?%&' Qg(sstﬁ‘e‘ﬁ 798) 180y 0f o 1 iRie gs'%%t

processo 18 no only gives a con si gnal to the pressure re

t her eby %0 af?iéé@d‘rg tﬂreﬁﬂ‘& lQ%E%%ri@@sQ%?%E&gl $2d g2, a”d the

di anond |sk SO executes t ove poli |ng i cl ency evaluatlng

process tfotﬂgclrggo%ﬁf'gﬁ PHoddsd P%apﬁét%}{lﬁgtggye fromt 51 th a‘?LO' | shing

pad 5 is recovered every tine a signal Is in e sen

through %%etﬁ@ d%gggﬂgéﬁréghlééofttﬁérgg§'ggdcontrol a pollshlng

pressure between the polishing pad 5 and the diamond disk but
10 also executes the above polishing efficiency evaluating process
to decide whether or not the polishing efficiency of the
polishing pad S is recovered every time a signal is inputted
from the sensor 1 through the A/D converter 20. If it is decided
that the polishing efficiency of the polishing pad S is
15 recovered, the calculation processing section 18b of the
information processor 18 gives a second control instruction to
the valve 14 to complete the dressing process for the polishing
pad 5, so that the process is returned to the Step 702.
The above polishing makes it possible to make automatic
20 real-time measurement of the successively changing removal rate
without interrupting the polishing, so that the following
effects can be obtained.
(a) The polishing needs no interruption, so that the
efficiency of the polishing step can be enhanced as compared
25 with the case using a dummy wafer to periodically measure the

removal rate . As a result, the productivity of a semiconductor
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that the polishing efficiency of the polishing pad 5 is 15 recovered, the
cal cul ati on processing section 18b of the information processor 18 gives a
second control instruction to the valve 14 to conplete the dressing5pPRcisis
for the polishing pad 5, so that the process is returned to the Step 702.
The above polishing makes it possible to nake automatic 20 real-tinme

nmeasur enent of the successively changing renoval rate wthout interrupting

t he poli ghivige st et dread®ddow ng effects can be obtained. (a) The
pol i shing needs no interruption, so that the efficiency of the polishing

step can be enhanced 1asi syma Bsh e 25 Mtdhrd L1 ¢ IISLAG Pekbray rwafer to

periodically neasure the renoval rate . As a result, the productivity of a

sem condygltieh &BaRqesARR-2993i deyi,cei eanRepephancads r (Mhe bb1isnRegsi bl e to
accurately grasp the renoval rate” which changés successively withthe

progress 1gfs e, RO! 19l REes TR eI & s 4 e ATeRS NG iIRHAGRE S DB e

polishing pad can be 5 carried out in a proper timng. As a result, the

pol i s n%ar%f'feia(:i(oglgkc?/itrpfa t&cﬁ%iéﬂhf@%ggﬁiaﬂq lbéas .,nt@jxé"eggof‘fsﬁf' 3' most

constant level. i's po eto e renpval rate detected”in rea

time for .t I [ f.rom.the. LAC hat the
removal FramERE beEpt Doe Shn be A AT e b B e B gr o PriBst
therefor%ogg%gdgﬁié&%decrease a difference between a target renoval and an
. e
(c)

actual renova ‘ect can

It is possible to use the removal rate detected in
real time for the calculation of the removal from the workpiece,
10  so that the removal from the workpiece can be calculated more
accurately. It is therefore possible to decrease a difference
between a target removal and an actual removal. The effect can
enhance the finish accuracy of the workpiece together with the
effect (b). For example, if the polishing step according to
15 the present embodiment is employed for a wafer process, ‘the
performance of an LSI as an end product can further be enhanced.
The above effects (a), (b) and (c¢) will be verified.
The already described process conditions (1) to (4) were
employed to carry out a polishing step according to the present
20 embodiment and a polishing step using the dummy wafer to
periodically measure the removal rate (which will be referred
to as conventional polishing). A target removal in each
polishing step was set for 1 pum.
In each polishing step, 100 silicon wafers were
25 continuously polished to measure the removal from each silicon

wafer anda required time. In the conventional polishing, every
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enhance the finish accuracy of the workpiece together with the effect (b)
For exanple, if the polishing step according to 15 the present enbodi nent is
enpl oyed for a wafer process, the perfornmance of an LSl as an end pbd®8chls
can further be enhanced. The above effects (a), (b) and (c) wll be
verified. The already described process conditions (1) to (4) were enpl oyed
to carry out a polishing step according to the present 20 enbodi nent and a
pol i shi ngisteep Wsiingl adre wrubsws viagee polipeeiodibal Feredadurd ttché'denoval
rate (which will be referred to as conventional polishing) . A target
renoval imeasacted pglishiqghst @pnwasasietr f endlomtherbaach ofothshiarpkt ep, 100
silicon wafers were 25 continuously polished to neasure the renoval from
each sil icdorthanafersanshent equive edihenmeeqhnretefoentért porddlshpalg sis ng,
every 17 2 5 APR 2005 tinme 10 silicon wafers were polished, the renoval rate
was neasuwreddyedisi ng the dumry wafer, and on the basis of the result of
the nmeasurenent, the tine required for the polishing is corrected. 5 As a

resul§, as showms iah gl ddhesHiemmvah FLom thethsi kegoranaffetss peld shed by
t he conventional polishing had a variation of approximately 0.15 m while

t he remp\all ifdaamwd ther Sigd cioshaafieystpel tshednbyohhe polliishing aceorading to
the present enbodi nent had a variation of approximately 0.03 m 10 This

i mplies &hali Ji 31§ POl S NGy AECOF dieng 1150 k)€ wBi8%eHhe SERRAIIEM rod he
dressing process for the polishing pad is
the silicon wafers polished by the polishing according to the
present embodiment had a variation of approximately *=0.03 um.
10 This implies that in the polishing according to the present
embodiment, the dressing process for the polishing pad is
executed in.a proper timing and the polishing efficiency of the
polishing pad is maintained to have an almost constant level.
That is, it implies that the polishing according to the present
15 embodiment can produce the effect (b).
Further, the conventional polishing took approximately
1,400 minutes for polishing the 100 silicon wafers, while the
polishing according to the present embodiment took
approximately 500 minutes for polishing the 100 silicon wafers.
20 This implies that the polishing according to the present
embodiment is efficient, or that the effect (a) can be produced.
Moreover, 25 silicon wafers were continuously polished
according to each polishing, to measure the removal from each
siliconwafer. Also in each polishing, no dressing process for

25 the polishing pad 5 was carried out.

As a result, as shown in Fig. 5, the removal from the
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executed in a proper timng and the polishing efficiency of the polishing
pad is maintained to have an al nost constant level. That is, it inplies
that the polishing according to the present 15 enbodi nent can produtk APRE005
effect (b). Further, the conventional. polishing took approximtely 1, 400
m nutes for polishing the 100 silicon wafers, while the polishing according
to the present enbodi nent took approximtely 500 m nutes for polishing the
100 sili codiwarensfe20s Tokismpd iy that coheepblésal ngoatebidingadoat he
present enbodinment is efficient, or that the effect (a) can be produced.
Mor eover va2i adiildre @¥ veferax wes g2 pntionueushy palilshetdeaecenndangftromeach
polishing, to neasure the renoval fromeach silicon wafer. Al so in each
pol i shi nghene idriessi ng faropess fosd B35 thhe ppdliisthinrg apad ralinas toakhieed out .
As a result, as shown in Fig. 5, the renoval fromthe 18 2 5 APR 2005

silicon walerspehbsheaeby i@ Lonrentional r pgbirshingtbag a+ vari ahi.on of
approximately 0.15 m while the renoval from the silicon wafer polished by

the p®li giiiRg iagQordd Nthd© tHe pPl esenhgeabesdtaeny badthevpreakhen of
approximately 0.03 m 5 This inplies that the polishing according to the

present cemdRdin®t JdeceeasesSaad Ui f4esLe D eleren Bat@dgaterd®Vahdand an
actual renoval. That is, it inplies that the polishing according to the

present embedicent <afbpf0duaes tt hes ef frectmdic)e sThar f0r@goipwn comfhg s t hat
the effects (a), (b) and (c) 10 can be obtained by the present invention.
according to the present embodiment can produces the effect (c).
The foregoing confirms that the effects (a), (b) and (c)
10 can be obtained by the present invention.
While the above embodiment employs a constitution in
which the information processor 18 controls the controller 17
and the valve 14 , it is not always required to employ such a
constitution. For example, there may be employed a
15 constitution in which an operator decides the timing of the
dressing process and that of the end of the polishing,
respectively, on the basis of information displayed on the
display device 19 and manually operates the controller 17 and
the valve 14.
20 Moreover,whiletheaboveembodimentusés,aseaworkpiece,
the silicon wafer having one film formed thereon, a silicon
wafer having two or more films stacked thereon may be used as
a workpiece. When the material of the film being polished is
changed, a friction detected by the sensor 1 varies, so that

25 it is possible to detect the interface between adjacent films

bymonitoring the output of the sensor 1. When the siliconwafer
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Wil e the above enbodi nent enploys a constitution in which the information
processor 18 controls the controller 17 and the valve 14 , it is not always
required to enploy such a constitution. For exanple, there may be Z2opiP8yl

a 15 constitution in which an operator decides the timng of the dressing
process and that of the end of the polishing, respectively, on the basis of
information displayed on the display device 19 and nanual |y operates the
control | érvihicaido thenwad viel s  s2G: dsrce dnerr,e owhii b ea tuver labbeee enoli erent
uses, as a workpiece, the silicon wafer having one filmforned thereon, a
silicon maaf ér kaylnyddvwa aomarietlors ist adkiedh threy ecamareyl berasetthas a
wor kpi ece. When the material of the filmbeing polished is changed, a
frictionfdaredteddytidiel «@nSdInlavberesilfao that 25 it is possible to
detect the interface between adjacent filns by nonitoring the output of the
sensor 1. Wien e isidndxen WaleTe 10n2 SbAPR 20064havhRg etkipd adh smoire: fi | ms
stacked thereon is a workpiece, there may be enployed a constitution in

whi chs t hegiampvialg bromhs he 1 fdd i c0RE ol le&@mpilambaf ties ddd mcfurdher nore,
whi l e the above enbodi nent explains the 5 polishing of the silicon wafer as
an exanplog ehethee 3BRLI Lakd 90 oRf e 2% i hidertic@Nmnat/hse RIKBSENd 4

i nvention may be applied to the polishing of a workpiece other than the

silicon waf ehe pMBLGAVEL olthg REPLESS-E0NEHL L ONSadeses | bed above aL L.
illustrative and do not need to be used as shown.

Moreover, the process conditions described above are

illustrative and do not need to be used as shown.
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20 2 5 APR 2005 What is clained is: 1. A polishing systemfor polishing

wor kpi eces, conprising: a polishing tool which polishes the workpiec
novi ng neans which relatively noves the polishing

tool and a workgdi®

BBR 2005

whi | e causing the polishing tool and the workpiece to be in contact with
each ot her; neasuriﬂgiggans whi ch successively nmeasures a friction

generat ed BBEhedh £

i $Ai'ng tool and the workpi ece when the noving

means relatively noves the polishing tool and the workpiece; quantifying
means which quantifies a characteristic of the polishing tool related to
polishing efficiency of the polishing tool on the basis of the friction

nmeasured by the neasuring neans;

not a value obtained by quantification by the quantifying nmeans is

than a predeterm ned reference val ue;

deci di ng neans whi ch deci des whet her or

smal | er

dressi ng nmeans whi ch dresses the

polishing tool; controlling nmeans which starts dressing of the polishing

t ool

by the dressing neans when the deciding neans decides that the val ue

is smaller than the reference value, and term nates the dressing of the
polishing tool 21 2 5 APR 2005

1. A polishing system for polishing workpieces,
comprising:

a polishing tool which polishes the workpieces;

moving means which relatively moves the polishing
tool and a workpiece while causing the polishing tool and
the workpiece to be in contact with each other;

measuring means which successively measures a
friction generated between the polishing tool and the
workpiece when the moving means relatively moves the
polishing tool and the workpiece;

quantifying means which quantifies a characteristic
of the polishing tool related to polishing efficiency of
the polishing tool on the basis of the friction measured
by the measuring means;

deciding means which decides whether or not a value
obtained by gquantification by the quantifying means 1is
smaller than a predetermined reference value;

dressing means which dresses the polishing tool;

controlling means which starts dressing of the

polishing tool by the dressing means when the deciding

means decides that the value is smaller than the reference

value, and terminates the dressing of the polishing tool
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by the dressing neans when said deciding neans decides that the value is
not smaller than the reference val ue; detecting neans which detects a tine
of exposure of an interface between a first |layer nade of a first 7 bedPRr200AI
and a second | ayer nmade of a second material of a workpiece, when polishing
t he workpi ece that conprises the first layer to be polished first and the
second | ayer, based on the friction neasured by the neasuring neans;
storing neans which stores information about correspondence of a friction
generated between the polishing tool and the second | ayer of the workpiece
to a second |laver renoval rate of the polishing tool; and cal cul ati ng neans
whi ch cal cul ates a renoval fromthe second |layer fromthe tinme of exposure
detected by the detecting neans and the second | ayer renoval rate
corresponding to the friction neasured by the neasuring neans based on the
information stored in the storing neans wherein the control neans controls
the noving neans in accordance with the second | ayer renoval cal cul ated by
the cal culation nmeans. 22 2 5 APR 2005 2. A polishing systemfor polishing
wor kpi eces, conprising: a polishing tool which polishes the workpieces;
movi ng megpstibi ¢hes el afi MehysmINes t8edpattsting méant asadi@e swor kpi ece
whi | e causing the polishing tool and
that the value is not smaller than the reference value;
detecting means which detects a time of exposure of
an interface between a first layer made of a first
material and a second layer made of a second material of a
workpiece, when polishing the workpiece that comprises the
first layer to be polished first and the second layer,
based on the friction measured by the measuring means;
storing means which stores information about
correspondence of a friction generated between the
polishing tool and the second layer of the workpiece to a
second layer removal rate of the polishing tool; and
calculating means which calculates a removal from the
second layer from the time of exposure detected by the
detecting means and the second layer removal rate
corresponding to the friction measured by the measuring
means based on the information stored in the storing means
wherein the control means controls the moving means

in accordance with the second layer removal calculated by .

the calculation means.
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t he workpi ece to be in contact with each other;
successi vely neasures a
wor kpi ece when t he noving neans relatively noves the
and t he workpi ece;

t he

measuri ng nmeans which
friction generated between the polishing tool and

pol i shi righ A8RI2003

guantifying neans which quantifies a characteristic of

the polishing tool related to polishing efficiency of the polishing tool on

the basis of the friction neasured by the neasuring neans;

whi ch deci des whet her or not a value obtained by quantification

quantifying nmeans is

deci di ng neans

by the

smal | er than a predeterm ned reference val ue; dressing

means whi ch dresses the polishing tool in accordance wth a program
defining a dressing process to dress the polishing tool; control
which starts dressing of the polishing tool by the dressing neans when the
deciding 23 2 5 APR 2005 neans decides that the value is snmaller than the
reference value, and term nates the dressing of the polishing tool by the
dressi ng neans when said deci ding neans decides that the val ue

smal |l er than the reference val ue;

exposure of an interface between a first |layer nade of a first
and a second | ayer nmade of a second material of a workpiece, when polishing
t he workpi ece that conprises the

A polishing system for polishing
workpieces, comprising:
a polishing tool which polishes the workpieces;

moving means which relatively moves the polishing

| ing nmeans

S not

detecting neans which detects a tine of

mat eri al

tool and a workpiece while causing the polishing tool and

the workpiece to be in contact with each other;

measuring means which successively measures a
friction generated between the polishing tool and the
workpiece when the moving means relatively moves the
polishing tool and the workpiece;

quantifying means which quantifies a characteristic
of the polishing tool related to polishing efficiency of
the polishing tool on the basis of the friction measured
by the measuring means;

deciding means which decides whether or not a wvalue
obtained by quantification by the quantifying means is
smaller than a predetermined reference value;

dressing means which dresses the polishing tool in
accordance with a program defining a dressing process to
dress the polishing tool;

controlling means which starts dressing of the
polishing tool by the dressing means when the deciding
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first layer to be polished first and the second | ayer, based on the
friction neasured by the neasuring neans; storing neans which stores
i nformati on about correspondence of a friction generated between thé APR 2005
polishing tool and the second |ayer of the workpiece to a second |ayer
removal rate of the polishing tool; and cal cul ati ng neans whi ch cal cul ates a
renmoval fromthe second |ayer fromthe tinme of exposure detected by the
detecting neans and the second | ayer renoval rate corresponding to the
friction neasured by the measuring means based on the information stored in
the storing neans wherein the control neans controls the noving neans in
accordance with the second | ayer renoval calculated by the calcul ation
means. 24 2 5 APR 2005 3. A polishing system for polishing workpieces,
conprising: a polishing tool which polishes the workpi eces; noving neans
which relatively noves the polishing tool and a workpi ece while causing the
polishing tool and the workpiece to be in contact with each other;
measuri ng means whi ch successively neasures a friction generated between
the polishing tool and the workpiece when the noving nmeans relatively noves
the pol instdinsg dewldemdthde Woe kpkbee; 1 e i ¥sd ngharears wafgrapentifies a
characteristic . '
value, and terminates the dressing of the polishing tool
by the dressing means when said deciding means decides
that the value is not smaller than the reference value;
detecting means which detects a time of exposure of
an interface between a first layer made of a first
material and a second layer made of a second material of a
workpiece, when polishing the workpiece that comprises the
first layer to be polished first and the second layer,
based on the friction measured by the measuring means;
storing means which stores information about
correspondence of a friction generated between the
polishing tool and the second layer of the workpiece to a
second layer removal rate of the polishing tool; and
calculating means which calculates a removal from the
second layer from the time of exposure detected by the
detecting means and the second layer removal rate
corresponding to the friction measured by the measuring
means based on the information stored in the storing means
wherein the control means controls the moving means

in accordance with the second layer removal calculated by

the calculation means.



of the polishing tool related to polishing efficiency of the polishing tool
on the basis of the friction neasured by the neasuring neans; output neans
whi ch out puts a val ue obtained by quantification by the quantifyidbSd@&ﬂ&ﬁ
deci di ng means whi ch deci des whether or not a value obtained by
gquantification by the quantifying neans is snmaller than a predeterm ned
reference val ue; dressing neans which dresses the polishing tool;
controlling neans which starts dressing of the 25 25 APR 2005 polishing tool
by the dressing neans when the deciding neans decides that the value is
smal l er than the reference value, and term nates the dressing of the
polishing tool by the dressing neans when said deciding neans deci des that
the value is not smaller than the reference val ue; detecting neans which
detects a tinme of exposure of an interface between a first |ayer made of a
first material and a second |ayer made of a second material of a

wor kpi ece, when polishing the workpi ece that conprises the first layer to
be polished first and the second | ayer, based on the friction nmeasured by
t he measuring neans; storing neans which stores information about
correspondence of a friction generated between the polishing tool and the
second | ayer of the workpiece to a second |ayer renoval rate of the
pol i shing tool; and

3. A polishing system for polishing workpieces,

comprising:

a polishing tool which polishes the workpieces;

moving means which relatively moves the polishing
tool and a workpilece while causing the polishing tool and
the workpiece to be in contact with each other;

measuring means which successively measures a
friction generated between the polishing tool and the
workpiece when the moving means relatively moves the
polishing tool and the workpiece;

quantifying means which quantifies a characteristic
of the polishing tool related to polishing efficiency of
the polishing tool on the basis of the friction measured
by the measuring means;

output means which outputs a value obtained by
quantification by the quantifying means;

deciding means which decides whether or not a value
cbtained by quantification by the quantifying means 1is
smaller than a predetermined reference value;

dressing means which dresses the polishing tool;

controlling means which starts dressing of the

25



cal cul ati ng nmeans whi ch cal cul ates a renoval fromthe second |ayer fromthe
time of exposure detected by the detecting neans and the second | ayer
renmoval rate corresponding to the friction neasured by the nmeasurihg APRE803s
based on the information stored in the storing nmeans wherein the control
means controls the noving neans in accordance with the second | ayer renoval
cal cul ated by the calculation neans. 26

polishing tool by the dressing means when the deciding
means decides that the value is smaller than the reference
value, and terminates the dressing of the polishing tool
by the dressing means when said deciding means decides
that the value is not smaller than the reference value;
detecting means which detects a time of exposure of
an interface between a first layer made of a first
material and a second layer made of a second material of a
workpiece, when polishing the workpiece that comprises the
first layer to be polished first and the second layer,
based on the friction measured by the measuring means;
storing means which stores information about
correspondence of a friction generated between the
polishing tool and the second layer of the workpiece to a
second layer removal rate of the polishing tool; and
calculating means which calculates a removal from the
second layer from the time of exposure detected by the
detecting means and the second layer removal rate
corresponding to the friction measured by the measuring
means based on the information stored in the storing means
wherein the control means controls the moving means
in accordance with the second layer removal calculated by
the calculation means.
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