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F- PO5023TR(SG  SPECI FI CAl TON PCLI SHI NG PAD AND METHOD
OF PRODUCI NG SEM CONDUCTOR DEVICE 5 TECHNI CAL FI ELD
The present invention relates to a poli shi ng- pashased(sc)
in planarizing an uneven surface of a wafer by

chem cal nechanical polishing (CW) and in particul ar
to a polishing pad having a w ndow for sensing a
polished state etc. by an optical nmeans, as 10 well as

a method of produci nSPECIFICAITONt or device by the
pol i shing pad. BACKGROUND ART Production of a

POISSHINY !*;4(;3 'ANDVMEETHOD 0 PRODECING SEMICONDUCROR

el ectroconductive filmon the surface of a wafer to
forma wiring | ayer: by ﬁfl@(lf’ébt hogr aphy, etching etc.,
a step of formng an interlamnar insulating filmon
the wiring layer, etc., and an uneven surface nade of
an el ectroconductive material such as nmetal and an

] j erial i ted th f f 20
TE?%&@L&W Se steps. In recent years, processing

or fi . ol i | e . ,

for The zaaé“sééﬁ dngRatio aplat@irte Apblifnie BAFHEEI

¢ . d ci . .

PlanaziPGAR WHeYHh R Ta% gl & AIET bY Cherica groghipica!

have becone inportant. 25 As the nethod (H .
polishing (CMR) and inpasticularste agpolishing pad having a

F- PO5023TR(SG a CMP nethod is generally used. CVP is
windowfonisensinga polished state etc. by an optical means, as

well as a method of producing a semiconductor device by the

polishing pad.

BACKGROUND ART

Production of a semiconductor device involves a step of
forming an electroconductive film on the surface of a wafer to
form a wiring layer by ph}_ﬁotolithography, etching etc., a step of
forming an interlaminar ihsulating film on the wiring layer, etc.,
and an uneven surface made of an electroconductive material such
as metal and an insulating material is generated on the surface of
a wafer by these steps. In recent years, processing for fine wiring
and multilayer wiring is advancing for the purpose of higher
integration of semiconductor integrated circuits, and accordingly
techniques of planarizing an uneven surface of a wafer have
become important.

As the method of planarizing an uneven surface of a wafer,
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while the surface of a wafer to be polished is pressed
against a polishing surface of a polishing pad, the
surface of the wafer is polished with an ahrEsiyE3ITR(SG)
the formof slurry having abrasive 5 grains di spersed
therein (hereinafter, referred to as slurry). As shown
in Fig. 1, a polishing apparatus used generally in

CWP is provided for exanple with a polishing platen 2

a CMP méthedrisi générdlly used)y CMP is aterhifiqilel Wwherbind
(polishing head) 5 for supporting a polished nmateri al

whiléaR sufface bﬁawfvaﬂem a%%' polithedlis prédsedrhgainst a

pressuri zing a wafer, a mechani sm of feeding an

an
polg%fi?xggﬁrfa&eopﬁlﬂzﬁti%%%% ?le the §ﬁffa%§0%f:ﬂe Wigfer J,s

I ng pl aten anple via a e- coat e
: lkShi n j nd
polisHEt with £F attdufie By TErcrel U olihEy WAL aBfasive
[ L yvel r I. € shing
grafs Mishtaced «ARte Bl héidiuRer, Melorr o RABRYE |,
are ,supported them _ar.e,.opposed to each.of her. ..The
Sup 5 PR tn Mes 1 2 pRlSRARE A b it BepSrpy
chani s f ushi ng the, polished.materjal 4. against
MBI Biavilied ot samPip Wit a-pORRBIAE RIBHERA 8o *t her o
is a, proble f judging 20 the planari of. fer
supporting a palishing mﬁpa wppﬂrt%smmfgﬁ?%& head) 5
surface properties or plapar state are reached should
for suppesting adpolishrd,materiali(wafre) ¢hpchaeking material for
oxide film polishing speed etc., the poli shi ng
uniformiymressurizinga wafees andsa mechandismof feeding an
periodically treating the wafer, and after the 25
abrasive.t SThe gpalistingrpdd b isdithedswith theapolishing platés 2
subjected to 2 F-PO5023TR(SG polishing treatnent.
for example via a double-coated tape. The polishing platen 2 and
the supporting stand 5 are provided with rotating shafts 6 and 7
respectively and are arranged such that the polishing pad 1 and
the polished material 4, both of which are supported by them, are
opposed to each other. The supporting stand 5 is provided with a
pressurizing mechanism for pushing the polished material 4
against the polishing pad 1.

When such CMP is conducted, there is a problem of judging
the planarity of wafer surface. That is, the point in time when
desired surface properties or planar state are reached should be
detected. With respect to the thickness of an oxide film,
polishing speed etc., the polishing treatment of a test wafer has

been conducted by periodically treating the wafer, and after the

results are confirmed, a wafer serving as a product is subjected to
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In this nmethod, however, the treatnment tinme of a test
waf er and the cost for the treatnent are wasteful,

and a test wafer and a product wafer not spuhjeEdedrd GG)
processing are different in 5 polishing results due to

a |l oading effect unique to CMP, and accurate

predi ction of processing results is difficult w thout
actual processing of the product wafer. Accordingly,

polisHing tieatffént.n recent years for a nethod capable of
In situ detection of the point in tinme when desired 10

sur fxﬁq?;i%bgeehbh%@aévéﬂ! e edcadhentitinid of aafeéthﬁart;?r

time o processing, in order to solve the proble

and€hé€ r&&g‘*’o?qui’e? trédtmenthridohastdfil, a‘ln? h Qs Wife?dend a
are . ) 3

use he detection neans roposed at present
i . k r I n the
progieiifer dot 3uBjoaiiy o HBGERAE #8 diifettit & 7 L C
ig.detect a, change..of rot.atjonal of a
polighinig fiifs usted iRy 4Bt Bl i o, 3tk
5069002) ,.. an.el ectrostatic .capacj. t hqd, of
accygate prhifictibn; of Prnecssing resnifais dintegH pifnsht actual
remgj ni n n a wafer S Patent No. 5081421), 20 (3)
ProgRssing Bgltﬁﬁe?%%@é"gﬁ' a filmthickness nonitoring
mechani sm by a | aser light is integrated _in a rotatjng
pl aﬁ@ﬁoedmdy,mg%aeeémv%%yzﬁs fay a;metho
vi brational analysis nethod of analyzing a frequency
capghle of im situadetectionrofithe paintim timewheardesizad
sensor 25 attached to a head or spindle, 3
surfade)ppaperiiesand thickuess are attainéd atthe tpmng ofyCMP
built-in differential
processing, in order to solve the problem described above. In
such detection, various methods are used. The detection means
proposed at present include:
(1) a method of detecting torque wherein the coefficient of friction
between a wafer and a pad is detected as a change of the
rotational torque of a wafer-keeping head and a platen (US Patent
No. 5069002),
(2) an electrostatic capacity method of detecting the thickness of
an insulating film remairﬁng on a wafer (US Patent No. 5081421),
(3) an optical method wherein a film thickness monitoring
mechanism by a laser light is integrated in a rotating platen (JP-A
9-7985 and JP-A 9-36072),
(4) a vibrational analysis method of analyzing a frequency

spectrum obtained from a vibration or acceleration sensor

attached to a head or spindle,
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transfornmer in a head, (6) a nmethod wherein the heat
of friction between a wafer and a polishing pad and
the heat of reaction between slurry and a S4@dsd AR (SG)
to be polished are neasured by an infrared radi ation
thernoneter (US Patent No. 5196353), (7) a nethod of
nmeasuring the thickness of a polished material by
nmeasuring the transm ssion tine of supersonic waves

(5) aketectidn HHEFREABY applPing 436dfll)in differkhtid) a

met hod of neasuring the sheet resistance of a netallic

trahsfdPmeP iheneudf ace of a wafer (US Patent No.
5559428). At present, the nethod (1) is often used,

(6) Q4hethbd Whia?din the RERE of Fritidi %tgf@éﬂ‘ BYWF\f&”hhﬁea
VI ewp t spatl a

I oInt of neasurenent accuracy an [ _
Pd%@%@t%‘gr&fe&]aﬁgg%&?ﬂ?%%ﬁ%%Q@%é%ecfﬂ%‘?%' -
{s K ' . ' ' .

maffidtiafho §ELheHLre oS04 B it Blgttion
theé“n%r%yﬁﬁ &t%fﬁ%a%ﬁrpatl”ﬁ 1963R8L SThnal generated by
t [ Fig. . 20 12).
(7) prpsEhpd of Meapingdhe PRikneas h§ apalished taterialihy
in the vicinity of 600 nmapd a white |ight using a
measurigg-the transmission timerbauparsonia wayvesddh-4 goo
nmis generally used. In such nethod, the endpoint is
55-&955:69(3#@@ ﬂ?-lﬂo\lﬁﬁ}%), ar appr oxi mat e depth of

surface unevenness by nonitoring a change 4

(8) #-method g B®asuningithe sherhaesistangesof aametallie film
a waf er. Wen such change

on the surface of a wafer (US Patent No. 5559428). At present,

the method (1) is often used, but the method (3) comes to be used
mainly from the viewpoint of measurement accuracy and spatial
resolution in non-constant measurement.

The optical detection means as the method (3) is
specifically a method of detecting the endpoint of polishing by
irradiating a wafer via a polishing pad through a window
(light-transmitting region) with a light beam, and monitoring an
interference signal generated by reflection of the light beam (Fig.
12). |

At present, a He-Ne laser light having a wavelength light in
the vicinity of 600 nm and a white light using a halogen lamp
having a wavelength light in 380 to 800 nm is generally used.

In such method, the endpoint is determined by knowing an

approximate depth of surface unevenness by monitoring a change

4
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in thickness beconmes equal to the thickness of
unevenness, the OCM process is finished. As a nethod

of detecting the endpoint of polishing by sUgs023TR (SG)
optical neans and a polishing pad used in the 5

nmet hod, various nethods and polishing pads have been
proposed. A polishing pad having, as |least a part
thereof, a solid and wuniformtransparent pol yner

in tHeehidlafedsera dutfitedayer\6l £Rgifes. WhéAGich ¢hahge

nm t heret hrough is disclosed (Japanese Patent

in thiekineak Kutdiaks Ytptal e Ehéaﬂlhekn@s@ SF Ghevenhiess, the
11-512977). 10 Further, a polishing pad having a

CME SRR fCORIRER, ol mbERGH dTMORing thie endpoint

o R S S P A S PR

me@b%%? V'e'é%‘ﬁsa%s@erﬂn%%?&#hgm?é’ ?’ra"%sﬁ Lo TR 5"°B°S°d
Euﬁa aFige, e IBREE St HiStqqf, @ solid and

ransmttance reof a 0 to,.800
unilgs Hanspaceas aplysenshogtpassings Lihtiol wavelengths
2002-324770). It is _disclosed that a w ndow for
of 19088 380Qa B, therethronghis Fll%ﬁ%yssﬂ H@aatﬂﬁesﬁaFrgnt
pad. 20 As descri bed above, -Ne | aser ht and a
Applisation; National Figblicatiosy i lo@pen) docid-BL20RD).
i ght beam and when the white light is used, there
Furthepna quolishingpadchaving hisfleppsid mnmenmapmgengt hs
can be applied onto a wafer, and many profiles of the
insextetbintooit idﬁdimibsedc(dﬂ-hé-ﬂlﬁ&ﬁhed‘\ pilishing padihawing
light is 25 used as the |ight beam detection accuracy
a traispatehe plogrenthe samessarfacelas apalishing lsurface is
wavel ength range. In high integration and
disd¢loged(UReAl D0-83977). Further, a polishing pad wherein a

|-n

light-permeable member comprises a water-insoluble matrix
material and water-soluble particles dispersed in the
water-insoluble matrix material and the light transmittance
thereof at 400 to 800 nm is 0.1% or more is disclosed (JP-A
2002-324769 and JP-A 2002-324770). It is disclosed that a
window for endpoint detection is used in any of the polishing pad.
As described above, a He-Ne laser light and a white light
using a halogen lamp are used as the light beam, and when the
white light is used, there is an advantage that the light of various
wavelengths can be applied onto a wafer, and many profiles of the
surface of the wafer can be obtained. When this white light is

used as the light beam, detection accuracy should be increased in
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i n production of sem conductors in the future, the
wiring wdth of an integrated circuit is expected to

be further decreased, for which highly accurai®023TR (56)
opti cal endpoint detection is necessary, but 5 the
conventional w ndow for endpoint detection does not

have sufficiently satisfactory accuracy in a broad
wavel engt h range. The object of a first invention is

a biSad Wi éle nFt ROt ige. N dP Aigh antekation ShlVimiEfoviFation
optical detéection of endpornt during polishing and

in é%%éhﬂﬁf ?éﬁﬁ%ﬁ@u&%;rb 38 e FheuAC @id Wikhitg ®Adth of

ormty etc.) and a nethod of produci ng a

an grgfgér?@gpcéi%uﬁeﬂ EEHQ& ltB%hd tf?léﬁ‘?éf aEgP&aM for"

a second 1Thventron 1s provi de a polishing
d, e lin | ghl u ' ect |
whigh, glaéﬁfv atFrrate sheRedh $aHatit dePeobH hsBeBtary, but
usabl e in _a.polighing 15 aratus usd ng .a_ He- | aser
the SGRySpHoraiHndon farosnfRBERE deTet fiot aBes ok bals,
velength.ip the vicinity pof 0 tp 700 ,nm ,and t hus
suffglentiyosatislastory Aqaracy i bread mavelength sange.
uniformity etc.). _Another object of the_secon .
i nvdihe ghiect pha firsh ineention iste rpgopraﬂevanpeﬂismga@d
ea.silil.and I nexpensively 20 produced, as well as a
enahling highly asgurate optieal deteclion rof gadpoing duringg
the polishing pad. On one hand, the w ndow
polishigig and thus having rexsedlgnt polishingrharacteristiemt
specifications supra is long in the circunferential
(surfacecuniforoiityretcopandh myephodof producingar, as 2 5
shown in Figs. 2 and 3. In the case of the w ndow
sentivomiuctor dévieePharsinig e polishingipadri bed above,

however, the wi ndow contacts intensively

An object of a second invention is to provide a polishing
pad enabling highly accurate optical detection of endpoint during
polishing and particularly preferably usable in a polishing
apparatus using a He-Ne laser light or a semiconductor laser
having a transmission wavelength in the vicinity of 600 to 700 nm
and thus having excellent polishing characteristics (surface
uniformity etc.). Another object of the second invention is to
provide a polishing pad which can be easily and inexpensively
produced, as well as a method of producing a semiconductor
device by using the polishing pad.

On one hand, the window (light-transmitting region)
described in the patent specifications supra is long in the

circumferential direction of the polishing pad or is circular, as

shown in Figs. 2 and 3. In the case of the window having the
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with only a part of a wafer during polishing the

wafer, and thus there is a problemthat uneven
polishing occurs between a portion contactgih3agA3vr (SG)
the wi ndow and a portion not contacting with the 5

wi ndow. There is also a problemthat an obtainable
polishing profile is that of alimted portion
contacting wwth the window. The object of a third

shahr{é‘éﬁ?&éﬂﬂehsaﬁ&&r AW e, RAkI with dowPiesn ety intensively

y accurate optical detection of endpoint during
] D ¢ ,  noliahi
witHAE/ et dEE RN M RUGEbARbIAR! R ator, and thue
theft s p, BEPEATUR Bhefeh fOukHfng RIS HEEh d foftion
roducin e r V] j .
corlafftis R G WiRRRNERRAE Rl et yith the
._presenk.invent grs made, ext ensi [ i.ew:. of. t
winldaity,nTHeRE o8 Aeed Prahiamopaet fncokiainaBl sificindl
probfi sl ofabdia otk ootk P M iaom.
light-trapsmtging reqion f l'ishi d,..to.
sol e ableqk; b achiad dawemtionts\io Poevitie.p palishing pad
first invention relates to _a polishing pad, used in
enabling highlkeaggnrate opticaldetectionnf endroint duning
region and a light-transmtting region, wherein the
polishing, thasshaving) cxcsllemwolislggtg chaxesateristigs: egi on
over the wavel ength range of 400 to 700 nmis 50% or
(particalarly ifikplaree aniforrhityyetes) antk chpgble of givimg tthece
of the 7 F-P05023TR(SG light-transmtting region at

polishingeprofilehoftr wide taved MF awafep; asameHcasHg miethod of
follow ng equation is preferably 50% or | ess:

producing a semiconductor device by using the polishing pad.

DISCLOSURE OF THE INVENTION

The present inventors made extensive study in view of the
circumstances described above, and as a result, they found that a
light-transmitting region having a specific transmittance can be
used as a light-transmitting region for a polishing pad, to solve the
problem described above.

That is, a first invention relates to a polishing pad used in
chemical mechanical polishing and having a polishing region and a
light-transmitting region, wherein the light transmittance of the
light-transmitting region over the wavelength range of 400 to 700
nm is 50% or more.

The rate of change of the light transmittance of the
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The rate of change (% = {(maxinmumtransmttance at

400 to 700 nm- mninumtransmttance at 400 to 700
nm/maxi mum 5 transmittance at 400 to 700 rpdpgfdd 3TR (SG)
Generally, as the decay of the intensity of |ight
passing through the light-transmtting region of a
polishing pad is decreased, the accuracy of detection
of polishing endpoint and the accuracy of neasurenent

1ig1f€-ufdd§nﬁéﬂlifigﬁ‘g?oﬁaﬁ RyAvEN of A0t- €60 7O0GInd, t he

degree of ransmttance at the wavel ength of

repgg%ﬁrﬁ?tf B&%‘E@g?ilbmhggéfgaﬁ%ﬂ P préfthblY r50°?> or less:

OI_ermna t the 1c;:ﬁuracy of “detection o t
Pr1 Y o B Sidlled V) S ApfEtih ity exthsRRPRIGERE 400
to FG0EH, 2 T BEHRA r Bpu it A5 00 BB ) B
traRPRIA TR AE IO B LOP BRI TP e (1 ance of the
of  Sirperiisn e HhF Sesthx, of they incensifE P fgG gasahi,
thrgBgh;the HEht-FASTE (08 FORIOR O LA BAIANA% BRGIS ho

light-transmtting rgai on i s made sjignificant due to

decrgased; the pecurgey-of figtegtion, ef pelishingendpaintandthe

the influence of dressing trace, thus reducing the
accuragyafymseasirement of filmthickness e hgpisnproved. t he
accuracy of neasurenent of filmthickness. 8
Acderdinghs Tikesdegrae ofilight dransmiftance atdhe wavelength
transmttance of the light-transmtting region at a
of thevmexsyiremént dightougéd isnimportant for determination of
the accuracy of detection of polishing endpoint and the accuracy
of measurement of film thickness.

The first invention can maintain high detection accuracy in
a wide wavelength range with less decay in light transmittance in
the short-wavelength side.

In the polishing pad of the first invention, the light
transmittance of the light-transmitting region over the
wavelength range of 400 to 700 nm is 50% or more, preferably
70% or more. When the transmittance is lower than 50%, the
decay of the intensity of light passing through the
light-transmitting region is made significant due to the influence
of a slurry layer during polishing and the influence of dressing

trace, thus reducing the accuracy of detection of polishing

endpoint and the accuracy of measurement of film thickness.
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represented by the above equation is nore preferably
30% or less. Wen the rate of change of the
transmttance is higher than 50% 5 the degaywofod3mR (SG)
intensity of Iight passing through the
light-transmtting region is increased in the
short-wavel ength side, and the anplitude of
interference light is decreased, thus the accuracy of

det qq{d P&eoafmidrlféa B¢ the‘aRnE¥mMtdncecofeRer acy of

measurenment of fil'mthickness tend to be reduced. 10
ligh B 12 R AR s ethobt 4007 M0 M 00t o
repfRifeell BR (HE pLovaBgh IR Blofk PRURARN S0% Slbss.
WhERiH i AR SR PR ¥pie FreEtictineg is SRR OHER S0,
the, JEERF 05N FfemaibE o5 b Hegoigh HiBRERS L iy
et ed il Ao A e A Gy o st
and,he AuRURASIof IR HRTATCATR B dectetshetlyis $he

i nproved. The difference, anong_thge respen‘g ive | |Hg

. ICE ., ht
accuragsy pf deteetionrof palishingendpeint and the agrurdey af
the wavel ength range of 500 to 700 nmis 5% or |ess,

measurememtyo3film thicknesstenditeo bereducede anong the
light transmttances at the respective wavel engths is
25 Thelightstransmittance of the lightitransmitting regionat
incident light 9 F-P05023TR(SG in spectronetrically
a warvelengtiy of #00 inm ishprdfeeably 70%h ®afore, Whea the
enabl ing cal culation of accurate reflectance to
tran$iitténce at a wavelength of 400 nm is higher than 70%, the
accuracy of detection of polishing endpoint and the accuracy of
measurement of film thickness can further be improved.

The light transmittance of the light-transmitting region
over the wavelength range of 500 to 700 nm is preferably 90% or
more, more preferably 95% or more. When the transmittance is
90% or more, the accuracy of detection of polishing endpoint and
the accuracy of measurement of film thickness can be extremely
improved.

The difference among the respective light transmittances of
the light-transmitting region over the wavelength range of 500 to
700 nm is 5% or less, preferably 3% or less. When the difference

among the light transmittances at the respective wavelengths is

5% or less, a wafer can be irradiated with constant incident light
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detection accuracy. A second invention relates to a
pol i shing pad used in 5 chem cal nechanical polishing
and having a polishing region and a F-P05023TR(SG)
light-transmtting region, wherein the thickness of

the light-transmtting regionis 0.5 to 4 nm and the
light transmttance of the light-transmtting region
over the wavel ength range of 600 to 700 nmis 80% or

in SPYrohte N Aldlyzing theofilmht it laiesy of the Wi,

use of a laser” having a detection |[ight having an

thuS"e 'ﬁﬁgv@égehﬂ‘ﬁbﬁ of abBiratd seflebtanbe @0ithpréde nNm
as de be I ght

d
scr above, so that when the |

] in this wavelength region is 80% or
detpEAGH pbEfRcy

flected Iight can be obtained to inprove
t he sa Y ' f_fi.l m.1hi \Mhen
tneA FereafinYentiol Telite o & polisRingfid S 0
Light is decr.eased,. thus reducing {he .accur of
chegafbal mecHAHERT ptinmitg A8 Heyig d potliAd gl gnd =
. .the light transm,ttange of. t.he ight-tra itting
lightransiaysing e Eiabe FiRsain iy thisiohets BEHe0 20 nm
. s preferably 90% or, re, The |ight ansnj {tance of
hghtthgglqsgmt-tﬂléﬁ§ﬁi‘?’f‘i‘ﬁgsj'rseb‘? &nn?‘ﬁ"g‘\%tti‘Fﬁ%gi‘ nd second
inventions is the |light transmttance of th
transmittancs, ofithe; hghtggaeﬁmf&m% region owsEdder 1 mm
or a thickness reduced to 1 nm_GCenerally, the |ight
wavelgngthrangecof 600 to TP Jun isPAieiPEJNOEEt he
thi ckness of the light-transmtting 10 F-P05023TR(SG)
r egAogenerally disesl polishingapparatescmakes use afia tasere
light transmttance is decreased as the thickness is
havingredetectiomelighdthaving an emission wavelength in the
vicinity of 600 to 700 nm as described above, so that when the
light transmittance in this wavelength region is 80% or more, high
reflected light can be obtained to improve the accuracy of
detection of film thickness. When the light transmittance is
lower than 80%, reflected light is decreased, thus reducing the
accuracy of detection of film thickness.

In the second invention, the light transmittance of the
light-transmitting region over the wavelength range of 600 to 700
nm is preferably 90% or more.

The light transmittance of the light-transmitting region in
the first and second inventions is the light transmittance of the
light-transmitting region having a thickness of 1 mm or a

thickness reduced to 1 mm. Generally, the light transmittance is

changed depending on the thickness of the light-transmitting

10
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transmttance with the thickness fixed is calcul ated.
Athird invention relates to a polishing pad used in 5
chem cal nmechani cal polishing and having a pobdsdv ek (sG)
region and a light-transmtting region, wherein the
light-transmtting region is arranged between the
central portion and the peripheral portion of the
pol i shing pad, and the length (D) of the

reggdﬂ,hﬁcééﬁlﬁié g& ithe Laffbeéit-Béef Mdwlli Betddusedthe light

Irection is times or nore |onger than 10 the l'ength

traé%%’nﬂ:fhﬁﬂg i% icfe@fﬁ‘&%%? rHodf ﬁtx?] Sl'ﬂriéﬁ e88 isAncPeaséd Perle light

ve, t engt _ e light-transmtting
erah G4 B e ITERILRRLp AT hoBaicuieblies o ore
O SRR e hthfer o L ASL S £
cheijal masyhifal matsing 4nd HavitiE eighis Pogiby ghd o
lightrbransialstifEcesioh, Bhemn e HEnGSatimitsing tepien is
cred el oo e Sl g e BB LS hortiomof

region, 20 whereby the polishi ng gr ofile of a large
thepelishing pad,and thglemgtholR)ohthe light-traasmitting
endpoi nt of the polishing process can be accuratel
regionl inddid diamedetcal dirgetiomis 8 times or| megenlomger; ghan
the dianmetrical direction refers to the length of a
thedengthn(L)tiar the citcuinfarentiad dipeetiomg 25 t hr ough t he
center of gravity of the light-transmtting regi on and
11 AsRdesaibediuBoveotinedength (B ofctheclighit-transmitting
polishing pad to the peripheral portion of the
regivn iiftiheg dixtshe toicall digectiorhis Betimed iort marerforgergthan
the length (L) in the circumferential direction, by which the
light-transmitting region contacts uniformly with the whole
surface of a wafer during polishing without contacting with only a
certain part of the wafer, and thus the wafer can be uniformly
polished to improve polishing characteristics. In polishing, a
laser interference meter is transferred suitably in the diametrical
direction within a range having the light-transmitting region,
whereby the polishing profile of a large area of the wafer can be
obtained, and thus the endpoint of the polishing process can be
accurately and easily judged.
As used herein, the length (D) in the diametrical direction

refers to the length of a portion where a straight line, passing

through the center of gravity of the light-transmitting region and
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region. The length (L) in the circunferential

direction refers to the length a portion where a

strai ght |ine, passing through the 5 centerpgfogiayig ¥sc)
of the light-transmtting region and being

perpendicul ar to a straight |ine connecting the center
of the polishing pad to the peripheral region of the
pol i shing pad, overlaps at the maxi num degree with

coﬂr{&dihggﬂr}]ié Eﬁﬁﬁ?} bfithe bﬁghi’ﬁ pedl £6 tHepkhipkeral

I nvent I ght - tr nsmttl ng regi on |s arr anged

porgféﬂ‘%ﬁ' gﬂpé;?f’giﬁmﬁé F})ﬁl’ﬂ%@fla Owitie the (}'i%'i‘ﬁ%ﬁin@ﬂﬁfhﬁ%

Gener Iy, t he ter of

realhCL 700, RS 78 ket uaebi o porsaco
A A S L R RETI
conly it ranthy e e el e B R B et

light-transmtting jon is ater han
perpghdinulant acsRIghG Hiw rommkstbag the coater et HhEan o
that the_ polishing region is de ased d the
polighing pad\tothe periphetal region e§ &gscpo Hﬂg Radsengt h
(D) of the light-transmtting region in th
oveglapsat ithel miximumdeggee grith thqéghbhwsmhﬁﬂnghe
length (L) in the circunferential direction in the
regidnsd i nvention, the length in the dianetrical
direction is not sufficient, and the portion of a 25
waf &n the thirdhinwvention;dihet Hghtitransmitging wegion ds
limted to a 12 F-P05023TR(SG) predeterm ned range,
arr@ﬂged betviden theaséniral gorthen faddnthei péripherabporhion of
er is insufficient, while when the length in the

the polishing pad. Generally, the diameter of a wafer is smaller

than the radius of a polishing pad, so that when the
light-transmitting region is arranged between the central portion
and the peripheral portion of the polishing pad, a polishing profile
of a large area of the wafer can be sufficiently obtained. While
when the length of the light-transmitting region is grater than, or
equal to, the radius of the polishing pad, it is unfavorable that the
polishing region is decreased and the efficiency of polishing is
reduced.

When the length (D) of the light-transmitting region in the
diametrical direction is not 3 times longer than the length (L) in
the circumferential direction in the third invention, the length in
the diametrical direction is not sufficient, and the portion of a

wafer which can be irradiated with a light beam is limited to a
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diametrical direction is nmade sufficiently |ong, the
length (L) in the circunferential direction is also

made | ong so that the 5 polishing region ispdesseases(sa)
and the efficiency of polishing tends to be |owering.

In the third invention, the shape of the
light-transmtting region is preferably rectangul ar
fromthe viewpoi nt of easier production. 10 In the

prelﬁéit%ijni'iﬁ\éa”féx?éb, 478 triiYthe (ddtettid A Df the film thickness

Ight-transmtting region in the dianmetrical direction

, i . ¢ o ¢ ;
of {ffe WeBeF 1P ihknfAeledt ghile' Gl e 18nktE it O 1 ©
aialf ARt 0 I ARG ARURFIGHEE N denilen 1) 1n
light b S5Jsg.linted t ' : d
thel 8RBT Aife o e 1o MR HERE WS, 71
polishing Freglom: fidesfgraeh and hae e Ficreney pLipHPRIER senas
1/ 2, the polishing region is decreased, and thus the
to ke doweginRg: of polishing tends to be | owered. At |east
one 20 Ii%hg-t[ansn1jtin regi on may be, present in the
pol Inrkhe)third imyention, ape| ol the dighitransmitting
regions may be arranged. Further, the scatter of the
regiom damrefergblynrectangular fromnthe vigwneingof easier
preferably 100 mor less. In the first to third

prodmctionons, materials for forming the 25 polishing
region and the light-transmtting region are

pr elarthd yhirBinvéntion; tRkeSIongiio (D) ofithene resin.

Preferably, the polyurethane resin as a material for
lightetrangmittingaleigibhnia theidiametricahdireatjon ds preferably
1/4 to 1/2 relative to the diameter of a material to be polished.
When the length (D) is less than 1/4, the portion of a material to
be polished (wafer etc.) which can be irradiated with a light beam
is limited to a predetermined range, and thus the detection of the
film thickness of the wafer is insufficient, and polishing tends to
be uneven. On the other hand, when the length (D) is greater
than 1/2, the polishing region is decreased, and thus the
efficiency of polishing tends to be lowered. At least one
light-transmitting region may be present in the polishing pad, but
two or more light-transmitting regions may be arranged.

Further, the scatter of the thickness of the

light-transmitting region is preferably 100 um or less.

In the first to third inventions, materials for forming the

polishing region and the light-transmitting region are preferably
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resin as a material for formng the light-transmtting
region, conprise the sane ki nds of organic

i socyanate, polyol and chain 5 extender. By-p05023TR(SG)
constituting the polishing region and the
light-transmtting region fromthe sane kinds of
materials, the polishing region and the
light-transmitting region, upon dressing treatnment of

pol#ﬁg?gg%/ﬁéa EEQ&.P aﬁrﬁﬁﬂ'ﬁbw, e mﬁﬁ'@tﬁ@ﬁe S@5Pn 48 €€

Ireving hig anar I'n the whole surface

f . ol i shi . t

magribl for foftihe RHdpBRRnial relfoft AR RTDoIPUROCAIRY
are dressed.i i j t he

reslf Gn Pegresral i SR She SBheitrapRnlitlly Pogch,
hardnesgs and dressi ng. of the palishi reqi

comPERE. e e iR Prepnie Ageyall, pHgl R shifo
the sa 15 degree. |Lp the. first to,third, Laventions,

exteRdery; By GonptituEbigthy Ralshing regionsnd Hie o

. .region is preferably non-foam en the, majerial s

lightoframsamitting reeien iram kbe SAmSdcnds pE SBatetia e Hhe
accurate reflectance can be detected to inprove the,

polishing:xsgion anddhe lightkransmiting region upep dregsing
polishing. It is preferable that the surface of the

treatimenttofatheipolishing padonantbe dregsed 40 the same degree
not have an uneven structure retaining and renew ng

thereby achieving ihjghdplantanityrio rtdecwliale sunfage of the
unevenness is present on the surface of the 25

polishihig padns On theptlmy hand; when theysaregati ftrmed from
slurry containing 14 F-PO5023TR(SG additives such

theasarhler itidse of matérials, tley acel dresseéd inoactifferpnttdegree
to cause light scattering and absorption to exert

to dé¥eri®fAe e planarity of the polishing pad. In this case, the

hardness and dressing of the polishing region and the
light-transmitting region are preferably regulated in the same
degree.

In the first to third inventions, the material for forming the
light-transmitting region is preferably non-foam. When the
material is non-foam, light scattering can be suppressed so that
accurate reflectance can be detected to improve the accuracy of
optical detection of the endpoint of polishing.

It is preferable that the surface of the light-transmitting
region at the polishing side does not have an uneven structure
retaining and renewing an abrasive liquid. When macroscopic
surface unevenness is present on the surface of the

light-transmitting region at the polishing side, slurry containing
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detection accuracy. Preferably, the other surface of

the light-transmtting region does not have

macroscopi ¢ surface 5 unevenness either. Thi-$05923TR(SG)
because when macroscopi c surface unevenness is

present, |ight scattering easily occurs, which may

exert influence on detection accuracy. In the first to
third inventions, the material for formng the

add?ﬁd'reg@ﬁ% 30 BFhdive [gratns 95 retafied 1A it§ doifedve pbrtion

I nventions, the surface of the polishing region

Li <hi . : . o
to il Aght scltefiny R4 MABPRTA ChornEace s
m 3 r | ess.
detfRBieH fttnddy” Breldinbly Phe SHfErUfitabe ¥t (o7 | oo
. <Rl anarity. ks i e | £ [ t he
tigH fifamfeeiig rIRISH Hoes dot oy € Siabidsciilf snireitbe |
pref erabl y.0.7 0.9 g/cnB. en the ecific
undyisfess plines! ; This is Fecdise Midh sieFosiRicCrurge
surface pof the lLishin eqgion is,lowered tq.reduce
uneVRnTREH 8 PoSeAt, g sERtteHingRAsily, SR urah WhICH iRy
the specific gravity is higher than 1.0 g/cnB, 20 the
exegt ipHuezce opdetaqtion AGGHIaALY: f ace of the pol i shing
region is decreased, and planarity is good, but the
r at bndhepfirst ko ithird inyendions, the mateal for formingthe
of the fine-cell foamis preferably 45 to 65, nore
polishing region/is finescellifpamay ns of Asker D hardness.
When 25 the Asker D hardness is less than 45, the
pl ainrtheyfiost o third dnventians, tire sozfasy ofthe polishing
polishing is decreased, while when the planarity is
regipreatahe polishihg sille isl providied witlygrdoves: t he
uniformty of an object of
Also, the average cell diameter of the fine-cell foam is

preferably 70 um or less, more preferably 50 um or less. When
the average cell diameter is 70 pm or less, planarity is improved.

The specific gravity of the fine-cell foam is preferably 0.5 to
1.0 g/cm3, more preferably 0.7 to 0.9 g/cm3. When the specific
gravity is less than 0.5 g/cms3, the strength of the surface of the
polishing region is lowered to reduce the planarity of an object of
polishing, while when the specific gravity is higher than 1.0 g/cm3,
the number of fine cells on the surface of the polishing region is
decreased, and planarity is good, but the rate of polishing tends to
be decreased.

The hardness of the fine-cell foam is preferably 45 to 65°,
more preferably 45 to 60°, in terms of Asker D hardness. When

the Asker D hardness is less than 45°, the planarity of an object of
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polishing tends to be decreased. The conpressibility

of the fine-cell foamis preferably 0.5 to 5 5.0%

more preferably 0.5 to 3.0% Wen the conpriessjdidity(sc)
is in this range, both planarity and uniformty can

be satisfied. The conpressibility is a value

calculated fromthe foll ow ng equati on:

Conmpressibility (%9 = ((Ti - T2)/TlI}x100 Ti: the

pol&%{iﬂgﬁsaeef?é}éﬁ}g&ﬁﬁe Wil ghé FPlahdeity ieprédter QD

a non- d state 1s loaded wth a Stress of 30
KRa ( A f ; [ of
65% jthe; P T good Hk #E AiitTorddty Wi niesCat O
tq.be jn th . St | Sql 0Oaded with a stress of 180
pol@gn@%&@ig#ﬁ %F%}g%%ég'econds. 15 The conpression
recqouery of the.fine-cell fgam i ef erabl 50 .t
oo i pieaiblil, 58 he ARG el FRBRT R S RIED 5t
recovery is.le han 5Q% th hi ckness of the, .... .
5.006, marerBrelEzRblY DeS o 3:0%: c JWhep the rpsmpressibility, =
. during polishing is repeatedl, applied onto,t
in (hfsi SAha%, hakh Blenasity and Saikority sanr sehisliedo The
characteristics tends to be | owered. The coppression
compresaibjlity is a valus-calgwlateddzom theifollawing gaugtion:
equat i on: Co_rrpr.essi on recoverg % =[(T3 - T2)/(T1 -
T2) Camapressibility t(?)ck HIk ~dF2}/TE>dOQ foam after the
fine-cell foam in a non-loaded state is |loaded with a
str sk ofthsthicknéssof finedell foamoaftey the: fimescellfoam
F- PO5023TR(SG T2: the thickness of the fine-cell
in 4 non-bdded shatd isdoaded withmatress aff I30WKP4 (300 g/cm?)
the Ti state is |loaded with a stress of
for 60 seconds.
T2: the thickness of the fine-cell foam after the fine-cell
foam allowed to be in the T1 state is loaded with a stress of 180
KPa (1800 g/cm?) for 60 seconds.
The compression recovery of the fine-cell foam is preferably
50 to 100%, more preferably 60 to 100%. When the compression
recovery is less than 50%, the thickness of the polishing region is
significantly changed as loading during polishing is repeatedly
applied onto the polishing region, and the stability of polishing
characteristics tends to be lowered. The compression recovery is
a value calculated from the following equation:
Compression recovery (%) = [(T3 - T2)/(T1 - T2)]x100
T1: the thickness of fine-cell foam after the fine-cell foam

in a non-loaded state is loaded with a stress of 30 KPa (300 g/cm?)

for 60 seconds.
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180 KPa (1800 g/cnR) for 60 seconds. T3: the thickness
of the fine-cell foamafter the fine-cell foam 5

after allowed to be in the T2 state is keptrwdh@RBTR (SG)
| oading for 60 seconds and then | oaded with a stress

of 30 KPa (300 g/cn2) for 60 seconds. The storage

el astic nmodulus of the fine-cell foamat 40C at 1 Hz

is preferably 200 MPa or nore, nore preferably 250 MPa

or g "phE thibRAets DFEHY fife-ebASfdaim afiet thel finkasdll
than 200 MPa, the strength of the surface of the

foaﬂg lAge&r QPO‘W#& Qﬁ,ﬂé in R’ P4 state isPaled ' With Y Sfreds of
oljec_t of polishing tends to beI re?_uced.dTlhe st or age
[ I el asti c nodul us
lsgeﬁé &iﬁggdgtgﬁlﬁgéﬁmge?ﬁgaﬁ ne-cel | foam by
ap : . . i ¢ .
T3y eﬁ#ﬁ ntgljf.ﬁ*g@#% Y e MG LN HGEHALE tHe find oA bR
to ird,inwenti | at e t h '
atek bt KBS s 0, T2 e 8 R EAoth toRegl o0
secBRds SR 19850350 n GuFSHR 000 PG b ror
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a schematic
60 secEBASati on showi ng one exanple of a conventional
pol i shing apparatus used in CVP polishing. Fig. 2 is_a
Schdhe BRoTALa/elattic Modulus,af the fisre-sel:fassm at #R3C at
}&?Q having a conventional light-transnmtting_ region.
1 Hz7isprefsoabir20Q MPa or more, moze dmtf%aWe%ﬁQ%mangr
anot her exanple of a polishin ?ad havi ng a
morenvWhenthie stogaget e&s@iﬂ mogg usds dess than 200 MPa,

the strength of the surface of the polishing region is lowered and
the planarity of an object of polishing tends to be reduced. The
storage elastic modulus refers to the elastic modulus determined
by measuring the fine-cell foam by applying sinusoidal wave
vibration with a tensile testing jig in a dynamic viscoelastometer.
The first to third inventions relate to a method of
producing a semiconductor device, which comprises a step of
polishing the surface of a semiconductor wafer with the polishing

pad described above.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustration showing one example of a
conventional polishing apparatus used in CMP polishing.

Fig. 2 is a schematic view showing one example of a

polishing pad having a conventional light-transmitting region.
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Fig. 4 is a schematic view show ng one exanple of the
pol i shing pad having a light-transmtting region in

the third 5 invention. Fig. 5 is a schematigE »%y$3TR(SG)
showi ng anot her exanple of the polishing pad having a
light-transmtting region in the third invention.

Fig. 6 is a schematic view show ng anot her exanpl e of
the 10 polishing pad having a light-transmtting

[ COmIR. BNisl RS cHurhdtid 10 shdwing Gnothe§ ekaihplerefis
sectional view show ng one exanple of the polishing

P°1Pﬁ“f*selc_ B pafl TR ERCH cddVeRtioR tigh thaSufit ARgIbE.
ol i.shi na. f . ' ' ' '
Sc hsﬁE} AL see B LR Ma i bl ediiple b E0d

t ol i ghi no., pad ,0f, 1 h ' ' | s '
pollsiiinat hasll s et $Fafr Eif0ng FAioh B né fhird 7
. th%of;)olishi ng pad of the present invention. 20 Fig. 11
INVeRLPRchenat i ¢ vi ew showi ng the polishing pad in

Co tive Exanple 3. Fig. .12 | i
11 Fer B 1SoR SORSRRELC He sl Aug thereanmple, of she

apparatus having the endpoi nt sensing apparatus ,of
polishing Egérhavm&:ﬂtlﬂ&ht'tM§@1ﬁiP&{&é?R( Bt;)tﬁesém'dwmz
. FOR CARRYI NG QUT THE I NVENTI ON The polishing pad in
invengidns st to third inventions has a

Fig. 6 is a schematic view showing another example of the
polishing pad having a light-transmitting region in the third
invention.

Fig. 7 is a schematic sectional view showing one example of
the polishing pad of the present invention.

Fig. 8 is a schematic sectional view showing another
example of the polishing pad of the present invention.

Fig. 9 is a schematic sectional view showing another
example of the polishing pad of the present invention.

Fig. 10 is a schematic sectional view showing another
example of the polishing pad of the present invention.

Fig. 11 is a schematic view showing the polishing pad in
Comparative Example 3.

'Fig. 12 is a schematic illustration showing one example of a
CMP polishing apparatus having the endpoint sensing apparatus of

the present invention.
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polishing region and a light-transmtting region. The
material for formng the light-transmtting region in
5 the polishing pad of the first invention |§ Bgb
particularly Iimted insofar as the |ight 0 STR(SG)
transm ttance over the wavel ength range of 400 to 700
nmis 50%or nore. The material for formng the
nggtdtransnltting region in the polishing pad of the
nd invention imted
BEST\MPBE FOR (CARR &ﬁ'thp‘?r%ﬁgnﬁ m&%@fb#he wavel engt h
range of 600 to 700 n IS 80W eu '
f orTherpelighing padyin t e-fiEsh t0 thé“i 2Bveh ?ﬁ#“ﬁ ?‘ﬁ‘ls
pol i shing pad of the third ipnvention,is not
polishingxegionand i light-transmiting regiany the one
having a light transmttance of 10% or 15 .nore i,n the
meaTheenmterial ferdognring:the lightréransmittng regigy in
nm. Wen the light transmttance is |ess than 10%,
the poliskimgpad ghthe Sintdmvenddon is not pasticularky, 83“54"1
slurry fed during polishing and dressing trace, thus
mséﬁQUeCé tHe tl?hﬂtmmﬁttﬁnceﬂ everithenwavelength tpagecat
or maki ng tection infeasible. 20 The material for
400‘96@6@,;1{1613@@% okmaBeeI tting region includes, for
exanpl e, pol yurethane resin, polyester resin,

POl ¥4/ fHifatedBilMorfarthirig thei ighparynamtitting
hal ogenat e trg res?l n (pol lf/%/l nyl %hlﬁgrﬁe regramin

the e&ﬁgaﬁh{pg W06P LVt RRVENLILA igait pittioulaity

ol v opyl o styrene, olefinic resin (polyethylene, 25
lim t&d’ Fps'ﬁ’%gs%et%q@'ﬁb?ﬁ%ﬁﬁ%ﬁﬁﬂb@n&%?‘ﬁ‘éﬁ“ﬂ%ﬁ%ﬂ;r
r
rangs GLBOBLE 7oR) il SnHOREF RO T (e potithing

r egi
gT e material for forming the light-transmitting region in

the polishing pad of the third invention is not particularly limited,
but is preferably the one having a light transmittance of 10% or
more in the measurement wavelength range (generally 400 to 700
nm). When the light transmittance is less than 10%, reflected
light is decreased due to the influence of slurry fed during
polishing and dressing trace, thus reducing the accuracy of
detection of film thickness or making detection infeasible.

The material for forming the light-transmitting region
includes, for example, polyurethane resin, polyester resin,
polyamide resin, acrylic resin, polycarbonate resin, halogenated
resin (polyvinyl chloride, polytetrafluoroethylene, polyvinylidene
fluoride etc.), polystyrene, olefinic resin (polyethylene,

polypropylene etc.), epoxy resin and photosensitive resin. These
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and a material having physical properties simlar to
those of the polishing region. Particularly,

pol yur et hane resin having high 5 abrasi on resp@EEI®ER (SG)
capabl e of suppressing the |ight scattering of the
light-transmtting region due to dressing trace during
polishing is desirable. The pol yurethane resin

conpri ses an organic isocyanate, a polyol conpound

ma?fﬁi? & Sh 1%@6%@6& miRutRCoPLHBOF nGFE ¥RBAEGS. It is
nc , 4-tol uene diisocyanate, 2,6-toluene

pregéfflfigmﬂﬁgg the ﬁonﬂhgg GhytEHRD 'i‘ﬁ%djiﬂ theYp6RéRing region

enyl met hane I socyanat e,

amga mals 2’%2 AIBE ARSI Ul PREYORELE etdbic 6P Fhoge Wthe
1,1.50C an.ate I
p.ﬂﬁ%y?_g, lﬁ%&iﬁéﬂﬂﬂ@&ﬂ%ﬁ%@%ﬁ rpdfh Habihy 1gh
cyclp exan dii at e -
sbrapiaties e & s&r?g‘aéwétéx HEREH R or
use al gne, or I h f
thenightxapenioing eCgicit flutte rpestRRLHRS SHISE ne 20
i socyanat e conpounds described above but al so
polishinig imdesirable. (trifunctional or nore)
pol yi socyanat e conpounds. As the multifunctional
i so&he polyurethane sesin sopaprises an erganic iseeyanste, a
Bayer Ltd.) and a series of diisocyanate adduct
polyoicompeundiandta ehaindxtendersf Duranate (Asahi
Kasei 25 Corporation) are comercially avail abl e.
Bec &t organi isdeyinats inclides 2;4toluene diisocyamate,

pol yi socyanat e conpound, when used singly in
2,65toluea® diisgcfanatepRy2bdiphenghnethapel diidocyanate,

pol yi socyanat e
2,4’-diphenylmethane diisocyanate, 4,4’-diphenylmethane
diisocyanate, 1,5-naphthalene diisocyanate, p-phenylene
diisocyanate, m-phenylene diisocyanate, p-xylylene diisocyanate,
m-xylylene diisocyanate, hexamethylene diisocyanate
1,4-cyclohexan diisocyanate, 4,4’-dicyclohexylmethane
diisocyanate, isophorone diisocyanate etc. These may be used
alone or as a mixture of two or more thereof.

The usable organic isocyanate includes not only the
isocyanate compounds described above but also multifunctional
(trifunctional or more) polyisocyanate compounds. As the
multifunctional isocyanate compounds, Desmodule-N
(manufactured by Bayer Ltd.) and a series of diisocyanate adduct

compounds under the trade name of Duranate (Asahi Kasei

Corporation) are commercially available. Because the
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conmpound is used preferably by adding it to the

di i socyanate conpound. 5 The polyol includes

pol yether polyols represented by polytetrameidydengr (sc)
et her glycol, polyester polyols represented by

pol ybut yl ene adi pate, pol yester polycarbonate polyols
exenplified by reaction products of polyester glycols
such as polycaprolactone pol yol and pol ycaprol act one

trifggtc?ioﬁég é? '?ﬁo?@riﬁﬂ fedt Cytiﬁi’iﬁéeébﬁi pSinBY Witéh RN Singly

tal ned I'ng ethylene carbonate W th

e e
cor o ST ordBo By BB T e gipogiies

car bon te These may be used singly or as a 15 m xture

°°1'BE° 5 rmre Ithereof. The poI yol includes not only
t he ove 0 ut a l.ecul ar - we
ool 1 Folfh | ielidep edly 1"§ﬁ¥ol’°im SiesigaepLid by
gl yco ro Iene |l ycol , but di ol
pol¥tétrasiahyisns Sthengnedh RAlysster PoIVelR Foptsasnsed by

di met hanol, 20 3-nethyl -1, 5-pentane diol, djethyleng

polybyéplene adipate emly@s;tempolyganbangtg mlnpbs(ysﬁmwed
benzene etc. The chain extender includes

by teactioneproductseofpolpesten glycnlsisuch asipolycapgplactone
1, 2- propyl ene glycol, 1, 3-propyl ene glycol,

polionahd potychptqlad:tﬁnb mﬂeatkﬁbnmemgzte,g)qwstezs

1, 4- cycl ohexane di net hanol, 3-nethyl-1,5-pentane diol,
polgéatbohate’ poRyols obtairidd bynmxdt;ngl e,thylene hgdrbonate

gl ycol, 1,4-Dbis(2-hydroethoxy) benzene etc., and
witBOk yaultioaléntleshal dntidleactingith@ resulting reaction
mixture with an organic dicarboxylic acid, and polycarbonate
polyols obtained by ester exchange reaction of a polyhydroxyl
compound with aryl carbonate. These may be used singly or as a
mixture of two or more thereof.

The polyol includes not only the above polyols but also
low-molecular-weight polyols such as ethylene glycol,
1,2-propylene glycol, 1,3-propylene glycol, 1,4-butane diol,
1,6-hexane diol, neopentyl glycol, 1,4-cyclohexane dimethanol,
3-methyl-1,5-pentane diol, diethylene glycol, triethylene glycol,
1,4-bis(2-hydroxyethoxy) benzene etc. |

The chain extender includes low-molecular-weight polyols
such as ethylene glycol, 1,2-propylene glycol, 1,3-propylene glycol,
1,4-butane diol, 1,6-hexane diol, neopentyl glycol,

1,4-cyclohexane dimethanol, 3-methyl-1,5-pentane diol,
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-tol uene di am ne, 3,5-diethyl-2,4-toluene di am ne,
'-gi-sec-gutyl-dianinodiphenyl nmet hane,

' - di am nodi phenyl 5 net hane, -

"-di chloro-4, 4" -di am nodi phenyl mathane,F F05023TR (SC)
,2',3,3 -tetrachl oro-4, 4'-di am nodi phenyl net hane,

4,4" -di am no-3, 3" -diethyl-5,5"-di net hyl di phenyl

net hane, 3,3'-diethyl-4,4"-di am nodi phenyl nethane,

e iR MRy sy bhosthon)
veseie ST R sRIFRN R 4986 po 2. tetuene dinmine,
2,6cjuegeciamine, -5 ahib 24w feBeditiae)

o AT B 5P ARS8 554 Bbminodiphens

3, 5-bi s(nethylthio)-2 4-toluene  diamne.etc. These
meﬁﬁ?“ﬁe3u§’e§‘%ﬂﬂj1°y£:ﬂ'"‘i@‘&‘%?&&#%“$ methane, npre

t hereof. However, the polyanmine is often colored by
2,21,3:3-tetraghlored 4 dipminadiphenyl methane; ol or ed,  and

thus the polyamne is blended preferably in such a
4,4f-digmi_1daa8,3’hdiqﬁl§&l'r5&’-#mptthééPhQEYhmleth‘g%?,

transmttance are not deteriorated. \Wen the conpound
3,3halietlyyb#,4}-diemiinodjphenyl metkanep i s used, the

light transmttance in the short-wavel ength side tends
4,4t -anéthyltas-bis-methylblanthsasyldtegsonpound is preferably

not yse:lé, but may be bl ended in such a range that the
4,4 9ethelerid-bis-anthrangliccac -diaminediphshyPulfone
’ F- P05023TR(SG The pryoport?agn‘p’g the organic Y ’
N, NS yEENutyl i pheiyieheadidralite Chai n extender in the

pol yur et hahe "resi n can be changed
4,4’-methylene-bis(3-chloro-2,6-diethylamine),

6
, 4
4
3

3,3’-dichloro-4,4’-diamino-5,5’-diethyl diphenyl methane,
1,2-bis(2-aminophenylthio) ethane, trimethylene
glycol-di-p-aminobenzoate, 3,5-bis(methylthio)-2,4-toluene
diamine etc. These may be used singly or as a mixture of two or
more thereof. However, the polyamine is often colored by itself,
and resin using the same is also colored, and thus the polyamine
is blended preferably in such a range that the physical properties
and light transmittance are not deteriorated. When the
compound having an ﬁromatic hydrocarbon group is used, the
light transmittance in the short-wavelength side tends to be
decreased, and thus such compound is preferably not used, but
may be blended in such a range that the required transmittance is

not deteriorated.
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suitably depending on their respective nol ecul ar

wei ghts, desired physical properties of the
light-transmtting region produced 5 therefg@ms®@ter (56)
To allow the light-transmtting region to achieve the
above properties, the ratio of the number of

i socyanate groups of the organic isocyanate to the
nunber of functional groups in total (hydroxyl group

T RSBt P il yingsarigs oy
T e

e §Een N g e Bl e O B
Pl sue o i Lol B
choghnenocins S5 b Mabam B SRR LERIE

synt hesi zed previously from an organic |socyanate and
theahowe propertiese the xatio of-the,gumber of Jspcyenate groups
general |y used. Wen a connerciall¥ 20 avai |l abl e .
of theoorganiccisanyanatectp thepaumher of Sanetional gropps in
organi c i socyanate aqd a polyol can be adapted to the
totalk (yadtoxylrgraup eramine groupy in thepolyoedand fhechain
in the prepolyner nethod, to polynerize the
extenlgyistpreferabiyd0ios tbel (15 smore prefenablyn0.99 tohd. 10.
nmet hod of preparing the light-transmtting region is
23 PHOpeAIR(tHane pesineahive palymerizeddsy kaoivnhe
light-transmtting region can be prepared according
uretRafiBl IS nk@Uhniqudicsich assamelting method, a solution
method etc., but in consideration of cost and working atmosphere,
the polyurethane resin is formed preferably by the melting
method.

The polyurethane resin can be produced by a prepolymer
method or a one-shot method, but the prepolymer method
wherein an isocyanate-terminated prepolymer synthesized
previously from an organic isocyanate and a polyol is reacted with
a chain extender is generally used. When a commercially
available isocyanate-terminated prepolymer produced from an
organic isocyanate and a polyol can be adapted to the present
invention, the commercial product can be used in the prepolymer
method, to polymerize the polyurethane used in the present

invention.

The method of preparing the light-transmitting region is
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nmet hod wherein a bl ock of pol yurethane resin produced
by the nmethod described above is cut in a
predeterm ned thickness by a 5 slicer in afha@P¥TR (SG)
systemor a planing system a nethod that involves
casting resin into a nold having a cavity of
predeterm ned thickness and then curing the resin, a
met hod of using coating techniques and sheet nolding
t r : '
150} UgRd jighitetkalnieh it € repidh Sar B
noﬁﬁfe%#%ﬁﬁ?r anstr:r?‘?’t fgﬁg reg|h§n, 18 t he otlec§; gf ©
[ ct.ed 4. ght (Mo lpTI & t i
preggg%aeécl r'!’glj,dlggutsob rﬁg%mss kt%h%eéﬁ Ciﬁnfhéj H?t OFbi' Q:'?Ea_mple, a

ucl ng accuracy of detection of

| i,shi ng ..endgoi nt . of
me?ﬁmhrgmg 13ck of PRIRIfertiae S6h P prBgsE e the
terja fore mxing is. suffici l,
meiﬁeééﬁﬁé g 1a fuk 3p, & frepghEhnpe f YL ERMEHY o
.a usually used stirring bl ade, mi xer,  the m xture i
slicer, it 6 hdndsaw STStem O 7 RIBBInE AYEbemD 1 PAf g thiy
., as not to pernit bubbles tq be incorpgrated into it
anPhVQTéaﬁm'& resjnsinte armeold having.a °ﬁ%’é£¥ﬂ%r ring step
is also preferably conducted under _reduced pre re.
predeserminedathicknesscand thenguring SPSS“%(%@’ 28“!?3?‘&‘6“
m xed even in high rotation, and thus a nethod of
usingicoating techniguesnand sheetsmalding feghnigues, gtgoare
preferable. In the first and second inventions, the
usethapWhenithere avé bubhlesiighthe dightrtransmittingaegion,
not particularly limted, but are preferably simlar
the! deébﬁ_dﬂ wuftected Hight bécomesogignifigant duetaJight
pol i shing region. 24 F-P05023TR(SG In the third
scaltbéfnlg, thus' Fedi¢igig the arviiracynof degectionsofipolishing
particularly limted insofar as the Iength (D) in the
endpGitR 4h@%he accuracy of measurement of film thickness.

Accordingly, gas contained in the material before mixing is
sufficiently removed under reduced pressure at 10 Torr or less.
In the case of a usually used stirring blade mixer, the mixture is
stirred at a revolution number of 100 rpm or less so as not to
permit bubbles to be incorporated into it in the stirring step after
mixing. The stirring step is also preferably conducted under
reduced pressure. When a rotating mixer is used, bubbles are
hardly mixed even in high rotation, and thus a method of stirring
and defoaming by using this mixer is also preferable.

In the first and second inventions, the shape and size of
the light-transmitting region are not particularly limited, but are
preferably similar to the shape and size of the opening of the

polishing region.
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direction is 3 tinmes or nore |onger than the | ength

(L) of the polishing pad in the circunferentia
d!rectlon, and specifically the 5 shapes shewp5023TR (SG)
Figs. 4 to 6 can be nentioned. In the first and third
inventions, the thickness of the [light-transmtting
region is not particularly limted, but is preferably
equal to, or snaller than, the thickness of the

pol {gﬁﬁ! thf@iﬂ%n%ﬂ? tH%?liEhﬂhﬁ-ah&ﬁQﬁﬂiﬂg regio i ot
is thicker than the 10 polishing region, an object of
o ) =
pechIBi ok SRR 3 e 16 (o) Bty afemtalcn
- ve r [ i1afi n
L At L
pf. the |i -fransmitt [ ] .
pogl s FSL M e R gy e
thi ckness of _t.he Lighi-tranpsm tti,ng_region is
Sh?ﬁéngl?&ﬁ&?. ?’ct% érc Ee'?ﬂgﬂf‘a?he t hi ckness of
e_ palishing regjon,,Wen the |Lighi-fransmt}i
r ogierhe Hret avasf thin inveRtions, SRS of kB
. object of polishing may be danage it ai,sed
lightetransmitting fegiednisgot mﬁmqeglyeﬁﬁ&ﬁg‘; tel® 20
Fhelllght-transnittin region is too_thin, Su abiILtﬂ,
preferablyequal tou or smaller thap, thethickness; g ﬁéﬁ polishing
thereon to reduce detection sensitivity. In the first
region: hWhen thenlight<ransmitting segion is dhiekex than the
the light-transmtting region is preferably 100 gm or
polisiting pegion,Xn pbiéet affipolishingis dapsaged by it raisgd
preferably 30 pmor less. 25 F-P05023TR(SG When the
reg$én ideing§ polishig,cénansobjedti ofipolishing(ekifer) maybe
undul ation is caused to generate portions different in
renfo¢€dfe6hi A0supporting stand (polishing head).

In the second invention, on the other hand, the thickness
of the light-transmitting region is 0.5 to 4 mm, preferably 0.6 to
3.5 mm. This is because the thickness of the light-transmitting
region is preferably equal to, or smaller than, the thickness of the
polishing region. When the light-transmitting region is thicker
than the polishing region, an object of polishing may be damaged
by its raised region during polishing. On the other hand, when
the light-transmitting region is too thin, durability is insufficient,
and slurry is easily retained thereon to reduce detection
sensitivity.

In the first to third inventions, the scatter of the thickness

of the light-transmitting region is preferably 100 pm or less, more

preferably 50 um or less, particularly preferably 30 um or less.
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state with an object of polishing, thus influencing
polishing characteristics (in-plane uniformty and

pl anarizing property etc.). 5 Particularly,g\ t
light-transmtting region is non-foam mug%@%ﬁ@(sm

polishing region is fine-cell foam the hardness of
the light-transmtting region is considerably higher
than the hardness of the polishing region, and thus

t he.i nfl . . Qf: '
el
aracteristi e ' .

an LR 8 SHhet b R s o pieh it fbptecting
Su ssing.t he ter. hi i .

sta%ﬁﬁ&? % CHieet E_S‘hjai@&a‘é gf&l&'sé#“@ﬁéﬁgé% Riihite
redetermn t . fi '

cndeafitty i wran Reir s b IR lperey ore
ifferent in grainp, : .the |Lght.- Lt i no.

racegio soban o B Emaiisone ok OR nASHT e
is prefera . W h [

theipafishing regien i ie-coll foniguitie JAFARPE SEATE ¢ he

. surface of the |ight-transmtting. region, thus

lightetragismitting segionrisconsidegably iaeghgr tbaacthe hardness
accuracy. The nmaterial for formng the polishin

of thegpolishingregiensand thues thexinflaence of the gpagwr of
insofar as it is usually used as the material of a

thepkHickness ofivhe light-transmittingsregionen molishing

fine-cell foamis preferably used. Wen the fine-cell

chara@tetisticactbnds torbe highen than that of thenthiclinessf of
the surface to increase the rate of 26 F-P05023TR(SG

the%ﬁigﬁiﬁgrgﬁ,ﬁg g:i al for forming the polishing

The method of suppressing the scatter of thickness
includes a method of buffing the surface of a sheet having a
predetermined thickness. Buffing is conducted preferably
stepwise by using polishing sheets different in grain size. When
the light-transmitting region is subjected to buffing, the surface
roughness is preferably lower. When the surface roughness is
high, incident light is irregularly reflected on the surface of the
light-transmitting region, thus reducing transmittance and
reducing detection accuracy.

The material for forming the polishing region can be used
without particular limitation insofar as it is usually used as the
material of a polishing layer, but in the present invention, fine-cell

foam is preferably used. When the fine-cell foam is used, slurry

can be retained on cells of the surface to increase the rate of
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exanpl e, pol yurethane resin, polyester resin,
pol yam de resin, acrylic resin, polycarbonate resin,
hal ogenated resin (polyvinyl 5 chloride, F-P05023TR (SG)
pol yt etraf | uor oet hyl ene, pol yvinylidene fluoride
etc.), polystyrene, olefinic resin (polyethylene,
pol ypropyl ene etc.), epoxy resin, and photosensitive
resin. These nmay be used alone or as a m xture of two
po q e thereof. The material for formng the
po i ng regi on may have a conposition identica

I i g #the{)r ans rﬁg% { f n g%lilc&)g rPhg ?6hsﬁin$ h?g r 20| 1):/1 ctl lrlféﬂss’air.?ler
oo, e Pt A S
acrgggl 'é.‘ts&ﬂc (?°ZC au ?%%é Sgseiéﬁ%£%g ﬁ‘ﬁe& e%h avi n SG,(? lyviny!
e L S oS S P 0 o),
PolFRLErRRS, OIPRIRIG, (HR Mn@xé@ﬂ%%eng%@%?%?nd S "

particul arlé Ilmted and 2Q for_ exa t he 0é%<'ixn|c
epao st @nd photaseasitiyeresin. I heR, h b & one
pol yol used is not particularly limted, and

or ascarmiisture pf twe psimese theregfanThe mategia i fosming

The nunber-average nol ecul ar m5|%ht of the ponoI IS
thenpolishing cegion ymay have vedompesition ideatigalywith, ar
500 to 2000, nore preferably 500 27 F-P05023TR(SG)
differehf@Poni,r that of thedighttransntitting vegion, but is
characteristics and the |ike of the resulting
preféetablyctie samé\inatérial asrthut of thedight-transmitting
region.

The polyurethane resin is a particularly preferable material
because it is excellent in abrasion resistance and serves as a
polymer having desired physical properties by changing the
composition of its starting materials.

The polyurethane resin comprises an organic isocyanate, a
polyol and a chain extender.

The organic isocyanate used is not particularly limited, and
for example, the organic isocyanate described above can be
mentioned.

The polyol used is not particularly limited, and for example,
the polyol described above can be mentioned. The

number-average molecular weight of the polyol is not particularly

limited, but is preferably about 500 to 2000, more preferably 500
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nmol ecul ar wei ght is less than 500, the polyurethane
obtai ned therefrom does not have sufficient elastic
characteristics, thus 5 becoming a brittle fgigqBI3TR (SG)
Accordingly, a polishing pad produced fromthis

pol yurethane is rigid to cause scratch of the

pol i shed surface of an object of polishing. Further,
because of easy abrasion, such pol yurethane is not

o vt .
to £560; Blio%ﬁtﬂé VRNt TR, Blodtie Maraffofiutics Bndidife
ul a t
kBt el wﬁﬁ#&"bgﬁ%ﬁ%@% o obe te pAmer Sipride
ro
mo eﬁTlg T la,é'i g t}q)ﬁrh %Q*g,ugié E}%‘iﬁl}kgﬁgﬁné %ﬂ{?\med
nol ecu t dlstr butl
thre@a: | s@edhate TR Es “ﬁs%ﬁw ?e&%%%%th s
e pol yo use I h
e e Sl Sotactiy kol
nol ecul ar-wei ght distribution of 1. nor e
profgesd from 18 polgaethane Rorigid fhcaive SRERLRE OF the
el asticity) of pol urethane obta| ned therefromis
polished sueficeanfl an objest of polishing. pr*Bb‘ﬂ:g@d pegauss;of
pol yur et hane shows a great difference in hardness
easyralirasieny suehapolyitethane i sotpraferakietrom the
Because frictional heat is generated between the
viewpoiabioftimiongevity obtbetpad. pom the efherreand, when

tenperature of the polishing pad during polishing is

theCﬂﬁﬁﬂ%i'-a%ﬁé?@l im@leculabavéightois higher than22000; sti cs
are unfavorably changed. The 28 F-P05023TR(SG

ke ot cmsciul secoana o ok
polfélﬁldgoflﬁayﬂﬁﬁﬁxééﬁ ¥fom this polyurethane tends to be inferior
in planarizing property.

The molecular-weight distribution (weight-average
molecular weight/number-average molecular weight) of the polyol
used is preferably less than 1.9, more preferably 1.7 or less.
When a polyol having a molecular-weight distribution of 1.9 or
more, the temperature dependence of the hardness (modulus of
elasticity) of polyurethane obtained therefrom is increased, and a
polishing pad produced from this polyurethane shows a great
difference in hardness (modulus of elasticity) depending on
temperature. Because frictional heat is generated between the
polishing pad and an object of polishing, the temperature of the

polishing pad during polishing is changed. Accordingly, the

polishing characteristics are unfavorably changed. The
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As the polyol, not only the high-nolecular polyols
nmenti oned above, but al so | ow nol ecul ar pol yols such

as ethylene 5 glycol, 1,2-propylene glycolg-po5023TR(SG)
1, 3-propyl ene glycol, 1,4-butane diol, 1,6-hexane

di ol , neopentyl glycol, 1,4-cyclohexane di nethanol,

3-met hyl -1, 5-pentane diol, diethylene glycol,
triethylene glycol, 1,4-bis(2-hydroxyethoxy) benzene.

mo%?%_gﬁovf%%tt &i%??iﬂﬂoﬂs@éh beTﬁfedsfﬁﬂe‘a for éﬁﬁmple with a

ar conponent to the 10 | ow nol ecul ar

GPE HPT R helde BEpRARIE RO PSRy IRV RRAPENED,
Béf’%ﬁﬁﬂ%ﬁoi o 58 oxlf s Al SN BOEY

di am

me T s 5 A RS o cttens

4,4' -diam n t Qane

glyeok: 1.3-Broeyisne givesh . H&F%ﬁﬂe g’rﬁé‘i‘h‘a&e‘* -butane diol,
2, 6-di ch] or o- p- phen | ene di aim H(H

1 6&@6@34;pbhpgpggﬁpylr gg}col -cyclohexan merﬁlanol

3,3 -tetrachl oro-4, 4' -di am nodi_pheny| msthq

3- mthyldl,&mnatans dmledrm hylege almhﬂ%hml%%g ysol,
nmet hane, 3, 3'-diethyl-4,4"-di am nodi phenyl nethane,

1,44his(2-hstdroxyeshony) rh;qmn%mma»mkpeltaneously used.
4, 4" - met hyl ene-bi s-ant hranyli c acid,
4, AThé satioonf thehighsoidlecular component to the
N N -di - sec- butyl - p- phenyl ene di am ne,

low4mileculdyy coneponen8-inthe polyél is dehﬂmrhnd) depending
3,3 -dichloro-4,4"-diam no-5,5" -di et hyl diphenyl

on Ghhkadkeristits 923 OT(1He polishing region produced
1, 2-bi s(2- am nophenyl t hi o) ethane, trimethylene
the%m-dl p- am nobenzoat e,
, b-bi s(nmet hyl t hi o) -2, 4-tol uene

The chain extender includes polyamines such as
2,4-toluene diamine, 2,6-toluene diamine, 3,5-diethyl-2,4-toluene
diamine, 4,4’-di-sec-butyl-diaminodiphenyl methane,
4,4’-diaminodiphenyl methane, 3,3’-dichloro-4,4’-diaminodiphenyl
methane, 2,6-dichloro-p-phenylene diamine, 4,4’-methylene
bis(2,3-dichloroaniline), 2,2’,3,3’-tetrachloro-4,4’-diaminodiphenyl
methane, 4,4’-diamino-3,3’-diethyl-5,5’-dimethyl diphenyl
methane, 3,3’-diethyl-4,4’-diaminodiphenyl methane,
4,4’-methylene-bis-methyl anthranylate,
4,4-methylene-bis-anthranylic acid, 4,4’-diaminodiphenyl sulfone,
N,N’-di-sec-butyl-p-phenylene diamine,
4,4’-methylene-bis(3-chloro-2,6-diethylamine),
3,3’-dichloro-4,4’-diamino-5,5’-diethyl diphenyl methane,
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diam ne etc., or the above-described | ow nol ecul ar

pol yols. These may be used singly or as a m xture of
two or nmore thereof. 5 The proportion of the QysgP¥TR (SG)
i socyanate, the polyol and the chain extender in the
pol yur et hane resin can be changed suitably depending

on their respective nol ecul ar weights, desired

physi cal properties of the polishing region produced

¢ i . - . !
1,2-ﬂ1§g—faﬁtﬂiﬂcfgﬁ%ﬁy1&ﬁog;&ﬁhﬁet keimekhylése region

excel I'ent ol I shi 10 characteri st i cs, the ratio

gxygél-aﬁg,ﬁa ] t%geg{%da%scxaas%ig(@rem 1¥o)-3, RSt Sy C

I Socy e nufér o unctional’ droups in total

. (hydroxyl ar i ' A ' t he
dlaé%fenet*%f(ei&%?a?g%%%?s&%é@#‘}*s@%g‘{%@% Hol gl
referaply 0.99.t0, 1.10. The.nol yu n ]
ThdetiR Chelysed aingiotas  Anpluss HELWB 5 HisHS hersor
stabjlizer sugh as antioxidant etc., surf act :
o 1 e pibporiion 3 Ehe Srgamie apevanals; the 341y3] Al
ot her additives be_added if necgssary, to,the
the phain extender indhe polen 5esin ﬁ@P%’P? Shanged ne
_pol yurethane resin 20 includes, but is not linit%P t,0,
suitahlyt depending omhein respestive mojecularveights, desired
form ng foam by nmechani cal foani ng, chemcal foam ng
physical prepertiesiofikhe polishingaagioncpredyced dhergfomy, e
nmechani cal foami ng nethod using an active hydrogen
etcgr Mopobtain the [palishing region exgellenmt isvpelishing of a
pol yal kyl 25 sil oxane/ pol yet her copol ynmer is nore
charaeteristics, the tdtio diitlie danHbeTRfISpcyanate groups el
surfactant, SH 192 (Toray Dow Corning Silicone Co.,
theléfzanicdisobyammatei torthe arumbersd £finbé tionalgromps in total

' (hydroxyl group + amino group) in the polyol and the chain

extender is preferably 0.95 to 1.15, more preferably 0.99 to 1.10.

The polyurethane resin can be produced by the same
method as described above. A stabilizer such as an antioxidant
etc., a surfactant, a lubricant, a pigment, a filler, an antistatic and
other additives may be added if necessary to the polyurethane
resin.

The method of finely foaming the polyurethane resin
includes, but is not limited to, a method of adding hollow beads
and a method of forming foam by mechanical foaming, chemical
foaming etc. These methods can be simultaneously used, but the
mechanical foaming method using an active hydrogen group-free
silicone-based surfactant consisting of a polyalkyl

siloxane/polyether copolymer is more preferable. As the
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An exanpl e of the nmethod of producing cl osed-cell

pol yur et hane foamused in the polishing region is
described below. 5 The nmethod of produci ngSIH23TR (SG)
pol yur et hane foam has the follow ng steps. (1)

Stirring step of preparing a cell dispersion of an

i socyanate-term nated prepol ynmer A silicone-based
surfactant is added to an 10 isocyanate-term nated

s111@6ﬁ8 cﬂ%ﬂ st c&hh&r ﬁ%'l@ﬁ'ﬁ‘b?&i tD&ﬁSCo?ﬁih% SificoaR' Co.,

perse e cells to forma cel

Lta‘%' é#’& 5 YlntjUfEa 405 pPORYABI BokipBldial ed pr epol yner

nas rm at Inary tenperatures, the
pre idegpto a
K € e Bl i o0,
ent (chai n_extender C exte der
p°l%§) S0 tope, usEcii e BRRBiE FER a%?%??f"?e.‘ingehw-
Curing step The isocyana ted | ymer
The,jethed of Riaducige sk Balyurabhape 1oa3n 445 Bk g
and heat-cured. The inert gas used for form ng fine
followiing step$s ef erably not conbustible, and is
specifically nitrogen, oxygﬁél a car bon di oxi de gas,

(1) stmmggaspszfcnrmamguwp speysion AR ni xed gas
thereof, and the air dried to renpve water i s nost

isoqmat&beminated prepadymexs cost. 31 F- PO5023TR(SG
As a stirrer for dispersing the silicone-based
fgr %\fﬂ}bﬁdne—hasadmuﬂactanyaaal@mbtmmt ed prepol yner
isocyanate-terminated prepolymer and stirred in an inert gas, and
the inert gas is dispefsed as fine cells to form a cell dispersion.
When the isocyanate-terminated prepolymer is in a solid form at
ordinary temperatures, the prepolymer is used after melted by
pre-heating to a suitable temperature.
(2) Step of mixing a curing agent (chain extender)
A chain extender is added to, and mixed with, the cell
dispersion under stirring.
(3) Curing step
The isocyanate-terminated prepolymer mixed with the
chain extender is cast in a mold and heat-cured.
The inert gas used for forming fine cells is preferably not
combustible, and is specifically nitrogen, oxygen, a carbon dioxide
gas, a rare gas such as helium and argon, and a mixed gas thereof,

and the air dried to remove water is most preferable in respect of

cost.

31



10

15

20

25

fine cells with the inert gas, known stirrers can be
used without particular limtation, and exanples
thereof include a honogenizer, 5 a dissol vefp@023TR (SG)
twi n-screw planetary m xer etc. The shape of a

stirring blade of the stirrer is not particularly
limted either, but a whipper-type stirring blade is
preferably used to formfine cells. In a preferable

nmodeys didtifedTor dispefsing!tRe Wildone-basédi ng for
formng a cell dispersionin the stirring step and in

surrfh&é(trd:]%ﬁg?ég%ir}ié%pﬂdgy'&%a;‘}:.@-%ﬂlm Pg?ﬁ&%@i’,ﬂd“fdﬂiﬁ

g ectrv I'n particu , stirring in
ot tdels L] i1 ROk
find JE1 10 B b 40 S8 bl GEgRPthont
r ef.er abl d. ' ' | .
pachl 5 a5 <ot Shafpidd gt BORHCH oogapteer,
stirring step and the m xing._siep,. and {10
a disselver.onivanarey PoBrlAnempE o6 * Te Htdde 8F o
. bl ade .are eferably.requl ated a egessary. . t
stizgins plage of ik sHZet 18 ThH DardeRiany (smires ofthef . fut a
cells, heatjng and post-curjing of the foam obfaine
whmn@rfyn%mrﬁgn&maﬂed&tnﬁefﬁé‘mﬁﬁcﬁf’sﬁt‘r‘gi ei‘%?qlf-
mold until the 20 dispersion lost fluidity are . .
ef f duta pseferable modey differgny stitners arg ased du siirring
foam and are extrenely preferable. The cell .
for forming a cethdispersion inqthe stirging stemanyd instjrring for
post-cured in a heating oven, and even under such
miximgiahi axdded ichatini extentder imtheandking stepcrespectively.
reacti ve conponents, and thus the 25 di aneters of
In patticubirs sthiring dnetise inixiing step may et bestixring for
F- PO5023TR(SG conducted preferably at nornal
formiapscelts, andsi stirrez aothgenératingflargeldells is preferably
used. Such a stirrer is preferably a planetary mixer. The same
stirrer may be used in the stirring step and the mixing step, and
stirring conditions such as revolution rate of the stirring blade are
preferably regulated as necessary.

In the method of producing the polyurethane foam with
fine cells, heating and post-curing of the foam obtained after
casting and reacting the cell dispersion in a mold until the
dispersion lost fluidity are effective in improving the physical
properties of the foam, and are extremely preferable. The cell
dispersion may be cast in a mold and immediately post-cured in a
heating oven, and even under such conditions, heat is not

immediately conducted to the reactive components, and thus the

diameters of cells are not increased. The curing reaction is
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In the production of the polyurethane resin, a known
catal yst pronoting pol yurethane reaction, such as
tertiary amne- 5 or organotin-based catal ysts5dmrPec)
used. The type and anount of the catal yst added are
determ ned in consideration of flowtinme in casting
in a predetermned nold after the m xing step.
Production of the pol yurethane foam may be in a batch
twe it
coritifé ¢8R BRefeTaRy e MGRARE Hresbulld 153tabitine the' SRapE Ll
roducti on system where each conponent and an inert
as are continuously supplied to, and stirred in, a
n

sticri a ratus and.th A Jdj e}
s itk BRBR0EhSn B3 Tae Rehrbibeaiat féuin. o B8
l'ishing regi on _servj as a polishing | ayer,.is 15,

catiiysf prom} i RAINyTeRAnE Frackion. Futh A5 tertisry plnine-

foaminto a piece of predetermned gjze, In the first
or Qrganatin-hased cAER St BIRE HesHRRE r S HYPE A smagnt

of fine-cell foamis_preferably provi,ged W th grooves
of the catalyst added age determiged in cpnsideration, of flow time

the polishing pad 20 which contacts with an object of
in qastingiingg predeterminedgmald;after thepmizingstepPne- cel |

foam has many openings to retain slurry, and for

f ur Produetion iofithe polymrethane foan:may de in arbatchhg

for preventing the destruction of an object of
syspem silier¢ égchdomponent ist weighed ity gntegduced into a

preferably has grooves on the surface thereof 25 in
vess8Eapd hiikeddos i@ coheimons prbduction mystem where

particularly 33 F-P05023TR(SG I|imted insofar as

each d6mpeaénbandhan RitFus afe continaoushx supptied to,
include latticed grooves, concentric circle-shaped

and stirred in, a stirring apparatus and the resulting cell

cel

dispersion is transfered to produce molded articles.

The polishing region serving as a polishing layer is
produced by cutting the above prepared polyurethane foam into a
piece of predetermined size.

In the first to third inventions, the polishing region
consisting of fine-cell foam is preferably provided with grooves for
retaining and renewing slurry on the surface of the poiishing pad
which contacts with an object of polishing. The polishing region
composed of fine-cell foam has many openings to retain slurry,
and for further efficient retention and renewal of slurry and for
preventing the destruction of an object of polishing by adsorption,
the polishing region preferably has grooves on the surface thereof

in the polishing side. The shape of the grooves is not particularly
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grooves, through-holes, non-through-hol es, pol ygonal
prism cylinder, spiral grooves, eccentric grooves,

radi al grooves, and a 5 conbination of these gaovemR (sG)
The groove pitch, groove width, groove thickness etc.
are not particularly Iimted either, and are suitably
determ ned to form grooves. These grooves are

generally those having regularity, but the groove

nmc'é& hns&faqoalsegL&C rcaﬂrwmam@u #ndlfendéd 2hag be

anged at ea tain region to nmake 10 retention
a . mn
exalffIdE RURAS |1l d prpET Pofce i B shapll 1) 09
fornmation % ' j i j i
groofe: bhlughHbRR HortnTBRRALSHs, Boirgthatiislent ' 0
gasting. d curing resin.in_a nold_havi,ng a specifl
eyififer, abishl ErsoNes o Senfrin HrpaTiss sARIAT Sefordi e &
essi.n e having a specific surfage shape, .
corRhinatint ok Eheas @5PPURBy: LR EXPOTRditan goave width,
printing nmeans, and formation by a_laser  |jght usi a
groovp fd@s?m%eqtco rareot particylagly, tmited eit; n8ad gre
.the polishing region is not 20 particularly linmted,
suitahly: detesmained fofarmm grogves. 2 Thess grpevesars gengrally
preparing the polishing region of this thickness
thosechaving vegularity, bt ghﬁ gragvecpiteh, i groave width; groove
foamis cut in_ predetermned thickness by a slicer in
depihhetriscan slso be changed atheaghssentasin region toimake
i nvol ves casting resin into a nold 25 having a cavity
retentioncdnderenewal ofistirgsdesivdabler i ng the resin, a 34

F- PO5023TR(SG nethod of using coating techni ques and

sheqthem élihud of FoRhiimpSgroeves is not particularly limited,
and for example, formation of grooves by mechanical cutting with
a jig such as a bite of predetermined size, formation by casting
and curing resin in a mold having a specific surface shape,
formation by pressing resin with a pressing plate having a specific
surface shape, formation by photolithography, formation by a
printing means, and formation by a laser light using a CO2 gas
laser or the like.

Although the thickness of the polishing region is not
particularly limited, the thickness is about 0.8 to 2.0 mm. The
method of preparing the polishing region of this thickness
includes a method wherein a block of the fine-cell foam is cut in
predetermined thickness by a slicer in a bandsaw system or a

planing system, a method that involves casting resin into a mold

having a cavity of predetermined thickness and curing the resin, a
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The scatter of the thickness of the polishing region
is preferably 100 mor |less, nore preferably 50 m or
|l ess. Wien 5 the scatter of the thickness f.spdd@efr (sG)
than 100 gm | arge undulation is caused to generate
portions different in a contacting state with an
obj ect of polishing, thus adversely influencing
pol i shing characteristics. To solve the scatter of the
metfib YFASiY coling TebRMifes JIE bhoatinllulag tolhrligfics,
stage of polishing by a dresser having abrasive
grai ns of dianond deposited or fused thereon, but the

2ol L BBaFl G0 RY HiEaRhe dE S TR g
prelatSb 160,55, B o el fiasBent SB35, of 0Bk P

buffing the surface of .the polishing _region having a
theseatier of the thickness is hagﬁpr ains%99nldﬁbt ge
éﬁefgraQIy stepw se by using polishing sheets .
undulption is causedite generateportions differgnt in 2 Gontacting
pol i shing pad having the polishing region and the
state githianehject of polishing, thypadyer inflnepring
limted, and various nethods are conceivabl e, and
polishing chatacteristicas e Teeselverthie Iscaster pf thecthickness of
followi ng specific exanples, a polishing pad provided
thevpolishing yegion) thesurface efdhdpdlishingitegionsisi dressed
| ayer may not be arranged in the polishing pad. 25 In
generhllysin axainitial stagehof\polishing. by a dressersiaving
region 9 35 F-P05023TR(SG having an openi ng of

abraSifd Er&ind 6£ dianfond lepositéid ot fusedbtheréomwecbut @he
and then a cushion |ayer 11 having an openi ng of

polisiitgf t&gidZ8utside of the range described above requires a

etc

longer dressing time to reduce the efficiency of production. Asa
method of suppressing the scatter of thickness, there is also a
method of buffing the surface of the polishing region having a
predetermined thickness. Buffing is conducted preferably
stepwise by using polishing sheets different in grain size.

The method of preparing a polishing pad having the
polishing region and the light-transmitting region is not
particularly limited, and various methods are conceivable, and
specific examples are described below. In the following specific
examples, a polishing pad provided with a cushion layer is
described, but the cushion layer may not be arranged in the
polishing pad.

In a first example, as shown in Fig. 7, a polishing region 9

35



10

15

20

25

is stuck thereon such that its opening is in the sane
position as the opening of the polishing region 9.

Then, a double-coated tape 5 12 provi ded wtbhp@023TR (SG)
rel ease paper 13 is stuck on the cushion |layer 11,

and a light-transmtting region 8 is inserted into,

and stuck on, the opening of the polishing region 9.

In a second exanple, as shown in Fig. 8, a polishing

hax{)iﬁ@ 913 ooﬁ:gﬁxgaﬂ specPRENiRE i8fsttiCohl £ ddubleldodtedtape

n-a ated 10 tape 10, and then a cushion
10, ¥tk Riousih aF 1T nlURIERN Shepidg ol specific size
is Bl gt BsRLHRRE o SpBRIARIf b, e shing hofieloth 26
che 35Bie SIS poRBNTHE BRIRRCP D, ik e B
12 RO SRALA e g 3 B B 68 B Sogfibh pyyer

third exanple, as,shown in Fig, 9, a po]ishing regio
11,anden b hransaniCHRE regen 4 i 1osorlad 1afo,cind #ulk on,
doubl e- coat ed ta%;h_lo, and then a cushion layer 11 is
thesepenring ofdhe polishing regias i e- coat ed t ape 12
provided with a rel ease paper 13 is stuck on the
ot hdn aiséconid examplehiasrshowar in Figafs a: pelishing region
opening of predeterm ned size to be fitted to the
9 hawéingran openingmof spécific size)isstackonpacdayble-coated
t he doubl e-coated tape 10 to the rel ease paper 13. A
taplei 0} anchthentd caghiegilaye? 15 isstackethérdan. afheteafter,
stuck on, the opening of the polishing region 9. In
the! dbfiblée-zoatéldtapis10-a0aAhETEGShjon dapesilikase gprovided
the light-transmtting region 8 is open so that dust

witﬁlt &n_dwr_dtafg of apeeifit ize Hak lteshe fittetcto thefopening of
closing 1

the polishing region 9. Then, a double-coated tape 12 provided

with a release paper 13 is stuck on the cushion layer 11, and a
light-transmitting region 8 is inserted into, and stuck on, the
opening of the polishing region 9.

In a third example, as shown in Fig. 9, a polishing region 9
having an opening of specific size is stuck on a double-coated tape
10, and then a cushion layer 11 is stuck thereon. Then, a
double-coated tape 12 provided with a release paper 13 is stuck on
the other side of the cushion layer 11, and thereafter, an opening
of predetermined size to be fitted to the opening of the polishing
region 9 is produced from the double-coated tape 10 to the release
paper 13. A light-transmitting region 8 is inserted into, and

stuck on, the opening of the polishing region 9. In this case, the
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is preferably attached. In a fourth exanple, as shown

in Fig. 10, a cushion layer 11 5 having a

doubl e-coated tape 12 provided with a rel easep@EapesTRA&6)
is provided with an opening of predeterm ned size.

Then, a polishing region 9 having an opening of
predeterm ned size is stuck on a double-coated tape

10 which is then stuck on the cushion layer 11 such

opﬁrﬁhggee ts@&rt g:r{qﬂﬁ[‘ |ipht-GahsihRiiting 1egion 8 i€ openS8dRthat

a lrght-transmtting region 8'is inserted
! . ¢ 2 e
dust B, mp¥he biEahliall, 00T EmEib Iy Gosing it
. lel Shi | is open so that dust etc. may be
18 @gg%lgg%%sgg%@'thus a nenber 14 for closing it is
preterahl ttached, 15 In the, .ho f arj
pol 1817 fepp eRamaple 4k sBpwit i Ridy 16h 2 BuBibh kR 1
ol i shj nq.region dt cushion.layer s not .
havige: s datthipyeoatad Bupe 4 BrOPIdst it = oottt paper 13 s
openi ng, by pressjn ith a jig.,having a ttin
proxsd%ﬂtvyl,thaammqé o tErFﬂfFﬁb%énFQS%‘%esuﬁ%ﬁ’ co2
laser, and a nmethod of cutting with 20 a jig such, as
polishing-regiga 9 havingjanepening of, @r&&@ﬁpﬁglw%[ pize is
polishing region in the first and second inventions
stugkcomat dopbie-coated tape A0 whichtis themistuck-9nthe
conpensates for characteristics of the polishing
cushigndayeral 1 suichythat ¢heir openingsiane pagitioned in the
required 25 for satisfying both planarity and
sameiplacei t Then,ch light-tranmsmittingfregiogn 8 k9 insefteditrto,
rel ati onship in chem cal nechani cal polishing (CWP).
and’sti€kidn, the ihg 6f theqgmslistiing pegion 9. r dgi thisupase,

pol i shing an object of
the opposite side of the polishing region is open so that dust etc.
may be accumulated, and thus a member 14 for closing it is
preferably attached.

In the method of preparing the polishing pad, the means of
forming an opening in the polishing region and the cushion layer
is not particularly limited, but for example, a method of opening
by pressing with a jig having a cutting ability, a method of
utilizing a laser such as a CO: laser, and a method of cutting with
a jig such as a bite. The size and shape of the opening of the
polishing region in the first and second inventions are not
particularly limited.

The cushion layer compensates for characteristics of the
polishing region (polishing layer). The cushion layer is required

for satisfying both planarity and uniformity which are in a tradeoff
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pol i shing having fine unevenness generated upon

pattern formation, and uniformty refers to the
uniformty of the whole of 5 an object of pPoldoHU2IBLR (SG)
Planarity is inproved by the characteristics of the
polishing |ayer, while uniformty is inproved by the
characteristics of the cushion |ayer. The cushion

| ayer used in the polishing pad of the present

reldt'i‘dﬁ&hi}f"i‘n'cﬁlé}hiéﬂ i ch&ridal 'pdlishing Ecm.*)t siplafiarity
l ayer. 10 The material form ng the cushion |ayer is

refél‘@ttd’ﬁ"ﬁﬁ:hﬁﬂk I o palttdtd PegicH ‘ﬁ;ﬁiﬁmlﬁ‘hiﬁfg &4 Qibject of

materi al include”a nonmoven fabric™ such

polﬁmg%ﬁea m&vaaeﬁpgb{) dss éeﬂ&ﬁ%d“ﬁﬁ\‘&?nagﬂtf ic or

an a onvvoven rrc, a nonwve ric

for@%@ifx@,”&ﬁ&%ﬁ!ﬁ?m&&%%ﬁge%‘é cﬁq'%ur g?ﬁirmﬁ:&e{: PHEWhble of

|npregna ane yner resin

f0a ol yuret ha am | ene foam

an ?ﬁ'&f Ufggﬁﬁhgﬁ ﬁaﬂﬁ{'ﬁgi 1§ lénﬁggggﬁ%gy ghgiysopr ene
rub and ot 0 itiv Th

chazae lﬁf}cﬂ%{) ¢ @if &-ﬂeeSI llFﬂ?‘? gﬂﬁ&?l@hl ng
region, 9 on the cushion | a 11 ipcludes, fo

lmlk"?gﬁﬂ by tg‘e Egamﬁﬁfasfaff‘%{ fths gy ﬁ@inghl #d‘er egi on
and the cushion | ayer having a doubl e coated fap

cushjen dpzerased imthepolishing pad pﬁﬁbem@%r&eﬁwwtmn is
constitution wherein an adhesive |ayer is arranged on

prefarably iseftenthanithe-polishing|layesh as a nonwoven
fabric or a film In consideration of perneation of 25

sl uThe materidlcfornsing the ushion layen issnptgianticularly

used as the base 38 F-P05023TR(SG nmaterial. The
limited)caid exanvpleshef sdbhsmaterinlcincdlude sl @onwoven fabric

exanpl e, a rubber-based adhesive and an acrylic
suchd®ai pslyester nonwoven fabric, a nylon nonwoven fabric or
an acrylic nonwoven fabric, a nonwoven fabric impregnated with
resin such as a polyester nonwoven fabric impregnated with
polyurethane, polymer resin foam such as polyurethane foam and
polyethylene foam, rubber resin such as butadiene rubber and
isoprene rubber, and photosensitive resin.

The means of sticking the polishing layer used in the
polishing region 9 on the cushion layer 11 includes, for example, a
method of pressing the polishing region and the cushion layer
having a double-coated tape therebetween.

The double-coated tape has a general constitution wherein
an adhesive layer is arranged on both sides of a base material such

as a nonwoven fabric or a film. In consideration of permeation of

slurry into the cushion layer, a film is preferably used as the base
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consi deration of the content of netallic ion, the
acrylic adhesive is preferabl e because of a | ower

content of netallic ion. Because 5 the polg-sijgmR3TR (SG)
region and the cushion |layer can be different in
conposition, the conposition of each adhesive.|layer of
the doubl e-coated tape can be different to nake the
adhesi on of each |[|ayer suitable. The neans of

mafddiak "Phé Ilfbxgg)?%iiﬁﬁd 6f the lddRésivieclayed Bivlidesy fef ed

tape 12 inclu a method of sticking the
exaffiilt, & FELEFHAARA SnELARRAR £ detyifc BahpRivel) n
e Ct Ut . . . .
confiéfign ff Ehe Pt he SERR AR 4l e SorAE adesive
. _hopwoyen . fabric o fil | [ ] f
is msfalféﬁeaewgepsf) adevtey hakPepf X HRARICIOR" Heanse
a fj, i r d t b tectdal 1.
theowaiésﬂinaé’ rBifart a4 tu sHstipa Tk can i AU rant ip
t he adhesi I i,s, th d i bed :
conmaafiloec b ¢ st O 3R e b e
doutinmanted tape anchy cBerPardm AT thecdRasios oh bash
device is produced by a step of polishing the surface
layex suitableconduct or wafer by using the polishing pad.
The sem conduct or wafer generally conprises a 25
wi r Mhe means efisticking the faushioanlayerelilon shei [ i con

waf er. The 39 F-205023TR(SG) nethod of polishing a
doubleicnitedctape 1 includéssa methoidnof sticking thear e not

particularly limted, and as shown in Fig. 1,
double-coated tape by pressing on the cushion layer.

As described above, the double-coated tape has a general
constitution wherein an adhesive layer is arranged on both sides
of a base material such as a nonwoven fabric or a film. In
consideration of removal of the polishing pad after use from a
platen, a film is preferably used as the base material in order to
solve a residual tape. The composition of the adhesive layer is
the same as described above.

The member 14 is not particularly limited insofar as the
opening is closed therewith. When polishing is conducted, it
should be releasable.

The semiconductor device is produced by a step of
polishing the surface of a semiconductor wafer by using the

polishing pad. The semiconductor wafer generally comprises a

wiring metal and an oxide film laminated on a silicon wafer. The
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polishing is conducted for exanple by using a
pol i shing apparatus including a polishing platen 2

for supporting a polishing pad It a 5 suppgr-tdosg 2STERNGG)
(polishing head) 5 for supporting a sem conductor

waf er 4, a backing material for uniformy
pressurizing the wafer, and a mechani smof feeding an
abrasive 3. The polishing pad 1 is fitted, for

Sighfhg A8 MicsAlALtoAMafernd a p6liBRIAgHI n
megﬁ?yrfe%. 1The %ol I shing platen 2 gﬁd thg ?O 1supp%rti gg

appardtis %a'@rr?oﬁ btﬁﬁgigz%?ﬁigytpigrxliﬁéﬁt, A §8%HowR iaFigl Bnd

arr_angecI suc f shing pad 1 and the
pol{HIpE ' dShfhottl BF Shamplory ndlid ) HORRUIR ApbAtatile
. upporti ng.stan i rQ\i i s i Z]
mcﬁgﬁﬁxgnwﬂ:h%rmpégﬁwé’ Bt SiPuditing s PUlETNE 400, o
agai nst e .ol tshi.n ad ar_.pol i shi t he
supp%nrmsd ﬁgagﬁﬁpehs%m%n@ee«aésgﬁggafm%%&%ﬂnd 5 are
r ot at and sinultaneous]y the sen.condugtor,wafer 4
semiconductarwaler,ds ﬁln%cuﬁgy%wma uﬂéﬁrﬂbﬁg pad 1
wth slurry fed thereto. The f]lowr *e f slurry, .,
pregemriging the wafer, and aprechanism, ng;an gbrasive 3.
polishing platen, 20 and nunber of revol utions of (ihe
Thepplishing pad Lois fittedofor examnpleqviaga fQublengoated tape,
suitably regul ated. Protrusions on the surface of the
withdilie polishing platen 2. aThe polishing piaten® ang the
polished flatly. Thereafter, a sem conductor device
supporping stendtS arefprovidedowith dotating shaftsGand 7 and
packaging 25 etc. The semi conductor device is used in
arrddigéd isuviethat thecpslishing pad-1Rind 2heRé@nlicondmetory

etc. Exanpl es

wafer 4, both of which are supported by them, are arranged to be
opposite to each other. The supporting stand 5 is provided with a
pressurizing mechanism for pushing the semiconductor wafer 4
against the polishing pad 1. For polishing, the polishing platen 2
and the supporting stand 5 are rotated and simultaneously the
semiconductor wafer 4 is polished by pushing it against the
polishing pad 1 with slurry fed thereto. The flow rate of slurry,
polishing loading, number of revolutions of the polishing platen,
and number of revolutions of the wafer are not particularly limited
and can be suitably regulated.

Protrusions on the surface of the semiconductor wafer 4 are
thereby removed and polished flatly. Thereafter, a semiéonductor
device is produced therefrom through dicing, bonding, packaging

etc. The semiconductor device is used in an arithmetic processor,
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Herei nafter, the Exanples illustrating the

constitution and 5 effect of the first to third
inventions are described. Evaluation itens g4pddu¥23TR (SG)
Exanpl es etc. were neasured in the follow ng manner.
(Measurenent of light transmttance in the first

i nvention) The prepared light-transmtting region

menber was cut out 10 with a size of 2 cnx6 cm

a mdios¥aes: arbitrary) to prepare a sanple for
measufenent of light transmttance. Using a

spectrophot oneter (U 3210 Spectro Photoneter,
manufactured by Htachi, Ltd.), the sanple was
ed in the range of neasurenent wavel engths of
Ex%%i?% 700 nm In the 15 neasurenent result of |ight

‘e;le enaf®, gkkéﬁiﬁ”sié%%b?@%%ﬁﬁf ifis “offitiution and
in. . . -
ettt ahhn 1t LUl TR HeHa1 ReReHE VRl iop
o oS ESapies S v ki 8 TP ance
Usi ng a spectrophotoneter (U 3210 Spectro Photoneter,

mani&lif act ured by Hitachi, Ltd.), the sanple was
measured in the range of neasurenent wave] engths of

(Megsurement aflight transmittancecin thedirst inventign)

transmttance, |ight transmttance per nmthickness
was Theprepared ight-txansmitting region: mpsnber mas gut out
F- PO5023TR(SG (Measurenent of average cell dianeter)
with psize of 2 cnexp emthickmness:crhitrany) 4o ptreéparesasiasnple
1 mm by a mcrotone cutter was used as a sanple for
for fRéasurementodf light transmittance. Using a
spectrophotometer (U-3210 Spectro Photometer, manufactured by
Hitachi, Ltd.), the sample was measured in the range of
measurement wavelengths of 300 to 700 nm. In the
measurement result of light transmittance, transmittance per mm
thickness was expressed by using the Lambert-Beer law.
(Measurement of light transmittance in the second invention)
The prepared light-transmitting region member was cut out
with a size of 2 cmx6 cm (thickness: 1.25 mm) to prepare a sample
for measurement of transmittance. Using a spectrophotometer
(U-3210 Spectro Photometer, manufactured by Hitachi, Ltd.), the
sample was measured in the range of measurement wavelengths of
600 to 700 nm. In the measurement result of light transmittance,

light transmittance per mm thickness was expressed by using the

Lambert-Beer law.
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average cell dianeter. The sanple was fixed on a slide

glass, and 5 the dianeters of all cells in an

arbitrary region of 0.2 mMmxQO 2 nm were detgerpgNeBsBy(sc)

an i mage processor (Image Anal yzer V10, manufactured

by Toyobouseki Co.,Ltd), to calculate the average

cell dianeter. (Measurenent of specific gravity) 10

Det ermi ned according to JI'S Z8807-1976. A poli shing
(MeaBheenfeit BF avietabl%diPiaRletdrpt 11 p Of 4 cmx8.5 cm

thickness: arbitrary) was used as a sanple for

neEa! bsmtingfre%%ﬁ' &i€ Pa9£ﬁ¥l k¥ v¥'ds!thih J@Ebéﬁthpﬁ'iﬁx

in antenvironmne of a tenperature of 23 C and a

vy R BRI i oE UGS, o

Sart or %1

.Co. Ltd) Me . har S
avegage fralh ieRieeson Tid BALIHECTAP fred Ui S g Hna
A.polishing.region qut out.inh a size of 2_C
the dfaragters O aif el inag piifrdriisioR o£ QP 2 mm
nmeasurengent Qf hardness and left_for 16 hours | n
wessh drFermCRed Y A URBgF Arpcssspr imges Anatvash el
of 50%% At the tinme of neasurenent, sanples were
mapufacturedbhy Foyehenseki £a.dtdntocalculata the ausragen
hardness neter (Asker D hardness neter, nmanufactured
celbdipmetenunshi Kel ki Co., Ltd.) was used to measure
hardness. 42 F-P05023TR(SG (Measurenent of
(Measprement bf specifiograyity)n recovery) A polishing
region cut into a circle of 7 nmmin dianeter
(t hiDdterasineal accoading tasJISSZ8807-1956p| A palishing
measur enent of
region cut out in the form of a strip of 4 cmx8.5 cm (thickness:

arbitrary) was used as a sample for measurement of specific
gravity and left for 16 hours in an environment of a temperature
of 231+2°C and a humidity of 50%+5%. Measurement was
conducted by using a specific gravity hydrometer (manufactured
by Sartorius Co.,Ltd).

(Measurement of Asker D hardness)

Measurement is conducted according to JIS K6253-1997.

A polishing region cut out in a size of 2 cmx2 cm (thickness:
arbitrary) was used as a sample fof measurement of hardness and
left for 16 hours in an environment of a temperature of 23+2°C
and a humidity of 50%+5%. At the time of measurement, samples
were stuck on one another to a thickness of 6 mm or more. A
hardness meter (Asker D hardness meter, manufactured by

Kobunshi Keiki Co., Ltd.) was used to measure hardness.
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conpressibility and conpression recovery and left for

40 hours in 5 an environnment of a tenperature of 23 C
and a humdity of 50%% In neasurenent, aip{d®ITR (SG)
anal ysi s neasuring instrument TMA (SS6000

manuf act ured by SEI KO | NSTRUVENTS 1Inc.) to neasure
conpressibility and conpression recovery. Equations

for calculating conpressibility and conpression 10

(M%§§?¥ xllg%Sf%B bﬂﬁﬂﬂltwwsgiéhtrﬁcﬁ% 1 {(Ti -

12) | ckrie'ss of the polishing |ayer

oadeRoliSpiRE STRGH cu it pLRCATRT 7 A (d hibiccer
(B pebiyhi WA L83 gl ToP bbb
cor bR el bk Yoy ARG doiibhe
an Fayyf(ow e %&Fﬁﬁéﬁb‘% of %&Sﬁfdeﬁ 'ﬁwﬁr%-g

state is loaded with a stress KPa (SOoréﬁlcer)

50%58%0 T daaasurementya therRALERAYSIS wSAR &ng
| ayer after the 80|IShI ng layer_allowed to be in

instmiest TVA (S56000, mpnafachiead by SBEROQNSTRIMENTS
g/cn2) for 60 seconds. 25 T3: the thickness of the

Incyota sheaspreagompreassibility and compress®rregaveRyR( SG)
| ayer after allowed to be in the T2 state is kept
Equationstforamicnipting cempressibilityand compgessionii t h a
stress of 30 KPa (300 g/cnR) for 60 seconds.
recovery are shown below.
Compressibility (%) = {(T1 - T2)/T1}x100
T1: the thickness of the polishing layer after the polishing
layer in a non-loaded state is loaded with a stress of 30 KPa (300
g/cm?2) for 60 seconds.
T2: the thickneSs of the polishing layer after the polishing
layer allowed to be in the T1 state is loaded with a stress of 180
KPa (1800 g/cm?) for 60 seconds.
Compression recovery (%) = {(T3 - T2)/(T1 - T2)}x100
T1: the thickness of the polishing layer after the polishing
layer in a non-loaded state is loaded with a stress of 30 KPa (300
g/cm?) for 60 seconds.
T2: the thickness of the polishing layer after the polishing
layer allowed to be in the T1 state is loaded with a stress of 180
KPa (1800 g/cm?2) for 60 seconds.

T3: the thickness of the polishing layer after the polishing
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(Measurenent of storage el astic nodul us) 5 Measurenent
is conducted according to JI'S K7198-1991. A polishing
region cut into a 3 nmmx40 mmstrip (thicknesspps5023TR (SG)
arbitrary) was used as a sanple for neasurenent of

dynam c viscoelasticity and left for 4 days in a 23C
environnent condition in a container with silica gel.
The accurate width and thickness 10 of each sheet

layéf b¥terCHilbwdd 16 e IR the/PY dtat8dsuPEwitRoat loaliig for
neasurenent, a dynam c viscoel asti ci ty spect ronet er

60 &gggﬁthgféﬂ’& el 1d/BE® Withod StresuIof 3@!{1’%@& Y enid)s

determ ne storage el astic nodul us

for%%gg%gg conditions are as follows: 15
<

asurenent conditions> Measurement tenperature: 40C
BB B R0 B AP ol "0: 200,

opt MesSrsdentan Wappeiid Hostitiind 3B IS Rl08 801,

A poReHIRE TogEn TRt HRted AdHsTa0 o skritel hiSing®el cone

wafer, and a_light-trapsgqitting region, ne of, 1. 27
ple 5

Y er
arbifrary) mas-used as,a sampls for measyrsmsnt of dypamic
. thickness was neasured several tinmes 44 .
viscoelasticitraay leftfamd daysin a28°¢ srpironment congligion
. nhmby using an interference filmthickness neasuring
in 4 containex withilicatgeled The acewrate wisithy andthickness
Co.,Ltd). The result of calculated filmthickness and
of each sheet after cutting were measured using a micrometer.
For measurement, a dynamic viscoelasticity spectrometer
(manufactured by Iwamoto Seisakusho, now IS Giken) was used to
determine storage elastic modulus E’. Measurement conditions
are as follows:
<Measurement conditions>
Measurement temperature: 40°C
Applied strain: 0.03%
Initial loading: 20 g
Frequency: 1 Hz
(Evaluation of film thickness detection in the first invention)
The evaluation of optical detection of film thickness of a
wafer was conducted in the following manner. As a wafer,a 1 ym
thermal-oxide film was deposited on an 8-inch silicone wafer, and

a light-transmitting region member of 1.27 mm in thickness was

arranged thereon. The film thickness was measured several times
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the state of top and bottom of interference |ight at
each 5 wavel ength were confirnmed, and the film
thi ckness detection was eval uated under the_fp@ldo@wniRg sq)
criteria: 00: Filmthickness is neasured with very
good reproducibility. O0: Filmthickness is nmeasured
Wi th good reproducibility. 10 X: Detection accuracy
is insufficient with poor reproducibility.
in tRéNHTE hhp@ 464 hih By isi i
i nvention) —T cla. egal uat Pgﬁ?d&%t ?‘galypggtl_ie%:a?glné%?? nee
ﬁl{dokﬁléﬂgé@ ?ﬁéa:ﬂin%g i‘gﬁf\xg;g@% ?ni%@t@ﬁi'@d tl+}‘90t:510ﬂ|é:a

oW ng manner. er mal - oxi

E1{ B3 CERPRAY 2Oy riluft bR ESUd AR afa

ng Tegron nenber o

t hi,ckne Wwas ranged g herean. The,fjl.mt hickness
tng ReHR 93 holf Soa ROEIR of UiYeTfrerlds et e Ba8KT 235
nmwith a He-Ne Laser ,in an. nterference fi .
waliehith Soete. chnmizeds Andning i, EhideRess gelection was
calcul ated 20 filmthickness and the state of top and
ev Qt&anPdPﬁtté’rq’ following GritRriai cach wavel ength were
confirnmed, and the filmthickness detection was

eval OQ:edFilmthickness is meagured withovery gopdn,

thickness is nmeasured with good reproducibility. X
repradueibdlityiccuracy is insufficient with poor 25
reproduci bility. 45 F-P0O5023TR(SG (Eval uation of
fi | nOt hiRilmethickness ismeéasutesl with gaod ceproducihility.
eval uation of optical detection of filmthickness of a
waf eX: wiBe teartion tasxturacyhis insufficient withepooAs a
wafer, a 1 m
reproducibility.
(Evaluation of film thickness detection in the second invention)
The evaluation of optical detection of film thickness of a
wafer was conducted in the following manner. As a wafer, a 1 um
thermal-oxide film was deposited on an 8-inch silicone wafer, and
a light-transmitting region member of 1.25 mm in thickness was
arranged thereon. The film thickness was measured several times
at the wavelength of 633 nm with a He-Ne laser in an interference
film thickness measuring instrument. The result of calculated
film thickness and the state of top and bottom of interference
light at each wavelength were confirmed, and the film thickness
detection was evaluated under the following criteria:
O: Film thickness is measured with good reproducibility.

X: Detection accuracy is insufficient with poor

reproducibility.
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t hermal - oxi de fil mwas deposited on an 8-inch silicone
wafer. 5 Filmthickness on a |line between a notched
portion of the wafer and the center was nmeasgpgd2atrr (SG)
33 points at 3-mmintervals by wusing an interference
filmthickness neasuring instrunment (manufactured by

O suka Electronics Co.,Ltd), and the average was

i ndicated as the average filmthickness (1). Then, the

(é&lhhegn ofaraA ttﬂlblkihe%ﬁ‘?déﬂ%&ioﬁ ha tﬁhw w@ﬂtm

elac the Exanples and Conparative Exanpl es was
ac 0
(i notie Grinifieh dtbifical ActBcRRn WEE;?E‘?'S okiest ot
rval f '
wafﬁéﬁ ﬁy%ﬁgﬁtw&é@ e G "F‘%? A pm
aver e .fdi th| ckn
agﬂ&s cﬁapp%?%s ot i BrECH LGRS Wl
Fi i,ckness (2 t.h | m t ect
g el sér#fgaaﬁ TR aoet PR ortfoRiat e Water
t.hi.ckness is neasured d bi |
anl {1g FRRERR IS Meamiras) b 4 PRIREY &?%%@ b%é%‘vzés by
r eproduci b| lity. X. Detection accuracy is insufficient
using pnpinferforance; film, Fhmlyneﬁmwwwpwgﬂ he
scatter of thickness of the t-transmtting
(mpagfactursl by Qgsakak@m%wS(&m Jitdd« an l;g/average
Mtutoyo), the 46 F-P05023TR(SG thickness of the
wagrinlicated iag-the ayesage tfilm thigknessdd).meTbene theat
5-mmintervals along a central line in the
light+tyansdiittingireginn of theTholishifgpatd én leacke of thiee
maxi mum and m ni num of
Examples and Comparative Examples was placed on a wafer so as

to be positioned on the above line, and the film thickness was
measured at 3-mm intervals by the interface film thickness
measuring instrument, and the average was indicated as the
average film thickness (2). Then, the average film thickness (1)
was compared with the average film thickness (2), and the film
thickness detection was evaluated under the following criteria:
O: Film thickness is measured with good reproducibility.
A: Film thickness is measured with relatively good
reproducibility.
X: Detection accuracy is insufficient with poor
reproducibility.
(Method of measuring the scatter of thickness of the
light-transmitting region)

Using a micrometer (manufactured by Mitutoyo), the
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measurenents was indicated as scatter. 5 (Evaluation

of polishing characteristics) The prepared polishing

pad was used to evaluate polishing characterp®sd£sr®ysc)

usi ng a polishing apparatus SPP600S (nmanufactured by

Okanot o Machi ne Tool Works, Ltd.). An about 1 m

thermal -oxide filmdeposited on an 8-inch silicone

waf er was 10 polished by about 0.5 gm and polishing
thiGRARHT 8 bR R, SpRpliR xdftch il Sitdiarea

_ _ _ mwas ~ neasured by using
at b afte 0l Poklg Tolal Bare IRARY idipiehithit Biotion.
<keShin Si,lic r . Cabot)
The ihgkAte Hetnsdh Fhy mintigim JRYWIRMAGRSY, 00
| oadi n%n\é%s 35Q %cn@ t he nber of revol utions of
meaguremunts; Was JpNed %§sﬁa&‘gﬁf' and the nunber of
revol ytions of, the fer was, 30 rpm For eval uati on of
(Eyalpation, PEﬁSi‘é’ég\gﬁ?%"Gg,"é“ﬁﬁ)S m thernal - oxi de
fil mwas deposited,qn an 8-inch siljcone fer and_ .20
subjTde pgepared zsé}mgqsadpﬂafmdng? cyalupfe polishine
oxide filmof p-TECS was deposited thereon, to prepare
charagteristios by Jisinga palishing apparatns SBPGAGS ¢ ence
in level of 0.5 gm This wafer was polished under the
(mamafastuzedrby Qkamwotpt MachingRoet Works;ditd hi njn abewt
difference in | evel was neasured to evaluate 25
1 pm thernzlroxideafilm depositesd ofican (8-imchisilicgne wafer was
characteristics, two 47 F-P05023TR(SG differences
polishéd byl about 0iBaam;, ahd Podistiihperatecwasscalcutatedd from
difference in level, which is a difference in level in
thedtipsé ofrthispoliskying.neFhef thicknessrof\thié loxidd filmcwas
of 30 m arranged
measured by using an interference film thickness measuring

instrument (manufactured by Otsuka Electronics Co.,Ltd). During
polishing, silica slurry (SS12 manufactured by Cabot) was added at
a flow rate of 150 ml/min. Polishing loading was 350 g/cm?, the
number of revolutions of the polishing platen was 35 rpm, and the
number of revolutions of the wafer was 30 rpm

For evaluation of planarizing characteristics, a 0.5 ym
thermal-oxide film was deposited on an 8-inch silicone wafer and
subjected to predetermined patterning, and then a 1 um oxide film
of p-TEOS was deposited thereon, to prepare a wafer having a
pattern with an initial difference in level of 0.5 um. This wafer
was polished under the above-described conditions, and after
polishing, each difference in level was measured to evaluate

planarizing characteristics. For planarizing characteristics, two

47



10

15

20

25

alternately, and this difference in |level after 1

m nute was 5 neasured. The other difference is an
abrasion loss, and in two patterns, that igp@®023TR(SG)
pattern having lines of 270 min width and spaces of

30 marranged alternately and a pattern having |lines

of 30 pmin width and spaces of 270 m arranged
alternately, the abrasion |oss of 270 m spaces was

diﬂ?ﬁéﬁ#&g ‘in"fﬁ%h%edh{éfsﬁﬁ@ﬁe IOnkNdiffereindd id R9okap of

Ine in the two patterns became 2000 A or less. A

dlﬂiﬁ?*léﬁé? 18 Rirel GHIFR R dinttdice i IV piffadord
| ener
na e R0 5% 6 R RaR  HERER 0 40 i oo
i ndi.cat i f .hi I it ith | . [
alt‘i{Pa:ggflf’: e g e RO heveban iR W "
ni ' l.eul ated f, t . . Of
meqErad-n; Thecether afffefencs I5 53 pRFaniOrn p4en At 1 wo
L i_n-pl i f ity is,indicati f, hi
patioRID A i DARer Baving Jineof 418 4H iavidhand
(maxi mum filmthickness - minimumfilm . .
spacgs @fn3Q4in anrrnged aitesnatelkandsa patternhaving lines of
t hi ckness) <First Invention> 25 [Preparation of
30 jmy i widthsandtspacesgf 270 nns arrznged mitenwtely, the
Production Exanple 1 125 parts by wei ght of polyester
abrasionlogs\ofi2N0 pne spgceswassneasured ywhenshe difference

consi sting of adipic acid and hexane diol were m xed
in leweho¥ theatdps of\thecliglet imthé tiwd patterns becannel 2000 A

or less. A lower local difference in level is indicative of a higher
speed of flattening unevenness of the oxide film generated
depending on wafer pattern at a certain point in time. A lower
abrasion of spaces is indicative of higher planarity with less
abrasion of portions desired to be not shaved.

The in-plane uniformity was calculated from the
measurement of film thickness at arbitrary 25 points on the wafer.
Lower in-plane uniformity is indicative of higher uniformity of
wafer surface.

In-plane uniformity (%) = (maximum film thickness -
minimum film thickness)/(maximum film thickness + minimum

film thickness)

<First Invention>

[Preparation of light-transmitting region]
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5 tenperature of the m xture was regul ated at 70C. To
this mxture were added 100 parts by wei ght of

4, 4' -di phenyl met hane diisocyanate previ oustp05023TR(SG)
regul ated at a tenperature of 70C, and the m xture

was stirred for about 1 m nute. The m xture was

poured into a container kept at 100C and post-cured at
100C for 10 8 hours to prepare polyurethane resin. The

Pro&h%’ﬁf’&ﬁ‘i!:x n_:p‘lé”let hane resin was used to prepare a
'Tght-transmi'tting region (length 57nm width 19 mMm

Uhi gsaeaards 8§ovpa§%ﬁ>tyor gﬂggfsua} ?Hﬁ,t | (bt dveiage

transm ance ansm tti ng

moliigjiP ﬁ%h*?—ﬁ%{hﬁi%ﬁ%ﬁﬂ?%gﬁf RSl B R i
werg_igfd i ol npeat@:“ég aééwiﬂ“% bty B3 e e
1
temRALRTe A A PAREES VB BB Ao BE (o 0 HiE® "
mixke HeraAddnd 10° 'stasé by e *E%%@%?éhéﬁ%lﬁ%ﬁane
parts by weight. The lig transmttance of  th
duspnca'p\a»aés PIQ}HP“FI!& rtsmlmewb at @gtmp&ﬁat%% of 570G cand
chan t hereof are shown in Table 1.
gmwaslrmi feraboyt mipute.3 ’Rhe mixture was
Ilght transmtting region (length 57 mqm w dth 19 mm

pourkdcintess comainey kept at 400°6oand port-cured atnh@p°@for
in 5 Production Exanple 1 except that 114 parts by

8 hoarglto pifeparel polturetbame resing| yEve prepaged- aver age

nol ecul ar wei ght 890)
polyurethane resin was used to prepare a light-transmitting region
(length 57 mm, width 19 mm, thickness 1.25 mm) by injection
molding. The light transmittance of the prepared

light-transmitting region and the rate of change thereof are shown

in Table 1.

Production Example 2

A light-transmitting region (length 57 mm, width 19 mm,
thickness 1.25 mm) was prepared in the same manner as in
Production Example 1 except that 77 parts by weight of polyester
polyol (number-average molecular weight 1920) consisting of
adipic acid and hexane diol was used, and the amount of
1,4-butane diol was changed to 32 parts by weight. The light
transmittance of the prepared light-transmitting region and the

rate of change thereof are shown in Table 1.
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was used as the polyol, and the anount of 1, 4-butane
diol was <changed to 24 parts by weight. The |ight
transmttance of the prepared |ight-transigggi®aTr (sG)
region and the rate of change thereof 10 are shown in
Table 1. Production Exanple 4 100 parts by wei ght of

an i socyanate-termnated prepolyner (L-325, NCO
content of 9.15 wt% nmanufactured by 15 Uniroyal
Chemical) regulated at a tenperature of 70C were
measured out in a vacuum tank, and gas remaining in

el BRI 93, ST, TOE U S
YRRl DB b 10
. . 1 q. .

enipe A ) BB o MR RSB B BET

Manuf act ur ed by KEYE r ation). Then, .t
Profiigtipn S BRFRPE Ehatol i BATER S WRIRLG Tho, o
hours in _an oven at ,110C to prepare a .
polyteframethyione elicaldumberararaes mslecylar aight §90)
mm thickness 1.25 my). The light transmttange, 50
wasrused @sstire polyobi anddhe ameunt of ghi-butane diol was
region and the rate of change _thereof are shown in
changed:ta 24 parts:byiweight. pbhedight transmittance pfthe
by wei ght of a filtered pol yether-based 5 prepol yner
prepared light-traapemititagregiontand theorate-gf ghange thereof
manuf actured by Uniroyal Chem cal) and 3 parts by
are \shoyinh inf Tabld il t ered silicone-based nonionic
surfactant (SH192 manufact ured

-B
*

Production Example 4

100 parts by weight of an isocyanate-terminated
prepolymer (L-325, NCO content of 9.15 wt%, manufactured by
Uniroyal Chemical) regulated at a temperature of 70°C were
measured out in a vacuum tank, and gas remaining in the
prepolymer was removed under reduced pressure (about 10 Torr).
26 parts by weight of 4,4’-methylene bis(o-chloroaniline)
previously melted at 120°C (IHARA CUAMINE MT manufactured by
Ihara Chemical Industry Co.,Ltd.) were added to the above
degassed prepolymer which was then mixed under stirring in a
hybrid mixer (Manufactured by KEYENCE Corporation). Then, the
mixture was poured into a mold and post-cured for 8 hours in an
oven at 110°C to prepare a light-transmitting region (length 57

mm, width 19 mm, thickness 1.25 mm). The light transmittance
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by Toray Dow Corning Silicone Co., Ltd.) were
introduced into a reaction container coated with
fluorine, and the tenperature was 10 regul ateshzad2 BG sSG)
The m xture was stirred vigorously for about 4
m nutes at a revol ution nunber of 900 rpm by a
fluorine-coated stirring blade to incorporate bubbles
into the reaction system 26 parts by weight of
of tHe ?éggréld ﬁqﬂ@i%ﬁﬁﬂt’ih?(%&ncﬁﬁfth@ fifte of change
previotsly nelted at 120C CUAM NE MT
thqugflfaqggéﬁd&gﬁqh +ab ié?qr a Chemical Industry Co.,Ltd.)

were a ereto. Thereafter, the reaction solution

[Piégfar:htt'iéﬁ%i' élis i”ﬂutre%e%glmute and poured into a

ype op th fluorine. Wen the

I Lg'c‘t‘ﬂ‘%ﬁaggﬁ Y, S ERE oA AT RO e Bated "2
Preg&iéﬁ’%‘g‘[ B Fééloﬁ 4%%1&%3{9%'%%1: °‘b% %Fﬁ?ﬂéﬁe resin
mapRgherarad, bYpjroval GBkmica 58 5 x%-s%iw' %ﬁiskt ofd i

foam sheet. Then, this sheet . was surf

filtgred silicanscipsed mey?wuafmtn@ i‘ég fgcttured
manuf actured by Amtec) to give a sheet having

by Tegay Rew Carning Siligong: gey %%«Mare%mtm@gce@%o a
nmm. This 51 F-P05023TR(SG buffed sheet was cut

reachion gondaines hosted vitipfluoginecand the-temperature was
(61 cm and provided with grooves in the form of

regudateahat i80°€.r cThe minture wagy stiveedivigorarisly. 26 about 4
groove pitch of 1.50 mm and a groove depth of 0.40 mm

migytesata revolwtion imgmberhoHHOO0xpmf by tai flabrige-coated
TohoKoki Co., Ltd.). A double-coated tape (Double

stlr'Em‘g blade torhieonssrate biubbleskinto thépeaction Spstem. 26
d.) was stuck by a |lam nator on the other side

parts by weight of filtered 4,4’-methylene bis(o-chloroaniline)

previously melted at 120°C (IHARA CUAMINE MT manufactured by
Thara Chemical Industry Co.,Ltd.) were added thereto. Thereafter,
the reaction solution was stirred for about 1 minute and poured
into a pan-type open mold coated with fluorine. When the
fluidity of this reaction solution was lost, the reaction solution
was introduced into an oven and post-cured at 110°C for 6 hours
to give a polyurethane resin foam block. This polyurethane resin
foam block was sliced by a bandsaw-type slicer (manufactured by
Fecken) to give a polyurethane resin foam sheet. Then, this sheet
was surface-buffed to predetermined thickness by a buffing
machine (manufactured by Amitec) to give a sheet having

regulated thickness accuracy (sheet thickness, 1.27 mm). This

51




10

15

20

25

than the grooved surface of this sheet, and
thereafter, a hole (thickness 1.27 mm 57.5 mmx19.5

mm) for inserting a 10 light-transmtting regres02 MR (sc)
a predeterm ned position of the grooved sheet was
punched out, to prepare a polishing region provided

Wi th the doubl e-coated tape. Physical properties of

the prepared polishing region were as foll ows:

buﬁ&& rsaﬁ,%tcﬁhh AUiRich rouiid ShetRaving ﬁrﬁl‘é‘de‘terﬁu&‘éd
g/ cnB; Asker D hardness, 53; 15 conpressibility, 1.0%

dla‘fﬂé‘ﬁlﬁe@ % fﬁpﬁvﬁfdﬁnd@a ®ith %?9?% erﬁgﬁie Fof bF

Preparatio pol i sh |ng pad]

llp:‘o% yetlﬁﬁ%ene f'oam !g rkcfj dé H-Hﬁ@? hi c?ness of’ ggoove
pité'ﬁ”é*f ?‘é‘zﬁﬁﬁh%%ﬁz’g B HpbEhFT O rhm B it
grogy églgﬁétcﬁ’ﬁg.«ﬁ%@ufa@sﬁ@v?ﬁvﬁa&{%@%’ Ltd). A
h th I, Shi A
oot e R A it o Fopbchiba 2 B
52 F- PO5023TR(.SG f f
ChapirahGoer Lfovbs SPSK PayblamiBaton Ao athen e
size of 51 mx13 mmin the unched hol e of the
thagthe gregvesysarface-of this sﬁﬁgtsaandgi}herteﬁ&mm% bplg,
region, to penetrate the hole. Thereafter, the

(thiclgmss 1:2%mm; 57.5 mmyl 9.5 mayfosdnsertingact i on

Exanple 1 was inserted into the hole to prepare a

lightotransmitting. regionpinto a giredespentined position ofithe

prepared polishing pad are shown in Table 1. Exanple 2
grooved sheet was punched out, to prepare a polishing region
provided with the double-coated tape. Physical properties of the
prepared polishing region were as follows: average cell diameter,
45 pm; specifié gravity, 0.86 g/cm3; Asker D hardness, 53°;

compressibility, 1.0%; compression recovery, 65.0%; and storage

elastic modulus, 275 MPa.

[Preparation of polishing pad]
Example 1
A cushion layer consisting of polyethylene foam (Toray Peff,
thickness of 0.8 mm, manufactured by Toray Industries, Inc.)
having a surface brushed with a buff and subjected to corona
treatment was stuck by a laminator on the pressure-sensitive
adhesive surface of a double-coated tape provided with the

polishing region. Further, the double-coated tape was stuck on

52



10

15

20

25

10 A polishing pad was prepared in the same manner as

in Exanple 1 except that the light-transmtting

region prepared in Production Exanple 2 was ppafh3THIEG)
physical properties etc. of the prepared polishing

pad are shown in Table 1. 15 Exanple 3 A polishing pad
was prepared in the same manner as in Exanple 1

except that the light-transmtting region prepared in

P
the g‘ﬁ(iuei? mhe mmoﬁdwgﬁlrluzq%erw?twﬂecehsamq%g?:

prepare hing pad are shown in

waslpugl%heg?m ?kit‘ﬁea Ri2dRls 1 rﬁn%?issﬂ 9nPéife Pathe

pfepar € sanme manner "as _xarr& e 1 excep‘%d
hdé“"’é&ﬂi? Botistilid fEHRR, for ﬁ%éﬁ“\% R
reglsh t6 penietrafs R Bolg, el S**ee%fidé"éﬁt ﬁr'm%m‘ﬁ#

regggpopgml\)lgr%\’@) 1gl\bnyuctlon Exam;()qe i) was m)éertel\tli into tﬂe

hole to prepare a polishing pad. The physical properties etc. of

the prepared polishing pad are shown in Table 1.

Example 2

A polishing pad was prepared in the same manner as in
Example 1 except that the light-transmitting region prepared in
Production Example 2 was used. The physical properties etc. of

the prepared polishing pad are shown in Table 1.

Example 3

A polishing pad was prepared in the same manner as in
Example 1 except that the light-transmitting region prepared in
Production Example 3 was used. The physical properties etc. of

the prepared polishing pad are shown in Table 1.

Comparative Example 1

A polishing pad was prepared in the same manner as in
Example 1 except that the light-transmitting region prepared in
Production Example 4 was used. The physical properties etc. of

the prepared polishing pad are shown in Table 1.
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of the light-transmtting region in wavel engths of 400
to 700 nm is 50%or nore (Exanples 1 to 3), the

endpoi nt of a wafer can be detected with go@)5023TR(SG)
reproduci bility wi thout influencing polishing 5
characteristics. <Second Invention> [Preparation of
light-transmtting region] Production Exanple 5 10

150 parts by wei ght of an isocyanate-term nated

Pr e peb¥iarale- Bt cABeCs6é R that! whehSthé Yransmittance
manuf act ur ed by Uni royal Chem cal) regul ated at a

of t?x%ngﬁi{t‘t hsalitf fon ?ﬁ%&i’r@ﬁﬂ&t‘hé 6f 200°€6' 00 nm

gas re In the prepolyner was renoved

o 504 f%f%*%?ﬁﬁ%ﬁé%??&%@%%& of ghroreis b
o B S P4 S P ey

were added to the above degassed prepol ymer which was
chagﬁgﬁegp ¥Sed at a revol uti og nunbgr gf )éOO rpmfor 3
mnutes with a rotating m xer 20 (manufactured by
Thi nky) . 'gh;en the m xture was poured into a nold and
post-cure or 8 hours in an oven at 110C to prepare a
<Semgm Invention> i ng regi on menber. Then, a Prep
ght-transmittin ion (length 57 mMmm w dth 19
[Prqmr@ltmy 1hglat-rtﬁ3nm ting g‘%’P%ﬂr om t he ™
| ight-transmtting region menber. Wen observed 25
Production Bxampde 5 t here were no bubbles in the
light-transmtting 55 F-PO5023TR(SG region. The
t r alS@ pastxbyoveight of epaisacyangte-texminated ng
region is shown in Table 2.
prepolymer (L-325, NCO content of 9.15 wt%, manufactured by

Uniroyal Chemical) regulated at a temperature of 70°C were
measured out in a vacuum tank, and gas remaining in the
prepolymer was removed under reduced pressure (about 10 Torr).
39 parts by weight of 4,4’-methylene bis(o-chloroaniline)
previously melted at 120°C (IHARA CUAMINE MT manufactured by
Ihara Chemical Industry Co., Ltd.) were added to the above
degassed prepolymer which was then stirred at a revolution
number of 800 rpm for 3 minutes with a rotating mixer
(manufactured by Thinky). Then, the mixture was poured into a
mold and post-cured for 8 hours in an oven at 110°C to prepare a
light-transmitting region member. Then, a light-transmitting
region (length 57 mm, width 19 mm, thickness 1.25 mm) was cut
off from the light-transmitting region member. When observed

with naked eyes, there were no bubbles in the light-transmitting
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Production Exanple 6 5 1000 parts by wei ght of toluene

di i socyanate (m xture of

2,4-diisocyanate/ 2,6-diisocyanate in a rati

80/20), 168 parts by weight of 4,4'-dicycl%ﬁﬁgaRZBTR(SG)
met hane dii socyanate, 1678 parts by weight of

pol yt et ranet hyl ene gl ycol (nunber-average nol ecul ar

wei ght: 1012) and 150 parts by wei ght of 1, 4-butane

ol . .
regﬂhg.er ’i‘g{e?tr%%h@n%@dohﬁﬂé ?re%tal%aq1 At-tiadsite

prepare an isocyanate-term nate

I%[qu equi valent: 2.20 neqg/g). 100
regﬁgxﬁig \Aellhhi?gﬁf‘{] his prepol ymer were measured out

in a vacuumtank and gas remaining in the prepolyner
was renoved under reduced pressure (about 10 Torr). 15

art t of the above 4, 4'-nethyl ene
Pmél:s:% ?ﬁ;@'&\gﬁF ne) previ ously rrelted at 120C were
added to th bove s_th
ot Be weishb Rt ramehefilsddangts fHutgire 8"
m nut es vvlth a rotating mxer rranufa t
2,4diispgyanate/2,6-disoeyanate ina 134ie of #ﬁf@og 198 parta
post-cured for S 20 hours in an oven at 110C to
by weeght of . glicyclohexyl methang dilsocyanate, HoEh pagts
light-transmtting region (length 57 mnrm width 19 nm
by weightef pdlytetramethylene gly¢ol (mamher-average molecular
light-transmitting regi on nenber. When observed with

weighite 10 k2)cand 150 pants bynwelighblofsl jdrbubane diol were
light-transmtting region. The 25 transmttance of the

mixed® padcHehted tatt 807G for t15Q mbputes understirring to

F- PO5023TR(SG in Table 2. Production Exanple 7 120
prepaké abisoeydidtetepnlinatéd prepolymdm(isbeyanute age
equivalent: 2.20 meq/g). 100 parts by weight of this prepolymer
were measured out in a vacuum tank, and gas remaining in the
prepolymer was removed under reduced pressure (about 10 Torr).
29 parts by weight of the above 4,4’-methylene bis(o-chloroaniline)
previously melted at 120°C were added to the above degassed
prepolymer which was then stirred at a revolution number of 800
rpm for 3 minutes with a rotating mixer (manufactured by Thinky).
Then, the mixture was poured into a mold and post-cured for 8
hours in an oven at 110°C to prepare a light-transmitting region
member. Then, a light-transmitting region (length 57 mm, width
19 mm, thickness 1.25 nim) was cut off from the
light-transmitting region member. When observed with naked

eyes, there were no bubbles in the light-transmitting region. The

transmittance of the prepared light-transmitting region is shown
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5 nol ecul ar wei ght 2440) consisting of adipic acid and
hexane diol were mxed with 30 parts by wei ght of
1,4-butane diol, and the tenperature of the gisiiseR (sg)
was regulated at 70C. To this mxture were added 100
parts by wei ght of 4,4'-diphenyl nethane diisocyanate
previously regulated at a tenperature of 70C, and 10

the resulting m xture was stirred at a revol ution

in‘ﬁgﬁe?.of 500 rpmfor 1 minute with a hybrid m xer
manut act ured by KEYENCE Corporation). Then, the

m xture was poured into a container kept at 100C and
then post-cured at 100C for 8 hours to prepare

| yur et resyn. The prepared pol yurethane resin

Pro%ﬂgéﬁf%&ﬁg; epare a light-transmtting region

e by [npectio l.di ng. , Then

T oEiq Phstbs vREERERE BeIPEeter RolSLpumbseraerags

hi ckness, 1.2 was ,cut off fromthe .

mﬁ#%@w&'&ﬁ %ﬂ% cangisting,efadipicpcid and hexgng; diel

naked eyes, bubbles were slightly contained in th
were with3Q pasts byi weightef tlp&rk!ml%«’aﬁ'éel»cﬁné shene

prepared light-transmtting region is shown in Table
temperdtarepef the snixtuseowastregnlated at) 79%0. pZot thisy

wei ght of a filtered pol %;et her - based r epol yner
mixtathepwene addiab 100Cpartsmbyrweighttof#, phenyl methane

manuf act ured by Uniroyal Chemical) and 3 parts by
diissoyshiate’ previouslytregalated atente hpemtnoeiaf70°C, and

surfactant (SH192 manufactured 57 F-P0O5023TR(SG by

theTrysultigynibataire ovés Istireed dipa, reviolulior nmmbee ofi 500
reaction container coated with fluorine, and the

rpoh SRS Alififte 'REth OHYbBiRI miderqdtanulfectired by REYENCE
stirred vigorously for about 4 mnutes at a

Coxgﬂti?frﬁlrtiﬂinl’spn THERE thefmRbureMasypoutéddhtoa eontaiher kept
at 100°C and then post-cured at 100°C for 8 hours to prepare
polyurethane resin. The prepared polyurethane resin was used to
prepare a light-transmitting region member by injection molding.
Then, a light-transmitting region (length 57 mm, width 19 mm,
thickness 1.25 mm) was cut off from the light-transmitting region
member. When observed with naked eyes, bubbles were slightly
contained in the light-transmitting region. The transmittance of
the prepared light-transmitting region is shown in Table 2.

[Preparation of polishing region]

100 parts by weight of a filtered polyether-based

prepolymer (Adiprene L-325, NCO content of 2.22 meq/g,
manufactured by Uniroyal Chemical) and 3 parts by weight of a

filtered silicone-based nonionic surfactant (SH192 manufactured
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5 bl ade to incorporate bubbles into the reaction
system 26 parts by weight of filtered 4, 4" -nethyl ene

bi s(o-chloroaniline) previously nelted at A286%4JHARsc)
CUAM NE MI manuf actured by I hara Chem cal |ndustry

Co., Ltd.) were added thereto. Thereafter, the
reaction solution was stirred for about 1 m nute and
poured into a 10 pan-type open nold coated with

by ygga?i Péw CBeRind Sificond f%.,of.td.t) Rbérd afslddin 30teddteon

ost, the reaction solution was 1ntroduced into
. - t t ]
coftRiflF LRREPRTH FGHg; pblf the tentpdlitire fasTeffidted
b k [ ' .
at $0%0 7 THe ifftple FiEL ot 80 AR0IBYSIY BSr BbOGE4 minutes
i Ny f heet . T t hi h Z d
at § SExPInARE, Arnthes AF Sbo rhE b3 8 HinoyiRs-SoMF RiltHAE
fact d,b ' A i heet [
biafEYR LA b eyt HaB Rl hafBHL %6 o
by Wgieht of Bhteded 44 oathyicns bislerchisraaniiias) previously
rovided with grooves in the formof concentric
meltedat 42006 HHARY CUAMINE: MT)manufactyred by Jhasa
pitch of 1.50 nmand a groove dEPth of 0.40 nn1%¥ a
Chemdcal lgduationCee, Ltd/)oxere added thereto. A Thereafter, the
doubl e-coated tape (Double Tack Tape, manufactured by
reaGtiamn solution was stirred for about kminute/and2poured into a

| am nator on the other side than the grooved surface

pamtypbicpaiamodld coatedROI Atisrite. Widen thecfliidity af
hol e (thickness 1.27 nm 57.5 mmxl 9.5 nmm for

this reactioigselutioht whsdest the reactipmsolutionowas
predeterm ned position of the grooved sheet was

intw éﬁgg hab:f gvlg(&);gtnggegaésmeh&éaia{tg1 109CTori6 Houiscto
- pe. Physical properties
give a polyurethane resin foam block. This polyurethane resin
foam block was sliced by a handsaw-type slicer (manufactured by
Fecken) to give a polyurethane resin foam sheet. Then, this sheet
was surface-buffed to predetermined thickness by a buffing
machine (manufactured by Amitec) to give a sheet having
regulated thickness accuracy (sheet thickness, 1.27 mm). This
buffed sheet was cut into a round sheet having a predetermined
diameter (61 cm) and provided with grooves in the form of
concentric circles having a groove width of 0.25 mm, a groove
pitch of 1.50 mm and a groove depth of 0.40 mm by a grooving
machine (TohoKoki Co., Ltd.). A double-coated tape (Double Tack

Tape, manufactured by Sekisui Chemical Co., Ltd.) was stuck by a

laminator on the other side than the grooved surface of this sheet,
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5 of the prepared region were as follows: average cell
di aneter, 45 m specific gravity, 0.86 g/cnB; Asker D
hardness, 53; conpressibility, 1.0% conpresi@h23TR (SG)
recovery, 65.0% and storage elastic nodulus, 275
MPa. 10 [Preparation of polishing pad] Exanple 4 A
cushi on | ayer consisting of polyethylene foam (Toray
Pef, thickness of 0.8 mm manufactured by Toray
U £ 25, o | ) j r e bt
and PRUFLAEE, o e (ChlEkhG0 1. 27 Sy ST SARTLAIOLY rim) for

Fan jecte was~ st uc
s 108 45008 0504 oo 4EH G posiion
or G GEOUF R S e Yo B, 8 B 9 iR
b5 55501880 15 4R bk 5B RESAIGH e

olishin egipn for inseriing a light-trangspittin
of the;prepated Featn sare a1 IobpBe: Tipetaeecrell dlametet, 45
light-transm ttin region prepared in Production
pmrspegific gragity, r%glﬁt ghemst Asker Dobardpess, 335 e a
pol i shing pad. The physical properties etc. of the
compressibilitn 1 0% gopnression regoveryr H7-0%; and stprage
F- 205023TR(SG Exanple 5 A polishing pad was prepared
elastictthodsdus, 2{5nMPais in Exanpl e 4 except that the
light-transmitting region prepared in Production
Exanpl e 6 was used. The physical properties etc. of 5
the prepared polishing pad are shown in Table 2.
[Preparation of polishing pad]

Example 4

A cushion layer consisting of polyethylene foam (Toray Pef,
thickness of 0.8 mm, manufactured by Toray Industries, Inc.)
having a surface brushed with a buff and subjected to corona
treatment was stuck by a laminator on the pressure-sensitive
adhesive surface of the double-coated tape provided with the
polishing region. Further, the double-coated tape was stuck on
the surface of the cushion layer. Thereafter, the cushion layer
was punched out with a size of 51 mmx13 mm in the punched

hole of the polishing region for inserting a light-transmitting

region, to penetrate the hole. Thereafter, the light-transmitting

region prepared in Production Example 5 was inserted into the
hole to prepare a polishing pad. The physical properties etc. of

the prepared polishing pad are shown in Table 2.
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Conpar ative Exanple 2 A polishing pad was prepared in
the sane manner as in Exanple 4 except that the

light-transmtting region prepared in 10 Rrosiiid Ok (sG)
Exanpl e 7 was used. The physical properties etc. of

the prepared polishing pad are shown in Table 2. 60 w

o ) 00 XOLOI 41 aAwordNMN Va. V) OO
V-4 C4 % bOgNOO NNNO aldac't a ~MJUN

Exddiplé 55 G ti 41

A polishing pad was prepared in the same manner as in
Example 4 except that the light-transmitting region prepared in
Production Example 6 was used. The physical properties etc. of

the prepared polishing pad are shown in Table 2.

Comparative Example 2

A polishing pad was prepared in the same manner as in
Example 4 except that the light-transmitting region prepared in
Production Example 7 was used. The physical properties etc. of

the prepared polishing pad are shown in Table 2.
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F-P05023TR (SG)

9a It _ -1 Q id aNOE 1t Np..:+W SEN WM
Na O UF-P05023TR(SG From Table 2, it can be seen
that when the light transmttance of the
light-transmitting region in wavel engths of 600 to
700 nmis 80%or nore (Exanples 4 and 5), the endpoi nt
of—a—wafer—can—bg detected with good reproducibility
wi|t fput 5 |i nfljuendi ng polishing characteristics.
<Thig d @nvent ijon> [Preparation of light-transmtting
regi®m & Pradyctign Exanple 8 10 50 parts by wei ght of
ar I‘;}s% n&t|é-t & i nat ed prepol ymer (L-325, NCO
ccntﬁen =fl 9. 15 wt|% nmanufactured by Uniroyal
regyl ated at a tenperature of 70C were
asured Qut| |in d8 vacuumtank, and gas remamining in
e prepoliynmer, wag renoved under reduced pressure
lboutg 10 (Tarr)). 13 parts by 15 wei ght of

thybsae & 9(o-chloroaniline) previously nelted
«1 Q‘ BERARCUAM NE M manuf act ured by | hara

N

el @I |N|®

Q&P’m‘lﬂ Q

level (A)
5
0
60

Local

difference in abr

Polishing
rate (A/min)
2250
2200
2300

2 |8 a0
a &8 <l
8 &

;

- A vl | Dl =t
42D dledlei| 18
8 <o (oo N
e~
4
g |8 (o 1
W |8 e &
- (O [OVG I

Example 4
Example 5
Comparative Example
2

Table 2
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I ndustry Co., Ltd.) were added to the above degassed
prepol ynmer which was then stirred for 1 mnute with a
hybrid m xer (manufactured by KEYENCE Cor pergds @3TR (SG)
to degas the m xture. 20 Then, the m xture was poured
into a nold and post-cured in an oven at 110C for 8
hours to prepare a rectangular light-transmtting
region (length 57 nm width 19 nm thickness 1.25

M) Froif ThBle®s SRCeahhé s8bh¢h4¥ whth thedkgiees of the
light-transmtting region was 107 m 25 62

T et Bt s M gl i wemelengthe of
60d'88°7603m {& Epi@/g b e%%gsr gfgi&@ﬁt%gﬁ% ¢H8point of

Shape 0 rans

rectan ary \W f e 5. i f 19
a wifed SRnd elerled withlidof reptodiRintuty bt 1),
. light-transmtti.ng regi.on, (length 57 mm wdth 19 mm
‘nf@?&‘%ﬂ&?ﬂg§§1&gf§“ﬁ:ﬁf?€ﬂ§t'ﬁéﬂepared in the same manner
as in 10 Production Exanple S. Then, the
light-transmtting region was buffed with 240-size
sandpaper. The difference in scatter of the thickness
<ThjrdiInventdan>; r ansnitting regi on, when neasured
thereafter, was 45 m 15 Production Exanple 11 A
[Prepagationofslightitsansmitting region] 57 nm width 19 mm
and thickness 1.25 m) was prepared in the sane manner
Production [Example & Exanpl e 8. Then, the
light-transmtting regi on was
50 parts by weight of an isocyanate-terminated prepolymer

(L-325, NCO content of 9.15 wt%, manufactured by Uniroyal
Chemical) regulated at a temperature of 70°C were measured out
in a vacuum tank, and gas remaining in the prepolymer was
removed under reduced pressure (about 10 Torr). 13 parts by
weight of 4,4’-methylene bis(o-chloroaniline) previously melted at
120°C (IHARA CUAMINE MT manufactured by Ihara Chemical
Industry Co., Ltd.) were added to the above degassed prepolymer
which was then stirred for 1 minute with a hybrid mixer
(manufactured by KEYENCE Corporation), to degas the mixture.
Then, the mixture was poured into a mold and post-cured in an
oven at 110°C for 8 hours to prepare a rectangular
light-transmitting region (length 57 mm, width 19 mm, thickness
1.25 mm). The difference in scatter of the thickness of the

light-transmitting region was 107 um.
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buffed with 240-size sandpaper and further buffed wth
800-si ze 20 sandpaper in an anal ogous manner. The

difference in scatter of the thickness of gl®5023TR (SG)

light-transmtting region, when neasured thereafter,
was 28 m Production Exanple 12 25 A
l[ight-transmtting region was prepared in the sane 63
F- PO5023TR(SG manner as in Production Exanple 8

Protuetidn [Exdmiple ¢hape of the [light-transnitting
region was circular with a diameter of 30 nm

Produgy gh@&ﬁh@ﬁ’ﬁt@:ﬂé région wHY prépared ihi the s8N

vvas prépared in the Sane nanner as in Production

mafh Efﬂseufs ProfaRtidN Exdr l§ @@ﬁc@? 'Hat the shﬁpg of the

transmitting reg IO was rec ar wt

st e Sl %“g%%?ﬁﬁguf@r T hih Yot
o w3 R A S e,

manuf act ured by Uni royal Chem cal) and 30 parts by
weight of a filtered silicone-based nonionic
urfactapt (SH192 manufactured by Toray Dow Corni ng
Pr°§PF|t!:% ’@ds‘ 'l_lit]é’) were mixed in a reaction 15
contajner coated with fluorine, and the tenperature
vnasAr Hght-fransmittingregiqn lengthcS57mmy width 19 mm
vi gorously for about 4 mnutes at_a revolution number
andothizdmessnl (36 smm)uwas mreparedoin thesamge waanen as in
i ncorporate bubbles into the reaction system 260
Production BxampigB8.ofThen; shedight-trapsmitting region was
bi s(o-chl oroaniline) previously 20 nelted at 120C
buffed-Wwith Q404skize saindpaperct (Phe differeace in scatter of the

thickness of the light-transmitting region, when measured

thereafter, was 45 pm.

Production Example 11

A light-transmitting region (length 57 mm, width 19 mm
and thickness 1.25 mm) was prepared in the same manner as in
Production Example 8. Then, the light-transmitting region was
buffed with 240-size sandpaper and further buffed with 800-size
sandpaper in an analogous manner. The difference in scatter of
the thickness of the light-transmitting region, when measured

thereafter, was 28 um.

Production Example 12

A light-transmitting region was prepared in the same
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Chem cal Industry Co., Ltd.) were added thereto.
Thereafter, the reaction solution was stirred for

about 1 minute and poured into a pan-type PRItk (SG)
coated with fluorine. Wien the fluidity of this

reaction solution was |ost, the reaction solution was
25 introduced into an oven and post-cured at 110C for
6 hours to 64 F-PO5023TR(SG give a polyurethane

mahfiek rasf P Prolackion Bxaply 8 ekbepe thatithe §RapebOtke
was sliced by a handsawtype slicer (manufactured by

lighteGaHmittink e gloR s/ cidifae with & diadmeedicst 30ThaR.

this sheet s surface-buffed to predeterm ned
t hi ckness by a buffing 5 machi ne (nmanufactured by
Amitec) to give a sheet having regulated thickness

Proa&@d oa:?héﬁﬁﬁf% ltéi" ckness, 1.27 mm). This buffed

out to give a round sheet having a
N eﬂeﬁgﬁﬁ"ﬁéﬂsd' REFE Fesin, WHs HEbRee Tn B ol
mafipfs s b Brogyetinn Brasnpls Rek ﬁpﬁ&@t%gﬁ ‘of'the
lightkmerere fﬁfr?%ﬁ %Eﬁ&% SrBUB addedietty of 50-8,
8eki sui . Chem cal was stuck by a | am nator

mm, @ P‘ﬂétbt‘hfezoﬁ qam ﬁ%atm’écgpéﬁé!f L33 mmof this

sheet, to prepare a polishing 15 region provided wth
[Preparation of palishing:pegiomlysi cal properties of the

pol i shing region were as follows: average cell

di akO0& patts byweight 6f a filteredypolyethegrhased Asker D

har dness, 52; conpressibility, 1.1% conpression
prepebymer\Adipréfie 1a325;tNCOyeontent of 2. 22 merg/g,260

MPa. 20
manufactured by Uniroyal Chemical) and 30 parts by weight of a
filtered silicone-based nonionic surfactant (SH192 manufactured
by Toray Dow Corning Silicone Co., Ltd.) were mixed in a reaction
container coated with fluorine, and the temperature was regulated
at 80°C. The mixture was stirred vigorously for about 4 minutes
at a revolution number of 900 rpm by a fluorine-coated stirring
blade to incorporate bubbles into the reaction system. 260 parts
by weight of filtered 4,4’-methylene bis(o-chloroaniline) previously
melted at 120°C (IHARA CUAMINE MT manufactured by Ihara
Chemical Industry Co., Ltd.) were added thereto. Thereafter, the
reaction solution was stirred for about 1 minute and poured into a
pan-type open mold coated with fluorine. When the fluidity of

this reaction solution was lost, the reaction solution was

introduced into an oven and post-cured at 110°C for 6 hours to
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[ Preparation of polishing pad] Exanple 6 A hole
(rectangular, D (dianetrical direction) = 57.5 mm L
(circunferential direction) = 19.5 nm for F4EIIIIMR EG)
25 light-transmtting region into between the central
portion and the 65 F-P0O5023TR(SG peripheral portion
of the polishing region provided with a doubl e-coated
tape was punched out. Then, a cushion |ayer

givé %'“%b?ﬁﬂ&h@fneofésiﬁt fodmrsidcam Thiy pvlyefetidne kesis
of 0.8 mm manufactured by Toray Industries, Inc.)

foaRfBlok wad/slided By wShafldsaw-typé shider (@ranf ke tiffedlby

to corona treatnent was stuck by a |am nator on the

Feogge‘éﬂlség givieﬁﬁ'k%l' eRAHGR MeiAWoadh SHetl NeThen, this sheet

oat e pe provided with the polishing region.

[ - t
wasliﬁ*é#%?s bR 6 UL AEE AT Wb B B S PRINAE |
' [ 1 t , D
mag@ﬁ%&%ﬁ%ﬁﬁ?@%ﬁ%ﬁi@ {3 §ive' Y HeR RAGHE,
| rectj.on) = 13 i hed .
regpled HRiFmnss. aCChEAcY i ft REREn ey L AT W,  Thys
egi on, .to penetrate t hole. Th fter,. th
buff;@ﬁ ﬁﬁl-est b pundtird ogtors B8 iad Sk heve o
8 [ d i he hol
predefebmingd shameten (e com) Fhighgwas thrk Brakiet fifhor
the light-transmtting region in _the dianetrical,
grogvesdnithe farm of genceatrig girgles havingsa groeye;widthof
circunferential direction. The ratio of the length éI-D)
0.25fmmhea griagive pitehs of tk.5Aymmpand g groove denth of 0,40
direction to the dianeter of a wafer as an object of
mnpbyi & gragving mMacBind imatufactured by TohoKoki Ggd., Litd.).
prepared polishing pad are shown in
A double-coated tape (Double Tack Tape, manufactured by Sekisui

Chemical Co., Ltd.) was stuck by a laminator on the other side
than the grooved surface of this sheet, to prepare a polishing
region provided with the double-coated tape. Physical properties
of the polishing region were as follows: average cell diameter, 50
um; specific gravity, 0.86 g/cm3; Asker D hardness, 52°;
compressibility, 1.1%; compression recovery, 65.0%; and storage

elastic modulus, 260 MPa.

[Preparation of polishing pad]
Example 6
A hole (rectangular, D (diametrical direction) = §7.5 mm, L
(circumferential direction) = 19.5 mm) for inserting a

light-transmitting region into between the central portion and the
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Table 3. Exanple 7 A hole (rectangular, D (dianetrical
direction) = 100.5 mm L 25 (circunferenti al

direction) = 19.5 m) for inserting a 66 p-pp5023TR(SG)
F- PO5023TR(SG light-transmitting region into between
the central portion and the peripheral portion of the
pol i shing region provided with a doubl e-coated tape

was punched out. Then, a cushion layer consisting of

perBph¥fily6 8 n! GPthé PUIIShiZY regivnt E*SGfdé& vAtB am 5
nuf actured by Toray Industries, I'nc.) having a

dorfiel Af KEPE Jrild bl M"A‘?n”ﬁ&?%’%"‘ﬁﬁ@ﬁ“‘an
°°“§‘Z§‘§?‘3 E?Z%é‘ﬁﬂa%@ me@é&ﬁqﬁgﬁe%‘gﬁiﬁﬁu of 0.8 mm,
mafliffdfireq YoMy kﬁsﬁg%%?a§ £ HEGist f Motleg Brushed
with, &@ﬁf go Sl CF?gsﬁﬁtweP%m%ﬁwa% ek py,e
N e

ght - transmttln ion, to pe etrateth,e hol
uHSr%ﬁe@f ape provifdsdowithsthe malisniag sreignpraether,
Production 15 Exanple 9 was |nserted |nto the hole to
themlephkecaamutsmenvgagaﬂus& onidh surfage; of thegushion
length (D) of the light-transmtting region in the
layef.anThereaftes; thecushion hiyen waspunchedput wikh a size
length (L) in the circunferential direction. The
(rectamgmlaf, DhdiammstiricgIDlirection) =5 mm,rkfecircumferential
region in the diametrical direction to the 20 dianeter
direétion)af £3 minhin dthiecptinchegbhole oftheapolishing Tegion
physi cal properties of the prepared polishing pad are
for $hSeftihg a light-transmitting region, to penetrate the hole.

Thereafter, the light-transmitting region prepared in Production
Example 8 was inserted into the hole to prepare a polishing pad as
shown in Fig. 4. The length (D) of the light-transmitting region in
the diametrical direction is 3 times as long as the length (L) in the
circumferential direction. The ratio of the length (D) of the
light-transmitting region in the diametrical direction to the
diameter of a wafer as an object of polishing was 0.28. The
physical properties of the prepared polishing pad are shown in

Table 3.

Example 7
A hole (rectangular, D (diametrical direction) = 100.5 mm, L

(circumferential direction) = 19.5 mm) for inserting a
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Table 3. Exanple 8 25 A polishing pad was prepared in

the sane manner as in 67 F-P05023TR(SG Exanple 6

except that the light-transmtting region premEElTH(SG)

Producti on Exanple 10 was used in place of the

light-transmtting region prepared in Production

Exanpl e S. The physical properties of the prepared

polishing pad are shown in Table 3. 5 Exanple 9 A
lightQtiaii it ting fPSoR P8 Bétwéeh thes3ERLIENPEFtioh did the

Exanpl e 6 except that the light-transmtting region

i P ' : 3 | ace

perg#ﬁt@ﬁieleﬁ?gﬂon S EHE [pdits r%ié)i]z% R‘f@%ld@& With £

t-transnmitting prepared in

douB18dt pgﬁ@%@ pancH¥d B@éSi Gﬂienl?_% ﬁlf;sfﬁgi:bﬁslagiert he

prepare shing patf are shown 1 n

congifURED SV ReRe g (preS Rb R titHinesd of 0.8 mm,

RS BBt 85050, T2l R pRA

witOh bl o sl 4 25k ar bl pidkCo it DAY,

bt o S b et By S b oo

douflereastost fans provified veith the sUishing.zesion. \Burther,
stuck by a |amnator on the pressure-sensitive

thedoublergoated tapeowas stucikoon| the surface af thereushion

with the polishing region. Further,
layer. Thereafter, the cushion layer was punched out with a size

(rectangular, D (diametrical direction) = 94 mm, L (circumferential
direction) = 13 mm) in the punched hole of the polishing region
for inserting a light-transmitting region, to penetrate the hole.
Thereafter, the light-transmitting region prepared in Production
Example 9 was inserted into the hole to prepare a polishing pad as
shown in Fig. 4. The length (D) of the light-transmitting region in
the diametrical direction is 5.3 times as long as the length (L) in
the circumferential direction. The ratio of the length (D) of the
light-transmitting region in the diametrical direction to the
diameter of a wafer as an object of polishing was 0.49. The
physical properties of the prepared polishing pad are shown in

Table 3.

Example 8

A polishing pad was prepared in the same manner as in
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t he doubl e-coated tape was stuck on the surface of the
cushion 25 layer. Thereafter, the cushion | ayer was
punched out with a size 68 F-P05023TR(SG r-p05023TR(SG)
(rectangul ar, D (dianetrical direction) = 13 mm L
(circunferential direction) =51 mM) in the punched
hol e of the polishing region for inserting a

Iight transmtting region, to penetrate the hole.

Exah g&s% bﬁ&e t Bt (Y 1ight0&dinsheing FegloR Preparediin

uction Exan'pe8vva3|nserted|ntothe hole to

Pro‘?l”v.ﬁ%?ﬁﬁ (Er)(i’H#ﬂl?hhieG ﬁgﬁ?st@;aalr?:ﬁl e Eg t’rﬂgglllgﬁé-tr-arﬂﬁmlttmg
“g?‘t‘?%y“%@"’ il PESULERIGE Ekainbl B | JFhe Blrica L0
ol 4 S SR i 190 3

waf er as an object of polishing was 0.09. The
physi cal properties of the prepared polishing pad are
sho in Table 3. Conparative Exanple 4 15 A hole
Exa(‘&ip}fgld, di anet er 30 5 nm) for inserti ng a
Ilght transmttin ion in tween the central,
por ¢4 BRlighingpad § Kepare éPt‘i sgme MAnBer a5 iy
region provided with a _double-cpated tape was punched
Example fhexcent thatithe lightt raaem#& 'Fﬁ g egfmb (H"f?@ﬁ??léﬁe
foam (Toray Pef, thickness of 0.8 20 manuf act ured
Production Exampler]l byvas nsed imaplage af dherlightitransmitting
with a buff and subjected to corona treatnent was
region grepared inaRroductiom Exiample:8s urbhe qthysicak
adhesi ve surface of the double-coated tape provided
propertieshef the ipreparedepolishing paidcare shioswnldntTableodt ed
tape was stuck on the surface of the cushion

Comparative Example 3

A hole (rectangular, D (diametrical direction) = 19.5 mm, L
(circumferential direction) = 57.5 mm) for inserting a
light-transmitting region into between the central portion and the
peripheral portion of the polishing region provided with a
double-coatéd tape was punched out. Then, a cushion layer
consisting of polyethylene foam (Toray Pef, thickness of 0.8 mm,
manufactured by Toray Industries, Inc.) having a surface brushed
with a buff and subjected to corona treatment was stuck by a
laminator on the pressure-sensitive adhesive surface of the
double-coated tape provided with the polishing region. Further,
the double-coated tape was stuck on the surface of the cushion

layer. Thereafter, the cushion layer was punched out with a size
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25 |l ayer. Thereafter, the cushion | ayer was punched

out with a size 69 F-205023TR(SG of a dianeter of

24 mmin the punched hole of the polishing ptegs@mBforse)
inserting a light-transmitting region, to penetrate

the hole. Thereafter, the light-transmtting region
prepared in Production Exanple 12 was inserted into

the hole to prepare a 5 polishing pad as shown in Fig.

(rectangiflak EDOdiafietri€al HireltitidhPasIB irhid|JL (e€fcinférential
0.15 relative to the length of a wafer as an object

. :nahi-SAi ' ' e
Al o L paga] 14 (Y Puithell ABK prihs polishifpitgics
. =1 [ ix¢al
for §48ERiAg"s holfl EhiihiuA MetoR (6 (ate the hols. _
. 0f. - “ir is
Theéttatdelietiaansdiicting rBRlod FARBRCE lptedithon
orti of the poli.shi regkon provided wth.a 1
Exdinls & was inverigd e hel BRIE iR pasE n ol pad as
| ayer _consj st f | yet hyl ene.f Tor ay, .Pef .
showfl dp L - oTH8 fhndth i) ot 6P ieRE Brepapituing region
. Jlndustries, ILnc.) havipg.a . surface brushed ith.a
in 5 s teing] dliration H0oA FoIAGTE K Faadsngkhdl) By the
. lam nator, on the pressure-sensitive adhesive surface
cirggmfgrential directiona: cbhe 1atiq, pf thedengtin(D)ef the
. polishing region. Further, the doubl e-coated tape was
lighf+transsnitting segiondnothe [diametrieal dirgetion to the
Thereafter, the cushion |ayer was punched out wth a
diagieter qfa wafegiasman objegtofpolishingiwas 0.09) The g
mm L (circunferential direction) = 14.3 nm in the
physicahpropettiesfoft thee prepared polishing padfare shewn img
alight-transmtting region, to
Table 3.

Comparative Example 4

A hole (circle, diameter 30.5 mm) for inserting a
light-transmitting region into between the central portion and the
peripheral portion of the polishing region provided with a
double-coated tape was punched out. Then, a cushion layer
consisting of polyethylene foam (Toray Pef, thickness of 0.8 mm,
manufactured by Toray Industries, Inc.) having a surface brushed
with a buff and subjected to corona treatment was stuck by a
laminator on the pressure-sensitive adhesive surface of the
double-coated tape provided with the polishing region. Further,
the double-coated tape was stuck on the surface of the cushion

layer. Thereafter, the cushion layer was punched out with a size
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70 F-PO5023TR(SG penetrate the hole. Thereafter, the
light-transmtting region prepared in Production
Exanple 13 was inserted into the hole to prepese AR (SG)
pol i shing pad as shown in Fig. 4. The length (D) of

the light-transmtting region in the dianetrical
directionis 2.5 tines 5 as long as the length (L) in
the circunferential direction. The ratio of the

of d didireter)ofo24 rhien lindthe praiviiéd lidle dfehé polisHihg

dianetrical direction to the dianeter of a wafer as an

regftPh 16t 185erfitlg & Nght-thmdniBink R giONS k6TPeie Apte!(1RS

e prepared polishing pad are shown i'n Table 3.
holgy, Al ty e iR Gapexdittidg TopRo £ prsel 1" ™ "
ProftfiBie] Kxsitiie 18wy Ml il sty dhie ol B Epdrc )
polishibg B48R% SnamppIRISR: o TR dnRetn YL E (D) "o
tigh Fras b s TAbL ST YT 6o G oY waer
as an object of polishing. The physical properties of the prepared

polishing pad are shown in Table 3.

Comparative Example 5

A hole (rectangular, D (diametrical direction) = 51.3 mm, L
(circumferential direction) = 20.8 mm) for inserting a
light-transrﬁitting region into between the central portion and the
peripheral portion of the polishing region provided with a
double-coated tape was punched out. Then, a cushion layer
consisting of polyethylene foam (Toray Pef, thickness of 0.8 mm,
manufactured by Toray Industries, Inc.) having a surface brushed
with a buff and subjected to corona treatment was stuck by a
laminator on the pressure-sensitive adhesive surface of the
double-coated tape provided with the polishing region. Further,
the double-coated tape was stuck on the surface of the cushion
layer. Thereafter, the cushion layer was punched out with a size
(rectangular, D (diametrical direction) = 44.8 mm, L
(circumferential direction) = 14.3 mm) in the punched hole of the

polishing region for inserting a light-transmitting region, to
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15 nore longer than the length (L) in the
circunferential direction (Exanples 6 to 9), the

light-transmtting region contacts uniformgypyishhstrhRe sg)

whol e surface of a wafer during polishing wthout
contacting intensively with only a certain part of the
71 F-PO5023TR(SG wafer, and thus the wafer can be
uniformy polished to inprove polishing
e Hdies il 'the gt GAGSIRIt PR Frb¥
pe&ﬁgﬁﬁ“et ﬁ%é ?cdgtg ter o %%lt%hqﬂ&nl SS %? ts#é g'reglon

t RRAR ' i 3 T
propfti i FRticudt Exfufile' fa W RAGEAR nlfo LRe HiR%to
| NDUSTRI AL PL | [LLTY T i shin t
Propae fipeHvatng pRd 45 shown inBie, iy " erken () of the
. rface of.a wafer by chem,cal chani.cal .. 10, .
tighEtranemtt NP oo tn ke tigmetFiF Al AERRtioR 8.7,5 Simes
relates fo_.a i .shi,n ad, havi a w pdow f.or
as dang.as Hae depebhyly g e Frreimtdrytal Gpacdon. . Tne
72 CLAIMS 1. A polishing pad used,in chem, cal,
ratipobthe dengthi(D)of the lghitransmifing fegien dpgthe,
and a light-transmtting region, wherein the |ight
diametrical (direction todhe; 8mmet¢a of & wafer asan ebjectef
t he wavel ength range of 400 to 700 nmis 50% or nore
polishiingiwas §.250f Thephysical propentiestof-therprepared of
the light-transmitting region in wavel engths of 400
polishing pad arershowndn Pablen8.f ol | owi ng equation is 50%
or less: the rate of change (% = (nmaxinum
transmttance in 400 to 700 nm - m ni mum

transmttance in 400 to 700 nm/maxi mum transm ttance
Table 400 to 700 nnmx 100 2. The polishing pad according

to claim-1,—whereihtheghttransmttaneqg—ofthe
Polishing rate In-plane Detection of
(A/min) uniformity (%) | film thickness
Example 6 2450 7 o
Example 7 2350 5 o
Example 8 2450 5 o
Example 9 2450 4 )
Comparative "
Example 3 2330 13
Comparative , "
Example 4 2400 11
Comparative 2430 8.5 A
Example 5

From Table 3, it can be seen that when the length (D) of the
light-transmitting region in the diametrical direction is 3 times or
more longer than the length (L) in the circumferential direction
(Examples 6 to 9), the light-transmitting region contacts
uniformly with the whole surface of a wafer during polishing

without contacting intensively with only a certain part of the
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light-transmtting region at a wavel ength of 400 nmis
50% or nore, and the transmttance of the
light-transmtting region over the wavel engtlpgsngerofsc)
500 to 700 nmis 90% or nore. 3. The polishing pad
according to any one of clains 1 to 2, wherein the
difference anong the respective light transmttances
of the light-transmtting region in 500 to 700 nmis
wafer) ﬁhd itds tﬁe wabét tahl Be uidforihty pdlishédtedmprove

nmechani cal pol |sh|ng and having a polishing region

polapﬁn@eétf.&@] téetrr?%tg hPﬁc'iﬂﬂﬂgnin PEné 'ﬂhﬁram;mckrmsn

ting ion"Is 0.5 to

cnlg e L ISR o 5 B GBIRN g PO
oGRS A kil R 05 N BB

‘fgf the polyurethane resin as the material for

anG g i ng the polishing region and the pol yurethane
resin as the material for formng the
Iight transmtting region conprise the sane kinds of

ani_c_i socyvanate ol yol and chain extender. 5. A

INDJ TE“ E%JG§@HIJ& Ycheni cal nechanical pol i shi ng
and haV|n a polishing. region and
| i gfithe pag@hmgm@d of fhenpresant mvmslon is used in
light-transmtting region is arranged between the

planarizing grounevemsurface péa walerbypechemigabmeghanical
polishing pad, 73 0 and the length (D) in the

polisikkimg! (CMP). dSpecificallys thet prasentr inventioonrelatesdo a
the length (L) in the circunferential direction and

polishihigdpad Havingeh avindow dor deteictimg er polishingwitate itc.
to be polished. 6. The polishing pad according to

by @haulmlsal nieiws.n t he shape of the light- transmtting
region is rectangular. 7. The polishing pad according
to any one of clainms 5 to 6, wherein the scatter of
the thickness of the light-transmtting region is 100
Lmor less. 8. The polishing pad according to any one
of claims 1 to 3 and 5 to 7, wherein
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materials for formng the polishing region and the
light-transmtting region are polyurethane resin. 9.
The polishing pad according to claim8, wherein the
pol yurethane resin as the material for formng the
pol i shing region and the polyurethane resin as the
material for formng the light-transmtting region
Ci%ﬁgﬁ%se the sane kinds of organic isocyanate, poiyol
ain extender. 10. The polishing pad according to
any one of clainms 1 to 9, wherein the material for

formng the |ight-t jtti ' ' -
bt shenrl -4t T i S
b, 0 oG E RRlBB eGSRV R Nt Raheof e g

trﬁlwlnfli&ﬁ% t@éio_nté)her the gretvelengthaanget dfrf§Orte gOG mm iy SOfeor more and
ol i shin 12.. Th | i shi . i nQ-: .
B0 21% 2l B e PR BBk B i
. e . e fa | '
AR R AT i R
tHe2ratenb® clenge t(® = (miaineurn ftransmistapest i ADAgo 788imm -i RInimum

t he poli shi ' [ i ded wi ;
manignedn il 40T el aG Ty Esnah iAne 4B 200 phud 0o
the average cell dianeter of the fine-cell foamis 70

jtmor less. 15. The polishing pad according to.an
20ibe pblising pad agcarding40 algiey b Wg?fﬁ’él %‘ﬁe‘bﬁ% it%nslﬁlﬁé*vg“t gf the

of the fi.ne-cell f ' . : o
b R R gR A B e, D R0l i T0ohcor, Bt apd the

tehihitet Gfethb alginaassmitting fegidni ever died vabdemgth samg ¢f0500 to
65 in terns of Asker D hardness. 17. The polishing pad
7@ vorigPRY aranerAy one of claims 12 to 16, wherein the
conpressibility of the fine-cell foamis 0.5 to 15
5.0% 18. The polishing pad according to any one of
3CThé polishihg padlabeonting e anyt oiee ot daiprseb 60 dnwherey e difference
the fine-cell togn1is 80 to 199%3. . .
among the respective light transmittances of the light-transmitting region in 500 to

700 nm is 5% or less.

4. A polishing pad used in chemical mechanical polishing and having a polishing
region and a light-transmitting region, wherein the thickness of the light-transmitting
region is 0.5 to 4 mm, the light transmittance of the light-transmitting region over
the wavelength range of 600 to 700 nm is 80% or more, materials for forming the
polishing region and the light-transmitting region are polyurethane resin, and the
polyurethane resin as the material for forming the polishing region and the
polyurethane resin as the material for forming the light-transmitting region comprise

the same kinds of organic isocyanate, polyol and chain extender.

5. A polishing pad used in chemical mechanical polishing and having a polishing

region and a light-transmitting region, wherein the light-transmitting region is

arranged between the central portion and the peripheral portion of the polishing pad,
73
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19. The polishing pad according to any one of [

12 to 18, wherein the storage gelasti%:/ nnduluscg?lgﬁe
fine-cell foamat 40C at 1 Hz is 200 MPa or nore. 20.
A net hod of producing a sem conductor device, which
conprises a step of polishing the surface of a

sem conduct or wafer with the polishing pad descri bed

ar{dnthe%Qthﬁ) Izﬁ) ?l‘fl t}?el gflapgfétrgcai Qirdction 183 times or more longer than the

length (L) in the circumferential direction and is 1/4 to 1/2 relative to the diameter of

a material to be polished.

6. The polishing pad according to claim 5, wherein the shape of the light-

transmitting region is rectangular.

7. The polishing pad according to any one of claims 5 to 6, wherein the scatter of the

thickness of the light-transmitting region is 100 Lm or less.

8. The polishing pad according to any one of claims 1 to 3 and 5 to 7, wherein
materials for forming the polishing region and the light-transmitting region are

polyurethane resin.

9. The polishing pad according to claim 8, wherein the polyurethane resin as the
material for forming the polishing region and the polyurethane resin as the material
for forming the light-transmitting region comprise the same kinds of organic

isocyanate, poiyol and chain extender.

10. The polishing pad according to any one of claims 1 to 9, wherein the material for

forming the light-transmitting region is non-foam.

11. The polishing pad according to any one of claims 1 to 10, which does not have
an uneven structure for retaining and renewing an abrasive liquid on the surface of

the light-transmitting region in the polishing side.

12. The polishing pad according to any one of claims 1 to 11, wherein the material

for forming the polishing region is fine-cell foam.

13. The polishing pad according to any one of claims 1 to 12, wherein the surface of
the polishing region in the polishing side is provided with grooves.
74
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14. The polishing pad according to claim 12 or 13, wherein the average cell diameter

of the fine-cell foam is 70 jtm or less.

15. The polishing pad according to any one of claims 12 to 14, wherein the specific

gravity of the fine-cell foam is0.5t0 1.0 g/ cm

16. The polishing pad according to any one of claims 12 to 15, wherein the hardness

of the fine-cell foam is 45 to 65° in terms of Asker D hardness.

17. The polishing pad according to any one of claims 12 to 16, wherein the

compressibility of the fine-cell foam is 0.5 to 15 5.0%.

18. The polishing pad according to any one of claims 12 to 17, wherein the

compression recovery of the fine-cell foam is 50 to 100%.

19. The polishing pad according to any one of claims 12 to 18, wherein the storage

elastic modulus of the fine-cell foam at 40°C at 1 Hz is 200 MPa or more.
20. A method of producing a semiconductor device, which comprises a step of

polishing the surface of a semiconductor wafer with the polishing pad described in

any one of claims 1 to 19.
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