SPECI FI CATI ON  POLI SH NG PAD AND METHOD FOR MANUFACTURE OF SEM CONDUCTOR
DEVI CE USI NG THE SAME 5 FI ELD OF THE | NVENTI ON [ 0001] The present invention
relates to a polishing pad by which materials requiring a high degree of
surface planarity, such as silicon wafers or optical materials, glass
substrates for hard disks, resin plate or ceramc 10 plate for recording an
information and the like, can be flattened with stability and high
uniformty. The polishing pad of the present invention can also be used
particularly in a step of planarizing a silicon wafer, a sem conduct or

devi ce having an oxide layer, a netal l|layer 15 and the |like formed on the
silicon wafer. The present inventi oBPEELETEETEIONa polishing pad which can
provi de ‘“excellent planarity and uniformty thereof by CMP (chem cal
mechani cal poboBDSHYNGOPABI ANDOFE THOBr FARIMANBFACEURE 0OBeSEMOCONhUATARd a
met hod of producing a sem conductor device 20 by using the polishing pad.
BACKGROUND OFpaviect NVERMIGOREEOSARE Typical materials requiring a high degree
of surface planarity include a single-crystalline silicon disk called 25 a
silicon wafer for producing sem conductor integrated 1 circuits (IC, LSI).
In a process for producing IC, LSI etc., the surface of the silicone wafer

shoul d be fl affeNBdoF THE INVENTION
[0001] The present invention relates to a polishing pad by
which materials requiring a high degree of surface
{ planarity, such as silicon wafers or optical materials,
glass substrates for hard disks, resin plate or ceramic
10 plate for recording an information and the like, can be
flattened with stability and high uniformity. The
pclishing pad of the present invention can also be used
particularly in a step of planarizing a silicon wafer, a
semiconductor device having an coxide layer, a metal layer
15 and the like formed cn the silicon wafer. The present
invention relates to a polishing pad which can provide
excellent planarity and uniformity thereof by CMP (chemical
mechanical polishing) of silicon wafer and the like to be
poclished and a method of producing a semiconductor device

20 by using the polishing pad.

BACKGROUND OF THE INVENTION
[0002] Typical materials reguiring a high degree of surface
planarity include a single-crystalline silicon disk called

25 a silicon wafer for producing semiconductor integrated



highly accurately in a step of formng an oxide |ayer or a netal |ayer in
order to provide reliable sem conductor 5 connection with various filnms used
in manufacturing circuits. [0003] Generally, a polishing pad is stuck on a
rotatable supporting disk called a platen in the polishing step, while a
sem conductor wafer is fixed to a planetary disk 10 called a polishing head.
By rotational novenent of the two and feeding polishing slurry containing
mcro particles (abrasive grains) emulsified to a gap between the polishing
pad and the sem conductor wafer, the sem conductor wafer is polished and

pl anari zed. Wen th |i_shi ves on 15 the surface of thi,ﬁaf%r’ t he

cofitadti

po pad no
abr asi ve graiﬁ%rﬁPé%ﬁuéﬁgd &%%)rh Ng Gr PEOESSE (e Wafer<ardt né ing
point. Therefore, the processed surface is poli hﬁ& by dynamic frictional
effect bet weehPEhEUSERCECE ToftiENS Warer cal@ egh i e éﬁaﬁﬁ§ﬁt?ﬁ8dpolishing
process is called as CMWP 20 polishing process. [0004] As a polishing |ayer

of the polishhAghpadagsedatsly Anghl v t&ec @fatfOMpipsl fdhicrg Sea PasFe T 2

pol yur et hane sheet having a void volune of about 30 to 35%is generally

used. Pol yur Behane lpyam Sheerdescalcl privas dex callliaht epsgRdcicnguCc28hut t he
conpressibility is within the range of 0.5 to 1.0% 2 which is small, and

t he cushPoni ngopregérines idte viaat cusufffiilgisemsedTher sy uiiactivg igiof ficult to

uniformy apply a
circuits.

[0003] Generally, a polishing pad is stuck on a rotatable
supporting disk called a platen in the polishing step,
while a semiconductor wafer is fixed to a planetary disk

10 called a polishing head. By rotational movement of the two
and feeding polishing slurry containing micro particles
(abrasive grains) emulsified to a gap between the polishing
pad and the semiconductor wafer, the semiconductor wafer is
polished and planarized. When the pclishing pad moves on

15 the surface of the wafer, the abrasive grains are pushed on
the surface of the wafer at the contacting point.

{ Therefore, the processed surface is polished by dynamic
frictional effect between the surface of the wafer and
abrasive grains. The polishing process is called as CMP

20 polishing process.
[0004] As a polishing layer of the polishing pad used for
highly accurately polishing, a fcamed polyurethane sheet
having a void volume of about 30 tc 35% is generally used.

Polyurethane foam sheet locally has excellent planarity,

25 but the compressibility is within the range of 0.5 to 1.0%,



pressure on the whole surface of the wafer. Therefore, the polishing
process is conducted by using a polishing pad 5 conprising a soft cushion

| ayer on the backside of the polyurethane foam sheet as a | am nated
polishing pad. [0005] A polishing pad using a conventional polyurethane
sheet provided with a cushion |ayer has the followng problens. 10 (1) A
nonwoven fabric having continuous pores inpregnated with resin is wdely
used as the cushion layer, but there are problens such as variation anong
nonwoven fabrics and a change in conpression characteristics due to

i mersion in slurrynﬁlgHéZ) A foaned urethane foam having i ndependent pores

comes to be u¥8dcPba e aP8dstPel CpP BPQﬁﬁgsBEﬁp§§tigFf@F@uppt
stabilization of a foamed state in production, significant residual strain
resul ting frofiRécpnés diisiredled {tolfepaatédiilsadirngrideemlyo apgdo6E | n
order to solve the problens, as a polishing pad used during CVP process,
vari ous | am nBre@dspeki ohi igepabolesgelifase( ef &hpobirdkirng Thadedompri $hwg a
cushion layer having a conpression recovery of not |ess than 90% (forned
froma 25 naredighihdavicngcesbér ebasiictetlypy amdng pobidhisngnigaped 3
| am nat ed on the cushion |ayer (Japanese Patent Kokai Publication No.
305635/2@03),comprising a soft cushion layer on the backside cf the
polyurethane fcam sheet as a laminated polishing pad.
[0005] A polishing pad using a conventional polyurethane
( sheet provided with a cushion layer has the following
problems.

10 (1) A nonwoven fabric having continuous pores
impregnated with resin is widely used as the cushion layer,
but there are problems such as variation among nonwoven
fabrics and a change in compression characteristics due to
immersion in slurry.

15 (2) A foamed urethane foam having independent pores
comes to be used, but there are still problems such as

L difficult stabilization of a fcamed state in production,
significant residual strain resulting from the pores
subjected to repeated loading, etc.

20 [0006] In order to sclve the problems, as a polishing pad
used during CMP process, variocus laminated polishing pad,
such as

(1) a polishing pad comprising a cushion layer having

a compression recovery of not less than 90% (formed from a

25 material having rubber elasticity), and a polishing layer



(2) a polishing pad conprising a cushion |ayer having a volunme nodul us of
not |less than 60 MPa and a tensile 5 nodulus of 0.1 to 20 MPa, and a
polishing layer having a contact angle to water of not nore than 75
degrees, a flexural nodulus of not less than 2 GPa and/or a surface
hardness in duroneter hardness of not less than 80 |am nated on the cushion
| ayer (Japanese Patent Kokai 10 Publication No. 59357/2002), (3) an abrasive
conponent a sheet foamformed froma soft elastoner and abrasive cloth

| am nat ed on the sheet foam (Japanese Patent Kokai Publication No.

164307/ 1995) . Q007] In Jaggnese Pateqt Kokai Publica%gz 05635/ 2003,

n_No
15 a mai n obj BMIPETEE PEJLEE FESIACR “SYFEi n JPERTESTD §P5nKO%8éd during
pol i shing and reduce the chan%e in conpression properties of the polishing
pad by using &YBddRRGAOPaYer “RafiPrg 28 °Cdnpr essi on recovery of not |ess than
90% (formed froma material having rubber elasticity). Exanple of the 20
| ani nat ed pol i shi ng2pa@, PO 1FHlEN PR FOMPIRISAGA dy&isihs orf dawed Pegind
pol yuret hane resin (which pol yurethane is selected is not disclosed), is
descri bed. Thé Feligki ReIUBAEG Ivds neXcellsent-hami 8y Mbay anid [ FeR&fde and
excellent planarity, but the abrasive rate is very low. 25 [0008] In
Japanese SPat emcdkdkigi oPuldl-ilcdi @f N&2,593587/2002,1sM g delvieshieg ipad a
conprising a cushion | ayer having a volune nodulus of not |ess than 60 MPa
and a tensil econdakds aofile to water of not more than 75 degrees, a
flexural modulus of not less than 2 GPa and/or a surface
( hardness in durometer hardness of not less than 80
laminated on the cushion layer (Japanese Patent Kokai
10 Puklication No. 59357/2002},
(3) an abrasive component a sheet foam formed from a
soft elastomer and abrasive cloth laminated on the sheet
foam (Japanese Patent Kokai Publication No. 164307/1995).
[0007] In Japanese Patent Kokail Publicaticon No. 305635/2003,
15 a main object 1s to reduce residual strain for compression
load during polishing and reduce the change in compression
properties of the polishing pad by using a cushion layer
having a compression recovery of not less than 20% (formed
from a material having rubber elasticity). Example of the
20 laminated polishing pad, of which the polishing layer is
formed from polyurethane resin (which polyurethane is
selected is not disclosed}, is described. The polishing
pad has excellent uniformity within wafer and excellent

planarity, but the abrasive rate 1s very low.

25 [0008] In Japanese Patent Kokai Publication Neo. 59357/2002,



0.1 to 20 MPa, and a polishing |l ayer having a contact angle to water of not
nmore than 75 degrees, a flexural nodulus of 5 not |ess than 2 GPa and/or a
surface hardness in duronmeter hardness of not |ess than 80 | am nated on the
cushion layer is disclosed. The excellent planarity is acconplished by
using hard resin (such as a | am nate using paper and or cloth as base
material, or a conposition forned by 10 di spersing hydrophilic conponent in
hard matrix resin) as a polishing |ayer, and the repression of scratch is
acconplished by water wetting characteristics. However, the polishing |ayer
has di fferent order of hardness and flexural nodulus fromthat of the

present i nvenfi BA1&A0d1E5 PArk SRS %y e s Sgendr dA%F fudéd 18P%e 2eXerplef i ed
and non- foaned el astonmers are disclosed as exanpl es thereof. The palishing
pad has excel PeRELUFI Pdr Mty heisthithaRafodr Maidd anek GelHeadst 151 draMLEy, CBut t he
abrasive rate is very low [0009] In Japanese Patent Kokai Publication No.
164307/ 1995, 20lahcabladiffe cothen&et 1&hshget! afYeamPEOTAEd af comtacsorfgle
el astoner and abrasive cloth |am nated on the sheet foamis disclosed. As
the sheet foalp vhdésadodelnot dwmsf dhwed 7 sponessur & frighbea!l sppuhes of
rubber or thernoplastic elastonmer is described, but a velour type non-woven
fabric i © 25 dbscllesed tasirt Be Gy agid/e rcleotshyr fwigiec M airsindisfst énemurbremers t he
polishing layer material of the present invention. OBJECTS OF THE | NVENTI ON
hardness of not less than 80 laminated on the cushion layer
is disclcsed. The excellent planarity is accomplished by
using hard resin (such as a laminate using paper and or
cleth as base material, or a composition formed by

10 dispersing hydrophilic component in hard matrix resin) as a
pclishing layer, and the repression of scratch is
accomplished by water wetfing characteristics. However,
the polishing layer has different order of hardness and
flexural modulus from that of the present invention, and

15 the cushion layers generally used are exemplified and non-
foamed elastomers are disclosed as examples thereof. The

| polishing pad has excellent uniformity within wafer and
excellent planarity, but the abrasive rate is very low.
[0009] In Japanese Patent Kokai Publication WNo. 164307/1995,

20 an abrasive compecnent a sheet foam formed from a soft
elastomer and abrasive ¢loth laminated on the sheet fcoam is
disclosed. 2As the sheet foam, closed-cell foam formed from
natural rubber, synthetic rubber cr thermopliastic elastomer

is described, but a velour type non-woven fabric is

25 disclosed as the abrasive cloth, which is different from



[0010] A main object of the present invention is to provide 5 a polishing
pad which inparts excellent planarity and uniformty thereof to a nateri al
to be abraded, such as a sem conductor wafer wi thout form ng scratches, and
met hod of producing sem conductor device by using the polishing pad. 10

[ 0011] According to the present invention, the object described above has
been acconplished by using a foanmed polyurethane as a polishing |ayer and
using a closed-cell foamas a cushion |layer |am nated on the polishing

| ayer in a polishing pad conprising the polishing | ayer and cushion 15

| ayer, and adjusting.a flexyral nodulus of th olishin | ayer ,and a
th?ckness andngrBP léBﬁQ?a £Y5f A eﬁﬁéﬁ % EFEyBFeFSngpéEV P&dCFanges,

t hereby providing a polishing pad which inparts excellent planarity and
uniformty thereof to a material to be abraded, such as a 20 sem conduct or
wafer without form ng scratches, and nethod of producing sem conductor

devi ce by u3|ﬁBJﬁﬁgsp@Fl?HFnéNVE§HIOSUNNARY OF THE | NVENTI ON 25 [0012] The
present invention relates to a sem conductor 6 wafer polishing pad
conprising a pEPLERI Agmrayerbasdtacicabhi berayér JnkREEEPR LhetpobFsHidg

|l ayer is formed from foaned pol yurethane, has a flexural nodulus of 250 to
350 MPap t heacushishingyerd shiighmidphrom ekoséderél Plppamiandand

uniformity thereof to a material to be abraded, such as a
semiconductor wafer without forming scratches, and method

( of producing semiconductor device by using the polishing
pad.

10 [0011] According to the present invention, the object
described above has been accomplished by using a foamed
polyurethane as a polishing layer and using a closed-cell
fcam as a cushicn layer laminated on the polishing layer in
a peclishing pad comprising the polishing layer and cushion

15 layer, and adjusting a flexural modulus of the polishing
layer and a thickness and strain constant of the cushicn

{ layer to specified ranges, thereby providing a polishing
pad which imparts excellent planarity and uniformity
thereof to a material to be abraded, such as a

20 semiconductor wafer without forming scratches, and method

of producing semiconductor device by using the polishing

pad.

SUMMARY OF THE INVENTION

25 [0012] The present invention relates to a semiconductor



5 has a thickness of 0.5 to 1.0 mmand a strain constant of

0.01 to 0.08

pm (gf/¢nm2). [0013] As a conventional cushion |ayer, the cushion |ayer

having a thickness of about 1 to 2 nmand a strain constant

of not | ess

than 0.1 um (gf/cnR) has been used. Planarity 10 and uniformty has been

secured by using the cushion layer, but since higher |evel

of planarity has

been recently required, it has been inpossible to correspond to the

requi renent by the cushion |ayer described above. In order t
planarity while maintaining good uniformty, 15 it is requ
polishing |layer to have high hardness, and have sufficient
properties i n""éfeﬁa&o&éé@ﬁ%@

o obtain high
red for the
fl exural

VRS COTPRLE 186 Ak PO 1SR WHidied s dce of the

waf er. The present inventors have found that the flexural nodulus of the
pol i shing | ayéshd off tiiVig v he'hedivge 6 e250 126 e BE5G Wita 1ds for@espdirom

suitable range of the flexural properties. [0014] Moreover,

t he present

i nvent ors havd E@@sd Pehatureh&anstr fiag Gorseamt adndachilekneds 2600 e 3&0shi on
| ayer al so have the nost suitable ranges in order to obtain high 25

pl anarity andMiai.f ¢yl ©pshilion A aviee disove rrangd rofm the sep-fdedXuiglammeddl us,
that is, the cushion |ayer has a thickness of 0.5 to 1.0 nmand strain
const ant Sof 0.GE teo thO. B es@ Jf /o)t A .Ohempresernt stmeant icoms twhitcle far e

different fromthe conventional cushion |ayer.
0.01 to 0.08 um/ {gf/cm?).

fO013] As a ccnventional cushion layer, the cushion layer

{ having a thickness of abcut 1 toc 2 mm and a strain constant

of not less than 0.1 pm/(gf/cm®) has been used.

Planarity

10 and uniformity has been secured by using the cushion lavyer,

but since higher level of planarity has been recently

reguired, it has been impossible to correspond

to the

regquirement by the cushion layer described above. In order

to obtain high planarity while maintaining good uniformity,

15 it is required for the polishing layer to have

high

hardness, and have sufficient flexural prcperties in a

‘ macroscopic view to fit crinkle at the whole surface of the

wafer. The present inventeors have found that the flexural

modulus of the polishing layer is within the range of 250

20 to 350 MPa as the most suitable range of the flexural

properties.

[0014] Moreover, the present inventors have fcund that the

strain constant and thickness of the cushicon layer also

have the most suitable ranges in order to obtain high

25 planarity and uniformity within the above range of the



5 [0015] In order to put the present invention into a nore suitable
practical application, it is preferable that the foaned pol yurethane have an
average cell dianeter of 1 to 70 pm the foaned pol yuret hane have a
specific gravity of 0.5 10 to 1.0 g/cnB; the foaned pol yuret hane have a
hardness of 45 to 65; the foaned pol yuret hane have a conpressibility of 0.5
to 5.0% and the cushion | ayer be fornmed fromat |east one nmaterial 15
selected fromthe group consisting of polyurethane resin and pol yethyl ene
resin. [0016] Another enbodi nent of the present invention is a nethod of

produci ng a seni condyct or gevic conpri si at Leashra step of polishing
t he surface oggkﬁérégnﬂ88H H@fo%hfg %&?eF%%yCHEPﬁﬁnt @yﬁglﬁgﬁiﬁg pad of the
present invention %0017] T@e present invention can %rovide % ol.i shi ng pad
whi ch has nucﬁhﬁFéﬁg SpPandr Pt ¥t Hal? e 306N FERPLEN &P Sﬁ&PFsﬁing'BédFo
i nproves the abrasive rate @nd,inEarts excel | ent glanarity and uniformty
thereof to a Rafér H&Y (86/98 belBbFAfeBre88Rh A3VANS&HT coBUBE 0 Shaf er
wi thout forming 8 scratches, by using a foanmed pol yurethane as a polishing
| ayer and usi Agfac&rssedresl [Fhpogmnasrd ionghi 6nshapdr Lavami-nated on the
polishing layer in a polishing pad conprising the polishing | ayer and
cushi on Payer [08Aa&§] In order to put the present inventiion intc a more
suitable practical application, it is preferable that
the foamed polyurethane have an average cell diameter
{ of 1 to 70 pm;
the foamed polyurethane have a specific gravity of 0.5
1C to 1.0 g/cm’;
the foamed polyurethane have a hardness of 45 to 65;
the foamed polyurethane have a compressibility of 0.5
to 5.0%; and
the cushion layer be formed from at least one material
15 selected from the group consisting of polyurethane resin
and polyethylene resin.
5 [0016] Ancther embodiment of the present invention is a
method of producing a semiceonductor device comprising at
least a step of polishing the surface of the semiconductor
20 wafer by using the polishing pad of the present invention.
[0017] The present inventicn can provide a polishing pad
which has much higher planarity than the conventional
polishing pad, improves the abrasive rate and imparts

excellent planarity and uniformity thereof tc a material to

25 be abraded, such as a semicconductor wafer without forming



5 adjusting a flexural nodulus of the polishing |ayer and a thickness and
strain constant of the cushion layer to specified ranges. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 10 [0018] The polishing pad of the
present invention will be explained in detail hereinafter. The polishing
pad of the present invention conprises a polishing |layer and a cushion

| ayer, which is softer than the polishing | ayer as descri bed above. In the
polishing pad of the present 15 invention, it is required for the polishing
| ayer to be formed from foamed pol yurethane, and have a flexural nodul us
of 250 to 350 MPa, preferably 260 tq 340 MPa, nore referably .to 330
VPa_ Vhen ¢ heSFrERGRER  mbduPGATdr 2 SRETGN PG STEgBE FE ol PRaAT250

MPa, uniformty 20 within wafer i.s good, but planarity is not sufficiently
obt ai ned. On tR¥eét ABF H&Add \ﬁhér%OtSﬁéi—f:|eé>%urfézﬁmnﬁéuﬁuguéhmphéapf@r. shi ng
llayer is higher than 350 MPa, the planarity is excellent, but the
uni formty islABEngGer @Peﬁﬂeyp@t}tlébﬁ@@ laysr[ 0019] PPA iEhénPoPEShi ng pad of
the present invention, it is 9 required for the cushion |ayer to be forned
from cl osed- €EMPrigamvafitichaed ishamockagss 6nd0cesheon. Ganerandnd strain
constant of 0.01 to 0.08 pm (gf/cnR). The thickness of the cushion layer is
pref erabPy 0.6diasdiggmm fhererslprededalsl pfothet pcdi8bimm lWyen ehd 2
t hi ckness of the

thickness and strain constant of the cushion layer to

specified ranges.

DETATIIED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 [0018] The polishing pad of the present inventicn will be
explained in detail hereinafter. The polishing pad of the
present invention comprises a polishing layer and a cushion
layer, which is softer than the polishing layer as
described above. In the polishing pad of the present

15 invention, it is required for the polishing layer to be
formed from foamed polyurethane, and have a flexural

{ modulus of 250 to 350 MPa, preferably 260 to 340 MPa, mcre

preferably 270 to 330 MPa. When the flexural modulus of
the polishing layer is lower than 250 MPa, uniformity

20 within wafer is good, but planarity is not sufficiently
obtained. ©On the other hand, when the flexural modulus of
the polishing layer is higher than 350 MPa, the planarity
is excellent, but the uniformity is nct sufficiently
obtained.

25 [0018] In the polishing pad of the present invention, it is



cushion layer is smaller than 0.5 nm high planarity is obtained, but the
uniformty is largely degraded. On the other hand, when the thickness of
the cushion layer is larger than 1.0 mm the uniformty is good and the 10
planarity in the general |level is obtained as good as the conventional
cushion | ayer, but high planarity, which is the main object of the present
invention, is not sufficiently obtained. [0020] The strain constant of the
cushion layer is 15 preferably 0.02 to 0.07 pmli(gf/cnR), nore preferably
0.03 to 0.06 pm (gf/cnR). Wien the strain constant is smaller than 0.01
pm (gf/cnR), the uniformt sufficiently ohtained _even

iS no f the
t hi ckness of Fﬁ&ué§§ﬁiéﬁrli?§rcp§ IRt K EhECak6v & OF 3kde TTOR CHhES6CRer
hand, when the strain 20 constant is larger than 0.08 uni(gf/cnR), high
planarity is Gedtt SGRM énentieyeobt &hredPEvenOitt Ot Re tohilckn&&s 26 Ehe
cushion layer is within the above range. [0021] The technical effects of the
present i nventsitgdiar eons§apipedvd -Che tabPadPvemy 406 /aHd) condiiet LpoFkreFfig
with 25 excellent planarity and uniformty. In the polishing pad 10 of the
present inventiforthet ashaghniiealerefitedirs f6f abhe Opesentd -iShvént e ecan be
acconplished by satisfying the all subject matters described above, that
is, accorpli shpimeg etrire Ll ypPoperti és 86f myot hWhika poki shilndriegygero fandecushi on
|l ayer. 5 If the properties of one of these |ayers are out of the
cushion layer is smaller than 0.5 mm, high planarity is
obtained, but the uniformity is largely degraded. ©On the
( other hand, when the thickness of the cushion layer is
larger than 1.0 mm, the uniformity is good and the
10 planarity in the general level is obtained as good as the
conventional cushion layer, but high planarity, which is
the main object of the present invention, is not
sufficiently obtained.
[0020] The strain constant cof the cushion lavyer is
15 preferably 0.02 to 0.07 yum/{gf/cm?), more preferably 0.03
to 0.06 um/ (gf/cm’). When the strain constant is smaller
than 0.01 um/ (gf/cm®), the uniformity is nct sufficiently
obtained even if the thickness of the cushion layer 1is
within the above range. On the other hand, when the strain
20 constant is larger than 0.08 pm/ {gf/cm?), high planarity is
not sufficiently obtained even if the thickness of the
cushion layer is within the above range.
[0021] The technical effects of the present invention are

to improve the abrasive rate and conduct polishing with

25 excellent planarity and uniformity. In the polishing pad

10



above range, the technical effects of the present invention are not
obtained, even if the other of these layers has the properties within the
above range. [0022] In the polishing pad of the present invention, it is 10
desired for the foaned pol yurethane for the polishing layer to have an
average cell dianmeter of 1 to 70 pm preferably 5 to 50 pm The average
cell dianeter is smaller than 1 pm the technical effects of accumrul ating
the slurry is not sufficiently obtained, which reduces the abrasive rate.
On 15 the ot her hand, when the average cell dianeter is larger than 70 pm

t he techni cal & fects of a cunulat urr sed nd the
abrasi ve rateSls tI%fr ge s ﬁﬂlt Ltnﬁf@n&l q&ﬁ stsecr%’%/ §'§'f qr%gqréﬂ:[ %thg ned.
[0023] In the polishin ad of the esent ventlon 20 de |re for
t he foamed poWVﬁF@Fﬁaﬁg o 1Phe G | @%L%S QQJq%mﬁ9§%%ﬁ%ﬁﬂ% g&lty
of 0.5 to 1.0 g/cn8, preferabl 0.7 to .9 g/cnB. \Wen the speC|f|c ravity
is |ower than SUPIBCl @ tetive Oé{%céfrié%eﬁi ﬁbct"r?e dftade of2 A9 HIdIShd ﬁ%gng

| ayer is reduced, and thefplanarlty of the material to be 25 abraded, such
as a seni condURAEeifesr difs dded PG HHe o 1B Ytth erichahtEh ket e -
specific gravity is higher than 1.0 g/cnB, the nunber of the mcro pore is
reduced, Jand tlfe ths arsmentlies gdodnwtf tihe s dratdnsy amendsit ebhdahdegr aded.

[0024] In the polishing pad of the present invention, it is 5 desired for
the foamed polajasret rame e, or-hehd quainiisti nge fi s of the present invention

are not obtained, even if the other of these layers has the
: properties within the above range.
[0022] In the polishing pad of the present invention, it is
10 desired for the foamed oolyurethane for the polishing layer
to have an average cell diameter of 1 to 70 um, preferably
5 te 50 pm. The average cell diameter is smaller than 1 um,
the technical effects of accumulating the slurry is not
sufficiently obtained, which reduces tThe abrasive rate. On
15 the other hand, when the average cell diameter is larger
than 70 um, the technical effects of accumulating the
slurry is increased, and the abrasive rate is large, but
the planarity 1s not sufficiently obtained.
[0023] In the pclishing pad of the present invention, it is
20 desired for the foamed polyurethane for the polishing layerxr
to have a specific gravity of 0.5 to 1.0 g/cm’, preferably
0.7 to 0.9 g/cm’. When the specific gravity is lower than
0.5 g/cm’, the strength of the surface of the polishing
layer is reduced, and the planarity of the material to be

25 abraded, such as a semiconductor wafer is degraded. OCn the

11



to have a hardness of 45 to 65, preferably 45 to 60. When the hardness is

| ower than 45, the planarity of the material to be abraded is degraded. On
t he other hand, when the hardness is higher than 65, the planarity is good,
10 but the uniformty within wafer tends to be degraded. [0025] In the
polishing pad of the present invention, it is desired for the foaned

pol yuret hane for the polishing |ayer to have a conpressibility of 0.5 to
5.0% preferably 0.5 to 3.0% Wen the conpressibility is within the above
range, 15 both the planarity and uniformty can be sufficiently obtained.

[ 0026] The pol i resent _invention nma

i shin d OE the. p Fav a li hﬁ
transmitting QEE?Foﬂag roY ?BcgﬁﬁgsgﬁcéﬁdcpaFﬁleV léo Fgﬁﬁﬁgphﬁg tt%has the
light transmtting section, it is 20 desired to have no unevenness, which
accumul at es aAdCFenetRe POTPRhi B SoF Ui oRy BN € heS stefacedat2ithetlst de of
the polishing |ayer of the light transmtting section. If there is
macr oscopi ¢ uRe9BAKESY éF FRedsuPbacéhst PLRBEASILEY tEPAEhECPBRI §RPEGIRdyer of
the light transmtting section, 25 abrasive slurry conprising additives,
such as abrasil®824121Igr 4hAspPd 1g8cufubated i RhEhpre6ARBEVEnVaRdirhe 1t 1s
scattering and absorbing of light occurs. Therefore, it tends to degrade
t he det eébtiondgséurdcyor| hhaddiceren, it viigesheoe desi ted rolhabhenmolaver
macr oscopi ¢ unevenness on the surface at 5 the other side of the |ight
transmtting sectipon. al hatrhHaees of 45 to 6%, preferably 45 to €0. When

the hardness is lower than 45, the planarity of the
( material to be abraded is degraded. On the other hand,
when the hardness is higher than 65, the planarity 1is good,
10 but the uniformity within wafer tends to be degraded.
[0025] In the polishing pad c¢f the present invention, it is
desired fcr the foamed polyurethane for the polishing layer
to have a compressibility of 0.5 to 5.0%, preferably 0.5 to

3.0%. When the compressibility is within the above range,

15 both the planarity and uniformity can be sufficiently
obtained.

[0026] The polishing pad of the present invention may have

a light transmitting section for detecting an end point of

polishing. If it has the light transmitting section, it is
20 desired to have no unevenness, which accumulates and renews

polishing soluticn, on the surface at the side of the

polishing layer of the light transmitting section. If

there is macroscopic unevenness on the surface at the side

of the polishing layer of the light transmitting section,

25 abrasive slurry comprising additives, such as abrasive
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IS macroscopi c unevenness as descri bed above, the scattering of |ight
easily occurs, and it tends to degrade the detection accuracy. [0027] A
material for formng light transmtting section in 10 the polishing pad of
the present inventionis not limted as long as it has a |ight
transmttance at a wave length of 600 to 700 nmof not |ess than 50% and a
conpressibility higher than that of the polishing | ayer. Exanpl es thereof

i ncl ude pol yurethane resin, polyester resin, polyamde 15 resin, acrylic
resin, polycarbonate resin, hal ogen-based resin (such as pol yvinyl

chl oride, polytetrafl uoroet Iene pol Ildene quorlde) pal ystyrene,
oTeri o based FEEITS (ol GHAGHES go1 yoropAralr, Bty T el the 1 ke.

These materials may be used alone or in conblnatlon of two 20 or nore
thereof . Among@heREGRREN &Afs, LIHE guiGHiet hdhe rslesin Havitfyds die abrasi on
resi stance is eferably used, because it is possible to restrain the |ight
scattering K&ﬁltéﬁ?he ttr%éieéfeqirlégm%ﬁj?UI[WS] Trhedsbifaamet Hane S &€is® f or
form ng Ilght 25 transmtting section conprises organic isocyanate, polyol
13 and chai n éasdridet .tq GoRT X arfs s P itch elngyfanies S ﬁb)}ﬁ?ﬁat%ﬁaﬁ?@ @dre
2,4- toluene diisocyanate, 2,6-toluene diisocyanate, 2,2'- diphenyl nethane
di i socyariat e, t21,64'0’fdiq:)h@‘ﬂyllermﬂ16m‘ee alcﬁhtsddwmmlet,tmm'secﬂmyl net Hdregre
di i socyanate, 1,5-
1s macroscopic unevenness as described above, the
scattering of light easily occurs, and it tends to degrade
i the detection accuracy.
{0027] A material for forming light transmitting section in
10 the pelishing pad of the present invention is noct limited
as long as it has a light transmittance at a wave length of
600 to 700 nm of not less than 50%, and a compressibility
higher than that of the poclishing layer. Examples thereof
include polyurethane resin, polyester resin, polyamide
15 resin, acrylic resin, polycarbonate resin, halogen-based
resin {such as polyvinyl chloride, polytetrafluoroethylene,
polyvinylidene fluoride), polystyrene, olefin-based resin
{polyethylene, polypropylene), epoxy resin and the like.
These materials may be used alone or in cembination of two
20 or more therecof. Among these materials, the polyurethane
resin having high abrasion resistance 1s preferably used,
because it is possible to restrain the light scattering
from the trace of dressing.

[0028] The polyurethane resin for forming light

25 transmitting section comprises organic isocyanate, polyol
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napht hal ene dii socyanate, p-phenylene diisocyanate, m phenyl ene

di i socyanate, p-xylylene diisocyanate and m xylylene diisocyanate,
hexanet hyl ene dii socyanate, 1,4- cyclohexane diisocyanate,

4, 4" -di cycl ohexyl net hane 10 dii socyanate, isophorone diisocyanate and the
i ke. These nmay be used alone or in conbination of two or nore thereof.

[ 0030] As the organic isocyanate, not only the diisocyanate conpounds
descri bed above but also nultifunctional (trifunctional or nore) isocyanate
conpounds can be used. 15 As the nultifunctional isocyanate conpounds,
Desnmodul e-N (rmanufactured by Bayer) and a series of diisocyanate adduct
conpounds unded K aima e TfaREof Duranate (Asahi Chenmical Industry Co.
Ltd.) are commercially available. Since the trifunctional or nore

i socyanat e conpiaids Exsenb glsond 20 e agidan igel 1 mvany tmtingslivglof, 4-
prepolyner, it is preferably added to diisocyanate conpound to use. [0031]
Exanpl es of t He lpaingoldi iigte]vede tgol yetfhero pwingo|di sssreseriteod Dy ' -

pol yt etranet hyl ene et her glycol, polyester polyol represented by

pol ybut yl ene atigyeatre; 1 25 Ipoley chapraal@ctrarte: ,pdl y0' - d ipglaresitmert fpaleycar bonat e
polyol, 14 such as reaction product of polyester glycol (such as

pol ycapr d act ahe)sancral eyl end 'caripdreatye, mepnl ares tagri s quotaycardyoriatte- pol yol
formed by reacting ethylene carbonate w th pol yhydroxy al cohol and then
reacti ng the meadiironl énanditigoe wairtdt egr gaipleerdt lcardakiyild e yaaiate, m-
pol ycar bonat e
phenylene diisccyanate, p-xylylene diisocyanate and m-
{ xylylene diisocyanate, hexamethylene diisocyanate, 1, 4-
cyclohexane diisocyanate, 4,4'-dicyclohexylmethane
10 diisccyanate, iscphorone diisocyanate and the like. These
may be used alone or in combination of two or more thereof.
[0030] As the organic isococyanate, not only the diisccyanate
compounds described above but also multifunctional
(trifuncticonal or more) 1socyanate compounds can be used.
15 As the multifuncticnal isocyanate compounds, Desmodule-N
(manufactured by Bayer) and a series of diisocyanate adduct
compounds under the trade name of Duranate (Asahi Chemical
Industry Co., Ltd.) are commercially available. Since the
trifunctional or mere i1socyanate compounds used alone
20 easily gel during synthesis c¢f prepolymer, it is preferably
added to diiscocyanate compound to use.
[0031] Examples cof the polyols include polyether pclyoel
represented by polytetramethylene ether glycol, polyester

polyol represented by polybutylene adipate,

25 pclycaprolactone polyol, polyester polycarbonate polyol,

14



pol yol formed by ester exchange reaction of polyhydroxy) conpound with aryl
carbonate and the like. These may be used alone or in conbination of two or
nore thereof. [0032] Low nol ecul ar wei ght polyols, such as ethylene 10

gl ycol, 1,2-propylene glycol, 1,3-propylene glycol, 1,4- butanediol,

1, 6- hexanedi ol , neopentyl glycol, 1,4- cycl ohexanedi net hanol,

3-net hyl -1, 5-pentanedi ol, diethylene glycol, triethylene glycol,

1, 4- bi s(2- hydr oxyet hoxy) benzene can be used in addition to the above

pol yol . 15 [0033] Exanples of the chain extenders include |ow nolecular

wei ght polyols, such as ethylene glycol,_ 1,2- propylene glycol,
1, 3- propyl ene YGRS EREPRaFRDBISE AL & i cﬂl,y‘%g'opbsrﬁ%ﬂ % ycol ,

1, 4- cycl ohexanedi net hanol, 3-nmethyl -1, 5-pentanedi ol, diethylene glycol,
triethyl ene 20Pl¥&a51L0 e GA-Bles ( ATHY 058 et HO XA . RSt 561 88dim nes such
as 2,4-toluene diamne, 2,6-toluene diamne, 3,5-diethyl- 2, 4-toluene
di ami ne, 4, 4' filweecsnatie ofilam inodi prrchy wretdishel g efhylene carbonate
di am nodi phenyl net hane, 3, 3'- dichloro-4,4'-di am nodi phenyl met hane,
2,2',3,3 25 tettadhtlofoedy oty di lamhrodi g eret g, iy £hadid@daico gy 3' - 15
di et hyl -5, 5' - di et hyl di phenyl et hane, 3, 3'-diethyl-4,4"-
di am nodiphenytirtihaneyitdy £rgrstihy | @ Bicky et Bd iaht ranidatmnate
4, 4" -met hyl ene-bi s-anthranilic acid, 4,4 -diam nodi phenyl sul fon,
N, N - di - sec- butoill vql 5 qphenyy lheneds taami nes cHgrdde netdytl ievre-doll s{cB-yoharan« 2, 6-
comnpound with aryl carbonate and the like. These may be
{ used alone or in combination of two or more thereof.
[0032] Low molecular welght polyols, such as ethylene

10 glycol, 1,2-propylene glycol, 1,3-propylene glycol, 1,4-
butanediol, 1,6-hexanediol, neopentyl glycol, 1,4-
cyclchexanedimethanol, 3-methyl-1, 5-pentanedicl, diethylene
glycol, triethylene glycol, 1,4-bis(2-hydroxyethoxy)benzene
can be used in addition to the above polycl.

15 [0033] Examples c¢f the chain extenders include low
molecular weight polyols, such as ethylene glycol, 1,2-
propylene glycol, 1,3-propylene glycol, 1,4-butanediol,

1, 6-hexanediol, neopentyl glycol, 1,4-cyclohexanedimethanol,
3-methyl-1, 5-pentanediol, diethylene glycol, triethylene

20 glyceol, 1,4-bis{2-hydroxyethoxy)benzene; or polyamines such
as 2,4-toluene diamine, 2,6-toluene diamine, 3,5-diethyl-
2,4~toluene diamine, 4,4'-di-sec-butyl-
diaminodiphenylmethane, 4,4'- diamincdiphenylmethane, 3,3'-

dichloro-4,4'-diaminodiphenylmethane, 2,2',3,3'-

25 tetrachloro-4,4'-diaminodiphenylmethane, 4,4"'-diaminc-3,3'-

15



di et hylam ne), 3,3'-dichloro-4,4"-diamno-5,5" - diethyldi phenyl net hane,

1, 2- bi s(2-am nophenyl t hi o) et hane, trimethylene glycol-di-p-ani nobenzoat e,
3,5- bis(methylthio)-2,4-toluene dianm ne. These may be used 10 al one or in
conmbi nation of two or nore thereof. It is preferable to use the polyam nes
such that the addition thereof does not deteriorate the physical properties
and |ight transm ssion properties of the light transmtting section,
because the pol yam nes is colored thenselves or 15 resin using the

pol yam nes is colored. [0034] The ratio of the organic isocyanate, polyol

and chain extender c Ui 1.abl hange depending t | ecul.ar . wei ght of
each conponentdlfgg‘ﬁlh-}qdis_iil&?%}ygﬁgr ¥ eldtfer}tq}‘?él%’l i%g t fﬁg“rﬁ ti'ig secti on
formed therefrom In order to 20 obtain the desired @;o erties of the
material for FOERIRPIHRENY PR s W%iWWfihﬁﬁQQ%i %41i s desired that a
ratio of nunber of isocyanate group in the organic isocyanate to the total
number of fun&SEralangreiRgst (Ehedr deyd ' Greddly 18R R RS TgEGad) i aHié pol yol
and chain extender be within the 25 range of 0.95 to 1.15, preferably 0.99
to 1.10. 16 [ do35] drmanigwidihatidmaliegtn o e pregsdmt i lmienti on can  be
produced by known uret hane-nmaki ng techni ques, such as a nelting nethod, a
sol uti on Jret hadrestyel. enastitan im orfsi e iranl e dost ( Snfdh MBIKi“hdat nospher e,

the 5 polyurethane resin is formed preferably by the nelting
diethylamine), 3,3'-dichlorc-4,4'~diamino-5,5"-

diethyldiphenyimethane, 1,2-bis{2-aminophenylthio)ethane,
( trimethylene glycol-di-p-aminobenzoate, 3,5-

bis{methylthio)-2,4-toluene diamine. These may be used

10 alone or in combination of two or more therecf., It is
preferable tc use the polyamines such that the addition
thereof does not deteriorate the physical properties and
light transmission properties cof the light transmitting
section, because the polyamines i1s colored themselves or

15 resin using the polyamines is colorecg.
[0034] The ratio of the crganic isocyanate, polycl and
chain extender can suitably change depending to molecular
weight of each component and the desired properties of the
light transmitting section formed therefrom. 1In order to

20 obtain the desired properties of the material for forming
the light transmitting section, it is desired that a ratio
of number of iscocyanate group in the organic isccyanate to
the total number of functional groups (hydroxyl group and
amino group} in the polyocl and chain extender be within the

25 range of 0.95 te 1.15, preferably 0.99 to 1.10.
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met hod. [0036] The pol yurethane can be produced by a prepolyner nethod or a
one-shot nethod, but the prepolyner nethod wherein an isocyanate-term nated
prepol yner synthesized 10 previously fromorgani c i socyanate and polyol is
reacted wth a chain extender is generally used. Since the

i socyanate-term nated prepol yners produced from organic isocyanate and

pol yol are commercially available, if they are suitable to the present
invention, it is possible to 15 synthesize the pol yurethane used in the
present invention by a prepolyner method using the prepolyners. [0037] A

met hod of prepari the light transmtting section__of the present invention
s not i mtedO0R A B TS SRR SRethéd. TREEERGE BrEesasing he
pol yur et hane 20 bl ock produced by the nethod describe?}above to a_given

t hi ckness by &SsHresuEH hand 15 DGR ep@er St VFER g UGS G °SF 2Cast i ng
resin in a nold _conprising a cavity havin%hgﬁ?iven thickness to cure it; a

met hod of usi A tdEst MegHEehrfi e Udrt osh &6t ditrg 't &nitgue; and the Iike

25 can be used. If the light transmtting section has cells, 17 reflected
light is danpe@nsidgrgtl e atht 6i9sig anand ok ish @ masprgagraddedet ecti on
accuracy of an end point of polishing and neasurenent accuracy of film
t hi ckness Th@cdfvarre thane jresdesiised ool direftanatly lendve ges tdowt ai ned in
the 5 material before m xing by vacuating the material to not

method.

[0036] The polyurethane can be produced by a prepolymer

{ method or a one-shot method, but the prepolymer method

wherein an isocyanate-terminated prepolymer synthesized

10 previously from organic isocyanate and polyol is reacted
with a chain extender is generally used. Since the
isocyanate-terminated prepolymers produced from organic
isocyanate and polyol are commercially available, if they
are suitable to the present invention, it is possible to

15 synthesize the polyurethane used in the present inventiocn
by a prepolymer method using the prepolymers.

l [0037] A method of preparing the light transmitting section
of the present invention is not limited, but may be well
known method. A method of processing the pclyurethane

20 block produced by the method described above to a given
thickness by a slicer of band saw type or planer tvpe; a
method of casting resin in a mold comprising a cavity
having a given thickness to cure it; a method of using

coating technigue or sheet molding technigque; and the like

25 can be used. If the light transmitting section has cells,
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nore than 10 Torr

in order to renove the cells. In addition, in case of

using a agitator type mxer, it is desired to stir the material at nunber

of revol utions of

not nore than 100 rpmin order to prevent the cells from

10 imm xing in a step of stirring after mxing. It is also desired to

conduct the stirri

ng under a reduced pressure. It is also desired to stir

and deaerate the material by wusing a planetary m xer, because it is

difficult to imm x

the cells even if using the m xer at high revolution. 15

[ 0038] A shape of the light transmtting section is not limted, but it IS

cushi on | ayer - 160567 Z%ﬁ%ﬁ%f e B el ttf%"'g'l%%ls?.%eﬁa%? ahts

l[imted, but it is

openi ng of t h&®pBFESRPRg SEAFET 18Rd 2CGSRPGY OIa?@renFO@@GF

pad of the present

deS|red to be apprOX|nateI t he sane .20 si_ze ]
(%l 7%t R8 SF“ilE‘Hi ng

invention, materials for the polishing |ayer are not

limited as | oAgGd &@aﬁprﬁ?ePGrﬁéﬁuF@GWIPgaﬁé&mp6pﬁ&$@@ﬁéne ARETRASTR  f L&xur al
25 nodul us of 250 to 350 MPa.. The reason why the foamed 18 pol yurethane is
used for the ﬁélﬁ@ﬁﬂﬁ@dlé%éﬁléﬂe@ﬁéypﬁéséﬁﬂoven@@ﬁtﬁ@ﬁtﬁén@ﬁaﬂna6P§S|ve
slurry is accunulated in the cells on the surface of the polishing layer to
i ncrease X he Mabeidipe bedree B XRE byl yacerhdnd rési maigs iétcépl ert 5
abrasi on resi stance, and pol yners having desired physical

more

than 10 Torr in order to remove the cells. In

addition, in case of using a agitator typs mixer, it is

( desired to stir the material at number of revolutions of

not more than 100 rpm in crder to prevent the cells from

10 immixing in a step of stirring after mixing. It 1is also

desired to conduct the stirring under a reduced pressure,

It is also desired to stir and deaerate the materizl by

using a planetary mixer, because it is difficult to immix

the cells even if using the mixer at high revolution.

15 [0038] A shape of the light transmitting section is not

limited, but it is desired ftc be the same shape as the

{ opening of the polishing layer and cushion layer.

[0039] A size of the light transmitting section is not

limited, but it is desired to ke approximately the same

20 size

as the opening of the polishing layer and cushion

layer.

[0040
mater

as it

1 In the polishing pad of the present invention,
ials for the pclishing layer are not limited as long

is formed from foamed polyurethane and has a flexural

25 modulus of 250 to 350 MPa. The reason why the foamed
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properties are easily obtained by varying raw material conposition. [0041]
The pol yurethane resin for the polishing |ayer conprises organic

i socyanate, polyol and chain extender as 10 described for the |ight
transmtting section. [0042] The organic isocyanate used in the polyurethane
resin for the polishing layer is not limted, but includes the organic

i socyanate used in the polyurethane resin for the material for formng the
light transmitting section. 15 [0043] The pol yol used in the pol yurethane
resin for the polishing layer is not limted, but includes the polyol wused
in the polyurethane resin for th ter orm

transnmitting 58 ¥P6ﬁtgﬁpeu§?nﬁsF§r¥aﬁet ﬁoP?gﬁégﬁﬁﬁenganOFo%g?hBrEBFPEhlng
| ayer, a nol ecul ar 20 weig %@of t he pol yol is not |Iﬁlteg t referably
wi thin the rah@EeBFl%olt‘so éoaPﬁaWé(\%’/ SLUEFYstfc 2 pHBp F‘FF’é le

resul ting pol yurethane. [0044] As the polyols, |ow nolecular wei ht polyols
such as ethyF8héSgPyicbiRe £UFLIFFEEpFFeh gP?&éPthg316V85yF@nénC?Sa§PyEBﬁ

1, 4- but anedi ol , 1, 6-hexanedi ol, neopentyl glycol 19

1, 4- cycl ohexaRedRfEVRaAGIte : 30Fethf pflsnﬁégpaﬁ@dnréﬁm drét RyFenéegFycol ,
trlethylene glycol, 1,4-bis(2- hydroxyethoxy)benzene can be used in addltlon
to the high rasupar regilghengsl yenddesévinksd Abyved Sep00gs] pirieirati o of

t he hi gh nol ecul ar wei ght conponent to
properties are easily obtained by varying raw material

composition.
( [0041] The polyurethane resin for the pclishing layer
comprises crganic lsocyanate, polyol and chain extender as
16 described for the light transmitting secticn.
[0042] The organic isogyanate used in the polyurethane
resin for the peclishing layer is not limited, but includes
the organic isocyanate used in the polyurethane resin for
the material for forming the light transmitting section.
15 [0043] The polyol used in the polyurethane resin for the
polishing layer is not limited, but includes the polycl
{ used in the polyurethane resin for the material for forming
the light transmitting section. If using for the
polyurethane resin for the polishing layer, a molecular
20 weight of the peolyol is not limited, but is preferably
within the range of 500 to 2000 in view of elastic
properties of the resulting polyurethane.
[0044] As the polycls, low molecular weight polyols, such
as ethylene glycol, 1,2-prcpylene glycocl, 1,3-propylene

25 glycel, 1,4-butanediol, 1,6-hexanediol, neopentyl glyccl,
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the | ow nol ecul ar wei ght conponent is determ ned depending to the
performance requi renent of the polishing |ayer obtained therefrom [0046]
Exanpl es of the chain extenders used in the 10 polyurethane resin for the
polishing | ayer include polyam nes, such as

4, 4' - met hyl ene- bi s(o-chl oroaniline), 2,6-dichloro-p-phenyl enedi am ne,

4, 4" -nmet hyl ene-bi s(2,3- dichloroaniline). These may be used alone or in
conbi nati on of two or nore thereof. 15 [0047] The ratio of the organic

i socyanate, polyol and chain extender can suitably change depending to

nol ecul ar wei.ght of .each conponent and the g si.red properties of the
pol i shi ng Iayérqfﬁﬁﬁéﬁ ﬁ@ﬁ@ﬁﬁ@ﬁﬁhﬁ@Pth%F € B&&rﬁeé_P§%%§GF§FHRVhe f oam
having a fl exural nmodul us of 250 to 350 MPa. 20 In order to gbtain the
pol i shing | ay&f eRaVilsgeexddldcdnt trdFtayil¢eeprdpértied, tlisd “desired that a
rati o of nunber of isocyanate group in the organic isocyanate to the total
nunber of funéidsealy eheups DEMEENEX FHangLéup Safd 1&maRel i tdesusy ithet hé 9pol yol
and chain extender be within the range 25 of 0.95 to 1.15, preferably 0.99
to 1.10. 20 [OG48)1EAe Weslofhr v desicy ibed elvevigoel i shing |ayer is
prepared by the nmethod as described in the polyurethane resin used in the
mat eri al ¥ or fl@0diSAg Thise taitglet ofr adenintitghngodecuilery. WEighiolopmpetkanie toesi n
may 5 optionally contain stabilizers such as antioxidants,
the low mclecular welght component is determined depending
to the performance requirement of the polishing layer
{ obtained tTherefrom.
[0046] Examples of the chain extenders used in the
10 polyurethane resin for the polishing layer include
polyamines, such as 4,4'-methylene-bis{o-chloroaniline),
2,06-dichlorc-p~phenylenediamine, 4,4'-methylene-bis (2, 3-
dichlorcaniline). These may be used alone or in
combination of two or more thereof.
15 [0047] The ratio of the c¢rganic isocyanate, polyol and
chain extender can suitably change depending to molecular
( welight of each component and the desired properties of the
polishing layer formed therefrom, but it is required to
obtain the foam having a flexural modulus of 250 fto 350 MPa.
20 In order to cbtain the polishing layer having excellent
abrasive properties, 1t is desired that a ratio of number
of isccyanate grcup in the organic isocyanate to the total
number of functional groups (hydroxyl group and amino

group) in the polyol and chain extender be within the range

25 of 0.95 to 1.15, preferably 0.89 to 1.10.
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surfactants, lubricants, pignments, fillers, antistatic agents, and the

ot her additives. [0049] A nethod of mcro foam ng the pol yurethane resin is
not limted, but includes a nmethod of addi ng holl ow beads, 10 mechani cal

f oam ng net hod, chem cal foam ng nethod and the |ike. These may be conducted
i n conbination, but the nechanical foam ng nmethod using an active hydrogen
group- free silicone-based surfactant consisting of a polyalkyl

si | oxane- pol yet her copol yner is nore preferable. Exanples 15 of the
silicone-based surfactants as suitabl e conpound of the present invention

i ncl ude SH 19 cQ rcial available fram Toray Dow Corning Silicone Co.
Lra ) os0] HAREHTorign tor R iRy 1 oded ol v UH g 5y et hane

used in the polishing |ayer for the polishing. 20 pad of the present
i nvention wi | PR &ndd's Aeddied 12 hétlssiTamsst I T Srethot I iépar i ng
t he foanmed pol yurethane comprises the followng steps (a) to (c). (a)
Stirring to pregare Weklyr ditspatadioon of @ fogdtyghdthe t'erdhitat ed
prepol ymer; 25 A silicone-based surfactant is added to an isocyanate- 21
term nat ed pr epcInEEt EAE st9GTied i n Hif inferiti e atghd e e Badert gas i s
di spersed as fine cells to forma cell dispersion. Wen the
i socyanat®- t erahared lpf epoiaver Sisalinl i zp5ol9WET oy st ordidrarys
tenperatures, the prepolynmer is 5 nelted by pre-heating to a suitable
t enperature. surfactants, lubricants, pigments, fillers, antistatic
agents, and the other additives.
( [0049] A method of micro foaming the polyurethane resin is
not limited, but includes a method of adding hollow beads,
10 mechanical foaming method, chemical foaming method and the
like. These may be conducted in combination, but the
mechanical foaming method using an active hydrogen group-
free silicone-based surfactant consisting of a polyalkyl
siloxane-polyether copolymer is more preferable. Examples
15 of the silicone-based surfactants as suitable compound of
the present invention include SH-192 (commercial available
from Toray Dow Corning Silicone Co., Ltd.).
[0050] The method of preparing closed-cell type fcamed
polyurethane used in the pclishing layer for the polishing
20 pad of the present invention will be explained in detail
hereinafter. The method of preparing the foamed
polyurethane comprises the following steps {(a) to (c).
(a) Stirring to prepare a cell dispersion of an

isocyanate-terminated prepolymer;

25 A siliceone-based surfactant is added fc an isocyanate-
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(b) Mxing a curing agent (chain extender); A chain extender is added to,
and m xed with, the cell dispersion under stirring. (c) Curing step 10 The
i socyanate-term nated prepol yner m xed with the chain extender is cast in a
nol d, and heat-cured. [0051] The inert gas used in production of the

pol yurethane resin foamis used for formng fine cells, and it is
preferably not conbustible. Exanples of the gases include 15 nitrogen,
oxygen, a carbon dioxide gas, a rare gas such as helium and argon, and a

m xed gas thereof, and the air dried to renove water is nost preferable in
vi ew of cost. irrer for, di.spersing the.inert gas in th

S e%OOSZ% QS %‘St mer d. stirred 1 ) e s b} ﬁ
si |'i cone- based & AEERNPIES AT NG s 6dyARaTe-TePt A& 6r 8861 VREr to
formfine cells, well known stirrers ca&.be Uﬁﬁq mﬁtgput partigular
limtation, ande&tadffes St HREESESS @S ude™s FEMogericzeP ™ 2di°Eddl ver, a
twi n-screw planetary mxer and the |ike. The shape of an agitator of the
stirrer is n6fSPEFELiOM-arthey iHHG ¢ G ARG S BEE T NATSSh &s ¢85 4gi tat or
is preferably used to formfine cells. 22 [0053] In a preferable
enbodi ment, diéf ferléft ISETY Pdr STE G 2 s ¢ TING ISHTSisng TG FrEPsilnged cél |
dispersion in the stirring step and in stirring for m xing an added chain
extender 3 n t HelLFed By Prephessdpecttiod ypulliabdar tiedwsdrat Westirring in the
m xing step may not be stirring for formng
(b) Mixing a curing agent (chain extender);
A chain extender is added to, and mixed with, the cell
i dispersion under stirring.
(c} Curing step
10 The isocyanate~terminated prepolymer mixed with the chain
extender 1s cast in a mold, and heat-cured.
[0051] The inert gas used in production of the polyurethane
resin foam is used for forming fine cells, and it is
preferably not combustible. Examples of the gases include
15 nitrogen, oxydgen, a carpbon 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 view of cost.
[00B2] As a stirrer for dispersing the inert gas in the
silicone-based surfactant-containing isccyanate-terminated
20 prepolymer to form fine cells, well knownh stirrers can be
used without particular limitation, and examples therecof
include a homogenizer, a dissolver, a twin-screw planetary
mixer and the like. The shape of an agitator of the stirrer

is not particularly limited either, but a whipper-type

25 agitator is preferably used to form fine cells.
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cells, and a stirrer not generating large cells is preferably used. Such a
stirrer is preferably a planetary m xer. The sane stirrer may be used in
the stirring step and the mxing step, and stirring conditions such as 10
revolution rate of the agitator are preferably adjusted as necessary.
[0054] In the nethod of preparing the foanmed pol yurethane, heating and
post-curing of the foam obtai ned after casting and reacting the cel

di spersion in a nold until the 15 dispersion lost fluidity are effective in
i nproving the physical properties of the foam and are extremely suitable.

The cel | dispersi y be cast in a | d,.and i medi_at el ost-cured in a

moe oy ovenP o0, OB ande e erar < et BR  naR b, et &t

conducted to the 2Q reactive c%%po nts, and tos the di aneters of cells are
n- [

not i ncreasedYSFe 10uriig FrE&ctiodn o4 Mgk &r 461y COREGEEEET At A&l

pressures to stabilize the shape of cells. [0055]. I.n the preparatigon of the
pol yur et hane FédifFirng weleP a%ﬁgﬂﬁléﬁFéF§§€'&SEeWéﬁépﬁn@np5p§ﬁgéfh§ﬁg

reaction, such as 25 tertiary am ne- based catal yst, organotin-based
catal ysts, 23%kydse dSedDeTHE H e SHT afSERE COf Vel -cataPfdtt 1addéd rar e
determ ned depending to flowtime in casting in a predetermned nold after
the mxi g st &1 TOOS6ETHE Eproductd Gt S6F TeYe 'PSamed SEoltyurét H&re fRayibg in
5 a batch system where each conponent is wei ghed and
cells, and a stirrer not generating large cells is
preferably used. Such a stirrer is preferably a planetary
i mixer. The same stirrer may be used in the stirring step
and the mixing step, and stirring conditions such as
10 revolution rate of the agitater are preferably adjusted as
necessary.
[0054] In the method of preparing the foamed polyurethane,
heating and post-curing of the foam obtained after casting
and reacting the cell dispersion in a mold until the
15 dispersion lost fluidity are effective in improving the
rhysical properties of the fcam, and are extremely suitable.
{ The cell dispersiocn may be cast in a mold and immediately
post-cured in a heating oven, and even under such
cenditions, heat is not immediately conducted to the
20 reactive components, and thus the diameters of cells are
not increased. The curing reaction is preferably conducted
at nermal pressures to stabilize the shape of cells.
[0055] In the preparation of the polyurethane resin, a well

known catalyst accelerating polyurethane reaction, such as

25 tertiary amine- based catalyst, organotin-based catalysts,
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introduced into a vessel, or in a continuous production system where each
conponent and an inert gas are continuously supplied to and stirred in a
stirring device and the resulting cell dispersion is renoved to produce 10
nol ded articles. [0057] The polishing | ayer used for the polishing pad of
the present invention is produced by cutting the foaned pol yurethane
prepared as descri bed above into a predeterm ned size. 15 [0058] In the
polishing layer formed fromthe foaned pol yurethane of the present
invention, it is desired to provide grooves for accunul ating and renew ng

the abrasive pgluny Qrd he pel Itwen%nwafn@%t( R i3RI NG ZANR): GRRLACH W th
a material to be polished. Since the polishing zone 20 |s forned fromfine

foam there araeehmn%%r g%g%%]dtlr;l% tQ)O|fll%m Rg surfac Stq has a function

to accunul ate abrasiv urry. In order to furt efféctlvely

accunul ate an Ir%ﬁﬁﬂrbﬂ%e%bﬁ%ﬁl %fyéwa% %ﬁ%ﬁe%% material to be

pol i shed from i'ng by t sorptlon 0 terlal to be polished,

it is desired t % rgQve 4 on.th |sh|n urfa The shape.of the
groove i s not Sﬁﬁtgé% %Ig%Ct%on Pfgg-unngﬁl %ﬁﬁﬁkne%%Fh gﬁ?é%@vén

slurry, hut include for._exanpl e, XY gratin gr.ooqve, n ntr c circular
gr oove, %brforag)%‘% Ste“bBﬁﬁﬁﬁ %maﬁ% spﬁfmwﬁiiﬁ) "&ccentric

circular groo%%trga%ced intc a vessel, or in a continuous production
system where each component and an inert gas are
i continuously supplied to and stirred in a stirring device
and the resulting cell dispersion is removed to produce

10 molded articles.

[O057] The pcolishing layer used for the polishing pad of
the present invention is produced by cutting the fcoamed
polyurethane prepared as described above into a
predetermined size.

15 00581 In the polishing layer formed from the foamed
polyurethane of the present invention, it is desired to
provide grooves for accumulating and renewing the abrasive
slurry on the polishing surface (pclishing zone} contact
with a material to be polished. Since the pclishing zone

20 is formed from fine focam, there are many pores on the
polishing surface, and it has a function to accumulate the
abrasive slurry. In order tc further effectively
accumulate and renew the abrasive slurry or prevent the
material to be polished from breaking by the absorption of

25 the material to be polished, it is desired to have grooves
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groove and the conbination thereof. The pitch, width and depth of the
groove is not also limted, and can be suitably selected. The grooves have
generally ordinality, but can vary the pitch, width and depth of the groove
at 10 every zone. [0059] A method of form ng the groove is not limted, but
i ncl udes a nmethod of nechanical cutting using, for exanple, a cutting tool
of a predeterm ned size, nethod of casting resin in a nold having a given
surface shape and curing it, 15 a nethod of pressing resin using a press

pl ate having a given surface shape, a nmethod of form ng the grooves by

phot ol i t hogr aphy ¢ i g&;&ﬁo&mq formng t hengl agyes Ryr fid i idgse & dgihod of

formng the grooves | aser 1ight using carbon dioxide |laser and the |ike.

20 [0060] In the .poljshi f. inv i it sired for
the pol i shi ng THVARY o hacdth thi ckrsetrier e €N ols r il o 0%
mm preferably 0.6 to,3,.,5 mm npl es of the ods .of preparing the
polishing | ayesrlmi'ur i nbg‘n-t hlen(:t]hliichsffes%soﬁsnecyfau% %’n?e?h%%ato n%r%lgoeosvsel 'ng the 25
f oam bl ock produced t he nethod descri bed above to a_ 25 givgp t hi ckness

by a slicer pfc%%edltgaw t%/iprecu_olra]iolgalhc_)ecﬁve’t ¥Pe, F HetHod Bt tasting tesin in a
R TR R AL SR BT SERTEAER N Tt
groove and the combination therecf. The pitch, width and
depth of the groove is not also limited, and can be
{ suitably selected. The grcoves have generally ordinality,
but can vary the pitch, width and depth of the grocve at
10 every zone.
[0059] A method of forming the groove is not limited, but
includes a method of mechanical cutting using, for example,
a cutting toel ¢of a predetermined size, method of casting
resin in a mold having & given surface shape and curing it,
15 a method of pressing resin using a press plate having a
given surface shape, a method of forming the grooves by
' photolithography, a method of forming the grooves by
printing, a methcod of forming the grooves by laser light
using carbon dicxide laser and the like.
20 [0060] In the polishing pad of the present inventiocon, it is
desired for the polishing layer to have a thickness, which
is not limited, of 0.5 to 4 mm, preferably 0.6 to 3.5 mm.
Examples of the methocds of preparing the polishing layer
having the thickness include & method of processing the

25 foam block produced by the method described above to a
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[0061] It is desired for the polishing layer to have a variability of

t hi ckness of not nore than 100 pm preferably not nore than 50 pm Wen the
variability of thickness is larger than 100 pm the polishing | ayer has 10
| arge crinkle, and portions having different contact state are forned,

whi ch degrades the abrasive performance. In order to dissolve the
variability of thickness, the surface of the polishing |ayer is dressed by
dresser having abrasive grains of dianond el ectrodeposited or nelt bonded
15 thereon at initial stage of polishing. However, when the variability of

thickness is Latger dhandhe ugber ditide oARess] N0 1108.d . gng Jthi ch

reduces the p ctive e ncy. In a tion, in order to strain the

variability OE E%;@gg&ﬁhc; %”§%5&ﬁgﬁﬁfﬁ¥%gﬁ‘Eﬁ#%fﬁ%ﬂgﬂ%§§ﬁ§f¥%§a§ %§ted to a

gi ven thicknes Ing treate treat ment preferably

conducted stepw_se by usin ahr asi sheets having di.fferent particle size.
[ 0062] A net hc():(?vol&yp%oa ulcr}ggga Iggn\%aer%fa;%l&cg(o S°%hi r?g cﬂ)%& 1&5 rims\,eltlir%l da O(p;flol i shi ng

| ayer and (light, transmitti 25 section, an cushion |ayer. is not limted,
and tray be. | 28N S A A e B 1 SO s 4 ek ogd e
Exanpl es _of th met hods in case of having the light transmtting section

are descri bed dé“?blloms, but the polishing pad may be produced w t hout

form ng an openigg_in 5 case of having no Ii%ht transmtting section.
[0061] It is desired for the polishing layer t0 have a

variability of thickness of not more than 100 um,

{ preferably not more than 50 pm. When the variability of

thickness is larger than 100 pm, the polishing layer has

10 large crinkle, and porticns having different contact state
are fcrmed, which degrades tThe abrasive performance. In
order to dissolve the variability of thickness, the surface
of the polishing laver is dressed by dresser having
abrasive grains of diamond electrodepeosited or melt bonded

15 thereon at initial stage of polishing. However, when the
variability of thickness is larger than the upper limit,

( dressing time is long, which reduces the productive
efficiency. In addition, in order to restrain the
variability of thickness, the surface of the polishing zone

20 adjusted to a given thickness may be buffing treated. The
buffing treatment is preferably conducted stepwise by using
abrasive sheets having different particle size.

[0062] A method of producing laminated polishing pad
comprising a polishing layer and (light transmitting

25 section and) cushion layer is not limited, and may be
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[0063] I.n the first enbodi nent, a doubl e-coated tape adheres to the
polishing | ayer having a opening of a given size at a given position, and
t he cushion layer having a opening of a given size at the sane position as
t he opening 10 of the polishing | ayer adheres to the polishing |ayer with

t he doubl e-coated tape. A doubl e-coated tape bonding release paper then
adheres to the cushion |ayer at the opposite side of the polishing |ayer,
the light transmtting section is put in the opening of the polishing 15

| ayer, and the polishing |layer adheres to cushion layer. [0064] In the

second embodi nmat ., 3 dauhlecoaled Laps, adheres o the jpolishing | ayer
havi ng a opening of a given 'size an he ‘cushion | ayer adheres to the
polishing layer w.th t oubl e-coat ed t ape. openi ng.is.then forned in
20 the double-§85?3§5t5§gt ﬁdmgﬁgﬁggnlpafgﬁeap%? gvégﬁe%hﬁoéﬁﬁﬁgn and si ze
as the opening of the polishing |ayer. daubl e- coat t ape. bondi ng a

rel ease paper%éﬁnﬁﬁﬂ%5ﬁ65%ﬁﬁgtqgﬁd T&d Pégjg@dtﬁé 3&3ﬂ?8ﬁ*|5v3r2h§nd a
light transmitting. .section is put in the opening of the polishing.layer and
25 adher es { hEPRESNZF FOO6STI Kot RECEHITRA SHboRTerer 'a "Hodh EPEb4Ped iape
adheres to the polish%gg_la er having a opening of a given size and the
cushi on Payer c&dRerds 1¥e NBo it SRitn ¢ BRI T EAiNGh SERE 188ubl e- coat ed tape. A

doubl e-coated tape bonding 5 a rel ease paper at the opposite side of the
cushion | ayer [0063] In the first embodiment, a double-ccated tape

adheres to the polishing layer having a opening of a given
{ size at a given position, and the cushion layer having a
opening of a given size at the same position as the opening
10 of the peolishing layer adheres to the polishing layer with
the double-coated tape. A double-coated tape bonding
release paper then adheres to the cushion layer at the
opposite side cof the polishing layer, the light
transmitting section is put in the opening of the pclishing
15 layer, and the peclishing layer adheres to cushicn layer.
[0064] In the second embodiment, a double-coated tape
{ adheres to the pclishing layer having a opening of a given
size and the cushion layer adheres to the poclishing layer
with the double-ccated tape. An opening is then formed in
20 the double-coated tape and cushicn layer at the same
position and size as the opening of the polishing layer. A
double-coated tape bonding a release paper at the opposite
side adheres to the cushion layer, and a light transmitting
section is put in the opening of the pelishing ilayer and

25 adheres thereto.
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then adheres to the cushion |layer. A opening is then fornmed fromthe

doubl e-coated tape to the rel ease paper at the sane position and size as

t he opening of the polishing layer. Alight transmtting section is put in
t he opening 10 of the polishing | ayer and adheres thereto. In the case,
since the opposite side of the light transmtting section is open, it is
desired to nount a conponent that prevents scrapes and the like from
accurul ating thereto. [0066] In the fourth enbodi nent, a doubl e-coated tape
15 bonding a rel ease paper at the opposite side of the cushion |ayer

adheres to thgopeshi 9n Eﬂ%ethléadeﬁﬂoﬁEﬁ%hﬂg LS gbliehe-LOLIRE kLgm the

cushion |l ayer to the rel ease paper. A I e- coated t ape adheres to the

pol i shi ng Iaygaﬂggglngoathgp Bu@ghghg %g&§ gp%ﬁ§nB°bESQ'?9vEﬁyer

adheres to 20 the cushion er wt tape SO as adj ust

the openi ng ° EEeaﬁﬁs@hgnch§%§ teﬁk@ghgaﬁgt@g %E F% hﬁgtEg%?r A

| i ght transmt |ng sectionis € opening o rng Fayer and

adher es therefg., Lncthe %%%etaat@aetgg% Opaoattels'%gﬁa t% oLl ghing

| ayer 25 is ope 8sir 6dt 6 nount "a corponent
scrapes gnd the ike frontaccunul tlnggthereto

|
produci ng t he p5F#§ﬁ ﬁgpsggroﬁttﬁ S&Ate |ﬁ&8%t|% khﬁegHggg f§?¥Fﬁg an

opening are n ted, but nclud t hod of _form ng an opening by 5
pressi ng usingkﬁn eﬁ65t58| ﬁ&&nnﬁa &Cm n§ gﬁenlgg N ORENY

formed from the double-coated tape to the release paper at
/ the same position and size as the opening of the polishing

layer. A light transmitting section is put in the cpening

10 of the polishing layer and adheres thereto. In the case,
since the opposite side of the light transmitting section
is open, it is desired tc mount a componenf that prevents
scrapes and the like from accumulating thereto.
[0066] In the fourth emboediment, a double-coated tape

15 bonding a release paper at the opposite side of the cushion
layer adheres to the cushion layer, and an opening is then
formed from the cushion layer to the release paper. A
double-ccated tape adheres to the polishing layer having a
opening of a given size, and the polishing layer adheres to

20 the cushion layer with the double-coated tape so as to
adjust the opening of the cushion layer to the opening of
the polishing layer. A light transmitting section is put
in the opening of the polishing layer and adheres thereto.
In the case, since the opposite side of the polishing layer

25 is open, it is desired to mount a component that prevents
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openi ng by using |aser, such as carbon dioxide |aser, a nethod of formng
an opening by cutting using, for exanple, a cutting tool and the |like. The
si ze and shape of the opening of the polishing layer is not limted. 10
[0068] In the polishing pad of the present invention, the cushion |ayer
conpensates the properties of the polishing |ayer, and as the main object
of the present invention, the inprovenent of the abrasive rate, the
planarity and wuniformty within wafer are acconplished by the properties 15
of both the polishing |layer and cushion layer. It is required for the

cushion layer st-0:be<f ared Hfy aM@ esedr scehimfieanandavea thickness of
0.5to 1.0 mmand a strain constant of 0.01 to 0.08 um (gf/cnR). The

cushion |ayerghg7ne gi%e %t@ﬁ%r%%rPE%d%%%%@pE%%hpQﬁt@hH%%'%E?ﬂ%%ikﬁezo and

uniformty wthin wa are relation of a trade- off. e planarity

TEaNS STOOLNNESS e ALENPROGLLON hen 31 eh el e ol bshed having

m cro unevenness orne urirng rorm ng t he pattern |

uniformty w thin fer S i farm in .t I terial ,to be
pol i shed. 29 ﬁ&@éé%%rnbﬁﬁg%g%ﬁﬁgﬁi%gq%géogfCFE§C§$§§§%§§%n gﬁﬁp n? t he
cushion layer is not |im.ted as qu is forned f%?gk cl.osed-cell foam

and has § thi@%ﬁggéngfqﬁﬁgﬁ(?:fo g: 3Og’ S Piﬁ?ogbﬁ% 1319751 to 0.08

o (of /cn2) .- but. iinel udes, 5 qr, examl e, ¢l osedscel |, foamof, jpol ymer resin.

method of forming an opening by cutting using, for example,
( a cutting tool and the like. The size and shape of the
opening of the polishing layer is not limited.

10 [0068] In the polishing pad of the present invention, the
cushion layer compensates the properties of the polishing
layer, and as the main object of the present invention, the
improvement of the abrasive rate, the planarity and
uniformity within wafer are accomplished by the properties

15 of both the pclishing layer and cushion layer. It is
required for the cushicn laver to be formed from closed-
cell fecam and have a thickness of 0.5 to 1.0 mm and a
strain constant of 0.01 to 0.08 pm/ (gf/cm®). The cushion
layer is required in order to accomplish both the planarity

20 and uniformity within wafer, which are relation of a trade-
cff. The planarity means smoothness in a pattern portion
when a material to be polished having micre unevenness
formed during forming the pattern is polished, the
uniformity within wafer means uniformity in the wheole

25 material to be polished.
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pol yur et hane resin, polyethylene resin. [0070] The pol yurethane resin is
selected fromthe polyurethane resin described in the production of the
light transmitting section so as to have the above described 10 properties,
and the closed-cell foamis formed by using the selected resin. A nethod of
formng the closed-cell foam may be selected fromthe nethods described as
the nmethod of producing the polishing layer. [0071] In the present

i nvention, nmethods of bonding the 15 polishing |ayer to the cushion |ayer

i nclude, for exanple, a nethod of positioning a doubl e-coated tape between

doubl 6- cont ed 1CRES e Teed e by e 0f FUReha: TG ack o 5

doubl e- coat ed ayers on h™surface ’of

substrate, such as nonwoven fabric 20 .and, fil It is .desir to use the
o b o sobCtraneh B B et ke Dok e 2 o p el Tk

penetrating into the shion layer. In addition, exanples of the

conposi tions F&Psteﬁécéﬁ‘eéc\?é“ Iaéijljerhqsn@i Jgﬂcﬁmpgag};d% Hared) y& and a
acrylic-based adhesive and the like. In view of 25 the metal ion content,
preferred i s tHheadér aretpdde®t 30 Hdrssivé? mEasd G ) habusnalfLE8REent of
the netal ion. Since the caonposition of the polishing |ayer may be

di ff er ent® f r orhAth&X 2@ ltthe @&%ﬁ@frﬁ:qla}yép,anbé{fﬁ PRdESi v e e ayesUsH Bive

doubl e-coat ed tape can have different 5 conposition and adjust the adhesion
of the each adfdsinyethane resin, polyethylene resin.

[0070] The polyurethane resin is selected from the
[ polyurethane resin described in the production of the light
transmitting section so as to have the above described
10 properties, and the c¢losed-cell fcam is formed by using the
selected resin. A methed of forming the closed-cell foam
may be selected from the methods described as the methcod of
producing the polishing layer.
[0071] In the present invention, methods of bonding the
15 polishing layer to the cushion layer include, for example,
a method of positioning a double-~coated tape between the
{ polishing layer to the cushion laver, and pressing it.
[0072] A double-coated tape comprises adhesive layers on
the both surface of a substrate, such as nonwoven fabric
20 and film., It is desired to use the film as a substrate in
order to prevent the abrasive slurry from penetrating into
the cushion layer. In addition, examples ¢f the
compositions for the adhesive layer include rubber-based
adhesive, acrylic-based adhesive and the like. In view of

25 the metal ion content, preferred is the acrylic-based
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| ayer to suitable range. [0073] Exanples of neans of bonding the cushion

| ayer to the doubl e-coated tape include a nethod of pressing the

doubl e-coated tape on the cushion |ayer to bond it. The 10 doubl e-coat ed
tape conprises adhesive |layers on the both surface of a substrate, such as
nonwoven fabric and filmas described in the doubl e-coated tape for bonding
the polishing layer to the cushion layer. Since the double- coated tape is
renoved fromthe platen after using the 15 polishing pad, it is desired to
use the filmfor the substrate, because it is possible to dissolve the

remain of the tape on the cushi.an .l ayer. -The co itions . for_ the
adhesi ve | ayeraéglse%tlhvft’ (?fe%a}%lesedolﬁzolheq%()sﬂaé:} tcé%gtme?n&r Or%(%r%fcﬁ rﬁngenttal'}e lﬁ@l‘i shi ng

| ayer to the cushion,layer can be 20 d. Q74]. Sem -conduct or device is
pr oduced thro%glﬁct%gzhset ecﬁmpészlpt&CirétﬁIﬁé‘?}%@[o ¢ aysegmmaé/o%c?uct or waf er
by using the paljshin ad. The sem -conduct.or fer is nerally fornmed
by Geposi t1 ng Wi ir s TRt al Sl O e T 1R G M o SR e SAES of
pol i shing the sem -conduct or fer and 31 polishing apparatus are not
limited, but theSfettodhis d Y @a%g:atfhémg'cﬁ id@%r%%parat us

conprising, for exanple, a polishing platen for supporting _a polishing pad,
a supporti ng SIRPSIFoIars Mty aEEHT fore suPFeritdtmg fa Keneascavdgétion waf er

a backing for uniformy applying pressure
layer tc suitable range.

[0073] Examples of means of bonding the cushicon layer to
/ the double-coated tape include a method of pressing the
double-coated tape on the cushion layer to bond it. The
10 double-coated tape comprises adhesive layers on the both
surface of a substrate, such as nonwoven fabric and film as
described in the double-coated tape for bonding the
pelishing layer to the cushion layer. Since the double-
coated tape is removed from the platen after using the
15 polishing pad, it is desired to use the film for the
substrate, because it is possible to dissclve the remain of
[ the tape on the cushion layer. The same compositions for
the adhesive layer as that of the double-coated tape for
bonding the polishing layer to the cushion layer can be
20 used.
[0074] Semi-conductor device is produced through the step
of polishing the surface of semi-conductor wafer by using
the polishing pad. The semi-conductecr wafer is generally
formed by depositing wire metal and oxide film on silicon

25 wafer. A method of polishing the semi-conductor wafer and

31



to the wafer and an abrasive slurry-feeding nmechanism The polishing pad is
nmounted on the polishing platen by bonding wth a doubl e-coated tape. The
pol i shing platen and supporting stand are positioned such that the polishing
pad 10 and sem -conductor wafer supported by the platen and the stand
respectively are opposed to each other, and have an axis of revolution
respectively. At the side of the supporting stand, a pressing nechani smfor
pushing the sem -conductor wafer onto the polishing pad is provided. 15
During polishing, the sem -conductor wafer is pushed onto the polishing pad

while rotating gl shidg Bl oft ARk SURAA NG A0 AN dhg ol i shing

i s conducted ile e abrasive slurry. Feed of the abrasive

I , |'i shi ; |Lug i Qf t l.i shi at.en 2 d
" evol it on nuNbGtST e S AP e MR e i e e

adj usted to suitabl.e range.,.[ Q075 her eby, _a project.i ve porti.on.on the
surface of theexaéné)r%‘ie-’cgng)&ltlg’%m -rlia\l se%sr%)(ﬁ R dﬁorﬁilsqgefp p,&fltlesrhltnﬁepad’

Cerm - conduct of GUREEE G OmEbd L TreT 38 JeRTcadudtSP Howi e & € V88d f or
processor, nenory, and the _|ike. EXAMPLES 5 [0076] .Hereinafter, the present
i nventior is dESENET i fSTor & @&%Hngﬂiorref‘%‘r]efr?&%“]tyo Fre BXEPIES Gt t he
present to the wafer and an abrasive slurry-feeding mechanism. The
polishing pad is mounted on the pclishing platen by bonding
( with a double-cocated tape. The polishing platen and
supporting stand are positioned such that the polishing pad
10 and semi-conducter wafer supported by the platen and the
stand respectively are opposed to each other, and have an
axis of revolution respectively. At the side of the
supporting stand, a pressing mechanism for pushing the
semi-conductor wafer onto the pclishing pad is provided.
15 During pclishing, the semi-conductor wafer is pushed onto
the pelishing pad while rotating the pclishing platen and
{ supporting stand, and the polishing is conducted while
feeding the abrasive slurry. Feed of the abrasive slurry,
polishing load, revolution number of the polishing platen
20 and revolution number of the semi-conductor wafer, which
are not limited, are adjusted to suitable range.
[0075] Thereby, a projective portion on the surface of the
semi—-conductor wafer 1s smoothly polished. After the

poiishing, dicing, bonding, packaging and the like are

25 conducted, and semi-conductor device is produced. The
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invention is not limted by the Exanples. (Strain constant) [0077] The
cushion layer was cut into a disk having a 10 dianeter of 0.5 inch and used
as a sanple for neasuring strain constant. The conpressi on anmount and | oad
of the sanple was neasured at a tenperature of 23C2C and hum dity of
60%40% w th an uni versal testing machine (Mdel 5848 manufactured by

I nstron) at conpression speed 15 of 0.1 mimn. The strain constant was
determ ned by the <calculation fromthe inclination of a |ine obtained from

i mat |ysis of plots of i on.load 300 gf/cn® and_1000 gf/cn®
' the r esul £ 10" G SpH BT - Corit? ECEFonsl BAAY U8° BbNGPoser ontaRBaRL <30 e

(Conpressibility) [0078] The material for the polishing |ayer, which cut
into disk ha a dianmeter of 7 mm was used as a sanple for neasuring
the conpressibility, the sanple was left at a tenperature of 23C 2C and
hum dity of 50%% for 40 25 hours. The conpressibility was measured by using
TMA 33 (SS6000; nmanufactured by Sei ko Instrunments). The conpressibility is
determ ned by BFAMBLEHe following fornula: Conpressibility (% _ [(T1-T2) /
T1] x 100 5 wherein Tl represents the thickness of a sanple after

appl i cation of {@W/&PaH¢Bengfear) Sherepsefgntednvention is described in

more detail by reference to the Examples, but the present
invention is not limited by the Examples.
(Strain constant)

[0077] The cushicn layer was cut into a disk having a

10 diameter of 0.5 inch and used as a sample for measuring
strain constant. The compression amount and load of the
sample was measured at a temperature of 23°C*x2°C and
humidity of 60%*10% with an universal testing machine
(Model 5848 manufactured by Instron) at compression speed

15 of 0.1 mm/min. The strain constant was determined by the
calculation from the inclination of a line obtained from
proximate analysis of plots of compression load 300 gf/cm®
and 1000 gf/cm® in the resulting graph of compression load
vs. compression amount.

20 (Compressibility)
[0078] The material for the polishing layer, which cut into
disk having a diameter of 7 mm, was used as a sample for
measuring the compressibility, the sample was left at a
temperature of 23°C=*2°C and humidity of 50%%5% for 40

25 hours. The compressibility was measured by using TMA
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seconds to the sanple, and T2 represents the thickness of the sanple after
application of 180 kPa stress for 60 seconds to the sanple in the state T1.
10 (Fl exural nodulus) [0079] The polishing |layer was cut into a sanple for
measuring the flexural nodulus having a thickness of 2.0 nm wdth of 10 mm
and length of 50 mm The flexural nodulus of the sanple was neasured with
an autograph (Tensilone 15 UTM 4LH manufactured by Toyo Baldwin) at a

di stance between chucks of 32 mm and crosshead speed of 2 mi mn, according
to JIS K7171. The average of three neasurenents was shown as the flexura

modul us of the <Saple. (AY8LAGR Cof I PAImBLen), 20,003 | n ggasur enent of

aver age cell aneter, mat erial’,” such as the polishi'ng Tayer was cut
into a thickness of about..1 pmparallel to .the l.ayer w't i_crotone
cutter as a sanpré For %gég ritig e§§I§VéF§géwﬁesﬁnéi§ﬁ§ié¥@ﬂfﬁ§}§%nple was
nmount ed on a %Iidelggass, and the 25 dianeter of the all cells was neasured
at an optional*“3™**%34 nm x 0.2 nm square area by using an i nage processi ng
TOYOBO Co. Ltﬂé? to calculate

unit (I mage Anal yzer V10 nuf.actured by ,
t he average cell dﬁéﬁ%F@F?q?% é&ﬂ?ﬂésgfavﬁ@@fTS)[od@ﬂ]XT %pecific gravity

was neasured according to JIS Z8807-1976. The nateriil, such as the
polishin& | ayer was wherein T; represents the thickness of a sample

after application of 30 kPa {300 g/cm?) stress for 60
seconds to the sample, and T, represents the thickness of

( the sample after application of 180 kPa stress for 60
seconds to the sample in the state T,.

10 (Flexural modulus)

[0078] The polishing layer was cut into a sample for
measuring the flexural modulus having a thickness of 2.0 mm,
width of 10 mm and length of 50 mm. The flexural modulus
of the sample was measured with an autograph {Tensilone

15 UTM-4LH manufactured by Toyc Baldwin) at a distance between
chucks of 32 mm and crosshead speed of 2 mm/min, according

i to JIS K7171. The average of three measurements was shown
as the flexural modulus of the sample.
(Average Cell Diameter)

20 [0080] In measurement of average cell diameter, the
material, such as the polishing layer was cut into a
thickness of about 1 um parallel to the layer with a
microtome cutter as a sample for measuring the average cell
diameter. The sample was mounted on a slide glass, and the

25 diameter of the all cells was measured at an optional 0.2
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cut into a strip sized of 4 cmx 8.5 cm (a proper thickness) as a sanple
for measuring the specific gravity, and the sanple was |left at a
tenperature of 23C2C and 10 humidity of 50%% for 16 hours. The specific
gravity was neasured by using a hydroneter (Sartorius K. K. ). (Hardness)
[ 0082] The hardness was neasured according to JI'S K6253- 1997. The materi al,
such as the polishing layer was cut 15 into a size of 2 cmx 2 cm (a proper
t hi ckness) as a sanple for neasuring the hardness, and the sanple was |eft
at a tenperature of 23C2C and hum dity of 50%% for 16 hours. The hardness
was mneasured %%]usbn%
‘dne

stack of the sanpl havi.n hi ckne of not | ess
%’lms 5, a I'l’I:Eet éi-lrr e(a As%lgg}?l S%%ﬁa a 1 m% g% e].”rO Clgg S%_?l un l%

than 6 nmwit A a har S rdnéss “me manuf gct-ured by

Kobunshi  Kei ki_ Co., _Ltd.). ( | uat i f__Pal i shi aracteristics) [0083]
As the pol i shi‘nga é‘ﬂfg—y ,ersg’é@oé‘sﬁ‘wgnﬁ&f%&&te&r &g Eg’%géa t0 BeHi ne ool
Wirks, Ltd. was used in evaluation of .25 polishing characteristics of the
resul ting poIF%ﬁﬁ9ﬁ§ﬁﬁﬂig%e3gvfﬁﬁﬁ§%F§§JT &"["6684] The abrasive rate was

“determned by the calculation froma tinme until polishing 0.5 pmthickness
of an ther nal - oxi de>PeFT4q GEGHFWrn t hi ckness of the oxide filmford on

silicon wafer having a S dianmeter of 8 inches. The thickness of an oxide
filmwas 2 [0081] The specific gravity was measured according te JIS

Z8807-1976. The material, such as the polishing layer was
cut into a strip sized of 4 cm x 8.5 cm (a proper
i thickness) as a sample for measuring the specific gravity,
and the sample was left at a temperature of 23°CE2°C and
10 humidity of 50%%x5% for 16 hours. The specific gravity was
measured by using a hydrometer {Sartorius K.K.).
(Hardness)
[0082] The hardness was measured according to JIS K6253-
1997. The material, such as the polishing layer was cut
15 into a size of 2 cm x 2 cm {(a proper thickness) as a sample
for measuring the hardness, and the sample was left at a
temperature of 23°C+2°C and humidity of 50%1i5% for 16 hours.
The hardness was measured by using a stack c¢f the samples
having a thickness of not less than 6 mm with a hardness
20 meter (Asker D hardness meter manufactured by Kobunshi
Keiki Co., Ltd.).
(Evaluation of Pclishing Characteristics)
[0083] As the polishing apparatus, SPP600S manufactured by
Okamotc Machine Tool Works, Ltd. was used in evaluaticn of

25 pelishing characteristics of the resulting pclishing pad.
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measured by an interference filmthickness neasuring device manufactured by
O suka Denshi sha. The polishing conditions were as follows: silica slurry
Sem Sperse-12 (manufactured by Cabot) was dropped at a flow rate of 150
m/mn., the 10 polishing | oading was 350 g/cnR, the nunber of revolutions
of the polishing platen was 35 rpm and the nunber of revolutions of the
wafer was 30 rpm (Uniformty Wthin Wafer) [0085] After polishing, the

t hi ckness of the filmwas 15 nmeasured at 25 points on the polished surface
of a silicon wafer. The maxi mumthi ckness Tmax and m ni mum t hi ckness Tmn
of the filmwere usétiP¥astdfctfhte uniformty (% according to the

follow ng equation: Uniformty Wthin Wafer (%9 20 = (Tmax - Tmn)/(Tmax +
Tmin).x 100 ThEO8®&l | Bret hergaiue ohtehwagniesemrtiyeds pyt hdehicghemnlakéon
uniformty within the surface of the silicon wafer is. (Planarity) [0086]
For eval uati onfxsfm pl abme iuntilapol 5shpmat Reb nt tdvickeres2 5 iahnt hegnadepssde ed
on a 8-inch silicon wafer and:subjected 36 to patterning, and a 1 um oxi de
filmp-TECS (teinafidhoXym tSiitlakey ofashd vkideerildepnskt eg s1leca0wafdrohpriepal e
a wafer having a pattern with an initial difference in level of 0.5 pm
Thi s waf es wasdpehésbedotindet nthesabovraedesdikhed 5 cgoneh bixdrks, fdne each

difference in |l evel was neasured to
measured by an interference film thickness measuring device
manufactured by Otsuka Denshisha. The polishing conditions
were as follows: silica slurry SemiSperse-12 (hanufactured
by Cabot) was dropped at a flow rate of 150 ml/min., the
10 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 rpmnm.
(Uniformity Within Wafer)
foo85] After polishing, the thickness of the film was
15 measured at 25 points cn the polished surface of a silicon
wafer. The maximum thickness Tmax and minimum thickness
Tmin of the film were used to calculate uniformity (%)
according to the following equation:
Uniformity Within Wafer (%)
20 = (Tmax - Tmin})/ (Tmax + Tmin).x 100
The smaller the value cof the uniformity is, the higher the
uniformity within the surface of the silicon wafer is.
(Planarity)

[0086] For evaluation of planarity, a 0.5 um thermal-oxide

25 film was deposited on a 8-inch silicon wafer and subjected
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evaluate the planarity. The planarity was determined by nmeasuring the two

di fferences i
difference in
at 10 30 pm

polishing. Th
difference in
pattern where
pattern 15 wh
reduced to 20
smal l er the |
unevenness of
within a 20 ¢
smaller the a
shown that th
Pol yur et hane-

M ractran, Sh
w dt h of 650

into a IEéngt
mm was obt ain
tenperature o

10

15

20

25

nlevel. One is a local difference in level, which is |evel
the pattern where |ines having a wi dth of 270 pm wer e spac

that is, the difference in level after 1 mnute from

e other is the abrasive anbunt in 270 pm space when the glo
| evel between tops of Ilines in tw patterns, which are a
lines having a width of 270 pmis spaced at 30 umand a

ere lines having a wdth of 30 pn1is spaced at 270 pm was

RS T L AR M S e A i g
he o de s ThLtr ieg. e e“oﬁbtﬂﬂes S aﬁfmcﬁfﬁrte%ﬁa“ﬁ% iv%ifceﬁr“e
%agqslg}\%ﬁag% of tt]:ﬁb%)nrtllr?g ﬁ Cialofﬁ %g%e]ilsnh eve ft |5s
3Fb DA oe epy?ﬁvé?iﬁ’of%e G F SR DG a

nm and thlckness of 1.5 mm by using a extruder and cut off
B G50 3HAte3s? Q%ﬁﬁ%ﬁﬁQRQSP% W%ﬂfﬂﬁfrﬁﬁ%@Qﬁﬁﬁ %fn x

ed. The sheet was left in pressured 5 vessel maintaining the
fewﬁﬁg%gﬁthqﬁgﬁﬁQ§qﬁty he planarity was determlned by

measuring the two differences in level. One is a local
difference in level, which is level difference in the
pattern where lines having a width of 270 pm were spaced at
30 um, that is, the difference in level after 1 minute from
polishing. The cther 1s the abrasive amount in 270 pm
space when the global difference in level between tops of
lines in two patterns, which are a pattern where lines
having a width of 270 pym is spaced at 30 pm and a pattern
where lines having a width of 30 um is spaced at 270 um,
was reduced to 2000 A or less was measured to evaluate the
planarity. The smaller the local difference in level, the
higher the speed of planarizing unevenness of the oxide
film formed depending to the pattern on the wafer within a
certain time. The smaller the abrasive amount in the space,
the smaller the abrasive amount of the portion not to be
polished, and it is shown that the planarity is excellent.
(Example 1)
[0087] Pclyurethane-based thermoplastic elastomer E5€8

{(manufactured by Nippon Miractran, Shore D hardness: 68)
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15 MPa under carbon di oxi de atnosphere for 24 hours, and the sheet was
sufficiently inpregnated with carbon di oxide. The sheet was taken out from
the vessel, placed into two Teflon sheets heated to 80C, and inmediately
put into an 10 oil bath of 145C and di pped for 40 seconds to foamit. The
resulting foamed sheet was buffed with a buff to forma polishing |ayer
sheet having a thickness of 1.3 nm The polishing |ayer has a specific
gravity of 0.76 g/cnB, average cell dianmeter of 18 um hardness of 47,

fl exural 15 nodul us of 255 MPa, and conpressibility of 1.3% [0088]

Concent 11 ci (2l 3, gr.00ves NAVING 8 JERL0f; Q fmmy o iy ofy G2B mm and

pitch of 1.5 nm™were formne on one’ sl de of e pol1s eet by

usi ng a surface .groove cessi_ng machi_ ne (Toha i neerj ng),, t he

ol | ohing. 20 FYSPTERE (B ect THE Y i 46 Kaing o st 31 idRes
(610 mm . [0089 he cushi on |ayer having,a thickness of .0. and

strain const aﬁ‘te]n@f-lél'bgé; {H% G FBE Wi e\/\éstlefeg:r r‘Fel&EF{ ah %arggggﬁ-xcgl5lo

f oanmed pol yurethane resin and fornmed jnto . a éﬁldisk havi a dianeter of 24
i nches (610 n® *wds pr&patey.cbisg cUi o asdy P Sadifered it & e ured
poIishing}layer with a  doubl e-coated tape (Double-tack tape #5782

manuf act ur ed BYP S SSek MEUiN [EENi Al H 1o . EeMBReF At U igh @ T b b3\ B4te8 8 Wgp e If or

the platen (Doubl e-tack tape #5784 manufactured by Sekisui 5 Chem cal Co.,
Ltd.) adher ed 1to Mife Wpifdsida A éligi idfe atmosphere for 24 hours, and

the sheet was sufficiently impregnated with carbon dicxide.
[ The sheet was taken cut from the vessel, placed into two

Teflon sheets heated to 80°C, and immediately put into an

10 0il bath of 145°C and dipped for 40 seconds to foam it.
The resulting foamed sheet was buffed with a buff to form a
polishing layer sheet having a thickness of 1.3 mm. The
polishing layer has a specific gravity cf 0.76 g/cm’,
averade cell diameter of 18 um, hardness of 47, flexural

15 modulus of 255 MPa, and compressibility of 1.3%.
f008B] Concentric circular grooves having a depth of 0.4 mm,
width of 0.25 mm and pitch of 1.5 mm were formed on one
side of the polishing layer sheet by using a surface groove
processing machine (Toho Engineering), and the polishing

20 layer was formed into a disk having a diameter of 24 inches
(610 mm) .
[00B8] The cushion layer having a thickness of 0.8 mm and a
strain constant of 0.07 um/ (gf/cm®), which was formed from
closed-cell foamed polyurethane resin and formed into a

25 disk having a diameter of 24 inches (610 mm), was prepared.
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cushion |l ayer to prepare a polishing pad. (Conparative Exanple 1) [0090] 100
parts by weight of a polyether-based prepolyner (Adiprene L-325

manuf actured by Uniroyal, NCO 10 content.: 2.22 nmeq/g) filtered and 3 parts
by wei ght of a silicone-based nonionic surfactant (SH192 manufactured by
Toray Dow Corning Silicone Co., Ltd.) were introduced into a fluorine
coated vessel and m xed, and the tenperature was nmaintained to 80C. The

m xture was vigorously stirred for 15 about 4 mi nutes at about 900 rpm by
using a fluorine coated stirrer with introducing air into reactjion process.
26 parts by WeigHUDI A 42kt r@ﬂl%%e-%i%feot%w%?bhﬁb%?ﬂe}aY%¥h‘a+%h£am ne
MI' manuf actured by | hara Chem cal Industrg) previouslg nelted at 120C and
filtered was idRHoRTER 200 t Rt Powptertack Fapg ¥orSapBetuiagiwiR®d, PYhe
m xed reaction solution was introduced into a fluorine coated pan-type
open nol d. Whéekirul caeenbrmbotati ontdi U netd & dawbipecodtadwaaPpuforn an
oven and post-cured at 110C for 6 hours to produce a foanmed pol yurethane
resin bl ock. Z5hehkatfeantebpol yurathabere ebbnd bl verRupastgrededy byekishicer
39 of band saw type (manufactured by Fecken) to obtain a foaned

pol yur et hane r@simm chketc. Thetdheeddimasedutdi nge tppatetewsidficeacbutlie
(manufactured by Amtec) to forma sheet having the desired thickness
(sheet thicknessshiloR71&yenrm) to Theepafséi agedi eaheédgshedt was punched into a

di sk
(Comparative Example 1}

[0090] 100 parts by welight of a polyether-based
prepolymer (Adiprene L-325 manufactured by Uniroyal, NCO

10 content: 2.22 meqg/g) filtered and 3 parts by weight of a
silicone-based nonicnic surfactant (SH122 manufactured by
Toray Dow Corning Silicone Co., Ltd.) were introduced into
a fluorine coated vessel and mixed, and the temperature was
maintained to 80°C. The mixture was vigorously stirred for

15 about 4 minutes at about 900 rpm by using a fluorine coated
stirrer with introducing air into reaction process. 26
parts by weight of 4,4'-methylene-bis{o-chloroaniline)
{IThara Cuamine MT manufactured by Ihara Chemical Industry)
previously melted at 120°C and filtered was introduced

20 thereto. After stirring for about 1 minute, the mixed
reaction solution was introduced into a fluorine coated
pan-type open mold. When the reaction solution did net
flow, the mold was put in an oven and post-cured at 110°C

for 6 hcurs to produce a foamed polyurethane resin block.

25 This foamed polyurethane resin block was sliced by a slicer
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having a dianeter of 24 inches (610 mm), and concentric circular grooves
having a depth of 0.4 mm wdth of 0.25 mm and pitch of 1.5 mmwere forned
on the surface of the sheet by using a surface groove processing machine
(Toho 10 Engineering) to prepare the polishing |ayer. The resulting
polishing |layer has an average cell dianeter of 45 um a specific gravity
of 0.87 g/cnB, hardness of 53, conpressibility of 1.0% and fl exural nodul us
of 260 MPa. [0091] The cushion | ayer having a thickness of 1.3 mmand a 15
strain constant of 0.14 pni(gf/cn2), which was fornmed from cl osed-cel

f oamed pol yet yfl érend esdwn fancke f navdf aotoraed iy skebkhenhgta doaaetes of 24

i nches (610 mm) , was prepared. The cushion |ayer adhered to the polishing

layer with a mode-woahete tiapee (Dosbh eshaek. t apee #5182t naasf Bet tifeg by 20
Seki sui Chem cal Co., Ltd.), and a doubl e-coated tape for the platen

(Doubl e-tack twane #aY 84 tmnuf et ar edahy s Sekhsad bEhericak) Coo, fbid. 3 adhered
to the opposite side of the cushion |layer to prepare a polishing pad.

(Conpar ative Exaiml en2lig {09098ksTheqcushipRebayesnbayi i akhBigknessy of
0.4 mmand a 40 strain constant of 0.13 pm (gf/cnR), which was forned from

closed-cell fogied pelyuserhang te8hPeanentot Midsi phficReqdi gkohavingya
di aneter of 24 inches (610 mm), was prepared. The cushion |ayer |am nated

to the polishing {ayer ysgfetdyS5.EXaNPI R R8s (BeBCHPEdshR CoppaLative
Exanple 1 to prepare

circular grooves having a depth of 0.4 mm, width of 0.25 mm
‘ and pitch of 1.5 mm were formed on the surface of the sheet

by using a surface groove processing machine (Toho

10 Engineering) to prepare the polishing layer. The resulting
polishing layer has an average cell diameter of 45 um, a
specific gravity of 0.87 g/cm’, hardness of 53,
compressibility of 1.0% and flexural modulus cf 260 MPa.
[0091] The cushion layer having a thickness of 1.3 mm and a

15 strain constant of 0.14 um/(gf/cmz), which was formed from
closed-cell foamed polyethylene resin and formed into a
disk having a diameter of 24 inches (610 mm), was prepared.
The cushion layer adhered to the polishing layer with a
double-cocated tape {(Double-tack tape #5782 manufactured by

20 Sekisui Chemical Co., Ltd.), and a double-ccated tape for
the platen (Double-tack tape #5784 manufactured by Sekisui
Chemical Co., Ltd.) adhered to the opposite side of the
cushion layer tc prepare a polishing pad.
(Comparative Example 2}

25 [0092] The cushion layer having a thickness of 0.4 mm and a
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a polishing pad. (Conparative Exanple 3) [0093] The polishing pad was
prepared except that 20 parts by weight of a silicone-based nonionic
surfactant was used. 10 The resulting polishing |ayer has an average cel

di aneter of 25 pm a specific gravity of 0.7 g/cnB, hardness of 40,
conpressibility of 2.0% and flexural nodulus of 170 MPa. The cushion | ayer
used in Exanple 1 lamnated to the polishing |ayer as described in Exanple
1 to prepare a 15 polishing pad. [0094] The polishing characteristics of the
pol i shing pads of Exanple 1 and Conparative Exanples 1 to 3 were eval uated.

The results arg ghawechi tbhe ! Ioomnng/aIngec%qz ) Thenipal l.gbi pgrpad etom
Exanpl e 1 has sufficient abrasive rat unlfornlty w thin wafer and

planarity. [0093).n the %@%{edh%q’ydrrétthfé%ep@e'sﬁm %do%r%d Gopparative

Example 1, the abraS|ve rate and uniformty wthin wafer were | ess than the

ol i shing pad g I t e syff iGien er,
ltoheI 25I plgalrcl)arl ty o E?l%%g%p(])al |dsl%%n ol é)sf ?’%g#%gltre%t, \%OEIXI"%{ tW fa\r,\f?g%Pa \gev

f th ffi t I i f. t I
e RolTicon damt Sl e e it e e

2, the abrasive rate dand
meflmlnev\;sf e?“glﬁlamglé[ p I Itgshﬁ%src]:%&%ug 1 %mpra%% e1ve EH%mp\ﬁ.er "1 %e purrélpfaor mty
a polishing pad.
{(Comparative Example 3)
{ [0093] The polishing pad was prepared except that 20 parts

by weight of a silicone-based nonionic surfactant was used.

10 The resulting polishing layer has an average cell diameter
of 25 pm, a specific gravity of 0.7 g/cm®, hardness of 40,
compressibility of 2.0% and flexural modulus of 170 MPa.
The cushion layer used in Example 1 laminated to the
polishing layer as described in Example 1 to prepare a

15 polishing pad.
[0094] The polishing characteristics of the polishing pads

{ of Example 1 and Comparative Examples 1 to 3 were evaluated.

The results are shown in the following Table 1. The
polishing pad of Example 1 has sufficient abrasive rate,

20 uniformity within wafer and planarity.
[0095] On the other hand, in the polishing pad of
Comparative Example 1, the abrasive rate and uniformity
within wafer were less than the polishing pad of Example 1,
but it is within the sufficient range. However, the

25 planarity cof the polishing pad of Comparative Example 1 was
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of Conparative Exanple 1 was | argely degraded. [0097] In the polishing pad
of Conparative Exanple 3, the uniformty wthin wafer was very good, but
the abrasive rate and planarity were | argely degraded. 10 [0098] TABLE 1
Sanpl e No. Abrasive rate Uniformty Planarity (A/mn) within wafer(% (nm
Example 1 2200 5.6 20 Conparative 2100 3.5 95 Exanple 1 Conparative 2100
15.0 22 Exanple 2 Conparative 1600 3.3 150 Exanple 3 42 WHAT IS CLAI MED
IS: 1. A sem conductor wafer polishing pad conprising a polishing |ayer and
a cushion | ayer, wherein the polishing layer is formed from foaned

pol yurethane, figas g 3l exwale imdulus f 250 to 350 MPa, the cushion |ayer
is formed from cl osed- ceII foam and has a thickness of 0.5 to 1.0 mmand a

strain const anocgle 001 . .08 UL c 2o, The ) ishiga A ageor ding

to Cdaim1l, 10 wherein oane ret hane as an avera cell anet er
of 1to 70 umab%as[@% %ltlesrgnagpﬁ %arcicc(g}’q\r' %ss than the polishing

pad of Example 1, but it i1s within the sufficient range.
5 However, the uniformity within wafer of the polishing pad
cf Comparative Example 1 was largely degraded.
[0097] In the polishing pad cof Comparative Example 3, the
( unifeormity within wafer was very good, but the abrasive

rate and planarity were largely degraded.

10 [0098] TABILE 1

sample No Abrasive rate Uniformity Planarity
P : (A/min) within wafer (%) (nim)

Example 1 2200 5.6 20

Comparative 2100 3.5 35

Example 1

Comparative 2100 15.0 22

Exanple 2

Comparative 1600 23 150

Example 3
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Claim1l or Claim2, wherein the foamed pol yurethane has a 15 specific
gravity of 0.5 to 1.0 g/cnB. 4. The polishing pad according to anyone of
Clainms 1 to 3, wherein the foanmed pol yurethane has a hardness of 45 to 65.
20 5. The polishing pad according to anyone of Cains 1 to 4, wherein the
f oamed pol yurethane has a conpressibility of 0.5 to 5.0% 25 6. The
pol i shing pad according to anyone of 43 Cains 1 to 5, wherein the cushion
| ayer is formed fromat |east one naterial selected fromthe group
consisting of polyurethane resin and polyethylene resin. 5 7. A nethod of

producing a seniconductﬁhAge&gc%LéﬁgFBrﬁghng at least a step of polishing
the surface of the sem conductor wafer by using the polishing pad according
to anyone of Caims 1 EQ gfs%ﬁiconductor wafer polishing pad ceomprising
a polishing layer and a cushion layer, wherein the
polishing layer is formed from foamed polyurethane, has a
5 flexural modulus of 25C to 350 MPa, the cushicon layer is

formed from closed-cell foam and has a thickness of 0.5 to

1.0 mm and a strain constant of 0.0l to 0.08 um/ (gf/cm?).

2. The polishing pad according to Claim 1,
10 wherein the fcamed polyurethane has an average cell

diameter of 1 to 70 um.

3. The polishing pad according to
Claim 1 or Claim 2, wherein the foamed polyurethane has a

15 specific gravity of 0.5 to 1.0 g/cm’.

4., The polishing pad according to anycne of
Claims 1 to 3, wherein the foamed polyurethane has a

hardness of 45 to 65.

20
5. The peolishing pad according to anyone of
Claims 1 to 4, wherein the foamed polyurethane has a
compressibility of 0.5 to 5.0%.
25 &, The polishing pad according to anyone of

43



Claims 1 to 5, wherein the cushion layer is formed from at
least one material selected from the group consisting of

polyurethane resin and polyethylene resin.

7. A methed of producing a semiconductor device
comprising at least a step of polishing the surface cof the
semiconductor wafer by using the polishing pad according to

anyone of Claims 1 to 6.
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