SPECI FI CATI ON  POLI SH NG PAD AND METHOD FOR MANUFACTURE OF SEM CONDUCTOR
DEVI CE USI NG THE SAME 5 FIELD 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 inventgpnacrertahesoko a polishing pad which can
provi de excellent planarity and uniformty thereof by CWP (chem cal

mechani cal peLiSEING) pRAH Akbi MERuYB POR AMENURRCTUKE 6P §ﬁMI@©hb§EQéRa”d a
nmet hod of producing a sem conductor device 20 by using the polishing pad.

BACKGROUW)B{YIEEEbg@ﬁaﬂ}ﬁﬁb ER@R2] Typical materials requiring a high degree

of surface anarity 1nc e a single-crystalline silicon disk called 25 a
silicon mafer for producing sem conductor integrated circuits (1 C, LST). In
a process for producing TC, LST etc., the surface of the silicone wafer

shouldsbe TEALISNSE e 1MVENTION

[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
polishing pad of the present invention can also be used
particularly in a step of planarizing a silicon wafer, a
semiconductor device having an oxide layer, a metal layer

15 and the like formed on 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
polished and a method of producing a semiconductor device

20 by using the polishing pad.

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

25 a silicon wafer for producing semiconductor integrated



hi ghly accurately
order *'to provide
i n manuf acturing

in a step of formng an oxide layer or a netal layer in
reliabl e sem conductor 5 connection with various filnms used
circuits. [00031 Cenerally, 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 nov
mcro particles
pad and the sem c

enent of the two and feeding polishing slurry containing
(abrasive grains) emulsified to a gap between the polishing
onduct or wafer, the sem conductor wafer is polished and

pl anari zed. Wen the polishing pad noves on 15 the surface of the wafer, the
abrasi ve graiinsudrte plshed.On . tlhe asyrrfcases Off dtheorwaferirag Tthe Leontetot d,ng

point. Therefore

, the processed surface is polished by dynamc frictional

ef fect betweer tshe fud ade wfe tdid iwafrer vantbr adrasid/eqgridiatcendte pol i shing

process is called

as CWP 20 polishing process. [00041 As a polishing | ayer

of the poli shighg yaatdsed iof irightepecuraimlingpeld shiiny 1ayaamd a

pol yur et hane shee

used. Pol ygieetsha
conpressibility

t having a void volune of about 30 to 35%is generally

ne Jfaamrshaeted acaldnphase exceldat fandrdistAd but the
S wthin the range of 0.5 to 1.0% which is small, and the

cushi onj Ny RILERAILIRS: A& HAfar SIS i1011808 .ustherabynanidrdc ifiig cul t 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 polishing 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 foamed polyurethane sheet

having a void volume of about 30 to 35% 1is 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. [00051 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
imrersion in slurry. is (2) A foanmed urethane foam having independent pores
comes to beWhsé€d, 1BusmERer e a@de tHE CUSPAEDILETs PYOPIe ras e sdiefrfe egltt
stabilization of a foamed state in production, significant residual strain
resul ting fsomitieé epdr.es Theulgbact éd e dégéatred tl dadiung fogtd.y 20p100@6] | n
order to solve the problens, as a polishing pad used during CVP process,
various | anpmatedrpolonstiiheg woade ssur¢hcas ofllha palfieshi Mhepadocenprtie ng a
cushion | ayer having a conpression recovery of not |ess than 90% (fornmed
froma 2S pafléshiahghaviongssulberoadastied by) usdnd a polliishiimg payer
| am nat ed on the cushion |ayer (Japanese Patent Kokai Publication No.
305635/52003kpmprising a soft cushion layer on the backside of the
polyurethane foam 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
difficult stabilization of a foamed state in production,
significant residual strain resulting from the pores
subjected to repeated loading, etc.
20 [0006] In order to solve the problems, as a polishing pad
used during CMP process, various 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 | ess 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
har dness in duroneter hardness of not |less than 80 |am nated on the cushion
| ayer (Japanese Patent Kokai 10 Publication No. 593S7/2002), (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). [0007] In Japanese Patent Kokai Publication No. 305635/2003,
15 a mai n oBjagdénaitect onr édgc & usdsicdudla yetr didarfagre scodartesdi dokaioad during
pol i shing and reduce the change in conpression properties of the polishing
pad by usi nfukldusitiiom Nayer303ta\n/ 12§08 )conpr essi on recovery of not |ess than
90~61 (formed froma material having rubber elasticity). Exanple of the
| am nat ed polishi(2g pagolafshamioc b ache opglriishingg d ayethiics le@efromeed nfgr om
pol yur et hane resin (which polyurethane is selected is not disclosed), is
descri bed. Eheopalies fionig 1 upad thas teXeeld emitanurdiol orea tayhdmat iemsdafer and
excellent planarity, but the abrasive rate is very low 25 [0008] In
Japanege Pateniullkekair Bubl iteaticomeg. 2298%~/400%hiagpald et maviad eonprising
a cushion | ayer having a vol une
contact angle 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 Publication 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 Kokai Publication No. 305635/2003,
15 a main object is 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 90% (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 is very low.

25 [0008] In Japanese Patent Kokail Publication No. 59357/2002,



nmodul us of not |less than 60 MPa and a tensile nodulus of 0.1 to 20 MPa, and
a poli'shing layer having a contact angle to water of not nore than 75
degrees, a flexural nodulus of 5 not less than 2 GPa and/or a surface
hardness in duroneter hardness of not |ess than 80 | am nated on the cushion
| ayer is disclosed. The excellent planarity is acconplished by wusing hard
resin (such as a lamnate using paper and or cloth as base material, or a
conposition formed by 10 di spersing hydrophilic conponent in hard matrix
resin) as a polishing layer, and the repression of scratch is acconplished
by water wetting characteristics. However, the polishing |ayer has

di fferent ordeoldishiagdress camdr ifdieurcalcusddginug afregmhtavdingofa tied upreesent

i nvention, and 15 the cushion |layers generally used are exenplified and non-
f oaned el astmodersisard dicscllesed tasirexdnplfes antderaedfensiie mpalulsis mf pad has
excellent uniformty within wafer and excellent planarity, but the abrasive
rate is very.llowo 2[000r2, lamd apandsehRaicerita iokaia Ry icatdrmaad¥o.angle
164307/ 199S, 20 an abrasive conmponent a sheet foamformed froma soft

el astoner and ahrtasi we cloat mdanmtaied onlddreesheeat ffleamras ndidsqlesed. As

t he sheet foam closed-cell foamforned from natural rubber, synthetic

rubber sor t hermplsastinarelzagirememnd/icy deserrhed MR seeliouigulryae tRen- woven
fabric is 25 disclosed as the abrasive cloth, which is different fromthe
pol i shing | aveqne@ieiiranaf the presento NNYAMEtQ® on the cushion layer
is disclosed. The excellent planarity is accomplished by
using hard resin (such as a laminate using paper and or
cloth as base material, or a composition formed by
10 dispersing hydrophilic component in hard matrix resin) as a
polishing layer, and the repression of scratch is
accomplished by water wetting 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 No. 164307/1995,
20 an abrasive component a sheet foam formed from a soft
elastomer and abrasive cloth laminated on the sheet foam is
disclosed. As the sheet foam, closed-cell foam formed from
natural rubber, synthetic rubber or thermoplastic elastomer
is described, but a velour type non-woven fabric is

25 disclosed as the abrasive cloth, which is different from



OBJECTS OF THE | NVENTI ON [ 0010] A main object of the present invention is to
provide 5 a polishing pad which inparts excellent planarity and uniformty
thereof to a material to be abraded, such as a sem conductor wafer w thout
form ng scratches, and nmethod of produci ng sem conductor device by using
the polishing pad. 10 [0011] According to the present invention, the object
descri bed above has been acconplished by using a foanmed pol yurethane as a
polishing layer and using a closed-cell foamas a cushion |ayer |am nated
on the polishing layer in a polishing pad conprising the polishing |ayer
and cushion 15 layer, and adjusting a flexural nodulus of the polishing

| ayer and attiei ckAéss iand lstvieai madewsedn foftheh@resshitord nviegyéont.o speci fi ed
ranges, thereby providing a polishing pad which inparts excellent planarity
and uniformty thereof to a material to be abraded, such as a 20

sem conductor wafer w thout form ng scratches, and nethod of producing

sem conduct oBJEETISC OFhHES IINYENTIOpO! | shing pad. SUMVARY OF THE | NVENTI ON
25 [ 00123 The present invention relates to a sem conductor wafer polishing

pad conpri si[0g91d]1pel meHinngdijayer cdhdha peeskingn inayertiosearseitd hevaaeld shing
| ayer is formed from foanmed pol yurethane, has a flexural nodulus of 250 to
350 5 a polishing pad which imparts excellent planarity and
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
foam as a cushion layer laminated on the polishing layer in
a polishing 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 cushion
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



MPa, the cushion layer is formed fromclosed-cell foamand 5 has a thickness
of 0.5to 1.0 mmand a strain constant of 0. 0 1 to 0. 08 PM (gf/CW)
[ 0013] As a conventional cushion |ayer, the cushion |layer having a
t hi ckness of about 1 to 2 mmand a strain constant of not less than 0.1 pnf
(gf /cn2) has been used. Planarity 10 and uniformty has been secured by
using the cushion layer, but since higher |level of planarity has been
recently required, it has been inpossible to correspond to the requirenent
by the cushion | ayer described above. In order to obtain high planarity
while maintaining good uniformty, 1is it is required for the polishing
| ayer to haveffirgROolAgdmgs ®acar®Mrave 186f fi Bodrtsingk drealeprdiferties in a
macroscopic viewto fit crinkle at the whole surface of the wafer. The
present i nveénsdionhaeey efroumdrerisdn the Podighdng medifitus soff orie dpdirioghi ng
| ayer is within the range of 250 20 to 350 MPa as the nost suitable range of
t he fl exuralfoapedpectlivesethe@k4] hesr eovéexutrikd progkdnts iafve®lons Bae found
that the strain constant and thickness of the cushion |ayer also have the
nost sui t abM@ar, anges cius haroderl atye rolitsaifio rimegh f25nplcdmesrad-ycednd forint @mai t y
wi thin the above range of the flexural nodulus, that is, the cushion |ayer
has a % hi chkress ahi@knetse D0 0md awrd 1SOr amn atonst atradi Gddktlamt @.f08g PM
(gf /CM2) in the present invention, which are
0.01 to 0.08 pm/ (gf/cm?).
[0013] As a conventional cushion layer, the cushion layer
having a thickness of about 1 to 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 layer,
but since higher level of planarity has been recently
required, it has been impossible to correspond to the
requirement by the cushion layer described above. 1In 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 properties in a
macroscopic view to fit crinkle at the whole surface of the
wafer. The present inventors 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 found that the
strain constant and thickness of the cushion layer also

have the most suitable ranges in order to obtain high

25 planarity and uniformity within the above range of the



different fromthe conventional cushion layer. 5 [0015] In order to put the
present invention into a nore suitable practical application, it is
preferable that the foanmed pol yuret hane 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/ CMB; the foaned pol yuret hane have a hardness of 45 to 65; the foaned
pol yur et hane have a conpressibility of 0.5 to 5.0% and the cushion |ayer
be formed fromat |east one material 1is selected fromthe group consisting
of pol yurethane resin and polyethylene resin. [0016] Another enbodi nent of
the present invention is_a nethod of producing a sem conductor device
conpri si ng atexugadt MedgLas  oftNsl ilshi r§ et K& sddrradeYst 1€ Seni conduct or 20
waf er by using the polishing pad of the present invention. [00171 The
present i nvéhiicshesanopr Qvicdéoa lpdl Mghiang Fad a lwhicom sias tmedh Ohi0ghé&r
planarity than the conventional polishing pad, inproves the abrasive rate
and i nparts0.8%cahl/dntf/phahaint yhandreaefior ivgnt heneovhiochaanaterial to 25
be abraded, such as a sem conductor wafer w thout form ng scratches, by
usi ng a foanedfpokptr érbanéehas canpehitskinag cuapernaddyvesi.ng a cl osed- cel
foam as a cushion layer |amnated on the polishing |ayer in a polishing pad
5 [0015] In order to put the present invention into a more
suitable practical application, it is preferable that
the foamed polyurethane have an average cell diameter
of 1 to 70 um;
the foamed polyurethane have a specific gravity of 0.5
10 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.
[0016] Another embodiment of the present invention is a
method of producing a semiconductor 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 invention 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 to a material to

25 be abraded, such as a semiconductor wafer without forming



conprising the polishing |ayer and cushion | ayer, and 5 adjusting a fl exural
modul Us 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
EVMBODI 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 |ayer and a cushion |ayer, which is softer than the
polishing |ayer as described above. in the polishing pad of the present 15
invention, it is required for the polishing layer to be forned from foaned
pol yur et hane, and have a flexural nodulus of 250 to 350 MPa, preferably 260
to 340 MPa, sworeéchgsef Svalisyn27@ tfea3B0 wPrdyunedhatiee afs| @xwodll simdedl us of
the polishing layer is |ower than 250 MPa, uniformty 20 within wafer is
good, but playari epd ssnolg sufcfliosieehntdel 1 dokai neda Ouwshhenotlkgrerhand, when
the flexural nodulus of the polishing |ayer is higher than 350 MPa, the
planarity ilsmexe¢lldent, thet polie shimfgorlmyey iis mopodufshiicigemiakdy obt ai ned.
2S [0019] In the polishing pad of the present invention, it is required for
t he cushi onclayer stiagbehieopred shriom dlageed-andelcushdam drgehavena t hi ckness
of 0.5to 1.0 mMmand a strain constant of 0.01 to 0.08 PM (gf/CM). The
thi ckness aflijtuke iegshi anekayen medunefepdblyic0ptltiehQng MaycrOEed a
thickness and strain constant of the cushion layer to

specified ranges.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 [0018] The polishing pad of the present invention 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, more
preferably 270 to 330 MPa. When the flexural modulus of
the polishing layer 1s 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 not sufficiently
obtained.

25 [0019] In the polishing pad of the present invention, 1t is



S preferably 0.7 to 0.85 nm When the thickness of the cushion layer is
snmal | ér than 0.5 mm high planarity is obtained, but the uniformty is
| argel y degraded. On the other hand, when the t hi ckness of the cushion
| ayer is larger than 1.0 mm the unifornity 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 nmain object of the present invention, is
not sufficiently obtained. [0020] The strain constant of the cushion |ayer
isis preferably 0. 02 to 0.07 pm (gf/cnm) , nore preferably 0. 03 to 0.06
pm (gf/cm ). Wien the strain constant is smaller than 0.01 Il M (gf/Cw),
t he un|fornﬁﬁwuﬂ§eﬁoﬁo§uﬁﬁﬁcﬁ@ﬁ@ﬂ?n»é@ﬂ&ﬁné@ &¢ert orechd o (WSS of t he

cushion layer is wthin the above range. On the other hand, when the strain
20 const ant des 1l dogar anklahaye0® picdbess PL RKi-gh tel dndr iy angl anot
sufficiently obtained even if the thickness of the cushion layer is within
the above ranigein] @o2slaTiie otfedhiilcalo &f.P8ca/dbft/lse” pr esBhe thyeknesa are
to inprove the abrasive rate and conduct polishing with 25 excellent
pl anarity awd thief ougihtipn L velre ipolpirsiiemgopad Oofo ttle OprPesent momeent i on, the
technical effects of the present invention can be acconplished by
sati sfyi ng tohre falrablyuld). &cttonmat.Bér amdes @ihielhe d habawe c kinkeats icsf, tdeconpl i shi ng
the properties of both the polishing |ayer and cushion | ayer.
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 of the cushion layer is
15 preferably 0.02 to 0.07 um/(gf/cm’), more preferably 0.03
to 0.06 pm/ (gf/cm?). When the strain constant is smaller
than 0.01 pm/ (gf/cm®), the uniformity is not sufficiently
obtained even if the thickness of the cushion layer is
within the above range. On the other hand, when the strain
20 constant is larger than 0.08 um/(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



S If the properties of one of these |layers are out of the above range, the
technical effects of the present invention are not obtained, even if the

ot her 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 yuret hane for the polishing ayer to have an average cell dianeter of |
to 70 ~im preferably 5 to 50 pm The average cell dianmeter is snmaller than
| um the technical effects of accumulating the slurry is not sufficiently
obt ai ned, which reduces the abrasive rate. On 15 the other hand, when the
average cell dianeter is larger than 70 pm the technical effects of

accunul ati n@t A€ SEGEEP L VRS e&ed, tignd ahe arlasiVe Gt €5 $hearge, but
the planarity is not sufficiently obtained. [00231 In the polishing pad of
t he present BIR@eERtt gAYeNT 108 C2O s iaCE@RErL sties fyarfed Wiietthené lflor t he
polishing layer to have a specific gravity of 0.5 to 1.0 g/cnB, preferably
0.7 to 0.9 gubmectwhentels sigscirfibedyedoviey itdaltovier tEvaempd.iBhghenghet he
strength of the surface of the polishing layer is reduced, and the
pl anarity oforopertakeer iodl bodhbé 2S5 pabrizdedy swoerasral semhdenddetyar .waf er i s
degraded. On the other hand, when the specific gravity is higher than 1.0
g/ cm -'5 t hdé ftnumeepropetrhie em orfo oper @ fi Shestudederandrtcheutploegndtiety i s
good, but the planarity tends to be degraded. [0024] In the polishing pad
of the presamovienvenigeonthiet tiecghnical 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 foamed polyurethane for the polishing layer
to have an average cell diameter of 1 to 70 um, preferably
5 to 50 um. The average cell diameter is smaller than 1 um,
the technical effects of accumulating the slurry is not
sufficiently obtained, which reduces the abrasive rate. On
15 the other hand, when the average cell diameter is larger
than 70 pm, the technical effects of accumulating the
slurry 1s increased, and the abrasive rate is large, but
the planarity is not sufficiently obtained.
[0023] In the polishing pad of the present invention, it is
20 desired for the foamed polyurethane for the polishing layer
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. On the



5 desired for the foamed pol yurethane for the polishing |ayer to have a
Hardness of 45 to 65, preferably 45 to 60. Wien the hardness is |ower than
45, the planarity of the nmaterial to be abraded is degraded. on the 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 foanmed pol yurethane for
the polishing layer to have a conpressibility of 0.5 to 5.0% preferably
0.5to 3.0% Wen the conpressibility is within the above range, 15 both
the planarity and uniformty can be sufficiently obtained. [0026] The
pol i shi ng padhetr thadpr @bent thevepeicad isngreavéy asl hglahetr &hemi £t.i0ng
section for detecting an end point of polishing. If it has the |ight
transmtting/sectione number 20f deséreicto have he umeéveadessndwhheh
accunmul ates and renews polishing solution, on the surface at the side of
the polishpagnkayey at thed, i ght tthengihantirigyseetiden.tol be teeradies.
macr oscopi ¢ unevenness on the surface at the side of the polishing | ayer of
the |ight tinanggijtthnghsepbilashidy phrasifvehsl preyet@nphiventdoaddiiti ¥es,
such as abrasive grains is accumulated in the concave, and the scattering
and absor bi dgsefreli gbt obeursambepefigieecthbnkedds toe gegriadeniyheagetection
accuracy. In addition, it is also desired to have no nacroscopi c unevenness
on the surfaeenabe a hardness of 45 to 65, preferably 45 to 60. 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 is good,
10 but the uniformity within wafer tends to be degraded.
[0025] In the polishing pad of the present invention, it is
desired for 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. 1If it has the light transmitting section, it is
20 desired to have no unevenness, which accumulates and renews
polishing solution, 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



5 the other side of the light transmtting section. If there is macroscopic
unevernness as descri bed above, the scattering of light easily occurs, and
it tends to degrade the detection accuracy. [0027] A material for formng
light transmitting section in 10 the polishing pad of the present invention
isnot limted as long as it has a light transmttance at a wave | ength of
600 to 700 nm of not less than 50% and a conpressibility higher than that
of the polishing |ayer. Exanples thereof include polyurethane resin,

pol yester resin, polyamde is resin, acrylic resin, polycarbonate resin,

hal ogen- based resin (such as polyvigxf chl oride, polytetrafl uoraoethyl ene,

pol yvi nyl i d&RE 1SS GEFNGRAFSEY riéné e ICORCRVISas 88 dien SCASSISFet iyl ene,
pol ypropyl ene), epoxy resin and the like. These materials may be used al one
or in conbi A&C @RSEEPLRE 26 éﬂgﬁﬁr@CFWéﬁeofThﬁﬁﬁﬁ@r@heéé reneis 8%, t he
pol yuret hane resin having high abrasion resistance is preferably used,
because it d€9pasisi bhe detesstirai gatheddyght Isicaddartileg, fiitorhst Rd str ace of
dressing. [00281 The pol yurethane resin for formng light 25 transmtting
secti on conpeissgsdotgamiayei Soc yaratos copsloy sineamdnelssi wnextenderr. da@0291
Exanpl es of the organic isocyanates include 2,4- toluene diisocyanate,
2, 6- t olbuene tiiei stbpanatide 22'thedilplydrty ltretnisané tdnigsseygdanate, If there
2, 4' -di phenyl nmet hane
is macroscoplc unevenness as described above, the
scattering of light easily occurs, and it tends to degrade
the detection accuracy.
[0027] A material for forming light transmitting section in
10 the polishing pad of the present invention is not limited
as long as 1t 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 polishing layer. Examples thereof
include polyurethane resin, polyester resin, polyamide
15 resin, acrylic resin, polycarbonate resin, halogen-based
resin (such as polyvinyl chloride, polytetrafluorcethylene,
polyvinylidene fluoride), polystyrene, olefin-based resin
(polyethylene, polypropylene), epoxy resin and the like.
These materials may be used alone or in combination of two
20 or more thereof. Among these materials, the polyurethane
resin having high abrasion resistance is 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



5 diisocyanate, 4,4'-diphenylnmethane diisocyanate, 1,5- naphthal ene

di i so¢yanate, p-phenylene diisocyanate, m phenyl ene diisocyanate,

p- xyl yl ene diisocyanate and m xylylene diisocyanate, hexanethyl ene

di i socyanate, 1,4- cyclohexane diisocyanate, 4,4'-dicyclohexyl nethane 10

di i socyanate, isophorone diisocyanate and the |ike. These nmay be used al one
or in conbination of two or nore thereof. (0030] As the organic isocyanate,
not only the diisocyanate conpounds descri bed above but al so

mul ti functional (trifunctional or nore) isocyanate conpounds can he used.

is As the nmultifunctional isocyanate conpounds, Desnodul e-N (nmanufactured
-by Bayer) amd @hsem extehdéri.socyanate adduct conpounds under the trade
nane of Duranate (Asahi Chem cal Industry Co., Ltd.) are comrercially

avai | abl e. Siooe® ]t Heanipliclsundt ittralo rofantor € scsoeyanatse icompoends used al one
20 easily gel during synthesis of prepolyner, it is preferably added to

di i socyanat e cqapeurd itsd dysea tle)031 6 -Fxanelnes ddfi soleyapeltegl 9 ,ionel ude
pol yet her polyol represented by pol ytetranet hyl ene ether glycol, polyester

pol yol represented e tpahgbut Yisens aditRat @, @Sd@@im&%&m@@m@e pol yol ,
pol yester pol ycarbonate pol yol, such as reaction product of polyester glycol

(such as peliyGaphehatlona) sandghikylane ttarRoratiec RAnkesd, ern , spol ycar bonat e
pol yol formed by reacting ethylene carbonate w th pol yhydroxy al cohol and
then reacting hhe1eaet i@ socyanate, p-phenylene diisocyanate, m-
phenylene diisocyanate, p-xylylene diisocyanate and m-
xylylene diisocyanate, hexamethylene diisocyanate, 1,4-
cyclohexane diisocyanate, 4,4'-dicyclohexylmethane
10 diisocyanate, isophorone diisocyanate and the like. These
may be used alone or in combination of two or more thereof.
[0030] As the organic isocyanate, not only the diisocyanate
compounds described above but also multifunctional
(trifunctional or more) isocyanate compounds can be used.
15 As the multifunctional 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 more isocyanate compounds used alone
20 easily gel during synthesis of prepolymer, it is preferably
added to diisocyanate compound to use.
[0031] Examples of the polyols include polyether polyol
represented by polytetramethylene ether glycol, polyester
polyol represented by polybutylene adipate,

25 polycaprolactone polyol, polyester polycarbonate polyol,



5 mxture with organic dicarboxylic acid, polycarbonate polyol forned by
ést er “exchange reaction of polyhydroxyl conpound with aryl carbonate and
the like. These may be wused alone or in conbination of two or nore thereof.
[ 0032] Low nol ecul ar wei ght polyols, such as ethylene 10 glycol,

1, 2- propyl ene glycol, 1, 3-propylene glycol, 1,4- butanediol, 1,6-hexanediol,
neopentyl glycol, 1,4- cycl ohexanedi nethanol, 3-nethyl-1,5-pentanediel,

di et hylene glycol, triethylene glycol, 1,4-bis(2-hydroxyethoxy)benzene can
be used in addition to the above polyol. 15 [00331 Exanples of the chain
extenders include ow nolecular weight polycls, such as ethylene glycol,

1, 2- propyl enehglagcaleact 13nprowduerte ofl yodlye st et mitvaneddi (uch as

1, 6- hexanedi ol , neopentyl glycol, 1,4-cycl ohexanedi nethanol,

3- et hyl - 1, pojetaprediaaltondi) etamyl el vgjleyeolca tiranettiey | erd 2% tgdrycol

1, 4- bi s(2- hydr oxyet hoxy) benzene; or pol yam nes such as 2,4-tol uene di am ne,
2, 6-t ol uene pdilgMat®ond,te- goatylayl -foded Awenadtiiag rReh ,.ohe Harsesrdidd yl -

di am nodi phenyl et hane, 4, 4'- di am nodi phenyl net hane, 3, 31-

di chl oro- 4, 4L+t p1RedidRERY lameidhde,artl 2heh Fkathing the reaction
tetrachl orc-4, 41-di am nodi phenyl net hane, 4, 41-di am no- 3, 31

di et hyls 5, SriditnBthylidinp MRt Ranes rnd:d/ 1-id &tdiy,- bA'vcarbonate

di am nodi phenyl et hane, 4, 41- et hyl ene-bi s- met hyl ant hranil at e,

4, 4" - met hyl @pa~Ri1s-rRpLRIARY G 1261 Gxcithrie HAHNRM RERYISHTOBxy1
N, N -di -sec-butyl-p
compound 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-
cyclohexanedimethanol, 3-methyl-1,5-pentanediol, diethylene
glycol, triethylene glycol, 1,4-bis(2-hydroxyethoxy)benzene
can be used in addition to the above polyol.

15 [0033] Examples of 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 glycol, 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'- diaminodiphenylmethane, 3,3'-
dichloro-4,4'~diaminodiphenylmethane, 2,2',3,3'-

25 tetrachloro—-4,4'-diaminodiphenylmethane, 4,4'-diamino-3,3'-



5 phenyl enedi am ne, 4, 4' -nethyl ene-bi s(3-chl oro-2, 6- diethylam ne),

3,3 -dichl oro-4, 4 -di ani no-S, 51- di et hyl di phenyl net hane,

1, 2- bi s(2- am nophenyl t hi 0) et hane, trinethylene glycol-di-p-am nobenzoate,
3,S his(methylthio)-2,4-toluene diam 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 polyamnes is colored thenselves or 15 resin using the

polyam nes is colqred. [0034] The ratio _of the or c isocyanate, polyol

. LOY anic i ’

and chain ExEéhAder Sean ‘@&Wﬁéﬁwdér?@ﬁ@é’lé@&@ﬁdi%g%vé moiLedbYar 4 ieight ~ of

each conponent and the desired properties of the light transmtting section

f or med t her €fiednoda phederl med 2@ epbtdaidn —ed hydsinee®igroperti es of the

material for formng the light transmtting section, it is desired that a

ratio of noebéaylehthgenydrdtee dgnddpmethtienergasi-enitdoaydndtce acdd, t he t ot al

nunber of functional groups (hydroxyl group and am no group) in the polyol

and chai n et driidel abe naidtiphentyleulZ®r, angdl 'ofdi0.s@8 oty 1y - preferably 0.99

to 1.10. [0035] The pol yurethane resin of the present invention can be

producéd by pkeawi cureelt hade<raki, dd —tredhnyilgmes-b isuch cad cao-12glé- ng net hod, a

solution nmethod etc., but in consideration of cost and worki ng at nosphere,

t he diethylamine), 3,3'-dichloro-4,4'-diamino-5,5"'-
diethyldiphenylmethane, 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 thereof. It is
preferable to use the polyamines such that the addition
Lhereof does not detericorate the physical properties and
light transmission properties of the light transmitting
section, because the polyamines is colored themselves or

15 resin using the polyamines is colored.

[0034] The ratio of the organic isocyanate, polyol 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 isocyanate group 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

25 range of 0.95 to 1.15, preferably 0.99 to 1.10.



5, polyurethane resin is formed preferably by the nelting nethod. [00361 The
pol yur et hane can be produced by a prepolyner nethod or a one-shot nethod,
but the prepolynmer nmethod wherein an isocyanate-term nated prepol yner
synt hesi zed 10 previously from organic isocyanate and pol yol is reacted
with a chain extender is generally used. Since the isocyanate-term nated
prepol yners produced fromorganic isocyanate and pol yol are commercially
available, if they are suitable to the present invention, it is possible to
i s synthesize the pol yurethane used in the present invention by a
prepol ynmer net hod using the prepolynmers. [0037] A nmethod of preparing the
li ght transni%3Ng Bectidy UIGHEhHE gresdénto i iventir@sars dgtventiaiedatbut may
be well known nethod. A nethod of processing the polyurethane 20 bl ock
produced by beh@ nastussd dus dirided LEiscVenes g kginge i e A igkiess s icha &1 iccer  of
band saw type or planer type; a nethod of casting resin in a nold
conpri si ng aedauvingy mefdvichg aa Spilvdan arhimekess et .curteiti tin a nmet hod of usi ng
coating technique or sheet nolding technique; and the |i ke 25 can be used.
| f the |ightcanrsarmattiiarg csfectdson arab woelldis\g regfoegthed-d,i giite i s danped by
light scattering, and it tends to degrade detection accuracy of an end
poi nt df polochiurg themrck rresasiur eree o racel a®f eofalfli myt hilek nesls- i nher ef or e,
it is desired sufficiently to renove gas contained in the
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 invention
by a prepolymer method using the prepolymers.
[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 polyurethane
20 block produced by the method described above to a given
thickness by a slicer of band saw type or planer type; a
method of casting resin in a mold comprising a cavity
having a given thickness to cure 1it; a method of using

coating technique or sheet molding technigque; and the like

25 can be used. If the light transmitting section has cells,



5,material before mxing by vacuating the material to not 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 revolutions of not
nore than 100 rpmin order to prevent the cells from10 inmxing in a step
of stirring after mxing. It is also desired to conduct the stirring under
a reduced pressure. It is also desired to stir and deaerate the material by
using a planetary m xer, because it is difficult to inmx the cells even if
using the mxer at high revolution. 15 [0038] A shape of the |ight
transmtting section is not limted, but it is desired to be the sane shape
as the operisigesitathd ERG sif mFmMPRfePYand Tis MGH 19h/é1d, qrob3d] tensdsze of
the light transmitting section is not Ilimted, but it is desired to be

appr oxi mat eltp (g regive BT oI tAeras ahg aspel Ingrofetth@all st my lighemaand

cushion layer. [0040] In the polishing pad of the present invention,

mat eri al s f @gna Wegsoltesiantg degraracyr @ Indtl U miltleknees 9 .ondhege fard,s iftor ned
from foanmed pol yurethane and has a flexural 25 nodulus of 250 to 350 MrPa.
The reason \itsy ddse rfeghrmd fpal yamrtethdrre nesnausedyforcartie pad s idid ayer of
the present invention is that abrasive slurry is accunulated in the cells
on t he surf acgeofidlhdgfuinessming Hayer taxruaicireasend heatealiradsitwe et e, or t he
pol yur et hane resin has excel |l ent
more than 10 Torr in order to remove the cells. 1In
addition, in case of using a agitator type mixer, it is
desired to stir the material at number of revolutions of
not more than 100 rpm in order to prevent the cells from
10 immixing in a step of stirring after mixing. It is also
desired to conduct the stirring under a reduced pressure.
It is also desired to stir and deaerate the material 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 to 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 be approximately the same
20 size as the opening of the polishing layer and cushion
layer.
[0040] In the polishing pad of the present invention,
materials for the polishing layer are not limited as long

as it is formed from foamed polyurethane and has a flexural

25 modulus of 250 to 350 MPa. The reason why the foamed



5 abrasion resistance, and polyners having desired physical properties are
easi |y’ obtained by varying raw nmaterial conposition. [0041] The

pol yuret hane resin for the polishing |ayer conprises organic isocyanate,
pol yol and chain extender as 10 described for the light transmtting
section. [0042] The organic isocyanate used in the polyurethane resin for
the polishing layer is not limted, but includes the organic isocyanate
used in the polyurethane resin for the material for formng the |ight
transmtting section. is [00431 The polyol used in the pol yurethane resin
for the polishing layer is not limted, but includes the polyol used in

t he pol yur etdvaneinadgdiand ors tusedai@r i tdle frrl forimnglaydie 4i dghte trasanit ti ng
section. If using for the polyurethane resin for the polishing |ayer, a
mol ecul ar 20inmeirghitorofig hehgiol atotagisvenofl uninyg tied, adutmilsatpraefior diiley within
the range of 500 to 2000 in view of elastic properties of the resulting
pol yur et hanece[16044] tAse ther Pty ad 5, tHeowpatnl Scidqarl ayg ghto polyraase sirch  as
et hyl ene glycol, 1,2-propylene glycol, 1,3-propylene 25 glycol,

1, 4- but anedizdrash, & hexenediol thaenpepindtigncotasin has excellent

1, 4- cycl ohexanedi i net hanol, 3-nethyl -1, 5-pentanediol, diethylene glycol,

triethyd ene Mindblon Inefs 1 S8drdce NYAHOXET AYY hanzene Lo Ry ysegsidyaddi tion
to the high nolecular weight polyol described above.

properties are easily obtained by varying raw material
composition.
{0041] The polyurethane resin for the polishing layer
comprises organic isocyanate, polyol and chain extender as

10 described for the light transmitting section.
[0042] The organic isocyanate used in the polyurethane
resin for the polishing 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 polycl used in the polyurethane resin for the
polishing layer is not limited, but includes the polyocl
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 welght of the polyol 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 polyocls, low molecular weight polyols, such
as ethylene glycol, 1,2-propylene glyccl, 1,3-propylene

25 glycol, 1,4-butanediol, 1,6-hexanedicl, neopentyl glycol,



5.[00451 The ratio of the high nol ecul ar weight conponent to the |ow

nol ecul ar wei ght conponent is determ ned depending to the performance

requi renent of the polishing |ayer obtained therefrom [0046] Exanples of

t he chain extenders used in the 10 polyurethane resin for the polishing

| ayer include polyam nes, such as 4, 4'-nethyl ene-bis(o-chloroaniline),

2, 6-di chl or o- p- phenyl enedi am ne, 4, 4' -net hyl ene-bi s(2,3- dichloroaniline).
These nay be used alone or in conbination of two or nore thereof. 15 [0047]
The ratio of the organic isocyanate, polyol and chain extender can suitably
change depending to nol ecul ar weight of each conponent and the desired

properties of 4Heclsdlqxtiaineyeandlor medatetlef-ompraianadisl required to
obtain the foam having a flexural nodulus of 250 to 350 MPa. 20 In order to
obt ai n the pbldtShilegd ayfercdavitg evdldrentg ]l valsrlasilved gricpetties, it is
desired that a ratio of nunber of isocyanate group in the organic
i socyanat e thydroex tedtral x v imarbmanefcdrunst ivsread  igr et t(iydriox ywhegrioigh and
am no group) in the polyol and chain extender be within the range 25 of
0.95 to 1. 1S0lpceflemablei dht9Ddloydl desditAs] abuweregpol yur et hane resin for the
polishing layer is prepared by the nethod as described in the pol yurethane
resin used io04tg maferdalid arf faramimigyH he lldghita it nanisyritt tdompseaid v The
pol yur et hane resin may
the low molecular weight component is determined depending
to the performance reqguirement of the polishing layer
obtained therefrom.
[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-chlorcaniline),
2,6-dichloro-p-phenylenediamine, 4,4'-methylene-bis (2, 3-
dichloroaniline). These may be used alone or in
combination of two or more thereof.
15 [0047] The ratio of the organic isocyanate, polyol and
chain extender can suitably change depending to molecular
weight of each component and the desired properties of the
polishing layer formed therefrom, but it is reqguired to
obtain the foam having a flexural modulus of 250 to 350 MPa.
20 In order tc obtain the polishing layer having excellent
abrasive properties, it is desired that a ratic of number
of isocyanate group 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 0.99 to 1.10.



5 optionally contain stabilizers such as antioxidants, surfactants,
| ubricants, pignents, fillers, antistatic agents, and the other additives.
(0049] A nethod of micro foam ng the polyurethane resinis not |imted, but
i ncl udes a nmet hod of addi ng hol |l ow beads, 10 mechani cal foam ng nethod,
chem cal foam ng nethod and the |ike. These may be conducted in conbi nation,
but the nmnmechanical foam ng nethod using an active hydrogen group- free
silicone-based surfactant consisting of a polyal kyl siloxane-polyether
copolynmer is nore preferable. Exanples is of the silicone-based surfactants
as suitabl e conpound of the present invention include SH 192 (conmerci al
avai |l abl e  flOSBTor&RP BOW YEFEHiNTgesingsdend oo . the v )i sHigus0ja Yide ifet hod of
preparing closed-cell type foaned polyurethane used in the polishing |ayer
for the pol PSKPRF DB Ypdd cofmetthe dhrass eifts Arivbast ilen thid IPPe/usgihainged i n
detail hereinafter. The nmethod of preparing the foaned polyurethane
conpri ses t hesfial ewidng nsttéyss medetia I dpr feamisd ridieng it tpr epare a cel |
di spersion of an isocyanate-term nated prepolynmer; 25 A silicone-based
surfact ant itsaadded tiagars ecsdoypanatiéne grotivnatedd apreepaisyimemaand stirred in an
inert gas, and the inert gas is dispersed as fine cells to forma cel
di sper &1 on. dffigontalié vi socyanat e-ttagriminatred sprodpelsy reert licstiidantss,sol i d form at
ordi nary tenperatures, the prepolyner is
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 foamed
polyurethane used in the polishing 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 silicone-based surfactant is added to an isocyanate-



5.nmelted by pre-heating to a suitable tenperature. (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 is 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 costteIMFFSEL RL SR MM Te 2 b rS Iditd5ét sith@ht He'§ Terda gasich tige
silicone-based surfactant-containing i socyanate-term nated 20 prepol yner to
formfine ceNedt wals Uenssransakrss ddmeee lused-on thouta paltl cul ar
limtation, and exanples thereof include a honogenizer, a dissolver, a
tw n-screw gliEperaiyn .nien di tifodiaaterie mhapd ast rrermyl weettorl sofint he
stirrer is not particularly limted either, but a whipper-type 25 agitator
i s preferabley agddd! tforforerh fonte reslyt seniE053]utas a tPrefraresl lymetbodi ment ,
different stirrers are wused in stirring for forming a cell dispersion in
the st3rrimglstesp bangrierhstatrimong d or guidiahg earteaddethtohad n extender in
the m xing step, respectively. In particular,
(b) Mixing a curing agent (chain extender):
A chain extender is added to, and mixed with, the cell
dispersion under stirring.
(c) Curing step
10 The isocyanate-terminated prepolymer mixed with the chain
extender is 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 1t is
preferably not combustible. Examples of the gases include
15 nitrogen, oxygen, a carbon dioxide gas, a rare gas such as
helium and argon, and a mixed gas thereof, and the air
dried to remove water is most preferable in view of cost.
[0052] As a stirrer for dispersing the inert gas in the
silicone-based surfactant-containing isocyanate-terminated
20 prepolymer to form fine cells, well known stirrers can be
used without particular limitation, and examples thereof
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.



S stirring in the mxing step may not he stirring for formng cells, and a
stirrer not generating large cells is preferably used. Such a stirrer is
preferably a planetary mxer. The same stirrer may be used in the stirring
step and the mxing step, and stirring conditions such as 10 revol ution
rate of the agitator are preferably adjusted as necessary. [0054] In the
nmet hod of preparing the foaned pol yurethane, heating and post-curing of the
foam obtai ned after casting and reacting the cell dispersion in a nold
until the is dispersion lost fluidity are effective in inproving the
physi cal properties of the foam and are extrene%y suitable. The cel
di spersi on PS84 dase Piedersicd cardbiotEeRar ey TTgESNte $ridd Higg Sa af€at i ng
oven, and even under such conditions, heat is not imediately conducted to
the 20 reactitgd éonpeAsHLSI 4Rd tleudifge adicaredt eisPer sden snartée not
increased. The curing reaction is preferably conducted at normal pressures
to stabilizetiheighapéenf adel 1ig. 038N Forhalpriagacat iaciiesf dhlaen
pol yuret hane resin, a well known catal yst accel erating pol yuret hane
reaction, seehicasler25nt éhei avigiag sdehasedpeattdivesty,. dngarattiiculased
catal ysts, may be used. The type and anpunt of the catal yst added are
det er mbned deépemdngg iho thleowitiing istepastivngoitnba spriedetner fioredomnlicigaf t er
the m xi ng step. [0056] The production of the foamed pol yurethane may be in
cells, and a stirrer not generating large cells is
preferably used. Such a stirrer is preferably a planetary
mixer. The same stirrer may be used in the stirring step
and the mixing step, and stirring conditions such as
10 ~revolution rate of the agitator 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
physical properties of the foam, and are extremely suitable.
The cell dispersion may be cast in a mold and immediately
post-cured in a heating oven, and even under such
conditions, heat is not immediately conducted to the
20 reactive components, and thus the diameters of cells are
not increased. The curing reaction is preferably conducted
at normal 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,



5 a batch system where each conponent is weighed and 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 polyurethane prepared as

descri bed above into a predeterm ned size. 15 (0058] In the polishing |ayer
formed fromthe foaned polyurethane of the present invention, it is desired
to provide grog%$s for accunmul ating and renewing the abrasive slurry on

the polishi AGYs&er #689 polfshitg ez 2EGHPAcPT Whenh & pdtve &ddest Bee
pol i shed. Since the polishing zone 20 is forned fromfine foam there are
many pores G§LEREINSE IdSReRg1SGr frocd loand e Ras CastdRét ilén 3 o accunul at e
the abrasive slurry. In order to further effectively accunmulate and renew
t he abrasi v@rsidgteymgnegr agdnrt affter recerilalingo sierpol i shed from breaki ng by
the absorption of 25 the material to be polished, it is desired to have
grooves on tlR@56dI iToki pgosiuctics. cfhéhshdpemell pheé vgredvenes magt bel iim t ed as
long as it accunul ate and renew the abrasive slurry, but includes, for
exanpl e, XY agtattichg syisaewe whegceneentr icompionenitarn sgwedyéedperrfdor ati on, pore,
col umm,
introduced into a vessel, or in a continuous production
system where each component and an inert gas are
continuously supplied to and stirred in a stirring device
and the resulting cell dispersion is removed to produce
10 molded articles.
[0057] The polishing layer used for the polishing pad of
the present invention is produced by cutting the foamed
polyurethane prepared as described above into a
predetermined size.
15 [0058] 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 (polishing zone) contact
with a material to be polished. Since the polishing zone
20 is formed from fine foam, there are many pores on the
polishing surface, and it has a function to accumulate the
abrasive slurry. In order to 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



5.cylinder, spiral groove, eccentric circular groove, radial groove and the
conbi nation 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 nethod of formng the groove is not limted, but
i ncludes a nethod of nmechanical 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 method of form ng the grooves by
phot ol i t hogrdpHy'® @HetHddDfSWordfitg tHE girvdifes by N rifavRy,i s 1Rt hod of
form ng the grooves by |laser |ight wusing carbon dioxide |aser and the |ike.
20 [00601 | i YHEq5bIgSSHINY pad 10f adfalrprlestentarichv@itgvorthg tabasidesired for
the polishing |ayer to have a thickness, which is not limted, of 0.5 to 4
mm preferafl e tot3.imammde sEx il essxanfe tche Xietdiodsirgf graparii ng t he
polishing layer having the thickness include a nmethod of processing the 25
f oam bl ock praoduweed by cihe uietrhant adestr ideedt cateovieort,0 @ g verp funirckness by a
slicer of band saw type or planer type; a nethod of casting resinin a nold
conpri i ng ayldadedry, lspiinag argioren tddaknesis tad wurlan tgraowest hadiiagfl  usi ng
coating technique or sheet nolding technique; and the
groove and the combination thereof. The pitch, width and
depth of the groove is not also limited, 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 forming the groove is not limited, but
includes a method of mechanical cutting using, for example,
a cutting tool of a predetermined size, method of casting
resin in a mold having a 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 method of forming the grooves by laser light
using carbon dioxide laser and the like.
20 [0060] In the polishing pad of the present invention, 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 methods of preparing the polishing layer

having the thickness include a method of processing the

25 foam block produced by the method described above to a



5.like, [0061] It is desired for the polishing |layer to have a variability
of thickness of not nore than 100 Tam preferably not nore than 50 um When
the variability of thickness is larger than 100 Tam the polishing |ayer
has 10 | arge crinkle, and portions having different contact state are
formed, which 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
is thereon at initial stage of polishing. However, when the variability of
thickness is |arger than the upper limt,_ dressing tine is |long, which

reduces t he ProdJudthVe Rt i eh ST GST £iditansh,Sah et PrdE% T ain the
variability of thickness, the surface of the polishing zone 20 adjusted to a
gi ven t hi ckriied&® imgy We-nd fahgastedted esiie 1huF Mf (GERTWehtnd s preferabl y
conduct ed stepwi se by using abrasive sheets having different particle size.
[0062] A metdisd tof hradutiangivean rdtedkipps s st mgigsad ticonpid Eiary &f pol i shing
| ayer and (light transmtting 25 section and) cushion layer is not Iimted,
and nmay be werirguscasstironsiediuti ayeampt eshadiermenidiare taschol dusvs . andExarpl es
of the methods in case of having the light transmtting section are
descri bbed aslifkd ] ows, but the polishing pad nay be produced wi thout form ng
an opening in
[0061] It is desired for the polishing layer to have a
variability of thickness of not more than 100 pm,
preferably not more than 50 um. When the variability of
thickness is larger than 100 pm, the polishing layer has
10 large crinkle, and portions having different contact state
are formed, which degrades the abrasive performance. 1In
order to dissolve the variability of thickness, the surface
of the polishing layer is dressed by dresser having
abrasive grains of diamond electrodeposited 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. 1In 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



5 case of having no light transmtting section. [0063] In the first

enbodi nment, a doubl e-coated tape adheres to the polishing |ayer having a
opening of a given size at a given position, and the cushion | ayer having a
opening of a given size at the sanme position as the opening 10 of the
polishing | ayer adheres to the polishing layer with the 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 layer, the light transmtting
section is put in the opening of the polishing 15 layer, and the polishing
| ayer adheres to cushion |ayer. (0064] In the second enbodi nent, a

doubl e- coat &@riigpe medHecss gt e aisilioshitig iepfe @ figadisng od lopeni ng of a
given size and the cushion |layer adheres to the polishing layer wth the
doubl e- coat E&amapes AT dpenimed hiosist Hen dagrened ivav20 gt éeddulsihg- coat ed t ape
and cushion layer at the sane position and size as the opening of the

pol i shi ng | ayensmA ttdoublsectdane ¢ reapie saondieny a& rfelléase paper tate t he
opposite side adheres to the cushion layer, and a light transmtting

section is puatl iishitye pepemanyg bef ptrhelypeld shithgutayerramd; 2m agheriesy timer et o.
[0065] In the third enbodi nent, a doubl e-coated tape adheres to the
pol i shisng | ayere kavimgiaopenilighaf tagisweantisigecatddnhe cushi on | ayer
adheres to the polishing layer wth the doubl e-coated tape. A doubl e-coated
tape bondi ngooé63] In the first embodiment, a double-coated 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 polishing 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 of the polishing layer, the light
transmitting section is put in the opening of the polishing
15 layer, and the polishing layer adheres to cushion layer.
[0064] In the second embodiment, a double-coated tape
adheres to the polishing layer having a opening of a given
size and the cushion layer adheres to the polishing layer
with the double-coated tape. An opening is then formed in
20 the double-coated tape and cushion 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 polishing layer and

25 adheres thereto.



5 a rel ease paper at the opposite side of the cushion |ayer

t hen adheres to

the cuShion layer. A opening is then formed fromthe doubl e-coated tape to
the rel ease paper at the sane position and size as the opening of the
polishing layer. Alight transmtting section is put in the opening 10 of
the polishing |layer 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 |ike from accurnul ating thereto.
[0066] In the fourth enbodi ment, a doubl e-coated tape is bonding a rel ease
paper at the opposite side of the cushion |ayer adheres to the cushion

| ayer, and alf ni iy Ghe tHelrd feoarsti ¥eTom tthed Qs oiPd @@ertarse t he rel ease

paper. A doubl e-coated tape adheres to the polishing | ayer

havi ng a

openi ng of a@diemss sigdhambtishing ilshiaty Hawierg eaderessing @0 a relwarshi on
| ayer with the doubl e-coated tape so as to adjust the opening of the
cushi on | ayerize ariie Wpeniughioh ltdherpddshiay taydre pollighing rlangm tti ng
section is put in the opening of the polishing |layer and adheres thereto.
In the case,widimcehd i uupposidea <l deapaf. t fe duolb Ishiqupteay era @b hendapen, it
is desired to nount a conponent that prevents scrapes and the |ike from
accurmul @t i ng tihereetse da0067]at ke metduad of qirdduct nghd heapoldrshiangepad of

the present invention, neans of form ng an opening are not

limted, but

include a neitad Lfhdydriag @ QRAYHIRG Mayer. A opening is then

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 opening

10 of the polishing layer and adheres thereto. 1In the case,

since the opposite side of the light transmitting section

is open, 1t is desired to mount a component that prevents

scrapes and the like from accumulating thereto.

[0066] In the fourth embodiment, 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-coated 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



5 pressing using a cutting tool, a nethod of formng an opening by using
| aser, such as carbon dioxide |aser, a nethod of form ng an openi ng by
cutting using, for exanple, a cutting tool and the |like. The size 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 |layer, and as the main object of the present
invention, the inprovenent of the abrasive rate, the planarity and
uniformty within wafer are acconplished by the properties 15 of both the
polishing |layer and cushion layer. It is required for the cushion |ayer to
be formed fe6MPERSsed &9 HdEmIZRT REFAMA i idndS$T650. 5 to 1.0 nmand a
strain constant of 0.01 to 0.08 um (gf/cm ). The cushion layer is required
in order to [R8&3dpllnsk B6tthoche fplraraiictiy 2 ¢ hen@oddishams pdnictthithewaf er
which are relation of a trade- off. The planarity nmeans snoothness in a
pattern porPregenkhénvaniaedri sleans v golrindiiad afvawibed ifidc B¢ cuheEenness
formed during formng the pattern is polished, the wuniformty wthin wafer
means uni f odrimtiyeida bl Winolled2s anatedhical otfo flvenpold shedpan(®89byl n t he
polishing pad of the present invention, the cushion layer is not limted as
long as it psebeinmgd usiom aclcasednoeltioofloam aved Hoals o tioirokmessnof 0.5 to
1.0 mmand a strain const ant of 0. 01 to 0.08 pmi (gf/cm) , but
i ncludes, opening by using laser, such as carbon dioxide laser, a
method of forming an opening by cutting using, for example,
a cutting tocl 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 polishing layer and cushion layer. It is
required for the cushion layer to be formed from closed-
cell foam and have a thickness of 0.5 to 1.0 mm and a
strain constant of 0.01 to 0.08 um/ (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-
off. The planarity means smoothness in a pattern portion
when a material to be polished having micro unevenness
formed during forming the pattern is polished, the

uniformity within wafer means uniformity in the whole

25 material to be polished.



3, for exanple, closed-cell foam of polynmer resin, such as pol yurethane
resin, polyethylene resin. [0070] The pol yurethane resin is selected from
the polyurethane resin described in the production of the |ight
transmtting section so as to have the above descri bed 10 properties, and
the closed-cell foamis fornmed by using the selected resin. A nethod of
formng the closed-cell foam may he selected fromthe nethods described as
t he nethod of producing the polishing |ayer. [0071] Tn the present
i nvention, nmethods of bonding the 15 polishing |layer to the cushion |ayer
include, for exanple, a nethod of positioning a double-coated tape between
the polishil@§6Pdyén tthet e ldwdhingn Pagy erf, tded PFesssitng nivient 1pee7 ZheA
doubl e-coat ed tape conprises adhesive layers on the both surface of a
substrate, suchies demsovers fnabr ilcmd@eanasf illomg las iig desifiogtierdo fuse t he
filmas a substrate in order to prevent the abrasive slurry from
penetr at i ng ciletsed-tké lc dshimorndayers. aTrthaddinteisen o feXarpltes 10f0 frme and a
conpositions for the adhesive |ayer include rubber-based adhesive,
acrylic-basedradhesiove tand tofe d.ike.tol 0 .Wisewnyf( xS che, netial inhehudent ent
preferred is the acrylic-based adhesive, because it has small content of the
metal ion. fSirne&ahpe cGomNesidd-or1af fidhe pal pshiviigd ayernyayube adi fferent
fromthat of the cushion |ayer, each adhesive layer of the double-coated
tape can hayelgifkenente 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 closed-cell foam is formed by using the
selected resin. A method of forming the closed-cell foam
may be selected from the methods described as the method 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 layer, 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. 1In addition, examples of the
compositions for the adhesive layer include rubber-based

adhesive, acrylic-based adhesive and the like. 1In view of

25 the metal ion content, preferred is the acrylic-based



5 conposition and adjust the adhesion of the each adhesive |ayer to

sui tabl e range.

[ 0073] Exanpl es of neans of bonding the cushion |ayer to

t he doubl e-coated tape include a nethod of pressing the double-coated tape
on the cushion layer to bond it. The 10 doubl e-coated 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
| ayer to the cushion |layer. Since the double- coated tape is renoved from
the platen after using the is polishing pad, it is desired to use the film
for the substrate, because it is possible to dissolve the remain of the

tape on the

101811 BRGAUSEhe s HosiATRE T Gt e BRffesivAs | ayer as

that of the doubl e-coated tape for bonding,the polishing layer to the

cushi on | ayeringgn We zpmpast t ool Senin

Drlass d@y 9roduced

t hrough the ste of polishing the surface of sem -conductor wafer by using
t he poIisMnﬂ}ﬁé%t

enthef whi theondifc tidre wafsdyl ars Igerraraldach fasthrsd wsy

depositing wire netal and oxide filman silicon 25 wafer. A nethod of
pol i shi ng t Heayseniofc diductorb Waferatad tpald shimdrappatidtierente not linited,
but the nmethod is conducted by using the polishing apparatus conpri sing,
for exanpl eompgraltiishi regpdlaatierstf arhes upihertiiong cf pdle straig geidssivee
supporting stand (polishing head) for supporting a semi

layer to suitable range.

[0073] Examples of means of bonding the cushion 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

polishing 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 dissolve the remain of

the tape on the cushion layer. The same compositions for

20

25

the adhesive layer as that of the double-coated tape for
bonding the polishing layer to the cushion layer can be
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-conductor wafer is generally
formed by depositing wire metal and oxide film on silicon

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



5 conductor wafer, a backing for uniformy applying pressure to the wafer
and an abrasive slurry-feeding nmechanism The polishing pad is nounted on
the polishing platen by bonding w th a doubl e-coated tape. The polishing

pl aten 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 nmechanismfor pushing the

sem -conductor wafer onto the polishing pad is provided. 15 During
polishing, th m - conductor wafer is push t he polishing pad while

S ed onto
rotating t héPoISEhihGEaHaE i Sarff € srlﬁpc;rjtnijﬁgecg't amt EHY B FoliShing i s
conducted while feeding the abrasive slurry. Feed of the abrasive slurry,
pol i shing | cERAUEHES RY o1 Imehdere gTo ki i3y i3 aiep ol st €20l P or V31 ut i on
nunber of the sem -conductor wafer, which are not limted, are adjusted to
sui tabl e rarff@MfiF075] Pridrebyd £ rtgirectdv s yarai o o tifel sivifrat east: t he
sem -conductor wafer is snoothly polished. After the polishing, dicing,
bondi ng, packayiorpranda e dridk el parlel A6 repAthast e of o el pyemi t guhducial devi ce
i s produced. The sem -conductor device is used for processor, nenory and the
| i ke. EXAMPLESAEHO07G]|feHor e fafdleimg ther prreisfertm ] ynvenlivimg omesoricbed in
to the wafer and an abrasive slurry-feeding mechanism. The
polishing pad is mounted on the polishing platen by bonding
with a double-coated tape. The polishing platen and
supporting stand are positioned such that the polishing pad
10 and semi-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 mechanism for pushing the
semi-conductor wafer onto the polishing pad is provided.
15 During polishing, the semi-conductor wafer is pushed onto
the polishing pad while rotating the polishing 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 is smoothly polished. After the

polishing, dicing, bonding, packaging and the like are

25 conducted, and semi-conductor device is produced. The



nore detail by reference to the Exanples, but the present invention is not
limted by the Exanples. (Strain constant) [0077] The cushion | ayer was cut
into a disk having a 10 dianeter of 0.5 inch and used as a sanple for
measuring strain constant. The conpression anount and | oad of the sanple
was neasured at a tenperature of 23C 2C and humdity of 60%40% w th an

uni versal testing machine (Mdel 5848 manufactured by Instron) at
conpression speed 15 of 0.1 mimn. The strain constant was determ ned by
the calculation fromthe inclination of a |ine obtained from proximte

anal ysis of plats of c ession |.oad 30 cn? and 1000 gf/cn® t he
ooul i ng_orEI S CH s S G WA Ctfp eSS o R 1 20 e
(Conpressibility) [0078] The nmaterial for the polishing Iayer, whi ch cut
into disk i7g a dianeter of 7 nm was used as a sanple for neasuring
the conpressibility, the sanple was left at a tenperature of 23C 2C and
hum dity of 60%0 for 40 25 hours. The conpressibility was neasured by using
TMA (SS6000; manufactured by Sei ko Instrunents). The conpressibility is

det ermi ned BXAYHRLES the following fornula: Conpressibility (%) (T]-T2) /

Tal x 100 5 wherein T- represents the thickness of a sanple
5 [0076] Hereinafter, the present invention is described in

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

[0077] The cushion 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*2°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
vVs. 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 60%=*10% for 40

25 hours. The compressibility was measured by using TMA



after application of 30 kPa (300 g/cm) stress for 60 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 T]. 10 (Fl exural
nodul us) [0079] The polishing |layer was cut into a sanple for nmeasuring the
fl exural nodul us having a thickness of 2.0 nm wdth of 10 nm and | ength
of 50 mMm The flexural nodulus of the sanple was neasured with an autograph
(Tensilone 15 UTM 4LH nmanufactured by Toyo Bal dwi n) at a di stance between
chucks of 32 nm and crosshead speed of 2 nmmn, according to JIS K7171.
The aver age ofé%ﬂgge neasurenen&g was shown as the flexur%l nmodul us of the

sanpl e. (Avera | MEHUARS D2 PY 6B 11 Shead\s et di%ver age cel |

di anmeter, the material, such as the polishing |layer was cut into a

t hi ckness ofCCABIRS 1 arhifar 49 sletegmimed &rerisdineh the Madrlstomd cutter as a
sanple for measuring the average cell dianeter. The sanple was nounted on a
slide gl ass,foamiiltane 25 diameter of the all cells was nmeasured at an
optional 0.2 mMm x 0.2 mm square area by using an imge processing unit

(I mage Anal yzer ronoressfidctlirted () TFOMAED-Ccl ,/ LTd. X t1d0 cal cul ate t he
average cell dianmeter. (Specific gravity) 5 [0081] The specific gravity was
measur ed accordi ng towhel®ein 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)

[0079] 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 Toyo Baldwin) at a distance between
chucks of 32 mm and crosshead speed of 2 mm/min, according
to JIS K7171. The average of three measurements was shown
as the flexural modulus of the sample.

(Average Cell Diameter)

20 [00B0] In measurement of average cell diameter, the
material, such as the polishing layer was cut into a
thickness of about 1 pm 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



Z8807-1976. The material, such as the polishing layer was cut into a strip
sized of 4 cmx 8..S cm(a proper thickness) as a sanple for neasuring the
specific gravity, and the sanple was |eft at a tenperature of 230C20C and
10 hum dity of 50%8% for 16 hours. The specific gravity was neasured by
using a hydrometer (Sartorius K K. ). (Hardness) [0082] The hardness was
nmeasured according to JI'S K6253- 1997. The material, such as the polishing

| ayer was cut is into a size of 2 cmx 2 cm (a proper thickness) as a sanple
for neasuring the hardness, and the sanple was left at a tenperature of

23' C2' C and_humi i%y of 50~S% for 16 hours. The_ hardness was neasured by
using a staf® &f “t'fe "arfHés © ﬁ&@@n%yéuﬁHW@kﬁ@éé“@ﬁen&Fq9§ﬁfHﬂﬁaﬁnétnn1mﬁth

a hardness 2Q neter (Asker D_hardness neter manufactured by Kobunshi Keik
Co., Ltd.). \(BF9SuAriSdYZ6E Bl SR aEaract &Y 07080 (G083 LtAs 't e
pol i shi ng apparatus, SPP600S manufactured by GCkanoto Machi ne Tool Wbrks,
Ltd. was usédlnlérsl &€ 6v7eeRI253d! iddRiMsg Char act eri stics of the
resulting polishing pad. (Abrasive rate) [0084] The abrasive rate was

det ermi ned by t hdSegcddiigt 98RVift¥dm a time until polishing 0.5 pmthickness
of an oxide filmfromthe oxide filmfornmed on silicon wafer having a 5

di amet ér of [®08idhdde Fivectifilck vesy idfy ame soxieds Urieldmageprding to JIS

28807-1976. The material, such as the polishing layer was
cut into a strip sized of 4 cm x 8.5 cm (a proper
thickness) as a sample for measuring the specific gravity,
and the sample was left at a temperature of 23°C*2°C and
10 humidity of 50%=*£5% 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%+5% for 16 hours.
The hardness was measured by using a stack of 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 Polishing Characteristics)
[0083] As the polishing apparatus, SPP600S manufactured by
Okamoto Machine Tool Works, Ltd. was used in evaluation of

25 polishing characteristics of the resulting polishing pad.



measured by an interference filmthickness nmeasuring device nanufactured 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/ CM2, 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 is measured at 20 points on the polished surface
of a silicon wafer. The maxi mumthi ckness Trmax and m ni num t hi ckness Tmin
of the filmwere used to calculate uniformty according to the follow ng
equation: Unifor fifF RS Fak&er (99 20 = (Tmax - Tnin)/(Tinax + Tnin). X
100 The smaller the value of the uniformity is, the higher the uniformty
wi thin the J#0B4de Tofe wha asilviec dir bRafers ideteqmpngsativt yHh e cwee]ulgrion
eval uation of planarity, a 0.5 pmthermal -oxide 25 filmwas deposited on a
8-inch sili commaf érirencingublj ectlddhtimgdt.tterminghiakdeaslofmeoxpdédei | m
p- TECS (tetraethoxy silane) was further deposited thereon, to prepare a
waf er havi fg 1&a Fatomertieniotdi dgn fildint ifalrmc foar endd dom Wafedr dfav).rsy aum  Thi s
waf er was polished under the above-described 5 conditions, and each
di fferénce idiamerelr wds Smeashesd t The thickness of an oxide film was
measured by an interference film thickness measuring device
manufactured by Otsuka Denshisha. The polishing conditions
were as follows: silica slurry SemiSperse-12 (manufactured
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 rpm.
(Uniformity Within Wafer)
[0085] After polishing, the thickness of the film was
15 measured at 20 points on 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 of the uniformity is, the higher the
uniformity within the surface of the silicon wafer is.
(Planarity)

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

25 film was deposited on a 8-inch silicon wafer and subjected



evaluate the planarity. The planarity was determ ned by neasuring the two
differences in level. One is a local difference in level, which is |evel
difference in the pattern where lines having a width of 270 um were spaced
at 10 30 pm that is, the difference in level after | mnute from
polishing. The other is the abrasive anobunt in 270 pm space when the gl obal
difference in |l evel between tops of Ilines in tw patterns, which are a
pattern where lines having a width of 270 pmis spaced at 30 umand a
pattern 15 where lines having a width of 30 umis spaced at 270 um was
reduced to 2000 A or |less was neasured to eval uate fhe | anarity. The

smal | er the T HEFHAENED P 1ol Ot 1 Yher T sgtéeetar%?t%‘?%ari zi ng
unevenness of the oxide filmfornmed depending to the pattern on the wafer

within a 20 Terdn 135l UTHe S RERRT 198 HMPERGVe EhOWRPITE the'&hdce, the

smal l er the abrasive anount of the portion not to be polished, and it is
shown t hat t}’r?e‘”ﬁ}%rﬁarﬁ%fytq%n é’kjctéhll@htl.nlf(ﬁ(]arﬁﬂ%feﬂel[%gﬁ] level of 0.5
Pol yur et hane- based thernopl astic el astomer E568 25 (manufactured by N ppon
Mractran, SHore Thifarimess: WaB)Paaissksd rumrlr i e abetreedesenibrd a width of
650 mnm and thickness of 1.5 nmby using a extruder, and cut off into a
| engt h ©f 65 tidied, iand térch et f & oree | N 659veimwe 850asmed 18d nm was
obtai ned. The sheet was left in pressured 5 vessel nmintaining the
t enper at ur e ofaU0C antheressureitof. The planarity was determined 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 um were spaced at
10 30 pm, that is, the difference in level after 1 minute from
polishing. The other is the abrasive amount in 270 pum
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 yum is spaced at 30 um and a pattern
15 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
20 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] Polyurethane-based thermoplastic elastomer E568

25 (manufactured by Nippon Miractran, Shore D hardness: 68)



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/cm, average cell dianmeter of 18 um hardness of 47,

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

Concentric circular opves havi ept.n of 0.4 idth of 0,25 nmm and
pi tch of 1. gvarﬁn(?ﬁgcrre‘g#eocfrﬁhtoor? osﬁ%eatsi Y 199 t%é”lpdoqrﬂnsqﬁ \r/]gng[f &erheet by
usi ng a surface groove _processing nmachi ne (Toho Engi neering), and the

pol i shing 26 w&e%s‘?% or e d™ Hﬂlg Ui %I IR TISE di et Bt ot 240 e ifes
(610 mm . [0089] The cushion |ayer having a _thickness of 0.8 mmand a
strain constl@IGF F PPURgfeR)Ls miitth et orias fiorf S & Imes ed-C |

f oaned pol yurethane resin and formed into a 25 di sk having a diameter of 24
i nches (610 ™)X lvas "Bt et e tafie cusHiten Shgadr widheredd: tid thee s5oltisshi ng

| ayer with a doubl e-coated tape (Double-tack tape #5782 manufactured by
Seki sui5 Chenicsaie lcanaintaininand e tdousietoost exf t4be fard nuss pleg ef
(Doubl e-tack tape #5784 manufactured by Sekisui 5 Chem cal Co., Ltd.)
adhered to tlde Miigpomider giadd@f dimkide atmosphere for 24 hours, and

the sheet was sufficiently impregnated with carbon dioxide.
The sheet was taken out 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 of 0.76 g/cm?,
average cell diameter of 18 um, hardness of 47, flexural
15 modulus of 255 MPa, and compressibility of 1.3%.
[0088] 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) .

[0089] The cushion layer having a thickness of 0.8 mm and a
strain constant of 0.07 pm/(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.



cushion layer to prepare a polishing pad. (Conparative Exanple 1) [0090] 100
parts by weight of a polyether-based urethane 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 maintained to 800C. 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 reaction process.

26 parts bﬁ,mei h%iof j,41-net erEF-bi o-chlorggnilig;% LQ ra Cuam ne
MI manuf act P@dcﬁﬁ LR8r & SREMPCARTFRAGSt IPF Poreviidddl ¢ aveitt &d H5t 21200C and
filtered was introduced 20 thereto, After stirring_for about | mnute, the
m xed reactPIRISGIAEITER WaABS HPPHAGEEdaCHt &R IMPIBiPn B2dd4LEF U TSN Pty pe
open nold. Wien the reaction solution did not flow, the nold was put in an
oven and postXd§téd CREM£E3CCfor L& dhaur o Ipieditide ~gors&fedapsl y@Fet hane
resin block. 25 This foamed pol yurethane resin block was sliced by a slicer
of band sawthgpelefenuf@etipled tey kFéeken) ot/§ doFeaiut as turesndy Selkygiiét hane
resin sheet. The sheet was buffing treated with a buff (nmanufactured by
Amitec)P to Fohemigalskheet R&d-ngathergdsitoednehiopkvsss e shidet ofhitékeness: 1. 27
5 m). The buffing treated sheet was punched into a disk
cushion layer to prepare a polishing pad.
(Comparative Example 1)
[0090] 100 parts by weight of a polyether-based urethane
prepolymer (Adiprene L-325 manufactured by Uniroyal, NCO
10 content: 2.22 meq/g) filtered and 3 parts by weight of a
silicone-based nonionic surfactant (SH192 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-chlorcaniline)
(Ihara Cuamine MT manufactured by Thara 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 not
flow, the mold was put in an oven and post-cured at 110°C

for 6 hours to produce a foamed polyurethane resin block.

25 This foamed polyurethane resin block was sliced by a slicer



having a diameter of 24 inches (610 nm, and concentric circular grooves
having  a depth of 0.4 mm width of 0.25 mm and pitch of 1.3 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/ CMB, 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 is
strain constant of 0.14 PM (gf/CW2), which was fornmed from closed-cel

f oamed pol yurethane resin and forned into a disk having a dianmeter of 24

i nches (610 HmPanths Pt dpdied(mamied CusHfidPY dytkevheredPr e ithe pol i shi ng
| ayer with a doubl e-coated tape (Doubl e-tack tape #5782 nmanufactured by 20

Seki sui ChenficcaledCaro 1 Munk hhamhdres idouiieetcoat Bk tdpeetf oras thef fpirat en
(Doubl e-tack tape #5784 manufactured by Sekisui Chemcal Co., Ltd.) adhered
to the oppositestsidievidgth thebuftlusmamfayerra®d py dpartece@ pol i &himag pad.
(Conparative Exanple 2) 25 [0092] The cushion | ayer having a thickness of
0.4 mm and ssstataihewionsttam dadfs Drdd Pndlgfd o J)shedii cth washdor:meld % om
cl osed-cell foaned pol yurethane resin and forned into a disk having a
di anet &5 of 24 . nchres G maMt; rewmse preaparedvas Thencdushi ot d ayetidlanm nat ed
to the polishing |ayer used in 5 Exanple 1 as described in Conparative
Exanpl e | t;afriepare diameter of 24 inches (610 mm), and concentric
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 of 260 MPa.
[0091] The cushion layer having a thickness of 1.3 mm and a
15 strain constant of 0.14 um/ (gf/cm’), which was formed from
closed-cell foamed polyurethane 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-coated tape (Double-tack tape #5782 manufactured by
20 Sekisui Chemical Co., Ltd.), and a double-coated tape for
the platen (Double-tack tape #5784 manufactured by Sekisui
Chemical Co., Ltd.) adhered to the opposite side of the
cushion layer to prepare a polishing pad.

(Comparative Example 2)

25 [0092] The cushion layer having a thickness of 0.4 mm and a



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/cm 3 , 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 | and Conparative Exanples 1 to 3 were eval uated.

The results are .shown in the Wi T :1. The . polishin ad_of

Earpl o | had edft EeRSETb o e 40, (30 it oP e ey’ BPEnERERGRor SR

pl anarity. [Q095], On the ot he in the O|IShI ad o nparative
Bl e 1 g St adlve P%d;ﬁ@%mr@mqey R i e e Wede. ¢ han t he
polishing pad of Exanple 1, but it is within the sufficient range. Fbmever

the 25 pl an&risty h@f‘”@ﬂe ap(ﬂﬁaéf}ﬁtﬁ’gr Pad 265f 185k dithPe MY anpics PLRERS IS o
the sufficient range. [Q096] In the polishing pad of Cbnparatlve Exanple 2,

the abrasi V& &6Tand pieafar itPinerted dos tiRaP tHS T PaId SHVRF
Example 1, but it is within the sufficient range. 5 However, the unifornity

mﬁth|nEmafeﬁx@mp@ﬁelp@ﬁgggqgjqﬁﬁﬁ in Comparative Example 1 to prepare
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 um, 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 of the polishing pad of Comparative Example 1 was



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 WHAT IS CLAIMED I S:
1. A sem conductor wafer polishing pad conprising a polishing |ayer and a
cushion | ayer, wherein the polishing layer is formed from foaned
polyurethanelnh%% %h% %h%§%r%%nquulus of 250 to 350 MPa, the cushion |ayer

is fornmed from¥¢l osed-cel’l oan1§ﬁ€gﬁas a thickness of 0.3 to 1.0 mmand a

fo G aim 1, BYSHlerd Aine Tadned oTurs HEE Tt G SUGTRIE Cal 1Lhsd: amet or
of I to 70 %Hha%iQEh%a%%HS%g %%a%%%i%%gakg%nqe%% than the polishing
pad of Example 1, but it is within the sufficient range.
5 However, the uniformity within wafer of the polishing pad
of Comparative Example 1 was largely degraded.
[0097] In the polishing pad of Comparative Example 3, the

uniformity within wafer was very good, but the abrasive

rate and planarity were largely degraded.

10 [0098] TABILIE 1

sample No Abrasive rate Uniformity Planarity
b : (A/min) within wafer (%) (nm)

Example 1 2200 5.6 20

Comparative 5100 3.5 95

Example 1

Comparative 2100 15.0 22

Example 2

Comparative 1600 3.3 150

Example 3




C,aiml or daim?2, wherein the foaned pol yurethane has a is specific
graV|ty of 0.5 to 1.0 g/cm-. 4. The polishing pad according to anyone of
Claims | 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 Clains 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 method of

produci ng a semconduihicjE ﬁﬁ% sing at least a step of polishing
the surface of the o é%ﬁlééﬁiﬁéby usi ng the polishing pad according
to anyone of dains to 6. o .
1. A semiconductor wafer polishing pad comprising
a polishing layer and a cushion layer, wherein the
polishing layer is formed from foamed polyurethane, has a
5 flexural modulus of 250 to 350 MPa, the cushion layer is

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

1.0 mm and a strain constant of 0.01 to 0.08 um/ (gf/cm’).

2. The polishing pad according to Claim 1,
10 wherein the foamed 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 anyone of
Claims 1 to 3, wherein the foamed polyurethane has a
hardness of 45 to 65.
20
5. The polishing pad according to anyone of
Claims 1 to 4, wherein the foamed polyurethane has a

compressibility of 0.5 to 5.0%.

25 6. The polishing pad according to anyone of



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 method of producing a semiconductor device
comprising at least a step of polishing the surface of the
semiconductor wafer by using the polishing pad according to

anyone of Claims 1 to 6.



