,e3eCacHn6T@g 5 Speoification Polishing Pad Technical Field 26 FEBRUARY
2003 The present invention relates to a polishing pad and to a nethod of

pol i shi ng seniﬂ”ﬂM“ﬂMﬂMWﬂmEstrates where this is enployed and, furthernore,
it relates to ad for 10 nechanically planarizing the surface
of the insulating k ts and netal lic interconnects f26 REBRUARYi20080n or

ot her such senicondﬁ%?hr subst r atPecIEIoREABRNG Art 15 Year by year, the
nount i ng densimmmﬁwmummwm e scale integrated circuits (LSTs) typified by
sem conduct or ﬂle i ncr %&ﬂ%h@.ﬂ , pagong wWith this, the wdths of

t he interconnects -atokhe | arge scale 1ntégrated circuits have 20 narrowed
and the nunber of superinposed |ayers has increased. Due to this increase
in the nunber of superinposed | gyers, i t an issue in the past,
uneve%hess of the sem conductor a%é?‘é’l"c\rggi thgge, produced as a result of
the | ayering, has becone a problem As a result, as described in, 25 for
exanpl e, Nhiskgrddentodmmaitiolll ¥eldOds PP 20-polistaticopddciana W ea

pl anari zation using chem cal nechani cal polishing (CVMP) techniques has been
i nvest i gal@ibeAt 1% NP bHIERY oFeRESPRAYCHRE hSPRETFALER qiReEedhtd ol 5f ocus

at the ti grp@bybhgbhaSXPRSHhErRELE'INI t 2bEYALEY tHCaUPSYEERERS BRaPEeduced
by layering, or with the object of inproving interconnect densities by

pl anak@ zi mgchapdoghlyidpbanagi ping they unfiages 9&a itheg inenpasdngpaners
conpri ses PQlJ+SRi ' I Lol S& or, ' is
the mater iagfi Qdét}g 12%8%@%&3%%% (rjff tr eatgtgr, %gﬂggﬁhs rﬁzﬁgé%%%r :‘Ng{flsﬂ
carryi ng eemitchndpotoxhsubstrataswent of the material being treated and a
polishing platen which holds this polishing pad. In the sem conductor wafer
polishing treatnment, the wafer surface |ayers are made 5 snooth by
effecting relative notion bet weeBatkgregndcdntuct or wafer and the polishing

pad, d renoving the projecting portions on the sem conduct or wafer
surfadce | gyers, ,using.a slunry consisting sive parti S

chem cal ?Ix'aﬁi d.bYTh pa(ﬁ'i Sﬁ:lhl’% r“é{]‘g'hgj}ru; sée)gnﬁmgi(}rn%uéct O?Pwa{!‘éﬂf’gf oggg%grrpl e
in integrated circuilts (LSIs) typified by semliconductor memories

have 1increased and, along with thils, the widths of the
interconnects on the large scale 1integrated circulits have
20 narrowed and the number of superimposed layers has increased.
Due to this increase in the number of superimposed layers,
while not an issue in the past, unevenness of the
semiconductor wafer main face, produced as a result of the
layering, has become a problem. As a result, as described in,
25 for example, Nikkeli Microdevice, July 1994, pp 50-57,
semlconductor wafer planarization using chemical mechanical
polishing (CMP) technigues has been investigated with the
object of dealing with the 1inadequate depth of focus at the
time of light exposure brought about by the unevenness
30 produced by layering, or with thg object of improving

interconnect densities by planarizing through-hole regions.

Generally speaking, CMP equipment comprises a polishing head

which holds the semiconductor wafer, which 1is the materilial

1



10 the case of a silicon oxide (Si02) filmforned on the main face of a
sem conduct or wafer, is roughly proportional to the relative speed between
sem conduct or wafer and polishing pad, and to the load. Thus, in order to
carry out uniform polishing of each part of a sem conductor wafer, it is 15
necessary to nake the | oad applied to the sem conduct 026 FEBRUARY 2aD3m .
When insulating |layers and the like fornmed on the nmain face of a

sem conductberingateeated, salpadishdngoppdl fahicarryihgt bet 20he@opelsiatdgpgrad i s

too soft then the |oc anarity i versely affect For ch .reasons,
at present & PSHRB p"ca)“il yH: &t H&%%grgl?ée?g%*‘ngsh&%gag?&yp‘%’%a?dn%oss sﬁ‘&tnq ess

t han 90 i s paRritleay @tlichioneyaes ) thid pdidamagpehiiur ethanke pacwia@dnduagor

har dness, prablens_have arjsen in . .th t he degree_of | anarity varies
bet ween ar &2&eE; p&#ﬁ%i@ﬂt Lﬂ%?lgﬁqtes%%‘f;‘ HREGENAREEASY Zf?‘?ge’f%sf‘}ﬁea%'l | ayers
and t hesl i ksmoodRdbg gFpbeting aelaeigbt mbBign wlittedn ther fembcaldctidie

probl em that dishin where the height of the central region o netallic
i nt er conneMafeT | r Pﬁarp‘llt:}éhéﬁgeg)adoccﬁ?g \fﬁ@ﬂvéﬁgtﬁg‘ "ﬁl‘f#eﬁaﬂ“g

D:arrasct:)ene- Qﬁ)i&b:ioﬁﬁt ahl itﬁlei rsteaah @aﬂ?e@%@r i Wateé gfurffddet h&{y@i"se, ushage ahave
al so been problens in that the polishing agent is readi adsaor bed .and
cl oggi ng t EHEE¥o FELSHRE % ﬁﬁﬁ'é?]’tvesé’targ’fdteﬁeaﬂgd “S’tﬁ'%ig@g ﬁ%géﬂqdl"egi on
is 2 g 26 MpRR lé%g\bismﬁa ﬁ‘h@féuﬁﬁdad&léiuﬂgohhi@cwhiv‘n‘a’(’ﬁdig, furd ea@amphe A® i shing
rate decreases. jective the I nventjon The ohj ective of _the present

? (s dtin°th A

i nvent t8n I1th&s GaF%er? n§t L pYt | SHtdfy RE hsdhgr mgin

pol i shing pakef oF HEsbANESRIUctId ahEen| NGs titghilyf peepobtidal itaeswhat i ng

| ayers or netallic interconnects formed_on a silicon ubsi{ﬁte, t he 10

pol i shi ng mSEti¥enFRRed { PrtHfedh SemICPINETYhate T 8 B WEEL not

r ﬁadi I yf occamlra atot mle_rrenagai C i phes conmecosderc! mgghmr@do?er hrmnma,tmset of
the surface yer region do 'not tend to occyr, and the i shi rate i s
Stable. 16 BGIIERERAr Py SERB | WVEN: Pbn The LELBANCIR GNPLGR: hekt « 18

foll owlBg Geiekshiyi 66. midKe pd Idiadgappiied t6 ahe sehbeondudtre wadiedness at
| east 80, 20 vtyhi ch contains pol yurethane and pol ymer produced from a vinyl
conpound, WdREL-closed cells of average cell diameter no nore than 1000
um and, furthernore, has a density in the range 0.4 to 1.1." 25 Best Mbde

for Carryi Qut, th a]tgven Lon Bel o thellft}é)er ng for pro%cttihsi rl}gihhe%aicnventi on
ype

. ’ | ‘the rme .
is explain€d o Firstry tPe MeFo Flbber® A TeGn 8L & SH2A 5SS n the

30 present dinwedendicadootos whéevahue svbjerdteddd tusipwjlishingr olf the
20 polishing pad 1s too soft then the local planarity is
adversely affected. For such reasons, at present a foamed
polyurethane sheet of Shore A-type hardness not less than 90°

1s employed. However, with foamed polyurethane pads of high
hardness, problems have arisen in that the degree of

25 planarity varies between areas of different densities of
unevenness of the insulating layers and the 1like, and a
global step height is produced. There 1s also the problem
that dishing (where the height of the central region of a
metallic interconnect 1is lower than the edges) occurs when

30 the width of Damascene-based metallic interconnects 1is large.
Furthermore, there have also been problems 1in that the
polishing agent 1is readily adsorbed and clogging tends to

occur, or permanent set of the pad surface layer region is



rubber durometer MD-1 produced by the Kobunshi Keiki Co. Ltd. The mcro
rubber duronmeter MD-1 enabl es hardness neasurenents to be carried out on
thin/small itens where neasurenment has 3 26 FEBRUARY 2003 been difficult
W th conventional duroneters, and because it has been desi gned and

manuf actured as a spring-system rubber duroneter A-typerEBge/ARC2063d down

to approxipr@idticedl/ Suripsthed pelisfing)i CAndr &o NtAGr qeiEIEhing hrhbe
spring-system5 rubber duroneter A-type hardness are obtained. Since the
pol i shi ng 4@&FeeSE88-hard | ayer thickness in the case of ordinary polishing
pads extends |less than 5 nm evaluation is not possible with a

spri ng-system rubber A-type duroneter and so evaluation is carried out with
this mcro rubber duronete@bleptime] ofFghet Raverti®mi ng pad of the present
invention, a mcro rubber A-type hardness of at |east 80, and preferably at

| east 90, LS N o 1.cro rubper A- e dness i ot at

| east 80, Th?e %ﬁi%éaﬁ‘%%/ 8% &R‘% {%Ig%ﬁ.er’t}negrg%%&%%g nl{ﬂﬁé g‘ Z‘n‘i %éoénedIILJf:If%r b

subst r at e pod ishdalg Spadt ahyreso ihi thes caxtesbfald epodishenghegibl Eshi Nng
pad of the present invention has closed 20 cells, it possesses elasticity
" the t nRERREEI ALY FLBH SRS cURA SRR Y Wy BB 188 A 1ASRFEN ng
debris ar @rsafdianed dhnleReAnebessgbkmed vndar ganlngonokudkicpgtand thae
pol i shing pad, scratching can_be prevented. It is necessary that the closed

cel | ¥ amPodishdngo Rpte tdmnbighe uthe HBpl,yEE8He pioRE els sdOWhat

llocal une@RBARY iadeB0hok! PHAAL 1R ur Nt T E 1130 19 BereoRnhdkes!, ed,
with no nore than 30 umstill further preferred. It is preferred that the

pol i shi ng Pegodng gadppesmpnent seab cpf | the HIFrfRGedaveyr Leigdeni Aot Retr ange

0.4 to 1-%enbftbh%c969§ihﬁdi§h395?f§sﬂ retet 16t Beab9eal planarity is poor
and there is a considerable global step™eight. If the 4 26 FEBRUARY 2003

density exceeds 1.1, scratching readily occurs. It is further preferred

that {fe density lies in tB?SEEQQGrg' tohd Thveitildn? density in the range

0.65 t0 0.85 still nore preferre e polyurethane in the polishing pad
of the present invention is a polyner obtained froma polyisocyanate and a

conpound oMt 3R AT hbYEt DYAT RIENenS NESI I WAHd YoRstitution.

"A polishing pad of micro rubber A-type hardness at least 80°,

20 which contains polyurethane and polymer produced from a vinyl
compound, and has closed cells of average cell dlameter no
more than 1006 um and, furthermore, has a density in the
range 0.4 to 1.1."

25 Best Mode for Carrying Out the Invention
Below, the form for practising the invention is explained.

Firstly, the micro rubber A-type hardness referred to in the
30 present invention denotes the value evaluated using a micro
rubber durometer MD-1 produced by the Kobunshl Keiki Co. Ltd.
The micro rubber durometer MD-1 enables hardness measurements

to be carrled out on thin/small items where measurement has



hydroxy or am no group-containing conpound with two or 10 nore active

hydr ogens. As exanpl es of the polyisocyanate, there are tolyl ene

di i socyanat e, di phenyl met hane dii socyanate, naphthal ene diisocyanate,
tolidine diisocyanate, hexanethyl ene diisocyanate and i sophorone

di i socyanate, but there is no restriction t heret 0. Pol2gHEBRUARY goozal of
the 15 po dr ounds exa re pol ol yol s,

pol ypropyLéﬁ% %%6 EEOWIFBt P&HE QHG Hf# 958? %ﬁo%ﬁc&é‘ﬁy% Hodifi ed
pol yol's, RekyB&bR' dBQi%fﬂ’é& aa&rMAn@f)Aaﬂhﬁea P& yauaﬁfliﬁ@esfﬁéwlﬁub&fl cone

pol yol s and the |ike t hese, the pol yurethanes obtained froma
conbi nat | BHremeter yIPe'rWPm |l§@@9hna°@1@t& dﬂsﬁényt%tam@ﬁ‘éxémﬂfr@éYanbi%g as

t he polyi _ﬁn& | gne r y r I her
gl ycol, '%8 ‘ZP%%GY/% are éﬁ{ %i% néi%:r}lé %g?rwrgrg{ull Eﬁ%i ?ﬁ?'y?én %%EWI dely
used, S0 aubbprefdemoe\dte% KFHam@r ehudnesweareombmialqnhl [ srﬂ:lmg:epathe

cont ai nin r ane _and_p produc froma vjny ound,

whi ch ha388Fg§%:gn%elr}Tasy eow Ph gh%]f)nif er’r'anggiﬁgn?ﬁ% hfaﬂdﬁ&esnpg 5Pai % d it
becones noraihaiytpelidhiidgyaty @xtehidse lelssi $hafl pommi, bbﬁal@atﬂmeié he

t oughness and hardness nerely usin ﬁs( nmer froma Vi ng ound, it has
been di ffPEEIPoﬁﬁi%?a‘l’%lhano‘:rﬂﬁé’rg Bﬁ%ﬂ THPRET paa tHP hd eterenpd.
However, By &0&apaReicd |19 RtmidEianithd thaky iebrer pdused &npométér, 26
FEBRUARY 2003 vinyl conpound, it has been possible to produce a pollshlng

pad of0 hi YR-Leoughness and hardness which contains closed cells. 5 In the
present invention, a vinyl conpound neans a conpound Wth a pol yneri zabl e
car bon- carbon doubl e bond. Speci fic exanpl es are nethyl nethacrylate) ethyl
met hacr yl BeE, fﬁrfbpyplhrebhaﬂr yag eofn- myIPWPnéchm@tims.obat yihicro

met hacryl h a-et acryl at th eth yl 10
(a-ethyl )5369?&2" )éE{B y|h°(’~‘?f%b‘% ﬂ% F‘% a’fe% QI"z é?hw g ’1‘%& r‘9’p €
i sodecyl mBhBACHY! Aty Hadedd: netx&a%&l ﬁ&%erbﬁéeexx%w& RELEREEY| at e,
2- hydr oxypr opyl net hacryl at e, hydroxyet hyl acryl ate, 2-hydroxypropyl

aarylxh e, ishydtoatybmegzﬂ n&@"nadmpl Fllanagiiigt bl a:hendmebb.yl uneveaaeqis avm, 15
di et hyl anjpoet h rretha | at nethacrylic a ci dyl crylate,
et hyl enen’gﬁyccﬁ g?él ate ST | E‘gac“}% %diigrﬁe f'ur’r%?a S& ®di ?hyl
fumar at e, uddqasbpgtbléurrar ate, maleic acid, dinethyl m-l eate, diethyl
mal eate, di propyl maleate, acrylonitrile, acrylam de, vinyl chloride,

styrene, 20 a-nethylstyrene and the |ike. Anongst these, the preferred
vi nyl conponeds taee plas&ttbnhngetphacro)fl ais pféyénmeimwicm ehafpr opysed

met hagcryl at n- butyl nmethacry] ate, |so

(o ocil 1) GeFren: O dongriacio  diasSianaas e inlaRblsd S1cletlin ang |
butyl (a &begmt hwlhbﬁcrlélaifr&y Pc&gg:re@tait@rses ai® e@slism:@remwm waté the
aforesaid preferred vin ounds, and when the vi ound S

pol yner i zﬁgn%’%ﬂﬁdtﬁ@t SP%F h &Y TR, é“}dserc?&‘éﬁ%&fy]ai Sy bhe of

hi gh har dpesssapslghpgl, t sU88068Eng SP@E| bé CpLEasRt &6. _OfI’thQ_spﬁbbféEééry
produced fromthe vinyl 30 conpounds in the present invention (bel ow

referred thatsthee Oxl'pﬁyﬂ gelinmsiiamedes ;b@l yiretgate nghamcli90Qtie, 81 §ot hyl
met hazcsr yl g't/graag ! mraﬂr@(:er, té]@cq:ﬁkilt Efl.oé%ﬂ y&ﬂe@é’ﬁ?@sé 1s not brought

about. No more than 500 pm is preferred, with no more than

30 um still further preferred.

It 1is preferred that the polishing pad of the present
30 invention has a density lying in the range 0.4 to 1.1. 1f
the denslty is not at least 0.4, the local planarity is poor
and there 1s a considerable global step height. If the



26 FEBRUARY 2003 net hacryl ate), polyisobutyl nethacrylate, polynethyl
(aethyl)acryl ate, polyethyl (a-ethyl)acrylate, polypropyl (aethyl)acrylate,
pol ybutyl (a-ethyl)acrylate, poly(2ethyl hexyl nethacrylate), polyisodecyl
net hacrylate, poly(n 5 lauryl nethacrylate), poly(2-hydroxyethyl

met hacryl ate), poly(2-hydroxypropyl nethacryl ate), pol péZFERRUARY gbOY!
acrylate), poly(2-hydroxypropyl acrylate), poly(2hydroxybutyl

met hacryl at @¢nsiky yexoeefly| abd noeskyhtokimgcmegladidy potgurst hyl 3t nbet hyl
met hacryl at aer yhi id | yel dy tg,

pol yet hyl eng‘éf‘;‘g%ﬁpo%ﬁy% r§’§r ;ehlgge?ﬁﬁofi;eﬁg% i%lféa%i Jdnnﬁ%?%léx ‘?h?fsf 5?rar ate,
pol ydi et hyl 0f unmawate, apdendiipyopynl €therarange Pob§ndioei €. &ici sitilbol pdreet hyl
mal eat e, pol%(géee]; ({ mal eat e, pol ydi propyl nal eate, polyacrylonitrile, 15
pol yacryl any €, polyvinyl chloride, polystyrene, poly(anethylstyrene) and
the likea O these, as preferred polyners, polynethyl nethacryl ate,

pol yet hyl t hacryl at e, .pal ypropyl, neth |.at e, I y% -b I

met hacryl a{qei?? p%%{ sr(%:@f“?fa n%f'halél??ll a?%ﬂ%&nfnelp%% g- e'ltdhél )gg?f/ Ate,

pol yet hyl (#n®éhteitdy|isaca ypalymerp@btapdapdl frameahplolatsytpareatadanpd| gbut yl
(a-ethyl)acrylate can rais he poli.shing pad hardness, a re.tough and
can enhancec%%mﬁ naf’f’?ﬁ??ﬁ%n%ropaecr%vgs. Bﬁgf Tt esgr?tecgg\%gﬁ?i%n, ?he
vinyl pol yner agrdmixy icr paefss agitgumicdrdadnib wokpanddneritbr ecwdhaor 90
wo% If.jt is 25 less than 50 wt% {hen_the. hardpe of _ t.h | i shing pad
is | O\A/elrded,m%‘?” cﬁcfgv%ngﬁg’f?%eﬂsé. | §S T FXRURERY s 0%\?1\/te%p % gsggﬁa’é?‘éesti city
i S I npairedthexe tdres tiodylpdesdi bddayanblite, pdiphenyhvathape dihgbcpahyter
content of th ol shing p can._be neasure j ecti i shing
pad to pyr o??r@f@lagt?nﬁas ch?’g%ﬁ?ﬁﬁ?‘% Nl massdtsotpi)é[Lgti k{(%lscopy.ﬁq\’\%? ﬁY%é%{é‘?ﬂ to

t he equi preméxawgiihgpedei ritisosygnatedand, issphorexenpgliésotydretenyriohtyzer,
there is thg Doubl e Shaot rolyzer, PY-2010D ¢ Y .2003. (produced
by Frontier 1 nsc.r)O and &cg O%x‘él?ﬁ) egmo‘f tpﬁelyﬁég ggfgo o%%gp% n%}ges i
spect r difet epolyhwelmexyi Scoipoddd) 1 ekpmpllesedobHy wihieh/Gate. ) pobydtiaer+ s
meant in t resent invention by th yur i nyl mer
being inte %ﬁoglsl'nco‘?%i ared F'slx‘t hé’tplyfgﬁl‘éy a?’éoaggtgt?%g%% ore\zﬁteed ?ﬁ&%ﬂystate
in which t helysil.ur epoaye pasberadd.filed ppbimeks phaxdyéstevedprdlyeds he

vi nyl corrpog&q, r at ~an 1 «EX 1 itatively,
the infrared s£c§?gfn&€%' thé %%a%?ﬁlg ;C)Haét}%%l%ssér \geigﬂv%n%tqﬁ %rﬂ%trsar%dd

m crospect rgseopdkeft sp&f sthess) Ehe heelyuretbsnesar et &idedpt FEAmbands of
the polr eldiihaAldnl Neel NT63LFEn8DSAL A AMARAIS 0of  WgnBALYRBERLRL | ved

fromthe vinyl conpound, an e Infrared spectrumis essenti al Ii/ 15 the
sane in eveddiganyamase. As the codydisocyhnahe. | 3¢ RIPTPFPEY d8PR IR bpe

ere, ther &i s JhdResnBEARHGRA WenkBe Specit a- Tach ofa. Ybibot e0ans to the

met hod of producing the pollshing pad of the present invention, a
preferred rtIRndnghdnnbheibg novddabdlatyrand RS yideddureed s oitretre

pol yur et ha?mdhavi ng closed cells of average cell dianeter no nore
than 1000 Eun and having a density in the range 0.1 to 1.0 is swollen with
the vi ¢l conpound, after which the vinyl 25 conmpound is made to pol ynerize
within the ma%ir refhadf-iohn tildi s Vol isHifaP 0S| &4l a3k ce a
pol i shi ng p.i;lfj@wi h&% c osied ceIiIOHSt rit?ct ué‘erfaI lln%iimsfi%ii cr?i.ot ?\‘? poFcyur g{iﬁgﬂg and
vi nyl pol yreelyrethanegeaf| polywip pipdugsd £501t 2| ¥ippk sameungd . edRdnce
ocal pl anapiich Had £eOLEE 00! OhknSh PoliRithand) &8 thd Hadddese
preferred nmethod, there s used a foamed polyurethane sheet material of
aver age celds dtadmesded thbepomes tihere 300 ttheand Fertiaermene,. whilige itadge 0.4

to 0. 9'30Oc possible to raise the toughness and hardness merely using

polymer from a vinyl compound, it has been difficult to
obtain a homogenous polishing pad with closed cells. However,

by incorporating polyurethane and polymer produced from a



8 26 FEBRUARY 2003 course, the conbination and opti num anounts of the

pol yi socyanate, polyol, catalyst, foam stabilizer and foam ng agent need to
be determ ned in accordance with the target polishing pad hardness, cell

di aneter and foam ng expansion 5 factor. As exanples of nethods for

bringi ng about polynmerisation of the vinyl compound wi t R6IFEBRUARG2E03

pol yurethane, there are the method of pol rrerr sat | on ht exposure
usi ng a phoY%“YLb CORPURG i 1t i BRgbeem P %ﬂv’r’éﬁ %at?

appl yi ng hegaq Ugenthfgt NebWBhnbas &4 'H&fd:?és@f wﬁﬂéht lRn¥RLAR dlfosed
pol ymerisation by neans of an electron beamor by radiation. In the

pol i shi ng p@%ll-bﬁ the present invention, there can also 15 be incl uded
abrasive particles. Exanples of the abr asi ve particles are silica-based
abrasive particles, alum nium oxi debased abrasive particles, cerium

oxi de- bé&sedlmbthei prepent | theentien i he Vikgl cemponnfedieans & t¢rmpavind

abr asi ve pavgiz?p_rﬁs %g_l[ (ga%(ir at & %ﬁ‘m‘t Qadben’ AfRA Lobyg et h cific

bef or ehand I'Ng pad & hed iRt he presen |nven 1 on ¢an be
used in theexanplex are:amqtiwl enepmiaq;:ryrlngepadthmm matkalctyl steshqatopydvi ng

cushi oni ng ertle conduct or bstr si de Ioc
unevenness, '9 Y re e ( soaB'rlgn]entm as?ﬁ% e Iigsr gjé‘tygndﬁ?é? glatgr‘id t he
pol i shi ng Ixﬁemﬂ qQfd-2RnsANEceg1aks, W déhy Cl{%h'e&h?ﬁl@aébﬁﬁét@' aq%p@qneath

the hard polishing pad (on the pollshlng machi ne platen side) as a layer
for abddr bi ﬁg—@ﬂasle) agrliediei,onsbugpl Eprtaﬂahylbmmsym.gl varetiythexyiet hod

of poli shi du the e
present i n\r}gan I on. 1%% l%ﬁ%@% darryl ng ou %)‘?'?g"ﬁ?ﬁtlr?ét%w th
thle_ p(r)]! | shi frghysdcbagfe thiyd pﬁ&hanﬁlﬂt@ntzwdndxylplmwlr n;etns@@halamd,h(zg bazed
pol i shi ng ni ase oxXi ase
pol i shi ng ;}%&{ ’S?AW& | knlegééf“ﬁ]e pol f?ﬂ m&g’% ?9? §%%?1§?§sr bl 2 to

| ocal 'y pI apdroxyhutydl amehbaéiryhates, nﬂﬁ.mbthmmmﬁmml swe tlaaerylebeanness
on thejya |b et t ei

suppress d| sjh g‘l 13%8% hlllﬂgtltp%dﬁg#u%ﬂe ggggén |1n€/e§tglign %"ﬁcﬁ@g to
the rotati ngaq:hmlariame.t hetigolerehi ey ol hdltree thabntlateaf dumddriics dedldd on

t he waf er ﬁﬁ"ﬁé \R;aJTy lﬂﬁ?aﬂ.%t@c ad&%@glgﬂ[ gmgrﬂgten}iﬁ%’p@%}%aﬁd rhtgade to

rotate, er carrier is ma rotate in ectiorn and
pressed aganm'lmiq hacgdl.i s@lmgthyrt. maxleakes tdhethypbl meReageagetitpropyl

suppl i ed bejyeand NG Qo t1d 1020 RY1WRLEE; ThAyP' SFPo L’ SScche,
20 o-methylstyrene and the like. Amongst these, the preferred
vinyl compounds are methyl methacrylate, ethyl methacrylate,
propyl methacrylate, n-butyl methacrylate, isobutyl
methacrylate, methyl (o-ethyl)acrylate, ethyl (a-
ethyl)acrylate, propyl (o-ethyl)acrylate and butyl (a-

25 ethyl)acrylate. Polyurethanes are easily impregnated with
the aforesaid preferred vinyl ocompounds, and when the vinyl
compound 1s polymerized within the polyurethane there 1is
obtained a polishing pad of high hardness and high toughness.
Specific examples of the polymers produced from the vinyl

30 compounds in the present invention (below referred to as the
vinyl ©polymers) are polymethyl methacrylate, polyethyl
methacrylate, polypropyl methacrylate, poly(n-butyl



15 is adjusted by control of the force applied to the wafer carrier. Local
planarity is obtained with a pressing pressure of 0.01 to 0.1 MPa, so this
is preferred. The polishing pad of the present invention nakes it possible,
20 when planarizing | ocal unevenness on a sem conductor substrate, to
reduce the gl obal step height, suppress dishing and ragSEBRUARY2008hi ng
rate, andmethgorplate) perpolphsoinetyht méehguarylatel,ac podymedhyleadid-y occur
and there is no tendency for the polishing rate to deteriorate with el apse
of 25 tinmethyd)acupleteo| pokyathys dossitbyd)acxihptes PRAVDPEOPYhe (@ctail s

f the i ti furth | ai ned 3 I i th les. l.n th
xampi os) SERELVAFFELES! opord IPHe modCaPERYRtREEATH | o mp TRiTods. 1.
Mcro rUbE%hyﬁ\hiéié%g R(éggg@ﬁ?iaﬂ-@ . BOLY 2h0thabtyates BAsHmed with

a Kobunshi Kei k ress: Shi notachi uri romachi "Ni shiiru,

Kami gy®- kdaukydt o)methacryRadisor. Dupekit Zrhwiroxyedhyle Jrethagrilajiek.he
oading sporage AREFSEEbII ol FRORCIBe] | noPPohiA T APTRYL oy o
100 poi nt ag®y88tgd, (3) Fuliy(@-hydsiomgpeoppl: t GcEFlgte)4) i ndurityer2-
di mensi onge aCYLLBAEL 2! SNaRGRLALRUREF! 15 O $81 YHimdE Plinice i1
methacrylate, polydiethylaminoethyl methacrylate,
10 polymethacrylic acid, polyglycidyl methacrylate,
polyethyleneglycol dimethacrylate, polyfumaric acld,
polydimethyl fumarate, polydiethyl fumarate, polydipropyl
fumarate, polymaleic acid, polydimethyl maleate, polydiethyl
maleate, polydipropyl maleate, polyacrylonitrile,
15 polyacrylamide, polyvinyl chloride, polystyrene, poly(o-
methylstyrene) and the like. Of these, as preferred polymers,
polymethyl methacrylate, polyethyl methacrylate, polypropyl
methacrylate, poly(n-butyl methacrylate), polylsobutyl
methacrylate, polymethyl (oa-ethyl)acrylate, polyethyl (a-
20 ethyl)acrylate, polypropyl (oa-ethyl)acrylate and polybutyl
(c-ethyl)acrylate can raise the polishing pad hardness, and
are tough and can enhance the planarization properties. In
the present invention, the Ginyl polymer content is
preferably at least 50 wt% and no more than 90 wt%. If it 1s
25 less than 50 wt%, then the hardness of the polishing pad is
lowered, which is undesirable. If 1t exceeds 90 wt%, the pad
elasticity 1s impaired, so this 1is undesirable. The
polyurethane or vinyl polymer content of the polishing pad
can be measured by subjecting the polishing pad to pyrolysis
30 gas chromatography/mass spectroscopy. With regard to the
equipment employed in this procedure, as an example of the

pyrolyzer, there is the Double Shot Pyrolyzer PY-2010D



(5) displacenent detection system strain gauge (6) pressure bush foot
di nensi ons: outer dianeter 4 nm inner dianmeter 1.5 mm 20 1.2 Sensor
region (1) drive system vertical drive based on a stepping notor;

‘descending rate control based on an air danper (2) vertical stroke: 12 nm
of descent: 10-30 mm sec 25 (4) hei ght adj us2/fBEBRUARYe2000 to 67

nmm (di st ag?f o BEEIE Ay SPRIN 8L drlildd Ak .9CRNA" aB RS g@.@ebfl tBeSqER!

(3) rate

support (

Sanpl e support di nmensions: dianmeter 80 mm Fi ne

drive

e

adj ust rrenchmdnmxsaphﬁmm adppechrometexcd dhexe tabse aimﬂ m @RIRetler

F e DO and Y axes (3) Level regulator: main legs for
EE? anéi"pl'#)e t‘%6§9E@RUARY 2003 round spirit level 2. d obal
step helght 5 ( 1) Test mafer A 20 mm square di e was arranged on a 6 inch
silican In this 20 quare die, there were n | i ne and
space 3 ashhgh, 81 MRty nPBS CBRRSERE SRVERELOR 474 e ALY SRoegh
Eun at a gRacikng 9findd (i!wlyﬁn@rt b 1hgf ﬂntagh-famydmbwparaﬂhan&ertmrartect s of
wi dth 400 dun and heirght 1.2 ~ un at a spacing of 40 Eun on_the right

Furt her notBeY a Pﬁ§u|&HQN;#HQQﬁR&£§tP§rm&9(MPtcﬁ¢%ﬁea 1R cKhdSR oft
CVD usi ngpbefhASEIRY SphaBe: Al the gbebabrSphRsBe @¥ived from the

head;
| evel adJ
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30

vinyl compound are separate from one-another. Expressed
quantitatively, the infrared spectrum of the polishing pad
observed with an infrared microspectroscope of spot size
50 um has the infrared absorption bands of the polyurethane
and the infrared absorption bands of the polymer derived from
the wvinyl compound, and the infrared spectrum 1s essentially
the same 1n every locatlon. As an example of the infrared
microspectroscope here, there 1s the IRus produced by the

Spectra-Tech Co.

With regard to the method of producing the polishing pad of
the present invention, &a preferred method 1s the method
whereby a prevliously-produced foamed polyurethane sheet

having closed cells of average cell diameter no more than

1000 pm and having a density in the range 0.1 to 1.0 is
swollen with the vinyl compound, after which the wvinyl

compound 1s made to polymerize within the foamed polyurethane.

In this way, it 1s possible to produce a polishing pad with a
closed cell structure in which the polyurethane and vinyl
polymer are integrally coupled, and so it is possible to
enhance local planarity and reduce the global step heilght.
In a further preferred method, there 1is used a foamed

polyurethane sheet material of average cell diameter no more

than 500 um and of density in the range 0.4 to 0.9. of

hal f.
Eun by



15 eval uation test wafer was thus prepared. (2) Evaluation nethod The test
Waf er used for gl obal step height evaluation was 20 fitted to the polishing
head of the polishing nachine and nmade to rotate at 37 rpm The conposite
‘polishing pad was fitted to the polishing machine platen and rotated at 36
rpomin the same direction as the direction of rotati oneHEBRIGARYI2008i1 ng

head. Wil e supplying silica-based polishin ent 25 at 200 m/mn,
pol i shi ng wWESYESfri ef*But "‘PBPj‘%aE’f%gi f Y tgPr’é M o BBPYRYS ngOBr eddifr e of
0.05 MPa. Tbelgiéﬁwan%ttep beigdsct Reitéeest| heodd) stabinideh and Fdhnisign Wi dth

i nt er connect gl ons_on the g [ obal step hei ght eval uati on test wafer was

measur ed. 38980t CBRpLr tPnt"@rc‘?ﬁﬁ?éFE‘t ng sI’rPngfc@Pfd?Eg? Wity the tawgetrpryUARY
2003 On a 6pbiféhfid igdd) Nfddlessyr QRYES A2hmitdP 00 Foamaty &epddsidn/ dun

were for rred at a 100 dun spacing. On top, copper was fornmed at a thickness
of 2 durP byf@cH%ting method and the test wafer for evaluation of the
copper interconnect dishing 5 thus produced. (2) Evaluation nethod The test
waf er for evaluation of the copper interconnect 10 dishing was fitted to

t he polishihg hsamphes (e Pothads fermbaingdngngbeet apelynerisatiom ofhe
conposi te pphs SH{meL Rﬁﬁnﬂ%%df WX eH1k ot er dilelas o guPBeade, PN d

rotated at 36 rpmin the sane direction as the direction of rotation of the

pol i shi ng hthg. mephedk %rﬂﬂlw“ﬁﬁlﬁﬁﬁﬁfhéﬂbdégbtpéﬁpgﬁﬁl% %ergemtplmtowo

m /mn, 1 POLagIEdN) YRSt R0, €4 neUnekRba 208 pssm@ﬁiéamnatbya dpplayagn
pressure of 0.04 MPa. The difference in the thickness of the central reg| on

of the coppeeat negiegniecteraad trﬁéifiﬁlcﬂhﬁé%a'éﬂr t hen@dgber agithad @f t he
copper int e{x; fshtQont BF hé&sls W ah EB&ccds veBme¥a! Bt ifd Lfidnhe copper

i nt erconnec I shing was taken as the anount of dishing.” 4. Oxide film
removal rate 25 (1) Test wafer By formng a 1.2 dun thermally oxidized film

on a 6 'nChlﬁ'iﬂ&%l%iﬁhg bhe S BL85ed OT1RNRIBhI, OBn&fe I Rtisde film
removal gaieemgicgagegcgbrasive particles. Examples of the abrasive
particles are silica-based abrasive particles, aluminium oxide-
based abrasive particles, cerium oxide-based abrasive particles
and the like. It is desirable that the abrasive particles be.
incorporated into the foamed polyurethane beforehand.
20
The polishing pad obtained in the present invention can be
used in the form of a composite polishing pad laminated to a
sheet having cushioning properties. On a semiconductor
substrate, besides local unevenness, there are also present
25 somewhat larger undulations, and the polishing 1s most often
carried out with a cushioning sheet placed beneath the hard
polishing pad (on the polishing machine platen side) as a

layer for absorbing these undulations.

30 Explanation 1is now given of the method of polishing a
semiconductor substrate using the polishing pad of the

present invention.



30 (2) Evaluation nethod 13 26 FEBRUARY 2003 A conposite polishing pad
was produced by sticking a nonrigid foaned pol yuret hane sheet of thickness
1.2 mmto the polishing pad. The test wafer for evaluation of the oxide
filmrenoval rate was fatted to the polishing head of the 5 polishing
machi ne and rotated at 37 rpm The conposite polishi ngepeEgRVRRY 2008d to the
pl aten of whés pelnryingg owehpokistthg owathd thle JfoXiEhing ted sefe the ection
as the rotation direction of the O|IShIn head The pol i shi was carried
out for aPTPEERE; LAVERHLOR 4 ERPER; 5 wedchr ibicarhasesh ndiahin

suppl yi nga?@ﬁﬁ' f iaadmR Rk bmhiokd aa0BEkedt tp%&isﬁhﬁ&’ Agedtd U&@:i%' Qﬁ:ﬂdé-m
renmoval e neasured. Next, ten such st wafers for evaluation of the

oxi de fil hﬁseﬁopaliahiegmgentuwe‘élnedltbetm Y | Ol kRhiinge agentt, dﬁd 15
the oxide,pernm é?d.brl%f CC3pUh Ty %@t H]\QQ{] 19ting rH‘ﬁﬁ

pollshlng of ers was ca r|e e surface of %he conp05|te
pol i shi ngipadrbeimgcgl \mjrmeappmexenae%y &n 5 tha dwaferngamdt ita disanond

dresser ever fter i ch, the. pol,i shi e fo the 1000t h
waf er 20 Rﬁggﬁéggur% et¥n30 ghabey kﬁ):%l 8’%11 g% PO profRATSTE
gl ycol, 4QipRihg. byTRé ;wimiixtﬁ pad e theephasendi Lﬁ@@yﬁm els Gsi&ermrts by

wei ght of wat er arts wei ght of triethylamnpe, 1.7 parts wei ght
of silicoh® FB%HFQF%Bf’W zlé}a%/ﬁfﬂ Qfg(fé‘epmsﬂ}nﬁeﬁ“aﬁ’t‘“&? ?‘P‘H ‘E}Eﬁ wad'%/eé: wer e

m xedi ¢ 0o9eshafeld) 80 W "RafEt NGaFREBrNGy t REANST ENaE J9d cliGi chuByl d and
pressure noul ding 30 carried out to produce a foaned pol yuret hane sheet of

t hi cknesssYstemm ( Fher Blptiepels Anadectaaretrte, -and thpiafer qrupieryyer age

di amet er @ ﬁlhaae%cedt%teﬂn 1l - san G PURUGE NARE Phakile dasyd ﬂf‘& soaked
for 15 hours in 14 26 FEBRUARY 2003 met hyl nethacrylate to which 0.1

parts by theepghishingzpadsi dubuihisortilmei,| poRighbrgnageriedis 'Iﬂﬂprﬂd@ﬁad
ol yureth e e SOl 4l h
pol yut gB'EwéQﬁ tth)éhb%'iigﬁina Paa ‘%ﬁid Qi rehd, ?ﬁ%’& é}oursfl&f ;gxl% After

sandwi ched between gl ass platés and heated 5 fo
heat i¥y, i8e aflstedasby egondafol of the force applied to the wafer

carrier. Local planarity 1is obtained with a pressing
pressure of 0.01 to 0.1 MPa, so this 1s preferred.

The polishing pad of the present invention makes it possible,
20 vwhen ©planarizing Jlocal wunevenness on a semiconductor

substrate, to reduce the global step helght, suppress dishing

and raise the polishing rate, and clogging or permanent set

at the pad surface do not readlily occur and there 1ls no

tendency for the polishing rate to deteriorate with elapse of
25 time, so stable polishing 1s possible.

Examples

Below, the detalls of the invention are further explained
30 along with examples. In these examples, the various

properties were measured by the following methods.

1. Micro rubber A-type hardness:

10



fromthe glass plates and dried under vacuum at 50C. Both faces of the
rigid foaned sheet obtained were subjected to grinding to produce a
polishing pad of thickness 1.2 nm The mcro rubber A-type hardness of the
pol i shing pad obtained 10 Was 98, the density: 0.75, average closed cel
dianeter: 60 fun, and the content of the pol ynethyl nmsREBRUARY200B t he
polishing pad was 82 wt% Using a silica-based polishing agent, with a
polishing time 15 of 10 mnutes the oxide filmrenoval rate was 1020
~4/mn. T Xi fi By ake1tdt €af © t r S ., After
1000 waf elrﬂs??'gt h‘g&? err%%%ﬁ ratelwv:\L/gg 940 i(?nsﬁﬁség ?‘ﬁge%fmds@1 i tg(tsb[(bg]:]tgggl'. 20
Wien t he §himetachiyprheMgiromaahi eWdishatied , f dKamd gyad-lkahi n§yotoe dficto

m nut es, éhﬁb$%3$a| stqf H@; ht between the 40 ~mw dth and 400 Eun wi dth

i nt er conngd yrnekes fMP-di-obal step hei ght eval uation test wafer was

| ow atg 0. 02 Vim 25 \When the copper interconnect dishing was evaluated at a
polishing time of 10 m nutes, the thickness of the copper _interconnect
central r&Bforftguatire eQFf drerMicEa RybbegppRrreRetetotPsdt VRS hidTy

eval uati ogoYB&§w®; 65 dun and that of the copper interconnect edge regions
was 0.70 Eun, so the anount 30 of dishing was | ow at 0.05 Eun. 15 26
FEBRUARY 2003 Exanple 2 30 parts by wei ght of pol ypropyl ene glycol, 40
parts by g@i9§én8%rQE | met hane diisocyanate, 1 part by weight of 5
water, 0.2 parts by welght of triethylarnine, 1.8 parts by weight of
siliddne fbam boading mystemt Cadijevesr plavei ghrimd tin octylate were

m xed toge r.d moul dj chi ge, .then di scharged into a nmould and
pressure n&%fd?#n%irggrﬁ%é&n 'tgj{'&%igﬁ-’ogugg ‘L:f oanmed pol yur et hane sheet of 10
t hi ckness 2 mm (mcro rubber AOO0/ peinar d3e85 gf50, density: 0.4, average

di aneter of closed cells; 60 Eun). Said gol ur et hane sheet was soaked for
24 hours i k3 hotRFERY | 1At he BFROTS| #g088 pﬁ¥ts by wei ght of nethyl

met hacryl ag ) a8 d findbe i3y ndirY bAY! sREPECHE dLanidiiyh 0.1 part by
15 wei ght of azobi sisobutyronitrile had been added. The foamed pol yuret hane
sheetlSwol | en % 16 TBdn ghfa P - SafBni ched bet ween gl ass pl ates and heat ed
for 24 hougs) s dPfacdhdt ddiediadh st sbeginYgaugenoved from the

gl ass plates and ‘dried under vacuum at 50C. Both faces of the rigid foaned
20 sheet ob6hiPressere gl &aald dimegsinnpngonsepr dhemeter 14 Iy pol i shi ng
pad. The m cro rubber A-type hardness of the -SR] g gined was 98,
the density - 0.81, the average closed cell é?ghgtg%gﬂ%%égdﬁgggﬁg t he
content of the nmethyl methacryl ate/divinyl benzene copolynmer in the 25

pol i 9y N9; PRAs YIRS B Oa 4 va region

(1) drive system: vertical drive based on a stepping
motor; descending rate control based on an alr damper
(2) vertical stroke: 12 mm
(3) rate of descent: 10-30 mm/sec
25 (4) height adjustment range: 0 to 67 mm (distance

between sample table and sensor pressure face)

1.3 Sample support
(1) Ssample support dimensions: diameter 80 mm
30 (2) Fine adjustment mechanism: fine adjustment based on
XY table and micrometer head;
stroke 15 mm for both X and Y axes

(3) Level regulator: main legs for level adjustment and

11



Using a silica-based polishing agent, with a polishing time of 10 m nutes
the oxide filmrenoval rate was 1500 ~r/mn. The oxide filmrenoval rate
for the 10th wafer was 1400 /min. 30 After 1000 wafers, the renmpval rate
was 1380 /min, so there was little fall. 16 26 FEBRUARY 2003 When the

gl obal step height was evaluated for a polishing tinme2eFEARUARNROES, the
gl obal step heigita $1QWiaksed. 01 Eun. 5 Wen the copper interconnect

di shing was evaluated at a polishing tinme of 6.5 mnutes, the thickness of
t he copper interconnect central region of the test wafer used for copper

i nt er conngct L4l sy v ,on WAs 0.66 Eun and the thickness of the edge
regi ons V\g.é %ﬂ%@%%&sye%tamunt of dishing was 10 |l ow at 0.02 Eun.
Exanple 3 30 parts by weight of polytetranmethyl ene ether glycol, 40 15
parts sy W) ghésofwddryl ene dii socyanate, 0.5 parts by weight of water, 0.2
parts by weight of tripropylamne, 1.8 parts by weight of silicone foam
stabilizer and 0.08 parts by weight of tin octylate were m xed together in
an R M rmoul #i A8 ‘H‘ﬂcﬁg‘ﬁ%’fet‘F%?l VRS HERAed (R & Gothd S dsans e Sroul di ng

20 carriegn0o¢hik0 20" AfUGR A0 RA PR AL ShbROCasPERG®] LRI A4RRSSang MM
(mcro rubber A-type hardness = 50, density: 0 . 7 , average dianeter of
cl osed cetpace 4Aashioh,. Sumirfiomretnpergometdicsicofhaeetdttas 48ophethrfdor 24
hours in nononer |iquid conprising 80 parts by Weight of nethyl

net hakd yl hetghhd 128 pm sy t3 SPagdrghtofof 49 1t hgpefd eyl JREF BedEt i vl at e

to which b ' f i.S jtri d Th
fgameldcpog§ép£€%%“rl1ei/%%%%%ﬁ%sgnoﬁ\ﬁ%%ﬁ%&rﬁeﬁa{/\fgddsgheg‘\?q;‘ cén)glg'r}b vvzag:n gl :ss
plates and hesd&@thd 0"of24450%*hs i the Algrt thaeati parthEmshest avas

a

removed fromthe 30 glass plates and dried under vacuum at 50C. Both faces
of the rijnsulotihmg £hlxetwabt Eonmedwenetonbpéciedhickgessdiofy 3 emprhyduce a

1.0 mm pop{5hi 0 PAd-¢ 108 THEL0: 1 ¥0RE" AsidPRnb’ global step height

15 evaluation test wafer was thus prepared.

(2) Evaluation method

The test wafer used for global step height evaluation was

20 fitted to the polishing head of the polishing machine and
made to rotate at 37 rpm. The composite polishing pad was
fitted to the polishing machine platen and rotated at 36 rpm

in the same direction as the direction of rotation of the
polishing head. While supplying silica-based polishing agent

25 at 200 ml/min, polishing was carried out for a specified time
at a polishing pressure of 0.05 MPa. The global step height

between the 40 pm width and 400 pm width interconnect regions

on the global step height evaluation test wafer was measured.

30 3. Copper interconnect dishing

(1) Test wafer

12



26 FEBRUARY 2003 hardness of the polishing pad obtained was 99, the
dens~.ty = 0.85, average closed cell dianeter: 60 dun, and the content of
met hyl net hacryl at e/ di et hyl ene gl ycol di nethaaryl ate copol ynmer was 72 wt %
"A conposite polishing pad was produced 5 by sticking together said
pol i shing pad and a non-rigid foanmed pol yuret hane shees FEBRUARKDESS 1.2
nrn. Using sigl i ga e lJ-shi en | DQLY A N i 10
m nut es thea%xfadeé:'f F'P%ﬂﬁr ceLnjiF;L\?'a 0§lra e %\1%5 5%8%% %f %ie&}‘lo g?(lbd'!'eliﬁf;a %
renoval r@spthod. ¥ Qﬁn e Wirtledat 85006Muk- sphdtig 10@h WP Soppes
renoval rate was 800 /mn, and so there was little fall. Wen the gl oba
st ep hei ghas wBermed|atate dHioknesgobifsBi py ©F ai pkating methadeand theas | ow
at 0.04 ~,un, Wen the co r_jpterconnect dishing was eval yated.at a
pol i shi ngteF hevafoT 17 aF nareluatinn (f CRAGsEoRFer nintehislnGah Siebing.
centra regufnppbatdeafest wafer used for copper 20 interconnect dishing
eval uation was 0.66 dun and the thickness of the copper interconnect edge
regions was 0.69 Eun, so the amount of dishing was |ow at 0.03 Nzn. Exanple
4 25 30 pegsl SpPy1yet o el ypropyl ene glycol, 40 parts by weight of
di phenyl net hane dii socyanate, 0.8 parts by weight of water, 0.3 parts by
wei ght of triethylamne, 1.7 parts by weight of silicone foam stabilizer,
0.09 parts Bhyewbeght w#fe30 91 evalmatiomndf 1¢hearaopper vkiigncaymect
col | qi{ds- . lica_of rtgcl i . h%.E [ in an
R s AEbbd e WAEAE, £6] the BEhata MRJTRE Tkt pdOUHAY
machine and rotated at 37 rpm. The composite polishing pad

was fixed to the polishing machine platen and rotated at
36 rpm 1in the same direction as the direction of rotation of
the polishing head. While supplying alumina-based polishing

15 agent at 180 ml/min, , polishing was carried out for a
specified time at a polishing pressure of 0.04 MPa. The
difference in the thickness of the central region of the
copper interconnects and the thickness of the edge regions of
the copper interconnects on the test wafer used for

20 evaluation of the copper interconnect dilshing was taken as
the amount of dishing.

4. Oxlde fllm removal rate

25 (1) Test wafer

By forming a 1.2 uym thermally oxidized film on a 6 inch
silicon wafer, the test wafer for evaluation of the oxide
film removal rate was produced.

30
(2) Evaluation method

13



26 FEBRUARY 2003 noul ding carried out to produce a foaned pol yurethane
sheet of thickness 1.5 nm (mcro rubber A-type hardness = 70, density:
0.91, average dianeter of closed cells: 50 dun). Said foamed pol yuret hane
sheet was soaked for 15 hours in 5 nethyl methacrylate to which 0.1 part by
wei ght of azobi sisobutyronitrile had been added. The fgmEIRUSRY BpE3 hane
sheet swollen with nethyl nethacrylate was sandw ched between gl ass pl ates
and heat ed fRorcompolsdtes paligifngAphdr wialse preduiced, byhetibkdngwas rrearroved

fromthe 1 |.as | at es .and dried under, vacu t 50C. Both faces. of the
g0 T oaRiddhdnansd FolsREnane, Fhagt. OF o LRI TRSTE 1o? JRBadbe e

pol i shi ng pRAad sl nghipaldnessrie 2t88t wheefl €60 evalaatfohYBe Riednnsef the
pol i shing pad obtained was 99, the density: 1.0, the average cl osed cell

di aneter: m- Removed gFate heagafdsfedortopothmertid shiiichkegd ar€ e 82

wt % en l4is 81RO ri 0. 1Q 4+m g4t at a i sk ssure
of O. \(;% I\/Bgﬁ\%ﬁ?l?ggsupp ylﬁr% Sogasg(lgﬁén? %/d(rggxi gz fgﬁm'pH 18H§s ?ﬂheﬂl%ojlgireghi ng
agent at Aishimgnupad twes ofidedf iton 2ber epbaten r mife whe IPBULLShling The
oxide filmr val_rate faqr the 10t h fer 00 /amin. . After 1QQ0
wafers, METaRG,and drerdbed oo i nfh o $18, 2R3, s Prrdph g (Boumen
pol i aﬂi lngx\mtlclanr H&d‘eOﬂiloﬁObethﬁRpgmﬁsHtI&n@. lfeﬂd.shi'rtge %onrmsmgm / avad 0. ﬁS
MPa ile su i ng.the potassi rooxi de ,of pH _10 . at 200 m nute, the
01 obal st SR TAEHC YT oo FEeF LTI i e e batlny” Fr RadRe K E el oh
of polypropyiseReagl Whalle 4Gupplyanky “Wedilified dipphdryliagt hagent at
diisocyanate, 1.2 parts bg wei ght 19 26 FEBRUARY 2003 of water, 0.3 parts
by wei ght %#° MW/ BiRy| 8RfinEhe 10%14e, film, refoved: rafesmeagerRa f oam st abil i zer

and 0.09 parts by weight of tin octylate were m xed together in an RIM
nmoul di ng nachi ne, then discharged into a nmould and pressure noul di

5
carried ofexito fegd ey teinsiRiRHs) ot Rl uatdeon &F tthe gwlde 1“:%n]9"|‘rm

(mcro rublghvir! YRR NHIAESSubiefred RSl ithe bollshdNg AdBatiidiR! Gind!
closed cells: 40 Eun). Said pol yurethane sheet” was soaked fgr 10 hours in

met h_erf_‘ mett&cr yqxgkd@ t oreAEL 0. afrr t BepgurRd ghfonf the 10 " wafer.
azobi si so tr%h%%h&)?:bl,e tEﬁed Bﬁf{‘sﬁﬂ{jgedongﬁd‘oo 10! WHE a9 edhn ESit
swollen wth nmethyl methacrylate was sandw ched between gl ass plates and
heat ed foWith Hder sunfap@C offthe eomporklie o lisidnghanad \kelrengleen from
the | an approximately 0.5 pm dressing with a diamond dresser every

10" time, after which the polishing rate for the 1000*" wafer

20 was measured.

Example 1

30 parts by weight of polypropylene glycol, 40 parts by
25 weight of diphenylmethane diisocyanate, 0.8 parts by weight
of water, 0.3 parts by weight of triethylamine, 1.7 parts by
welght of silicone foam stabilizer and 0.09 parts by weight
of tin octylate were mixed together in an RIM moulding
machine, then discharged into a mould and pressure moulding

30 carried out to produce a foamed polyurethane sheet of
thickness 1.5 mm (micro rubber A-type hardness = 50°,

density: 0.51, average diameter of closed cells: 40 pm).

Said polyurethane sheet was then soaked for 15 hours in
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gl ass plates and dried under vacuum at 50C. Both faces of 15 the rigid

f oamed sheet obtai ned were subjected to grinding to produce a polishing pad
of thickness 1.2 mm The micro rubber A-type hardness of the polishing pad
obt ai ned was 85, density: 0.75, average closed cell dianmeter: 60 Eun, and

t he content of the pol ymet hyl met hacrylate in the pOHzﬂ#EEmeNYZOomaS 75

wt% Usin I ski.ng
m nut es tﬂneeq:o %fei{ﬂ%%?&r}%\?gl ?atew&gg’ﬂ%(? ,&/mp%'&‘?h %yx %é Jféyft rem)val
rate for tdzbblmhomftylrowauﬂw rtiam n. baénAf t @dddd00 waf Ehe tﬁeamedimval

rate was 90 so th re was_ | i e fal]. Wen t | ob ste ht
was eval ud h5"‘Bol ® ﬁPﬁg ¥highof h?a BeRs, sY’ﬂgfﬁ'lgob"o’l thy JBeHY gg

bet ween t hest4icry1@t230 wisdtdandnd ch@d Betwalesit fyldaserm@,ctaﬁ@gheaﬁe@f t he

gl obal step hei ght eval uation test wafer was low at 0.05 Eun.
FEBRUARY 103 hchmoure s&bppeicC.i ntZef vaan st ighi the wiseetv avasit Edmave@
polishing tine of 10 m nutes, the thickness of the copper injerconnect

central rddiosh e tHaseRlakasand ried Wi VAGHWR c3hn8RtC ui sRPHY
eval uat i orp Ry GbEStkeNrdgdat ?@gmgﬁ sRee? Qimq.rne'dntv?éfeo d:i e SEGE, £6€91 ons

was 0.70 Eun, so the anpunt o Ishing was low at ~ 0 . Exampl e 6
10 30 par tgg:ilwim drlot p@bdpgeyprmyi@nmwmmf mipésmessm Wemght Bhe

di phenyl e dil yan s_ by 0

wei ght oﬁi% hg’lll%l%%ﬁe? %@e ?d'?%yé \/\/elP 4 of Os{hci\(g%teeé%%moézzggﬂ |zer
and 0160 paid bg° wetgét dza‘nstiltgr.omwaa,t eaWsF&gdi x:gdsbage&énr dnamat&-M
nmoul di ng nmachi ne, 15 then discharged into a nould and pressure noul di ng

carried olfi0 pam, pra@dbd:él%ldqm:m pél Fheerbdymethedt methanrykatesin. shem
(mcroru r a 0, density: 0.40, average dianeter of
T R

cl osed cel yurethane sheet was soaked for 8 hours in
nmet hyl nethacrylate to mhlch 20 0.1 part by melght of

azobi si so ronl t had d The f ur

swol I en wi tahy Hr‘fé? abasyﬁeagl{%oafisg‘qngnc?\ﬂeéh pgigggfﬁa 2®and
heat etl5f oroR241hauisutds 78Be AMide tf\ﬂxineaemogalt Itatehaeds wag2oehkpmed. from
the gl ass  pl ate ied und cu 25 ot h_fac the rigid
f oaned sh (?B‘ﬁgia g&qWngmgVB ef?g%l f%r éﬁ}%gﬁ%‘ ﬁFoHG@eS§O %t/ ¢ ng pad
of thi cknesetel 210‘0’0 wdfe 18 crtmer ubdmsvak tiyPee h@wlnese Afmite pol ithbrag pad
obt ai ned was ﬁs ﬁgigsm 0.?0, average closed cell dianeter: 200 pm

and the cdfft®e ol ynet hyl 30 nethacrylate in the polishing pad was
82 wt% 21

20 When the global step height was evaluated for a polishing
time of 7 minutes, the global step height between the 40 um
width and 400 pm width interconnect regions of the global

step height evaluation test wafer was low at 0.02 pm.

25 When the copper interconnect dishing was evaluated at a
polishing time of 10 minutes, the thickness of the copper

interconnect central region of the test wafer used for copper
interconnect dishing evaluation was 0.65 pm and that of the
copper interconnect edge regions was 0.70 pym, so the amount

30 of dishing was low at 0.05 um.
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.26 FEBRUARY 2003 Using a silica-based polishing agent, with a polishing
time of 10 mnutes the oxide filmrenoval rate was 1050 ~r/m n. The oxide
filmrenoval rate for the 10th wafer was 980 ~r/mn. After 1000 wafers, the
‘renoval rate was 950 ~r/mn) so there 5 was little fall. Wen the gl obal
step height was evaluated for a polishing time of 7 nRBEEBRUARW200S! obal
step height betfween the 40 dun wi dth and 400 dun wi dth interconnect regions
of the gl B¥¥MPA® 4tep height evaluation test wafer was low at 0.02 ~.im
When the copper interconnect dishing was evaluated for a polishing tinme of
10 m nutegg thEddi p¥NQRA D HE Wrob?tlaheor@fféop,enwoal p&Pes Olhyon the
test,wafer used for copper 15 interconnect dishing evaluation was 0.65 Eun
and that weight efpgdéphenylnethanretdbtgecyanpims habaot 7byEwedghio afhe
anmount

of _dishin 0 n.Ex@JFﬁI 0 rgs Lght of
pol yprsopng{r:\%‘r}gl %é\g?i)éiﬁf\gpgésf swggg%i Sﬁt 0 dr'fh %16%'91!%\3# E\ghée Blgla"ts:g(e:y nat e,
1.8 part swbighti giit stlicaher foS8m5spabitiberwendho .08 pardshpyameaightl. 7
part s~by ight of silicone foamstahiljzer, and 0.09 par by i ght 25 of
tin octyl %e%@e°ﬁ%¥éag?og@?ﬁ%r m egn ﬂﬁ’Fﬁfﬁdijﬁb r?glch{zi‘é W‘ﬁ@ﬁﬁng
di schar geflathife 7 heh dadsehfr§6@ ULRtODHI dionddcamd qskedisuried nyulBiaRy a
f oamed pol yuret hane sheet of thickness 1.5 nm (degree of mcro rubber

har dness SaBpledenity .t PEOINGEr afe EPaREHerPRIYEFRERANG o1gRECD 4PN .
30 Saj i f yair.et h _o@%ﬁ-éi UL Sg s <.

met hg'dt:(?yl gltqg&?%gg i%h%.@%%?@eﬁébﬂv\%sg%t alfﬁ%{)?lg?és%butil?dnﬁrﬁl ietyh'ad been
added. The.ipanggerage 281dkRARGLOMN qeEd/ urcdllane Begim)SWol | e3ami t h

met hyl net hacryl ate was sandw ched bet ween %ass | at es and heated for 24

hours at Potyulgthane gheplyiafy seaked et bW vl TOReThe ek
pl ates andofp+£614des pasts Mt weQghtBeleh e @lethddigikitel drianed

sheet obtained were subjected to grinding t roduce a polishing pad of

t hi cknessParbs mhy THelghtr Ly ubbeinyl ¢ Pﬁgzﬁgﬁgrﬁ%s“@\wphé’ ol P&REnP¥Had

obt aifd Ya$gRB ofCASbbYs1 bty DHEI39a € IHE bl ladddTE! e b, and
the content of the polynethyl nethacrylate in the polishing pad 10 was 85
W % Usi ngodyarethang asehegiol i steemgdrikth winepemesn | iwaf ngsandreldied o

ate for PREVIDE rovarE, b EERE i HiadBiy R ' hes €, B0 AR TV

rate was 8h€ heating, sthé hsieetvasasd | téthavddlfrom the glass plates and

dried under vacuum at 50°C. Both faces of the rigid foamed
20 sheet obtailned were subjected to grinding to produée a 1.5 mm
polishing pad. The micro rubber A-type hardness of the
polishing pad obtained was 98°, the density = 0.81, the

average closed cell diameter: 80 pm, and the content of the
methyl methacrylate/divinyl benzene copolymer in the
25 polishing pad was 85 wt#%.

Using a silica-based polishing agent, with a polishing time
of 10 minutes the oxide film removal rate was 1500 A/min.
The oxide film removal rate for the 10th wafer was 1400 A/min.

30 After 1000 wafers, the removal rate was 1380 A/min, so there
was little fall.
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.Wen the gl obal step height was evaluated for a polishing time of 7

m nut es, the global step height between the 40 Eun 20 width and 400 Eun

wi dt h i nterconnect regions of the global step height evaluation test wafer
"was |ow at 0.02 Nm When the copper interconnect dishing was evaluated at a
polishing time of 10 m nutes, the thickness of the coppEEBRBARNYt208onnect

central rggion_on t test wafe S for copper . nterconnect .di shin

eval uat i oﬁﬂﬁﬁs tg‘.eGEF nﬁt?ﬂai‘eg?gghé’a@opﬁ)‘%ﬁuﬁw&r c%%e@t P& %:188? ons
was 0.70 tiie SOF t Resampumited, dithBi n?wm | gvept’ KbihtFugas30Ldwaerl € 8 23
26 FEBRUARY 2003 30 parts by Weight of polypropyl ene glycol, 40 parts by
wei ght of 0d0phmy| net hane dii socyanate, 2.0 parts by weight of water, 0.5
parts by weight of triethylamne, 1.7 parts by weight of silicone foam
stabilizer and 0.09 parts by weight 5 of tin octylate were m xed together

i n an SR Minen| ditg @eppepe, 1t tercshifediar geghing o waswevedlaatdedr estisuae

nmoul ding carried out to produce a foaned golygrethane sheet _of thickness

1.5 nm (dBYLLERERI nfile Phbiferd HAIMHES -ty thlokness of 4dhe,Roppes

di anet er ohtereshflese! dent30 rliglon 0@ TALILBSL Ywa LéP AN @ At d%?e&oaked
for 12 hours in methyl nethacrylate to which 0.1 part by weight o

azobi si sobnterocomnect adbatdine eavalaeddonTiwesf 0a6€ dup cdnydi rigteh arhel clineasts

swol len with nmethyl methacrylate was sandw ched between gl ass pl ates and
heat ed foPf2lhfoefige FegbprRywasy®-&8 PHe FEaERAgEMePRE s‘?ééii%?r SRR ed
from.the glasg, phajgs, and dried under vacuum at 50C. Both faces of the
rigi&'foaned sﬁeet obtai ned were subjected to grinding to produce a
pol i shing pad of "'thickness 1.2 mm The mcro rubber A-type hardness of the
polishingEgad ggtgined was 98, 20 density: 0.77, average cl osed cel

di amet er : “480PEWn’ and the content of the pol ynmet hyl met hacrylate in the
pol i shing pad was 81 wt% Using a silica-based polishing agent, with a
po}i shi ng?]oi mrg;& ?f’y 1@etiphut l&ﬂ_’ tbelewéﬂmxﬁh étll'm]{]eﬁ@}/@théﬁt glyesl]l03®
i~/mn. The oxide fi renpval rate for the 10 r_was 960 ~ in.

art ort8100BST8E X, Wit Ao IEne (IdeoRgeRREEn % RAEEE BRNIIEHY o
fall. 30 ybhewatée, 0b oharsiL b aicdihtWa® evaprepglandie 2 P ipdittiy Yyt ne of

7 mnutes, the gl gbal steg hei ght between the 40 Nm_ 24
welght "of silicohe foam stabilizer and 0.08 parts by welght

of tin octylate were mixed together in an RIM moulding

machine, then discharged into a mould and pressure moulding

20 carried out to produce a foamed polyurethane sheet of
thickness 3 mm (micro rubber A-type hardness = 50°, density:
0.7, average diameter of closed cells: 40 pm). Sald foamed
polyurethane sheet was soaked for 24 hours 1in monomer liguid
comprising 80 parts by weight of methyl methacrylate and 20

25 parts by weight of dlethylene glycol dimethacrylate to which
0.1 part by weight of azoblslsobutyronitrille had been added.
The foamed polyurethane sheet swollen with monomer was
sandwiched between glass plates and heated for 24 hours at

70°C. After the heating, the sheet was removed from the

30 glass plates and dried under vacuum at 50°C. Both faces of
the rigld foamed sheet obtained were subjected to grinding to
produce a 1.0 mm polishing pad. The micro rubber A-type
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26 FEBRUARY 2003 W dth and 400 Eun wi dth interconnect regions of the gl obal
step height evaluation test wafer was low at 0.03 Vim Wen the copper
i nt erconnect di shing was evaluated at a 5 polishing tinme of 10 m nutes, the
‘thi ckness of the copper interconnect central region on the test wafer used
for copper interconnect dishing evaluation was 0.65 ~m@prdBRUARYP0d3e
copper interconnect edge regions was 0.70 Eun, so the anpunt of dishing was

low at 0.04 Eun. 10 Conparative Exanple 1 78 parts by weight of
pol yet her - bdgngset elaridep P ngARRd r At inedowas H9%d ugred 8PS Y royal ) and

20 parts by igh f Lz MeLhy -hi S2- r i 4 1 xed
together in dz,i\%sRl kﬁ'%‘llsa enéﬁﬁg%%irzﬁeel?‘ ?ﬁene N ggrts' gavxg{%%to\ﬂgggﬁoq ow
pol ynmer m cmesiblydr es nfethpengbhtesdieDiylenexed- glycand adimeghdciphamted

ol yur et hane f.thick s 12 u cLmicr e 5
IElar)tgness = QCf%Qggﬁ%?t?aJnlgggé aée?g@gﬁ%dpgg%{ﬂgngo?a%ﬂ%%egrf:e\%‘wésb:e 30
Eun). Thiss rbyi dtickimsd pedethest vald Jhvddishimg $hadcehd oa pmodurkgigbl i shi ng

pads of thi ckpgs JPOenRE Rl Sh YassS IJ ggl out for 10 minutes
whi | e suppl yi ng gSE’OSI I ca- base poI?shtji}%é: aggnt at 225 nl/minute, .the oxide

filmrenoval rate was 1100 /m nute. The oxide filmrenoval rate for the

10th wafer WasSng0Q is4i ftdubearbbisniQ@0 aWRhe! Swidha IfRIR¥ARIng af finevas 500
~r/mnute, and so the fall was considerable. 30 When the gl obal step height

was eval uat &f 0r ™Mipy&s ShengrtdenEibr TeevAdt BRte wRE PPLPAMiBt epfifei ght was

| arge at100. bxfde. £33m réfoVvEBRENRY £403cnMherndnheriepP@asi BE6! £AMIECT
di shing was eval uated, the thickness of the co i nt gr connect_ central

er
regi on on t REtEESOR8r ¥RTEERY T TOWYE! imAter ¥8fin88P WM ng W d%Uation 5
was 0.40 st rthemd whatliaftieheaxiapper interconnect edge regi ons was 0. 68 dun,
so the anmpbunt of dishing was high at 0.28 dun. Conparative Exanple 2 3.0 78
parts by weight of a polyether-based urethane polynmer (Adiprene L-325,
produced by Whenr dhel Jglahdl 4 s6dp pheighthywase gialuetedt figr emepgl ystuingner e

m xed tqQgether in Rl M i Xi machi ne,. th 1.5 parts by weight of hollow
pol yrrerqrg'ﬁ c:{génﬁhgfgé; "t"@xl‘\l/%%?lte 5% 4N kegglpﬁ" and a rigid foaned 15

pol yur et hane of thickness 12 mm produced (mcro rubber A-type hardness =

50, densityymefl- /the AY&SALE HhaFRbERe A akgﬁf.si%_casés:ev%u - aflNigS T oaned
pol yur et hane sheet was sliced to produce polishing pads of thickness 1.2
mm polishing time of 11 minutes, the thickness of the copper

interconnect central region of the test wafer used for copper
20 interconnect dishing evaluation was 0.66 pm and the thickness
of the copper interconnect edge regions was 0.69 um, so the

amount of dishing was low at 0.03 pm.

Example 4

25
30 parts by weight of polypropylene glycol, 40 parts by

weight of diphenylmethane diisocyanate, 0.8 parts by weight
of water, 0.3 parts by weight of triethylamine, 1:? parts by
weight of silicone foam stabilizer, 0.09 parts by weight of
30 tin octylate and 10 parts by weight of colloidal silica of
average particle size 0.2 pm were mixed together in an RIM

moulding machine, then discharged into a mould and pressure
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20 When polishing was carried out for 10 m nutes while supplying
silica-based polishing agent at 225 m/mnute, the oxide filmrenoval rate
was 400 |~/ m nute. The oxide filmrenoval rate for the 10th wafer was 300
14/ mi nute. After 1000 wafers, the polishing rate was 200 A/nminute, so the
fall was considerable. 25 The gl obal step hei ght was esHEBERIZARY Q00R

pol i shi ngm&hi’&if’é égrgi%@e} Gat eyt P&Bauee%r YR YolyEetilafden shad 400 Eun

| i nes were not |Owere ow aboul 0.2 ~.) so planaritfy was not obtai ned.
30 Conpar efi vithiokargelse B.26mm ZmicEBRUARDDEOOA-EGpparierdnessei ght7af,

pol yet her - based ur et hane pol yner (Adi prene L-325, produced by Uniroyal), 10
parts by @enghtyef ® 91.- naveysae e Miaseten opbhamlidsed aaelds g2 G by

Wi ght of yl | ycal ’ L xed. t r. } X chine, 5
then 1.6 BatHs Toned: SRLTFatrRs, dsiharas: splll o (1 BeuER de e
m xed-5 n, mathya r mgitHatpglate poltypur attiiahe df. I hipdressb? wedghoduesd
(mcro rubber A-type hardness = 70, .density = Q.78 average di t er. of

cl osed ceFFg{’i‘%bség‘h‘erGﬂﬁtsﬂfS]&negaBol ;B‘?%‘%/hal‘?éﬁﬁ%eet vvag'ﬂ%‘?i C%Eac“l?dpr oduce
10 pol i shpa@ypethaie t Ninderes swbideim wikAN RELhHDi NGe tRscSAdiecd walst f or
10 m nutes ile supgl ¥| ng silica-based polishing agent at 225 mil/ m nute,

t he oxi deSpPvwichedyhaptvaer vhasgoplatesuiddd MrRaEted d&e% | Bt beNBFal@trate 15

was 400 1 AT o, et PH8) R, ST afRRY YRS Fend ¥ PEELRCIO "L

eval ugj edgligssappatéshaid driBaoinflel Riacaam R4t SovE. Pr @ofusirditesOlbd he 40
urn and 400 Eun |lines 20 Were not | owered bel ow about 0.1 ~., so planarity

was not obbai Fégld | frared isheefpohtadmad wprossuhiected W gHandGnG dn

I nventi 0”?;:53668 5 BoRYbASHg2 Rl | 881 NhiRAGheMd Ch, 2ifinl he TRehaNIGRY

pl anari zati on process whereby the surface of the insulating |ayers or netal
i nt er conneubbef oA ntype@rhahinesd iafbrihsupstlishd ngr padnobtatoedywasl 93hi ng,

the polishing rate is hi%ﬂé t he gl obal step hei %ht 30 is low, dishing does
not readi EPeoleRSLLY t He Oretlhe | AYRFRIANELPECACCEHAi - tSE natfe i set  at

the ¥ fagga2¢ne content of polymethyl methacrylate was 82 wt%.

When polishing was carrled out for 10 minutes at alpolishing
pressure of 0.05 MPa while supplying potassium hydroxide of
pPH 10 as the polishing agent at 225 ml/minute, the oxide film
20 removal rate was 1300 A/min. The oxide film removal rate for
the 10th wafer was 1200 A/min. After 1000 wafers, the

removal rate was 1150 A/min, so there was little fall.

When polishing was carried out for 5 minutes at a polishing
25 pressure of 0.05 MPa while supplying the potassium hydroxide
of pH 10 at 200 ml/minute, the global step helght was low at

0.03 pm.

Example 5

30
30 parts by weight of polypropylene glycol, 40 parts by

weight of diphenylmethane diisocyanate, 1.2 parts by weight
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26 FEBRUARY 2003 regions do not tend to oaaur, and the poi 3shing ~a~a se
sable . 2 8 Table 1 N Pol thane/Vm1 Pol er Polish Pad
StructurePolishin PerformanceVin 1 Po erPolishin Rate ati nnteM cro Robber A
type DensityAverage Closed Cell Dianeter Mnoner Content ~b~ After

Pol i shi ng 26 FEBRUARY 2003
of water, 0.3 parts by weight of triethylamine, 1.7 parts by
weight of silicone foam stabilizer and 0.09 parts by welght
of tin octylate were mixed together in an RIM moulding
machine, then discharged into a mould and pressure moulding

5 carried out to produce a foamed polyurethane sheet of

thickness 1.5 mm (micro rubber A-type hardness = 50°,

density: 0.51, average dlameter of closed cells: 40 pm).
Said polyurethane sheet was soaked for 10 hours in methyl
methacrylate to which 0.1 parts by weight of
10 azobisisobutyronitrile had been added. The foamed
polyurethane sheet swollen with methyl methacrylate was
sandwiched between glass plates and heated for 24 hours at
70°C. After the heating, the sheet was removed frozn. the
glass plates and dried under vacuum at 50°C. Both faces of
15 the rigid foamed sheet obtained were subjected to grinding'to
produce a polishing pad of thickness 1.2 mm. The micro
rubber A-type hardness of the polishing pad obtained was 85°,
density: 0.75, average closed cell diameter: 60 um, and the

content of the polymethyl methacrylate in the polishing pad
20 was 75 wtg.

Using a sllica-based polishing agent, with a polishing time
of 10 minutes the oxide film removal rate was 980 A/min. The
oxide film removal rate for the 10th wafer was 930 A/min.

25 After 1000 wafers, the removal rate was 900 A/min, so there
was little fall.

When the global step height was evaluated for a polishing
time of 7 minutes, the global step height between the 40 um
30 width and 400 ym width interconnect regions of the global

step height evaluation test wafer was low at 0.05 um.
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@ obal Step | ht ) H Amunt of hi n) D Hardness (~(g/cm-(~) Conponents
(weight ratio)(weight % .10th Wafer1000th Waferc g (I sms ng (pExanple
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26 FEBRUARY 2003

When the copper interconnect dishing was evaluated at a
polishing time of 10 minutes, the thickness of the copper
interconnect central region of the test wafer used for copper
interconnect dishing evaluation was 0.65 pm and that of the

5 copper interconnect edge. reglons was 0.70 pm, so the amount

of dishing was low at 0.05 pm.

Example 6

10 30 parts by weight of polypropylene glycol, 40 parts by
weight of diphenylmethane diisocyanate, 1.5 parts by weight
of water, 0.4 parts by weight of triethylamine, 1.6 parts by
weight of silicone foam stabilizer and 0.10 part by weight of
tin octylate were mixed together in an RIM moulding machine,

15 then discharged into a mould and pressure moulding carried
out to produce a foamed polyurethane sheet of thickness
1.5'mm (micro rubher A-type hardness = 50°, density: 0.40,
average dlameter of closed cells: 150 pum). Said polyurethane
sheet was soaked for 8 hours 1in methyl methacrylate to which

20 0.1 part by welght of azobisisobutyronitrile had been added.
The foamed polyurethane sheet swollen with methyl

methacrylate was sandwiched between glass plates and heated
for 24 hours at 70°C. After the heating, the sheet was

removed from the glass plates and dried under vacuum at 50°C.
25 Both faces of the rigid foamed sheet obtained were subjected

to grinding to produce a polishing pad of thickness 1.2 mm.

The micro rubber A-type hardness of the polishing pad

obtained was 98°, the density: 0.70, average closed cell

diameter: 200 um, and the content of the polymethyl
30 methacrylate in the polishing pad was 82 wtg.
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11A: net hyl ueﬁgaar¥h§18am&e@iydlm§haﬁ§2%gen@?% di ?Bﬂ!&ﬁﬂ?g 9t i
t7imethacrylate mC N O OW Cains: 27 FEBRUARY 2003 1. A gO|IShI ng pad
of mcro rupBelOAmipptenatgesixige |flds Bemovaly wate onasi A95Pok{mint hane

and pol y”erTﬂéO%géﬂ LMY P¥le %ﬂo%ad%ogﬁ%mma@m%mm osed

cells. 2. A pol pad according to Claim h is clxaraaterized in
that the poAfterthe@@ watemd) yihg Tamoyedr itade WasmIZOvAARLn cospotierar e
integraldy {960ofpofad §41310 - ~ ~ 3. A polishing pad according to Claim1l
whi oh is vharaaterized In that the perventage content of the pol yner

pol ymeri zed froma vinyl conpound is at |east 50 wt% but no nore than 90

Vv 1520 ned RAL SRt A SRAIHN.AD EaiBebantge 4 hBoY il

conpound i s represente ~ = et hyl group or ethnggroup,

R2 = net hyl tgheupF et hyhugesuptherabalgraogp dreightybetiwoem) thd. 4G\ pum
polishing pad according to Claiml1l which is characterized in that the mcro
rubber har dNédth angd: 400,4m gyidth interconnect regions of the global

10 step height evaluation test wafer was low at 0.02 um.

When the copper interconnect dishing was evaluated for a
polishing time of 10 minutes, the "thickness of the copper
interconnect central region on the test wafer used for copper
15 interconnect d4dishing evalt{ation was 0.65 pm and that of the

copper interconnect edge regions was 0.70 um, so the amount

of dishing was low at 0.05 pm.

Example 7

20 .
30 parts by weight of polypropylene glycol, 40 parts by

weight of diphenylmethane diisocyanate, 1.8 parts by weight
of water, 0.5 parts by weight of triethylamine, 1.7 parts 'by
weight of silicone foam stabilizer and 0.09 parts by weight
25 of tin octylate were mixed together in an RIM moulding
machine, then discharged into a mould and pressure moulding

carried out to produce a foamed polyurethane sheet of
thickness 1.5 mm (degree of micro rubber hardness = 50°,
density: 0.51, average diameter of closed cells: 240 um).
30 Said foamed polyurethane sheet was soaked for 7 hours in

methyl methacrylate to which 0.1 part by weight of
azobisisobutyronitrile had been added. The foamed
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25 6. A polishing pad avcording to aim1l which is characterized in that
the density is from0.4 to 1.1. 7. A polishing pad according to Caiml
which is characterized in that the density is from0.6 to 0.9. 30 8. A
‘pol i shing pad according to daim1l which is characterized in that the
density is fromO0.65 to 0.85. 30 26 FEBRUARY 2003 9. 24 FEHRRYgopfd
according to Claim1l which is characterized in that the average cell
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Using a silica-based polishing agent, with a polishing time
of 10 minutes the oxide f£film removal rate was 1080 IA/min.
The oxide film removal rate for the 10th wafer was 990 A/min.
15 After 1000 wafers, the removal rate was 960 A/min, so there

was little fall.

When the global step height was evaluated for a polishing
time of 7 minutes, the global step height between the 40 um
20 width and 400 pm width interconnect regions of the global

step height evaluation test wafer was low at 0.02 um.

When the copper interconnect dishing was evaluated at a
polishing time of 10 minutes, the thickness of the copper

25 interconnect central region on the test wafer used for copper

interconnect dishing evaluation was 0.65 pum and that of the
copper interconnect edge regions was 0.70 pym, so the amount

of dishing was low at 0.05 pm.

30 Example 8
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25 RZ = nmet hyl group, ethyl group, propyl group or butyl group). 15. A

met hod of polishing a sem conductor substrate which is characterized in
that a polishing pad according to Claim1l or a conposite pad with this as a
structural element is fixed 31 26 FEBRUARY 2003 to a polishing platen,
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interconnect central region on ‘the test wafer used for copper

interconnect dishing evaluation was 0.65 um and that of the
copper intercomnect edge regions was 0.70 pm, so the amount

of dishing was low at 0.04 pm.
10

Comparative Example 1

78 parts by welght of polyether-based urethane polymer
(Adiprene L-325, produced by Uniroyal) and 20 parts by weight
15 of 4,4'~me£hy1ene-bisz-chloroaniline were mixed together in
an RIM mixing machine, then 1.8 parts by weight of hollow
polymer microspheres (Expancel 551 DE) mixed-in, and a rigid
foamed polyurethane sheet of thickness 12 mm produced {(micro

rubber A-type hardness = 92°, density = 0.78, average

20 diameter of oclosed cells: 30 pm). This rigid foamed
polyurethane sheet was sliced to produce polishing.pads of
thickness 1.2 mm.

When polishing was carried out for 10 minutes while supplying
25 silica-based polishing agent at 225 ml/minute, the oxide f£ilm
removal rate was 1100 A/minute. The oxide film removal rate
for the 10th wafer was 500 A/minute. After 1000 wafers, the
removal rate was 500 A/minute, and so the fall was
considerable.
30
When the global step helght was evaluated for a polishing

time of 7 minutes, the global step height was large at 0.1 pm.
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was 0.68 pm, so the amount of dishing was high at 0.28 um.

Comparative Example 2

10 78 parts by welght of a polyether-based urethane polymer
(Adiprene L-325, produced by Uniroyal) and 4.64 parts by
welght of ethylene glycol were mixed together in an RIM
mixing machine, then 1.5 parts by weight of hollow polymer
microspheres (Expancel 551 DE) mlxed-in, and a rigld foamed

15 polyurethane of thickness 12 mm produced (mlcro rubber A-type

hardness = 50°, density = 0.75, average dlameter of closed

cells: 30 pum). This foamed polyurethane sheet was sliced to
produce polishing pads of thickness 1.2 mm.

20 When polishing was carried out for 10 minutes while supplying
silica-based polishing agent at 225 ml/minute, the oxide film
removal rate was 400 A/minute. The oxide film removal rate
for the 10th wafer was 300 A/minute. After 1000 wafers, the
polishing rate was 200 A/minute, so the fall was considerable.

25
The global step helght was evaluated for. a polishing time of
19 minutes, but the protrusions on the 40 um and 400 um lines
were not lowered below about 0.2 u, so planarity was not
obtained.

30

Comparative Example 3
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This foamed polyurethane sheet was sliced to produce
10 polishing pads of thickness 1.2 mm.

When polishing was carried out for 10 minutes while supplying
sllica-based polishing agent at 225 ml/minute, the oxide £film
removal rate was 800 A/minute. The oxide film removal rate
15 for the 10th wafer was 600 A/minute. After 1000 wafers, the
polishing rate was 400 A/minute, so the fall was considerable.

The global step height was evaluated for a polishing time of
9 minutes, but the protrusions on the 40 ym and 400 pum lines

20 were not lowered below about 0.1 u, so planarity was not
obtained.

Industrial Applicability

25 By means of the present invention, there 1is provided a
polishing pad which, in the mechanical planarization process
whereby the surface of the insulating layers or metal
interconnects formed on the silicon substrate are smoothed by
polishing, the polishing rate is high, the global step height

30 1is 1low, dishing does not readily occur at the metal

interconnects, clogging or permanent set at the surface
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5 from a vinyl compound, and which possesses closed cells.

2. A polishing pad acoording to Claim 1 which 1is
oharacterized in that the polyurethane and polymer
polymerized from a vinyl compound are integrally incorporated.

{

10 .
3. A polishing pad according to Claim 1 whioch 1is

characterized in that the percentage content of the polymer
polymerized from a \’riny; compound 1is at least 50 wt& but no
more than 90 wté.

156
4. A polishing pad according to Claim 1 where -the vinyl

ocompound is represented by CH;=CR;COOR; (R: = methyl group or
ethyl group, R; = methyl group, ethyl group, propyl group or
butyl group).
20 ,
5. A polishing ped according to Claim 1 which 1is

characterized in that the mioro rubber hardness 1s at least

90°.

25 6. A polishing pad acocording to Claim 1 which 1is
characterized in that the density is from 0.4 to 1l.1.

N A polishing pad according to Claim 1 which 1is
characterized in that the density is from 0.6 to 0.9.

30
8. A polishing pad according to Claim 1 which 1is

characterized in that the density is from 0.65 to 0.85.

30
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109% & () -! }c:ﬁa ]a%){:%(r(i gd( lﬁ @/lllast!. ]tq{)éi %Iv thGc(:BgPiM &’105&(1 ]t%rlgf %‘He closed

cells is no more than 1000 pm.

5 10. A bolishing pad according to Claim 1 which 1is

characterized in that the average cell diameter of the closed

cells is no more than 500 pm.

11. A polishing pad according to Claim 1 which 1is

10 characterized in that the average cell diameter of the closed

cells 1is no more than 300 pm.

12. A composite polishing pad formed by laminating a
polishing pad according to Claim 1 and a cushioning sheet.
15
13. A method of producing a polishing pad which 1is
characterized in that a foamed polyurethane sheet having
closed cells of average cell diameter no more than 1000 pm
and of density in the range 0.1 to 1.0 1is impregnated with
20 vinyl compound, after which the vinyl compound is polymerized.

14. A method of producing a polishing pad according to
Claim 13 which is characterized in that the vinyl compound is
represented by CH,=CR;COOR; (R; = methyl group or ethyl group,
25 Ry, = methyl group, ethyl group, propyl group or butyl group).

15. A method of polishing a semiconductor substrate which
is characterized in that a polishing pad according to Claim 1

or a composite pad with this as a structural element is fixed
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