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- FIELD OF THE | NVENTI ON 5 Epgention rel ates generally to the
field of sem conductor processing; i n part icular, to polishing pads .
utilized in conjunction w n ation of the
surface of a dielectric 1 aé@ﬁgﬁ&%%wom%g%%u@i?r gdeﬁ -
BACKGROUND COF THE | NVENTI ON MFORNSEMICOHDUCTOR PROCESSEN conduct or
substrate involves polishing the front surface of a wafer. The &
pl anari zation is ainmed at redum ng the step height variations of a
dielectric |aye - ate's surface. Most often, the
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dielectric laye ¥8es a chemical vapor 15 dep05|t|on

(CVD—of-silg con dio .es
inther ange5 of appr?&g%\{eﬁ%n%mé&n@rﬁiyn{gg Ztgg%@ hgégae{'&%@'loggég)'d
non- pl anar st epm péitiedla, J)”dﬁhﬁifngzgﬁdshﬂihﬂé&irﬁ@dﬂ‘uﬁcubﬁmh pra¢esstsmonsi ons
whi ch correspond to the underlying netal |ines. According to conventional
mechani cal pl anenechanicahplapstizatinneef the suriace ela dieleatiic layepformed dwec@ down
on a table cover d vvltgaa pad whi ch has been coated with an abrasive
material. The s¥ PEBﬁu W% |s actually nounted to a carrier plate which is
coupl ed to a nechani sm designed to provide a downward pressure onto the
substrate. Both the wafer and the table are then rotated relative to each
ot her. The $gesaRCKERODNDRLOS E 18 NTION r enoves the 25 protrudi ng
portions of the die ectric ayer ano phy5|cal y snmoot hs the surface of the
wafer. ldeally, the Htadhaoicat piemati;@imncﬂf semmondutioosulstate irsioleesi s t o

conpletely flatten the surface top the water. Unfortunately
sem conduct or wRPEShing the fant %HW ‘gﬁéél 5 he Ipiqna"F?%th@rﬁ‘Wd %@‘I’l‘éﬁ\nial

ot o ons acr U8 Vb Halo e fopd b & Wit BYEF fysiBa o 1Re B surtace o
waf er is char acifidt &RdnPihedidietfitabydral ibasemovBE ConpRtes Ahemiddiivapbhe
' 15 deposition (CVD) of silicon dioxide. The thickness of the step height variations

lies in the -range of approximately 1 micron. In most cases, the series of
non-planar sieps which characterize the dielectric layer have dimensions which
correspond to the underlytn'g metal lines.

According to conventional mechanical planarization techniques, the

20 substrate is placed face down on a table covered with a pad which has been
coated with an'ab_rasive material. The silicon wafer is actually mounted to a
carrier plate which is r_:oupled to a mechanism designed to provide a downward
pressure onto the substrate. Both the wafer and the table are then rotated
relative to each other. The presence of the abrasive particles removes the -

25 protruding portions of the dielectric layer and physically smooths the surface of
the wafer. Ideally, the goal of this type of planarization processing is to
completely {latten the surface topograptty of the water. .

Unfortunately, semiconductor wafers are not always entirely flat.
Frequently, mechanical stresses in the crystal lattice structure produce
- 30 longitudinal gradations across the wafer's surface. In effect, the surface of the
silicon wafer is characterized by a gradual waviness which interferes with the
1



uniformty of the polishing process. Wat happens is that sone areas of the
waf er end up getting overpolished, while other regions remain
underpollshed To overcone the problem of non- unlforn1pollsh|ng,
practitioners have concentrated their effort agpdevelo a newty

pol i shing pad -- Unionrmityiofdhe palishing,pracess. HP‘H&‘F ggaalo??he

L‘JP?;EEd' A pr escHere i bb BBRisE Watog BheB hARE gt 'éﬁﬁ*'gﬂi"‘b‘ﬁf‘ﬂ{s"*fﬁm%%hé?he
pol i shThg uni f or Migh Yoy e@éo;ﬂsﬁ%'g%léiﬁro?%énmﬂowafpaﬁshua@%rhamo%wmwf

planarity achieved in nore localized areas (i.e., across individual die).

This trade-of f regbredmratée thdir efforts at develgping aanmndwﬂne!spdhshhgepamepne that
relied on very soft pads or on extremely hard ones pads general |

r le; u g ? |tn ggoss u 2 5 canr:]ahlq pf ponforring tpnhmsfaczqr?l slnmltt@lr:ﬂihe'qbwtg"?ﬂolaamﬁwgd
ity, bu uni is situation, a two-layer pa

Iﬁas beenyatterrp?eécroﬁtilg W”%&Wégfiﬁé UfBc%t a hard, stiff ma%/erl gl

(in contact with the %ﬁf%ste%ﬁ&{ gﬁ isr’ ﬁfé@%?@ﬁl anag%ﬁf%etwﬁ&?meeﬁﬂ]éﬂt@

| ayer underneath. The e SO sorb nost of
I ong range waf er bﬁifsﬁﬁnw%%hﬁéasméd Abidss the walfet!| dn@mb G6gt6 'of plananityi athievedy

a noderate distance (e. di e spaci ng or Iess) Unfortunately, these
prior art schenesirsmodre lomlimd)alam (i.h.eapmlsssmdlwgugledlﬂor'ﬁuhtrsdwﬂtfaﬂﬁ%thﬁ

counts. First of all, while the uppe [ nded to,20 ., be stiff
cannot be mad#0t ofast thaipast ﬁPP“’aGgg%FW%%mW 'ﬁr ?‘f°%é’?’ya%°ﬂaﬂﬁqsrﬂrl°é‘>8’ﬁwé“°|y

rigid surface, n

totally elimnat eg‘ ﬁﬂgg sﬁgtpt?%%ga"%l:%'y%g‘?{ %ﬂ%&m@i%& ! Bﬁﬁamy.
desi'gh. O coursey i&’ﬁar&&@db‘iﬁéddc%sﬁodd‘ﬂanﬂ fB@tpddrmbtmw accor di ng to
conventional nethods. Real'izing a pad having h good uniformty and
planarity has been 25 'Toriniprevesthiscsituationca MiayeSpadmsjbﬁemnbmptﬂde Tiupdype
pad is generally optim zed for stiffness, such hardness i nde BJ %ifrom

t he standpoint of quﬁéﬁmaqew ofhaigh 51‘ M%r&'ﬁmogkﬁ%gm
oo oo B erebrbAE 9 el SoBRERIR R uirpaft e émeaww il 04
' . soft pad absorb most of the long range wafer hexght vanations while the hard
pad resisted bending over a moderate distance (e.g., a die spacing or less).
Unfortunately, these prior art schemes still compromise the polishing
- performance on two main counts. First of all, while the upper pad is intended to
20 be stiff, it cannot be made to be too stiff, otherwise it will act as an inﬂekible. rigid
| surface, and any benefit from the underlying soft pad would be totélly
% o eliminated. ‘Thus, the upper pad must conform or bend in such a design. Of
course, this provides less than perféet planarity according to conventional
methods. Realizing a pad having both good uniformity and planarity has been
25  problematic in the past. -
| Secondly, while the upper pad is generally optimized for sfiffness, such
hardness is undesirable from the standpoint of transpomng the water-based
polishing medium (i.e., slurry). When slurry transport Is compromised, the result
is poor polishing uniformity and polishing grades.' Henbe. what is needed is an

30 improved polishing pad which overcomes the above-described shortcomings.
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30 inproved polishing pad which overcones the above-described

shortcom ngs. 2 SUMWMARY OF THE | NVENTI ON An i nproved conposite polishing
pad for use in nechanlcal planarlzatlon processes, wherein the surface of a
del ectric | aygtaehfk ubstrate is abrasively snoothed, i s
descri bed. TS ¥t ed ‘conposi t e pol i shing pad

conpri ses a fi7st g o?éd e+ﬁ.§a¢.fe isﬁidﬁad"’ior‘i}se ih édraadl (0 2~

pol i shi ng 't abl e. | rst a ‘cushioni ayer to the (-

subsequent owdarizatiouh provesses) wisgreincthe Sutfabe. baxteoieleome laydrfernfachvérca”
| ayer. This second |layer acts as-a support layer and is covered by a third

| ayer of mat sificon subsisateris abrasively- smootispdt m@oﬁbed Fhastrychraotthert . Thi s
third | ay i ses,the rfac i.nst- which the wafer makes
cont act dgi‘l #&ﬁ%@?ﬁ'ﬁt@"%@g Bﬁ%s 82' lilgyerof elasticanatenial ¢ he
second | ayer t.0 ale _ C from
one anot her i\o\?‘iﬁclﬁ%?glto% "ﬁ g#g’é‘a sggrétn%}?e H‘é?@t?%%’é@ﬁb ra\%y%?t s
resiliency age gwssiibsequierf Sveryinglayd. Aaseédhe S0 fayer msverstahé Blagtié Ty%iled by
the first layer in the vertical direction. The physical isolation of each
section conbiThisisecsnd laper aols as asupportilayérank is sbvbwgid:y athinklagenofl create
sort of a bedspring effect, which enables the pad to conformto

| ongi t udi nal "eatgrat | Diesthirdlayer is aptimized for siurry trgnspert Zhisithisd layeRt at i on,

the rigi second | e [r t

separ at ego bt MW%%% Sﬁ&ﬂée Fé&ﬁpgéa@%a‘wﬁfgﬁ ﬁig)ﬂsbeﬁg“%%i‘g;? idé'"ﬁa ﬂ‘% hi ng
process by c g‘;}gcggyrry across the surface. The tile patten may vary
for dlfferent enbo i'ments.: The key feature is that each segnent includes

i ndependent suspensione paie ,r(emuoqiimodenbeoeoondslayer ishdegmerted injoent s)
which permts the segrrent to nove up.or ‘down .in‘a 25 vertical direction,
supported by indiidygt secliossphysieglly iSPbledafoQ't one aag&er inrthe Iateral al  di nensi on

of the S_e_gnerr}itmensighefeeach e\éngeen eeé secrllon reYalns ﬁs sﬁﬁeanrc%eaoross l)(g]w% whlle

15 atthe same trme. it is oushioned by the. frst layer in- the vertlcai direction. The

physical isolation of each sectlon combined with the cushioning of the first layer
of matenai create sort of a 'bedspnng eifect Wh|0h enables the pad to conform
to longitudinal gradatnons across the: wafer _ _
Ina preierred impiementatlon the rigid second layer pad sections

20 resemble an array of tiles separated by channei regicns “These channel
regions. improve the poltshing prooess by channeiilng slurry across the surface.
The tile pattern. may vary tor dliierent embod ments.. “The: key feature is that each: o/
segment includes an mdependent suspenston means (mdependent of its

| neighboring segments) which permlts the segment to move up ordown ina

25 vertical direction, supported by the soft cushioning. first eiastic layer. The lateral
dimension of the segment is preiera_biy determn_ne,q._bg t__h_e- distance for which
good Iooeii,zed p!_a:ne__tri_ty\ is regqi_red. Whe;j.ppt_ishihg;_a semiconductor
substrate, this dime_nsi_on- is gene__r_eily- determined based on the physical size of

the integrated circoit being planarized. .



gbod |l ocalized planarity is required. Wen polishing a senm conductor
substrate, this dinension is generally deternmined based on the physical
size of the integrated circuit being planarized. 3 BRI EF DESCRI PTI ON OF
THE DRAW NGS The _pt LRYEeoL] (S | S Ly way of exanple and not
limtation in th e io i o v ' ¥t hgs, in which like
references indicate shitblsibséitiniintion idMistthies By way bidkample idhdanot limitation
cross-.Sectional view o pri.or art polishing pad. '"Eigure 2 is a
cross-Séctional i thi fijuresef ties accomparsying drakings, ingwhieh likeeferences intigatee 3
is a graph illustrati ngi the tradeoff between planarity and uniformty for a
convent i onal pol isinilarelpmentsriagdrwhereins a cross-sectional view of the
currently preferred enbodi mrent of the conposite pad of the present
invention. 15°Figure 5 is a cross-sectional view of an alternative

embodi ment of the pregqgind §Y£R!drgee.sEllBtiaf viow & & phiopaitigtiisting!pee.

conposi t'e ‘pad shown In Figure 4. lgure 7 is a top view of an
alternative enbodi nent of the present invention which utilizes a triangular
segnented pattern. Flgure 8 is a top view of an alternative enbodi ment of
the present 25 inventFigure2iisg croassagional viewetanathenpriarean polishing pad- j s

a cross-sectional view of the present invention illustrating the concept of
i ndependent suspensi on of the segnented tiles. 4
10 : Figure 3 is a graph illustrating the tradeoff between planarity and
- uniformity for a conventional polishing pad.
Figure 4 is a cross-sectional view of the currently preferred
embodiment of the composite pad of the present invention. -
15 | '
Figure 5 is a cross-sectional view of an alternativé embodiment of the
_present.-invention.
Figure 6 is a top view of the composite pad shown in Figure 4.
20 '
- Figure 7 is a top view of an alternative embodiment of the present
N~ - invention which utilizes a triangular segmented pattern. -

Figure 8 is a top view of an alternative embodiment of the present

25 invention using a hexagonal segmented pattern.

Figure 9 is a cross-sectional view of the present invention illustrating

the concept of independent suspension of the segmented tiles.



DETAI LED DESCRI PTI ON An i nproved conposite polishing pad for a

sem conduct or planarization process is disclosed. In the follow ng
description, nunerous specific details are set forth such as specific
materi al types thlckness - gn ies, etc., in order 5 to provide a
t hor ough under. ' 2t ion. It Wi l | be obvi ous, however,

killed th
pract i ce the Bresirﬁ"‘té@%%?%ﬁﬁﬁ?ﬁfﬁﬁétéﬂ'.%éﬁéﬁé és%ei%n%&ﬁ%@%ﬂeﬁ@
mat eri al . pr opgrbéss isNScIPse: It folwWing dBSDIIBAL nMBFOUEpREie Yetails are
partlcular detai |- in order to avoid unnecessarily obscuring the present

i nvention. 10 set forth siféh as spécificcmateriabtypeg) thickhessés; peoinstries| ets!, imbadera
cross-sectional view of a:prior art soft polishing pad 11. Pad 11 is shown

attached t & tHe mwﬁa@elhefoumgunsieﬁtan@ns m@thtwven an. itwdll be gbvieus, so

oPl < e cs oo ar ABRfin 8P Bl FAhBSE bR BREE nesd Ref B Lokl

as is the casé‘c’d'fﬁ 8hg'©
15 1 s charact Siraghies gf%&nwmbnatn Bfiied dsz@ttve;s?wemggn fg-'uwu‘??g"t ed by

dashed line 1 nore | ocallze udes

numer ous st ep rhaieyial propertigs, and processingr steps havé hohbeery describedrin paeticuldres e
variations 14 result fromthe normal fabrication Sequence of an integrated
circuit on wafdstail in ordgpie aveid unpeeessasiyebscuringdhe presentinyestiont ri c | ayer

o obboon, o KA Ferefinckilp FigB Y, 8RB USRI K prsiedeoiiiharRlan 57 o
di sturbing t heprkd?@f §&Pﬁ$¥s§tﬁ%§§@1gr %ﬁcﬁ)fh sﬁ&ﬁhﬁﬁéb@ﬂo@ﬁeﬁ%ﬁf of rigid

polishing the 'surface shoul onformto the longlt wavi n

of the wafer gsolishingetable t8l Thediguredlsol dnprét@ailﬁeorpmm whbée Upper
convent i onal soft pad 11 iss that it lacks sufficient 25 gidity such that

it renders thesystacedsipresseddatessoftpashti, ﬁ'-"n@ftbﬁtﬂ%ﬁtdmﬂgtﬂfﬂg'&ﬁ' prlishing

f Il to th atJ 3 | d. polishi
et 1 0 ency. aRsion 8IS bR 46 B pranplead il o G o Fadiion
to achi evg) US‘PFHC Yis ihdi6s urﬁl Gastﬁﬁelfnes t.pad 11 (e.g., typically a Rodel

. SUBA 4 pa y succee rn°rounding the edges of - protru5| ons 14 w t hout
adequately 30 .pl 2Dar gmanpr; hioré_:_'

tewmgmahys includes numerous step
herght vanatrons or protrusions 14 along tts surtace Theso ‘variations 14"
result from the normal fabncatlon sequence of an integrated circuit on wafer 15.
Typically, protrusrons 14 compnse a dielectric layer such as silicon dioxide. As
20 discussed prevrously, the goal of the planarizatmn process is to abrasively
remove protrusions 14 wnthout dlsturbmg the long-range surface gradatlon in
other words after polrshmg the surface, wafer 15 should ‘conform to the A
. longitudinal wavrness of the wafer as represented by dashed line 13.
- The probtem with the eonventional soft pad 11 ts that it lacks sufficient
25 rigidity such that it renders the polishing process hlghly tnefﬁctent Although
pad 11 conforms well to the long range gradatron 13, its localized polishing
inefficiency makos.t_he complete removal ot_ protr__usions- 14 very difficult to
achieve. - Usua'l'tyﬂ.;fth.ef singlé layer -sott_ pad 11 (eg, -typié'ally a Rodel SUBA 4
pad) only suocséds in rounding the edges of. protrthlons. 14 without adequately

30 planarizing the surface topography.



5° Figure 2 shows anot her prlor art approach I n whlch a relatively hard
pad (e.g., such as a Rodel 1C-60 pad).is attached to support table 10.
Wil e har d pad 12 is quite effective in renoving the protrusions 14 which

it comes in contact vm#,@"elé Shdwd Enéﬂfgi H%ﬂaﬁ) %Eéf‘d%ﬁ ih WHidH| ﬁ@ﬁ»ﬁ@* Hhﬂ?gé&’

the long range 5 surface wavl ness hat portions
15 will_end up beeng, suninheaRodepIC-60pad) iscatiahed 16'sapporptdbid eol. Wilie!tard

ot her ;pdrtions will be under. .polished. (Note that the dinmensions indicated
in Figlife 2 are tﬂﬁﬂ t2ifs qwiﬁaq fective lprfgmmieg the protrgisns t4 whichoit cpmesdn onl v.
Obvi ously, actual ns 0 et.c. over a trenendous
range. Therefore, qﬂ ﬁfgi&géd'ﬁgwyﬁ'ga '%’FRJUICG“&[’G%"}%WHR dangsange

o ey, TGk Sy G LA g,

the relatively hftfdi'n asélylaonsheal Gﬂé@r?ovéf\yﬁoi@héd“%vrﬁﬁféthﬁﬁﬁorﬁbﬁé’m% Uhger

good uniformty of pO|IShI ng across the wafer, planarity 15 suffers.

t he ot her hand, tpolished.d (Nets thabtheddimeasioas Iinducatpﬂaimﬁgdqueﬁrettipicdost of
poor uniformty. | n addition, because of its hard upper surface, pad 12 is
hydr ophobi ¢ - - né&‘ﬁ?ﬂﬁ"‘f‘ﬁﬂm(@eq ?‘M’WYQ)R\"M%%P&&@I@PWWQ!Y agwalng as a

slurry transport m _ sectional vie

currently prefer r@ggﬁﬁbgﬁ%ﬁ:t'%go&c th@ @8%@%&"{'?“88838? %%W%’tgﬁemme
i nvention. The PafindbersipiNiBed SREUIANOPBS td

conbi nat i on of whi ch al 'gws optim zatFon O‘J}%a nun!,g.ﬁ oh’lW 3[&%9
pol i shi ng paranetpresentliheedtiongt | ayer, |ayer 20, corrprl ses a reI atively
sofke/el astic material_attached to the upper surface of support table 10.

Preferably, |ayer 20 Figurechiligstrates gsaphically dhe teadernftinvalvad bebwedrothen softober
T ot Sl bR e g Rl bR e 85 ey 2 B uhon
embodi ment - | ayer pg greddes Vafy good uniformity of polishing across the wafer, planarity
| 15 suffers. On the other hand, the hard pad provides excellent planarity at the cost
‘of poor uniformity. In addition, because of its hard upper surface, pad 12 is
hydrophobic -- meaning that it is poor from the standpoint of acting as a slurry
transport mechanism. .
- Figure 4 is a cross-sectional view of the currently preferred embodiment
20  of the composite pad of the present invention. The pad of Figure 4 comprises
three distinct layers, the combination of which allows optimization of a number
N of independent polishing parameters. .
The first layer, layer 20, comprises a relatively soft, elastic material
atlached to the upper surface of support table 10. Preferably, layer 20
25 comprises a silicone sponge rubber.or foan.\, rubber having a thickness on the
order of one millimeter. Next, a layer 22 of rigid material covers the top of
layer 20. In the currently preferred embodiment layer 22 comprises a
composite fiberglass epoxy material which Is well known for its extreme rigidity
and hardness. In the currently preferred embodiment, the thickness of layer 22
30 is on the order of one millimeter thick.



conmposi te fibergl ass epoxy material which I's well known for Its extreme
rigidity and hardness. In the currently preferred embodi ment, the thickness
of layer 22 30 is on the order of one mllimeter thick. 6 The third or

upper nost | ayer of..the | nvented conpgsite polishing pad conprises a
spongy, -por ous -mai'tzéﬁ '&'%fi'wq’dﬂeﬁqi%%ﬁéh%FWPP%E‘P'FP%‘-F"Q pylishing padkr 23
IS I n contactaedM : rLace. rizald ol ocessing, it
needs to bo campTisel spendyt DO mdleialWhich 4y aRng dsL bty s ?%Q
reason 5  belayed23 keinc@mtactavith the ﬂﬁ@t@ﬂ&@b%ﬂn@f _lémfiaﬁ' rééesb?t ajySC
desirable to make | ayer 23 highly flexible so as 'c?_be abl e Lpo con grmto
t he | ocal i zedheedsdadecapable of transposting sfumy acioss the water; hence, therédson
currently pref r,&iggenbodjnfn_t , layer 23 conprises-a pad naterial _
manuf act uPed BRNING IS OReMGRIl BT PoroWS Natre-of iayar 280 1t israles desirble ta make

t hi ckness of - b SalJd ol 10 .0of 0.1 to 2.Q mJlinmeters thick.
Q her “enbodi n%%??ré@h ynﬁ@g{% %{l&gé%_ggieﬂgf(?ﬂ@'%ﬁosﬁpg izeflyi i ce in

Fi gure 4 t hatinbéneftiities of i sificorP Bistirate® SEHER! B .a top view
of the corrpos'?te pad'ecr o@'ﬁ'ﬁ%’?on;o;% gur ejﬂiﬁ?@@éﬁlp@%@g@@n of the
second and t remblodimentslayers28 comprisesia padr materiahmahufachired By Rodél knowh
tiles 25 sepgrated by channels 26. The tiles 25 in Figure 6 appear as

- squares, spacthoiahe SPHRA-$0Qm Ryeterably: thethicknegsy ofdayer3 isiin the rangeat t er n
d | @Rt hisd | take a vari
ot *For s 10y GG 118 2.6 Mifimeldie, (R CinBY BribBuinienE 174 sMplost Mifkngsteimos « o

pad in which s@mathrOrahgbes 25 appear triangular in shape. "Figure 8 shows
yet 20 anot her possibility In which the conposite pad of the present
invention is fornmNoticetin Eigpre:4 dhatt layert 22camiig8 appehngegmientedt: Biguiesar at €d
by channel s 26. Qbvious|y,: a nultitude of different tile shapes and
patterns are SOV dlep viewofdhesompysite pad crassasactionof Figure wi tThien t he spirit
S oo oPe Pt SebEndH SR br 1hB'658bh na Thira 583 78St e YSTmation of & piuraliy.
- 15 of tiles 25 separated by channels 26. The tiles 25 in Figure 6 appear as

squares; spéced-‘ e_'quid_is’taint'--fréni one another. In practice, the tile pattern

created by segmentation of the second and third layers may take a variety of

forms. By way of example, Figure 7 illustrates a top Vi'ew of 'a'eomp')osit'e pad in

which segmented tiles 25 appear triangular in shape. Figure 8 s_ﬁow_s yet

20  another possibility in which the composite pad of the present invention is
formed into a -plu'réiity ‘of hexagonal-shaped tiles 25 separat'ed by channels 26.
_Obviously, a multitude of di'ffe're'nl- tj’l‘_e shapes and'pattérns are possible -- each A
being considered to bai-. well within i_he spirit and 'scoﬁe_ of the present invention.
The reason for patterning layers 23 and 22 into tiles 25 is that
- 25 segmentation pﬁys_iéally-isolaiés individual tiles 25 from one another. That is,

vertical (i.e., _up/déwn) fnov'e_-n'ient'of a given tile is not imparted or transferred to

-any of its n'e_ighbo_r_ihg tiles. Any downward pressure on an i'ndividbal‘ tile is

absorbed by the qnd_erlyinQ elastic fayer 20 and is not coupled to any adjacent

tiles.. So, in effect, each tile segment is independently suspended on table 10.

30  This aspect of the present invention is further illustrated in the cross-sectional
drawing of Figure 9.



25 segnentation physicall y | sol ates | ndi vidual tiles 25 fromone another.
That is,.vertical (i.e., up/down) -novéenent-“of ~a given tile is not iinparted
or transferred to any of its neighboring tiles. Any downward pressure on an

individual tile I's absqbed by the ypder]ying elastic layer 20 and is not
coupl ed o any " ad acent @irp &sho = e 25bhaitb SubActefte X Bowanerd forcs F°
| ndependent | | f

nvention 15 fur s Rapep SEMEReenty il nelcebsTiffer 2, vl BoRniaiflaron s

9. 7 TFigure 9 yhRefbed by the SRl PSioR of Uaje? eirectly Belowing26B! ctLédy%rcza;F-
Because of the resiliency ‘and hardness of layer 2Z, this dowward force Is
absorbed by the sibecauseot toporous inajure, also eompyessessontawhat,Zithough dbisiis A6t
because of its porous nature, also conpresses sonmewhat, although this is

not 5 shown efpl istonnexplicitly jn Figuse 9).00wete the physigal naturepfilgyer 20, angd the
20, and the segnentation between t b ngdi.vi | Liles. 25 anky a nealiglble
amount of the dowRBAMPRARRbERReh e Inivitial tias 25, 51l & Heslaile Amish of g,
to its neighborin ' . i % r ﬁrﬁﬁ’s ! L 6k t\a: :

| ayer 20,  toget he?’ovrv\*dt tﬁéﬁggggg%%éo (&)‘g‘% ﬁ%ﬁne} E ég%?r uné’%ﬁ%g#gﬁé@gg&mg
for independent|y tites2Sanor 28c. 1 otherwordss)ahe eldsticity?6f laydri 20, adgether with ¢ise 25
to nove up and down to conformto the | ong-range contour of the wafer

during polishing. presencetolchaagels 6 dundioprs a means for indepepdertynsuspending

substrat e wni 18 sondaiel Py T aldRelieside 1 mdus g andondh ot 1 e
i ated that \ i

FUnct ron 11 concergd SrgeOfife Waa R RARG. THUETHE Sobmerel .

serving a differegompositepad of e przent invehtidreigaable fh corffortx 10 thenlotigitudihaler ,

I's optimzed for slurry transport; mddle |layer 22 provides good o
short - range pl anargragationscpfiosilicon subsirate while |stlhachievingdocalized planarization.t he

| ong-range vaviness of e b LhaeRian el 2o SFir apéts n e presSiy irvbrted
~ : 15 pad function in concert to produce the desired: polishing result -- each: layer
serving a different purpose. The upper-most layer 23, as explained earlier, is
optimized for slurry transport; middle layer 22 provides good short-range
. planarity; and bol_lom layer 20 allows the pad to conform to the long-range
waviness of the substrate, thereby achieving a high level of uniformity of
20 polishing across the wafer.
Segmentation of the layers may be produced by a variety of methods. In
N~ S the preferred embodiinent. layers 20, 22 and 23 are placed over table 10 in
that order. Then, the upper two layers are subjected to saw blade cutting. In
this manufacturing approach, the width of channels 26 is determined by the
25  width of the saw blade. Other methods, such as chemical etching, are also
possible. Cumently, channels 26 are on the order of one millimeter wide with
tiles 25 being approximately 2 cm2. The lateral dimension of tiles 25 is
‘optimally selected to correspond approximately to the width of an individual die
on wafer 15. In practice it has been determined that good localized planarity is
- 30 | achieved when the width of the tiles roughly corresponds o the width of the
individual. die.



Segnentation of the layers nmay be produced by a variety of nethods. In the
preferred enbodi nent, |ayers 20, 22 and 23 are placed over table 10 In that
order. Then, the upper two |ayers are subjected to saw bl ade cutting. In,

thi s manufacturing approach, the width of channels 26 is determnmned by the
25 width of the SAfvagdiignal kenefit ofthersegmentad-pad of thePresant invedionds are
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tiles 25 is o&td%,m huegghgcg{;gﬁcap c}ﬂnhGWQQr@Wﬂﬁ%i‘ﬂﬁﬁhﬁi?r&%ﬁ@?ﬁ%@t h of

an indivi dual e on water '15. In practice it”has been defer d that good
| ocal i zed pl atherdistyibutiorB6f slarpiaround thiscwatehhevety hinydroving the pelishingighl v
corresponds to the width of the individual die. 8 An additional benefit

of the sednenpesformanceioftheppdesent Invention is that spaces 26 between
tiles 25 al so provide a_neans for effjcient channeling of sl|luyrry_ about the
surface. Channel i r@gg{é}: gﬁ@)’"ﬁ:%?@’ﬁﬁ‘ﬁ%?“‘bpémqrﬁ of B(P(—??"&" H’Q’eﬁpgﬁri buti on
of slurry ar t:ha wat ar.. 1hy ey QWi JICk dd1E, A nmance
of the pad UGN RGBS fifer SndCidena it 28 B A% teRcivBly ds MegpS
i nvention whi %JQCLWSEQ'!’SF'@?Q.MWwPI&dcéymiﬁidaﬁl’tﬂéﬁ séparatéd B?_Ct ively,
as descri bed above. Layer 22 is segnented to produce individual tiles
separated by spemesorehanhelsi2f. sCeverirgpthis segmented layarris @& eehtinapas sheet
conti nuous sheet 10 of nmmterial 23." Just as before, layer 23 conprises a
mat eri al Ut i of pateriah 23; Justaspefase I§Y€Fr?§i?°%ﬁ$'%m§f@¥4'£ﬂﬂm@@n&5npri ses
arigid mater) _ 14 & layvel. 20 conpr | . SpoNgy, i Lic mterial. The
principl e of %%é%paqng&Fh? %@&&ﬂg‘;’ﬁ%@r‘%@%@g %@P?ﬁ#@&%@am as,
that of Figurgyér 26‘%0%&%59:‘@%%9){"{ efistic fhaterihli 1 € sections-.are designed to
pReRs 8 Spong :

15 nove verticCally -- "1 ndpen romone another -- by nmeans of .spaces 29
and the underlyi ngThepyineiplei of aperation foxlthe pag of Figure s, ischyasicdlly the same

as that of Figure 4.  In other words, indiviqu_al-til'e'fsections' --afé? designed to

15  move vertically - independent from one another -- by means of spaces 29 and
" the uhderlyihg..hi"[;xr.esﬁble material comprised-of layer20. _

' Nqiei'that' slight coupling _b'etWéqn adjac_ent-.tiles:':"tﬁéyiﬁ take place in this
‘embodiment due to fﬁe--'@nti-nuéus nature of léy‘e.r 23 -Héjv'v{elvet,- it should be
understood that fayer 23 is intentionally made highly fre_xabl'_é;-;anupreferabty is

20 manufactured as thin as p'ossible (e.g., less than O;S'mllli_'r_ﬁ_éiérsf tﬁiek)';3 The
primary advamagéi"bﬁ”ered_ by the embodiment of Figmé-’-ﬁ is éddéd‘ 'durability_. - .
~ Because t_hé polisﬁing;pmce__s's-. is inherently -abrasi\)_é-’. ‘iﬁe‘ré ?méyﬁe ._a tendency A |
" for Individualtiles o tear off or become dam'ag_éﬂ- in the ‘émbédiﬁiént of
Figure 4. The pad of Figure 5 overcomes this_pbs_slbilit"y by. _p'r'esenting a
25  continuous, soft, upper layer for contact with the silicon substrate surface.
Whereas the .pfesent invention has been de_scﬁbe_dﬁ' in conjunction with
- specific embodi'méni.jtypes.- itisto 'be_understocd_._thét-th'e pa'nicular
embodiments shown and described by way of illustration afei in-no way
intended 1o be. considered limiiing_. Reference td the detalls of the preferred
30 embodiment is-:ridt_ézintend_ed to limit the scope of the claims which themselves
recite only those features regarded as essential to the invention.
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Note that slight coupling between adjacent tiles may také prace Tn this

enbodi ment due to the continuous nature of |ayer 23. Howey, j
understood that layer 23 is intentionally nmade highly fl exﬁ“]"”[lﬂﬂﬂﬂ‘l@ mﬁl
preferably is 20 manufactured as thin as possible (e.g., less thans0. % =
mllineters thick). The prinary advantage offered*by the enbodi ment of
Figure 5 is added durability. Because the polishing process Is inherently
abrasif\\&g, t here maybe a tendency for indigg | tiles to tear off or becone
damaged in the enbodi nent of Figure 4. T of Figure 5 overcones this
possi bility by presemnti ngiraa ptocessifor planaszing tie surtanecof 4 sgmicohductoont act
with the silicon substrate surface. Wereas the present |Invention has been
descri bed in cogibsteate ailizing ansgpparatus whigh inclidas a support table coveregawith a
understood that the.parti,cul ar enpodi nents .shown .and descr.i bed by of
11T ustrati on PRISHBades eans 0B oRlnd caid Sadiwit an abrasive Smrerdfence
to the details | ‘ | | ' i N e
scope of the cl Q{eﬁ-};‘gaﬁfﬁ&pﬁ’rﬁéﬁegf ﬁ@ﬁ%ﬁﬁf?ﬁ? ﬁf)gsaela%gﬁg géﬁ%e%g?éd@ghgs

essential to thefsdidetbsate Rlative@bAaidtable restfts in planadzationsf salidsaiacd, &h
the surface of a sem conductor substrate utilizing an apparatus which
i ncl udes a suppisaproved polisbingrpad epmprigings| i shi ng pad, a neans for coating

said pad with an abrasjve sl urr and a ., s,.far forgi / pressing said
substrate agai nst saf "?}36! L@f?‘éﬂﬁmﬁ@\'f‘gﬁ%{)ﬂc"ﬁa tgéﬁ[ﬂﬁ@ggtrate relative to
said table results i bl le 00 ' Fa‘% : [ oved polishing
pad conprising: a fi ?5@@@?5@5’3@%@?@% er !r{é‘gcsgaﬁ gé%é%rb said table: a
second |ayer of rigig thid RiyeRbf AR&AIN6r Farispoftingséaid 8URTy, saidithirddayeryer of
material for transporting sSaid slurry, said third | ayer covering said
second | ayer ancoverirignspid secand layeriandanakingicontaat with \saidhgubsifale duting said

' process: | - | S
said second layer 'being segmented intol individual seclions'physically
isolated from one another in the lateral dimension, e_aach‘ section cushioned

by said first layer in the vertical _dirq:,_c_i::_i.pn.' |

2. The improvement of claim 1 wherein said third layer is also
segmented in alignment with said sections of said second léyer. thereby
creating a plurality of passages which channel said slurry.

' 3.  The improvement of claim 1 or 2 wherein: said surface of said

subsirate comprises a'die'!'e_c'tri'c layer 'char.act‘erized' by localized height

variations.

4.  The imprbvement of _élaim 3 wherein said first layer comprises
foam rubber. |

5. The improvement of claim 4 wherein said first layer is about one

- ‘millimeter thick.
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sai d second |ayer being segnented into individual sectauuu!tumuuﬁuu H“L

I solated fromone another in the lateral di rrenS| on ned
by said first Iayer in the vertical direction. 2. The i nmprovenent of .
claim1l whereins |rcjl se n alignment with said
sections of said con&th?‘?F W@ﬁ@gﬁa@ﬂé’a\%‘?&'&syﬂmn JaYSr CRIPESeS
whi ch channel ?ﬁé'g‘%g &{?XY The inprovenent of claim1l or 2 whereif, -
said surface ® Tat e conprises a diel ectric layer characteringgd
by | ocalized height variations. 4. The inprovenent of claim3 wherein
said first |ayer .conprises foamrubber.:5... The inprovenent of claimé4
wherei n said first7.] aygheiimpaivementof claimn|§ wherein saidcdecond layeris abant L

M S * 6. The_i nprovenent of claim 3 wherein said second |ayer

conpri ses a fQﬂ?e'F‘ﬂ‘“ES!?’é‘ﬂE&y 7. The i nprovenent of claim6 wherein said
second | ayer. i s about one mllineter thick. 8. The inprovenents of claim
- 3 wherein said third | ayer corrprises a porous material optimized for slurry

transport. 9. The | MHHEYR n?ef“tgb?bmrﬁ Q’Wﬁ érdir\s&a 'third lybfl?&ﬁ?iﬁéaé

between 0.1 and 2.0 nillimeflers e i nprovenen arm

wherein said meaagme:wmpﬁmeu(bmmwrampom llimeter wide. 11. The
i nprovenent of claim3 wherein said individual ‘sections have a width

approxi mat el y nmat ched to sai d | ocal | zed he| ght varl ations of said

dielectric | ayer. 9. The lmprovement of cla:m 8 wherem said third layer is between

0.1 and 2.0 mllllmeters thick.

10. The iﬁibrdvett_iem of claim 3 wherein said pasééges are

approximately one millimeter wide.

. 11.  The improvement of claim 3 wherein said individual sections have
a width approximately matched to said localized height variations of said

dielectric layer.

12. 'T_hé' improvement of claim 11 wherein said indivi_d'ual' sections are

between 0.5 and 4.0 centimeters wide.

13, ln'é-prbéeés for pla’naﬁ’z‘ing Ibéaiiiéd' héight variations across the
surface of a semiconducior substrate, said subéi_ratéf also having longitudinal
gradations in héight across Said'surface. éaid' proceSs uiilizing an apparatus
which includes a support table covered with a pollshing pad, a means for
coating said pas such that movement of sa|d substrate relatwe to said table
planarizes said localized height variations, an improved pohshlng pad
compnsing |

a first layer of compressible matenal attached to said table,
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12. The inprovenent of claim 11l wherei-n sai.d indivi dual jm '

between 0.5 and 4.0 centineters wide. 13. .'I'n a process f Emm,mml””"l

| ocal i zed hei ght variations across the surfacé of a seni conduét ot

substrate. said substrate al so havi ng | ongi tudi nal gradations in height
across said surface, saiWraﬁtpm&segmbhleﬂztileschnagpaiddtrstslaytri. efch ot saiddilesa
support table covered with a polishing nmeans for coating said pas .
such tfiat -noveneneomprising @ ugid intermediate) |§Y?’\R¥ rpajedaliattachey to ﬁ'&ﬂ‘ﬁ?‘l E!%" sai d

| ocal i Y8d hei ght var| at i.ons roved polishin [ t
| ayer of conpr ess ?"H? c&t'? d’PPﬁg%m%%agﬁgé%@m"ﬁa?s@yﬁé@
* a plurality of Hakﬁé f said
tiles conprising a rigl %i nter dlﬁg}lé;d%esr%?%gué%’[agfigl atta hed s‘tgo sai d
first layer covered byeactsof égig tildscheing nfechanically isokated fromfome ancihemiartheng

said slurry, said surface |ayer making contact with said substrate during
sai d process; eaclateral dimension ard pushIgneﬁébhaaIdcfusu layerdathe varticabdimansion

h h I I d
Vert]cal | di monsi ofuch it A Pty OSSRk 5 BBfoet flatiutde i igbelted Rglaht
I d |
Foﬁgﬂ Lé?nZ?l ar agsahons ‘P sal %ﬁ&é%dsq% ?%ﬁfxﬁﬂ%rﬁf@ﬁﬁ%ﬁ? b%?"%tleéi m 12

wherein said tiles are physically separated from one another in said

| ateral di mension. 15. The inprovenent of claim 12 wherein said tiles are
spaced equi di stance frd# onEheimprovemient ebéldin 42 svheireitiisaichtiles are physicallye

I mprovenent of claim 13 wherein said |ocalized hejight variations conprise a

patterned di el ect Spparaigdirompna-aneihesin ¢aid iateral dimansion ¢ substrate. 17.
The fprovenent of claim 16 wher ein said first layer of material Is,

15. The improvement of claim 12 wherein said tiles are spaced

equidistance from one another in said latera! dimension.

16.  The improvement of claim 13 wherein said localized height
variations comprise a patterned dielectric layer formed on said surface of said

substrate.

17. The improvement of claim 16 wherein said first layer of material is

formed to a thickness of about one millimeter.

18. The improvement of claim 17 wherein said first layer of material

comprises foam rubber.

19. The improvement of claim 17 wherein said second layer of

rhaterial is formed to a thickness of about one millimeter.

'20. The improvement of claim 19 wherein said second layer

comprises a fiberglass epoxy.
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.fornmed to a thickness of about one mllineter. 18. ' of
claim17 wherein said first layer of nmateri al corrp“mmmlmimﬁmml 19.
The inmprovenent of claim 17 wherein said second | ayer of waterisal =.s forned
to a thickness of about one mllineter. 20. The inprovenent of claim19
wher ei n sai d secor®!.| aJbhe imprgwenserd of claimetwhemincgaid gurface layetrof C L M
S* 21. The inprovenent of claim19 wherein said surface |ayer of matetj-al
is forned to ‘Batedativieaned to  icknesgdn the tange ot 9. Land &0 milifeterss. 22. { jrhe
i nprovenent of claim21 wherein said surface |ayer of material is optimzed
for transport of said slurry. 23. The inprovenent of claim22 wherein said
tiles have a wi dt n i lof @B ' , ' hZed hei ght
vari ations. 24. :Enaga ?)?g(!e g@%‘ﬁ&glogﬁga;@?ndgh%@a |ig§g“ﬂced|%ﬁta+ egri ations
of a di el ect rmateriayisroptimizefor trahisort of $aidsiufy. 2 semi conduct or substrate,
said substrate al so exhibiting |ongitudinal gradations in height across
said surface and wherein said process utilizes an apparatus which includes

a support table cquereqg w.th a polishi pad,. a peans . for, coatipg said pad
wi th ‘an abrasive %\aurr 3?35W8-'%’%“§?F&?myﬁe§’§?rﬁ!j‘ %aéﬁ?éf{%dl?é’ﬁraaW@ﬁEQ&i' nst
said pad suc ] I DS . b WG said table

pl anari zes S;{Pér&%&n@;ﬁﬁ?ﬂ%&Hééﬁfgﬂrhcﬁﬁgg-gﬁwrﬁ{ﬁaﬁegrﬁgdhg%hef%bépgved pol i shi ng pad
conprising: a first |layer of conpressible material attached to said table;
a plurality of segnented tiles covering said first |ayer, each of said
tiles conprising ®4i ginia processnod planarizingdocalizedheight wariationsaf@l t o sai d
first layer; a surface layer, K of spon material optimzed for transport of
sai d slurry, diglegtriglayesd W%@E?-t@?@'ﬁ.-%@ﬁﬁ“@ﬂﬁ%ﬁhﬂ‘%ﬂ%&%nt act wWgh

said substr ats%bstrate also exh’ibi-t_ing- tongitud_inal‘ gradations in height across said surface.

and wherein said p_r!gc_:eis_s utilizes an 'ap_paratUs which includes a supbért table -
covered with a_p_oli_s,h‘ing p?ad.-a-m_ea_r_-t,s for ooatin'g .said"pad"v'ii.tﬁ.'éﬁ abrasive _
slurry, and a méans for pressmg said substrate against said pad such that
movement of said _subj_sirat___e'f_el'ative to said fable planarizes said localiz-_éd
height and variations, an improved polishing pad'comprising:

a first layer of compressible material attached to said table;

a plurality of segmented tiles covering said first layer, each of said"ti_les
comprising a rigid, intermediate layer of ﬁxatefriali attached to said first layer;

a surface layer of spongy .rﬁatérial' optimized for transport of said slurry,
said surface layer ¢6vering said tiles and making contact with said substrate
during said process; . - . -

said tiles being m'echa-hica_lly isolaite_d_ from one another in the lateral
dimension and cushioned by said first layer in the vertical dimension such that
said tiles act in concert {o planarize said localized height variations while

conforming to said bngitudinal gradations.

25. Theimprovement of claim 24 wherein said surface layer is
segmented in alignment with said tiles, thereby creating a plurality of slots

which channel said slurry.
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during said process; said tiles being nmechanically isolated from one ‘
another In the lateral dinension and cushioned by said fmy"IMMiqu"'m,ml
vertical dinension such that said tiles act - in concert t i [

| ocal i zed height variations while conforming to said |ongi udi n&l s
gradations. 25. The inprovenent ‘of claim?24 wherein said surface |ayer Is
segnented in alignment with said tiles, thereby creating a plurality of '

sl ot s{ whi ch channel said slurry. 13 26. The inprovenent of claim24 or
25 wh¥rein said tiles Layer are separated from one another equidistant in

said | ateral di meRg8 on.Thgimproyemenphebclaim 24 o 2% whereinsaidtilesilayerare f i r st
| ayer of material .is, approximtely 1..0. mll.inet thick. 28. The

i mpr ovenent §?p%rlaé?‘inf@f'? fRean h%%?@'aﬁf%@ iﬁr‘?"iﬁ?&ﬁ%ﬂ?ﬁéw‘l. 0
mllinmeters thick. 29. The inprovenent of claim28 wherein said surface

| ayer has a thickness in the range of 0.1 to 2.0 mllineters thick. 30.

The. | mor overent ool airfeAR et @b AU F6wnbAIFEgRAEY 5Pl AfbAditbeT

and sai d second | ayer conpri‘ses ergl ass epoxy.
approximately 1.0 millimeters thick.

28. The improvement of claim 27 wherein said tiles are approximately

1.0 millimeters thick.

U
29. The improvement of claim 28 wherein said surface layer has a
thickness in the range of 0.1 to 2.0 millimeters thick.
30. The improvement of claim 29 wherein said first layer comprises
foam rubber and said second layer comprises a fiberglass epoxy.
‘l\../'
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