; e3e{h6x{errsupu wewlr6xM Z CHEM CAL- MECHANI CAL POLI SHER HARDWARE DESI GN
Background of Invention 1) Field of the Invention The present invention
relates to a polishing apparatus, and nore particularly to a substrate
pol i shing apparatus for polishing a wafer or substrate in the process of
fabricating a sem conductor integrated circuit. 2) Description of the Prior

art In convent | epgheARllEakaNReAR" boRl sRRR ARROGNEL bRdEw the wafer is

secured and spins on hori zont orientatio pressi ng agai nst a CWP
polish pad to achieve a gl obal planarization. Due to the total thickness
variation (TTV) of the wafer, the contour of the incom ng wafer can be
concave, convex, taper or of any other irregular pattern. As a result of
this wafer the total thiclBrREIRR¥IAPONMTIFWIoRubsequent fil m deposition
will follow this contour, hence resulting in non-uniformfilmthickness

af t erllchariield ofectninvenpoionh (CWP). This problemcan arise due to the
conventional top ring design, whereby a constant down force is applied to
the entire wafer Caespmgskatalinredtiwaherelatpageo Hepod,ishling results in
very poor material renoval uniformty. |A~9AAlDbN Equi prrent manuf act ur es

are tappduhtes SOV hdts pht Ldh foF 1% tiyo p4 obhiest Byt & nds DOsIEi g nore
advanced and conplex top rings with variabl e backsi de pressure on different

zones; of 5 £, yaf OF - ﬂﬂsﬂﬂ?éea NERSE €S ag@b§9§£té‘n9n heye bigttsd or

ef fectiveness. Cbnventlona polishers also suffer fromnon uniformslurry

dlstrf%%gL%%be ééﬁfcéﬂ 5g?% %%vgg ? gg?g?%gr center as conpared to

t he his resurts § on the edges. The

i or a e of, overco n varlous
P é) escription o Ehe rior Art

In conventional chemical-mechanical polish (CMP)
tools, the wafer is secured and spins on a horizental
orientation while pressing against a CMP polish pad to achieve a
global planarization. Due to the total thickness wvariation
(TTV) of the wafer, the contour of the incoming wafer can be
concave, convex, taper or of any other irregular pattern. As a
result of this wafer the total thickness variation (TTV),
subsequent film deposition will follow this contour, hence
resulting in non-uniform film thickness after chemical-
mechanical polish (CMP). This problem can arise due to ?he
conventional top ring design, whereby a constant down force is
applied to the entire wafer causing localized wafer warpage.

Hence, this results in very poor material removal uniformity.
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deficiencies noted above is evidenced by the extensive technol ogi cal

devel opnent directed to the subject, as docunented by the rel evant patent
and technical literature. The closest and apparently nore rel evant

t echni cal devel opments in the patent literature can be gl eaned by
considering: US 5 542 874( Chi kaki), US 5,928, 062(M ller et al.), US 6, 183,

345B1 ( Kamono et entUﬁaﬁuf%Q%ur‘éQSQ}e( @fgz YS s@l%%%%géB%East er
et al.), US 6, 159 Appe et , US 6,273 glgwbore)

6, 241 58 V%lte shom1 (. de ese ollsher
desi GHE TR (100 r% rov%g)dlgg e R

obj ect, of the present nventlon to provide a hi n ap aratu |ch

pr ovide¥ S Upe 1'rI?o‘fa”iﬂ i AP O AR LIS ¢ e%l%r%’g rgEe ‘grh ?Jfrs waf er
surfaces. It is an object of an enbodi ment of the present invention to

pr ovivtRE &F pdtt S HiRRS APTRA SRS WHIE e VAR S €32 % pbtFhEed pol i shing surface

t hat does not use a polish pad. It is an object of an enbodi nent of the

pr eseatiféatvienties t c-@ros teora papd Ehimer aipphsat sist fkdir chromsnanvertical ly
oriented polish head, the polish head smaller in area than the substrate or

waf eryn sk hel oty net s ol hshi hreadheont bess ¢ hersurfaceel ovbeepothehed and
does not use a polish pad. To acconplish the above objectives, the present

i nvenjd oy FOYE esa @ Rohp SPEAG APPRE alalise f Odd@banarh zé ngey@f essiand fil ms
over wafers. In a preferred enbodi nent, the wafer polishing apparatus

corrprﬂt(%? rapgpiéﬁh#ggege@g @ﬁé{l %%% pol i shing surface which is adjacent to

con g a surface over ate during the polishing of the wafer;
t he pol i shing surggfe

1mpJ¥%%nce of overcoming the various
deficiencies noted above is evidenced by the extensive
technological development directed to the subject, as documented
by the relevant patent and technical literature. The closest
and apparently more relevant technical developments in the
patent literature can be gleaned by considering: US
5,542,874 (Chikaki), US 5,928,062 (Miller et al.), US
6,183,345B1 (Kamomo et al.), US 6,203,408B1 (Quek), US
6,234,868B1 (Easter et al.), US 6,159,083 (Appel et al.), US
6,273, 796B1 (Moore), and US 6,241,585B1 (White) that show CMP
polisher designs.

However, these polisher designs can be further

improved.



polishing head is smaller than the substrate surface; and the polishing
surface.is conprised of a polyner. No polish pad is 3 used. Preferably,
t he polishing surface has an about vertical orientation. A preferred
enbodi ment of a wafer polishing apparatus conprises the followi ng: a wafer
chuck for holding a wafer wwth a surface to be polished thereof being
directed vertically; a first drive neans for rotating the wafer chuck; a
pol i shing head having a polishing surface which is adjacent to the wafer

during the polishing of the wafer; the pqlishing surface of the polishing
head is smaller than the SUfface SFIFﬁg %&W@PFlgnpolishing sol ution supply

means for supplying a polishing solution through the paolishing head to the
waf er hel d by thel%aﬂéraEhGPQ?%§ PébFﬁ@o@é@ﬁﬁ@%né§ﬁ§nﬁépnré& SVASy

movi ng the polishing head on the surface to be polished; and a pressing
nmeans? fRPL bRy PR #ea pet i Wi oy paev hdes nstrar harf eplaepdi pytioe waf er
chuck by way of the polishing head. In another aspect of "‘the invention, the
pol i shings hehdrégislan snebabet weednchraed d5LOr ofut hecssr f ace area of the
wafer. In another aspect of the invention, the apparatus includes a dianond

di sk condi tioni ng1deviscen Addickitond a@bjeatics iRt tadvanthrges «ferithe
invention will be set forth in the description that follows, and in part 24

will peyobyioystd remthge desssipih Py Q5pABYtBS hEaERedoRYr fsesPhactice of
the invention. The objects and advan?ages of the invention may be realized

on LRGeS, B, 3R o LESLE WORgL ohiLhoaopnoUbbonLLATsagart cul Y

It is an object of an embodiment of the present
invention to provide a polishing apparatus which has a
vertically oriented polish head, the polish head smaller in area
than the substrate or wafer, and the polymer polish head
contacts the surface to be polished and does not use a polish
pad.

To accomplish the above objectives, the present
invention provides a polishing apparatus for planarizing wafers
and films over wafers.

In a preferred embodiment, the wafer polishing
apparatus comprises: a polishing head having a polishing surface
which is adjacent to or contacting a surface over a substrate
during the polishing of the wafer; the polishing surface of the

polishing head is smaller than the substrate surface; and the

polishing surface is comprised of a polymer. No polish pad is



5 Brief Description of the Drawi ngs The features and advantages of a
pol i shing apparatus according to the present invention and further details
of a process of fabricating a sem conductor device in accordance with the
present invention will be nore clearly understood fromthe follow ng
description taken in conjunction wth the acconpanying draw ngs in which

l'i ke goler epeer opapt ¢ Stl@é%@ﬂﬁél@iﬁ%%ﬁﬁfa@é KRS T £8PIRGLAGy EL E1BAL S,
regions and portions and in which: Figure 1 is a front elevational view of

a pre f{éﬁg @f@gginent of the wafer polishing apparatus of the present

i nvention. %lgure 2 is a front elevational view of a preferred enbodi nent
of the polish surface dressing setup of the wafer polishing apparatus of
the present invention. Figure 3 is a cross sectional view of the polisher
head of a preferred enbodi nent of the wafer polishing apparatus of the
present invention?® Brgfes8d $rRodigestsdt itonatfan &R ldisdidgdaxis 4/4 in
figure 3 of the polisher head of a preferred enbodi nent of the wafer

pol i stpper appar adwsrbfes heher ésbhowinventi vafeFi gunek5fps hotdbsg secti onal
view along axis 5/5 in figure 4 of the polisher head of a preferred
enbodivatat withhe watéacpotoshengoapphedt tsepéofhbepngsentettgénti on. 6
Detail ed Description of the Preferred Enbodi nents Preferred enbodi nents of

the presentalDyensi enrwtl irbeedesshkbedri Bodetahl whehwheker engexs oat he
acconpanyi ng drawi ngs. The present invention provides an apparatus for

chem ca{ 1 BREHGMhERE PRV SHENE HEMPERGAgOBlBehSaNHiPhel 8T 8 ¥CERE to

pl anarizing filnms over wafeéers.
the wafer during the polishing of the wafer; the polishing
surface of the polishing head is smaller than the surface of the
wafer; a polishing solution supply means for supplying a
polishing solution through the polishing head to the wafer held
by the wafer chuck; a reciprocating means for reciprocally
moving the polishing head on the surface to be polished; and a
pressing means for pressing the polishing pad against a wafer
held by the wafer chuck by way of the polishing head.

In another aspect of the invention, the polishing
head has an area between 5 and 15 % of the surface area of the
wafer.

In another aspect of the invention, the apparatus
includes a diamond disk conditioning device.

Additional objects and advantages of the invention

will be set forth in the description that follows, and in part

24 will be obvicus from the description, or may be learned by
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As shown in FIG 1, a preferred enbodi nent of the invention is a wafer
pol i shing apparatus. FIG 1 shows a wafer chuck 14 for holding a wafer or
sem conductor structure 22. The apparatus preferably about vertically
orientates the wafer with a surface to be polished and the polishing
surface 32 of the polish head 30. The surface of the wafer can be conprised
of ”?.tr Heal S Useqd Heh 1$8WEGARFUCT ofh JTRIHH AGLUT M0 .2 SHGHTE Afe S & Ganguct or
materials, silicon, insulating materials, dielectric materials, and
conductive .materials. f.er, c i ncl . f.all kinds used in
seni &Wﬁﬁgctlﬁn S\Payelbeectr\r/e%r%‘lelczseafr%ﬁlu é)ckiu%ﬁr?%w? dqrgeg%sgoorf%ri se filnms over the
substrate or wafer. Substrate.can conprise any material. used | :

sen ORI G 1 & é‘qso%altc]aqqpsor?%%l ALl r%OloI%/uCZercgt%dgc substrate.
A vacuum neans 12 is preferably used to apply a 24 vacuumto hol d the wafer
in tHFéenamnendafticlad®facuum device 7 with can draw_ a vacuum The vacuum
can pass through passageways in the spindle 10 through the wafer chuck. The
waf er chuck 14 can be rotated by a first drive nmeans 11. The first drive
means can be a rotation notor 15 connected to the spindle 10. The wafer
chuck 14 is preferably rotated at a speed between 50 and 2000 revol utions
per mnute ( rpm . The wafer chuck can have a nenbrane 18 contacting the
waf er 22. The nmenbrane is preferably conprised of soft polyner. The
menbrane 18 preferably contacts with the wafer during polishing. Polish
head The polish head 30 has a polishing surface 32 which is adjacent to or
contacting the wafer 32 during the polishing of the wafer. The polish head
is hard and small ‘and will not bend. This.results in better CVMP renoval
uniformty. In



contrast, a conventional polishing pad will deform or bend during polishing
t hereby causing the renoval uniformty to be poor. A key feature of the
invention is that the polishing surface 32 of the polishing head 30 is
smal l er than the surface of the wafer 22. The polishing head 30 preferably
has an area 8 between 10 and 20 o and nore preferably 5 and 15 0 of the
area of the total SurBaCeftpeberpetishedt othé herawi®gs22. Anot her key
feature of the enbodinent is that the polish head and polish surface 32 are

pr ef erabl y about It iecalet ri . pald sh r:f-aG
e reBet L Y HEE@%S %gl§3§§%i§%gigﬁ%é§gﬁéﬁ?ixﬂish

inclined relative to the horizontal by an “ang

head can . abou ertj in FILG, 1. t er nat el angl e 33 can be
oy VTR TR Re iR BT SO I A s ufun e B8 LT B0E
horizontal. Preferably the angle 33 is between about 75 and 90 degrees and
Tor e PREFEISETS ek nEwh B89 a9 HeBTEELoT THEY HoF | Lhi AGCStRfAEe MoCh
orientated at an angle to the vertical between about 0 and 15 degrees and
nore ‘PrefRFabeyt bt verhliabouild BAdordegtedsly varderarecdf f¥ae pbei sh head
The polishing head 30 is preferably conprised of polyurethane or other

pol ynEvllédwkey désderipnienbediveeninhcsnguhotioenyitndtbensentmpanyiyP head
is that the invention does not use a polish pad. The enbodi nent's pol yner

head podwshes ithewnaterlskef aseerdhecpolinshing HeadgrQtesspnefgrabky one
pi ece. The polish head conprised of pol yurethane or other polyner can be

?ﬁgdgg?fgbﬁ?ggggﬁgiageﬁsﬁgspa9e9§oﬁglgﬁdaﬁgrﬁﬁénghgﬂaehnawﬁieﬁ$sage ways in

Figure 1 is a front elevational view of a preferred
embodiment of the wafer polishing apparatus of the present
invention.

Figure 2 is a front elevational view of a preferred
embodiment of the polish surface dressing setup of the wafer
polishing apparatus of the present invention.

Figure 3 is a cross sectional view of the polisher
head of a preferred embodiment of the wafer polishing apparatus
of the present invention.

Figure 4 is a cross sectional view along axis 4/4:
in figure 3 of the polisher head of a preferred embodiment of
the wafer polishing apparatus of the present invention.

Figure 5 is a cross sectional view along axis 5/5'
in figure 4 of the polisher head of a preferred embodiment of

the wafer polishing apparatus of the present invention.



FIG 4 shows an end view of the bottom or polishing surface side of the
polish head. As shown in FIG 4, the polishing surface 32 of the polish
head preferably has grooves 36 to allow the polishing solution to flow
across the polishing surface and the wafer. The grooves preferably have a
depth between 5 and 10 nmand a width between 2 and 6 nm As shown in FIG
4, the polish head preferably has a square shaped polishing surface 32. The
squar e shaped polishing surface 32 had an overall Ilength and width 31 of
bet ween 2 a”doéga?{ri JhSeQéf?'r n%@'@ﬁagfcéﬂehg¥8f89¥e8tﬁ oai‘x%gﬁﬁssu‘:h as
circular, ellip |ca?, rectangurar, "etc. The grooves preferably forma
cross pattern as shown in figure 4. FIG 5 shows a cross sectional view
across axis 5/5 in FIG 4. polishing solution supply device Referring back
to FIG 1, the apparatus further_ conprises a polishing solution supply
neans 34 for supplRaeferE 9sblamiradigesiutd orFehmsigfentthel P Sifimg'helad 30
to the wafer 22 held by the wafer chuck. The polish solution supply neans
can beeadgstunibed ieséevail wohhecre&drbypcehéinnghs aocthpapassdges 35 in the
polish head and a punp to cause the solution to flow. The amount of slurry
t hat passitfsoughheashessdtviduahtpassagevibeeaanbeppadaviiduabky control | ed
to ensure the proper slurry distribution across the polish head and wafer.
The W@ﬁ@ﬁi&@laﬁ@éhéﬂica@“ﬁo@i%ﬁﬁﬂg'QMﬁPiQB)SbBEEEtESaHHSbEEEHEQQ;9Ven|Y_
across the wafer surface adjacent to the polish head. Reciprocating Device

The pglishi a t S S i procating nmeans 38 for reciprocally
nnvingéthg gg?igﬁ?ﬁ ﬁggﬁg3§Y§% ? géggrface to be polished 23. A

reci procating armgand.notor. c onprise the reciprqcating Jreans ,38 as is
conventional in tt‘%\“es asrhto.wnThlerl ?Erekc(?c’p%ca% ipn%e%ervﬁecde H?Decféelrma ty o(?rpovtehse t he

olish head.in linear. notion fromtop to bottom.or bottomto top of the
P anention ?s a wafer po?isging apparatus. FIG. 9 shows a wafer

chuck 14 for holding a wafer or semiconductor structure 22. The
apparatus preferably about vertically orientates the wafer with
a surface to be polished and the polishing surface 32 of the
polish head 30. The surface of the wafer can be comprised of
materials used in semiconductor manufacturing, such as
semiconductor materials, silicon, insulating materials,
dielectric materials, and conductive materials. Wafer can
include substrates of all kinds used in semiconductor or
electronics manufacturing and can comprise films over the
substrate or wafer. Substrate can comprise any material used in
semiconductor or electronics fabrication and any films over the
substrate.

A vacuum means 12 is preferably used to aley a

24 vacuum to hold the wafer in the wafer chuck. A vacuum device
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waf er. The reciprocating device brings the polish head over the entire
surface. of the wafer. The polishing apparatus al so can have an opti onal
second drive neans 45 for rotating the polishing head 30. The opti onal
second drive neans 46 can be conprised of a rotation notor connected to the
polish head 30. The second drive device can be used to control the CW

r enovig] + 1 at &n aAfa eAOY AL LRI T eRET LY culhessh nlgapevr;ﬁeowﬁ Begsﬁgwgys
appar at us al so has a pressing neans 42 for pressing thé polishing pad 30

agar L @hge; [n&fehfbd §¥ QE %ﬁge&aEQHCEh& by way of the polishing head

e press ng neans nprise an-air Cylrnder or other devi ce to

supply 23 pressur ot IS ad 30 as is conyv ntron he art.

The pressure is i%&ﬁ f%'ﬁp 1"B'lﬁ:n‘trlolli 1587y Boh & dAesst % iVt e and
uniformty. Operation In operation, the wafer 22 mnth the surface 23 to be
poI|s%%@nﬁr¥ECtEﬂeaBbH?tvﬁF%Véamﬁ9n?scﬁpxﬁﬂ gorehatharemnceAtickS14, and the
wafer chuck 14 is rotated at a speed of about 50 and 2000 rpm At the sane
ti me, coheestadrtestheessiupgleedCt oThpevapperchuckaté of phefaubbly22 at a
rate of between about 20 and 200 m/min. The polishing head 30 is

pr ef erabkyedobtr ot apedd Hhewpehi §hi agdh2ado3bevvslapionsapky mohated at a
speed of between about 40 and 1500 rpm and the polishing surface 32 is
pressegp@pai nst the upper surface of the wafer 23 under a pressure of

bet ween about 100 and 1000 g/cm . Sinultaneously, the polishing head 30 is

reciprocally nmoVedaChoss & Ng, P&Sars WAACE %%nﬁfrat ol r Srﬁa?cé ol ish

t he mafer 22. The stroke of reciprocal novenent of e po ng head 30 is
Pr of CLAR. M B88U oL MBS AE BB 102 Lol U CBLELS LR 23 o Slgcabl v, the
polymer. The membrane 18 preferably contacts with the wafer

during polishing.

Polish head

The polish head 30 has a polishing surface 32 which
is adjacent to or contacting the wafer 32 during the polishing
of the wafer. The polish head is hard and small and will not
bend. This results in better CMP removal uniformity. In
contrast, a conventional polishing pad will deform or bend
during polishing thereby causing the removal uniformity to be-
poor.

A key feature of the invention is that the polishing
surface 32 of the polishing head 30 is smaller than the surface

of the wafer 22. The polishing head 30 preferably has an area



ranging from50 to 2000 rpm the polishing surface 23 is preferably rotated
at a speed ranging fromO to 2000 rpm and the polish head | oad exerts a
pressure in the range of about 100 to 1000 g/cm. LJ 12 The inventors
have found that there is an unexpected increase in CMP polisher performance
Wi th the conbination of at |least two features of the invention: 1) polyner

pol i she ipadh (fesign aHdz NPLROohLSE pt%gferéﬁﬁ 2} pPRLYIEr 3 pobEshnbeadegbout
10% of area of wafer. In addltlon he i nventors have found that there is an

th th

Conbi et on The Lug 6T Brene 3 5fl§%@é?852?$?2a ?%%?%%?Qf?oﬁ‘of the
fer. Th nmbi nat th th t ted

i nor ease ?ncéwp'ﬂ%dé§Wﬁt;maf S AT dng Y de iy e

i ndi vidual | y. oI|sh head condltloner set u ure 2 show t he polish head
condiR? bHeR BetS upia THeL FeREF bRCS ﬁ%v%Feng§ﬁ%FaBBY|%POHEad 5

conditioned as shown in FIG 2. Here a vertical orientation is preferred
becauserbldadehrosiontpbedsh Byeppodush Fyripun &ffcamrbaglaehénefloni ng.

The polish surface 32 of the polish head is pressed against a di anond di sk
124 thatatsvhetd blye ahdrskohbhteby120. aAgtet aBi oRonpénampls, i sheonnected to
a spindle 110 that rotates 11l the dianond disk 124. The polish head is

pressgell agiai Reid t ben dbekad@dt byc ot pegsshBgsBANSiA4RIsuUCh. as a cylinder or
ot her conventional nethods. Preferably the polish surface and di anond 13

di sk ﬁfEé?ﬁgtgﬁye gﬁgfgoyg Vgﬁtﬁgaanyrbgﬂﬁgtiggsaggagr80° and greater

than about 1 degree relative to horizontal. Preferably the angle
33 is between about 75 and 920 degrees and more preferably
between 88 and 90 degrees. The polishing surface is orientated
at an angle to the vertical between about 0 and 15 degrees and
more preferably between about 0 and 2 degrees.
Materials of the polish head

The polishing head 30 is preferably comprised of
polyurethane or other polymer. A key difference between this
embodiment and conventional CMP head is that the invention does
not use a polish pad. The embodiment's polymer head pclishes fﬂe
wafer surface.

The polishing head 30 is preferably one piece. The
polish head comprised of polyurethane or other polymer can be
molded. The polishing head can be solid and has channel and

passage ways in the solid piece.



preferably between 0 and 2 degree fromvertical. The dianond di sk

condi tiens the polyner polish head by roughening the surface. Wen the
groqves in the polish head are too shallow, the polish head is replaced.
Pol ish head conditioning is required to prevent renoval non-uniformty by
mai nt ai ni ng the surface roughness. It al so opens up surface pores on the

contact area of thegold ghdweadn ERES®iRY @F RINRY Rt ot ot ifs@lifdg N
hol ding the slurry abrasive particles and aid slurry transport to the wafer

sur fage, £ fdyant eéfoélbé?_ﬁoi{'é’ﬁnﬁ%g& Tz@pé}iﬁ‘é{ te%ﬁ’.“FPé.s at Eli?f”t the

fol | om ng advant ages. e 1nvention's polrs i s especially effective
when the, wafer TTV.(tot t hi ckness, variation) is |large and can inprove
post KB TTHE (RERNESs bt T ofbF 551 Loh por FSnPROTaERP FE G 1 SBEoKRRn off by
centrifugal force., Hence no scratching due to debris as well as no

cont an? ns® | h! P¥stie’. PO rHivnvehit bral toVPL P8I fSROpadtRe BPHHFRAREd. The
i nvention uses a polish head conprised of a solid block (can be hard or

sof t)swiface andl theomeber. si e guooves mrefherdhvenheve’ 8 gePt_h head is
much smal l er that the wafer, the contact area between the polishing head as

wel | lastweaen waf endi $0 kept asdah | widbh sbe edeees2t hedt énpet at ure gradi ent of
the polish head throughout the CVMP process. This is useful for the

i mpl enent ati on of psheH®APamMtruEe end PRl Mo IGHH Mlad Igr «addiddign haas 4 he
polishing head is only about 10~ of the wafer area, pad bending problemis

el impatede DhdBclingol DYRDLEOBLSROLI 55, heade dogsa PRt shabakiepot hsnaGer can
spin at very high speed to achi eve better planarity. Thi's nmakes the polish

rate §&£9§§et§§ MQ&'Sn“@%SEafﬂri@ﬁ&tﬂ”éﬁd”ﬂi&?ﬂ”&l of between 2 and 5

cm. The polish head can have any other shapes such as circular,
elliptical, rectangular, etc. The grooves 36 preferably form a
cross pattern as shown in figure 4. FIG. 5 shows a cross

sectional view across axis 5/5' in FIG. 4.

polishing solution supply device

Referring back to FIG. 1, the apparatus further
comprises a polishing solution supply means 34 for supplying a
polishing solution through the polishing head 30 to the wafer 22
held by the wafer chuck. The polish solution supply means can
be a solution reservoir connected by channels to the passages 35
in the polish head and a pump to cause the solution to flow.
The amount of slurry that pass through each individual passage
35 can be individually controlled to ensure the proper‘slurry

L3 distribution across the polish head and wafer. The wafer rotates

10



The invention's polish head (no pad) and grooves provide uniformslurry
distribution. across the polish head and wafer. C The invention's polish
head consumes | ess slurry because the slurry is delivered through the
pol i sh head and only the contact area needs to be flush with slurry. As the
invention's head is smaller than the wafer dianeter, the contact area i's

S”a||an&bQC€h§+ _¥e£|8 §iﬁ?995193819€r589988de§é99yfhE?BEEyt

i nvention's poli ces | ocal i zed warpage. In conventlonaP pollshers

Iocallzggrm%%fgggggggégg gﬁ Eﬁg@?%3£§$ ?ﬁpheg to the whole wafer. Wafer

war page rs e rncomng wafer is large. 15 C
The invention's vertical mafer/polish head surface orientation allows the

pol i sher t ool 8 rm$ foot print, especially for 300nm
t echnol ogy. Unl §§“¥?ﬁ?ﬂ99' ﬁwgﬁated ot herwi se, each nunerical value and

range should be interpreted as being approximate as if the word "about" or
"approxi mat el y" prigceged idieinmlapparatenge.sAllsry & heedimgurastiarge not to
scale. Wiile the invention has been particularly shown and described with

ref erpagest 88t herpretepredaenbotbireAtsthBepe0i shihgwhkbkdbgousderstood by
those skilled in the art that various changes in formand details may be

made W thout Qsp@étpagléhealébe SR'&bElﬁBQc§EQH§ atmt Beql R¥eRtiean It is
intended to cover various nodifications and sim|lar arrangenents and

procegg%5§ s@”ghéh?eEE?PSCgEpr m@BH@”ggdagl?5”505085@&85%%5283kﬂebe

accor € broadest 1Tnter atiron so asS to enconpass a
nDdlflc tlﬁgs and. si arr.an

d d , i | ai med
S PRruSbBrr B Ao B A raP et EarpRY ohrgEs Ehe' Bolishthead € &1

in a linear motion from top to bottom or bottom to top of the
wafer. The reciprocating device brings the polish head over the
entire surface of the wafer.

The polishing apparatus also can have an optiocnal
second drive means 46 for rotating the palishing head 30. The
opticnal second drive means 46 can be comprised of a rotation
motor connected to the polish head 30. The second drive device
can be used to control the CMP removal rate and removal

uniformity.

Pressing Device

The polishing apparatus also has a pressing means
42 for pressing the polishing pad 30 against a wafer 22 held by
the wafer chuck 14 by way of the polishing head 30. The pressing
means 42 can comprise an air cylinder or other device to supply

23 pressure to the polish head 30 as is conventional in the art.
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a polishing head having a polishing surface which is adjacent to or
contacting a substrate with a surface to be polished; said polishing
surface of said polishing head is smaller than said surface of said
substrate; and said polishing surface is conprised of a polyner. 2. The
substrate polishing apparatus of claim1 wherein said polishing surface has
an abgsd eILdcAl ool aatian: S dher sybelaal eapObishing apParghysa el
claim1l mhereln sald polishing surface Is orientated at an angle to the
vertl %FE%§ degrees. 4. The substrate polishing apparatus of
cIa|n1 mhereln sal i shing head has passage ways through which
pol i shing sol ution floms to grooves in said polishing surface and flows to
sai d substrate. o5, The substrate polishing apparatus of claim1 wherein
sai d polishing ﬂ @pconprlsed of polyurethane. 6. The substrate
pol i shing apparatus of claim1 wherein said polishing head is one piece;

sai d polishing sulfhacpehras ignoovées twafald @8 sditdh The solfiasts B dal dtd on to
fl ow across said polish surface and said substrate; said grooves have a
dept bkt seen &isact:dd amvandver widihl bei weenx@d iy atbe bwater 7chilbe
substrate polishing apparatus of claim1 wherein said polish head has a

squareg shaped: ol i $PbPdcSHE L aCL; 1§afgt§€lé'&r§tSé‘a@]SQeH%ESQbBQtSQDf§ﬁ§ had a

| engt h and wi dth of between 2 and cm said polishing head is one piece
wher p S g f r S g solution
fo t1aw erant e e %?ﬁa£%£%§$u%%m@i Lo soves

h d h b 8. ,Th
Subst TRREE L%Wﬁ%?%égspm?avagew% & e 1 e, BF noEErgen” 185 B e

200 ml/min. The polishing head 30 is preferably not rotated.

The polishing head 30 is optionally rotated at a speed of
between about 40 and 1500 rpm, and the polishing surface 32 1is
pressed against the upper surface of the wafer 23 under a
pressure of between about 100 and 1000 g/cm”. Simultaneously,
the polishing head 30 is reciprocally moved across the upper
surface 23 of the wafer 22 to polish the wafer 22. The stroke of
reciprocal movement of the polishing head 30 is preferably about
the same as the radius of the wafer 22.

Preferably, the wafer chuck 14 is rotated at a speed
ranging from 50 to 2000 rpm, the polishing surface 23 is
preferably rotated at a speed ranging from 0 to 2000 rpm, and
the polish head load exerts a pressure in the range of about 100

to 1000 g/cm”.
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pol i shing head 30 having an area between 5 and 15 . of the area of said
surface of said substrate. 9. A substrate polishing apparatus conprising: a
pol i shing head having a polishing surface which is adjacent to or
contacting a substrate with a surface to be polished during the polishing
of said substrate; 18 said polishing surface of said polishing head is

snmal | er than sai drsir fiagenebrsahd veulFsiuhat eha%aitthepel iishiang usekbace ctas
grooves to allow Said polishing solution to fl ow across said polish

sur f : i | i [ j [ e
pol yﬁlﬁg%%i%eé:i JIé)rgti %ﬁ%o |ls I ng s%?fg@ﬁigggaﬁ{%kggﬁ?@vgﬁﬂ?%g E%%I?e%% a%tl: on. 10.

The substrate pelishing apparatus_of, cl ai rein sajd | ishing surface
o o) G bt 6P BE- AR ang) ST e nevR Rl The RERTY afa ey e

eto e vertical degrees. 11. The
substrate, polishing apparatus of claim?9 erein sajd polishing head has
SaosalE TER. IR b TR (RS0l AT DET | BALVTET Ga b SRpSt T eb0u5 Tk
substrate polishing apparatus of claim9 wherein said grooves have a depth
bet weeh &remdofiow éndl%.@ﬁ@%hl%@th%leV%®HOGSnﬁ@vgngo@%ﬂdt@@boves form a
cross pattern. 13. The substrate polishing apparatus of claim9 wherein
sai d podrshidean éasn agsepiaee shapeecpedi shengasear fac@P spo Hi sigear e shaped
polishing surface had a I ength and width of between 2 and 5 cm said
pol i shé o heatcs Swotle Siod | oih £t i SAi thgr owyesldfent HayBo e depd hapet ween 5

and 10 nmand a width between 2 and 6 nm said grooves forma cross
patt eflrt 1da1 THE1 SHPSE L 8h €0 POLAShhABe APPATRE USoRb i kA 8L BN SoWhEREER said

three elements provides an unexpected increase in CMP uniformity

greater than using these three items individually.

polish head conditioner set up

Figure 2 show the polish head conditioner set up.
The invention's novel polymer polish head is conditioned as
shown in FIG. 2. Here a vertical orientation is preferred
because all debris or polish by-product is spun off during
conditioning.

The polish surface 32 of the polish head is pressed
against a diamond disk 124 that is held by a disk holder 120.'A
rotation motor 115 is connected to a spindle 110 that rotates
111 the diamond disk 124. The polish head is pressed against the
disk 124 by a pressing means 142 such as a cylinder or other

conventional methods. Preferably the polish surface and diamond

13



pol i shing head 30 has an area between 5 and 15 ~. of the area of said
surface of said substrate. 15. A substrate polishing apparatus conpri sing:
a) a substrate chuck for holding a substrate with a surface to be polished
t hereof being directed about vertically; b) a first drive neans for
rotating said substrate chuck; c) a polishing head having a polishing

sur f aties Wi ehfd Se athRe et o381 Ee SUDSA T ad £i sl d 1ok hen@obtshi ng of said
substrate; said polishing surface of said polishing head is smaller than

sal d susfoe of ol dosyhstinle Saickootshing:syclace comrised of a

pol y ng sol ution supply neans for supplying a polishing

sol ution through §ggdd9%55%%!%gsae%%nhﬁtgg%ss%%%t%%H%m%&l%OQXS%Q%%ad .
substrat e chuck; €) reci procating means for reci‘fprocally noving said
polishin ad on s&éd surface to_be polished; and,f)

h ressing, neans for

br esSThg QUTF BT SR BaFragal nit=A SUpePr et e Retd Bhe sBr it Shbacrat o
chuck by way of said polishing head. . 16. The substrate polishing
appar@@ste? That s Wrerephishikeddl isnraRlaceface is orientated at an
angle to the vertical between 0 and 2 degrees. 17. The substrate polishing
appar at us accor di Fgltishchmiag tOndiitdlenfinat Her rawlives toa praciamh neans for
hol ding said substrate in said substrate chuck. 18. The substrate polishing
appara¢nsvat cosch gl forel ay nv ¢ Smadn chifimd hehei st fides: reagngski shtng head
has an area between 5 and 15 of the area of said surface of said
substiBé®. od&ns The subsicat gopekishi fge apPatatHSan6806€i BPet potiahm 15

head. These pores play an important role in holding the slurry

abrasive particles and aid slurry transport to the wafer

surface.

Advantages of the invention

The invention has at least the following advantages.

[ The invention's polisher is especially effective when the
wafer TTV (total thickness variation) is large and can improve
post CMP film thickness uniformity.

0 Polishing debris will be spun off by centrifugal force. Hence
no scratching due to debris as well as no contamination
issues.

0 The conventional CMP polish pad is eliminated. The invention
uses a polish head comprised of a solid block (can be hard or

soft) with a small contact size.
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whi ch further includes: said polishing solution supply neans conpri ses
passage ways in said polishing head where polishing solution flows to said
substrate. 20. The substrate polishing apparatus according to claim 15
wherein said polishing head is conprised of polyurethane. 21 21. The
substrate polishing apparatus according to claim 15 wherein said polishing
head (i spgneheolindepiteea 'shenaiighs dieddpalsi sliichg saunflace thas gheowegeko al | ow
said polishing sofution to flow across said polish surface and said

substratge %%h%a@rtog\f% B@‘f‘%‘/e%nd%l?xteh p%qtl%%& hald 1@ paandsatyedth

bet ween 2 and mm said polishing head is conprised of pol yurethane. 22.
The subgtrate @0|k' ?J&' %&aﬁgpa‘rﬁtﬁés Rl Ryt e&h %'r%‘t%§ V\'?r% LUt g
i ncl udes: “sai ead has Square shape I7i shi ace;” said

o 25, TGSk E‘éﬁﬁ Beethshencn %pﬁt&ea{%%g?&'%e%?% %“ﬁﬁﬁ&s 51 FES WndFEi n

sai d pollshlng head has a Ien%th/mﬁdth substantially equal to_an interval
of undult8€i A% L6Mephe tdGhsOfatde FAMPPRE LHFSs €Pgk @CPHIt SRINTG Cdppartét us
according to claim15 which further includes a dianond di sk conditioning
devi ce. agslitAcgubgisr &he polliishilmg disear dtsundamabiositng:0%a) fa téugh sterfaire
chuck for holding a substrate with a surface to be polished thereof being
di r ect ed rabkoutpade bendaky priop lemvacuwhimdars efdar hol di ng said substrate in
sai d substrate chuck; 22 c) a first drive nmeans for rotating said

substmaihe ehecknvéhtaopolsl $i1NGhheRE haAeRd nd tPloltaitieN)d thier hage whizeh is .
adj acent to said substrate during the polishing of
spin at very high speed to achieve better planarity. This
makes the polish rate across the whole wafer surface more
uniform.
0 The invention's polish head (no pad) and grooves provide
uniform slurry distribution. across the polish head and wafer.
C The invention's polish head consumes less slurry because the
slurry is delivered through the polish head and only the
contact area needs to be flush with slurry. As the invention's
head is smaller than the wafer diameter, the contact area is
small. Hence slurry flow effects can be reduced significantly.
0 The invention's polisher reduces localized warpage. In
conventional polishers localized warpage caused by downforce
applied to the whole wafer. Wafer warpage is more severe when

the TTV of the incoming wafer is large.
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sai d substrate; said polishing surface of said polishing head is snaller
than said surface of said substrate; said polishing head having an area
between 5 and 15 of the area of said surface of said substrate: said
polishing head is conprised of polyurethane; said polish head has a square
shaped polishing surface; said square shaped polishing surface had a | ength
and Wi dTheofinlvethwdemn'2 aectti call wa)fea /polliishi g asd|sutrifa es wppley tredns f or
supplying a polishing solution through said polishing head to the substrate
hel d by agaiothss st pathe shucCkociaiéd PRhieShi Rehasaladt ifeRd tswlne ,means
conprises passage ways in said polishing head where polishing solution
flows t@csald . gURStat &l & JRGRALRGALI NG means for reciprocally noving
sai d polishing heag on said surface t'0 be polished: and g) a pressing neans
for pressing said polishing pad against a substrate held by said substrate
chuck by way of said polishing head. 23 26. The substrate polishing
apparatus of claim25 wherein said polishing surface is orientated at an
angle to the vert "CaieSSetiddnt G tad SFat&st fede i Seyh & ih e G591 i shi ng
apparatus according to claim25 wherein said polishing head is one solid

pi eceVahies epRdshrAdposiehi Agbsurnheerratedr advesing aPPoaxsmpdepafi 5hi ng
solution to flow across said polish surface and said substrate; said

gr oovese haveda" depth" betneehabpandiddt ahyandpacwedel bbeweehu2 and 6 nm

28. The substrate polishing apparatus according to claim25 wherein said
pol i shangeheRrtsbasha digueterasgbsdantoakbylequal to an interval of
undul ati ons of the substrate.

While the invention has been particularly shown and
described with reference to the preferred embodiments therecf,
it will be understood by those skilled in the art that various
changes in form and details may be made without departing from
the spirit and scope of the invention. It is intended to cover
various modifications and similar arrangements and procedures,
and the scope of the appended claims therefore should be
accorded the broadest interpretation so as to encompass all such

modifications and similar arrangements and procedures.
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29. The substrate polishing apparatus according to claim25 which further
i ncl udes a di anond di sk conditioning device; said dianond di sk conditioning
devi ce has an about vertical orientation within 2 degrees of vertical. 24
ACA AL AL AFSL, . A9, A Al {s.Al".A L. A,. As. Al fe. AY9?. AY&?. Al &R. AF&R. A& AY9
, . AL A9?. AL. A9?. AF(. F 6V9:;
v* bWihiedtx sid d4g iaeedJ] ics<a] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
aJca] ca] ca]ca] ca] ca]cal calca]ca]lcalca]ca]cal ef450R B v
$ r,-9ntxsnid_Z]]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
a] ca]ca]xaesd ead el gl H@g} éf% salsalsatomddisid@h/m . ly_S

ca

K} xsni d_ Z]]ca]ca]ca]ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c

?%c?]fg£gﬁig§}ga£ ]%8? ? %% §:l] gﬁh i gcg]gafca cgfcgfgg gg]ggfcg]ca]ca]ca
| ROJz

}_E?]( bﬁiﬁ%%ﬂzf?% ‘;‘lcaﬁ C ﬁ%cgﬁcrgﬁ:g?%:;ﬁ?c ﬁc %cajj %%H:aﬁ'%ﬁ%%‘? c%cf ca‘T ca] ca] ca] ca]

R L C%ﬁm e Eal e Pl oe S Lishin e tead cis ca) cal ca

lAﬂca]ca ca]ca]ca]ca]ca]ca caJc %ca]ca]ca]ca]ca]ca]ca]ca]ca]ca'##$N$$$$3%V%
Wh & el thegpn' Sald(%@%%%%%ﬁ@ )§3k@ s e Te¢ cade@] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca]ca]cal))*z**
*EF4St~+4+44, O, , - Iadd- p®lKshings/sr/faGeytic) eopyrdsledalodalec #odaieal.cal caV] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca

UV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 0A00001141@L1 1P1112C222222223"333434%Y
444535{ vithgbg b ¢ cad ca] cal calh tad capoatsalcap £at talwaV] wa¢cal cafeadica) cal cal ¢
a]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]calJ555616f6667 70767k777(8d8889] 999
9: W ipRisrzapkiarMdecalgal sl svd el ¢ateateal 6al srtg&aion.
UV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca! <<<O<<<<! =Q===>C>P>| >>>?@??? @ @ @ @\ AAABBB

{val gb] Xhd C@iE@if@i&%&ﬁl SRl £4l sphspbeaicatcal sahcal gabeal saksakca
UV]ca]ca]ca]ca]ca]ca ca]ca]ca]ca]ca]ca]ca]ca'BB|BBBB?CVCCC+Q DDDEEEKEEEEFXF

A Egﬁﬁﬁm Sal Ca CAT o] Cal ol ol oal o] caP Hal 1 99903 SO KBRUKKIK
o) g ?“23 E7bAFCa] cal cal cal cal cal cal cal cal cal cal NOCOCPCPPRP O

RHRRRRS SKkSSSTXTTTTU>U % L&XSHId %% ca] ca] ca ca]calga]ca]ca]ca

] ca] ¢} caPeaFeaFELafEa) ket 3?&%?03% %éE Ea% % }@a}cﬁ 85%&3'@6

VAVUVVVWWVHEWOWNNN XTXZXXXX YEYYYYZNEZPZZZ[ & b %xsnld Z]]g]ca]ca]ca]ca]ca]ca]

ca]ca]CE?éafBéPéaTéaFcﬁ?éaPéﬁfEQFCHFﬁé] 5{@5? aVBaFRaPeal €&} e4] ca] ca] ca] ca]
|

S?{Sez%gé}p@@bnﬂfl¢wa/to grodvvesaaPagaa} Rohii@hXnp] puafeapcapdaféayea] cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca

I bHb| bbbecdefidcedbdcdddde

e_eeee, fkffff, gkggghNh} xsnid_ Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calthh{hbchc|cccd

dcdddde The substrate polishing apparatus of claim 1 wherein said

e _eeee, fkffff, gkggghNh}xsni d_ Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

] ca] ca] 8]LE§}1E?: Cﬁ]aﬁé] ¢al ealngehgéhca]fcgb@?;hgekﬁa}l@a] calca. F i K-F" 109 () -

10%@& () - 10%a& 0%@&' ()

109 () - 109%4& () 6V9VIK L$! 109’ () - 3 9 10%&&’ () -

;Bloli//l(@ioc(y é?;s/‘@;s(:):a%gcy@l@sh)(gigcy@pg):a§§é0%@‘c@al}ﬁ Bi Kn3hEQUGE (- 0" 109 (

10@@& (Loﬁlg%§§g(%ea§ }g%@%e(£ Q@gdevaBlz#lO%i& ()-y@ouwa& ()-10%r& ()- 10

10'f7210%& 5F" 109 dE W8I | 1090 &' | F! 10907 & 1090 &' | :110%
18 U oo 11 Skl QIR B Gk damgarcs o Ailod %305 0
109G°& ()-Y" 109F7& () - $109%& () -S109%F& () - 109F& ()- v
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$ rdEVVI . 10908 () -, S109F&" ()-*& 109F&" ()- (& 109F&" () - S& 109F&" () - 9$109T&" (
)-9bCl ;1 109%& ()-3 10%& ()- 10%& ()- 10T 10T 10T&9s109@& ()- 010%F& ()-9m D
{ dEbO "~ 10%&' ()-gl0%&' ()-1" 10%&' ()-F! 10%&' ()-, gl0%&' ()-I 10%&' ()-{
38hdEbCl S&f #10%! () - 95210%: () -
"109&' ()-Y"10%& ()-10%&' () -1 $10%& () -/ ndEbC 21 " 10%&' () - Oy#10%&' () -.|" 10%& (
-, $10%0 () sH1RYES 4 ) ut {SA0LE £)ow +tacrdbybChyid0BO &I éN - sy 0Ye& fadl £&40% & (
)- 10 10 1089s109%& ()-5#10%&' ()- dEbC #10% & ()-, 10% & ()- | 9z#10% & ()-|

#10%&4& e dOU & €314 r/é&vé% 1S #EER e &H%&t&ée§|5198{é1&16)m{1ya%@%& ()-
0%& 329109 & () 10% & () - IXdEDA 231098 & () - 010% & () - 10% & () - . 910% & (

Lo/ 1%%*%%%%%% A O e bsisorral)- 10 10

108s10% () - YIO%& ()-1 "10%& ()--i*i dE_@y

109& 109& Y& 109K () -1 $109& -I . : .
F 102& (ﬂih%@:%g%g <§ Jysq_b%/%‘ %épi%@%g( ?‘) 16%“{‘)1 wherein said
84% 89% 32«‘1/&/%(% 9 ggoﬁéot){g‘séz(%@%é}()/ §, ;‘@%%ﬁﬂégg sald square

108t 10%&' () - 410%&.@& 27" 109 ()-010%& i
dEnbCf 1998 Req )P id &’lg)squg%la@@)a engkh(3nd 109k Pf-otygeR) 2
LF} dEMC&$s10% & ()-"110% & ()-!10% & () -y#10% & () -y#10% & () -y#10% & () -}
(bdEMbCOz#19%®8; () -. $10% & () -, 10% & ()-s*10% & () - Y(
10% & () - @10% & ()-]_ abxnbd sz#109%&' () -
said polishing head is one piece wherein said
polishing surface has grooves to allow said polishing solution
to flow across said polish surface and said substrate; and

said grooves have a depth between 5 and 10 mm and a

width between 2 and 6 mm.

8. The substrate polishing apparatus of claim 1 wherein said
polishing head 30 having an area between 5 and 15 % of the
area of said surface of said substrate.

9. A substrate polishing apparatus comprising:
a polishing head having a polishing surface which

is adjacent to or contacting a substrate with a surface to be

polished during the polishing of said substrate;
18



10/ 10/ 10/9t10% & ()-7 $10% & ()-410% & ()- 2z10% & ()- < z
dEnbC310%&' ()-Y'109%& ()-1"109%& ()-1 10%& ()- 10%&' ()-ylO0%& () -
LjI P T dEMDC 109 () -3 f10%& () - 10%& () -! 109 () -y

1098 ()-L10%& ()-!!8"p""""dEmbC 109%& ()-+Z"10%& ()-)f#10%&' () -
109&' () - YO 109& () -, #" 109& () - " S#d#######x DA " #10%&' ()- 10 10
109t 109%&' () - 4t 10%&'1(d) pbg# EOYR o Js/fthRUR of) HAEMbEBIIUEHChead is
109&' ()-9!109%& ()-1n10%& ()-1t109%& ()-y

10%& éx)lail/eﬁo%%zﬁ)s§1@‘@@9§é@§dgﬁb%léos/§béir§%9‘y& ()-"10%& ()-
1098 ()-$10%& () - |~ #109%& ( dEMDC, 109%& () - L*$10%& ()-4(f#109%& ()-f

&Y' 10%& () - L$10%& ; ( (((dY 0
109510%&' () - 510(V£(a)€)d3§’?o%§‘7£ %’) 6&7‘#%’0(%% %a% sk 25) & (aé) W e
| 109& (8 &%10%& %% #1098 % " 109 % )- 1§ 109& §§ L109%& %%" ) * 7% ** +S+dEYNC
0ol 1) #1095 ¢ )Y HiAbo 1241098075 - 231808 ¢) 5 STB8REET: S+~+++, O, dEYNC
+ 109 ()-) S10% () - L 10%& ()- F%y10%& () -

109&' () - y109%& ()saqulegaﬂgng head is comprised of one piece of
10910%& ()-!, 62&10%W& () -3Z" 109%& ()- 1" 10%& ()-/! 109%& ()--$10%& ()----.6. K.
|. .. nbRyedOpHRYEYetntneds & ()- 10% & () -3
y10% & ()-yyl0% & ()- 9!10% & ()- 10
10. 5/ t/// OAOMEMV &E1HDWBcIAMN g -l e Jrathl 00 SHutY A& ) - | " 10% & () - @
Y*10% & () - A000041@ P1dEMN &Y" 10% F
y, Z1084 856} a¥)3R% & () - ' 10% & () - 3%#10% & ()-#m' 10% & ()-!"10% & ()- P1112C
22222dE:/ 10/
10/ 810% & () - F7$10% & () -, 5#10% & () - 3810% & () - 0z#10% & ()-. 10% & () - 22222
3733xY:/ 10/9$10% & ()-1 "10% & ()- -10% & ()-
mLO% & ()-I 10% & ()-15$10% & ()- 10/ 334Y4445dE: / 10/, 10% & ()-1#10% & () -

Lo e S RO A b IO ORISR et i .

f6667- 707§74ﬁ§ggE56r%ace is orientated at an angle to the vertical

between 0 and 2 degrees.

11. The substrate polishing apparatus of claim 9 wherein said
polishing head has passage ways where polishing solution flows

to said substrate.

12. The substrate polishing apparatus of claim 9 wherein said
grooves have a depth between 5 and 10 mm and a width between

2 and 6 mm; and said grooves form a cross pattern.

13. The substrate polishing apparatus of claim 9 wherein said
polish head has a square shaped polishing surface; said square
shaped polishing surface had a length and width of between 2

and 5 cm; said polishing head is one solid piece; said grooves
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10/ 910% & ()-610% & ()- " 310% & ()- 1$10% & () -/t 10% & () -- 10% & () - 5767K777
(8d88xY:/ 10/1110%& ()-1'110%& ()-#10%& ()- |

L 11098 ()-1ygH#10%: ()-yf @O%: ()- 10/889] 9999dE:/ 10/1 10%& ()-Y
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10/ | +#109%&’ ()-y) 109%& ()-' 109%& ()- F% 10%& ()-# 109%& ()-!& 10%& ()-:R
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10(>10%&: () - 0100& () - 32#100& () - 11 T0%& () -7 #10%& () --Y" 100& () - Z<Oce<<! =Q=x

Y:/ 10y710%& () - OR. ( )= YHL0UR. ()= OR () - Yf 10%&' () - YOLO%& () -
Vi1 LONAO%, (- 4008 (hs Y1078 (12 Vo 300A) 0 0
109& () - F109%& ()- YI0U& () -1, #109& () -1 m 109& () -1 z#109%& () -1 >>>?@7??dE: /

}g%géf ?@@&%ﬁ%%%%%g%%%%%%@%gﬁ%%&iég%%gg’ﬁg)é%!é9g§$(%_wherein saild

10810%&f(17310%&f()-ll"lO%&f()-/@#10%&fg&--10%&fS)-e%EE%AAAAdEYNC 10
"100& (§OH18RgRY)headogd (har n189R3 (He5e89k5 (§UVel 3100k0f) the area
ABBB| BBBBABYNC 10! | 10%+& ()-sZ109%&' ()-Y
1098 ()Caesed (§urfaosef) szido@upy tBFLeCCC+Dj DAEYNC 10! & " 109&. () -
('109%&' ()-&"109%& ()-#109%& ()-!, #109%& ()- "10% () -) DDDEEEHEI EJEKEaVK@ 10 10
10 101 810%&' ()-210% ()-0Y"109%& ()-1.!'10%& ()-'!S, 10% ' & () - KEEEEFXFFdEVK@
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15. A substrate polishing apparatus comprising:
a) a substrate chuck for holding a substrate with a
surface to be polished thereof being directed about
vertically;
b) a first drive means for rotating said substrate
chuck;
c) a polishing head having a polishing surface which
is adjacent to said substrate during the polishing
of said substrate; said polishing surface of said
polishing head is smaller than said surface of said
substrate; said polishing surface comprised of a
polymer;
d) polishing solution supply means for supplying a

polishing solution through said polishing head to

the substrate held by said substrate chuck;
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16. The substrate polishing apparatus of claim 15 wherein said
polishing surface 1s orientated at an angle to the vertical

between 0 and 2 degrees.

17, The substrate polishing apparatus according to claim 15
which further includes: a vacuum means for holding said

substrate in said substrate chuck.

18. The substrate polishing apparatus according to claim 15
which further includes: said polishing head has an area
between 5 and 15 % of the area of sald surface of said

substrate.

19. The substrate polishing apparatus according to claim 15
which further includes: said polishing solution supply means
comprises passage ways in said polishing head where polishing

solution flows to said substrate.

20. The substrate polishing apparatus according to claim 15

wherein said polishing head is comprised of polyurethane.
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grooves have a depth between 5 and 10 mm and a width between

2 and 6 mm; said polishing head is comprised of polyurethane.

22. The substrate polishing apparatus according to claim 15
which further includes: said polish head has a square shaped
polishing surface; said square shaped polishing surface had a

length and width of between 2 and 5 cm.

23. The substrate polishing apparatus according to claim 15
wherein said polishing head has a length/width substantially

equal to an interval of undulations of the substrate.

24, The substrate polishing apparatus according to claim 15

which further includes a diamond disk conditioning device.

25. A substrate polishing apparatus comprising:

a) a substrate chuck for holding a substrate with a
surface to be polished thereof being directed about
vertically;

b) a vacuum means for holding said substrate in said

substrate chuck;
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e_eeeebC 10 10'Y 'pad¥h{hgfhead is smaller than said surface of said
substrate; said polishing head having an area
between 5 and 15 % of the area of said surface of
sald substrate; said polishing head is comprised of
polyurethane; said polish head has a square shaped
polishing surface; said square shaped polishing
surface had a length and width of between 2 and 5
cm;

e) a polishing solution supply means for supplying a
polishing solution through said polishing head to
the substrate held by said substrate chuck; said
polishing solution supply means comprises passage
ways in said polishing head where polishing
solution flows to said substrate;

f) a reciprocating means for reciprocally moving said
polishing head on said surface to be polished; and

g) a pressing means for pressing said polishing pad
against a substrate held by said substrate chuck by

way of said polishing head.
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wherein said polishing head is one solid piece wherein said
polishing surface has grooves to allow said polishing solution
to flow across sald pclish surface and said substrate; said

grooves have a depth between 5 and 10 mm and a width between

2 and ©6 mm.

28. The substrate polishing apparatus according to claim 25
wherein said polishing head has a diameter substantially equal

to an interval of undulations of the substrate.

29. The substrate polishing apparatus according to claim 25
which further includes a diamond disk conditioning device;
sald diamond disk conditioning device has an about vertical

orientation within 2 degrees of vertical.
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