1 0 APR 2006 CHEM CAL- MECHANI CAL PCLI 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 pbﬂiﬁhmqgg
apparatus for polishing a wafer or substrate in the process of fabricating
a sem conductor integrated circuit. 2) Description of the Prior Art In

conventi onal CEﬁE&Eé&Lﬂﬁﬁbﬂﬂkﬁéth@bhibHéﬁ“ﬁ%RDWﬂRtSDEsbeNmafer i's secured
ta

and spins on a horizon orientation while pressing against a CVWP polish
pad to achieve a global 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 an qéhe jrrequl ar pattern. As a result of
this wafer the total thié?ﬁ%%%r%éﬂ eﬂé(ﬁPY%%kb?“ subsequent film deposition
will follow this contour, hence resulting in non-uniformfilmthickness
aftdn chemighlef mdwhaimiweitipsti sh (CWP). This problemcan arise due to the
conventional top ring design, whereby a constant down force is applied to
the entire wafer taausiregehacakiveed ivaf eelwsepage. 2 FeAEED DRI s results in
very poor material renpoval uniformty. 1 1 0 APR 2006 Equi pnent
Manuf actu@ss arghd Myd A9 gor Sotweathy staon-substrate polishing
apparatus for polishing a wafer or substrate in the process of
fabricating a semiconductor integrated circuit.

2) Description of the Prior Art

In conventional chemical-mechanical polish ({CMP)
tools, the wafer is secured and spins on a horizontal
orientation while pressing against a CMP pclish pad to achieve a
global planarization. Due to the total thickness variation
(TTV) of the wafer, the contour of the incomiﬁg 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 wiil 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.




uniformty problem by introducing nore advanced and conplex top rings with
vari abl e backsi de pressure on different zones of the wafer. Al these
nmeasures add cost and have limted effectiveness. Conventi dr&IAﬁbem@ers

al so suffer fromnon- uniformslurry distribution where less slurry is
delivered the wafer center as conpared to the wafer edges. This results in

hi gher polish rat i%%em?n?a%ﬁ%ctm%siwtt%@%goft_oo\é%rl%mtmst henvari ous
deficienci es noted above is evidenced by the extensive technol ogical

dey e oPrEnt: (0 ISELerL O b NPn PUBLSEL n o B0 HOCHIPILEDy gxdt Semg L LVa patent

and 1 ure’ 0ses appar ent nore relevan
t echni cal devel opnents in tgg. atent |literatyre.can Ee | eane
congi IEF gL 5L B e 873 - Rak? S-S 5. 955 bBSCM T FoF Bt oat) N
6, 183, 345B1( Kamono et .al .), US 6,203, 408B1(Quek), . US 8,234,86881(Easter et
al . Jvalles 6, 75D UBBFAppRrSEFea) a§¢ €85t 620%30998B i HEFE), and US
6,241,585B1(Wite) that show CWP fplisher desi gns. However, these polisher
desighke cainvdee § ur thenvémpi oved. PO 1sbe APRE 29065 ShAtAr §roR B¥e | nvention It
is an object of the present invention to provide a polishing apparatus
whi gfn promi desastpedi of - pbabach zahéoa less slurry is delivered the

wafer center as compared to the wafer edges. This results in

higher polish rates on the edges.

The imporﬁance 6f overcoming the wvariocus

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 (Kamome et al.), US 6,203,408B1l (Quek), US

6,234,868B1 (Easter et al.), US 6,159,083 (Appel et al.), US

6,273,796B1 (Mcore}, and US 6,241,585B1(White) that show CMP

pclisher designs.

However, these polisher designs can be further

improved.




across irregular surface and curved wafer surfaces. It is an object of an
enbodi nent of the present invention to provide a polishing apparatus which
conprises a polynmer polishing surface that does not use a polish pad. It
is an object of an enbodi nent of the present invention to?EréngBB&
pol i shing apparatus which has a vertically oriented polish head, the
polish head snmaller in area than the substrate or wafer, and the pol yner
polish head contacts the surface to be polished and does not use a polish
pad. To acconplish the abgve objectiyves, .the present invention provides a
pol i shing apparatus for ﬁ%gﬁg%?%i% ég?e;gveﬁﬁﬁO?ilns over wafers. In a
preferred enbodi nent, the wafer polishing apparatus conprises: a_polishing

head having a polt'shihg3 i aeet whi ERejBragpaten®VeBt 5P chbAt REPVAGSa
surface over  a substrate during the polishing of the wafer; the polishing
sur f aceoof shhag pePeshicng Weddhi $rovaldesr supar itte rdyiystristed isuy f ace; and
the polishing surface is conprised of a polynmer. No polish pad is 310
APR 2006suasedreBuékter ablyackehenpolistvieny walfrefracge:rtfasean about verti cal
orientation. A preferred embodi ment of a wafer polishing apparatus
conprises the follwowHgin awpder chugk &abodohehNA the present

invention to provide a polishing apparatus which comprises a

polymer polishing surface that does not use a polish pad.

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 cbijectives, the present
invention provides a polishing apparatus for planarizing wafers
and films over wafers.

In a preferred-embodiment, the wafer pcolishing
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 pelishing surface of the

pelishing head is smaller than the substrate surface; and the

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




wafer with a surface to be polished thereof being directed vertically; a
first drive means for rotating the wafer chuck; a polishijnfy me meIng a
pol i shing surface which is adjacent to the waf er during the pol i g ng of
the wafer; the polishing surface of the polishing head is smaller than the
surface of the wafer; a polishing solution supply neans for supplying a
pol i ghiAg sekukianlihr eughpbhe spohiysbingaheatato ahhapsaterehelidaiby the
waf er chuck; a reciprocating nmeans for reciprocally noving the polishing
head, ﬁgegggtggﬁtace to be polished; and a pressing neans for pressing the
pol i shing pad against a wafer held by the wafer chuck by way of the
pol i shing 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 |nvent| th atu clude di nd di sk
condi ti oni ng devi’t %Ag%}t‘?cgn%{ﬁ?oo%’] ‘”b‘?/%r'ﬁ a%%lz *T%he invention

wll be set forth |n the description that folloms and in part 24 wll be
obvi eDBaFAbHFt REMEES EPEPEREN [OdE O Ubed| BAEREICHICK o8 APRI20062pr act i ce
of the invention. The objects and advantages of the invention may be
real wzédrandtbbtasnedaby teahs pflishstr thentalfi beésgaddreonbiinati ons
particularly pointed out in the appended cl ai ns.

vertically; a first drive means for rotating the wafer chuck; a

polishing head having a polishing surface which is adjacent to
the wafer during the éaiishing'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 ancther aspect of the invention, the polishing
head has an area between 5 and 13 % 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 obviocus from the description, or may be learned by
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51 0 APR ? 6 Brief Description of the Draw ngs The featurea and advant ages
of a polishing apparatus according to the present invent ilo APR 2006 t her
details of a process of fabricating a sem conductor device in accordance
with the present invention will be nore clearly understood fromthe
foll ow ng description taken in conjunction with the acconpanying draw ngs
i n owhiche | bkeoFefge engeentien al stdesbenatesskill advantagesrespondi ng

el enents, regions and portions and in which: Figure 1 is a front

el e"ﬁ{x%é&g@%?%{'tIﬁ%%ear@éfifé&egndee*ﬁegwsat bgfmégﬁs“@fer pol i shing

appara e present 1 nvention. Figure Is a front elevational view

f a f d f. th ' [ [ h
v GV T TSR AD. Ao At tis O G by EoREE AV ERTT of Bl DUFa 3 7S A cf oss

sectional view of the polisher head of a preferred enbodi nent of the wafer
pol i SM rRPRPPErat ts21BF - t he present invention. Figure 4 is a cross

sectional view along axis 4/4" in figure 3 of the polisher head of a
preferred enbodi nent 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 enbodi rent of the wafer polishing
apparatus of the present invention.




6 1 0O APR 2006 Detailed Description of the Preferred Enbodinents Preferred
enbodi nents of the present invention will be described in Qﬁ W th
reference to the acconpanying draw ngs. The present inveng o rﬂmﬁdes an
apparatus for chem cal - mechani cal polishing (CVMPing) objects and
preferably for planarizing films over wafers. As shown in FIG 1, a
preferred enbodi nentseiefhpestryphiboonotsthewatewipgki shing apparatus. FI G
1 shows a wafer chuck 14 for holding a wafer or sem conductor structure

22. The appar at 4§ prefanahly ahouanerddedl lor of intiatiesd hepsafensmith a
surface to be polished and the polishing surface 32 of the polish head 30.

The surfage ftcgh@}%ﬁﬁ]%fésgﬁe bey R{?@&hssgdoﬁurmagera@kalw§egf'9

senlconduc%o manu urin suc senlconductor materials, silicon,

|nsulat|n ials dlelectrlc nat nd_cond er S.
Vﬂfe?r%%% %ﬁ%réﬁﬁgf?%t%SSSPlgPPdg %E %%g genQSeggéon tic é i?h
electronlcs nanufacturlng and can co ver th substrate or
vaf efhe SebeseRt el tBANEORDr FselaRy WA rF ?aﬁ éth EKEERPSOBHﬁ%tB?eor

el ectronics fabrication and any filnms over the substrate. A vacuum neans
12 i Boptefenabliysusedtionappkynain2acaenahi ¢d Hofd the aaferPaRYihe waf er
chuck. A vacuum device 7
drawings in which like reference numerals designate similar or
correspoﬁdinq elements, regicns and portions and in which:

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

Figure 2 is a front elevational view cf 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 1s 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 inventicn.

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.




10 APR Z006 with can draw a vacuum The vacuum can pass through passageways
in the spindle 10 through the wafer chuck. The wafer chuck 14 can be
rotated by a first drive neans 11. The first drive neahd APR Pepga rotation
motor IS connected to the spindle 10. The wafer chuck 14 is preterably
rotated at a speed between SO and 2000 revol utions per mnute (rpm. The
waf er chuck can have a nenbrane 18 contacting the wafer 22. The nenbrane
is preferably conprised of soft polymer. The nmenbrane 18 preferably

contacts mﬁth %Qgﬁéggﬁésggépkhggﬁ %I%ﬁln@ %%I&gg Eﬁgngggnggllsh head 30

has a pollshPﬁ IS ad ACent ‘to or contacting the wafer
32 during the polishing of the wafer. The polish head is hard and snal
and will not bend. This results in better CMP renoval uniformty. In
contrast, a conventional polishing pad will deformor bend during
pol i shi ng ther ebyP wealesinryl teqdivorials unf f 8o R5L 19 bel NPk EOA ‘We]yl feature
of the invention is that the polishing surface 32 of the polishing head 30
i s spal descthpadt be sachacewioh théewaher 22. tTheapobiphinygnliead 30
preferably has an area 8 1 0 APR 2006
drawings. The present invention provides an apparatus for
chemical-mechanical polishing (CMPing) objects and preferably
for planarizing films over wafers.

As shown in FIG. 1, a preferred embodiment of the
invention is a wafer polishing apparatus. FIG. 1 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 apply a

24 vacuum to hold the wafer in the wafer chuck. A vacuum device

7




between 10 and 20 % and nore preferably 5 and 15 % of the area of the
total surface to be polished of the wafer 22. Another key {&a@pR (g the
enbodi ment is that the polish head and polish surface 32 are preferably
about vertically orientated. The polish surface 32 can be inclined
relative to the horizontal by an angle 33. For exanple, the polish head

can pe.gbayt, veLli galzasushowhel KakhGn &an ?'a%%”ﬂﬁtr%h)gh ?_El.g's%g%@a?@n be

val ue l'ess than 90 and greater than about degree rélative to horizont

Preferagké %ggpgggl§88§gréa§ge§%%e@a%ggu%gzgkand 90 degrees and nore

prefépa WEEn an egrees. The "poli shing surface is orientat

any
al .

ed

or cf or abl'y bt woa SUAS D AN 2. Hogh Boe® NEL BT 01 (R ol Eh head The

polishing head 30 is preferably conprised of pol yurethane or other

pol yeensAlkey THEf féFehcErBEPWEERTPhICE EfbBdF ReAF 1aAdTe6RYerti onal CVP
head is that the invention does not use a polish pad. The enbodi nent's
pol ymennkeaddpbbi thessrhadlwaflér Jikef aederThbupsl Léhilsgrheddrab livs
preferably one piece. The polish head conprised of polyurethane or othe
pol yreraean he anepbded. bEheecpal isShizng Bead canmobetsohisdpemdnhastehannel
passage ways in the solid piece. 9 10 APR 2006

(rpm) .
The wafer chuck can have a membrane 18 contacting
the wafer 22. The membrane is preferably comprised of soft

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 pclishing
of the wafer. The polish head is hard and small and will not
bend. This results in better CMP removal uniformity. iIn
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

r
and




FIG 4 shows an end view of the bottomor polishing surface side of the
polish head. As shown in FIG 4, the polishing surface ﬁﬁ @é hﬁ& polish
head preferably has grooves 36 to allow the polishing solu % % flow
across the polishing surface and the wafer. The grooves preferably have a
depth between 5 and 10 mMm and a wdth between 2 and 6 mMm As shown in FIG

4, thecpekhshohead @b?%eéﬂa|MOE@Sp%ef%Q%%ﬂgf%h%ﬂ%ﬂlﬁo%ishkngh%U%R%%? 32.
The square shaped polishing surface 32 had an overall length and width 31

of bsmﬁg %P@QQ 3,r¢0-.The pal F&Ei@%@ B3N LAV ey ggher shapes such as
ar, el gular, h

circu ptical, rectangu etc. e grooves preferably forma

cross pattern as sho in figure 4. Fl 5 shows a cross. sectional view
across axis 5/51 Ot‘é?% qﬁﬁy g%??%%%%gogo Iﬁ?i%r%j% lpnb?ri/t e%i%ea%et&e?ri ng back
to FIG 1, the apparatus further cqnprises a polishing solution supply
neangoéhshopeéﬁpﬁPQiﬁ@léShpéPF§ﬁFﬁg%§oﬁﬁﬁiEﬁeﬁﬁFéﬁgﬁ #R&Ypol i shi ng head 30
to the wafer.Z2 held by the wafer chuck. The polish solution supply neans
can Veetacsolut pohenéserdoi r TEGnREEEEH BRIrERERNELs CBD PRelpassHEEEs 35 in
the polish head and a punp to cause the solution to flow The anount of

sl urryléhavepassthhbrboghzeathli hgi endaaklpasSagé€cr3bxemplbe ikhdi vi dual |y
controlled to ensure the proper slurry distribution across the polish head

and pafesn Hheqwaharoeotpbes ¥0rt@cApribk 208086n in FIG. 1.
Alternately, angle 33 can be.any value less than 90° and greater
than about 1 degree relative to horizontal. Preferably the angle
33 is between about 7% and 90 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 C 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 polishes £he
wafer surface.

The polishing head 30 is preferably ore piece. The
polish head comprised of pelyurethane or other polymer can be
nmolded. The polishing head can be solid and has channel and

passage ways 1in the solid piece.




and a thin layer of slurry is distributed evenly across the wafer surface
adj acent to the polish head. Reciprocating Device The polishing device
apparatus has a reciprocating neans 38 for reciprocal ly mpll PR P&D5

pol i shing head 30 on the surface to be polished 23. A reciprocating arm
and notor can conprise the reciprocating device preferably noves the
polish head in afiheat smivored rom topet o botiomortdotdomd o dlopmef the
waf er. The reciprocating device brings the polish head over the entire

surfageratbet Bequaber cnkhgopokhshing .apRasabus ahsereanshayget he optional
second drive neans 46 for rotating the polishing head 30. The optional

Secoggﬁ?éhYﬁgg§833§é$h§§”o?eté@ﬁ?%hﬁ%ﬁeﬂkaé 59%%%%§B&¥g§5§5g98808§te?héocwp

t he e secon ive vice “can control

remoyal .rate_and renoval uniformty. Pressing Device The polishjn
appat at b8 K45 hECaPBLASEIRG REAHE 182 For TpPEsSFAG EhetBoPPSRFAG Fead 30
agai nst _a wafer 22 held by the wafer chuck 14. The pressing neans 42 can
conpfiséagan anrf thkel WAder - or TBEhEFcgEfEceresesapplyhpivessufertd the poli sh
head 30 as is conventional. in the art. 11 1 0 AM The pressure is inportant
i n coatwekhi AganhelBvemakhdChPWidibvaketween 2 and 6 mn.

As shown in FIG. 4, the polish head preferably ﬁas a
square shaped polishing surface 32. The square shaped pclishing
surface 32 had an overall length and width 31 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 pclishing 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 sclution supply means caﬁ
be a solution reservoir connected by channels to the passages 35
in the polish head and a pump to cause the sclution to flow.
fhe amount of slurry that pass through each individual passage
35 can be individually controlled to ensure the proper‘slurry

distribution acreoss the polish head and wafer. The wafer rotates

10




rate and uniformty. Operation In operation, the wafer 22 with the surface
23 to be polished directed about vertically is fixed to the wafer chuck

14, and the wafer chuck 14 is rotated at a speed of a?guk %91a56062000 rpm
At the sane time, the slurries are supplied to the upperpsurface of the
wafer 22 at a rate of between about 20 and 200 ml/m n. The polishing head
30 is preferably not rotated. The polishing head 30 is optionally rotated

at a speed pl. hetveen abaut AQ.and 1500 rom,.and the o ishing Syif ace 32

is pressed agains € ‘upper ‘surfiace wafer 23 under a pressure of
bet ween ahguir 00 fand: 00 g/anto Sihalgdnedudlaad. the polishing head 30 is
reci procally noved across the upper surface 23 of the wafer 22 to polish
the wafer 22. The stroke of reciprocal novenent of the polishing head 30
is preferably rodd¥ei mpHeBied he radius of the wafer 22. Preferably,
the wafer chuck 14 1s rotated at a speed ranging from50 to 2000 rpm the
polishing surface 23 is preferably rotated at a speed ranging fromO to

2000 rpm and theigglisq:h ad Ig?d.exerts a pres %&gégqﬂ§he3g%p %jpf about
100 to 1000 g/cm I 919?/#%%%&%) Sthe S it 'or s have’ found that there is an
unexpect gg A NCrease, d n- LM peld Ishemdaperdprarmngs i gt dhewecariinadd ameof at

surface to be polished 23. A reciprocating arm and motor can
comprise the reciprocating device preferably moves the polish head
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 the optional
second drive means 46 for rotating the polishing head 30. The
optiocnal 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 head 30 against a wafer 22 held by
the wafer chuck 14. The pressing means 42 can comprise an air
cylinder or other device to supply pressure to the polish head

30 as is conventional in the art.

11




| east two features of the invention: 1) polyner polish head (design and no

polish pad), and 2) polyner polish head about 10% of aref!oh &%ﬁﬁé' I n
addition the inventors have found that there is an even ¢ @a BR 4 xpect ed

increase in CWP polisher performance with the conbination the two el enents
above and 3) vertical orientation of the wafer. The conbi nati on of these

t hr ethel erend sr Provi desoanannexpeebedrbNCERgSenkNoEVPaUNI fapM-bXovEl eat er
than using these three itens individually. polish head conditioner set up

Figure-2 showt he,peligh head conditioner set up. The invention's novel
pol ynmer polish head is conditioned as shown in FIG 2. Here a vertical

orientation is preferred because all debris or polish by-product is spun
of f during CQ?BEP& gﬁng. The polish surface 32 of the. polish head is
pressed agai nst”a dianmond disk 124 that is held by a disk holder 120. A
rotation notor 115 is connected to a spindle 110 that rotates 111 the
di anond di sk 124 InTh@peitiism hddg e igresSed iddnitist andacdi S8 t24 sy a
pressi ng neans 142 such as a cylinder or other conventional methods.
Pr efrerlabdhed hel pot i st siefiaces andeall hyons 18xdd 0t APRh2006f el skhsuxf ace have
an about vertical orientation and are preferably between 0 and 2 degree
fromaerdicalhe Ther i armadk di skigonsit it @asat he petyaesrpohdsh Heagng

2000 rpm. At the same time, the slurries are supplied to the

upper surface of the wafer 22 at a rate of between about 20 and

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

The polishing head 30 is opticnally 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”. Simultaneocusly,

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’.

12




by roughening the surface. Wen the grooves in the polish head are too

shal l ow, the polish head is replaced. Polish head conditioning is required
to prevent renoval non-uniformty by maintaining the shiflf ABR 2BRighness. It
al so opens up surface pores on the contact area of the polish head. These
pores play an inportant role in holding the slurry abrasive particles and

aid slurry transpafd itrordrie vaflervs ufdace. citly atiages Ofard hend pyentdon The
invention has at 1east the foll owi ng advantages. ~ The invention's

p0|i§ﬁ@fe£§ee§ﬁeékﬁ|ﬁ¥é§§$§£?bé?f&@%@n&%ﬁw&k@fEh?TIXhEEHBQHoBhEEKQQSs

variation) is large and can i nprove p ilmthickness uniformty. *
Pol i shij ehri-s_w be.s .centrif r . Henge no scratching
due f%é%gbgwg £§a§% %SaéfngHgo% gﬁ?%é ﬁénaﬁi§§3g§;9A5$%éggon$%§tional CwP
polish pad is elimnated. The invention ses_a polish head conprised of a
Sol | LB 6ER EANTBePRbt B oP=kof £39wP1 hPa1SRaF| PEONEACECS28501H 106 APR
2006 ™ As the invention's polish head is nuch smaller that the wafer, the
contaktabeeachberaben- t he peHiShPRgtReadngsniers Asvehéoundf ehats kept
small. This reduces the tenperature gradient of the polish head throughout
t he OMXprpeess. eThn sgisatsef uhekpected increase in CMP polisher

rerformance with the combination the two elements above and 3)

vertical orientation of the wafer. The combination of these

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 1s conditioned as
shown in FIG. 2. Here a vertical corientation is preferred
because all debris or polish by-product is spun off during
conditioning.

The polish surface 32 of the polish head is presssd
against a diamend 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




the inplenentation of the tenperature end point control. In addition, as
the polishing head is only about 10% of the wafer area, pad bendi ng
problemis elimnated. C As the invention's polish head does 3({? W%@s
the wafer can spin at very high speed to achieve better planart ty.

makes the polish rate across the whole wafer surface nore uniform ”» The
i NVedt 410N $r poté Sha heagh (0o padye andc 91 0OV esn PEOVOHEandniFfOrm sl urry

di stribution.acrdéss the polish head and wafer. ~ The invention's polish

headpﬁ@f’é%?yl@é@wééHLéyancguégg%Q@ BLMRTYebsidglivered through the

pol i'sh 'head and only the contact area needs to be flush with slurry. As
the invention's ead .i.s snpl].er. than .the wafer dianeter, the,contact area
is small. Hence g &rrﬁa O@%Fel étf?“@é%lﬁgsré%ﬁbéﬁﬁéﬁﬁﬁiFP&&EP|§?a The

i nvention's polisher reduces |ocalized warpage. In convenijonal | i shers
| ocdlY 7P RATHYE CAusA BYCBonrt BP0 h ApBtT GEET ol F HE RO bt Al B7SC VAf er

war page i s nore severe when the TTV of the incomng wafer is large. 15 1 0
APR 2006590 THes } vent Flon' Bo vl i kadd was eF¢Hbi§sh- head surface orientation
al lows the polisher tool to have a smaller foot print, especially for 300nm
t echnol ogy. Unl e$9 léxpl ingiad yostattédnatigernwi seguéachl monprievaht val ue and
range should be interpreted as being approximate as if

removal non-uniformity by maintaining the surface roughness. It

also opens up surface pores con the contact area of the polish

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.

O The invention's polisper is especially effective when the
wafer TTV (total thickness variation) i1s large and can improve
post CMP film thickness uniformity.

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

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

soft) with a small contact size.
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the word "about" or "approxi mately" preceded the value or range. Al so,the
figures are not to scale. Wiile the invention has been particularly shown
and described with reference to the preferred enbodinents tfh@rgeb,opod t

wi || be understood by those skilled in the art that various changes in
formand details nmay be made w thout departing from the spirit and scope
of tHe Asmventi bnvehtios'snpehded headover muvar sauslapdifikeathengaand,
simlar arrangenents and procedures, and the scope of the appended cl ai ns

t her ef oftee shoyt d-beapesordedebhecheopdestni ALeRPLAt a1 QB $0,8S+4Q enconpass
all such nodifications and sim |l ar arrangenents and procedures. 16 10

. cati ons sim ! and
April 2006, VWhat | ﬁi%ﬁgéﬁl;. rBqaHlst g et&%g t&geﬁggﬁ%ggr@f

conprising: a poli's avi ng a pol ishing ace ing use

i s adj acent . or con in bsirate wth a surface to be_polished;
said %gﬁFg %g% 8%%%%2§%r0%%§%§gi§%?y&§g gr%5?§EEr,h§%iHsp%??gﬂ?nﬁogurface
of saig1 oljshin head, is |l er than said surface of said substrate; and
said p f&éﬁﬁﬂ& %%%?Eﬁ%ﬂ?% %gﬂg??sEﬁmB?rétbﬁﬁy%%¢:p%hWH POrFBht ng Sur face

does not conprise a polishing pad.
addition, as the polishing head is only about 10% of the wafer

area, pad bending probklem is eliminated.

(0 As the invention's polish head does not rotate, the wafer can
spin at very high speed to achieve better planarity. This
makes the polish rate across the whole wafer surface more
uniform.

U The invention's polish head (no pad) and grooves provide
uniform slurry distribution.-across the polish head and wafer.

0 The invention's polish head consumes less sliurry because the
slurry is delivered through the polish head and only the
contact area needs to be flush with siurry. As the invention's
head 1s smaller than the wafer diameter, the contact area is
small. Hence slurry flow effects can be reduced significanﬁf;.

0 The inventicn's polisher reduces localized warpage. In
conventional polishers localized warpage caused by downforce
applied to the whole wafer. Wafer warpage is mdre.severe when

the TTV of the incoming wafer is large.

15




2. The substrate polishing apparatus of claim1 wherein said polishing
surface has an about vertical. orientation. 3. The Substrate polishing
apparatus of claim1 wherein said polishing head has passap§ wg 9 @rough
whi ch polishing solution flows to grooves in said polishing surface and to
said substrate. 4. The substrate poli-shing apparatus of claim1l wherein
sai A} poki shivegthead si yecdnprils ed fefr /pollyishe hirane s 5. f dbre cxlilesttedtien
pol i shing apparatus of claim 1 wherein said polishing head is one piece;

sai d palilshisnghsupbagehkas t@baowes ha@aldl ewasaied MRIH PHirg ,sol ution to
fl ow across said polish surface and said substrate; said grooves have a

dept h gg$@@ggl§ya@grlgoo&ﬁp%%@hgowb%§h between 2 mmand 6 mm |7 10 Apri
2006 6. The subStrate polishing apparatus of claim1l 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

ol Shi hg. sol Ut PBHEE. FRBWIaHads Sear AT En S ad¥ ind 8k C3dubst  at e
and said grooves have a depth between 5 and 10 nm

value and range should be interpreted as being approximate as if

the word "about" or Tapproximately" preceded the value or

range. Also,the figures are not to scale.

While the invention has been particularly shown and
described with reference to the preferred embodiments therect,
it will be understood by those skilled in the art that wvarious
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 sccpe 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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and a width between 2 and 6 mm 7. The substrate polishing apparatus of
claim1 wherein said polishing head having an area between 5 and 15% of
the area of said surface of said substrate. 8. A substyatg;Robisghi ng
apparatus conprising: a polishing head having a polishing surface which is
adj acent to or contacting a substrate with a surface to be polished during
the polishing of said substrate; said substrate is used in sem conductor
or elept%ﬁg%(ﬁge%g'f§gA0ﬂé:said polishing head consists essentially of a
pol yner; 'said polishing head does not conprise abrasive particles; said
pol i shing surface of said polishing head is smaller than said surface of
sai d substrate; said polishjng surface has grooves to allow said polishing

sol ution to &1 oWatrdss Rat Pipoty sHPEL At e Wt 4° Poi 1 shi ng surface does

not conprise a polishingspad; $add Mi.éf%]iilgg)@miﬁg comprd sedviof cione
pi ece of nol ded pol yurethane; 18 10 April 2006 said polishing surface has
an about dweriticabse ors emd@m@¢onc Lo or contacting a substrate with a

surface to be polished; said polish head consists
essentially of a polymer;

said polishing surface of said polishing head
is smaller than said surface of said substrate; and

said polishing surface is comprised of a
polymer:

said pelishing surface deoes not comprise a

polishing pad.

2. The substrate polishing apparatus of claim 1 wherein said

polishing surface has an about vertical orientation.

3. The substrate polishing apparatus of claim 1 wherein said
polishing head has passage ways through which polishing
solution flows to grooves in said polishing surface and to

satd substrate.

4. The substrate polishing apparatus of claim 1 wherein said

polishing head is comprised of polyurethane.

5. The substrate polishing apparatus of claim 1 wherein said
polishing head is one pilece;

said polishing surface has grooves to allow said
polishing sclution to flow acress saild polish surface and
said substrate; said grooves have a depth between 5 and 10

mm and a widith between Z mm and © mm.

17




9. The substrate polishing apparatus of claim8 wherein said polishing
head has a solid surface except for said grooves; said polishing head has
passage ways where polishing solution flows to said sy@sggggf. 405 The
substrate polishing apparatus of claim8 wherein said ~grooves %ave a depth
between 5 and 10 mm and a width between 2 and 6 nm and said grooves form
a cross pattern. 11. The substrate polishing apparatus of claim8 wherein

said polish a guare . e li_shi.ng -surf.ace; i .sguar
haped pol'r S g S 405 g 3 T ongt ATand i dt b of "5t wean %5 °And B e
sai d poli ghiinghheadd $aehe sohiadepisteeed saildsgrogyes riface ;asdept lsdapetween
5 and 10 mmand a width between 2 and 6 nmm said grqooves forma cross
pattern. PPaPPRe PelHSIEe SHSILESHT hG apparatts 61 Iwéndﬁ?‘S O\ﬁ/ﬂ%@&i""ﬁ‘e?ai d

pol i shing_head has an area between 5 and 15% of the area of said surface
of said substrate. 13. A substrate polishing apparatus conprising: a) a
substrate chuck for shékidioeg i&hsulss tyeatde Wi hea Pisgef ageredrbéapd! i shed

t her eof bei %Lrected about. vertically: id. s trate.i.s.used in
seni condubCor SOTE SarTaRte b esr e an  Chy T F HE LS Ichaeed T
rotating saildtsubstratie owchuaks sckad dpekildhkihnguhdadchawidngaadpol i shi ng
surface which is adjacent to said substrate during the polishing
substrate; ‘and
said grooves have a depth between 5 and 10 mm

and a width between 7 and 6 mm.

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

said surface of said substrate.

8. 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; said substrate is used in semiconductor or
electronic fabrication; said polishing head consists
essentially of a polymer; said polishing head does not
comprise abrasive particles;

said polishing surface of said polishing head
is smaller than said surface of said substrate;

salid polishing surface has grooves to allow
said polishing solution to flow across said polish
surface;

said polishing surface does not comprise a
polishing pad:;

said polishing head is comprised of one plece

of molded polyurethane;

18




19 10 April 2006 of said substrate; said polishing surface of said
polishing head is smaller than said surface of said substrate; said
pol i shing surface conprised of a polyner; said poIishE%gAﬁgﬁfaQ%o%oes not
conprise a polishing pad; d) polishing solution supply neans #or suppl yi ng
a polishing solution through said polishing head to the substrate held by
sai d substrate chuck; e) reciprocating neans for reciprocally noving said

pol i shing head on saj.d c8 1.0, he, Aéﬂﬁ§% Jr Pressilg nmeans for
pressing said polis%%%§§g%$ é%é“%% Séﬁ%ip0|ls fﬂgqﬁggéiagalnst a substrate
hel d by satikrsudsitgrat e chuck; said substrate polishing apparatus used in
sem conductor or electronics fabrication. 14. The substrate polishing

apparatus of claim 13 wherein said polishing surface is orientated at an

angl e to the vefld calpsibetvmes, 0 anth? Hgoreasis 1 JdhesubsiHate pol i shing

apparatus according to claim13 which further includes: a vacuum neans for
hol di ng saiald gubstalatrer ireadilth subsidlate shifkce ¥6iCeiie substaiat e
pol i shi ng apparatus accaording to claim,13 ich further .includes: said
pol i shi ng %Lgcgodv%sa,s saanl arpeogllgnng Cheac[nhas ﬁ@ssage %a@s wHd 1%

polishing solution flows to said substrate.

10. The substrate polishing apparatus of claim 8 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.

11. The substrate polishing apparatus of claim 8 wherein said
pelish 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 scolid piece;
sald grooves have a depth between 5 and 10 mm and a width

between 2 and 6 mm; sald grocoves form a cross pattern.

12. The substrate polishing apparatus of claim 8 wherein saild
polishing head has an area between 5 and 15% of the area of

sald surface of said substrate.

13, A substrate pelishing apparatus comprising:

a) a substrate chuck for holding a substrate with a
surface to be polished therecf being directed
about vertically; said substrate is used in
semiconductor or electronic fabrication;

b) a first drive means for rctating said substrate
chuck;

c) a polishing head having a polishing surface which

is adjacent to saild substrate during the polishing
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between 5 and 15% of the area of said surface of said substrate. 17. The
substrate polishing apparatus according to claim13 which further

i ncl udes: said polishing solution supply 20 10 April 29?6 E@g@s g@@pri ses
passage ways in said polishing head where polishing solu Foms to said
substrate. 18. The substrate polishing apparatus according to claim 13
wherein said polishing head is conprised of polyurethane. 19. The substrate

pol i shi ng apparatus accqrding.to. claj 3 - i i | I.shj head is
one solid piece mﬁirg?ﬁgngagtﬁg %éh%%%&sa?rggéghgsgg%g%ggsb?ogQ?FOM/said
pol i shing sol utiopoloskiow AerOS$ssandl peki shasushadesanfasai df substrate;

sai d grooves have a depth between 5 and 10 mm and % w dth between 2 and 6
mm sai d pol i shi ngaheaduPetéahpri 884Y BPLpollylr ePRRNRCE 26 ThéSElbst rat e

pol i shing apparatys acgoqding.to,¢hapnn 13niwhi chrEdEthgeeknghudes: said
polish head has a square “shaped polishing surface; said square shaped
pol i shing surfacechpdiasl engbhiahdnei gefl; of between 2 and 5 cm 21. The

Pubstrate pol| o 09 SRRRCALURRESOLILIN A SLALDY 5, WEEEL 530 pol shino
undul ations of thgoisyhshiakelution through said polishing head to
the substrate held by said substrate chuck;
e) reciprocating means for reciprocally moving sald
polishing head on said surface to be polished; and
f) pressing means for pressing said polishing surface
of saild polishing head against a substrate held by
said substrate chuck; said substrate polishing
apparatus used in semiconductor or electronics

fabrication.

14. The substrate polishing apparatus of claim 13 wherein said
polishing surface is orientated at an angle to the vertical

between 0 and 2 degrees.

1%. The substrate polishing apparatus according to claim 13
which further includes: a vacuum means for holding said

substrate in sald substrate chunk.

16. The substrate polishing apparatus according to claim 13
which further includes: said polishing head has an area
between 5 and 15% of the area of said surface of said

substrate.

17. The substrate polishing apparatus according to claim 13

which further includes: said polishing solution supply

20




22. The substrate polishing apparatus according to claim 13 which further
i ncl udes a di anond di sk conditioning device. 23. A substrate polishing
apparatus conprising: a) a substrate chuck for holding @ 3 {raggswith a
surface to be polished thereof being directed about vertically; said
substrate is used in sem conductor or electronic fabrication; 21 10 Apri
2006 b) a vacuum neans for holding said substrate in said substrate chuck;

c) a first rlvgoggggg géag§%§%Lug¥§agﬁ §89§tFé&§sh§hHCKea@ paki-shi ng head

havi ng a po |sh|ng sarf adjacent to said Substrate during the
pol i shi ngpeflisaiidgsybstitave; réaivd pol shidngubsurfaee of said polishing head
is smaller than said surface of said substrate; said polishing head
havi ng an area between 5 and 15 % of the area of said surface of said

substrat ej gsairde egbb%Qb@% p%@qshﬁngo bhsadual apebyunathanex1said13pol i sh
head has a square shaped i shing sur ace; said square shaped polishing

surface hatieacliengthd andiwhdnh bE:abetiie€AMRTAREASO mPosdld cEbRIENI ng
surface does not conprise a polishing pad; d) a polishing solution supply
means for supplying a

19. The substrate polishing apparatus according to claim 13
wherein said polishing head is one solid pilece wherein said
polishing surface has grooves to allow saild polishing
solution to flow across said polish surface and said
substrate; said grooves have a depth between 5 and 10 mm and
a width between 2 and 6 mm; said polishing head is comprised

of polyurethane.

20. The substrate polishing apparatus according to claim 13
which further includes: said polish head has a square
shaped polishing surface; said sguare shaped polishing

I

surface had a length and width of between 2 and 5 cm.

21. The substrate polishing apparatus according to claim 13
wherein said polishing head has a length and a width
substantially equal to an interval of undulations of the

substrate.

22. The substrate polishing apparatus according to claim 13

which further includes a diamond disk conditioning device.

23. A substrate polishing apparatus comprising:

a) a substrate chuck for holding a substrate with a
surface to be polished thereof being directed
about vertically; saild substrate is used in
semiconductor or electronic fabrication;
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pol i shing solution through said polishing head to the substrate held by
sai d substrate chuck; said polishing solution supply nmeans conpri ses
passage ways in said polishing head where polishing sgbu%ﬁgglfl%w% to said
substrate; e) a reciprocating nmeans for reciprocally noving sai pol i shi ng
head on said surface to be polished; and f) a pressing neans for pressing
sai d polishing pad against a substrate held by said substrate chuck by way

of said polishing.h . S| b a i shing siused: iyn
sem conduct or gg deﬁ%%??%n#ggﬁgag%%cg?%gEBEZEQthgagggg?%gtéHpggﬁghing
apparatus of cl ai pu23trwherehncgai d polishing surface is orientated at an
angle to the vertical between O and 2 degrees. 22 10 Agr'l 2006 25. The
substrate poli <hi Agfapphr dCd¥caledrdi Ag*t 6°EPAMRP 282 (n Pé?ﬁr§h?d pol i shi ng

head is one solid.pi,e¢e whereinnsabdnepal habing supbacenhas gueeyes to
al l ow sai d: polishing solution to fl'ow across said polish surface and said
substrate; sai d gwbovesihawdjacdept hobebwdenubsandte0dmmiapdtna width

between 2 and 6 nm .26, .The substrate | i shi ng_apparatus.according to
claim23 wherei nPS& d"ABFT Shi RGHead Ras A i ARator *SUBLTaNti al | y

surface of said peolishing head 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 said substrate; said
polishing head is comprised of polyurethane; said
polish head has a square shaped polishing surface;
said sguare shaped polishing surface had a length
and width of between 2 and 5 cm; said polishing
surface does not comprise a pelishing pad;

d) 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;

e} a reciprocating means for reciprocally moving said
polishing head on said surface toe be polished; and

f} a pressing means for pressing said polishing pad
against a substrate held by said substrate chuck

by way of saild polishing head; said substrate

polishing apparatus used in semiconductor or

electronics fabrication.

24. The substrate polishing apparatus of claim 23

wherein said polishing surface is orientated at an angle

to the vertical between 0 and 2 degrees.
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equal to an interval of undul ations of the substrate. 27. A substrate
pol i shing apparatus conprising: a polishing head having a polishing surface
which during use is adjacent to or contacting a subst{guébygjkgoggsurface
to be polished; and said polishing surface is conprised of a polyner; said
pol i shing surface does not conprise a polishing pad; said polish surface
of said polish head consists essentially of a polyner; said polishing

surface dgss AQL -SOUPLLOE B0 ashy8PaLbheless 28¢oTheagubst £l enpobl Shing

apparatus~of cC erefn sai Ing head has an area between 5
and 15 of whbecaneazofi psaidhsunf heedofssand substirpi egesahdrsubstratie used
in sem conductor or electronic fabrication head for a

29. A, polishi
subst r at ePpel-FEAPEgSHpHAFSt Bes g§8PHe§uB§t?598Wp8F?§ﬁPhgléggﬁgatus used in

sem conduchol,+ ;9 eLegirpnhesohabeheat han;i sgakdrpokbshnheadigonprising: a
pol i shing head having a polishing surface which durlng operation is
adj acent tobetrebataetiidggaosubst havre awdehth serfaes Poabé pbl shedd said

substrate pol.i Ei appar tus ,used in sem conductor or electronics
fabricatiénwlgﬁ g%tfﬁ %pr?ldﬁeo &did polishing surface i s conprised of a
pol ymer ;

26. The substrate polishing apparatus according to claim 23

wherein said polishing head has a diameter substantially

egqual to an interval of undulations of the substrate.

27. A substrate polishing apparatus comprising:

a polishing head having a polishing surface which
during use is adjacent to or contacting a substrate with
a surface t¢o bhe polished; and

said polishing surface is comprised of a polymer;
said polishing surface does not comprise a polishing pad;
said polish surface of said polish head consists
essentially of a polymer; said polishing surface does noct

comprise abrasive particles.

28. The substrate polishing apparatus of claim 27 wherein said
polishing head has an area between 5 and 15 % of the area of
said surface of said substrate; said substrate used in

semiconductor or electronic fabrication.

29. A polishing head for a substrate polishing apparatus;
said substrate polishing apparatus used in semiconductor
or electronics fabrication; said polish head comprising:

a polishing head having a polishing surface which
during operation is adjacent to or contacting a substrate
with a surface to be polished; said substrate polishing
apparatus used in semiconductor or electronics

fabrication; and
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sai d polishing surface does not conprise a polishing pad; said polish head
consists essentially of a polyner; said polishing head does not conprise
abrasive particles. 30. The polishing head of claim2 r gi-n i-d
polishing head is consists of polyurethane. 31. The ggwﬁ-ﬁﬁ%g2ﬁ§§d of
claim 29 wherein said polishing head has an area between 5 and 15 of the
area of said surface of said substrate; said substrate used in

sem conductor or. electronic fabrication. The. pol} i shi of claim 29
wherein sai d pof ngﬁ% gﬁ%% %‘%f%c%qlu%r%o %lpe;daér)l% %g%%@po i‘'shi ng surface
has groovesd tes Bl 410w s ad e potd shiag sof utdgmr 10: fd qw acslassy said pol i sh
surface and said substrate. 33, The polishing head of claim29 wherein said
pol i shi ngFakear}ssnedi ec@skaid potFshhghs it st P Hag™yrioovesi Yo al | ow
said pol.ishing sol.uti f ' [ face;and said

substr at éé%&%ﬁ%ﬁ%%@%% p%@s%ﬁ%égsiﬁét)%%%é%%% sing: polishing a
substrate by contact with a polishing surface of a polishing head; said

substrate use%i n em conductor or electronics fabrication,. said polishing
surface cohprided l%%]p‘?)?sl?%gf'ﬂ? %gi%liﬁ‘iéiﬁi%e%?ﬁq ascaélcs cf-f)(ghsl%bltn%orrpri se a
pol i shing, pag: | satshpolish,susdpeerOfnasal d polish head consists
essentially of a polyner; said

31. The polishing head of claim 28 wherein sald polishing

head has an area between 5 and 15 % of the area of said

surface of salid substrate; said substrate used in

semiconductor or electronic fabrication.

32. The polishing head of claim 29 wherein said polishing
head has a square shape; and said polishing surface has
grooves to allow said polishing solution to flow across

said pelish surface and said substrate.

33. The polishing head of claim 29 wherein said polishing
head is cne pilece;

said polishing surface has grooves to allow said
polishing solution to flow across sald polish surface and

said substrate.

34. A method for polishing a substrate comprising:
polishing a substrate by contact with a polishing
surface of a polishing head; said substrate used in
semiconductor or electronics fabrication, said polishing
surface comprised of a polymer; said polishing surface
does not comprise a polishing pad: said polish surface of

said polish head consists essentially of a polymer; said
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24 10 April 2006 polish surface of said polishing head does not conprise
abrasive particles. 35. The nethod of claim 34 wherein said substrate IS
rotated at a speed between 50 and 200 rpmand said pqly s ?rqq head
stationary. 36. The method of claim 34 wherein said substrate is rotated
at a speed between 50 and 200 rpm and said polishing surface is rotated at
a speed ranging fromO to 2000 rpm and sai d polishing head exerts a

pressure iy ; e, [ Ange of ¢ 100, 44,3000, gleng. . 8TsoIhe, siethadh of .1 ai m 34

wher ei n polis |ng surfacé ‘has an out vertical orientation. 38. The
met hod ofalet&d Ivaddpantiereiars sai d polishing head is conprised of

pol yur et hane. 39. The nethod of claim 34 wherein said polishing head has
an area between 5 and 15 % of the area of said surface of said substrate.

40. The et hog, of ol @han 34 whergi 1y S@t@r@ﬂtlﬁwe@%&@@a@e sguare shaped

pol i shing surface. 41. The nmethod of claim 34 wherein said polish head has
a squar ersteped Ppold stverr serfeee: sal dRsduRte ghapedd pold shing surface

22F|3 L?n tf qu V“ﬁ%éh‘ﬁst§%a f@hgrfﬁd 5 cm said polishing head is one

36. The method of claim 34 wherein said substrate is
rotated at a speed between 50 and 200 rpm and said
polishing surface is rotated at a speed ranging from 0 to
2000 rpm and said polishing head exerts a pressure in

the range of 100 to 1000 g/cm2.

37. The method of claim 34 wherein said polishing surface

has an about vertical orientation.

38. The method of claim 34 wherein said polishing head is

conprised of polyurethane.

39. The method of claim 34 wherein said polishing head

has an area between 5 and 15 % of the area of said

surface of said substrate.

40. The method of claim 34 wherein said polish head has a

square shaped polishing surface.

41, 'The method ¢f claim 34 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 have a depth between 5 and 10 mm and a width

between 2 and & mm; sald greooves form a cross pattern.
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grooves have a depth between 5 and 10 nmand a width between 2 and 6 nmm
said grooves forma cross pattern. 25 10 April 2006 42. The substrate
pol i shing apparatus of claiml wherein said polish HQ?Qx%QmFLﬁﬁﬁSOf a

pol ymer; said polishing surface does not conprise abrasitVe particles. 43.
The substrate polishing apparatus of claim1l wherein said polish head is
solid. 44. The substrate polishing apparatus of claim 13 wherein said
pol i shing surface of said polish head consists essentially of a polyner;
said polishing surface does not conprise abrasive particles. 45. The

subst r at g, poti shings eppes ab 4s: oh 1 64 ahPpd Bavher ef ncsald 1 pohésdihead
consists of a polyner. 46. The substrate golishing,apparatus of claim23
wher ei n sald Ppblikhhagd sapratet of ©5af dPpeyTeh’ heatd const St s éssential |y of

a polyner; | I.shing i abrasive particles.

47. The %ﬁﬁggégtggé%lﬁéﬁi%gﬁgéggga?§§§%?gélg?ﬁ?%%§§%erein said polish head
consists of a polyner. 48. The polishing head of claim27 wherein said
polish head consists of a ?l%ner. 49. The gol%shin head of claim 27

wher ei n %%idTg%bé??%Féat%s%g F AR ER% BRALRLYY of @ %gTr nf3E FhbBr P At on:

said  o1ish head is solid.

44. The substrate polishing apparatus of claim 13 wherein said
polishing surface of said polish head consists essentially of
a polymer; said polishing surface does not comprise abrasive

particles.

45. The substrate polishing apparatus of claim 13 wherein said

pelish head consists of a polymer.

46. The substrate polishing apparatus of claim 23 wherein said
polishing surface of said polish head consists essentially of
a polymer; said polishing surface does not comprise abrasive

particles.

47. The substrate polishing apparatus of claim 23 wherein said

pelish head consists of a polymer.

48. The polishing head of claim 27 wherein said polish head

consists of a polymer.

49, The polishing head of claim 27 wherein said substrate
used in semiconductor or electronics fabrication; said
polishing head is used only in semiconductor or

electronics fabrication.
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polishing head is used only in sem conductor or electronics fabrication.
26 10 April 2006 50. The nethod of claim 34 wherein said polish head

consists of a polynmer. 51. The method of claim 34 wherqdﬁﬁngfisagggrate

has a substrate surface to be polished; said substrate sdrtace “i's
conprised of dielectric material; said polish head consists essentially of
a polynmer. 52. The nethod of claim 34 wherein said polish head consists

essential ly.of_.a polyner; said substrate b ace to be

pol i shed: 297 dr B pge VAT ¢y g%jéIHi 3 c%ltr‘r%??%zdg% d %%{eféélgt}?%%&rrat erial. 53.
The met hod-@hs ct ek Ny B4a WHeT ehdrsai d polish head consists essentially of a
pol yner; said substrate has a substrate surface to be polished; said

substrate surface is conposed of a naterial selected fromthe group

consistindsof #hel RELLLG oFBLeLiAl 54 GROAUELT YE: Rl eb Al See Ofadli gl ectric

and conductive materials.
substrate surface to be polished; said substrate surface

is comprised of dielectric material;

said polish head consists essentially of a polymer.

52. The method of claim 34 wherein said polish head
consists essentially of a polymer;

saild substrate has a substrate surface to be
polished; said substrate surface 1s comprised of

dielectric material.

53. The method of claim 34 wherein said polish head
consists essentially of a polymer;

sald substrate has a substrate surface to be
pelished; said substrate surface 1s ccmposed of a
material selected from the group consisting of dielectric
materials, conductive materials, or dielectric and

conductive materials.
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