2 5 JAN 2005 SELF- SI PHONI NG CMP TOOL DESI GN FOR APPLI CATI ONS SUCH AS COPPER
CVP AND LOW K- DI ELECTRI C CMP BACKGROUND OF THE I NVENTION (1) Field of the

| nvention The invention relates to the fabrication of integrated chﬁrf}N. tzﬂus
devices, and nore particularly, to a nethod and apparatus for pollshlng
surfaces that have special requirenents or that inpose unique chall enges
of surfaE&FpSLPERNAYE CRIP DOSdr iRSIIoN afor he pRrTcorr Ants Ghetd ead dvechani cal
"Polishing is a nmethod of polishing the surface of a |layer of sem conduct-or
material, such as the sucChMrcenDofLca-semmyadigter qubstrate, to a high
degree of planarity and wuniformty. The process is used to planarize

sem conductor surfaces prior to the fabrication of sem conductor circuitry
therein and thereon, and is also used to renpove features of high elevation

that are created during thendrdddGadi QR @ﬁEtpﬁvﬁﬁ%féﬁelectronic circuitry

on the substrate. One typical chem cal nechanical polishing process uses a
| arge polishing pad, that is |ocated on a rotating platen against which a
substrate is positioned for polishing, and a positioning nenber which,

posi tipns afd.1d asescider substfate on the rotating polishing pad. 1

The invention relates to the fabrication of integrated

circuit devices, and more particularly, to a ﬁethod and apparatus

for polishing surfaces that have special requirements or that

impose unique challenges of surface polishing.

{2} Description of the Prior Art

Chemical Mechanical Polishing is a method of polishiné the

surface of a layer of semiconductor material, such as the surface

of a semiconductor substrate, to a high degree of planarity and

uniformity. The process is used to planarize semiconductor

surfaces prior to the fabrication of semiconductor circuitry

therein and thereon, and is also used to remove features of high

elevation that are created during the fabrication of the

microelectronic circuitry on the substrate. One typical chemical

mechanical polishing process uses a 1arge'polishing pad, that is

located on a rotating platen against which a substrate isg

positioned for polishing, and a positioning member which - ]

positions and biases the substrate on the rotating polishing pad



2 5 JAN 2005 Chem cal slurry, which may include abrasive materials, is
mai nt ai ned on the polishing pad to nodify the polishing characteristics of
the polishing pad in order to enhance the polishing of the substrg&g. Age 4
use of chem cal nechanical polishing to planarize sem conductor sJ tﬁwﬁ
continues to pose challenges, particularly where the process is used to
evenl yChaamdi aml forudyy - wWer@y endW o & syat i eatures across the surface of
a substrate. One primary proﬁ%énl mh?c #éé?%%?ﬁt%%t?hba 3ed*df chemical.
nmechamcalt pohé Shbmochd $be; sepd copdyct or i ndustry, is the linmited ability
to predict, much |ess control, t ggrgiégdﬁo l%%i?%?h??§l§flﬁﬂich t he
processhatadt & £IDVE-SBLErid the substrate. As a result, CMP renmins
a | abor-intensive process ﬁ%e%éﬁ%%h%%% T ckheRE“@RdtanerbRFEY LBE t he
subst rgé e MMt ber QNS | y_nonitored to prevent over-polishing or
i nconsi st ent %olishind&%$§¥%%t%Urface of the substrate. The profile of the
polishing pad plays an inportant role in determ ning good overall
polishing results. The polishing pad can, for instance, be profiled thick
at the inpner dianeter of the polishing pad as conpared to the outer
di anet er g P%g %glféﬁﬁﬁﬁalpE@CQﬁﬁlﬁi aPpdrisainthecprdfara-iofe t he pol i shing
ad is icall achieved by trial and error and by adjusting the position
gf a séﬁ%&ondugfor substratgs conﬁinues to pose chglleiges, ’ P

particularly where the pProcess is used to eveﬁly and uniformly -

remove high elevation features across the surface of a substrate

One primary problem, which has limited the used of chemical

mechanical polishing in the semiconductor industry, is the

limited ability to predict, much less control, the rate ang

uniformity at which the process will remove material from the

substrate. As a result, CMP remains a labor-intensive process

because the thickness and uniformity of the substrate must be

constantly monitored to prevent over-polishing or inconsistent

polishing of the surface of the substrate.

The profile of the polishing pad plays an important role in

determining good overali polishing results. The polishing pad

¢an, for instance, be profiled thick at the inner diameter of the

polishing pad as compared to the outer diameter of the polishing

pad and visa versa. The profile of the polishing pad is typically

achieved by trial and error and by adjusting the position of a



2 2 5 JAN 2005 di anond dresser. The function of the dianond dresser is to
mai nt ai n_and/or restore the polishing characteristics of the polishing pad
to the maxi mum extent possible during the polishing operation anq %nmﬂi ms
"so to extend the useful |ife or the operating characteristics of the
polishing pad. This nethod of profiling the polishing pad is destructive,

time cohsuphdgdandseeauses thackess of the B?Eh%hh”@rg%d- Sipcedns '

nmeasure of the polishing pad profile can only be per ormed at the end of .

the umelnkakhfenalfotheepebi-ghipng . the wrong profi.le.can only be
s 8894 shifig " Fha%als HifS Othe i shing

detected after the polishing pad has served its -dsefar->
procesgollsstanfi gdqout, WAL h urface of the, wafer is ground-to a
hi ghly pl anar gtgte. DuringE?%éﬁﬁﬁlfgﬁFﬁﬁ PEPGELLE GRS e andfcdr shirface
and t hgppekkshihng,pad b abraded. After nunmerous wafers have been
polisheg, t he poIPsh?Rgggggg BEcSTeS WEPA £8%t ReShsilnt Wiferas tthee ef fi ci ency

of thegpreLi-ShARN ..s.dimnished and the rate of renoval of
mat eri al ?%gﬁﬁkhghagggﬁggﬁF at8 PS¢ ShgnPridshing paducdihis methodisuml |y at

this paipt.tk e polishing pad is treated and restored to its initia
state gggkﬁg?gé %Eﬁthgﬁégépguﬁ?ﬂoﬂﬁldﬁéﬁﬁ@ﬁﬁﬁgeeamiamc&amyﬂmidgeéﬂ&eﬂned.

The in%gntion gddaesses these and other concerns in providing
uses the loss of the polishing pad. Since this measure of the

polishing pad profile can only be performed af the end of the

useful life of the polishing pad, the wrong profile can only be

detected after the polishing pad has served its useful life.

The polishing process is carried out until the surface of the
. wafer is ground to a highly planar state. During the polishing

process, both the wafer surface and the polishing pad become

abraded. After numerous wafers have been polished, the polishing

- pad becomes worn to the point where the efficiency of the

polishing process is diminished and the rate of removal of
material from the wafer surface is significantly reduced. It is
usually at this point that the polishing pad is treated and

restored to its initial state so that a high rate of uniform

polishing can once again be obtained.

The invention addresses these and other concerns in providing

a method and apparatus that specifically results in improved



a nmethod and apparatus that specifically results in inproved 3 2 5 JAN 2005

uniformty and planarity of the surface of 'the-substrate and of the

i ndi vidual die that are being polished. US 5,709,593 (GQuthrie et ? Jﬁ@%

a slurry distribution system US 6,235,635 Bl (Roy) shows a CWP t 05 5
in-situ open loop slurry distribution.. -US 6,234,868 Bl (Easter et al.

shows & ichvarmicat amthalmrwhtgaod;fsthé@@}f&grgy t system US
5,775,983 (Shendon et al.) shows a nmethod to cond???o%h9g£%§gepé8. 3 )

5, 688'6&0:(nk81vmdﬁladﬁb&51£u2§§e4@€ pyet al.) are related CWP
and slurry distribution patents. lg%dégfi%ﬁEé[NwENTICN A principle

obj ective of the invention is to pI’OVI de a nethod and apparatus of

Chem cal Mechanical Polishing that assures even distribution of slurry
over theysusf aeg g@@t(bgthggln palyi shed, /4 2 5 JAN 2005 Another objective
of the invention is to provi %t % ﬁ % & slurry distribution .

system.

us 6,235,635 Bl (Roy) shows a CMP tool with in-situ open loop

slurry distribution.

US 6,234,868 BI (Easter et al.}) shows a chemical-mechanical

polish {CMP) slurry distribution system.

US 5,775,983 .(Shendon et al.) shows a method to condifion a

CMP pad.

QS 5,688,360 (Jairath) and US 6,231,427 Bl (Talieh et al.) are

related CMP and slurry distribution patents.

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a
method and apparatus of Chemical Mechanical Peolishing that

assures even distribution of slurry over the surface that is

being polished.



and apparatus of Chem cal Mechanical Polishing that significantly reduces
usage of required slurry, thus significantly reducing cost of polishing a
sem conductor surface. Yet another objective of the invention is gp?pyRNiﬂms
a nethod and apparatus of Chem cal Mechanical Polishing that results’I'n
i nproved surface planarity and inproved surface wuniformty after the
process of polishing has been conpleted. A still further objective of the
invention is to provide a nethod and apparatus of Chem cal Mechani cal
Polishing that allows for uniformrenoval of spent slurry fromthe surface
that is being polished. In accordance with the objectives of the invention
a new nethod is provided for the polishing of sem conductor surfaces such
as the surface of a substrate, the surface of deposited copper and the
surface of | ay@RQtsir |[BGwsctdivel et £re. 1THeNpoPR shi nkP it arid e p&fat us
of the invention conprise a new slurry delivery design whereby at | east
two di ffepedtaRbaFaiws ofcdhepd ciedddpehdenathy Bohishinedhmid stgedd icently
delivery to a slurry container. The slurry container is in direct physical
5 2 5 JANred@scsomtadt ofi thequipeld shiumgypathusr svgni hcdrgrlyt hedvoied sl urry
to be distributed over the surface of the polishing pad.

cost of polishing a semiconductor surface.

Yet another objective of the invention is to provide a
method and apparatus of Chemical Mechanical Polishing that
results in ilmproved surface planarity and improved surface

uniformity after the process of polishing has been completed.

A still further objective of the invention is to provide a
method and apparatus of Chemical Mechanical Polishing that allows
for uniform removal of spent slurry from the surface that is
being polished.

In accordance with the objectives of the invention a new
methed is provided for the polishing of semiconductor surfaces
such as the surface of a substrate, the surface of depocsited
copper and the surface of 1layers of low-k dielectric. The
polishing method and apparatus of the invention comprise a new
slurry delivery design whereby at least two different slurries
can be independently contrclled and mixed for delivery to a

slurry container. The slurry container is in direct physical
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BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a cross section of a prior art
polishing apparatus. Fig. 2 is a three dinensional viewof a prior art
polishing arrangenent with the cross section of slurry supply Sy?tF”yAgi@ﬂﬁ
3 is a three dinensional view of the polishing arrangenent with t'the Tros
section of slurry supply systemof the invention. DESCRI PTION OF THE
PREFERRED FNBGORI IVENT S nes 19f ny 0 i onal et hods of polishing the
surface of a seni Co%ﬂuctor s%gggatcghtn%lecg%]éﬁg TonsCt h%h%\ﬂ%¥g nS&UEFY ctiPar ,
rotatimg €adtd Bfurak i.shin consists of_a belt that is noved
forward in a conti nﬂﬁl\g@&l o%%j? %i/]pﬁéri%? n%tst S RPFLERIDE PR} substrate
agai nst an essentially flat surface portion of -the 6 2 5 JAN 2005
polishing belt, a polishing action is realized. Two prior art mnethods of
surface polishing are fi iLefly reviewed. Fig. 1 shows a Prior Art CW
apparatus. A poli shi ngg%ggkzgéggyéﬂpye@?t 6HE BRPEAGNGE polishing table 22
that rotates in a direction indicated by arrow 24 at a rate in the order
of 1 to 100 RPM A wafer carrier 26 is used to hold wafer 18 face down
agai nst theFPoI ishing pad 20. The wafer 18 is held in place by

g. 1 is7a cross section of a prior art polishing

apparatus.

Fig. 2 is a three dimensional view of a pPrior art polishing

arrangement with the cross section of slurry supply system.

F;g. 3 is a three dimensional view of the polishing
arrangement with the cross section of slurry supply systém of the

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

One of the conventional methods of polishing the surface of

a . s
semiconductor substrate positions the wafer on a circular
- r

rotating carrier. The pPolishing pad consists of a belt that is

moved forward in a continuing loop. By urging the surface of the

substrate against an essentially flat surface portion of -the



' i i hown). The wafer 18

ng a vacuumto the backside of the wafer (not s ) _
2gﬁ|§:sg be attached to the wafer carrier 26 by the appllcat;onhof af |
substrate attachnment film (not shown) to the |ower surface of t ?%agn 2005
carrier 26. The wafer carrier 26 also rotates as indicated by arro ihe
usually in the sane direction as the polishing table 22, at a rate on

S e oxt S s | l4.shing. tabl e 22, the
RSfLIBNIOQLOB 1 tRPM e s idies diatc 1100 1afa e POl b £
3@?2; 18 traverses a circular polishing path over the polishihg pad 20. A

. . . . . . ;

18 and proesses the wafer ‘18 apa not he Balt oh e et bR T s being
d presses the wafer agai nst t

églﬁgheg. The force 28 is typically in the order of 0 to 15 poundg perth

square inch and is applied by neans of _.a shaft 30 that is attached to e

' i - lishing the
frerg carr ; r elt-t ennethpd of po
gﬁ(r:]l‘(ag]; \3? ?q'sﬁlbs?%‘;%% ﬁ%ﬁ?? ébﬁ% %Qﬁae%&%?mnasl%%]alfs@}%gv P2dseh an 7

20605 i t. is shawn in Fig. 2. The phree-dinensional
\2/i gw\]&g} Fi g.)?éZCE ?%%m%%%%ae%tﬁ’o OhJtri“?he"l';{:“i'}i’ { ohewi xptapen fmop  slurry

: i i i ' ig. e the followng elements of the

O T PeRAle BT A S 4 LT B S \2 41i 3% ra DEAt o mysr@modet he pol £ shi ng
pollsh;ng appar?hgs-rrahgenent for mounting and noving the polishing pad
apparqdﬁngﬁ% A waé%r cdrrier 26 is used to hold wafer 18 face down

against the polishing pad 20.

applying a vacuum to the backside of the wafer (not shown). The

wafer 18 can also be attached to the_wafer carrier 26 by the

application of a substrate attachment f£ilm (not shown) to the

lower surface of the wafer carrier 26. The wafer carrier 26 also

rotates as indicated by arrow 32, usually in the same direction

as the polishing table 22, at a rate on the order of 1 to 100

RPM. Due to the rotation of the polishing table 22, the wafer 18

traverses a circular polishing path over the polishing pad 20. A

force 28 is also applied in the downward vertical direction

against wafer 18 and presses the wafer 18 against the polishing
pad 20 as it is being polished. The force 28 is typically in the

order of 0 to 15 pounds per square inch and is applied by means

of a shaft 30 that is attached to the bhack of wafer carrier 26.

A prior art belt-type method of polishing the surface of a

substrate is shown in the three dimensional view of such an

The wafer 18 is.held in place by N



[ - 39, the
i shing apparatus - 38, the slurry vat or container : _
gruws ltogla!tsi'ls gonltogi ned in the slurry vat and that is furtlher di stributed |
to the surface of the pol i Ishi ng ggd_ 48rr38,edt]t1reo1;r: ?Y]VeOfSTBI‘GI‘)S/ g(r);]%/ i ’eJAg?ﬁ%
- tubing through which the slurry IS e
48 - 42, the punp that affect: _
Lo the surtace Of s P _ngtpaf[j_c p hat affects the distribution of
The T of et @ﬁlttﬁr?g%‘g%o%{t?egbg?’? N0 WETeeZgimeReienad rYieHat is
e ! - .
s Tagtod T et et orm aver e itice of 1o pe 1301 ped 33
- 48, the belt-shaped polishi - ;T : o
i shi i nt - the. rofating notion of the c :
Pg![ :ats Pgﬁhgrnﬁi?%ﬁ&%iségg%l t]ﬁgg%%f%}% ?%glrbeﬁtjlgw ?nZ—EZI E%Eaﬁiﬁagggggwgzssat he
: : Csh i 1
srrfacgﬁﬁ%”ﬁs%g%ﬁf’?@é hﬁ%ﬁ)%ﬁ%@%hﬁ%%gﬁg?%;g the polishing pad is in
P ont o Tth i s bein olished - 56, the surface
(Substrats) TRAC T4 bEI Rt Dotrehih SVstlm of the polishing sppargtus

= 36, the arrangement for mounting and moving the polishing pad

K]

of the polishing apparatus
- 38, the slgrry'vat or container

~ 39, the slurry that is contained in the slurry vat and that is

further distributed to the surface of the polishing pad 48

- 40, the flow of the slurry

- 41, the tubing through which the slurry 39 is moved from the

slurry container 38 to the surface of the polishing pad 48

42, the pump that affects the flow 40 of slurry 39

- 44, the peristaltic pump that affects the distribution of the
slurry across the surface of the belt pad 48

- 46, the slurry that is distributed in drop or vapor form over

the surface of the polishing pad 48

— 48, the belt-shaped polishing pad

- 50, two drums over which the polishing pad 48 is mounted

-~ 52, the rotating motion of the drums 50, this rotation motion

passes the polishing pad 48 in a linear motion across the surface

of the substrate that is being polished



- 58, the substrate carrier on the surface of which the substrate 56 is
nmounted - 60; the rotating notion of the substrate carrier 58 - 62, a
downward pressure exerted on the substrate carrier 58 in order t @jﬁfﬁt .
i ncreased polishing action - 64, the polishing pad conditioner. Tle 2005
operation of the apparatus that is shown in three dinensional viewis as

fol |l awsg 4t {1 ng. waf S pressed. ai nst t'he polishing pad 48

t hat i55%1Egéﬁﬁaﬂﬁ%ggg¥%y§§%€§r#%t ??oﬂ%ﬁlﬁgngnPGQ 6f duhamg 5be By )
contr i 0o rce 62, the polishing actigon can be controlled. The belt
syste%%%&g%%i?{cg Slenle%rc%%‘ia% ‘f’bt?hEgBaauﬁﬁaFﬁ EBREt A8nbEANBhe waf er 56.

The sééq{%hég i s dispensed on the polishing pad 48 by the - peristaltic
punp 44, Tt Trust be noted that the conventional approach that is shown in
Fig. 2 ?ﬁes not allow for effective mxXing of a nmulti- conponent slurry
before the SPurfy-facdel sverbnate) t hbapoint befngupeliFheds| urry conponents
are typically pre-m xed, using the 9 2 5 JAN 2005 pre-m xed slurry poses

pr obl eme® of LR ep WSt raee ofarheeronhakher suefapet oifNwihieh thhe siiyskng act i on
takes place. In addition, there is no exact netering of the slurry as this
slurr§%i s drsunibdt ed :

60, the rotating motion of the substrate carrier 58

— 62, a downward pressure exerted on the subsﬁrate ca¥rier 58 in

order to affect increased polishing action

— 64, the polishing pad conditioner.

The operation of the apparatus that is shown in three

dimensional view-is as follows: the rotating wafer 56 is.pressed

against the polishing pad 48 that is linearly moved by the

rotational motion 52 of drums 50. By controlling the force 62
r

the polishing action can be controlied. The belt system 36
imparts linear motion to the pad 48 in relation to the wafer 56

The slurry 46 is dispensed on the pelishing pad 48 by the

peristaltic pump 44.

It must be noted that the conventional apprdach that is

shown in Fig. 2 does not allow for effective mixing of a multi-

component slurry before the slurry is delivered to the point of

use. The slurry components are typically pre-mixed, using the



i i | i shed, due to the nature
of the substrate that is being pol , _
g?r?ﬁz tpg(rai fs?;?ati c punp 44. For these reasons, using t he ](c:onven]'El 1(:)nal
nmet hods as shown in Fig. 2, die uniformty across the surf?gre o] |2 Em’% 2@5
substrate and planarity of the surface of the substratela tion s
leted are difficult to realize. This limts the applica n ot
cogﬁodamlamzar@dﬁ; Yo '[ﬁrﬂ q?the urface of a sufbsé}{;tng@mbﬁlner
Im|9mtat| O moomes espeC| o se\r/]e{ ﬁe sﬁT?eace of thceﬁ sﬁbstrat e- Device
r T i

?Lgfﬂfjelgrp%stﬁclﬁl ggﬁ%ﬁltal I C()a\(l)v- r encgh ISo1 i TS et ioree - copprdddahascetere

ang, dielectric suffer an especially negative
fﬁr{);gzlﬂg%a condst:érﬁeretﬁecrgngl’h ot WY appdituittiss bfrthel s nent ¢ Opu addr ess

f different
r ovi Se a nmethod of "even distribution o .
tsrﬁfslaeogoggross t e Nini o?rukéStpEﬁt}%rﬁfrmtpiambe‘Eheg mmdd@?gocri]@@%@%?%uze
of thechl hve tio rove polishing performance and, in additi

the use of 4 er %Féq?{}rf‘rtyﬁlﬁﬂherrabwp 4’¢EdLEdmg:1{éQ£é C@gs&]{lsf éJs_mJng
substrate surfaces. Since, using the nethod and apparat us o

he ol i shing
c yoiqnalumdtirads as estovad i amd he, sytfa }
Ig\éentsqurfagwglr;ﬁarlty 10 2 5 JAN 2005 and unlformty 0 TR |£g across
Fhe,s&FF§@§(ﬁhqfﬁynﬁﬂﬁﬂruﬁ(the substrate and pl

anarity of the surface
of the substrate after polishing is completed are difficult to

realize. This limits the application of the method and apparatus

of polishing the surface of a substrate. This limitation becomes

especially severe where devices of sub-micron dimensions are

created over or in the surface of the substrate. Device features

such as Shallow Trench Isolation regions, copper damascene

structures and layers of low-k dielectric suffér an especially

negative impact as a consequence.

The method and apparatus of the invention address these
problems and provide a method of even distribution of different
slurries across the surface of a polishing pad. The method and

apparatus of the invention improve polishing performance and in

addition, minimize the use of the reguired slurry, thereby

reducing the cost of polishing substrate surfaces. Since, using

the method and apparatus of the invention, slurry is uniformly

removed from the surface of the polishing pad, surface planarity

10




ifi i f the invention wll
i ficantly inproved. The method and apparatus o
gtraeeilplgg: nled* 'usiyngrrllgi g. 3. The elements that are part of thg me'%hodt and
apparatus of the invention are first highlighted, as follows: -68]2’§hE&‘N 2005
polishing part of the nmethod and apparatus of the invention - e
slurry distribution part of the nmethod and ?pparat u§7ofa tsggolngvgl Ly 68
- 65, axhi : Ly - 66 first slurry cantainer , . )
25§e28frrllgr Elhﬁr%lro;%%}éﬁt §?n Pil-ls%‘éf‘%fcéﬁé57EPeaSﬂlirrf§tC,e 93?001?? eac}rbstftguuaﬁbhpggp
i Ir
egtively - 73 75, 76 and 77 are first, second, ,
;??Ph%E§u§6%§lF%ﬁ§§zi¥sﬁ@&ﬁPV@ﬁy - 78,frg, 80és§éc??3e?§ arg3flgsgblatter
ird, fourth an fifth slurry I ows r - ,
z(ra;:]?ir]gé E)glxr - 84, a valve box - 85, a first loop of slurry flow - 86, a
second Ioo[% of slurry flow - 87, a slurry reservoir 11
h

€ method and apparatus of the invention will be explained

using Fig. 3. The elements that are part of the method and

apparatus of the invention are first highlighted, as follows:
- 61, the polishing part of the method and apparatgs of the
invention )

— 68, the

slurry distribution part of the method and apparatus of

the invention

~ 65, a first slurry

- 66, a first slurry container
~ 67, a second slurry

- 68, a second slurry container

- 70, 71 and 72, a first, second and thirg pump respectively

- 73, 74, 75, 76 and 77 are first, second, third, fourth an £ifth

supply lines respectively

-~ 78, 79, B0, 81 and 82 are first, second, third, fourth an fifth

slurry flows respectively

- 83, a splitter orifice bbx

- 84, a wvalve box

—- 85, a first loop of slurry flow
- 86, a second loop of slurry flow

- 87, a slurry reservoir

11



2 5 JAN 2005 - 88, two rollers of the polishing unit over which the
polishing pad 89 is nounted - 89, the polishing pad - 90, the substrate
that is being polished 91, the substrate carrier on the surface o? ?hggg 2005
the substrate 90 is nmounted - 92, the rotational direction of substrat
carrier 91 the rotational direction of druns 88 of the polishing unit 61 -
94, a_d%@nw%rd prg sure that is exerted on the substrate carrier 91 - 95,
a pol i shirig Ppad "Conditi Gfel-he oo Lishginat emithatvdrs wmilkit echdinster naat iy and’
in su%ﬁprt of, the polishing pad 89 where this polishing pad is in contact
with t7E B%afsr "eentiest i s being pol i shed. The operation of the method and
the apparatus of the invention can be explained as follows: the novelty of
the inPéntitére ipoltitsdiingcloesi on of a new slurry delivery design that is
integrated with the polishing tool. The-nulti-conponent slurries, that is
sl urrie$065 tawed s6ibs tarat epwmped iusivg 4 iy kg second punps 70 and 71

t hese punps can for instance be di aphragm punps, causing slurry flows 78-

and 79 9Sl,urthe fdumas rad angd

f@%er onrthe surface of which the substrate

90 is mounted

— 892, the rotational direction of substrate carrier 91

- 93, the rotational direction of drums 88 of'the polishing unit

61

- 94, a downward pressure that is exerted on the substrate

carrier 91

- 95, a polishing pad conditioner

- 96, a platen that is mounted underneath and in support.of the

polishing pad 89 where this polishing pad is in contact with the

wafer 90 that is being polished.

The operation of the method and the apparatus of the

invention can be explained as follows: the novelty of the

invention is the inclusion of a new slurry delivery design that

is integrated with the polishing tool. The multi-component

slurries, that is slurries 65 and 67, are pumped using first and

second pumps 70 and 71, these pumps can for instance be diaphragm

pumps, causing slurry flows 78 and 79. Slurry flows 78 and 79

enter into the pre-set orifice flow meter of splitter box 83. The

12



enter into the pre-set orifice flow neter of splitter box 83. The 12 2 5
JAN 2005 slurry is released fromthe splitter box into a single m xing

tube 75, where the separate slurries 65 and 67 are m xed. The re?q@hpﬁgzﬁn.
gquantity of the slurries 65 and 67 that are m xed are determ ned™b J
setting of the orifice flow neter of splitter box 83. The m xed slurry 80
flowssih gh.v e_bo 4 and_ further advances, agitated by punmp 72,
throu%%u%%%iga g%f?%seé g??? FBSefDbiEt8Y. bReskrvoi @ 87ngbeahignag and
nnuntg‘g%én7 parallel with the Eolishing pad 89, the polishing pad 89 is

i mer SEA° 1 hto YREFT etRf vaePaBatat siherieaesbhatdt be aokishkag. pade passes
the loft-npst roller 88 of the polishing arrangenent. One of the nost

noti cBabP B1 U8 p@ER_EBEY L A& Shersyurdisesr Ebushancsyshem gfet RexbAVERLI ON i's
that the two slurry supply |oops 85 and 86 can be regul ated 1 ndependently
from 88ERIMBRAGrbYst g shbtvabverboke84ri Fhis §§o&0&é9$§:okfsﬁﬂi%%eguate
supphg of slurry is present in reservoir B7, loop 85, a first 3Iar y !

ci rcuPaxri 8a- | Bop, mtaadbel kept aottygwghgﬁrégaﬂlyéfgeaﬂo (égplagenent)

annun% of slurry to the reservoir 87 and therefore to the p%Plshing pad

89. |furthés adganced, t hgi tAvE] Bl U b S I e Q,_reservoir 87, |loop
86, a second slurry circ%lation #o%%%pcg%’bgggé%?gafgg}n?ha F@plenishing

any sslwryy reservoir 87. Reserveoir 87 is aligned and mounted in

parallel with the polishing pad 89, the polishing pad 89 is

immersed into the reservoir 87 at the time that the polishing pad

passes the loft-most roller 88 of the polishing arrangement

One of the most noticeable aspects of the slurry

distribution system of the invention is that the two slurfy

Supply loops 85 and 86 can be regulated independently from each

other using the valve box 841. This as follows: if an adequate

supply of slurry is present in reservoir 87, loop 85, a first

slurry circulation loop, can be kept active thus supplying an

{replacement) amount of slurry to the reservoir 87 and therefore

to the polishing pad 89. If it is required that more slurry be

supplied to reservoir 87, loop 86, a second slurry circulation

loop, can be activated, thus replenishing any slurry

deficiencies.

13



deficiencies. 13 2 5 JAN 2005 In addition, the distance between the
reservoi.r 87 and the polishing pad 89, where these two el enents physically
interface, is calibrated in such a way that the slurry is uniforr?1$' ,
transferred to the surface of the polishing pad 89 due to the rela.ib%N 2005
nmotion of slurry between the reservoir 87 and.the polishing pad 89. In

this way, a fresh supply of STurry mx can be supplied to the surface of
the polishing pad 89 and therefore to the surface of the substrate 90 that
is being polished without having any issues of slurry pot life that are
part of the conventional nmethod of slurry distribution. This issue of
slurry pot life typically has a significant negative effect on the
application of CW for front-end and back-end processing. Using the nethod

and appar atifs asfditheor nvdre idinstdhee Batrwdas G %@s@vofﬁna?e#t gred and
applied very accurately, this unlike the conventional nethod er éby the-

peri stRAitishimomrddtaddudesra tisd 90i fi&adt t_of slur flow yariation
or drift. As an added advantage of the net%og an&ﬁgﬁ%%#%f%é bPEPhLace,

i nventisomalibmatsid hin chser vied, 4 haty use_pf_a peristaltic punp is no
| onger required. This in vieM/éfythe%?S%%gt?é&rﬁ%e;%e?%bﬁorﬁﬁﬁ appar at us of

the i mteitd @ €0 d S, a sCt_llPéﬁgelgPpt‘ggsgoeﬂ_shing vad 89 due to the

relative motion of slurry between the reservoir 87 and. the

olishi i
p ing pad 89. In this way, a fresh supply of slurry mix can

be supplied to the surface of the polishing pad 89 and therefore
to the surface of the substrate 20 that is being polished without
having any issues of slurry pot life that are rart of the

conventional me;hod of slurry distribution. This issue of slurzry

pot life typically has a significant negative effect on the

application of CMP for front-end and back-end processing. Using

the method and apparatus of the invention, the slurries 65 and 67

can be metered and applied very accurately, this unlike the

conventional methad whereby the peristaltic pump introduces a

significant amount of slurry flow variation or drift.

As an added advantage of the method and apparatus of the
invention, it must be observed that the use of a peristaltic pump
1s no longer required. This in view of the fact that the method

and apparatus of the invention comprise a closed looon system
i r

further resulting in reduced consumption of the required slurry

14



............. s

further resulting in reduced consunption of the required slurry. 14 2 5 JAN
2005 Al t:hough the invention has been described and illustrated wth
reference to specific illustrative enbodi ments thereof, it 1is not %nlsndm .
that the invention be |imted to those illustrative enbodi nments. '?h S 3
skilled in the art wll recognize that variations and nodifications can be
made w thout departing fromthe spirit of the invention. It7isTtherefore
i nt ended t 61EPREPHAENR ERVENthenN inpentiecem aldscstithed afridti VNSs @Ak o g
nodi fications which fall within the scope of the appended clainms and
equi v&-ERt SefREpaER. t55ReBiTAN 200msthaitive Wndidithd s kndreor. it

sel f-si phoni ng Chem cal Mechani cal Polishing apparatus for po?| shing of
coppef Ssirtadeseandds thbac e cofi nvaith o @JealidiGod AUETShoSONMPT i SiNng: a
polishing part, said polishing part conprising a polishing pad; and a

, sl ur iy ldissterithirei embpal nensal_ d 18194 ¥ idisstd i part —conprising a
first slurry supply |l oop and a segg’rga(r:l s]{iul?tre{/d gu%pp y afa%top“fl iﬁe%?%i%rﬁe
diStrkhutiQar@a%ﬁohﬁrﬁﬂﬁrm%%qﬁwdgeﬁéf%fééﬁ

.

tbe made without departing

from the spirit of the invention. It is therefore intended to
include within the invention all such variations and

modifications which fall within the scope of the appended claims

and equivalents thereof.

15



i i id lurry
i etween said first slurry supply Ioop and said second slur
Isztpglr;afgog, a first and a second mxture of slurry flow n_gdl Pjto tsald
first interface, a third mxture of slurry flow ng from sai ir i dJAN 2005
interface, said slurry distribution part further conprisi ngla ?]_e ot
interface between said slurry distribution part and said polishing p .

- Théyrappars i l;ai.m 1, said polishing part.conprising: two . E
‘ gyl mgqri ca?rsft(ﬁl%el?ie%ﬁén't ed with axis of said cylindrical rollers being in

- . - - - d'
j (e eparated by a distance; said polishing pad nount e
832? Iolﬁ'lt g?é%tfr ?Llfglg)snsicg% scg}ednjt WI}WQ%IPQ@E!;?TZQ S?JWAN Zf(t)lg?gonar rier
t.i a substrate on the surface thereof; 5 J. a
I)glri sHi ndsg%d]gcgndﬁqp&%r o a’-lflcbrféﬁWQQﬁ eﬂ? JabWeai v p%ﬁﬁ?ﬁgitggldn?n )
; nted underneath and in“support of s _ _
Fggét ﬁ@?%ﬁ?@?&r‘r’o@r&sﬁdﬁﬁhi ng pad is in contact wth said substrate during
a process of polishing the surface of said substrate; nmeans for providing
a rotating dmtdldfigdsalar twsaid polishing part comprising a polishing

pad; and

a slurry distribution part, said slurry distribution part

comprising a f£irst slurry supply loop and & second slurry supply

loop, said slurry distribution part further comprising a first

interface between said first slurry supply loop and said second
slurry supply loop, a first and a second nmixture of slurry

flowing into said first interface, a third mixture of slurry

flowing from said first interface, said slurry distribution part

further comprising a second interface between said slurry

distribution part and said polishing part.

2. The apparatus of claim 1, said polishing part comprising:

two cylindrical rollers mounted with axis of said
cylindrical rollers being in parallel while peing separated by a

distance;

said polishing pad mounted over cutside surfaces of said two

cylindrical rollers:;

a substrate carrier for mounting a substrate on the surface

thereof;

16



i i i iti ' iding a rotating notion
rical rollers in addition to neans for provi _
;:gl Iszr;:jd.subs'trate carrier; and means for exerting downward prfassure (Jn sai d
substrate carrier. 3. The apparatus o:‘ Clalmﬁ"[aisﬁle(rj ](c:lo;rps):i:i légrg?iﬂ)éhyzﬂuﬁ
. conprising: at least one first slurry co ner .
L?SPry' g? Ieas? one second slurry container conprising a second slurry; a

. . . Il s Cded with an
i j f i DO er orifice box being_ provi
ori i co 1 ow verer uioet S ULHEnEhUrbITFRD =hisTng Sarh and easven

[ i oviding a first mxture of
first g{pds&pl%ﬁ%% a second slurry, pr g

[ i i first slurry and

y; 25 hmeans for flowing said at least a ur i
:laﬂjr;i 1I7e c_gtsecond slyrry to said splitter orifice box,‘ cprrprll s!_ng_
tubing in a%tsflgjfl o%nt“&o'érlniﬁ’(#I u%%%n%%l%bﬂdti@s,sunsans bgr shhdgqpa@gfli%?llsl?lg
, : e of slurry to said first i'nterface, provi di ng sai . _
H;ffjr%%wélﬁr ‘?‘é%t%%‘%/s‘a}i‘%}r‘?ifﬁ%ld pPoleshime. pdd Theiappanakds Qfitgl aim 1,
said first interface between said

said substrate during a process of polishing the surface of said

substrate;

means for providing a rotating motion to said two
cylindrical rollers in addition to means for providing a rotating

motion to said substrate carrier; and

means for exerting downward pressure on said substrate

carrier.

3. The apparatus of claim 1, said first slurry supply loop

comprising:

at least one first slurry container comprising a first

slurry;

at least one second slurry container comprising a second

slurry;

4 splitter orifice box, said splitter orifice box being

provided with an orifice flow meter, quantitatively controlling

mixing said at least a first and said at least a second slurry,

providing a first mixture of slurry;
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i Si | ve box, said valve
i d second slurry supply | oops conprising a va _ , \
I):);St)e?zg provi ded w t% nmeans for independently regulating flow of said
first mixture of slurry and said second mxtu][e Ffrrf/l g)r(lr%/I ﬁgtg;: zgalzm 2005
hereby creating a third m xture of slu
\l;gLYeSPO%te appa)r/at us of gl aim1l, said at |east one second slurry supply

e i i i g0 |urry fromsaid.
rirsiamg. frearts.dwahn of [sAMdNG tSaidh d:hiy 5 .Lgl%rolf sl YL
l/gf)\ee'cggg toarsngi d second interface, conprising ts)lﬁ)l ng i W adlodlt o o

- . - - - - - - f Sl ur ry-
aC apalirld t91esryt Ry ey ProMi; s@iskthind mxture & o
fgu;;i)l?gemgond i ntnerface;rytand neans S%orlqﬁ%%vmongl Sai d SECorftP TR TS of

. h . . 2005
i i intar said first interface. 18 2 5 JAN
Zl U%Létugﬁgla@r esl—ﬁugdﬁ%%?;?%dz,sqgal g fpltu(r%“spt SARARI - Do sy urry and said a

i i xt U i itatively

i f ry..and thi mxture of slurry being quanti ati\

Tnter ge[)ne)r(l?jrg?t% 30 hfél"é&?;‘a% sesl gfrlrcﬁ%i%XEufsea:ij |Sri{qe‘f_rzﬂa<r:]tga gﬂ;ﬁﬁs&td
IL.stribution .part and saj.d polishing pad conpri si | .

flegre;é&t%&%aled hﬁorv pr?ﬁ?t G- ot ik M i iy slaiak istaurty séﬂfeﬁ/ﬁf,

said se o’nq:_ m xture of slurry exiting said slurry reservoir, a four

nmi xt ure 6t “§Grry being contained in said

4. The apparatus of claim 1, said first interface between said

first and second slurry supply loops comprising a valve box, said

valve box being provided with means for independently regulating

flow of said first mixture of slurry and said second mixture of

slurry entering said valve box thereby creating a third mixture

of slurry exiting said valve box.

5. The apparatus of claim 1, said at least one second slurry

supply loop comprising:

means for flowing said third mixture of slurry from said

valve box to said second interface, comprising tubing in addition

to slurry pump capabilities, thereby providing said third mixture

of slurry to said second interface; and

means for flowing said second mixture of slurry from said

second interface to said first interface.

18



oo

[ [ [ [ ligned with and being

r toalevel, said slurry reservoir being a ned _
ngﬁigglin parallel with said polishing pad, said .pollshlng_gad bei ng |
imrersed into said fourth m xture of slurry contained |n-$aL_ re?qgéﬁhﬂquS
8. "An apparatus for providing a mxture of slurry to asﬁgglztlrgasg a’

: ising: at |east one first slurry container conprisir
??pgglziu?ry; at | east one sécond sTurry container conprising at Iea;é Zf
seconé-sFUFr?Ppﬁﬁéﬁgsf@ﬁ ﬁﬂ@ﬂhmg,sabdd@?;&@&;hiqtmg%3E§SHﬂﬁé&fﬂ%§$?;Ce béx
l east a second slurry to a splitter orifice box, s )
XN IR 8 S cbodstiarbinst skt yaadostidral o saslc BESANd ST Y,
said splitter orifice box fur : .
cont Gaotaceagzonts ok cxaudonticenst 1115t slurry and said at loast a
second slurry being mxed, a first mxtt ting said s
i fi , flowing said first mxture of slurry fromsaid sp _ _

g;:;:g: ggi,to a va?ve box, a second m xture of slurry entering into said

A . i d
i L XL, W . _slurry.exiting fromsaid valye box, sa
v Do e B e L iR SRR farpqborneen. satd sivroy

distribution part and said polishing pag comprising a slurry

reservoir, said third mixture of slurry entering said slurry
reéservoir, said second mixture of slurry exiting said slurry
reservoir,

a fourth mixture of slurry being contained in said

reservoir to a level, said slurry reservoir veing aligned with

and being mounted in parallel with said polishing pad, said

polishing pad being immersed into said fourth mixture of slurry

contained in.said reservoir.

8. An apparatus for providing a mixture of slurry to a pelishing

pad, comprising:

at least one first slurry container comprising at least a

first slurry;

at least one second slurry container comprising at least a

second slurry;

means for flowing said at least a first slurry and said at

least a second slurry to a splitter orifice box, said splitter

orifice bnox WIXINngG Said a. ileast a first slurry and said at least

a second slurry, said splitter orifice box further having
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i i i f slurry and said third
i re of slurry and said second mixture o _
L‘:;tshrtr:-.)(;}uslurry; fI0\>//\,i ng said third mxture of slurry fromsaid val ve box

[ [ [ [ tai ner conpri si 305
rd slurry container, said third slurry con _ rgp _ 05
Egur?htgi urry m'x%/ure to alevel, said third slurry container co r?l%gz

an interface between said fourth slurry mxture and a polishing pad, said

axittiirte: ' ' ' ‘ tai ner, said second —
i i irte tdfves lodrt AN tRId NG 5 AI hi¢ d, .scl ur,ry; cor r,
?rih;('[grqg of sl urr;/E exi tiM:ng sai d thi rﬁsﬁt UTT Y CONt Al nets rlfsa‘ilI dE1FFF s krnEyy

: - i ' ‘ dinparallel with said
cont aiamer shaina rahiegngd 5 wdh, gnd heing munt e k Bixthrei xEur e
pol i shing pad, said polishing padﬁloreli hg S MferSetfdntd Shire: fotrth

i j i i i ; flowng said third
-1 aid.third slurry cont.a! ner: and .
(r)nTxtsL;%%frﬁ%%%ﬁrﬂf%?g%qgiscﬁﬁhq%e& Aryfe &Stiai ner to sai dval ve box. 20 2

i ’ i i shi d being provided

. .The a ratus of claim8, said pollshlng_pa

gyJQrN 0\2/?8?591?’“’%“\}30 55‘51%61 dristamipdiurg ©f f‘éllldi?olﬁrxhg r?;ﬁfﬁ%?ﬂf‘ﬁiﬁ IO\é(rar o
i id two cylindrical rollers;

Tount 84 T4 SEuBESY G Sorf e AUt 206 SATBIROXCUTe o Slatry ontorine

into said valve box, a third mixture of slurry exiting from said

valve box, said valve box quantitatively controlling flow of said

first mixture of slurry and said second mixture of slurry and

sald third mixture of slurry;

flowing said third mixture of slurry from said valve box to

a third slurry container, said third slurry container comprising

a fourth slurry mixture to a level, said third slurry container

comprising an interface between s3aid fourth slurry mixture and a

polishing pad, said third mixture of slurry entering said third

slurry container, said second mixture of slurry exiting said

third slurry container, said third slurry container being aligned

with and being mounted in parallel with said polishing pad, said
polishing pad being immersed into said fourth mixture of slurry

contained in said third slurry container; and

flowing said third mixture of slurry from said third slurry

container to said valve box.
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i shi ad conditioner mounted aligned with and above said polishing
Sag?lgsgiggég nmount ed underneath and in support of said pollzhlng pad |
where said polishing pad is in contact with said sybstratef urin i%iT%N 2805
process of polishing the surface of said substrate; means for pro g
rotating notion to said two cylindrical rollers !n\gddltlon to Pea |
proviéhnéhﬁbﬁabﬁﬁéfnstbdncﬂaimsapgs&d%S??%E%h&%E;H%g_5§a§dnﬁ%§%i{%ﬁ§pbs of

[ ward pressure on said subs : . _
g?g{héggvgggggby sgid first mxture of slurry and said a second glx{urglo;
slurry and third mxture of slurry are quantitatively mterdepenl_end.for
5 JAN 2005tdd. cihenappakat 4319k ,¢l.ai m 8, said apparatus being aPp ie o
pol i shing of copper surfaces and surfaces of |lowk dielectric ayers. .

L3 Al i Si he steps of:
hod f@gigo 3 o] r rf.aces | ayers, conprising t . :
'(A\i ;m|tor gvi digﬁaaa%)b?gggtgngngggerr%%(%:igr’?&ﬁicto&e sObStrEee SuEdiage ss eifs taaitce thavi ng

been pyovhded whth. gopper surfaces in the surface thereof;

a substrate carrier for mounting a substrate on the surface

thereof;

a polishing pad conditioner mounted alignéd with and above
said polishing pad;

a platen mounted underneath and in support of said polishing
rad where said polishing pad is in contact with said substrate
during a process of polishing the surface of said substrate;

means for providing rotating motion to said two cyliﬁdrical
rollers in addition to means for providing rotating motion to

said substrate carrier; and

means for exerting downward pressure on said substrate

carrier.

10. The apparatus of claim 8, whereby said first mixture of

slurry and said a second mixture of slurry and third mixture of

slurry are quantitatively interdependent.
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. . . o {us
i i di a sel f-siphoning Chenical Mechanical Polishing appara
1£:)|r)pglri0\s“h?|nggof sai d coner surfaces, said a self-si pﬂpnl ngaﬂ]emsc;'al |
Mechani cal Polishing apparatus conprising: (a) a poli sI i ng pOli s'E |2i @U?anﬁﬂﬁ
' olishing part conprising a polishing pad; and (b) a s ulrry Lpply | oop
Bart said slurry distribution part conprising a first slurry supply :

. e her
: ofysh | 00p,, said slurry distri'bution part furt
22(rjrp?isglieﬁg a S%‘P%E{s%ati%er Zlcclea tRre it i APRI Faus | e ¥yg sappl yedl obprand

ﬁ%osng [ ' f slurry
[ . ly loop, a first and a second m xture o S|
??Icnc/ivi ng into @ifoﬁé ?‘/?Ofpg&i )r%”err#a?fceeg 3nd Myt atet we bdiv;s}k ﬁigle&ﬁg#g\?n;rgm
i i i face, said slurry distribution part urther co i ng
Zglcgn]:ji |3?1é%reslr$;§re Eget ween said slurry di st_rldbutl f)n p?r'z)ngnguggl (rjafgl : ?‘]2: gg
; AN 2005 (iii) positioning said at-I|eas : _
ggir'([j, ggl f2 gi ghoni ng Cﬁlem’ cal Mechani cal Poli ﬁh:jngf aplpairﬁqt tiz 22?d(| V)
i shj : | ayers. 13. The nethod of cla . .
pol i shing copper surfaces lay . . Ced w1t b axi 5. of
i thashpidsiongiisiting aydppulr | ool radd e s, dpunt eg wit b, "9
Eg! Idscl;&y??npg?? cal roll ericgl‘bei ng in parallel while belng separ%gfe_d %% g
: Steps of:

(1) providing at least one semiconductor substrate, said
substrate having been provided with copper surfaces in the

surface thereof:

(1i) providing a self-siphoning Chemical Mechanical

Polishing apparatus for polishing of said copper surfaces, said a

self-siphoning Chemical Mechanical Polishing apparatus

comprising:

(a) a polishing part, said polishing part comprising a

polishing pad; and

(b) a slurry distribution part, said slurry distribution

part comprising a first slurry supply loop and a second slurry

supply loop, said slurry distribution part further comprising a

first interface between said first slurry supply loop and said

second slurry supply loop, a first and a second mixture of slurry

- flowing into said first interface, a third mixture of slurry

flowing from said first interface, said slurry distribution part

further comprising a second interface between said slurry

distribution part and said polishing paxrt;
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[ i shi [ faces of said two
i ; ai d polishing pad nounted over outside sur
glfgﬁgfféalsrgllgrs; a sgbstrate carrier for nounting a ;ubsérap? onnthe |
sﬁrface t hereof ; a polishing pad condi t![oger ngte)ggtegghaglngnien \émupgo"?t jl%y 2005
i olishin ad; a platen rmounted u I ne: in
gg?;epofﬁgﬂiﬁg pad ?npa | ocation where said polishing pad is in contact

W i ¢ | rocess -of polishing the surface of said .
2LL2trZ?;q ﬁggﬁgq?%?SSF%9?3P§gB§1%oF§t'ﬁasﬁoPP8n5P85§aaaetW@s1@¢|ﬁndmicay

L L oviding a rotating notion to said
obstr SSémfagQFBBBEnﬁgcnﬁg‘nﬁgaﬁg&eggaé\étiicﬁdg&é\kﬁmﬂdgpa@@wmmn saiad
Subotrate onrriel a23 2 5 JAN 2005 14. The nethod of claim12, said first
Srgfﬁ;agﬁppr E% g%bl&SHﬁPFSFﬁﬁpeétSPéé@Fe@néaWbmsL slurry container .
; ' i conpris
conprising a first slurry; at |east one second slurry container np g

a second
13. The method of claim 12, said polishing part comprising:

two cylindrical rollers mounted with axis of said
cylindrical rollers being in parallel while being separated by a

distance; -

said polishing pad mounted over outside surfaces of said two

cylindrical rollers;

a substrate carrier for mounting a substrate on the surface

thereof;

a polishing pad conditioner mounted aligned with aﬁd above
said polishing pad;

a platen mounted underneath and in support of said polishing
pad in a location where said polishing pad is in contact with
said substrate during a process of polishing the surface of said
substrate;

means for providing a rotating motion to said two
cylindrical rollers in addition to means for

providing & rotating

motion to said substrate carrier; and

means for exerting dowhward pressure on said substrate

carrier.
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slu%ry; a splitter orifice box, said splitter orifice box being provided
with an-orifice flow neter, quantitatively controlling mxing said at :

| east a first and said at |east a second slurry, providing a fi r?ﬁnylm%@‘ﬁﬁ
of slurry, means for flowng said at least a first slurry and sai t
| east a second slurry to said splitter orifice box, conprising tubing in

addition,to urr capabilities; .means for _flowing said_first m xture -
" of sl ur?ill'tgﬁéafﬂg&llglras B hEaRy E\L%é Sﬁﬁg\sgdi‘v‘ﬁﬁ SARATYi PEPPHYXLQPE of
slurries to said first interface 15. The nethod of claim 12, said first
interfat8™Bet®eBA said first and second slurry supply |oops conprising a
val ve box, said_ valve box being provided with neans for independently
regul ating PFowedrtsang filrst milkrure cohtelimery camprisiisigsecdridst xt ure of
slurry entering said valve box thereby creating a third m xture of slurry
exi ti ngSs#rdyval ve box. .24 2 5 JAN 2005 16. The nethod of claim 12, said,
at | east one second slurry supply |loop conprising: neans for flowng said
third m xt ur @toftesistir opef semosal ¢ 1L uwalw ednte itne rs aicthpsdedndy ianterdane,
conprising tubing in addition,,

slurry;

a splitter orifice box, said splitter orifice box being
provided wigh an orifice flow meter, quantitatively controlling .
mixing said at least a first and said at least a second slurry,
providing a first mixture of slurry;

means for flowing said at least a first slurry and said at
least a second slurry to said splitter orifice box, comprising
tubing in addition to slurry pump capabilities; |

means for flowing said first mixture of slurry to said first

interface, providing said first mixture of slurries to said first

interface.

15. The method 6f claim 12, said first interface between said
first and second slurry supply loops-comprising a valve box, said
valve box being provided with means for independently regulating
flow of said first mixture of slurry and said second mixture of

slurry entering said valve box thereby creating a third mixture

of slurry exiting said valve box.
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to slurry punp capabilities, thereby providing said third m xture of

slurry to said second interface; and neans for flow ng said second m xture
of slurry fromsaid second interface to said first interface. aﬁTn’f&N

met hod of claim 12, said first mxture of slurry and said a secon Lﬁﬂgs
of slurry and th|rd mxture of slurry bei ng quantltatlvely mterdependent

18. The et | sal nt er.f etvveen said slurry
di stributi orﬁﬁ%a%{ t% sal 61 | gh fg di 954 QY 1r"é-'sreyrvm r,

sai d thlsl‘d gxture of slurry enterlng sald slurry reservoir, said second
i xt ur e “0FF O)Ppeﬁqlqpﬁglseﬂé’igd slurry reservoir, a fourth mxture of

slurry being contained in said reservoir to a IeveI said slurry reservoir
bei ng al i gned'Sd'tth %{-"ndﬂtfé‘{w Ut éduiind perdiuns o teHl waid fhodn stdindy pad,
said polishing pad being immersed into said fourth m xture of slurry
cont ai n&@IF M7 GeFerivbisecaBl 2 e )N Q005 dhr i et had froy T e di tigora.,
m xture of slurry to a polishing pad, conprising the steps of: providing
at | easttcbr%elqlimstplsﬂmrcréspmﬂtiaim, aoTRprdist Ngratidieasdand fiNStd Shikdyre
provi ding at | east one second slurry container conprising at

of slurry to said second interface; and

means for flowing said second mixture of slurry from said

second interface to said first interface.

17. The method of claim 12, said first mixture of slurry and said

a second mixture of slurry and third mixture of slurry being

quantitatively interdependent.

18. The method of claim 12, said interface between said slurry
distribution part and said polishing pad comprising a slurry
reservoir, said third mixture of slurry entering said slurry
reservolir, said second mixture of slurry exiting said slurry

reservoir, a fourth mixture of slurry being contained in said

reservolir to a level, said slurry reservoir being aligned with
and being mounted in parallel with said polishing pad, said

polishing pad being immersed into said fourth mixture of slurry

contained in said reservoir.
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econd slurry; providing means for flowing said at |east a first
Lfﬁfﬁyaazd sai d at Yeagt a secgnd slurry to a splitter orifice box, said
- splitter orifice box mxing said at least a first slurry and salqz pygqﬁﬁhs
a second slurry, said splitter orifice box further having quantita
control over anobunts of said at |least a first slur(y and said at least a
'second sldirry, bei g mxed, a first mxture of slurry exiting said splitter
orifice box; IWﬁ&H%ﬁﬁé%?iHW?%%dh?&t%r@Q%ﬁu%#L@fyS$¥@MYs@®da$m¢li§mxng .
orifice bQ§ to a valve box, a second mxture of slurry entering into said
val ve bd¥%a THIRTFABE driee oftepared: exi ti ng fromsaid valve box, said
val ve box quantitatively controlling flow of said first mxture of_slurry
and sai d secd¥PTAJANE e tofled 1l rgnanti rsai sl thiy dooh ¥4 i€r Of b §¥ag at
flowing said third mxture of slurry fromsaid valve box to a third slurry
cont ai ne¥eastaial fihistd slwrry; cont ai ner conprising a fourth slurry mxture
to a level, said third slurry container conprising an interface between

said fourth strrvidimtal el @k songosésbhads Pafry S@bAethhed BhxbpEe; QL At
slurry entering ;z?d third 26 2 5 JAN 2005 slurry container, sald sec nd

m xture lofast Wi ryseoddd ngugak@; third slurry container, said third slurry
cont ai ner being aligned

providing means for flowing said at least a first slurry and
said at least a second slurry to a splifter orifice box, said
splitter orifice box mixing said at least a first slurry and said
at least a second slurry, said splitter orifice box further
having quantitative control over amounts of said at least a first
slurry and said at least a second slurry being mixed, a first
mixture of slurry exiting said splitter orifice box;

flowing said first mixture of slurry from said splitter
orifice box to a valve box, a second mixture of slurry entering
into said valve box, a third mixture of slurry exiting from said
valve box, said valve box quantitatively controlling flow of said
first mixture of slurry and said second mixture of slurry and

said third mixture of slurry;

flowing said third mixture of slurry from said valve box to

a third slurry container, said third slurry container cdmprising

a fourth slurry mixture toc & level, said third slurry container

comprising an interface between said fourth slurry mixture and a
polishing pad,

said third mixture of slurry entering said third
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with and being nounted in parallel with said polishing pad, said polishing
pad being imrersed into said fourth m xture of slurry contained in said

i slurry container; and flowing said third mxture of, slurrysfgo ;
:E: :g sl urrg; contai ner to said valve box. 20. The method of cl ai %59‘%@;@5
pol i shing pad being provided by dpr ovi ]gll ng: t}/vo cyljl‘[\\%l cglyI rg:jlr?::ZI sai d

- Lshi mount ed over qutside surfaces of sai Yl _

Pgl fzrégg‘égggb%%ﬁén@aﬂ SEr-% S RBEN TG Uk os Mfs BREEE Yo iftd neusiedece .
thereof; a polishing pad conditioner nmounted aligned with and 'above _sai d
pol i shi ki pddS1RTEVareR tRdBsred Saidetddath sdnd xiyn couprpdnte robesaiod gidlgrehi ng
pad where said polishing pad is in contact with sali d substrate during a
pr ocess¥atNparfskieaga Reuseade gfarsdilelswhistr atdd pRANSHioY Py, Hag
rotating notion to said two cylindrical rollers in addition to neans for
provi di hglishanigngadpbiedmat Grueaist s Uhsld ated. C &dureh rabdRe 26 shAl 2005,
nmeans for exerting downward pressure on said substrate

contained in said third slurry container; and

flowing said third mixture of slurry from said third slurry

container to said valve bhox.

20. The method of claim 19, said polishing pad being provided by
providing:

two cylindrical rollers;

said polishing pad mounted over outside surfaces of said two

cylindrical rollers;

a substrate carrier for mounting a substrate on the surface

thereof;

a polishing pad conditioner mounted aligned with and above
said polishing pad;

a platen méunted underneath and in support of said polishing
pad where said polishing pad is in contact with sdaid substrate
during a process of polishing the surface of said substrate;

means for providing rotating motion to said two cylindrical

rollers in addition to means for providing rotating motion to

said substrate carrier; and
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carrier. 21. The nethod of claim19, whereby said first mxture of slurry

and said a second m xture of slurry and third m xture of slurry

guantitatively interdependent. 22. The nethod of claim19, said apPRr ph

being applied for polishing of copper surfaces and surfaces of

are

| ow k

N'<2805

dielectric layers. 23. A nethod for polishing surfaces of |owk dielectric
| ayers, compgdsid 5f“%£%f¥§h fdoéﬁaayﬁovidin%r%;?reast one sem conduct or

een priovt U

substrate, said substrate having

h S expeReErRESer of

| ow k q@%igﬁ%%ic over the surface thereof; (ii) providing a self-siphoning

Chem cal

ical Polishing apparatus for polishing of said | owk

dielectric surface, said a self-siphoning Chem cal Mechani cal Polishing

apparatus conprising: (a) a polishing part, said polishing part conprising

a poliigingrﬁad; and _. {b) a slurry distribution part, said slurry
on

distrib DRt RAp?

st ¥9r sthetelpyyssippfyrsvopiahdra secobdrry -

slurry 28 2 5 JAN 2005 supply loop, said slurry distribution part further
conpri si g£4aid a second mixture of slurry and third mixture of slurry

are quantitatively interdependent.

22. The method of claim 19, said apparatus being applied

for

polishing of copper surfaces and surfaces of low-k dielectric

layers.

23. A method for polishing surfaces of low-k dielectric layers,

comprising thé steps of:

(i) providing at least one semiconductor substréte, said

substrate having been provided with an exposed layer of low-k

dielectric over the surface thereof;

(ii) providing a self-siphoning Chemical Mechanical

Polishing apparatus for polishing of said low—k dielectric

surface, said a self-siphoning Chemical Mechanical Polis

apparatus comprising:

hing

{a) a polishing part, said polishing part comprising a

polishing pad; and

(b} a slurry distribution part, said slurry distribution

part comprising a first slurry supply loop and a second slurry
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first interface between said first slurry supply loop and said second

slurry supply loop, a first and a second m xture of slurry flowing into |
said first interface, a third mxture of slurry flow ng fromsau?ﬁqgﬂ 2805
interface, said slurry distribution part further conprising a second .
interface between said slurry distribution part and said polishing part;

P i14Qni ai d. - t ope substrate insjde said self-siphoning:
(Chem') cgﬁﬁil\z/)teﬂclﬁ);nliq%ﬁ' 0 l?%h%ﬁ;lg&s%pcg‘?% TR e RTVS ‘gﬂ;f%?ﬁ n??ﬂ’l?}%}}ﬁta%gaﬂ
idlowk dielectric I r 24. The nethod of claim sai d polishing
iglrrpri s#nl(lffzsdd fimr}gcecryﬁa}cnedraﬁyegta”fe‘?rbﬁae]r% t e WY %&P%ibfl%%ﬁ)daw; i cal
roll ers being,i arallel while being separated by a distance; said
pol i shi 1§ P r‘?gd‘ﬁ?ré’d BREL DG RIe 3uFisTesad? Bafecomd miytanerotaslurry
rollers; .a substrate carrier for nounting a substrate on the surface
t her eof :TIP"HSHY SHitRy e CoreR & | bHes T faremit edl Bl yreding the and abovey said.
pol i shing pad; a platen mounted underneath and in support of said polishing
pad in ﬁ%ﬁiﬂq ofF Qi et & af T plol istenfapad $81idnstontacsi wethba0iénSpd AN
- 2005
further comprising a second interface between said slurry

distribution part and said polishing part;
(1ii) positioning said at least one substrate inside said
self-siphoning Chemical Mechanical Polishing apparatus; and

(iv) polishing the surface of said low-k dielectric layer

24. The method of claim 23, said polishing part comprising:
two cylindrical rollers mounted with axis of said
cylindrical rollers being in parallel while being separated by a

distance;

said polishing pad mounted over outside surfaces of said two

cylindrical rollers;

a substrate carrier for mounting a substrate on the surface

thereof;

a polishing pad conditioner mounted aligned with and above

said polishing pad;

a platen mounted underheath and in support of said polishing

pad in a location where said polishing pad is in contact with
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said substrate during a process of polishing the surface of said
substrate; neans for providing a rotating notion to said two cylindrical
rollers in addition to nmeans for providing a rotating, notion toZg?iﬁAN 2805

substrate carrier; and neans for exerting downward pressure on sai
substrate «carrier. 25. The nmethod of claim 23, said first slurry supply

| oop cofpid S g e .ope_first slurry coptainer conprising a first
slurry; at Ie%£§g%ﬁ%t%e%%%hggl%r?ﬁo%%ﬁ?a?%e?o bApHTSi Hee aSeeErRd oSl sRiy: - a
splitters#gggig - box, said splitter orifice box being provided with an
orifice flowneter, quantitatively controlling mxing said at |east a
first and said at |east a second slurry, providing a first mxture of
slurry; means ¥o7° 10 RECEAFENat 2| Basdtangi metishutoysand sabd at | east a
second slurry to said split ter orifice box, conprising tubing in addition
to sIurr@ybb%%r%%$%b¥Pif?é§;iﬂe@ﬁ@itbwnftommagnsafdzfbfeviﬁiﬁ@ugergtanggry
to said first interface, providing said first mxture of slurries to said
first iTRE¥PacEe said substrate carrier; and

means for exerting downward pressure on said substrate

carrier.

25. The method of claim 23, said first siurry supply loop

comprising:

at least one first slurry container comprising a first

slurry;

at least one second slurry container comprising a second

slurry;

a splitter orifice box, said splitter orifice box being

provided with an orifice flow meter, quantitatively controlling

mixing said at least a first and said at least a second slurry,

providing a first mixture of slurry;

means for flowing said at least a first slurry and said at

least a second slurry to said splitter orifice box, comprising

tubing in addition to slurry pump capabilities:

means for flowing said first mixture of slurry to said first

interface, providing said first mixture of slurries to said first

interface.
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30 2 5 JAN 2005 26. The nmethod of claim23, said first interface between
said first and second slurry supply | oops conprising a valve box, said

“val ve box being provided with neans for independently regul ating 2f50 bﬂﬂﬁ
"said first mxture of slurry and said second m xture of slurry enterpﬂg
sai d val ve box thereby creating a third m xture of slurry exiting said

val ve boxsg27 od_of.claim?23, said at |east one second slurry-
suppl y |o%%‘e%%%?§%?ﬁ%& FEaRis=t8r 2Pr oiRhy ShFatthREarfRgeuPetuees| arig from
sai d va%ygsgo§nto sai d seiond interface, conprising tubing in addition to
slurry punp° capabi PFEPRE, S{REF¥LFUBPAYI HPABS saPEPEhSiddmaxvatee bbxsl saiy
to said second interface; and neans for flow ng said second m xture of
slurry (PRIVSaPaR SetbAdOFAVeRPacELED Bapdsf Fost indepehdert128redhzanehgod
of claim23, said first mxture of slurry and said a second m xture of
slurry ah#o¥hPfdsaisit G esbfmékunry bei sjurguaahit akivek¥cbptendapgpdept. .
29. The nethod of claim23, said interface between said slurry

distribu%l@ﬁrpaentanﬁngahdipobh$hbngopadhéeapgiékggt§nglgrgxirﬁeﬁg§¥ggr,
said third mxture of slurry entering said slurry resérvoir, sald second
m xture of slurry exiting said ShUtEYbox.

27. The method of claim 23, said at least one second slurry‘

supply ;OOp comprising:

means for flowing said third mixture of slurry from said
valve box to said second interface, comprising tubing in addition
to slurry pump Capabilities, thereby providing said third mixture

of slurry to s5aid second intexrface; and

means for flowing said second mixture of slurry from said

second interface to said first interface.

28. The method of claim 23, said first mixture of slurry and said

& second mixture of slurry and third mixture of slurry being

quantitatively interdependent.

28. The method of claim 23, said interface between said slurry

distribution part and said polishing pad comprising a slurry'

reservoir, said third mixture of slurry entering said slurry

reservoir, said second mixture of slurry exiting said slurry
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31 2 5 JAN 2005 reservoir, a fourth mxture of slurry being contained in
said reservoir to a level, said sl urry reservoir being aligned with and
being mounted in parallel with said polishing pad, said polishi ng S)ajjAN 2005
being inmersed into said fourth m xture of slurry contained in sdid
reservoir. 32

reservoir, a fourth mixture of slurry being contained in said
reservoir to a level, said slurry reservoir being aligned with
and being mounted in parallel with said polishing pad, said

polishing pad being immersed into said fourth mixture of slurry -

contained in said reservoir.
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