; e3eww6 6@fx SELF-SIPHONI NG CMP TOOL DESI GN FOR APPLI S
COPPER CMP AND LOW K DI ELECTRI C CMP BACKGROUND OF THE | " ield

X the Invention The invention relates to the fabrication 0 Jngggrated
circuit devices, and nore particularly, to a nethod and apparé?us for
polishing surfaces that have speci al reguirenents or that inpose unique .
chal | eng ELBTS%H@%{EEGpWFsFPﬁg. DESYCBe&ERi PEFGRCOT IONE P o 2& (CBFH cal.
Mechani cal Polishing is a nethod of polishing the surface of a | ayer of
sem conductor material, stG¥R &¥Dt REWsHr PAEEESTRACsE&MEconduct or substrate,
to a high degree of planarity and uniformty. The process is used to

pl anari ze sem conductor surfaces prior to the fabrication of sem conductor
circuitry therein and thereon, and is also used to renove features of high
el evation that are createdhgiarpuNe dRbrig atNnvEN©ion he mi croel ectronic
circuitry on the substrate. One typical chem cal nmechanical polishing
process uses a large polishing pad, that is |located on a rotating pl aten
agai nst which a substrate is positioned For polishing, and a positioning
menber i chy. itd [,as the substrate on the rotating polishing
pad. 1 Mﬂ hﬂe%%?é% q?ﬁh??gfggﬁf%ﬁ may include abrasive materials, is

mai nt ai ned t he pal.i.shi pad to nodify . pol I shi C ri,stics of
t he poli shi ;’Igmpal \f)enr!domg’lepg%la S har eg%%ef%)%ﬁg%“lég Qgthg%g% Fi

r 0 enhantc sning O e S rate.

circuit devices, and more particularly, tc a method 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 polishing 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 circultry
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 large polishing pad, that is
located on a rotating platen against which a substrate is
positioned for polishing, and a positioning member which -

positions and biases the substrate on the rotating polishing pad.

U
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The use of chem cal nechanical polishing to planarize sem conductor
substyates continues to pose challenges, particularly where the process is
~Used to evenly and uniformy renmove high elevation features across the
surface of a substrate. One primary problem which has limted the used of
chem cal nmechani cal polishing in the sem conductor industry, is the limted
abi | i t ghepippédsétrryucWhiess m@yntingiludehabratse vandarsidfigr it Vi sat which the
process will renmove naterial fromthe substrate. As a result, CVP renmains a
| abor - matiensivedprocéds peddsse noh@atchitck megkl fandhenidfagrimtyngf t he
substrate nust be constantly nonitored to prevent over-polishing or

I nconsicéiaealc tealiisshiosg odf tihee relrifsddienofpddhel s uhstamtter diteagproftihe of the
polishing pad plays an inportant role inm determ ning good overall polishing
resul t $01 R ipQ icThivheg Ratcantd.or instance, be profiled thick at the .
i nner dianeter of the polishing pad as conpared to the outer dianmeter 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
s 1 diano d Set. : Cll - e di nd dresser, .S : mai nt ai n
and/ or regﬁgrggghgkpgﬁggﬁ%%g @hgﬁggéggﬁsF?égggﬁqghé%p§ﬁﬁgﬁ?ﬁ§%bad to the
naxinun1extent18?ssiblﬁj uri{ggthe $o|ishiqﬁ 0 era1g0£ and in doing so to
ext end THE GO T fEB T 1He S CPErHt Ry tRarPATT eri3tTTe9%% t he pol i shing
pad. This nethod of profiling the polishin ad is destructive, tine
consumRfF Bt Gt RN 1043 Qﬁ°$$%§;ﬁﬁi%g?ﬁgt%a%Ve@#%c%n?hF@lﬁ€5§&Ve of
the polishing pad profile can only be perforned at the end of the useful
life oframrvedtighieve prildion heeakores profese thn onryade dét ecselshtese.the
pol i shing pad has served its useful life. The polishing process is carried
out untdne tdweimsard aoeclwiehhewnhich has limited the used of chemical

mechanical polishing in the semiconductor industry, is the
limited ability to predict, much less contrxol, the rate and
uniformity at which the process will remowve 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 overall polishing results. The polishing pad
can, 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



wafer is ground to a highly planar state. During the polishing process,
both the wafer surface and the polishing pad becone abraded. After numnerous
waf ers have been polished, the polishing pad becones worn to the point
where the efficiency of the polishing process is dimnished and the rate of
renoval of material fromthe wafer surface is significantly reduced. It is
usual | giamonki sixgsiser -t Ade tihwgyslans fifhg hradlianandegras 8w ¥esteored to its
initial state so that a high rate of uniform polishing can once again be
obt ai ne¢.inFle ni mnentororestares $és tdvdsieshaindy aihtyera oncievtiscs noPprove di ng a
met hod and apparatus that specifically results in inproved 3 5

uni foréﬁdmmdugolpaﬁarﬂd e ntdhe riim faaeesrof ﬁ&&i&m@tdﬁﬂq%nﬂh@fpbhﬁshln
i ndi vidual die that are being polished. US 5,709,593 (Guthrie et al ﬁoms

a sl U”c}befi'asctfdnblétr{cprin RYSEMo US, 6235, 63, Bluddy) shews,a GYF t00| with
in-situ open loop slurry distribution. US 6,234,868 Bl (Easter et al.

h US
i L e
5, 688, 360 (.J t US 6,231,427 B Tal i eh et are rel ated nd
o orry BTl e MRS ETAIAr ety R R %5??%8%?@ BBffect e
of the invention is to ovi de a_ net hod and aratus,of Chem cal
I\/Echanicc%l‘PS%I*i%%i%%S§ h‘% %%lﬁ%lsl%@b‘hgd?%‘?rlgg??%ntmss‘l‘“ﬁ?wr&@if the

surface that is being polished. 4
polishing pad profile can only be performed at 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



1 Anot her objective of the invention is to provide a nethod and apparat us
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 to provide
a met hod and apparatus _of Chem cal Mechani cal Polishing that results in

i npr oveHiSQrMAEE praAnBiRRVraRd Phpltéfed Sifrcse & fufiforTiast ¥ ierarther £ _
process of polishing has been conpleted. A still further objective of the

i nvent tbr isdiviprevi déea timetthed carre iagpacatishesf. Cheni 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 suggage70b, sosubsttrtee &beasuyfanewef adepasiriediceppentans t he
surface of lowk layers of dielectric. The polishing nmethod and apparatus
of thedavention conprise a new slurry delivery design whereby at |east two
different slurries can be independently controlled and m xed for delivery
to a slurry container. The slurry container is in direct physical 5 t
contact with a polishing pad, providing for the mxed slurry to be

di stributed qv t surface of the polishin ad., BRI.EF DESCRI PTI OF THE
DRAW NGS. D FPy235 - Pasablr 056vSechion o CHeprron St opdtishioly SHSphrRaR,

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 condition a

CMP pad.

Us 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 Polishing that
assures even distribution of slurry over the surface that is

being polished.



Fig. 2 is a three dinensional view of a prior art polishing arrangenent
with the cross section of slurry supply system Fig. 3 is a three

di mensi onal view of the polishing arrangenent with the cross section of
slurry supply system of the invention. DESCRI PTI ON OF THE PREFERRED

EMBCDI MENTS One of the conventional methods of polishing the surface of a

sem conduct ahothRst bahe cRaviet i@N% heh@ niRfrei I & Gd @HAFidd Of ahd figod
carrier. The polishing pad consists of a belt that is noved forward in a

conti nyig alp%%Q‘a R3S WricR@nliRe 1S Wefc%%% lea I %l%@%rfgat@na?@aé ﬂ?xﬁl Alleantly

essentially flat surface portion of the pol |sh|ng belt, a polis |ng

acti on iy, [eal 'L%%qu T U4 1 At apdstmld/;a{ A0, PO ce poli shi PgaBLELi 1t

briefly reV|eme |or 'Ar't A po g pad
20 is afflxe rcular Qééﬂgr1 taQé g2 t hat rotates in a direction
|nd|cate§ﬁa ﬁ}ow % 54 Hthe ordet i1 to 100 RPM A waf er '

carrier 25 is used to hoId mafer 18 face down agai nst the polishing pad 20.
The wafer 18 is held in place by applying a vacuumto the backsi de of the
waf er (not shown), The wafer 18 can al so be attached to the wafer carrier
26 by the apft CERABIE Dok aaibiste @ Hhe akmnemtien | he (hot PEAVRAY £0 the

| ower surface of the wafer carrier 26. The wafer carrier 26 also rotates as
i ndi catrettlnd aanrdve @A rasualdy Chernhea satecidanectl ohodsshhegpohieshi ng tabl e
22, at a rate on the order of 1 to 100 RPM Due to the rotation of the

pol i shimgsukthd el 2imgevedmf enr 8cd reveisest @ ehd clhpropeli sikAgcpat h over
the polishing pad 20. A force 28 is also applied in the dowmward verti cal

direction agahsy yefer dd apdopresses bbei¥vr{gs A8sagabAstohbecReli shing
pad 20 as it is being polished. The force 28 is typically in the

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

slurry container. The slurry container is in direct physical



order of 0O to 15 pounds per square inch and is applied by neans of a shaft
30 that is attached to the back of water carrier 26. A prior art belt-type
et hod of polishing the surface of a substrate is shown in the three

di mensi onal view of such an 7 arrangenent that is shown in Fig. 2. The
t hr ee- di nensi onal vi ew of FI% hows a .cgonventi onal I|near tooI W th
open | 68ptEFGr Wy thi &pBRLH-RG S ﬂl@ﬁﬁlgﬁF@HlﬁﬁnﬁléothQFénPﬁE* ol 4w

el enents of the polishing —gparatus , - 34, the slurry dlstrlbutlon systen1
of thebpgolishicaguapparaeys t 83@Urﬁ@@eaﬁhaﬁ@@hﬁﬁﬂJﬁﬁwIWbuhmiﬂg and novi ng
the polishing pad of the polishing apparatus - 38, the slurry 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 fl ow
of the slurry - 41, thesrIBF UESCRDRPOIOMWDETHDEDBAWINGS39 is noved from
the slurry container 38 to the surface of the polishing pad 48 - 42, the
punp that affects the flow 40 of slurry 39 - 44, the peristaltic punp that
affects the distribution of the slurry across the surface of the belt pad

48 - 46, th urry. that t i op. o . over the
surface of tth po]1|s P:lngm‘]po:{sdsdzl%&fg* C?fh apﬁglfjt sh%%% Jr%'kg{n g pad - 50,
two druns_over which the polishing pad 48 is nounted - 52, the rotating

not i on B FHE Hrums 50, this rotati on notion passes the polishing pad 48 in

a linear notion across the surface of the substrate that is being polished
8

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

arrangement with the cross section of slurry supply system.

Fig. 3 is a three dimensional view of the polishing
arrangement with the cross section of slurry supply system of the

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

One of the conventional methods of polishing the surface of
a semiconductor substrate positions the wafer on a circular,
rotating carrier. The polishing 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



- 54, a platen that supports the polishing pad 48 where the polishing pad
is in contact with the surface that is being polished - 56, the surface

(substrate) that is being polished , - 58, the substrate carrier on the
surface of which the substrate 56 is nounted - the rotating notion of
the substrate carrier 58 - 62, .a dowward press e exerted on the substrate

carri ePO8&SPANGr §&r tr 0 2Pt ViRGr &5 45 54

pol i shing pad conditioner. The operation of the ap aratus that is shown in
three derdesisond] SWrdades Ped isdliingnara He Tt 414 iff Mareav 5598 S- pressed

agai nst the polishing pad 48 that is linearly noved by the rotational
notion 52 of drunms 50. By controlling the force 62, the polishing action
can be controlled. The belt system 36 inparts linear notion to the pad 48
in rel ation Rig .t He skafwery HERrikhe ttur@¥P 46opsr aispens ego bishheg ppedshbng
pad 48 by the peristaltic punp 44. It nust be noted that the conventional

approaghs tdteti dedd oW ditdulhr Héoesn Ny edbow doreedf esbtyee8 xhng of a
mul ti component slurry before the slurry is delivered to the point of use.

The sl yiy, SONRP errzttsc & . fa]léq Pi eaEnﬁ(efjaté’SiﬂgtltrQeogder Bteméed

slurry poses problems use e of the contalner . in"which the
m Xi ng | ace. tion, there is.no ex act ering of the
olurry 28 i H R rscadr%t%rd%% et i st?htor%c%aorrthge %asst Aafe ¢ hat
i s being polished, due to the nature of the %erlstaltlc punp 94. For these
reasonsag{éﬁ?l e ROhEN P DA ne? hotiee a¥2 ERbuh’ |hsFPﬁld21ndPéaﬁﬁ|P&rntty

across the surface of the substrate and planarity of the surface
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 £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 back of wafer carrier 26.

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

substrate is shown in the three dimensional view of such an



of the substrate after polishing is conpleted are difficult to reali ze.
This {imts the application of the nethod and apparatus of polishing the
surface of a substrate. This l[imtation beconmes especially severe where
devi ces of sub-m cron dinensions are created over or in the surface of the
substrate. Device features such as Shallow Trench Isol ation regions, copper
damascehE2BEENeRGr 882AndS| a)ers &R FéE-k 2di Ehecthireesgimensdpradpatial |y
negative inpact as a consequence. The nethod and apparatus of the invention
addr esoft Rége Br ebbwssaandnprotidead denlked MPevew ldiwitth lwytaron afp
different slurries across the surface of a polishing pad. The nethod and
appar asasrafy thepenvsenti.on lighpriowhe epolins ting @Rerafrer marec ef cAllchwimy addi ti on,
mnimze the use of the required slurry,-thereby reducing the cost of

pol i shiengnenhst &t e hsubbacesing AGHarddurg the net hod and apparatus of the,
invention, slurry is uniformy renoved fromthe surface of the polishing

pad, surface thlanahirty, 19 st iR did 8 ¥ Ofc 0! 'éﬂi&gir@%cr atdius
surface of the substrate are significantly inproved. The nmethod and

appar at_u f e i wid | gxnlal , i (9.3 Fhe el nts
that ar e%p?gr ttth%f atﬂ%‘é%%n}%%& a#r?dc grg)parara%g}% tnh%{'sll e%elqcpnglalrse}%frinfsfgg

hi ghl i ,_as foll.ows: - 61, the polishing part of the nethod and
apparagﬂi%%ﬁ1ﬂ%§ﬁ%§ﬁﬂ%i%ﬁ?ﬁrﬁﬁﬁsthe slurry distribution part of the nethod
and apparatus of the invention - 65, a first slurry - 66, a first slurry
cont ai mer8r §he FLEIohdad | yentgB.ner second slurry contai ner

- 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



- 70, 71 and 72, a first, second and third punp respectively - 73, 74, 75,
76 and 77 are first, second, third, fourth an fifth supply |lines
respectively - 78, '79, 80, 81 and 82 are first, second, third, fourth an
fifth slurry flows respectively - 83, a splitter orifice box - 84, a valve
box - 85, a first loop of slurry flora - 86, a second |loop of slurry flow. -
87, a-slirr\e mdsdrarpitthat]l supporigg, thewrebl $ke¥rg gpad hes pehe¢shi Aeunit over
which the polishing . pad 89 is nmounted - 89, the polishing pad - 90, the
subst ratle dthiatg immdeingipatostmde -wBdh tihe swbSicatenghrisebedngt he surface
of which the substrate 90 is nounted - 92, the rotational direction of
substrgdei sxgdier 91 - 93, the rotational direction of druns 88 of the
polishing unit 61 - 94, a downward pressure that is exerted on the

substrates caryrl el O, se 9958 PRLE SN PR PadscoREl L i QRGE sre86, a platen that
i's nnunt%%’3%3%r%éé%%c%ngs$n suppo?t o? th% poliéh?ng 838 89 where this

pol i shi ng, pad. is_.i opntact_wth th fer hat -i s, bein ol ished. . The
operatio%Bbfg?%es%e ﬁ%%£%n%a¥ %Qgpﬁgrggﬁssg?g?%% %ﬁvgﬁ ?én%ggnsgéséprﬁ ned
as follows: the novelty of the invention is the inclusion of a new slurry

del i ver§ HesToRERaAL

- 60, the rotating motion of the substrate carrier 58
- 62, a downward pressure exerted on the substrate carrier 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,
the polishing action can be controlled. The belt system 36
imparts linear motion to the pad 48 in relation to the wafer 56.
The slurry 46 is dispensed on the polishing pad 48 by the

peristaltic pump 44.

It must be noted that the conventional approach 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



is integrated with the polishing tool. The nulti-conponent slurries, that
is slurries 65 and 67, are punped using first and second punps 70 and 71,
t hese punps can for instance be di aphragm punps, causing slurry flows 78
and 79. Slurry flows 78 and 79 enter into the pre-set orifice flow neter of
splitter box 83. The 12 slurry is released fromthe splitter box into-a
si ngl epngxhiged $h%@rv590%m@r@r@hie@épafapéeéuérr%ég 85 A8 6PN&R&I®ITxed. .
The relative quantity of the slurries 65 and 67 that are m xed are
det er nbnepobyinhehselit ting wixihe actfipvetbkow pbeer.ofnsplditéren, Fderd3.
The m xed slurry 80 flows through val ve box 84 and further advances,
agi tated hy pwapt 7@etehinggbft uhenglé?friyoas! uhiy eésetyoiils Si.sthResartend r 87
is aligned and nounted in parallel with 4+he polishing pad 89, the polishing
pad 89;kgokEMEREEdatat 8rt RBer gaggwbrte%hatt tRepbifg bbatk sthkey, pAdshidg pad
passes the |loft-nost roller 88 of the polishing arrangenent. One of the
nost n c aspe L Sty byti0 e tion
is tha?R%hgg?kgesﬁgr?&ésg%pﬁgﬁﬁg%gs %g%g 3486%%anQ€%%reggé§ %gl d&%ﬁf
i ndepen entl om eac usi ng.t he val ve bo 84.., This as f.allows: |f
o a0elig: BOLURBE) CBR LoTGERG s S5t SLGHE T Foder doi 8T ENOBFHEY a i rs
slurry circulation | cop, can be kept active thus supplylng an (replacenent)
amount 26F °§Futh tsartfﬁger 8de™V6i FUBP taRd & RECePIAE Ao ThE IS HHG 301 89.
If it is required that nore slurry be supplied to reservoir 87, loop 86, a
secondo$l Ghey sgbsEyRie] éntegopolian iy d¢ icpard@tachesra eﬂm%ﬁw@rﬁmgt@ny
slurry deficiencies. 13

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 suffer 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 required slurry, thereby
reducing the cost of polishing substrate surfaces. Since, using
the method and apparatus of the inventiocn, slurry is uniformly

removed from the surface of the polishing pad, surface planarity

10



In addition, the distance between the reservoir 87 and the polishing pad
89, where these two elenents physically interface, is calibrated in such a
way that the slurry is uniformy transferred to the surface of the
polishing pad 89 due to the relative notion of slurry between the reservoir
87 and the polishing pad 89. In this way, a fresh supply of slurry mx can
be suppld echitfoornhies s ur f goel idhidee oof ¢ shi tnige pade BOcandf t beeefobsttratehe
surface of the substrate 90 that is being polished without having any

i ssuesy §dgﬂiﬁ&¢gnt1§f§mgf@¢e@fe part of the conventional nethod of
slurry distribution. This issue of slurry pot life typically has a
significant negative effect on the application of CWP for front-end and
back-end processing. Using the nethod and apparatus of the invention, the
slurries 65 and 67 can_be netered and_applied very accurately, this unlike
the convent TanaTe TETACH GhaTREy L He Bor FaFat L et pLRD. e fofgsEabgatndd ' ¢
significant apount of slu r% flow variation or drift. As an added advant age
of the“ﬁh?%oﬂl%nd3aﬁ5%?a?tg BREEhENFhveREi BAT T PEnti8E BEL6RSeAPEd that the
use of a peristaltic punp is no longer required. This in view of the fact

t hat taRPHBEERGE @AdtApphPEeDEienr fRe Faveht héahédapirde asclfedd®@Wsoop
system further resulting in reduced consunption of the required slurry. 19
Al t houghtihethaveatishingsprbetnodesbei bedhaddankl asprrandd swictth thef er ence to

specific illustrative enbodi ments thereof, it is not. intended that the
i nvent iomebeibnmted to those illustrative enbodi nents. Those skilled in
the art will recognize that variations and nodifications can be nade

wi t hout depaehingirlirep thetspbhitonal phke bRvenki aRtnbl a%d Rerehits of
intended to include within the invention all such variati ons and

modi fi ¢gti 9RSeWRieh fall within the scope of the appended clains and
equi val ents thereof.

- 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 third pump respectively

- 73, 74, 75, 76 and 77 are first, second, third, fourth an fifth
supply lines respectively

- 78, 79, 80, 81 and 82 are first, second, third, fourth an fifth
slurry flows respectively

- 83, a splitter orifice box

- 84, a valve box

- 85, a first loop of slurry flow

- 86, a second loop of slurry flow

- 87, a slurry reservoir

11



15 What is clainmed is: 1. A self-siphoning Chem cal Mechani cal Polishing
apparatus for polishing of copper surfaces and surfaces of lowk dielectric
Payers,. conprising: a polishing part, said polishing part conprising a
polishing pad; and a slurry distribution part, said slurry distribution
part conprising a first slurry supply |oop and a second slurry supply | oop,
said sluggy diistrobueionopathef polhehingnphiisi agea whish kheepbadehdeigveen
said first slurry supply |oop and said second slurry supply loop, a first

and a sggogd Mixhynge®f slurry flowng into said first interface, a third
m xture of slurry flomwng fromsaid first interface, said slurry

di stribugion r 1 rising a second interface between said slurry
distribué?bntggrﬁog#éﬁggédgggrishing part. 2. The apparatus of claiml, said

polishing part conprising: two cylindrical rollers nounted with axis of

sai d cylgﬂdrFESISgBFFE?EngFHQ A ﬁﬁﬁﬂlgplﬁﬁkﬁg bei ng separated by a ‘
di stance; said polishing pad nounted over outside surfaces of said two

cyl i ndri 8al E£BR| epBstiagghseratercarr itée Bor fgenGithghd Subhs AV VR
surface thereof; 16 a polishing pad conditioner nounted aligned with and
above $8i dspobushedg pad; a platen nounted underneath and in support of
said polishing pad in a |l ocation where said polishing pad is in contact
with , -saeqd stuestrpabe idunilngiaeprdees © fofsyratrshiengdrhe esurdlace of sai d

substrat e; ,
- 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
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means for providing a rotating notion to said two cylindrical rollers in
addi tion to neans for providing a rotating notion to said substrate
tarrier; and neans for exerting downward pressure on said substrate
carrier. 3. The apparatus of claim1, said first slurry supply | oop
conprising: at least one first slurry container conprising a first slurry;
at | eadturane isea@lckadadr rircronttsd eyl ooy isdndirecsecaithglarmysximgspl att er
orifice box, said splatter orifice box being provided with an orifice flow

met er o @antg t aiHatel W HeOHd A4 g Mk Sadd Ad |eAsdr& hi%ksd, apdesai d at
| east a second slurry, providing a first m xture of slurry, 17 means for

fl ow ng. sl { eatc{_d Icttﬁcff réaeséwwl@@ %r@d% éréelm{agdsg%ry to

said sp |tter e "box nprising tubi In addltlon to slurry punp

Capab%!ﬂﬂh%§w5%§3§ Jﬁg fI sgldhflr gtyie Q%eée Ly ggls%%grfirsp

i nterface ng Sal II’S ure urrres to Sal

terf Th t f d f t terf bet ween sai d
1t B Sho ot Srohey ShRry % %@v&an%t?%gv%r'gr%alv%?vﬁéﬁi§? 83fd val ve box

bei ng provided with neans for independently regulating flow of said first
m xt urB1pFher BEVARERS s ¢ SR do R‘t”ﬁ?e7éf shperghehbinfg’dat@ val ve box
thereby creating a third mxture of slurry exiting said valve box. 5. The
appar aslisroy ré¢senveirsdi d Beseéeusirofe secahtgsedar apdsupphgelodp
conprising: nmeans for flowng said third mxture of slurry fromsaid val ve
box topssallsrcwhthi therpateshengppadi 89, t uhengol hshddygt 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 thalt the two slurry
supply loops 85 and 86 can be regulated independently from each
other using the valve box 84. This as follows: i1f an adeqguate
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.
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to slurry punp capabilities, thereby providing said third mxture of slurry
to said second interface; and neans for flow ng said second m xture of
slurry fromsaid second interface to said first interface. 18 6. The
apparatus of claiml, said first mxture of slurry and said a second

m xture of slurry and third m xture of slurry being quantitatively

i nterdependent. 7. The apparatus of claiml1l, said interface between said
slurry distribution part and said polishing pad conprising a slurry
reservoir, said third mxture of slurry entering said slurry reservoir,
said second m xture of slurry exiting said slurry reservoir, a fourth

m xture of slurry being contained in said reservoir to a |level, said slurry
reservoir being aligned with and being nmounted in parallel with said -
pol i shi ng pRA29€ardCpol F8Ri Ag SHad Che LR vicrite e Hefted Vodid Fowtth thst ure.
of slurry contained in, said reservoir. 8. An apparatus for providing a

m xt upelehéhar ppdt 8%a pdleirshiting spadwoc eemiesitisg prats Iasdsty dmtdifate sl urry
container conprising at least a first slurry; at |east one second slurry
cont ailsercadobpriteidng natsucdast veysadatd SHeurslygrmeadrs frarf oy ng sai d at

| east a first slurry and said at |east a second slurry to a splitter

orifi eeahe@tersaid tapltHe erurdddd cer e WolixdHihGal 21 a0 | @dstta the st .
slurry and said at |least a second slurry, said splitter orifice box further
havi ngch% t 1 @UaHd il iofe L Plpompleamt S-SR d @ deastnha first
slurry and said at |east a second slurry being m xed, a first m xture of

polishing pad 8%. 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 part of the
conventional method of slurry distribution. This issue of slurry
pot life typically has a significant negative effect on the
application of CMP for front-ena 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 method whereby the veristaltic 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
is no longer required. This in view of the fact that the method
and apparatus of the invention comprise a closed loop system,

further resulting in reduced consumption of the required slurry.
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slurry exiting said splitter orifice box; flowng said first m xture of
slurry fromsaid splitter orifice box to a valve box, a second m xture of
slurry entering into said valve box, a third m xture of slurry exiting from
sai d val ve box, said valve box quantitatively controlling flow of said
first mxture of slurry and said second m xture of slurry and said third
mxture O St oW AA tUd BN E A pod WLy 1M EARdoual ve box
to a thirdslurry container, said third slurry contalner conprising a )
fourth slurry mxture tgo a |evel ' hj I al NpLi.Si ng an
i nt er‘”f%?f’e B el Sai Y FoUrtH Sl iulrf%%%&h\r’éei %lr\l%&?%%ﬁ?é h#ﬁggﬁgg,’ él:s'i d
third mxture of slurry entering said third.slurry container, said second
mi xt ure Yt s]lrifre?"yjs%ii'i‘%/anb Shg dl‘?'ﬁ?”?ﬁl%’lj u??ylﬁ%h£§¥ng?, Esﬁﬁa third slurry
contai ner being aligned with and being founted in parallel with said

pol i shi higs fprals L sai empeAliBan hy- phacdei ALl hAtr SBAENRAt Brsald HodeCr IMbacur e
of slurry contained in said third slurry container; and flowng said third
m Xt utleaof vatimtyofis oamdanddi hicdtsbusr gavohtainade wotdaind dapeethoa 20

9. The apparatus of claim8, said polishing pad being provided by

provi gdr689: thaospykindetcaher ahvensiosai dtpaki shiengfpad rnourinedkdowsr out si de
surfaces of said two , cylindrical rollers; a substrate carrier for

nount i fg1adsubsthaherns theesurbacalthenesf vaa ipelicsi reidpad conditi oner
nount ed al i gned with and above said polishing pad; a platen nounted

under pegt i 8ad; bAsSWRRERt af 15aiEnRG! ki RG PR here SHILRMd shidithead is
in contact with said substrate during a process of polishing the surface of

sai d §Hgsg%ﬂﬁ%élents thereof.
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means for providing rotating notion to said two cylindrical rollers in

addi tion to neans for providing rotating notion to said substrate carrier;
and nmeans for exerting downward pressure on said substrate carrier. 10. The
apparatus of claim8, whereby said first mxture of slurry and said a
second m xture of slurry and third m xture of slurry are quantitatively

i nt eritependentlaidded i4: The apparatus of claim8, said apparatus being
applied for . polishing of copper surfaces and surfaces of lowk dielectric

| ayers. A2se¥r+reipoch{iog poéhsbhngueoparicsur Pateshlayeaspacampsi Siorg t he
steps of: (i) providing at |east one sem conductor substrate, said

substpat eshavd ngf beepp OF ovi dedcukt Angopper asdkf agesovkt R e3kiiaGe t her eof ;
(ii) providing a self-siphoning Chem cal Mechani cal Polishing apparatus for

pol i shipg. of g@%ﬁrggppsg surfaces, said a self-siphoning Chem cal
Mechani cal - Pol | s I ng apparatus conprising: (a) a polishing part, said

pol i shing part.¢ ISl a .1,shi d; d.( lurry _di stiri ution
part, saidgs é%%§ggﬁétpggﬁfi§%E8a PagéﬁgPFsﬁﬁéta%%ﬁ §§S§P rﬁyggﬁﬁﬁ$§1ﬁbop
and a sgqonddslurry supply loop, said slurry distribution part further.
conmpr P&FAg?8%f irst interface between said first slurry supply loop and said

second slurry supply_loopb a first and a second m xture of slurry flow ng
into said fi PUIENt BLFEEELUEIOR PR Lk xSFE S i1y A SR YT I dRsai d
first interface, said slurry distribution part further conprising a second
i nt er FRERrBSiNGer $aird tsisdiry vdissipmilbutlios® Fard aarfe aidd ot shi FPDEY t ;
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 rixture of slurry
flowing int'o said first interface, a third mixture of slurry
flowing from said first interface, said slurxy distribution part

further comprising a second interface between said slurry

distribution part and said poclishing 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 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;
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22 (ii1i) positioning said at | east one substrate inside said

sel f -ssi phoni ng Chem cal Mechani cal Polishing apparatus; and (iv) polishing
copper surfaces layers) 13. The nethod of claim 12, said polishing part
conprising: two cylindrical rollers nounted with axis of said cylindrical
rollers being in parallel while being separated by a di stance; said
pol i shing pagobbsnied pser codtistdenstr hates edl asaigthclowe iy iandr iatalve
rollers; a substrate carrier for nounting a substrate on the surface

t her eghi qapBok kahhAgpRad conditioner nounted aligned with and above said
polishing pad; a platen nounted underneath and in support of said polishing

pad in a 'gﬁg&geen\ﬂﬁ%mw q{\@%'ﬂn%@t@lg PR IS b RO aed svadltog Jﬁ@itpshing

substrate ing a process of polishing.the surface of sal rate;

means _far .providing.a rotating notion.o.said.¢t cylindrical, rollers in
R PER 8 RedRSPdP oMb HE  FOLATS AP § o TS P A TR
carrier; and means for exertin%_domnmard pressure on said substrate .
carri 81 Fubstrate, durdd & UMD PR st IHF A St yS#bdp

conprising: at least one first slurry container conprising a first slurry;
at | e sdFé@teecond slurry container conprising a second slurry;

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

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;
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a splatter orifice box, said splatter orifice box being provided with an
orifi.ce flow neter, quantitatively controlling mxing said at |least a first
and said at |east a second slurry, providing a first m xture of slurry;
means for flowng said at least a first slurry and said at | east a second
slurry to said splatter orifice box, conprising tubing in addition to .
slurry puPadapaitl itistngreshisd fdf ¥ ny Sar ot FF+SEX Wi XPdre2df &Furry to
said first interface, providing said first m xture of slurries to said
firstleanterd agecond, sheryethotebd P hi biap, oxhfdceikek, i APBPEAGENEet ween
said first and second slurry supply | oops conprising a valve box, said
val vet Boindpei mgagd ovidedt i $ hunepnsuhpr capdepehdeasty regul ating fl ow of
said fi=st mxture of slurry and said second mxture of slurry entering
sai d val vemdaxst her ebyowieqt sagdaribstdmikxtbeeodf sshuryy texishing faaist
val ve box. 24 16. The nmethod of claim 12, said at | east one second slurry
suppl ynt8epa£8MPHLETNEingRASAS 0 rEbOowh RGusal drt Bi et rAkXt e safi gslfurdat from
said valve box to said second interface, conprising tubing in addition. to
slurrynggggaggpabiIities, t hereby providing said third m xture of slurry to
said Second rnferface; and neans for flow ng said second m xture of slurry
fromsaid second interface to said first interface. 17. The nmethod of claim
12, said first mxture of slurry and said a second m xture of slurry and
third m xture of slurry _being quantitatively i,nterdependent. 18. The nethod
of cIéFn&%ﬁ,a?QFEaFHFe¥Fa8éag@t et 'éﬁﬂégwﬁfgﬁr S lJ%%ﬂ?%%uﬁa%.d sai d
polishi.ng pad conprising a slurry reservoir, said . third mxture of slurry
ot er g SAPASERFPCr GIRHFS FUPRAY LORE E RSB STARYS) BBt | Ta7 Sl d
| urr
St %alve 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.
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reservoir, a fourth mxture of slurry being contained in said reservoir to
a level, said slurry reservoir being aligned with and being nounted in
parallel with said polishing pad, said polishing pad being inmrersed into
said fourth m xture of slurry contained in said reservoir. 25 19. A

met hod for providing a mxture of slurry to a polishing . pad, conprising

t he ?tegﬁ Pp hglg at _ geaﬁt onedfka§%tslurr coQ%al er. Gonpr sing at
| eas Fré urry prOV| ing at “r8ast “Orre "g&¢ S urry "onti her

conprising at | east .a second slurry provi ding neans for_flow ng sajd at
IeasFaédfgr§FC§PGrP§x§H69 Ritd SAR YA thad FHWS o SEPTY thetng
orifice box, said splltter orifice box mxing said at least a first slurry
and SaP@ CAf NS Ya 15ECENE PSNASVE - said splitter orifice box further having
gquantitative control over anobunts of said at least a first slurry and said
at least a second slurry being mxed, a first mxture of slurry exiting
said splitter orifice box; flowng said first mxture of slurry fromsaid
spl i th.efTher iafdpeeatars tof a&ledivel begid seraonthas Xdatwead siidrylentering
into said valve box, a third m xture of slurry exiting fromsaid val ve box,

sai d asad e X st Prd atdy/ed 3 CPErodlidy gdove dpﬁﬁéﬂnc_fgi gsgratxure of
slurry and said second m xture of slurry and said third m xture of slurry;

f1 owingsajdh ot hlsréiicmeﬂw@ R x Bl rye FE oM S@l éjnﬁ/@H/x‘?? bgglaosﬁukbw d slurry
container, said third slurry container conprising a fourth slurry mxture

to a x.l@éfeeévoﬁ'@' O 4 Tk S T £OREQI DET 5 PPy'éirDQlﬁ@ 5nigrkage -pet ween

said fourth slurry m xture and a polishing pad, said third mxtufe of

S'Urr?é§£§&%i99 §af&hﬁ{%rglg§ure 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.

8. An apparatus for providing a mixture of slurry to a polishing
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 box mixing éa¢u aL Least a rarst silurry and said at least

a second slurry, said splitter orifice box further having
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slurry container, said second mxture of slurry exiting said third slurry
container, said third slurry container being aligned with and bei ng nount ed
in parallel with said polishing pad, said polishing pad being i nmersed into
said fourth mxture of slurry contained in said third slurry container; and
flowng said third m xture of, slurry fromsaid third slurry container to
sai d aeE Vel thod v ocormheo hred heod @foehas ned95a sadi - pbeashi agfpadtbeilngry
provi ded by providing: two cylindrical rollers; said polishing pad nmounted
over aud sé#tod sait f acest of satdndwoleytiyndeical mipbber s; farsubstkateecartri er
for nounting a substrate on the surface thereof; a polishing pad

condi §i@ney aRupigs ahignediwitbrand; abedepsald polishing pad; a platen
nount ed underneath and in support of said polishing pad where said

pol'ishing pad,ig QaEQ”F§EEt“%EQt§§Edo§UQ§EE§ge-QB&iBgiﬁ %?%5%%%ﬂﬁ

[
polishing the surface of said substrate; nean or providing rotating

notion to.said. t cylindrical rollers in addition to ans for_ pr.ovi di ng
rotat?ﬁbgﬁégigﬂxrgoséiHagﬁ sgféfeaciﬁfPEE;méﬁéuff °fn€g§§%¥ne%5é§%ﬂ%@
downward pressure_on said substrate carrier. 21. The nethod of claim 19
wher eb *8aPd fi YL VRi RPUr e 2of "SFGr Py *&HF Ss 8ifd SaEECoAF I ALEF Tt |if ry
and third mxture of slurry are quantitatively interdependent. 22. The
met hod2F €cParm £819s ¥Pd VEpPRrfa e "ieitAg 15 S P doiNS MRy 1t cHhplfer
surfaces and surfaces of lowk dielectric |ayers.

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 comprising
a fourth slurry mixture to a 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
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

contailner to said valve box.
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23. A nethod for polishing surfaces of lowk dielectric |ayers, conprising
the steps of: (i) providing at | east one sem conductor substrate, said
substrate having been provided with an exposed | ayer of |owk dielectric
over the surface thereof; (ii) providing a self-siphoning Chem cal
Mechani cal Polishing ap aratus for polishing of said |lowk dielectric
Sur f 2o, \$aiAPER TEITE &1 IO 1y CneiA iShID NG & A2 PORT SHE ieF apparat bis
conprising: (a) a polishing part, said polishing part conprising a

pol i gHMawjidai: and (b) a slurry distribution part, said slurry distribution
part conprising a first slurry supply loop and a second slurry 28 supply
| oop, sai dcwd wydimisicabutoblepart further conprising a . first interface
between said first slurry supply | oop and said second slurry supply | oop, a
first and $a @Ok shXxidrgad®fnchatey dvom ogrsnde satdatebsobEnteifiaeqo a |
third mxture of slurry flowwng fromsaid first interface, said slurry
distribyip@piPalt-burdper conprising a second interface between said slurry
di stribution part and sald polishing part; (iii) p03|t|on|ng said at Ieast
one substrgtgéﬁgﬂ €eSa §8£ff§kpﬂ8{}#‘99n9‘ %8@5 P/seeaa <Pal,i-$ai

appar at us |ng t he surtace o sal |e &ctric Iayer

24. T, o PEL od of cIa|n123 said polishing part conprising: two cylindrical
roll ers nmounted with axis of said cylindrical roIIers being in paraIIeI

whil e bein ted by .a di t nce; said polis unt ed
out si de sugf gésg%ngapédtﬁ8“§ FHBFFCQPUPEFPe? 19 uH%F a8 v@r f or

nmounti ng a substrate on the surface t her eof ;
said polishing pad;

a platen mounted underneath and in support of said polishing
pad 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 cylindrical
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 guantitatively interdependent.

21



a polishing pad conditioner nmounted aligned with and above said polishing
pad; .a platen nounted underheath and in support of said polishing pad in a
1ocation where said polishing pad is in contact with 29 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

meansl ¥ orThps caph gt s rof atiapgh $iptsondtopsaratssbiséiagyeappliedr foand means
for exerting downward pressure on said substrate carrier. 25. The nethod of

clai peBiswahg & redpSéHr £y SAPPL Yah@OPuEOAPEL SbRTLoRb k| a8t cERR LI I St
slurry container conprising a first slurry; at |east one second slurry

contaigﬁirgpnprising a second slurry; a splitter orifice box, said splitter
orifice box being provided with an orifice flow neter, quantitatively
controlling mxing said at least a first and said at |east a second slurry,
providing a‘first mxture of slurry; nmeans for flowng said at |east a '

first_ sl d id at_| t d sl t id litter .orifi
box, Eonpfi SPRECEUBPRGEPAT BRAIET GROPG=SPUFF§ Chinp 28 &pabI FOEPESRsards or
flomjng said first mxture of slurry to said first interface, providing

i

sai d FFEBf Rfxture of slurries to said first interface. 30 26. The met hod

of claim23, said first interface between said .
(i) providing at least one semiconductor substrate, said

substrate having been provided with copper surfaces in the
surface thereof;

(ii) 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 part;
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first and second slurry supply | oops conprising a val ve box, said val ve box
bei ng provided with neans for independently regulating flow of said first

m xture of slurry and said second m xture of slurry entering said val ve box
thereby creating a third m xture of slurry exiting said valve box. 27. The
met hod of claim 23, said at | east one second slurry supply | oop conprising:

means or LG Al Ll ada: ofe Slurde ToM saldh Valysbata e sald

second interface, “‘conprising tubing in addition to slurry punp
capabi l i ties,. ther.eby providi said thi jxture of slurry to_said second
e ort AR AP 1 G e Sehordl p Al e et {5 998 sai
second interface to said first interface. 28. The nethod of claim 23, said
first mxturEof ROMFYRACWRY: a5 LetdRYS Mt XY YFR: of slurry and third
m xture of slurry being quantitatively interdependent. 29. The method of
claim 23, said interface between said slurry distribution part and said
polishing pad conprising a slurry reservoir, said third mxture of slurry
ent er i ngd sal ek sneehgdreServalr, 18ai dasecppdiahknareadt SPUPEYSERPEiI ng sai d
slurry 31 reservoir, a fourth m xture of slurry being contained in said
reservoir toteoleyeindsacdliskaiiyreesennbed Beéthgaalisgnédsweith and bei ng
nmounted in parallel wth said polishing pad, said polishing pad being
i mrer sedyinh@rseatd touLlthsnbxtupeiaf pskutiglcaniaeneding sapdraeser vgi a. 32
A@Y. A(S. A Y. Ay, AfLAFL A Ay, A(2. AL Y. A(y2. A(. A ABN. AYN. AYn. Aa9Y. Al . A3. Al u. AY
u. Al . AygEsAhEcAy Y. Au. Au” E. Aa9l . A" 2. AL2. A(. A26A"zL{ YKA} xsni d_Z] ca] ca] ca] ca]
cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
Jca] ca] cRa] cghs¥Ffotishthg 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 underneath and in support of said polishing
pad in & 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 a rotating
motion to said substrate carrier; and

means for exerting dowhward pressure on said substrate

carrier.
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AN

Y| wr nhicMY] ca] ca] ca] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
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17. The method of claim 12, said first mixture of slurry and said

a second mixture of slurry and third mixture of slurry being

guantitatively 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
reservolr, sald second mixture of slurry exiting said slurry
reservoir, a fourth mixture of slurry being contained in said
reservoir to a level, saild 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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least a first slurry;

providing at least one second slurry container comprising at

least a second slurry;

providing means for flowing said at least a first slurry and
said at least a second slurry to a splitter 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 sald 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 sald 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 said fourth slurry mixture and a
polishing pad, said third mixture of slurry entering said third
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flowing said third mixture of slurry from said third slurry

container to said wvalve box.

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

two cylindrical rollers;

said polishing pad mounted over outside surfaces of saild 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 underneath and in support of said polishing
pad 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 cylindrical

rollers in addition to means for providing rotating motion to

said substrate carrier; and
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. 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 the steps of:

(1) providing at least one semiconductor substrate, 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 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
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(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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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 firét 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 slurrxy 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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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.

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

a second mixture of slurry and third mixture of slurry being

quantitatively interdependent.

29. 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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