1. 7 1R 2007 SLURRY FLOW CONTROL AND MONI TOR SYSTEM FOR CHEM CAL
MECHANI CAL PCLI SHER Field of the Invention The present invention rel ates
to chem cal mechanical polishers 5 used for polishing sem conductor wafers
in the sem conductor fabrication industry. Morre particularly, the present
invention relates to a new and inproved slurry flow control ~ardthRri6wti t or
system for nonitoring and controlling flow of slurry to a chem cal
mechani cal polisher for the polishing of sem conductor wafers. 10
Background of the Invention Apparatus, for polishing thin, flat ,

sem conductor wafers are - well-known in the art. Such apparatus normally .

includes a polishing heggywi ¢horassie®iAANBIGNaITORS STSTEMagi ng and
forcing a 15 sem conduct or wafer against a wetted polishing surface, such

as a polishing pad. Eitherpdhenprdcor MEteANDtAS BOIgSHEBRd is rotated and
oscillates the wafer over the polishing surface. The polishing head is
forced downwardly onto the polishing surface by a pressurized air system
or simlar arrangement. The downward force 20 pressing. the polishing head
agai nst the polishing surface cauiehpé ofidjhgsdavenkiddesi red. The polishing
head is typically nmounted on an , ) L 5olishers
The present invention relates to chemical mechanical polis ers
5 used for polishing semiconductor wafers in the semiconductor
fabrication 1nduét:ry. More particularly, the p;:ésent invention
relates to a new and improved slurry flow control and monitor
systetﬁ for moh‘itoring and controlling flow of slurry to a chemical
mechanical polisher for the polishing of semiconductor wa_fers'.
10
Background of the Invention
Apparatus for polishing thin, flat sem'icond-ucto’r‘ wafers are
well-known in . the art. Such apparatus normally includes a
polishing head which 'carrie‘s a membrane for engaging and forcing’ a
15 semiconductor wafer against a wetted polishing surface, such as a
polishing pad. Either the pad or the polishing h_e'ad is rotated &nd
6scillates the wafer over the polishing surface. The polishing
head is forced. downwardly onto the polishing surface by a
pressurized air systém or gimilar arrangement . The downward force
20 - pressing the polishing head against the polishing surface can be

adjusted as desired. The polishing head is typically mounted on an



2- 7M "R 2007 elongated pivoting carrier arm which can nove the
pressure head between several operative positions. In one operative
position, the carrier armpositions a wafer nounted on the pressure head
in contact with the polishing pad. in order to renove the wafer fromb5
contact with the polishing surface, the carrier armis first_7piyoied
upwardly to |ift the pressure head and wafer fromthe polishing surface.
The carrier armis then pivoted laterally to nove the pressure head and
wafer carried by the pressure head to an auxiliary wafer. processing
station. The auxiliary processing 10 station nay include, for exanple, a

station for gy |G bRGVBAL carddbObrROluiSikhngah 6fdlie @heabeessiie0@dad
station, or a water | 6ad station. Mdire recently, chem cal - mechani cal

polishing (CNR}waiPeRLYE1 HesrftaeR @BBLOVAG.i NTAOHE NEidram ikt Position,
pneumati cal | y-actuated 15 polishing head' . CWVP apparatus is used primarily.
for polishi nght headvient afmososart idewi & ewsfiedte mofinteds eni clonduetsenrediead dori ng
the fabrication of sem conductor devices on the wafer. A wafer is

"pl anar i zed" contartosthbdtm@cd i shbre RadnesIBOEARY &0 FapPYe &thitoMafer J€88s in
order for the top surface of the wafer to be a 907"

j _ sfhlat as.3 - 7 .I\{lg\;lfir%
possi bl &3 A GAPEICH sWholt | ERRdPRY I BRINY PIEEEE of"E CAFFIEF ARG *°
‘ pivoted upwardly to 1lift the pressure head and wafer from the
polishing:surfacé; The carrier arm is then pivotéd laterally to
- move the pressure head and wafer carried by the pressure head to an
auxiliary wafer processing station. The auXiliary' processing
10 station may include, for example, a station for cleaning the wafer
and/or polishing head, a wafer unload station, or a wafer load

station.

More‘recéhply) chemical -mechanical polishing (CMP)vapparatus

has been employed in combination ‘wi'th a énéumati_cally-aétuated

15 polishing héadu CMP apparatus is used primarily for polishing the
front face-cr device side of a semiconductor wafexr during'thé
fabrication of semiconductof devices on the wéfer;  A wafe: is
“planarized” or'Smoothed one or more times during a_fabrication'

. proceSé ih_order for the top surface of the wafer to be as flat as



pressed face down onto a polishing pad covered with a slurry of colloida
silica or alumina in deionized.water. CVP polishing results froma
conbi nati on-of chem cal and 5 mechanical effects.. A possible nechanism
for.the CMP process involves the formation of a chemcally altered |ayer
at the surface of the naterial being polgshed. The |ayer is -rfeifaiical | y-
renoved fromthe underlying bulk material. An altered |layer is then
regrown on the surface while the process is repeated again. For 10
instance, in netal polishing, a netal oxide may be forned and renoved
separately. The-chem cal nechanical polishing nethod can be used to
provi de a planar, surfage o i : | , NSy nBNo1 4680 nd shakbtpwnd
trenches thépsgﬁgf?ilI%dwﬁﬁ?ﬂJ%LE%%F%?%%?%gﬁﬁgfgdg} and(xgn various netal
films. 15 RefaLLiLAg:Loltidk] brk B golfshihs Paverblonal WIVR appanatyoB0
i ncl udes a ongltlonlng ead 52, a polishing pad 56, and a slurry delivery
arm 54 positdqanedgovesitire pel 4Biming pAddsbfonikké. watcondi tioning head 52 is .
mounted on a conditioning arm58 which is extended over the top of the -
pol i shing pad 56 for- maki ng a sweeping 20 notion across the entire surface
of the polishing pad 56. The 4 - 7 MAR 2007 slurry delivery arm54 is

equi pped with si GMPy pdildpbird ngesdal efrone 2 wAPEHrafaonsed FoEmiFEhed ng a

slurry solution on the top ] ' _
S mechanical effects. A possible mechanism for the CMP process

involves the formétion of a chemically altered layer at the surface
of the matefiai being poliéhed. The layer 1is mechanically removed N
from the undnerlyingv bul.k material. An altered lay’e: ig éhen}
regrown on the surfacé while the process is repeated againb. For
10 instance, in metal polishixig, a metal oxide may be formed and
| removed separately. The chet_nical mechanical pplishing method can
be used to provide a planar surface on dielectric layers, on deep
and shalléw trenches that are filled with polysilicon or bxide,. and ‘

on various metal films.

15 Referring initiablly to Fig. 1, a conventional CMP apparatus 50.
includes a conditioning heaa 52, a polishing pad 56, and a slurry
de,l‘ivery arm 54 positioned over ‘the polishing pad 56. 'I‘h"e__ B '
'-conditign»ing head 52 i's.moun'ted on a ,condit;'.von‘ing arm 58 which 1s
‘ex'tended over the top of. the polishing pad 56 for making a swéeping

20 motion across the entire surface of the polishing pad 56. The



surface 60 of the polishing pad 56. Surface grooves 64 are further

provided in the top surface 60 to facilitate even distribution of 5 the
slurry solution and to help entrapping undesirable particles that are
generated by coagul ated slurry solution or any other foreign particles
which have fallen on top of the polishing4pad 56 during a porﬁgﬁﬂﬁ
‘process. The surface grooves 64, while serving an inportant function of
distributing the slurry, also presents a 10 processing probl em when the pad
surface 60 gradually wears out after prolonged use. The slurry solution is
typically distributed to the slurry dispensing nozzles 62 through tubing
(not illustrated by . rati Qr . ( I r &t ikdoeRtEy, no
syst em exi st Ehi?')% (()irexé\é%ﬁfa@ ?Eglgt%q%%??o‘?ﬁlhg sgi‘ly?%e@#%sr%e and _
preci se congro t f r f SLUgRr t sonudicamohhengu to

t he CWP appa%gthgggtxcé%s+%%%jﬂﬁfdﬁj;Igﬁfégtgsgégp%ﬁe slurry to theH%%P

apparatus tepgd,fQ-a@5tsr the SdLgingWhet 8a8S exeesst \lopvesves hreviurahes of
the slurry to the CWVP apparatus causes i nadequate 20 supply of the slurry

to the waf er pranthddiis, thé noer suepscenan tpofastiiitgteAdvén iddssriyutionupfy
flow rates which are 5 -- 7. MAR 2007 characteristic of conventional -
systems fire thegskundyy spant b canghdo BASP aBRiaPEBRE ovRiesIZaRYe 3 TriStes -

slurry delivery systens are R _
that are generated by coagulated slurry solution or any other

foreign-particleé which have fallen on top of the polishing pad 56
during a polishing process. The surface grooves 64, while serving
an imporﬁant function of distributing the slurry, élso presenﬁs a
10 'proceésing problem when the pad surface 60 gradually wears out

after prolonged use.

The slurfy soldtion is typicaliy distributed to the glutry :

:dispensing nozz;es 62 through tubing (not illustrated), by
operation of a pump (nc;t illustrated). Currently, no system 'exi.st:s__

15 for accurate -in-situ monitoring of the flow rate and precise
control of the £low faté of the slurry solution from the pump to

the CMP apparatué. Excessively high flow rateé of the slur#y to

the CMP apparatus tend toIWaste the slurry, Whereas‘excessively low

flow rates of the slurry to the CMP aﬁparatus causes inadequate

.20 © supply of the'slurry to the wafer/ and thus,.hinders'éptimum

polishing. Additionally, slurry flow rates which are



typically incapable of controlling the mxing ratio of the slurry
conponents. Accordingly, a systemis needed for accurately 5 nonitoring the
flowrate of slurry froma slurry punp to a CMP apparatus and precisely
controlling the flowrate of the slurry to the apparatus for econom cal
and -opti num chem cal nechanical polishing An object of the pregamnyi’
‘invention is to provide a systemfor 10 nonitoring the rate of delivery of
a fluid to a destination. Another object of the present invention is to
provide a systemfor controlling the rate of delivery of a fluid-to a

destination. Still another object of the present invention is to provide a
system for bofh aceyr ¥ Lot NG aangy N &G SAd ¥ reghéhly bagiitle add
rate of_deIiS%??g%F&gg%?%fﬁﬁ?g a dé%tﬁha??on. Another@object of the present

invention is,io. Qv deyadrshatem coietit ibag1 | kil @fes galnitvealy isystiemsngre
slurry conponenfs. 6 - 7 .MAR 2007 Yet another object of the present . .
invention is¢{g;es0Mi dacapsyed e tonttelliiner they wxihgi thttieo @fdeke iH¥FBn in
a substantially bubble-free condition. A still further object of the :
present inveabmponérest.0 provpdéindlya systwsteor isemnaded baEteEsetYom a
liquid and nonitoring and controlling the rate of delivery of the Iiﬂgid -
to a des§i nambphtoring the flow raté of slurry from a slurry ‘pump to a C |

apparatus and prccisély controlling the flow rate of the slﬁrry to

the apparatus for economical and optimum chemical mechanical

polishing.

An object of the present invention is to provide a system fo:

10  monitoring the rate of delivery of a fluid to a destination.

_Another object of the present invention is to provide a system

-for controlling the rate of delivery of a fluid to a destination.

Still another object of the'present invention ig to provide &
system for both accurately monitoring and precisely controlling the

15 rate éf'delivery of a fluid to a destination.

Another object of thé'present invention is to provide a system

which facilitates control in mixing slurry components.



Still another object of the present invention is to provide a closed-1oop
systemfor in-situ nonitoring and controlling of the rate of delivery of a
polishing slurry to a chenical nechanical 10 polisher. Another object of
the present invention is to provide a system for inproving the dishing
range for chemnical nmechanical polishers. gret another object -of MATh&(Ppr esent
invention is to provide a. systemwhich is capable of reducing the rate of.
flow of polishing 15 slurry to a chem cal nechanical polisher to avoid or
reduce wasting of the slurry. - 7 MAR 2007 7 A further object of .the
present invention is to provide a novel degasser for renoving gas bubbles

froma pol i shing wlULhycRsy ik LEQUhs. prSsERBr Yn@dndike kBvedtsonibel 8
accordance with these and ot hér objects and advant ages, the present

i nvention isggenal dokyqdi {Retied hOfBuliBWoanddddminaveen Sl W sybstawiadbyr ol
and nonitor systemwhich is suitable for nonitoring and controlling

del i very of . papbliepfirdepodnditiing.slurry to a CVP (chemical nechani cal
pol i shing) apparatus for the polishing 10 of sem conductor wafers. In a
typi cal enbodi ment, “the invention :

A still further object of the present invention is to provide
5 ' a system for r_emow}ing gas bubbles from a liquid and monitoring and

controlling the rate of delivery of the liquid to a destination.

Still another object of the present invention is to prévide.a
clogsed-loop 8ystem for in-situ monitoring and controlling of the
rate of delivery of a polishing slurry to a chemical mechanical

10 polisher.
Another object of the present invention is to prqvide-a‘system

-for improving the dishing range for chemical mechanical polisghers.

Yet another object of the present invention is to provide a
system which is capable of reducing the rate of flow of polishing
15 'slurry to a chemical mechanical polisher to avoid or reduce wasting .

of the slurry.



may include a slurry punp, a degasser provided in fluid conmunication with

the slurry punp, and a flow neter provided in fluid communication with the

degasser, which degasser and flow neter may be operably connected to a
central controller. The CWP 15 apparatus is provided in fluifyg ni cation
with the flow neter. The central controller is operably connecte to the
slurry punp and to a pressure relief valve in the degasser for
automatically controlling those elenents of the systemresponsive to
slurry flow rate input fromthe flow neter and degasser and gas pressure
input " 20 fromthe degasser. -7 MAR 2007 8- In operation, the slurry punp
punps a supply ofalfuptindrslobreyt &fr she t brexegit tineedegas sier ,toMpoividendves
gas bubbles fromthe slurry. The degassed slurry then flows through the

fl ow meter, aodel fdegabbyr fdrorehevi@BdPgappaubities. L BigRapel Wiicy sbirwspsdnd
to the 5 fIOM/rate of the slurry are transmitted fromthe degasser and the
flow neter, peBpectidvéRy, to the central controller. Signals which
correspond to gas pressure in the degaeeer nay further be transmtted from
the degasser. to the central controller. The central controller, in turn,

controls the operational speed §5m4£y§ ogotggtyﬂagnpﬂgp as well as venting
of gas pressure fromthe degasser. L

5 : In accordance with these and other objects and advantages, the
| present 1nvent10n is generally directed to a new and imp:_coved»

slurry flow control and wonitor system which is suitable for
..ﬁonitoring and-contioliing delivery of a liquid polishing»slurry to’

a CMP (chemiéal mechanical polishing)‘apparatus fdr the polishing-

10 of semigonductor.wafers._ In a typical embodiment, the invention’
may 1include a slurrxry pump, a dégasser prqvided in  fluid

coﬁmunication with the slurry pump, and a flow meter provided in
£luid communication with the degasser, which degasser and flow

meter may be operably connected to a central controller. The CMP

15 apparatus is providea'in fluid communication with the flcw meter.
The central controller is operably connected to the slurry iaump and .

to a preasure relief valve in the degasser for automaticaily

cqntrolling those elements of the system responsive to slurry flow

rate inputvfrOM»the flow meter and degasser and gas pressure inpup

20 from the degassér.



The degasser typically includes a tank that is fitted with an intake arm
for receiving the slurry fromthe slurry punp and an outlet armthrough
which the slurry flows to.the flow neter. A vent pipe fitted with a
pressure relief valve may extend fromthe 15 tank for rel easing Emgwgup of
gas pressure fromthe tank as a result ofg the bursting of gas ﬂdb es from
the slurry in the tank. The central controller may be operably connected
to the pressure relief valve for automatically controlling release of the
pressure fromthe tank. 20 9 7 "MA r 2097 Brief Description of the

Drawi ngs The invention will now be described, by way of exanple, with
reference to the ACCRRRARYLAY tHAWA RESs pufipWings a P19 df ildcaipeslspestive
view of a conventional CVMP 5 apparatus; Figure 2 is a schematic view of a
slurry flow gopbfotnahchh ¢RI défassis| ehoéh thengveesent bobklds divorFitdere 3

is a perspective view of an illustrative degasser conponent of the slurry
fl ow control sandrypnrherdsysised sfutdyethd? fipes ditroughaiite fhow Fegare apdi s a -
graph which illustrates relative slurry flow

finally." to the CMP apparatus. Signals which correspond to the
5 flow rate of the slurry afe,tfansmitted from the degasser and the .
flow meter, reséectively’, to the central controller. Signa-ls which
'cérrespond to gas pressure in the degasser may further be’
~ transmitted from the degasser to the central controller. The
central controiler, in tufn, controls the opefational speed of the>

10 slurry pump, as well as venting of gas pressure from the degasser.

The degasser typically includes a tank that is fitted with an
intake arm for receiving the slurry from the slurry pump'and‘anv
éutlét arm through which the slurry flows to the flow meter. A
vent pipé fitted with a pressure relief‘valve fnay’ extend from thé

15 tank for releasing buildup of gas pressure from the tank as a
result of the burs.tiﬁg of gas bubbles'-from the slurry in‘ the t’eink...‘
The central controller may bé operably connected to the pressure
relief valve for aut‘omatically controlling release of the pressuie
from the tank. |

20



rate (along the Y-axis) plotted as a function of tine (along the X- axis)
in seconds, in use of the present invention; Figure 5 is a graph which '
contrasts the flowrate uniformty 15 in inplenentation of the present
invention with the flowrate wuniformty in inplenentation of a
conventional slurry delivery system -7 MAR 2007 10 Figure _6] > @QQF aph
whi ch contrasts the slurry flowrate in inplenentation of the W‘e nt
invention with the slurry flowrate in inplenentation of a conventional
slurry delivery system and Figure 7 is a graph which illustrates the

di shing variation 5 range between dishing achieved in inplenentation of
the present invention and Btielii Dgs@ciyitévedof rthenprawngsat i on of a
conventional .slurry delivery system Description of the Preferred
Enbodi nents The prhesénventicentidh e headesexibed, ybhewast iofi akamrle ¥ithn
10 nonitoring and controlling the rate of. delivery of polishing slurry to
a CWP (cheni EafermdigahP cite FECPERFRGP R FpEVRYS R ‘t’!ﬁ’ec"fiol ishing. of =
sem conductor wafer substrates. However, the invention is not so limted
in application, and "while references nmay be nade to such polishing slurry

and CMP appar at usp; e 11vQRti 9N I3 IREEIGENGEBY! %or a conventional . cmp

5 apparatus;

Figure 2 is a schematic view of a slurry flow control and -

monitor system of the present invention;

Figure 3 is a perspective view of an illustrative degasser
component of the slurry flow control and monitor system of the

10 present invention;

Figure 4 is a gréph_which illustrates relative slurry'flow‘
‘rate (along the Y-axis) plotted as a function of time (along the X-

axig) in seconds, in use of the present invention;

Figure 5 is a graph which contrasts the flow rate uniformity_,
15 in'implementation of the pfesent inventidn with the flow rate
uniformity in implementation of a qonventional slurry delivery

system;



15 applicable to nonitoring and controlling delivery of a fluid to a
destination in a variety of industrial and mechani cal applications.
Referring initially to Figs.. 2 and 3, the slurry flow control and nonitor
system of the present invention is generally indicated by ref&tdRae?
nunmeral 10. The system 10 ‘i ncludes a slurny punp 12, 11 - 7 MAR 2007 the
inlet of which is confluently connected, through a punp intake conduit
.14, to a slurry tank 11 containing a supply of liquid polishing slurry
13. A punp outlet conduit 16 confluently connects the outlet of the slurry
punmp 12 to a tank intake.arm24 of a 5 "degasser 18. As shown in Fig. 3,

t he degasser FAVui-8Ch Ude A glegasekich tamicrddts Heha mguaryeﬁﬂow mese| 8 22.
A tank |ntake arn1 4 extends fromthe degasser tank 20, in fluid

conmuni cat i ofmplidrientheitank thet présamt22pvandicn wihk e [SBTEY nil2e &3F&nds
fromthe degasser 10 tank 20 in fluid comunication wth the tank |nter|or
22. The tankiniinpdleseataton @ft andRYEHAPPAS %k&f£¥s€?l%¥ﬁﬂ¥ SPSHEMia ngher _
| evel than does the tank outlet arm 26. A vent pipe 32, which may be
fitted with a pressure relief valve 34, extends vertlcally fromthe

degasser' tank 2Q, a”d Eress‘” WAzeh Py alflaChs "BYe RE sheng OPaRkieAal ,

may be prOV|ded nDnltorlng t e pressure of gas

bui | di ngS up &:‘Qéééjebet%e\{zer&g.sﬂkzgg §&u%@géor1n implementation of the present '

invention and dishing achieved in 1mplemcnt:atn_on of a conventlonal

. slurry delivery system.

_Description of the Preferred Embodiments -

The present invention has particularly beneficial utility in

10 monitoring and controlling the rate of delivery of polishing slurry
to a CMP (chemical mechanical polishing) apparatus in the polishing.

of semic§nductor wafer substrates. However, the invention is not

so limited in'application, and while references may be made to such
polishing‘slﬁrry and CMP apparatus, the invention is more génerally

15 applicable to monitoring and controlling delivery of a fluid to a

destination in a variety of industrial and mechanical applications.

Reférriné.initially to Figs. 2 and 3, the slurry flow control
and monitor system of the present invention is generally indicated

by reference numeral 10. The system 10 includes a slurry pump 12,



degasser tank 20 as a result of the. bursting of gas bubbles 21 in- the
polishing slurry 13 inside the tank interior 22, as hereinafter further
described. A level sensor 36, which may be conventional, 20 is typically
provi ded in the degasser tank 20 for nonitoring the level of ihe Eolishing
slurry 13 in the degasser tank 20. As showy 12 - 7 MAR, 2007 ~1r¢

the pressure sensor 35 and the |l evel sensor 36 are operably connected to a
central controller 46 through suitable sensor wiring 37. The central
controller 46 is typically further connected to the pressure relief valve
34, which may be an electric 5 solenoid valve, for exanple, through relief

val ve Wiring 33 ;M etdbai frtandyi torBundn¥ P Ciidngctéd | athrouth @ pdhai mvaxkve
30, may be provided in the bottom of the degasser tank 20 for draining

slurry fromdoheugegassetot anklafry asaieenededraaasagya ktpply unilekisiddd
that the degasser 18 may have any alternative design suitable for 10 the
purpose of rewdyshingadubupbies A pomptdie Leo! ¢iduiy B9 @pnﬁluemlhfeﬁomwst he
novel design heretofore described.. As. further shown in Fig. 2, the tank
out | et~ arm 26hef cuhdet defatsersluriys auppi dal kg aokArt é’@lta}f&hr%&‘gr%a of| Gw.
meter intake conduit 44, to a flow neter intake port 40 of a flow. neter
38, 15 wﬁlchdﬁﬁ935%ré“bonventlonal ul'trasonic flow neter, for exanple. A
flow meter outlet. port 42 of the flow neter 38 is typlcally

As shown in Fig. 3, the degasser 18 may include a d"egas'ser-'.
tank 20 having a tank interior 22. A t;ank intake arm 24 extends
from the degasser tank 20, in fluid communication with the tank
intériorAzz, and a tank outlet arm 26 extends from the degasser

10  tank 20 in fluid coﬁmunication with the tank interiox 22. The tank
lntake arm 24 extends from the degasser tank 20 at a hlgher 1eve1
-than does the tank outlet arm 26. A vent pipe 32, which may be'
‘fltted with a pressure relief valve 34, extends vertically from the
degasser tank 20, and a pressﬁre sensoy 35, which may be 

15 conventional, may be provided in the vent pipe 32 for monitoring
the pressure of gas building up inside the vent pipe 32 and/or
degasser tank 20 as a result of the bursting of gas bubblés 21 in.
the polishing slurry 13 inside the tank interior 22, as hereinafter

" further deécribed? A level senSof 36, which may be cénventional,

20 bis typicallyvprOQidedvin the degésser'tank 20 for monitoring the

“level of the poiishing'slurry 13 in the degasser tank 20. &as shown_.



connected, through a CWP intake conduit 47, to the CVWP apparatus 48, which
may be conventional. An intake sensor 41, provided in the flow neter 38
adj acent to-the flow neter intake port 40, is 20 operably connected to a -
flow nmeter controller 39 through' suitable flom1neter"mjring_ﬁg?glgplike
manner, an outlet sensor 43, - 7 MAR 200712 13 provided in~the.£?g nmet er
‘38 adjacent to. the flow neter outlet port 42, is connected to the flow
meter controller 39 through flow neter wiring 45. The flow neter
controller 39 is operably connected to the central controller 46 through
controller wiring 5 49, and the central controller 46 is operably connected
to the. slurgyrpyunp 12eddrnghupemeenbsr ngs 5dnd Refeerirdvey agabor t 36 Fags. 2
and 3, in typical operation of the system 10, the slurry punp 12 is
operated to mel icvhhegred |t ry cdstfalomndriteodler r46 tamiouth. suthablgh
the punp intake conduit 14, 10 slurry punp 12 and punp outlet conduit 16,
respecti vel ysemst witdngtie d@haseertred tchnergjierhés tidnkyphtakly dUrtber As

shown in Fig. 3, in the tank interior 22 of the degasser %g?k Zq,-gas,

bubbl es 21 ~teradrEefofe dhiengradamreyrakiad ¥alye 3ﬁhew*t}§§*e?‘aib PBFISFEE R
tank interior_22, and_the gas bubbl es g burst at th ur f f.1 he A5

pol i shi vy sl BP}§PoEE VaLMaI t Soedt™P St h _ﬁﬁ%ﬁ‘g&tﬁera%ée%lﬁ?f‘i/e 14 71nd 33

' drain conduit 28, typically fitted with a drain valve 30, may be

- provided in the bottom of the degasser tank 20 for draining slurry

from the degasser tank 20, as deemed necessary. It lis understood

that the degasser 18 may have any alternative design suitable for

10 the purpose of removing gas bubbles from the polishing slurry,

other than the novel design heretofore described.

- As further shown in Fig. 2, the tank 6utl¢ﬁ arm 26 of the
',degasscr 18 is typically connected, through a fléw meter intake
conduilt 44, to a flow meter intake port 40 of a flow meter 38,
15 which may be é conventional ultrasonic flow meter, for examplgw' A
flow metervoutlet port 42 of the flow meter 38 is typiCally
connected, through a CMP intake conduit 47, to the CMP apparatus
48, which may be’cohventional. An intake sensor 4l%bprovided'in_
the flow meter 38 adjécent to the flow meter intake port'éo;:is
20 operably connected to a flow‘metér'contrdlier 39 through suitable

flow meter wiring 45. In like manner, an outlet sensor 43,



substantially devoid of the gas bubbles 21, continually travels downwardly
in the tank interior 22 along a decreasing pressure gradient between the
tank intake arm 24 and the tank outlet arm 26, under influence of gravity
and the punping action of the slurry 20 punp, 12. The polishing-glmunrog7l3
exits the tank interior 22, through the ttank outlet arm 26, and is

di stricbuted, through the 14 7 MA R 2007 apparatus 48 through the CW

i ntake conduit 47. As the polishing slurry 13 flows through the tank
interior 22 of the degasser 18, the |evel sensor 36 continually detects
the level of the polishing slurry 13 in the degasser tank 20 and

transnits a gigRaded Ol @HROFdbRgmévet B8 paljashingts|ther Flbwvesten [usdgh t he
sensor wiring 37 to the central controller 46, which continually monitors
the level of pbhe 4l iishtomnesitedr yo Idei fil ohanetgegeeniaiold grid pehrough flow

Si mul t aneousl y, as the degassed Rolishing slurry 13_fl ows throu%h tgﬁ flow
a

meter 38, thectetakérsemsds-41 3nrd ddeMetmetednsintaSLEFr t RE 1% Y38
transmt signals indicating the rate of ow of .the polishi g 3
through the £PBREFEaet3ghet 5enEFfRe fIORRF i%’? ‘}t:sor‘f}’fCS}1 rc%r\g?}ﬂé léselrfylfnéw

meter wiring 45. The  flow neter cont

oller,39, i R0, hLANSIEd Sositgmal s
corr espondi n§®+t BPEhERF afERHFRY ISR 0P5€%% %%I?%kﬁéﬁf%glgrf§ 13 tﬁf%ﬁzﬁ%?he

flow neter %%ur}:}g L‘Eu % GentLal.£00LRE! 851 Accordingly, responsive to,

Refe_rring again to Figvs. 2 and 3, in typical operation of the

systen 10, the.slurry pumpflz is operated to pump polishing slurry ._w'

13 from the slurry tank 11, through the pump intake conduit 14,
iO slurry pump 12 and pump outlet conduit 16, respectively, and into
. the degasser-18 through the tank intake arm 24. .As shown in Fig.
3, in the tank interior 22 of the degasser ﬁank 20, gas bubbles 21
in the polishing elurry 13 rise to the upper portion of the tank
interior 22,vand the gas bubbles 21 burst at the surface of thé
15 pqliShing slurry 13. Simultaneously, the polishing.slurry 13,
4substahtially dévoid of the gas bubbies 21,‘continually trdvel; h
downwardly in the tank interior 22 along a decreasing~pressﬁre
gradient between the tank intake arm 24 and the tank outlet arm 26,
under influence of.gravity-and the pumping action of the slurry
20 pUmp71é. The polishihg slurry 13 exits the tank interior 22

through the tank outlet arm 26, and is distributed, through the



the input signals fromthe | evel sensor 36 in the degasser 18 and. the
flow nmeter controller 39, the central controller 46 continually nonitors
the rate of flow or delivery of the polishing slurry 13 to the CW
apparatus 48. In the event that the flowrate of the polishing Zluré%
drops to a rate bel ow a predeterm ned val ug, such as any sel ect” S
‘within the range of about 3-20--180 cubic - 7 MAR 2007 15 ‘
centinmeters/mna, for exanple (Note to inventors: verify accuracy of
optimumflow rate range), an indicated by the signals transmtted to the
central controller 46 fromthe |l evel sensor 36 and the flow neter

control ler 3g,, éﬂ%%ugegﬁréﬂroﬁgﬂtéﬁé'dﬁb ?taléu%%g1§§§ t,he operational speed

of the slurry punp 12 respondlng ncre f’ow rate of the
polishing slurry 13 to the CWP apparatus 48. Conversely, in the event that"
the flowrate of the polishing slurry 13 rises above the predeterm ned

val ue, as indi casethdpollishiidgrabsry rEnNgibhi edrbegi hecCoMLE %'nt%?i‘éa.f okl er
46 fromthe | evel sensor 36 and the flow nmeter -controller 39,

central cont®hlthe degageer ckisedhehdeupkr mnmbsspeﬁ@hxﬁiamﬁ}edeﬁéwé YehePuNp
12 to corres ondlqg%y decrease the flowrate of the polishing slurry 13 to
the CMP app Ehen nidshérggsiwgrimathein tie demntseal teokt 20l el 46

provi des a substantlallé uni form and stabl e
transmits ignal corresponding to the polishing slurry level

through the-sensor wiring 37 to the central controller 46, which
continually monitors the level of the polishing slurry 13 in the
degasser tank 20. simultaneously, as the degassed polishing sluxxy
13 flows through the flow meter 38, the intake sensor 41 and outlet
sensor 43 of the flow meter 38 transmit signals indicating the rate
of flow of the ijélishing slurry 13 through the flow meter 38, to .
the flow meter controller 39 via the flow meter w:.r:mg 45, The
flow meter controller 39, in turn, transmlts s:.gnals coxrespondlngj_
to the rate of flow of the polishing slurry 13 through the flow
meter 38, to thé central contxoller 46. Accordn.ngly, respons:we to
the input - signals from the level sensor 36 in the ‘degasser 18 and_
the flow mete:: controller 39, the central controller 46 continually
~. monitors the rate of flow or delivery of the polighing slurrir 13 to -
the CMP apparatus 48. In the event that the f.‘l.ow rate of theA
polishing gluxry 13 drops to a rate below a predetermined valuae,

such as any selected value within the range of sbout 120-180 cubic



rate of flow or delivery of the polishing slurry 13 fromthe slurry tank

11 to.the CMp apparatus 48. Furthernore, as-gas pressure builds up in the

tank interior 22 due to the bursting gas bubbles 21 fromthe polishing

slurry 13, the pressure sensor 35 continually -transmts signalBmar 2007

corresponding to the magnitude of the pressure in the tank interior 22,

through the sensor wiring 37.and to the central controller 46. Wen the

magni tude of the pressure in the tank interior 22 exceeds a predeterm ned
pressure value, such as - 7 MAR 2007 16 the tank interior 22, through the
sensor~wiring 37 and to the central controller 46. \Wen the magnitude of
the pressure in the tank interior 22 exceeds a predeterm ned pressure

val ue, suchcgRtimghprg/BiRur Fovartnls (Nete dirgérvintiorsm eirdfy gecpsicyt o

~about 80 5 psi, the central controller 46 opens the pressure relief valve
34 typical P§ b%PW%msnﬂ?‘Y ng25® e‘?"é‘éf‘?rcaﬂs i ﬁﬁﬁ’r%aéefihr%hgﬁhﬁhes%@ailéf

val ve mﬁring 4%3 rring next t g phs of Figs - the slurry

flow controF%H i Fortis PR FOPH °J§reé‘séﬁtf‘i"f‘i‘\/éﬁleljcﬁl"eﬂ'r SRR 3610

several advaphaghs Quel GRRLEN'JAREL)FUs! 885 Bnd ggabz%s £g tr%ﬁh' ¥ClainO

polishing slurry to a appar at us The

“invention igneanaldse Bhe Prpeirdtitthaa sapéédanfolfal Lﬂe slurry pump 12 to
correspondingly increase flow rate of the polishing slurry 13 to
the CMP apparatus 48. Conversely, in the event that the flow rate
of the polishing slurry 13 rises above the predetermined value, asg
indicated by the signals trénsmitted to the central cohtroller 46
frdﬁ'the level sensor 36 and the flow meter .controller 339, the
central controller 46 decreases the operational speed of the.slurry
pump 12 to- correspondlngly decrease the flow rate of the pol:shlng ‘

- slurxry 13 to the cMp apparatus 48. 'In the foregoing manner, the
central controller 46 prov1des & gubstantially uniform and stable
rate of flow or delivery of the polishing slurry 12 from the slurry
tank 11 to the CMP apparatus 48, FUrthermoré,-aa gas pressure
builds up in the tank interior 22 due to the bursting gas bubbles
21 from the polishing slurry 13, the pressure sensor 35 continually"

: tr&nsmits signals_éorresponding to the magnitude of the pressure in
the tank interior 22, through the sensor wiring 37 and to the
central controller 46. When the magnitude of the pressure in the

tank interior 22 exceeds a predetermined pressure value, such as



uni form and snmooth flow of polishing slurry to a CVMP apparatus throughout
the entire CWP process. In the graph of Fig. 5, for 15 each. of multiple
CWP cycles, the relative flow rate of the polishing slurry achieved using
the systemof the. present invention is conmpared to the relatiVe!RI2B rate
of the polishing slurry achieved using algconventional slurry delivery
system The flow rate profile for the conventional slurry delivery system
is 20 represented by the nulti-spiked |line, whereas the flow rate profile
for the systemof.. the present invention is represented by the -.7 MAR
2007 17 _ substantially snmooth, horizontal line. Accordingly, it can be
seen fromthBRegeaph ihedridie HJ,owhrauighothé heepalr shiniggsl3ur epdaso the
achi eved using the systemof the present invention is nmuch nore wuniform
and st abl e t hanttdlatcoathorleed 4si nghemeheoneemt tiugieabf Sty sierpurs ighdha in
Fig. 6, the systemof the present invention is capable of reducing the
total vol unetarksinfanior| 3di eRCeesie Ife PORRCt P ALAL BESIBIHE0 Y268 ¢ HBICHoPEme
of slurry delivered. using}in t he conventuﬁ al system_resultin %@ @040@6

. |
saving by voPBKePHISSHE VeI riP SBenarPge thér8stmiort REiptes
invention is_capahl e of. 10. reduci the dishing variafli h
slurry b aspﬁhcﬁgéﬁ;°e§ﬁfi% %ﬁ?‘gﬁg%ﬁrié$ ﬁ'ﬁ?? © reé&hfg‘ﬁéiqg? 6§1&é 54
typically by transmitting an electrical impulse through the relief

valve wiring 33.

Referrihg next to the.graphs of Figs. 4-7, ﬁhg slurry flow
_control and monitor system -of the present invention i:xfovidés_
10 several advantages over conventional- systems and methods for
delivering polishing slurry to a CMP apparatus. As shown in Fig.
4, the present invention is capable of providing a substantially
uniform and'smoot'h flow of poliéhing slurry to a CMP apparatus -
throughout the entire CMP'process. In‘the graph of Fig. 5, for
'1.5 each of muitiple CMP cycles, the relative flow rate of the
polishing slurry achieved using the system of the present invention
is compared to the relative flow rate of the polishing slurry
achiev_eci using a conventional slurry delivery system. - The flow
rate profile for the conventional slurry delivery sysf:em_is'
20 repre,sented by the multi-spiked line, whereas the flow rate prbfile

for the system of the present invention is represented by the



While the preferred enbodi nents of the invention have been described
above,;. it wll be recognized and understood that various nodifications can
be made in the invention and the appended clainms 15 are intended to cover
al | such nodifications which may fall within the spirit and scbfgq gyt he

4invention. 7 MAR 2007 18 CLAIMS What isllainmed is: 1. A systemfor

‘controlling and monitoring a rate of flow of a fluid, conprising: a

P

conduit for receiving the fluid; a punp provided in said conduit for
punpi ng the fluid through said conduit; a degasser provided in said
conduit for repovin as bubbles fromthe fluid, a flow neter provided in
sai d conduit *F ?taqﬁiﬁlggr?WﬁftPhéhQEﬁ%?nGPlf*%ﬂﬁ-OFAQFﬁ§d¥¢QﬁYU;1%uﬁfnabe seen
control |l er operab flow neter for receiving._signals

fromsaid fl %9‘.%%?Cgﬁgﬁgggﬁﬁéotgﬁég}%erﬁefP wtBE PAL §higed SNrEYigRSt he
condui t and .aperall ¥, GagneRtedy s QUM Lor controtling an b tore
uniform and stable than that achieved using the conventional
5 system. As shown in Fig; 6, the system of the present invenﬁion is
capable of reduéing the total voluhe of slurry flowing to the CMP
apparatus to 60% of the volume of slurry dglivered_ﬁsing in the
cogventioual system,; resulting in a 40% saving by volume of the -
slurry; Finélly, the system of the present invention is capable of-
10 reducing the‘d;shing variation range of the slurry by as much as'

50%, as shown in Fig. 7.

While the preferred embodiments of the invention have been
describedAabove, it will be récognized and understood that various
modifications ¢an be made in the invention and the appendedAcléims

15 are intended to cover all such modifications which may fall within

the spirit and scope of the inventicn.



‘operational speed of said punp. 2. The systemof claim1l wherein said
degasser -conprises a degasser tank provided in fluid comunication wth
said conduit for receiving the fluid fromsaid conduit and a | evel sensor
provi ded in said degasser tank and operably connected -to said controller
for transmtting signals indicating a level of the fluid in saj §AR&fasser
tank to said controller. 3. The systemof claim2 wherein said flow neter
is wultrasonic. - 7 MAR 2007 19 4. Thggsystem of claim 2 further '
conprising a pressure sensor provided in said degasser tank and operably
connected to said controller for transmtting signals indicating a gas
pressure in said degasser tank to satcht®ntroller and a pressure relief
val ve provided in said degasser tank and operably connected to said
controller for releasing the gas pressure fromsaid degasser tank

responsi ugndw© opespiipigofgsaid controller. 5. The systemof claim4
wherein said flow nmeter is ultrasonic.

1. A system for controlling and monitoring a rate of
flow of a fluid, comprising:
a conduit for receiving the fluid;
a pump provided in said conduit for pumping the
fluid through said conduit; '
a degasser provided in said conduit for removing
gas bubbles from the fluid;
a flow meter provided in said conduiﬁ for
‘monitoring the rate of flow of the fluid; and
a controller operably connected to said flow
meter for receiving signals from said flow meter indicating .
~ the rate of flow of the fluid through the conduit and -
operably connected to said pump for controlling an

operational speed of said pump.

2.‘ The system of claim 1 wherein said degasser
comprises a degasser tank .provided in fluid communication
with said conduit for receiving the fluid from said conduit
and a level sensor provided in said degasser tank and
operably connected  to said controller for transmitting

signals indicating a level of the fluid in said degasser

tank to said controller.

3. The system of claim 2 wherein said flow meter is

ultrasonic.



6. The systemof claim2 further conprising a drain -conduit provided in
fluid conmuni cation with said degasser tank and a drain valve provided in
said drain conduit. 7. The systemof claim®6 wherein the said fl ow neter

is ultrasonic. 8. The systemof claim4 further conprising a drain conduit
provided in fluid conmmunication with said degasser tank and aTdiRiZ60val ve
provided in said drain conduit. 9. The systemof claim8 wherein the said
flow meter is ultrasonic. - 7 MAR 20@@ 20 10. A sysfen1for controlling .
and nonitoring a r & of flgw of %odrmg % a _condui.t for
receiving the Tluid; a panp prflov?%eacl?'il@al ATt of ORRAPEAGE hE 1 ui d
through smiebsordudnsar fhoowh@ear ipr euidedeyassairdtaardeind foperalifi t ori ng
the rate of f|0w18f the fluid, wherein the flow neter is ultrasonic; and a

cont rol | SOYRRTEBRY Conrtttdd 'IPERP UL pFonE OFptieFam SR EEASIO| fig 95PdRal S
from sai d f{d OV EBAGT al EhSabRGsure in said degasser tank to said

controller and a pressure relief valve provided in said
degasser tank and operably connected to said controller for
releasing the gas pressure from said degasser tank

responsive to operation of said controller.

5. The system of claim 4 wherein said flow meter is
ultrasonic.
6. The system of claim 2 further comprising a drain

conduit provided in fluid communication with said degasser

tank and a drain valve provided in said drain conduit.

7. The system of claim 6 wherein the said flow meter

is ultrasonic.

8. The system of claim 4 further comprising a drain
conduit provided in fluid communication with said degasser'

tank and a drain valve provided in said drain conduit.

9. The system of claim 8 wherein the said flow meter

is ultrasonic.



the rate of flow of the fluid through the. conduit and operably connected
to said punp for controlling an operational speed of said punp. 11. The
system of claim 10 further conprising a degasser provided in said conduit .
for renoving gas bubbles fromthe fluid. - 7 MAR 2007 21 12. A systemfor
controlling and nonitoring a rate of flow of a fluid, conpriss)nhgd,

conduit for receiving the fluid;, a punp provided in said conJJW@%mWa
punping the fluid through said condui2) a flow neter provided in said
conduit for nonitoring the rate of flow of the fluid;, a controller
operably connected to said flow neter for receiving signals fromsaid flow -
nmet er indicatih@ thesyatemofoflomnotoﬂh&nblahd hohad gl ihke ac aredid tofand

operably nnec for controlling an operatlonal speed of
said punp: %WKP %ﬁ%%%f i§%§%&ﬁipgn said conduit for renoving gas

bubbl es fromthe flylébnéﬁu@ H80 58651 VNG NEhE PIESSUr €

a pump provided in said conduit for pumping the
fluid through said conduit;

a flow meter provided in said conduit for
monitoring the rate of flow of the fluid, wherein the flow
meter is ultrasonic; and

a controller operably connected to said flow
meter for receiving signals from said flow meter indicating
the rate of flow of the fluid through the conduit and
operably connected to said pump for controlling an

operational speed of said pump.

11. The system of claim 10 further comprising a

degasser provided in said conduit for removing gas bubbles
from the fluid.



sensor operably connected to said controller for -transmtting signals
dindicating a gas pressure in said degasser to said controller and a
pressure relief valve operable connected to said controller for releasing
the gas pressure from said degasser responsive to operation of said
controller. 13. The system of claim 13 wherein the said flow-7Reap7i s
ultrasonic. - 7 MAR 2007 22 14. The system of claim 13 wherein said
degasser conprises a degasser tank prdVided in fluid comunication wth
said conduit for receiving the fluid fromsaid conduit and a |evel sensor
provided in said degasser tank and operably connected to said controller
for transmttihg. shgswstemnfioraciongralléve aofd terifdorichg ra saite defjasser
tank to sgi&wcggtéokierd 15. The system of claim 15 wherein the said flow
nmeter is Urtrasontc.~16° ACHBEREEEP9f or renpving gas bubbles froma fluid,

conprising: a degassecoh@ikthdyi nged88ivPper ther ti@ngand a

a pump provided in said conduit for pumping the
fluid through said conduit;

a flow meter provided in said conduit for
monitoring the rate of flow of the fluid;

a controller operably connected to said flow
meter for receiving signals from said flow meter indicating
the rate of flow of the fluid through the conduit and
operably connected to said pump for controlling an
operational speed of said ~pump; and

a degasser provided in said conduit for removing
gas bubbles from the fluid, said degasser having a pressure»
sensor operably connected to said controller for
transmitting signals indicating a gas pressure in said
degasser to said controller and a pressure relief wvalve
operable connected to said controller for releasing the gas

pressure from said degasser responsive to operation of said’
controller.

13. The system of claim 13 wherein the said flow

meter is ultrasonic.



| ower portion; a tank intake armprovided in fluid communication wth said
upper portion of said degasser tank for conducting the fluid into said
degasser tank; and a tank outlet armprovided in fluid conmunication wth
said | ower portion of said degasser tank for conducting the fhwg% from
sai d degasser tank. - 7 MAR 2007 23 17. The degasser of - cl &l 20 ur t her
conprising a sensor provided in said upper portion of said degasser tank
for detecting a gas pressure in said gegasser tank and a pressure relief
val ve provided in said upper portion of said degasser tank for releasing
the gas pressure fromsaid degasser tank. 18. The degasser of claim 17

further conprigingrae digkReaPndei tcidih! Uiy gREWeIcabhen Wiédassed | over
portion of said degasser tank for drainina the fluid from said degasser
t ank and CRN@TAiSESy A véeppreveded-ank saravaradn incdiiduid | conmurpeaaglsser of

clai m 19§yt @gridcmdﬂagf@r SELSPY1 R ovhdegh i DaSal-dnURReE BBhELER Of
sai d degasser for
and a level sensor provided in said degasser tank and
operably connected to said controller for transmitting
signals indicating a level of the fluid in said degasser

tank to said controller.

15. The system of claim 15 wherein the said flow

meter is ultrasonic.

16. A degasser for removing gas bubbles from a fluid,
comprising:

a degasser tank having an upper portion and a
lower portion;

a tank intake arm provided in fluid communication
with said upper portion of said degasser tank for
conducting the fluid into said.degasser tank; and |

a tank outlet arm provided in fluid communication
with said lower portion of said degasser tank for

conducting the fluid from said degasser tank.



detecting a gas pressure in said degasser tank and a pressure relief valve
provided in said upper portion of said degasser tank for rel easing the gas
pressure fromsaid degasser tank.

-7 MAR 2007
23 ) o

17. The degasser of claim 17 further comprising a
sensor provided in said upper portion of said degasser tank
for detecting a gas pressure in said degasser tank and a
pressure relief valve provided in said upper portion of

said degasser tank for releasing the gas pressure from said

degasser tank.

18. The degasser of claim 17 further comprising a
drain conduit in fluid communication with said lower
portion of said degasser tank for draining the fluid from

said degasser tank and a drain valve provided in said drain

conduit.

19. The degasser of claim 19 further comprising a
sensor provided in said upper portion of said degasser for
detecting a gas pressure in said degasser tank and a
pressure relief valve provided in said upper portion of

said degasser tank for releasing the gas pressure from said

degasser tank.



