1 67,200-917 2002-0259 SLURRY FLOW CONTROL AND MONI TOR SYSTEM FOR
CHEM CAL MECHANI CAL POLI SHER Fiel.d of the Invention The present
invention relates to chem cal nechanical polishers 5 used for
pol i shing sem conductor wafers in the sent conductor fabrication
industry. Myeoparéitularly, the present invention relates to a new
and i nprovecopkuneysfl ow control and nonitor systemfor nonitoring
and controlling flow of slurry to a chem cal nmechanical polisher for-

t he poli shing of seniconductggfﬁﬁ%qééwﬁégngﬁgbgéﬂagg 8§ty I nvention

Appar atus for polishing £HEY

ers are

wel | -known in the art. Sucr}oﬁapgﬁﬁﬁiéﬁ'%rcﬁﬁkf%l\i eLydegsr @ polishing

head whi.ch carries a menbrane

Or ‘engagli ng an orcing a 15

sem conduct or wafer against a wetted polishing surface, such as a
polishing pad. Either the pad or the polishing head is rotated and
oscillates the wafer-over the pekisdidm tadr faeentibae polishing head
is forced downwardly onto the polishing surface by a pressurized air
system or sinil arhargpmaganeniventhen delnnes d¢of orge cal mechanical polishers
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used for polishing semiconductor wafers in 'the semiconductor

fabrication industry. More particularly, the present invention
relates to a new and improved slurry flow control and monitor
system for mohitoring and controlling flow of slurry to a chemical

mechahical polisher for the polishing of semiconductor wafers;

Background of the Invention

Apparatus for polishing thin, flat semicondﬁctor wafers are
well-known in -the art. Such apparatus normally includes a
polishing head Which.carries a membrane for engaging and forcing a
semiconductor wafer against a wetted polishing surface, such as a
polishing pad. Either the péd or the polishing head is rotated and
oscillates the wafer over the polishing surface. The polishing 
head 1is vforced- downwardly onto the polishing surface by a
pressufized air systeﬁ or similar arrangement. The downward force
pressing the polishing head against ;hevpolishing surface can be

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



20 pressing the polishing head agai nst the polishing surface can be
adj usted as desired. The polishing head is typically nmounted on an 2
67, 200-917 2002- 0259 el ongated pivoting ﬁarrier arm which can nove
the pressure head between several operative positions. In one
operative positaooRgl7the carrier armpositions a wafer nmounted on the
pressure heazbdro26éntact with the polishing pad. In order to renove
the wafer from5 contact wth the polishing surface, the carrier arm

is first pivoted upwardly to:lift the pressure head_an I

the poli shi??g?”&iltfegcgf‘v I EPFT &7 i SPER&n" Pt \}“ot‘%dgf’g?%% *J1“§Q{T%‘ea-d
nove the pressure head and fer.carried. t he; press v ag;
auxiliary wa %ﬁ'weﬁpoggg%f%g < t%’??éﬁg Sgiqé%élsfi aIrrs Cg%oc%égg?ﬁgﬁelgias HoR

station may (el ude;of ol £X3aP fond StAkLoMmditetl SRNHI pirbgs ¥R @ead in
and/ or polishing head, a wafer unload station, or a wafer |oad

statien. Mresdeeenidiyh ttkepbladhinechadi can podérsitiongertdSiP) happefeat Gsom
has been enpl oyed in conbination with a pneunmatically-actuated 15
pol i shi 85 heasht GNP vappartiteuspélsishsnd prichacel yther cporishi agnt ke first
front face or device side of a sem conductor wafer during the _
fabricati on RfVasesi comagdivr teetifestbh PResTiFeeaR Rafemafer from the

polishing surface. The carrier arm is then pivoted laterally to
move the pressure head and wafer carried by the pressure head to an
auxiliar&’ wafer processing station. The auxiliary proceésing
10 stétion_may include, for example, a station for cleaning the wafer
and/or polishing head, a wafer~unload'station, or a wafer load

station.

More recéncly) chemical-mechanical polishing (CMP) apparatus

has been employed in combination vwith a énéumatically-aétuated

15 polishing head. CMP apparatus is used primarily for polishing the
front face or device side of a semiconductor wafer during'thg
fabrication of semiconductor devices on the wafer; .A wafer is
“planarized” or smoothed one or more times during a fabrication

. process in Qrder for the top surface of the wafer to be as flat as



"pl anari zed" or snoothed one or nore tinmes during a fabrication
process in order for the top surface of the wafer to be as flat as 3
67,200-917 2002-0259 possible. A wafer is polished by being placed
on a carrier and pressed face down onto Y pol i shing pad covered with
a slurry of ..cohhosgal silica or alumna in deionized water. CWP
pol i shing regdhts244 om a conbi nation of chemical and 5 mechani cal
effects.. A possible nechanismfor the CMP process involves the

formation of a chemcally altered |ayer at the surface of the_ . 4
materi al beipogspblé she, water |igy ®plishefbdyamiedad| Plassh®ied PFOHTY HE

underlying bulk material, An altered |ayer is_then regrawn gn_th
surface whi IpgeeRed pfresPWs FEPedt B‘aila%%iinﬁ. PEGy C‘iﬁeﬁenstwal\rggeg F’%ugry of

nmet al poli shi . t.al. oxide L Re. foyied . apd ,Jiepoved separately.
. ) 1 wat . :
The chemi Ca|¢°ﬁg8hgﬁf§sd181l§8| f’gh“’lllrr%>'4‘rl'ﬁst?’1ocfI can Ee used to provide a
pl anar surface on dielectric |ayers, on deep and shallow trenches
that are filled with polysilicon or oxide, and on various netal
filns. 15 Referripg i Bhiéi@id% e ftitg. floma aC crurdiihhohat EFPchppiradt vand
50 includes a conditioning head 52, a polishing pad 56, and a slurry
del i very ar meehaposal i enpsttaver dhpopoinlshinmghpadsB6fofhghe CMP process
} involves the formation of a chemically altered layer at the surface
of the material being polished. The layer is mechanically removed
from the underlying bulk material. An altered layer is then
regrown on the surface while the process is repeated again. For
10 instance, in metal polishing, a metal oxide may be formed and
removed separately. The chemical mechanical polishing method can
be used to provide a'planar surface on dielectric layers, on deep

and shalléw trenches that are filled with polysilicon or oxide, and

on various metal films.

15 Referring initially to Fig. 1, a cOnventional CMP apparatus 50
includes a conditioning head 52, a polishing pad 56, and a slurry
delivery arm 54 positioned over ‘the polishing pad 56. The‘

7conditioning head 52 is.mounted on a conditioning arm 58 which-is
extended over the top of the polishing pad 56 for making a sweeping

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



conditioning head 52 is mounted on a conditioning arm58 which is
extended over the top of the polishing pad 56 for nmaking a sweeping

20 notion across the entire surface of thﬁ polishing pad 56. The 4
67,200-917 2002-0259 slurry delivery arm'54 is equi pped with slurry

di spensing ngzz3 @5 9162 which are used for dispensing a slurry

solution on ghetoyes 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 entra in%
undesi rabl e phwriycidesdivernataray é4gb?leﬁfé‘tl@aeﬁyw’c%h@ﬁ%%odlsﬁpﬁf’ggng ozzles
solution or any other foreign particles which have fallen on top,of
t he pol i shi ng2 pedigs a%r‘i‘?ﬁjigaf%lqlsgﬁieﬁﬁlﬁfi oée?g‘.‘r%es%ld‘}'e:rlggeoar %188 §0P

ves

64, whi | i i ant. functiom of di Stribufi .
03, Lo SeLLpg 20 LIRGLl e LUng Lol dLshELDULpgebig S ke

gradually meag§vcégd“'ﬁf£ﬁg 6UEDE999§5E‘E%etoTbgbfﬂﬂﬂéE¥ SHtdigariSution of
typically di Effibuted to the sl urry dispensing nozzles 62 through

tubing (g0t Ehlusidatedbiubyon epfr abi BELHf et appIng Noidddirable pad)icles
Currently, no systemexists 15 for accurate in-situ nonitoring of the
flow rate andngt earsegesarited yf ddeguiibowdr alerqgf sdileitslopr ©f any other
solution fromthe punp to s
foreign particles which have fallen on top of the polishing pad 56
during a polishing process. The surface grooves 64, while serving
an important function of distributing the slurry, also presents a
10 ‘processing problem when the pad surface 60 gradually wears out

after prolonged use.

The slurfy soldtion is typicaliy distributed to the slurry
dispensing nozzles 62 through tubing (not illustrated), by
operation of a pump (nét illustrated). Currently, no system ‘exists'

15 for accurate in-situ monitoring of the flow rate and precise
control of the flow rate of the slurry solution from the pump to
the CMP apparatus. Excessively high flow rateé of the slurry to
the CMP apparatus tend to waste the slurry, whereas excessively low
flow rates of the slurry to the CMP apparatus causes inadequate

20 supply of the slurry to the wafer, and thus, hinders'optimum

polishing. Additionally, slurry flow rates which are



the CMP apparatus. Excessively high flowrates of the slurry to the
CWP apparatus tend to waste the slurry, whereas excessively low flow
rates of the slurry to the CMP apparatus causes i nadequate 20 supply
of the slurry to the wafer, and thus, hinders optinmm polishing.

Addi tional |l yg7stow+aL7# | ow rates which are 5 67,200-917 2002-0259
characteri st voodfozznventi onal systens are frequently variable and
unst abl e. Moreover, conventional slurry delivery systens are

typically incapable aof controlling the.mx J f I -
conponents. ABEHRTH R ¢ sy STe ?%"%%ﬁ%%%%% g%écgftf% ar %Fsl% aridble and

moni toring the Ll Y rat ﬁogg?w% r .r¥ost%{;t"i?r1§i ULA ¥ r PHTBe i BredkyONYstems  are

appar at us an&nB ® Sely controlling t ow rate of the slurry to

the appar at U%y%géaffyoﬁ%iaﬁ@h@f& @BhLE AR GlE Bh6 ahixTRghaat talof the slurry
pol i shing. An“0Object” of the present invention is to provide a system

for 10 noni t@hpbgedthe ratecotatediwery ofysaehl uisd neededdeder nac¢errtely
Anot her object of the present invention is to provide a system for
control | 5ng wheitatmopfthdelfiloer yabé af f Lkt Framdas SLRBEY oppmpStto |2 CMP
anot her object of the present invention_is to provide a s%{stemfor
bot h accur at ebpanerit Gringretidspreed™elof 1apat s FIAY Jake of the slurry to

the apparatus for economical and optimum chemical mechanical

polishing.

An object of the present invention is to provide a system for

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 is to provide a
system for both accurately monitoring and precisely controlling the

15 rate of delivery of a fluid to a destination.

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

which facilitates control in mixing slurry components.



15 rate of delivery of a fluid to a destination. Another object of
the present invention is to provide a system which facilitates
control in mxing slurry conponents. 6 67,200-917 2002-0259 Yet
anot her. obj ect of the present invention is to provide a systemfor
delivering as1laf0d9t®d a destination in a substantially bubble-free
condi tion. A&334925Purther object of the present invention is to
provide a systemfor renoving gas bubbles froma liquid and

moni toring and gontrolling thgeécg:ag? ﬁ}e delokugt Virfferthen! L8 S drovade a

destination. Stilic afother o |"ect o e present invention is to

provide a Céggt%gﬁ e Q0P SYSLSTHEOL # S tH ATiidrhhAforing GOBLBdntaglly
of the rate elivery of a polishing slurry to a chem cal :

mechani cal A@omd-irshercofiiotibar obj ect of the present invention is
to provide a system for inproving the dishing range for chem cal
mechani cal polishers. Yet another object of the present invention is
to provide a, systemwhich is capable_of reducing.the rat

. e.of flow. .
of polishing 15 gt aFiyl tfraheRenricat fecHenPESF ol PERRY b 15Vk7 prsvide
reduce V\Slas't I Qgsys(?:fefnt Qgr Srlelfixgﬁfyhg gas bubbles from a liquid and monitoring and

controliing the rate of deli#ery of the liquid to a destination.

Still another object of the present invention is to provide a
closed-loop System 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 provide a system

for improving the dishing range for chemical mechanical polishers.

Yet another object of the present invention is to providela,
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.



7 67,200-917 2002-0259 A further object of the present invention is
to provide a novel degasser for renoving gas bubbles froma
polishing slurry or other liquid. Summary of the Invention 5 In
accordance with these and ot her objects and advantages, the present
i nvention i séGetér Fly directed to a new and inproved slurry flow
control and ©6r° systemwhich is suitable for nonitoring and.
controlling delivery of. a liquid polishing slurry to a CW

(chem cal nmechanipcah,Raki SOt apPat Ysrebeht t bevgrdionhiing td0 pebvide a
sem conductor wafers. In a typical enbodinent, the invention may

include a slydvel pUERssex degaséﬁvmgogaiieﬁibbmeélﬁnm a quirishiingtslowry or
with the slurry punp, and a flow neter provided in fluid

conmmuni cat i oscheixt Righed degasser, whi ch degasser and flow neter may

be operably connected to a central controller. The CVMP 15 apparat us

is provided in fluid conunication with the flow neter. The centra
controller is operably connectgg to the and to a

pressure relief valve in the d & &Y ?or au?ona lcaIIy controlling

those eliements ofy | he SYALRIN{SSPONSLY Snk Gesldl L5 ddQVlnd Aubahfils, the

fromthe fl ow rret er an egasser and gas pressure | nput
present invention is generally directed to a new and improved

slurry flow contr_ol and wonitor system which is suitable for
.iﬁonitoring and-contvrol.l ing delivery of a liquid polishing slurry to
a CMP (chemiéal mechanical polishing) ‘apparatus fo‘r the polishing
10 of semiconductor wafers. In a typical embodiment, the invention
may include a slurry pump, a dégasse‘r provided in fluid
corﬁmun‘ication with the slurry pump, and a flow meter provided in
fluid communication with the degasser, which degasser and flow
meter may be operably connected to a central controller. The CMP
15 apparatus is provideci in £luid communication with the flow meter.
The central controller is operably connected to the slurry iaump and
to a pressure relief valve in the degasser for automaticallly
controlling those elements of the system responsive to slurry flow
rate input .from- the flow meter and degasser and gas pressure input

20 from the degasser.



20 fromthe degasser. 67,200-917 2002-0259 In operation, the slurry
punp punps a supply of liquid slurry first through the degasser,

whi ch renoves gas bubbles fromthe slurry. The degassed slurry then
flows through the flow neter, and finally, to the CMP apparatus.

Si gnal s whi cls7¢oooexypond to the 5 flowrate of the slurry are
transmtted Rroonr03i8s degasser and the flow neter, respectively, to
the central controller. Signals which correspond to gas pressure in

Lo, eSS T ST By, MR WAy RSO L e

central controlle con turn, "control s the

oper ati onal %ggﬁg gﬁréig,eg&esf'h%gg{égseywwh% Waldovas Y88t bishfs G8%m the

pressure from ega egasser typically includes a tank

that is fitted Wih afe ddyadbBaEINAY LKA ELYIEGHBEIE UHer Y164 @t EhL and
slurry punp and an outlet” armthrough which the slurry flows to the

flow meter. Ain¥emy, piPeHd tdved apbhhatugr essgnhels edlhiefh alrvesperyd to the
extend fromthe 15 tank for releasing buildup of gas pressure from

the tanksas &lowesatd codf thheshunst ang ofangastbedbinen themagasssruind the
in the tank. The central controller may be operably connected tQ the
pressure relfilel weHlere TOTPREEURBYi ¢&l F§° C6REFD ISPRETP El¥as S ignatRevhich

ressure frorm . , .
P c@r'grggpé&nkco gas pressure in the degasser way further 'be

transmitted from the degasser to the central controller. The
central controller, in turn, controls the operational 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 an
outlét arm through which the slurry flows to the flow meter. A
vent pipé fitted with a pressure relief_valve may extend from the

15 tank for releasing buildup of gas pressure from the tank as a
result of the bursting of gas bubbles 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
from the tank.

20



20 9 67,200-917 2002-0259 Brief Description of the Draw ngs The
invention will now be described, by way of-exanple, wth reference
to the acconpanying drawi ngs, in which: Figure 1 is a perspective
view of a conventional AVMP 5 apparatus; Fi'gure 2 is a schematic view
of a slurry §T3R0%8Afrol and nonitor system of the present
invention; RYAAE23% s a perspective view of an illustrative degasser
conponent of the slurry flow control and nonitor systemof the 10

present invention; Figure 4.iiscangl
slurry flow

WPk CHE iheUBtaRimgs rel ative
rate (along the Y-axi sfﬂgl ofted as a funcl%%on of tine

(along the X- axigl kA SQCRRIF11 M BeOhebhe HIROSBRtwdy\WENEKaFle, with
Figure 5 is a graph which contrasts the flowrate uniformty 15 in

i npl enent at i par&fericietprase riccobnyantingndwadingshe ifil wigtat e uniformty
in inplenmentation of a conventional slurry delivery system 10

10

15

2

‘Figure 1 is a perspective view of a conventional CMP

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

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-

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

Figure 5 is a graph which contrasts the flow rate uniformity_
in implementation of the present invention with the flow rate
uniformity in implementation of a conventional slurry delivery

system;



67,200-917 2002-0259 Figure 6 is a graph which contrasts the slurry
flowrate in inplenentation ef the present invention-with the slurry
flowrate in inplenentation of a conventional slurry delivery
system and Figure 7 is a graph which illustrates the dishing
variation 56T.@0%§eSbétween di shing achieved in inplenentation of the
present invemd20®28Ad di shing achieved in inplenentation of a .
conventional slurry delivery system Description of the Preferred

Enbodi ments The presept. Q0 Nas: ARTddne vha¥d erRenehi-sf af1dut irhtéyin
in 10 nonitori ngrlgﬁggc%n{gr/galnlt#r%ghtﬁ%l rate of delivery ofg%ol ishing -

slurry to a; (M2{aher &lofTRebapt&iintpohi e itg) wappatal sSurry tflew rate
pol i shing of sem conductor wafer substrates. However, the invention

is not so |i#iitgdehsneppldcati ancoraettubnie lefrey edeldsy ety spetattdand
to such polishing. slurry and CVP apparatus; the invention is nore
generally 15 applicable to nonitoring and controlling delivery of a
fluid to a destination in a variety of ustrial a

of 1] d chanical_._. .
appl i cations. Reffd@rFRg7i HF t3 H9apht BhF‘F}bsﬂ SERtS® eggfgf?%/ HrEReen

control _and nonitor systemof the.present_inventiop._j ener.al.|
i ndi cat &d  byRrE é?eé‘ﬁ’(?énngh%}?’arfg f(fh“f"ﬁ%gsi/rslté“rﬁ eflg%#itsf es&g @eu?bf §se_nt

punp 12, 67, :%IQ\Qe-ng:JiZ:n“and dishing achieved in implementation of a conventional

slurry delivery systemn.

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 semicénductor 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 generally

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

destination in a variety of industrial and mechanical applications.

Referriﬁg 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,



2002- 0259 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 outl et conduiH 16 confluently connects

the outlet of the slurry punp 12 to a tankK intake arm24 of a 5
degasser 18. gAs2shrewt in Fig. 3, the degasses 18 nmay include a
degasser - tarko2®3t®ving a tank interior 22. A tank intake arm 24
extends fromthe degasser, tank 20, in fluid comunication with the
tank interior 22, and_a.tank.outl . SR
10 tank 20 1 AP oSNt F Pt EHE SoReCrer rregh® FRAP TRk
intake arm 24 e n fr h 1ggga F. ty@n vy Nk O hevel 1iquid
t han does thgo?é%\et g%f’l e‘?énair ngZ ) ASC\%er}ft %i pl%é’%%%ﬁ Céfl'l %1%13 gte-:- b
fitted with BopL SRty g8l 85.val ¥enSbutest agauyertd eahtyudntam ¢drmects
degasser tank 20, and a pressure sensor 35, which may be 15

convent i onal shaayubEePreyitad slurirhe puapt 1pi pe 82tdms imgwikeorirng 24t R a
pressure of .gas building up inside the vent pipe 32 and/or degasser
tank 20 ;s adeesssdr ds.t he. 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 provided in the _degasser tank 20 for,nonjt.orj t hejy, _
| evel of the pol i’%hi S dfr §*93 ?‘n tf}heeaé(%gagg?ér_{% ank ﬁCIRges%o%gasser

tank 20 having a tank interlor 22. A tank intake arm 24 extends

from the degasser tank 20, in fluid communication with the tank
interior 22, and a tank outlet arm 26 extends from the degasser

10 " tank 20 in fluid communication with the tank interior 22. The tank
intake arm 24 extends from the degasser tank 20 at a higher level

than does thé tank duﬁlet arm 26. A vent pipe 32, which.may be
fitted with a pressure relief valve 34, extends vertically from the
degassei tank 20, and a .pressﬁré sensor 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 bubbles 21 in.

the polishing slurry 13 inside the tank interior 22, as hereinafter

" further described; A level sensor 36, which may be cénventional,

20 is typically provided in the degésser tank 20 for monitoring‘the

level of the polishing slurry 13 in the degasser tank 20. As shown



12 67,200-917 2002-0259 in Fig. 2, the pressure sensor 35 and the

| evel sensor 36 are operably.connected to a central centroller 46

t hrough suitable sensor wring 37. The central controller 46 is
typically further connected to the pressure relief valve 34, which
may be an el&rtaoioess7sol enoi d val ve, for exanple, through relief
valve Wi ri neg®@2.-0A58drain conduit 28, typically fitted with a drain
val ve 30, may be provided in the bottom of the degasser tank 20 for

draining slurry_. fraomthe gje a%ﬁ%§8ggﬁ%o%%5 aasndj qe%geggﬁga{r 1 are

i s under stoo’d1 Ft'JHf”’at the” SEr ave any ternative design

suitable for EH%O?;% Q%an %c{]egnc‘!érﬂgraga%oggbgifér fAOMARRgh suitable

pol i shi ng sI?Prry e novel design heretofore described.

A further shown. p:iFigy 2. thee tanleraut éitNMe26e0fist hgpidedasSerther
18 is typically connected, through a flow neter intake conduit 44,

to a flow nes@inddtbakis pﬁetpz-’h&sufrearé]h@\f/ velwr 338, whishvwhd pendly efecric
conventional ultrasonic flow nmeter, for exanple. A flow neter

outlet. 5ports¢E§n@hdtNelv¢ovﬁqnﬂﬁﬂam9881stWSRH aFF}le%dﬁﬁ%@iéﬂrl?%r%hgh A
a CW° intake conduit 47, to the CMP appar atus %ﬁ E% b

convent i onal 4T3 CeREREL s¥hs SYPASRL LY vitded T’hth t"‘héh’fallf}wv ‘%lee 3gMay be

adj acent to g)rhoevjéegwlgegheer onEghKeofpgflé degasisgr tank 20 for draining slurxry
from the degasser tank 20, as deemed necessary. ITU is understood

that the degasser 18 may have ény alternative design suitable forv

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

other than the novel design.heretofore'described.

As further shown in Fig. 2,Vthe'tank'6ut1¢ﬁ arm 26 of the
degasser 18 is typically connected, through a flow meter intake
condult 44, to a flow meter intake port 40 of a flow meter 38,

15 which may be é conventional ultrasonic flow meter, for example. A
flow meter outlet port 42 of the flow meter 38 is cypicallf
connected, through a CMP intake conduit 47, to the CMP apparatus

" 48, which may be conventional. An intake sensqr 4l,rprovided‘in
the flow meter 38 adjacent to the flow meter intake port 40,‘is

20 operably connected to a flow meter controller 33 through suitable

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



20 operably connected to a flow neter controller 39 through suitable
flow nmeter wiring 45. In |Iike manner, an outlet sensor 43, 13

67, 200-917 2002-0259 provided in the flow,neter 38 adjacent to the
flow neter outlet port 42, is connected t0 the flow neter controller
39 through fkoyeoawstuar wiring 45. The flow neter controller 39 is
operably conoezie®sto the central controller 46 through controller
wiring 5 49, and the central controller 46 is operably connected to

the slurry pu 2thr h urrp r agabp ,tn@télegﬁll
2 and 3, in P§g?p’c% %g‘g rﬁzo‘éfm fr]%ygat éﬁ%@ L{dhre!ﬁhéa g?ry punp 1 ehet

is operated to | W e 80 rn@qbg%&lr@uwrtmlghiaugh flow
t hr ough the urr‘guqerrJH gge con%gleta L'i%l fo slurry punp 12 and punp outl et

conduit 16, pespectiyehy, 480d i nhe tthewdegassercohBrohl@nighot He tepreably
intake arm24. As shown in Fig. 3, in the tank interior 22 of the

degasser tankoRfectgs thukhkesertirali mohheollodri i6i AHreuglF rapntZolee wiging
t he upper portion of the tank interior 22, and the gas bubbles 21
burst atsthe4surhadethé ¢cémered FONEsAlFRF s‘%%r#ﬁy OE?rag?'HuF? BRGSO the
the polishing slurry 13, substantially devoid of the gas bubbles 21,
continually Pﬁ&ﬁ@fsi’““@o%m&?’ﬂﬁshl RUTR & 5aRR th erior 22 along a
decreasi ng pressure

Referring agaih to Figs. 2 and 3, ;n typical operation of the

system 10, thebslurry pump'lz is operated to pump polishing. slurry

13 from the slurry tank 11, through the pump intake conduit 14,

10 slurry pump 12 and pump outlet conduit 16, respectively, and into

the degaSser.la 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 slurry 13 rise to the upper portion of the tank

interior 22,.and the gas bubbles 21 burst at the surface of the

15 polishing slurry 13. Simultaneously, the polishing slurry 13,
gubstantially devoid of the gas bubbles 21, continually travel;

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 pump 12. The polishing slurry 13 exits the tank interior 22

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



gradi ent between the tank intake arm 24 and the tank outl et arm 26,
under influence of gravity and the punping action of the slurry 20
punp 12. The polishing slurry 13 exits th 4tank interior 22 through
the tank outlet arm 26, and is distributed, through the 14 67, 200-917
2002- 0259 apparadarss148 t hrough the CMP intake conduit 47. As the

pol i shing sl eappy-dZ%sf |l ows through the tank interior 22 of the
degasser 18, the |evel sensor 36 continually detects the |evel of
the polishing slurry 13 in the degasser tank 20 and transnmts a

si gnal corregB%?ﬁﬁth'é 8 tHReUSHI FRRIPE drtRFs acedeit 4hr ough t he
sensor wiring 37 to the eentral controller 46, which continually
nonitors the level of the polishing slurry 13 in the degasser tank

20, 5 1 anecucla o8 Staigge et ol SILOR SLULLY (S P Bsron 2

t hrough the flow neter "38, the intake sensor

of the flow sptigie Ibgakaasmd, JiHEnalevel Nkl NG LR {A1H 1,0

the polishing slurry 13 through the flow neter 38, to taﬁeyf Pgév%ghe
control | er 3Bewdla d¢fhethd avolimshéngwsliungy 453 Thethd | QuGARIR tank 20 and
controller 39, in turn, transmts signals corresponding to the rate

of flow of t¥rensOEshRN§ighal rgo@sponding tdetid quwlimbtigy SBurdyo el

central controller 46. Accordingly, responsive to
through the sensor wiring 37 to the central controller 46, which

continually»monitors the level of the polishing slurry 13 in the
degasser ﬁanklzo. Sinultaneously, as the degassed polishing slurry
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‘ﬁolishing slurry 13 through the flow meter 38, to

the flow meter comtroller 39 via the flow meter Qiring 45, The
flow meter controller 39, in turn, transmits signals correspond:éng‘
to the rate of flow of the polishing slurry 13 through the flow
meter 38, to the central comtroller 46. Accordingly, responsive to
the input signalévfrom the level sensor 36 in the degaggexr 18 and
the flow meter controller 39, the central controller 46 continually
monitors the rate of flow or delivery of the polishing slurry 13 to
the CMP apparatus 48. In the event that the flow rate of the
polishing sluxry 13 drops to a rate below a predetermined valua,

such 88 any selected value within the range of about 120-180 cubic



the input signals fromthe | evel sensor 36 in the degasser 18 and

the flow nmeter controller 39, the central controller 46 continually
monitors the rate of flow or delivery of {fie polishing slurry 13 to
the CMP apparatus 48. In the event that the flow rate of the
polishing sluyrry, 13.drops to a rate bel ow a predeterm ned val ue, such
as any sel eggg%_d%lgue wi thin the range of about 120-180 cubic 15

67, 200- 917 2-0259 centineters/mn., for exanple (Note to.
inventors: verify accuracy of optimumflow rate range), as indicated
by the si gnekstinetems/mid.od£bo ddweptenifatie toninainters drddigm sdruracy
| evel sensor 36 and the flow neter controller 39, the central
controll er 46 aptdmemsefiavheraper akbgnhl Sgcethdifcathd shwr thepusignkls
to correspondingly increase flow rate of the polishing slurry 13 to
the CVP apphranamsthsd wiper septrali goppeldeants tirem the Yavew senaor gf

the polishing,slyrry.13 rises above t.he predeterm ned val ue, a

i ndi (F:)at Ied Ib?‘g‘? héﬁ@i ér]rST’s “ieiﬁﬁsrﬁ’f‘}f/’é%ﬁte& P?‘Pé cERft r §FRTR r‘gﬁﬁté'f’iﬁ%r 46

fromthe | ey Or 436 flLo €L e- tr !gFS h

central conf'&o elsag'rgﬁ%t ec?’gggée%%t aL'el \(/)\éeérkgi %ﬁaﬁﬂs‘}pegiﬁi 0 tﬁg‘?“tgsﬁ&rrf/o

punp 12 to goFFL3RARTHNG} ¥indeesL£asa oltheatd Q¥ rtﬁE?p@iié!ﬂﬁginﬁlﬁJ}i A8 to
e

slurry 13 to the CVMP apparatus 48. In the foregoi nhg nanner, t
the CMP apparatus 48. Conversely, in the event that the flow rate
of the polishing slurry 13 rises above thé predetermined value, -as
indicated by the signals trénsmitted to the central controlle; 46
froﬁ the level sensor 36 and the flow méter-controller 39, the
centralicontroller 46 decreases the operational speed of the.slurry
pump 12 to correspondingly decrease the flow rate of the poliéhing
slurry 13 to the CMP épparatus~48. ‘In the forégoing manner, the
central controller 46 provides & substantially uniform and stable
rate of flow or delivery of the polishing slurry 12 from the slurry
tank 11 to the CMP apparatus 48. FUrthermore,‘aa gas pressure
builds up in the tank interior 22 due to the bursting gas bhubbles
21 from the polishing sluxry 13, the pressure sensor 35 continually
: transmits signals_torresponding 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



central controller 46 provides a substantially uniformand stable
rate of flow or delivery of the polishing slurry 3.3 fromthe slurry
tank 11 to the CMP apparatus 48. Furthernpfe, as gas pressure builds
up in the tank interior 22 due to the bursting gas bubbles 21 from
t he poli shi ng”s?QPr‘r%}"lB, the pressure sensor 35 continually
transnmits sig?2d <23 responding to the magnitude of the pressure.in
the tank interior 22, through the sensor wiring 37 and to the

central contpoll er 46;, /N80t Be mMpgpitideid R /aSYHhE BN BHE to the
tank interior 22 exceeds a predeterm ned pressure value, such as 16

67,200-917 200202%3nths1 Teanlisi. Nt wHdrOthd2nadhirtaidghof hthes @reosuwd rinnghe
37 and to the central controller 46. Wen the magnitude of the
pressure in tae trarkibnt 22 i orc2@sercpeedeterpiodét prefsned prbysusych as
val ue, such as any pressure value in the range of from about 20 psi

to about 80 apsiprassurgeridyud idofhporinge A6 SPRRSARIE FPeBSLr &P A ES 80

valve 34 typically by transmtting an electrical inpulse _through.the
relief Sval vBsii rifisg CSSFrﬁefCQPFFﬂbP‘??é)?tS PBE’E‘%e&’&r Bﬁ%s‘%ﬁe EFS%‘? %’a}v e 34

the slurry TLOW CSa0t Lol and polLon, SYSLaal, (G RLEoBRl VERt |8 ses

provi des 10 58T antages over “conventi onal éns an

for valve wiriﬁg 33.

Referring next to the graphs of Figs. 4-7, thg slurry flow

control and monitor system of the present invention p:ovides

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 smooth flow of poliéhing slurry to a CMP apparatus
throughout the entire (_ZMP. process. In_ the graph of Fig. 5, for

15 each of multiple 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
achieved using a conventional slurry delivery system. The flow

rate profile for the conventional slurry delivery system is

20 represented by the multi-spiked line, whereas the flow rate profile

for the system of the present invention is represented by the




delivering polishing slurry to a CW apparatus. As shown in Fig. 4,
the present invention is capable of providing a substantially

uni form and snmooth flow of polishing slurpy to a CVP apparatus -

t hroughout the epgi CWP process. In the graph. of Fig. 5 for 15

each of nultbg%g_%&égzycles,-the relative flowrate of the polishing
slurry achieved using the systemof the present invention 1is :
conpared to the relative flowrate of the polishing slurry achieved
using a convenbpomatiadilyr syoatdl, i erizosyal emnelhaaddo@dind Bt € ipradfi be seen
for the conventional slurry delivery systemis 20 represented by the
mul ti - spi ked firPhetheherapk that f they fave pavéi be ther pphesisiyst euety as
the present invention is represented by the 17 67,200-917 2002-0259
subst anti al | #C8#B%h UiEE £8At BYSteMhel Adeopdeaghly  inviencaon bes seemh more
fromthe gra rate of the polishing slurry as

h%hm th ro%- . .
achi eved usiﬁﬂl ﬁ@“s?ggeﬁFB? ?h&?ﬁ?e§§ﬁf_Pﬁ@éﬁ??%nu?émhyéhenﬁP@Nenthﬂal
aystem o shEarety Be ot 1 FCIEL L3, Daedt pB o Brrotin igHercion is

system As shown in m Of [ _

Coparhr S (IO et AR Rl B! NER LA e o

convent i onal apystsmis resebti 8y e wAWMeSAE BUuBY \W14NEr8d &8y in the
conventional system, reesulting in a 40% saving by volume of the
slurry. Finally, the system of the present invention is capable of"

10 reducing the dishing variation range of the slurry by as much as

50%, as shown in Fig. 7.

While the prefe:;ed embodiments of the invention have been
described_above, it will be recognized ahd understood that various
modifications can be made in the invention and the appended élaims
are intended to cover all such modifications which may fall within’

the spirit and scope of the invention.



slurry. Finally, the systemof the present invention is capable of 10
reduci ng the dishing variation range of the slurry by as nuch as

50% as shown in Fig. 7. Wiile the preferfgd enbodi ments of the
invention haye been,-,described above, it wll be recognized and

under st ood t hggo M@rgsous nodi fications can be nmade in the invention
and the appended clains 15 are intended to cover all such
nodi fi cations which may fall within the spirit and scope of the
invention. 67,200-917 2002-0259 What ierximMsi med is: 18 CLAIMS 1. A
system for controlling and nonitoring a rate of flow of a fluid,
conprising: Bderductai®ed rigceiving the fluid; a punp provided in
said conduit for punping the fluid through said conduit; a flow
nmeter provided in said. conduit for nonitoring the rate of flow of
the fluid; and a_lconkrglll to.said flow neter for.

er er abl nnect e ) !
recei ving signal s 'f rom ésteﬁmd%BFo%orh%ﬁoéﬁlpﬁaﬁ% TPRYSLHES & &2b6F 39 SwP¥
of a fluid, comprising: ’
‘a conduit for receiving the fluid;
a pump p:ovided in said conduit for pumping the fluid

thfough said conduit;

a flow meter provided in said conduit for monitoring the

rate of flow of the fluid; and

- a controller operably connected to said flow metér for
receiving signals from_said flow meter indicéting 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 further comprising a degasser’

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

3. The system of claim 1 wherein said flow meter is

ultrasonic.



of the fluid through the conduit and operably connected to said punp
for controlling an operational speed of said punp. 2. The system of
claim1 further conprising a degasser prayided in said conduit for
renovi ng gasghuhhj es,fromthe. fluid. 3. The systemof. claiml

wherei n sai dxfdnwmeter is ultrasonic. 67,200-917 2002-0259 19 4.

The system of claim3 further conprising a degasser provided in said
conduit for renoving gas bubbles fromthe fluid. 5. The system of
claim2 wherein aid degaszerecoppr ctaim a3 dogtlsser corgnkispngviadettghnser
fluid comunication with said conduit for receiving the fluid from
sai d condui tPERFA8Y) &9 etaick §OBAUDE FATIEEMOTINSG SR BleRfisese fromnideadduid.
operably connected to said controller for transmtting signals
indicating a level of the fluid in said .degasser tank to said

controller. 6. Tae SaLomlertld! MEWDELEDLIRI A1 WATELEL Iforises »

ultrasonic. 7. The syste claim5 er conprising a pressureée
Sensor . provadipiser SidpdeGARRLn AN a8RhRREERP] dh GOPRELLRd-:1 Sl for

controller for transmtting signals indicating a gas pressure in
receiving the fluid from said conduit and a level sensor provided

in said degasser tank and operably connected to said controller for
tranemitting signals indicating a level of the fluid in said

.degasser tank to said controller.

6. The system of claim 5 wherein said flow meter is

ultrasonic.

7. The system of claim 5 further comprising a pressure sensor
provided in said degasser tank and operably connected to said
controller for transmitting signals indicaéing a gas pressure‘in’
said degaséer tank to said controller and a pressure relief‘valve
provided in sald degasser tank and operably connected to said
controller for releasing the gas pressure from said degasser tank

responsive to operation of said controller.



sai d degasser tank to said controller and a pressure relief valve

provi ded in said degasser tank and operably connected to said
controller for releasing the gas pressure,fromsaid degasser tank
responsi ve tg-Qpgpagion of said controller. 67,200-917 2002-0259 20

8. The systemoob-cts9 m 7 wherein said flow neter is wultrasonic. .9.
The systemof claim5 further conprising a drain conduit provided in
fluid conmuni cation with said degasser tank and a drain valve

provided in said 8rai nTkonaustem 10f THainyst ewhedeisl apaid Whevemater is
said flow neter is wultrasonic. 11. The systemof claim7 further

conpri sing a“SFEPﬁmﬁéhduit provided in fluid conmmunication with said
degasser tank and a drain valve provided in said drain conduit. 12.
The system of claim 11 wherein said flow nmeter is ultrasonic.
671200'917_ 200279?5%%%1system of claim § further'comprising a drain conduit
provided in fluid communication with said degasser tank and a drain

valve provided in said drain conduit.

10.  The system' of claim 9 wherein said flow meter i.s

ultrasonic.

11. The system of claim 7 further comprising a drain conduit
provided in fluid communication with said degaséer tank and a drain

valve provided in said drain conduit.

12. . The system of claim 11 wherein said flow meter is

ultrasonic.



13. A systemfor controlling and nonitoring a rate of flow of a

fluid, conprising; a conduit for receiving the fluid; a punp provided
in said conduit for punping the fluid thppugh said conduit; a flow
meter providgg jgp-sahbd conduit for nonitoring the rate of flow of

the fluid, ayge®nigzelsl er operably connected to said flow neter for
receiving signals fromsaid flow nmeter indicating the rate of flow f
the fluid through the conduit and operably connected to said punp for
controlling an opeératd cyakes predcoft sdHildnguarp] mantitarichegassaie of flow of
provided in said conduit for renoving gas bubbles fromthe fluid,

sai d degasset Hal#idngcampriessgre sensor operably connected to said

controller for transmttin ,signals Lndicatin& a,gas pressure in
sai d degasser to sai d*cOMIIFI EPF arfifFe 1Y Py fdKurtdui®i i ef val ve

operably connected to,s eyl Ll.et_for.. releasi t he gas .
pressure fromsaid de%agg T re?%gﬁgiﬁg ?%fdcﬁﬁﬁégfgoggﬁfpgﬂéifg the fluid
control ler. dhoulfResSyYSt&RRficcl aim 13 wherein said flow neter is
ultrasonic. 67,200-917 2002-0259

a flow meter provided in said conduit for monitbring the
.z‘-ate of flow of the ‘fluid; |

a controller operably connected tov said flow meter for
receiving éignals from said flow meter indiéating the rate of.flow
of the fluid.through the conduit and operabiy connected. to said
pump for controlling an operational speed of said pump; and |

é degasser provided in said conduit for removing gasv
‘bubbles from the fluid,.said degasser ha?ing a pressure sensoxr
operably conneqted to said controller for transmitting signals
indicating a gas preséure in said degasser to said controller and
a>pressure relief valve operably connected to said controller for. '
releasing the gas pressure f:om said degasser responsive to .

operation of said controller.

14. The system of claim 13 wherein said flow meter is

ultrasonic.



22 15. The system-of claim13 wherein said degasser conprises a
degasser tank provided in fluid communication with said conduit for
receiving the fluid fromsaid conduit andyg | evel sensor provided in
sai d degassegs!aKksand operably connected to said controller for
transmttingzassgivalss i ndicating a level of the fluid in said

degasser tank to said controller. 16. The system of claim 15 wherein
said flow meter is wultrasonic. 17. A degasser for renoving gas
bubbl es from a fI1*§i-d, The GFERBIqfg cAz iR g yapreimme iHadeIrpssn cpyerises a
portion and a | ower Eag{ti on; a fank intake armprovided in fluid

comuni cat i oTeIATRT BRPEppEEIehant i gt dofornind cabier ¥atht saild eopduit for
conducting the f.l ui i ntg sai d degasser tank; and tank outlet arr :
provi ded in ??cuﬁlggggn%r%enitccia ?oﬁrw %r?lasﬁ?’b‘%flg:v\épgpﬁﬁﬁv §FOLQ grovided

g??gg 8 .ergj_;an%b %%?8;%%%%%Ekrﬁrﬁ$§n& |l pedaniy %ﬁ@&ge&i%ga§§n.ec{ b8 ¥s11er for

transmitting signals indicating a level of the fluid in said

degasser tank to said controller.

S 16. The aystem of claim 15 wherein said flow meter is
ultrasonic.

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

a degasser- tank h‘aving an upper portion and a lower
portion; V

a tank intaké arm provided in fluid communication wit‘h'
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.



18. The degasser of claim 17 further conprising a sensor provided in
sai d upper portion of said degasser tank for detecting a gas

pressure in said degasser tank and a pressyre relief valve provided
in said uppeg, poyiti;9p of said, degasser tank for releasing the gas
pressure fromgaigdsdegasser tank. 19. The degasser of claim 17

further conprising a drain conduit provided in fluid conmmunication
wth said | ower portion of said degasser tank for draining the fluid
from sai d degasséB.t arflee dedasselr adh «ldive Y¥r Guixtdber i comaiididgakn sensor
conduit.. 20. The degasser of claim 19 further conprising a sensor
provi ded i n R%aVddggpet S3dEt RRrrOPOoshien fgaat@rdegankef drandefex detiget tng
gas pressure in said de%gs_ser tank and a pressure relief valve

provi ded in 3% BFHEFPortd SR8t 98T P e JaBEer ] fhIPTEEPUFR| EadirAgvalve
the gas pr esﬁz%rvq_dfeﬁom Ss%'ig 9;?&"’}?%8&53:{”& said degasser tank for releasing

the gas pressure from said degasser tank.

19. The degasser of claim 17 further comprising a drain
- conduit provided 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.

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

the gas pressure from said degasser tank.



