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10 The present invention relates to chemical-mechanical

- polishing of semiconductor substrates, and in particular, to
delivering a polishing fluid to a polisher.

Background of the Invention

15 Chemical-mechanical polishing is commonly used in
semiconductor fabrication for planarization, fabrication of
contact or via plugs, or fabrication of in-laid interconnects. In
the polishing process, a polishing slurry that has particles may be
used. The polishing slurry may mechanically and chemically etch

20 the surface of the substrate or an overlying layer. Although
polishing slurries may be formulated in a ready-to-use form,
many polishing slurries are formulated as a concentrated form or
formulated to keep components separate. A polishing slurry in a
ready-to-use form includes a large amount of water. Shipping

25 costs for water is expensive due to its density.

In some polishing slurries, polishing particles may change
the pH of the slurry. For example, a tungsten polishing slurry may
include an aqueous solution of alumina particles and an acid.
Alumina particles have an iso-electric point that is basic that can

30 make the polishing slurry more neutral when exposed to the acid
for a period of time. A tungsten polishing slurry may have a
polishing rate after 15 days that is about a quarter of the initial
polishing rate when the components are first mixed. A similar
effect occurs with a polishing siurry that includes an aqueous

35 solution of oxide particles in a base because oxide particles have
an iso-electric point that is acidic. - -
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but may have severalshundred liters. For one specific process that is used to
remove oxide from semiconductor substrates, about 200 liters
(55 gallons) of polishing slurry may polish around 400 wafers.
The batch mixing still has the problem of a non-stable pH that
10 translates into a variable polishing rate.

The polishing rate of a tungsten polishing slurry including
an aqueous solution of alumina particles and an acid may be about
3100 angstroms per minute just after mixing, about 2000

: angstroms per minute about one day after mixing, about 1100
15 angstroms per minute about three days after mixing, and levels
off at about 900 angstroms per minute starting at about 15 days
after mixing. Assuming that a polishing can polish about 10
wafers an hour, 400 wafers would take about a day and a half to
polish. If the 400 wafers were polished after mixing, the first
20 wafer would polish at about 3100 angstroms per minute, and the
last wafer would polish at about 1600 angstroms per minute.
This highly variable polishing rate makes process control
difficult. Although the polishing rate stabilizes at a polishing
rate of about 900 angstroms per minute, this rate is too low for
25 production.

Batch mixing has other problems. The mixing tank has to be
cleaned each time the solution is changed. Also, lifting and
transporting the components for the slurry is difficult due to
their densities. Further, the fluid within the tank has to be

30 maintained such that it remains mixed and prevents formation of
a gel. When the additional components are added, they need to be
completely mixed with the polishing fluid that already exists
within the tank. Even after mixing, the polishing rate may need to
be characterized because the tank now includés a mixture of fresh

35 and old polishing slurries.

A plurality of feed lines may be directed to dispense
directly on to a platen within a chemical-mechanical polisher.
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- 3- One problemw/h this thod is that the conponent not ro erl
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conponent ver potishee forhpolishing a semiconductor substrate comprising: a
5 first feed line having an outlet; a second feed line having an
outlet; a mixing section having an inlet and an outlet; and a tub
capable of receiving an effluent from the outlet of the mixing
section. The outlets of the first and second feed lines are
' connected to the inlet of the mixing section.

10 The present invention also includes a process for polishing a
semiconductor substrate comprising the steps of: placing the
semiconductor substrate in a chemical-mechanical polisher; and
polishing the semiconductor substrate using a polishing fluid. The
step of polishing includes a step of providing the polishing fluid

15 to the substrate that includes steps of: flowing a first fluid
through a first feed line having an outlet; flowing a second fluid
through a second feed line having an outlet; mixing the first and
second fluids within a mixing section to form the polishing fluid;
and flowing the polishing fluid through the outlet of the mixing

20 section to provide the polishing fluid to the semiconductor
substrate. The mixing section has an inlet and an outlet, and the
outlets of the first and second feed lines are connected to the
inlet of the mixing section.

Other features and advantages of the present mventlon will

25 Dbe apparent from the accompanying drawings and from the
detailed description that follows.
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FIG. 2 includes an illustration of a cross-sectional view of
10 an in-line mixer;
FIG. 3 includes an illustration of a perspective view of
plates of FIG. 2 showing how fiuid flows around the plates.
FIG. 4 includes an illustration of a cross-sectional view of
an in-line mixer in accordance with an alternate embodiment; and
156 FIG. 5 includes a schematic view of an alternate embodiment
including a funnel for mixing the components for the polishing
fluid.
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5 the polishing fluid into the polishing section of the polisher. The
polishing rate of the polishing fluid is relatively high because the
mixing occurs near the point of use. Local concentrations of the
components of the polishing fluid near the substrate should be
relatively uniform because the polishing fluid is mixed prior to

10 reaching the substrates. The present invention is better
understood after reading the sections below.

Polishing Embodiment
FIG. 1 includes a schematic view of a portion of a chemical-
15 mechanical polisher 10. The chemical-mechanical polisher 10 has
three sections that include a feed section 11, a mixing section 12,
and a polishing section 13. Within the feed section are two
containers 111 and 112. The two containers 111 and 112 include
components of a polishing fluid. For example, container 111 may
20 include concentrated polishing fluid, and container 112 includes a
diluent, such as water, an alcohol, a glycol, and the like.
Similarly, containers 111 and 112 may include components, when
in the presence of each other, that affect the polishing rate over
time. The components within the containers 111 and 112 flow
25 through the feed lines 113 and 114, respectively, to a manifoid
121. Pumps 115 and 116 regulate the flow through the feed lines
113 and 114, respectively.
| The mixing section 12 includes the manifold 121 that is
used to combine the two feed lines 113 and 114, each having an
30 outlet. The inlets to the manifold 121 are the inlets to the mixing
section 12. After combining the components from the feed lines
113 and 114 in the manifold 121, the components flow through
tubing 122 to a static in-line mixer 123. The components from
the containers 111 and 112 are turbulently mixed within the
35 static in-line mixer 123 to form a polishing fluid. The polishing
fluid is typically a liquid or a slurry. The polishing fluid then
flows through a piece of tubing 124 that is the outlet for the



an in-line mxer in accordance wth an alternate enbodi nent; and 15
FIG 5 includes a schematic view of an alternate enbodi nent including a
funnel for mxing the conponents for the polishing fluid. -6- Detailed
Description of Drawi ngs A chem cal - mechani cal polisher includes a m xer
section that m xes conmponents of a poli sh_i-ilg"'fl uid prior to introducing 5
the polishing fluid into the polishing section of the polisher. The
polishing rate of the polishi ng_5fl uid is relatively hi gfa because the m xing
Lbb he e
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' a platen 132 and a polishing pad. For simplicity, the combination
of the platen and polishing pad is just denoted as the platen 132.
Above the platen 132 is a substrate hoider 133 and a
semiconductor substrate 134. During polishing, the polishing
10 fluid is eventually received by the tub 131, at which time, the
polishing fluid may be recycled or discarded.

The static in-line mixer 123 thoroughly mixes the
components flowing through the feed lines 113 and 114 so that
the polishing fluid is completely mixed by the time it reaches the

15 polishing section. Therefore, the components from the feed lines
113 and 114 should have a turbulent flow through the in-line
mixer 123. The design of the mixer should be such that turbulence
is achieved for the designed flow rates. For example, if a
polishing fluid is to be delivered at a flow rate between 100-200

20 milliliters per minute, the mixer should be design such that the
turbulence is achieved even when the polishing fluid flow rate is
as low as 100 milliliters per minute. Usually, the polishing fluid
flow rate is no higher than 500 milliliters per minute.

FIG. 2 includes an illustration of a cross-sectional view of

25 the static in-line mixer 123. The mixer 123 has helical plates
1231 within a shell 1232. At the first plate 1231, the fluid
stream is bisected and rotated. At the second plate, about half of
each of the fluid streams on each side of the first plate are
combined and rotated along each side of the second plate. The

30 mixer is "static because it has no moving parts.

FIG. 3 includes a perspective view of some of the plates
1231. FIG. 3 shows how the plates are placed in relation to each
other and how the fluid flows around the plates as illustrated by
the arrows. In this particular embodiment, the helical plates

35 1231 are arranged such that the direction rotation of the fluid is
reversed compared to the previous plate. In other words, the fluid
rotates in one direction in the first plate and rotates in the



three sections that include a feed section 11, a mxing section 12, and a
polishing section 13. Wthin the feed section are two containers 111 and
.112. The two containers 111 and 112 include conponents of a polishing
fluid. For exanple, container 111 may 20 include concentrated polishing
fluid, and container 112 includes a diluegt, such as water, an alcohol, a
glycol, and the like. Simlarly, containefs 111 and 112 may i ncl ude
conponents, when in the presence of each other,_that affect the polishing
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10 The apparatus as shown in FIG. 1 may be used to polish
semiconductor substrates. The polishing parameters should be
relatively similar to existing polishing methods except that now a
relatively constant polishing rate may be achieved. On average,
the polishing rate should be higher than what is typically achieved
15 for batch mixing. Constant adjustment of polishing time should
not be necessary. Also, the polishing fluid should not have local
regions of varying concentration of individual components when

the polishing fluid is delivered to the polishing section 13.

20 Alternate Embodiments
Any number of containers may be used to feed the system,
although only two are shown within FIG. 1. The containers may
include different types of particles that are to be mixed. The
containers may be inside or outside the polisher itself. Similarly
25 any number of feed lines may be used. The number of containers
may be less than the number of feed lines. For example, a first
feed line may be connected to a container, and a second feed line
may supply a diluent, such as deionized water. The manifold
would be designed to accommodate the actual number of feed
30 lines used.
The number of pumps used is typically the same or less than
the number of feed lines. In one embodiment, a feed line may be a
tap from an in-house deionized water system. A pump may not be
necessary between the tap and the manifold 121. A flow
35 regulator may be required to adjust for pressure changes within
the deionized water system. The pumps may be controlled
dependently or independently of one another. The control of the



flows through a piece of tubing 124 that is the outlet for the - 7-

.m xing section 12. The polishing fluid is the effluent fromthe m xing
.section 12. The mxing section is initially where conponents fromthe feed
lines initially contact one another. The polishing fluid flows into the
chem cal -nechani cal 5 polishing section 13. The polishing section 13
includes a tub 131, a platen 132 and a po |sh|ng pad. For sinplicity, the
conbi nati on of the platen and polishing pad is just denoted as the platen
132. Above t ipumpstreayibe performed by a bumanjea cavputer, Orsanmastanict or
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In alternate embodiment the helical plates can be replaced

10 Dby baffles 42 as shown in FIG. 4. With the in-line mixer 123, the
baffles 42 generally extend from the wall 41 about 3/4 of the
distance to the opposite wall in a direction perpendicular to the
length of the mixer. The baffles 42 are spaced such that the
components flow in a serpentine path through the in-line mixer

15 123. The serpentine path for the flow should mix component prior
to leaving the mixer 123. In another embodiment, the baffles may
be replaced by one or more venturis or plates with openings (i.e.,
orifice plates). In yet another embodiment, the in-line mixer 123

_ may not be needed if the components may be effectively mixed

20 within the manifold 121.

In still a further embodiment, the manifold 121 tubing 122
are not needed if the mixer 123 is capable of receiving a plurality
of feed lines. :

In one embodiment, equal volumes of fluid may flow through

25 each of the feed lines to more efficiently mix the components
within the in-line- mixer 123. If a highly concentrated polishing
fluid is being used, the design of the feed and mixing sections may
need modified. As an example, assume that a concentrated
polishing solution is to be diluted such that the concentrated

30 polishing solution makes up one quarter of the volume of the
polishing fluid delivered to the polishing section. In this case,
two feed lines having equal volumes of concentrated polishing

- solution and diluent are fed through a first manifold and are
mixed in a first in-line mixer. The effluent from the first in-line

35 mixer is combined an equal volume of diluent within a second
manifold and are mixed in a second in-line mixer. The effluent
from the second in-line mixing is the polishing fluid. The



m xer 123. The design of the m xer should be such that turbul ence is

achi eved for the designed flow rates. For exanple, if a polishing fluid is
.to be delivered at a flow rate between 100-200 20 milliliters per m nute,
the m xer should be design such that the turbul ence is achi eved even when
the polishing fluid flowrate is as | ow g§01_00 mlliliters per mnute.

Usual Iy, the polishing fluid flowrate is no higher than 500 mlliliters
per minute. FIG 2 includes arJ illustration of a cross-sectional view of 25
the static incongentraied polishingsolufiep afa M aboud| ope ;quartepnf 9 hin
a shell 1232. Ilshhﬁgfﬂiﬁd plate 1231, the fluid streamis bisected and
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rotates in thaumber of stages may be used. Also, a sumular desngn may be used
10 when active components are combined in ratios other than 1:1.
Therefore, dilution rates do not need to be a factor of two.
Virtually any dilution ratio may be achieved.
Previous embodiments included a sealed in-line mixer. By
: sealed, it is meant that the mixing does not occur while the
15 components are exposed to air. The mixer does not need to be
sealed. In one embodiment, the mixing may occur by using a
funnel 22, as shown in FIG. 5. The two feed lines 113 and 114
flow into the funnel inlet 23, which is the conical section of the
funnel. During the traversal of the components through the funnel
20 22, the components may swirl around to become mixed. Upon
mixing, a polishing fluid is formed and is an effluent that leaves
through the outiet 24 onto the platen 132. Different flow
patterns may be used within the funnel 22. Both of the feed lines
may be pointed directly down into the funnel similar to that as
25 shown in FIG. 4. In still another embodiment, the direction of the
components may be directed in directions along the inner edge of
the funnel whereas the components flow in the same direction or
in opposite directions. In any event, the flow of the components
through the funnel 22 should be such that the polishing fluid as it
30 leaves the outlet 24 should be completely mixed.

Although not shown, additional valves and lines may be
included to clean or flush the manifold 121 and mixer 123 or the
funnel 22. The cleaning or flushing may be performed on a timely
basis (i.e., daily, weekly, or the like) or on a substrate frequency

35 Dbasis (i.e., every 50 substrates, every 500 substrates, each lot of
substrates, every 10 lots, or the like).



- 8- opposite direction in the second plate. The m xer 123 as shown in FIG
2 has six plates. The static in-line m xer nmay have any finite nunber of

.pl ates. For exanple, the m xer may have an overall |ength of about 35
centinmeters (14 inches) and include 27 plates 5 in another enbodi nent. The
m xer should include a material that is Ifﬁlstance to attack by the

- conponents being mxed. If the conmponents form an aC|d|c or basic solution,
the in-line mxer may include stainless steel, mnel (an alloy |nclud|ng

ni ckel, copper, i r8npolishing fiydecmay, ingludeeoniy diquids or include abpleestus
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time should not be necessary. Also, the polishing fluid should not have
| ocal regions of varying concentrati onB&nefits vi dual conponents when

A benefit of the present invention includes better control
over polishing. The mixing occurs near the point of use that
allows the polishing rate to be relatively high and less time

10 variable than batch mixing. Also, the polishing characteristics
for the embodiments of the present invention should be relatively
uniform across a substrate because the polishing fluid is mixed
prior to reaching the substrate. In other words, the polishing
fluid is not being initially mixed by the motion of a substrate

15 across a polishing pad. With the present invention, polishing
parameters may be established that are consistent from
substrate-to-substrate and lot-to-lot. This better control allows’
the polishing operation to be more automated without having to
occasionally running test substrates (as opposed to product

20 substrates).

Because the polishing fluid is initially mixed near the point
of use, the polishing fluid should have a higher polishing rate than
is achievable with a batch mixing system. As such, more
substrates may be polished over a period of time compared to

25 batch mixing. Further, the present invention does not have the
problem of a different polishing rate when new components are
added to an existing mixture within a tank. The present invention
uses fluid dynamics to mix the components as they flow to the
polisher.

30 Another benefit of the present invention is that less waste
should be generated compared to a batch mixing system. When the
mixing section 12 is flushed or cleaned, only those portions of the
components within the mixing section 12 are not used. In general,
this volume is less than one liter and may be in a range of 50-250

35 milliliters. With a batch mixing system, typically at least four
liters, and usually more than ten liters, of polishing fluid is
affected. Almost always, the tank for batch mixing system is



the polishing fluid is delivered to the polishing section 13. 20

Al ternate Enbodi nents Any nunber of .containers nay be used to feed the
system although only two are shown within FIG 1. The contai ners nay
include different types of particles that arg to be m xed. The containers
may be inside or outside the polisher its;qlaé_. Simlarly 25 any nunber of
feed lines may be used. The nunber of contalners may be | ess than the
nunber of feed lines. For exanple, a first feed |ine my be connected to a
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of the air, the sealed mixer delays exposure until the polishing fluid is
| near the platen 132. |
As previously pointed out, the components are not mixed on
10 the polishing pad. If the components are mixed on the polishing
pad, some of the mixing typically occurs by the polishing of the
substrate itseif. The chances of having an unusual local polishing
rate for each substrate are virtually eliminated when using the
present invention.
15 Because any number of components may be used in
formulating the polishing fluid, components may be stored such
that they have a virtually infinite shelf life prior to mixing. More
specifically, components that may affect or react with one
another are kept in separate feed lines prior to reaching the in-
20 line mixer. By segregating the components in this fashion, it is
possible to store the components for a long period of time
without having to worry about diminishing polishing rates from a
polishing fluid whose components have been mixed together prior
to entering the feed lines.
25 |
| In the foregoing specification, the invention has been
described with reference to specific embodiments thereof.
However, it will be evident that various modifications and
- changes can be made thereto without departing from the broader
30 spirit or scope of the invention as set forth in the appended
claims. Accordingly, the specification and drawings are to be
regarded in an illustrative rather than a restrictive sense.



- 9- punps may be perfornmed by a human, a conputer, or a master- slave
relationship. If the punps are ceaatrobfs 30 i 5| ave relationship, the
punp heads may be connected to t If this occurs, the

punpi ng rates of the two punps s y e I'tﬁﬂmm"lﬂum lllt mr

flow. Flow nmeasuring apparati (n - 1
rates. The flow rates may be di spl ayed or be an el ectroni c °si na doi r’i’g to
the conputer that controls the punps. In_alternate enbodi nent the heli cal
plates can be replaced 1 0 by baffles 42&iB&hown in FIG 4. Wth the
in-l1ine mxer 123, the baffles 42 generally extend fromthe wall 41 about

3/4 of the distan the o site LN agdirection per endicu ar, to
the length of 1the Ci@m hgﬁ) aniga M'kﬁ"\?&fﬁk@&%ﬁ!ﬂﬂ tHhareMIO Bhent s
flow in a serpenti rsubsttdtet rchargbterimed nbyi ne mxer 1 5 123. The
serpenti nespath for tfl}g}ﬁgég guhgﬁmﬁﬁmmnt prior to |eaving the

m xer 123.71n anoth Ies Bi/ be replaced by one or
nore venturis or plaaSOSORD: Qﬁ)éﬁﬁlienbgvmg &n outlelli ce plates). In yet

~anot her enbodi nent g tfixing- éééilbd“ﬁﬁv‘né?é‘n NAVIiA® tmBerNsARRY drid tdif
conponents may be effect| Fety wher%m
the in-line mixer has a baffle, a ventun a plate
10 including an opening, or a helical plate;
the outlets of the first and second feed lines and are
connected to the inlet of the mixing section; and
a tub capable of receiving an effluent from the outlet of the
mixing section.

15
2. The chemical-mechanical polisher of claim 1, wherein the
mixing section further characterised by a manifold.

3. The chemical-mechanical polisher of claim 1, characterised
20 such that:
the first feed line is capable of transporting a first fluid
including polishing particles; and
the second feed line is capable of transporting a second
fluid, wherein the second fluid includes a component
25 that is an acid or a base.
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20 within the manifold 121. In still a further enbodinent, the manifold __
121 tubing 122 are not needed if thg=m%er" -1—%3—1’5’3 iFrlee of receiving a

.plurality of feed lines. In one errb:d\"‘l‘h‘érﬁ“*—E'er mmnmmﬂﬁml umv

t hrough 25 each of the feed lines o m)r%‘é%‘f-ﬁ ent |
within the in-line mxer 123. If a |gnly4qoncentrated poltshindg fPMuid i%
bei ng used, the design of the feed and m xi ng sections may need nodifi ed.

As an exarrple S t hat a C ncentrat shln solution is to
01 uted such BnatAt FRORRR Bofishe for.gpafistifions saruiconiuster
qua[ter o1|‘ tthﬁ vol substrhtahehamctahsaghfb wi d deli ?/erefl to th;a pol i shi ng 4
section. In is c ual vol unmes of concentrate
pol i shing sol ution aﬁEStdW?fiﬁf’P%rWQQ gﬁ Qﬁﬁﬁfla first manifold and are
mxed in a first ia-secendifeed. hnuduvmguantowﬂeim the first in-line 35 '
mxer 15 @nbined ahnfiking s sehaﬂehaimq huﬁgh fhigt,sgha"an"atee! d and

I ns he ? o e

the

are mxed 1n a secon | I ne Xer sde<%on n-1ine
m X| ng | S the p0| | Sh| ngm%pm eOUﬂets 0 Il’St an secon e IneS

and are connected to the inlet of the mixing section;
and _
a tub capable of receiving an effluent from the outlet of the
10 . mixing section. -

5. The chemical-mechanical polisher' of claim 4, characterised

such that:
the first feed line is capable of transporting a first fluid
15 including polishing particles; and

the second feed line is capable of transporting a second
fluid, wherein the second fluid includes a component
that is an acid or a base.
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-10 - concentrated pol i shing sol uti on makes up about one quarter of the
polishing fluid. The design of the in-line mxers may be used to . _ . . _
.accommodat e nearly any concentrati gnTafs s@bponents.—~Egch mxer 5 may form

ol i ahi ng sol Ut i on i's to be dilutcdesemtgrerr=rares up_ondNHIul HIVIILI I
polishing fluid, three stages may be used.“For a one-sixteerdth®dituthorf, *

four stages may be used. Any finite nunmber of stages may be used. Al so, a

simlar desid miy procesedoropolishingaa: semicomgucton: substrateonbi ned in
rati os other than éh&ragf?ﬁ%@&%f’t[h@ %%Pé’rbﬁat es do not need to be a factor
| I on

pf two. Virtually a\ny_ “ atiro ﬁ/ be achi eved:. Previgus eribpd! ment s
incl uded a seal ed PiACiNg\the semicopdugtdr. substrate jtchemicalne ni xi ng
does not occur while tt‘mgbhani@g]rrpg_ngnés; and exposed to air. The m xer does
P P00 e ahanibl IR SERRA e A dhdlel LeTRY % BhTeing'S1 Y 2
funnel inlet 23, which fluid; whereincthe sstepi ofi polishirg f includes airstep ohe
Y Shouma |0 ecne BRI " pblEning" tWia” e seificorRRAGH" S M
substrate that includes steps of:
flowing a first fluid through a first feed line having an
10 outlet;
| flowing a second fluid through a second feed line
having an outlet;
mixing the first and second fluids within a mixing
section to form the polishing fluid, wherein:
15 the mixing section has an in-line mixer, an inlet,
and an outlet;
the in-line mixer has a baffle, a venturi, a plate
including an opening, or a helical plate; and
the outlets of the first and second feed lines and
20 are connected to the inlet of the mixing
section; and
flowing the polishing fluid through the outlet of the
mixing section to provide the polishing fluid to
the semiconductor substrate.

25
7. The process of claim 6, characterised such that the mixing
section further comprises a manifold.
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i xi ng, a polishing fluid is forned and is an effluent that |eaves through

the outlet 24 onto the platen 132. Different fJQW_pat.Ler ns_may be used

within the funnel 22. Both of the feg

into the funnel simlar to that as 2% gg G 4. "’"H
enbodi nent, the direction of the co ':-=-=-=-=--—----v-a-:-=--—~ ﬂﬂ I ﬂm”"

al ong the inner edge of the funnel wher ead &he conponents fl%

direction or in opposite directions. In any event, the flow of the

conponent s t hgudrhé

addi i onal vl ves S ?wﬁ?fnﬂ%&c?ﬁﬁ e Bl i€ pdtorist RUBA. My,

tprocesscdf chainh @)l characterdsed rsuch tleatiol i shing fluid as

shown,
ifold

121 and mixer 123 or théheufinel fhad hneludesarpoigsl'ungf pastictes;my be

perforned on a timg
substrate frequency

§5§‘%? %f(fl?ﬁmg ‘{ﬁb' ¥ecd‘§§kﬂ|¥|g 1] aéé}?oéméé) sﬂglaofﬁa‘i

substrated® each Iot of tR@psacand$ U'@\)BG dﬁ aoeemnsmqnteand@) A

polishing fluid na!henpbnénmw paﬁtms cbn@rcbmﬁom'caﬁmhaﬂyt congact qui d and

partlcl es. I n many chemd%nngm%ﬁe Qte%alofpr%li)luﬁaes a

9. A process for polishing a semiconductor substrate
10 characterised by the steps of:
placing the semiconductor substrate in a chemical-

mechanical polisher; and

polishing the semiconductor substrate using a polishing

15

20

25

30

fluid, wherein the step of polishing includes a step of
providing the polishing fluid to the semiconductor
substrate that includes steps of:
flowing a first fluid through a first feed line having an
outlet; -
flowing a second fluid through a second feed line
having an outlet;
mixing the first and second fluids within a mixing
section to form the polishing fluid, wherein:
the mixing section has a funnel;
the mixing section has an inlet and an outlet; and
the outlets of the first and second feed lines and
are connected to the inlet of the mixing
section; and
flowing the polishing fluid through the outlet of the
mixing section to provide the polishing fluid to
the semiconductor substrate.
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‘pol ishing slurry is used. A polishing slurry is a type of polishing fluid
that includes at |east one liquid and particles. .5 Benefits A benefit of

fhe present i Eventi on i ]Elcl udeshbet_t I" p rgh,_riégT ,qngEENl shi ng——THe& T Xi ng __
Celatively high and ess time 10 SL%E? Bt i o (RN TV

pol i shing characteristics for the enbodi m™ents of the present imvention™"
shoul d be relatively uniformacross a substrate because the polishing fluid

HS _m;jX_ed pri ogq.o Tl_ne'_cp(rm:aalstshe_fa:lbbgrs,t ¢=:hal-avct_eribe¢:lf sochisthathe pol i shing

uid is not bein [ . Cross
a polishing pad. \%Vthﬁ H}@p fegré’?ﬁﬂpnﬁ%ﬁ#@hb@'§hP§56BQ'§m§H§§ be
.established that are cortbesfirst fﬂu'gdnipahuie&tpowaimbmar&lcée&;nd | ot-to-1ot.
This better controlinglk qfhﬂo?ﬁh sﬂwmeeaﬁaagw i%opbﬁ‘oﬁ%ﬂ %Hbg”fﬁétd

wi t hout haying to occasignall i.ng, test substrates (as opposed to

pr oduct 205. substr at es) .thﬁewg gp@ﬁﬁﬁﬁ%@ \chRP'F%'gti; fidal |y nixed
near tEe poi nt ﬁf lthgi pb'ﬁ_%hﬁﬁl pamu%eé!and &bmbdhmﬁnﬁidlkgfwma@tlsm ng
ratg t han is achieva 'ecmrﬁng aihgagfep W khdin .stem As such, nore.

—_—
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substrates may be polished over a period of tinme conpared to 25 batch
m xi ng. Further, the present -invention does not have the problemof a
.different polishing rate when new conponents are added to an existing
mxture within a tank. The present invention uses fluid dynamics to mx the
conponents as they flow to the polisher. 30 Anot her benefit of the
present invention is that |ess waste should be generated conpared to a
batch mi xi ng system Wen the m xi ng secl/fon 12 is flushed or cleaned, only
t hose portions of the conponents within the m xing section 12 are not used.
In general,” this volunme is less th e liter and may be in a range of
50-250 35 mlliliters. Wth a bat ing system typically at |east four
liters, and usually nore than teﬁtgﬂ e of polishing fluid is affected.
Al nost al ways, the tank for batch [ ystemis’ -1 2- |ocated outside
the polisher. In addition to wasfe he ting and transporting of
conponents and nai nt enance requife the tank are virtually
el i mi nat ed. : 53
'_‘\
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Still yet another benefit is that a sealed mixer may be used. 5 A hood is
not required to exhaust fumes. Further, if any of the conponents of the
polishing solution is affected or reacts with air, the sealed m xer del ays
exposure until the polishing fluid is near the platen 132. As previously
poi nted out, the conponents are not mxed on 1 0 the polishing pad. If the
conponents are m xed on the polishing pad, sone of the mxing typically
occurs by the polishing of the substrate }?self. The chances of having an
unusual local polishing rate for each substrate are virtuallylﬁ%?lﬁ nat ed
when using the presenti28hyention. 1 5 Becau 72Ny nunger-<of

conponents may be used in Nl d, conponents may
be stored sug hat Ry DAIE AV TN P AT (IS ek S JAE Prj or:
nixing.'Nbr-lQ?iﬂ ..Eaggv :Eki‘igqligﬁﬁagyknﬁgﬁ ‘sy}l !ﬁ%%;ggﬁ

- aAl\l € & E4 > 0 ”, AA %
m xer. By seqgr egat i g _AA, dnmo nl-ﬂ A.‘A\\ -E‘/_d _‘A, h[- Q

anot her are ™
store the conponents for a |ong time wthout having™-gogprry

about di m nishing polishing rates frq palj shing fluid whose conmponents
eed |ines.

have been m xed together prior to en

Lo o

|

24

132
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25 In the foregoing specification, the invention has been described with
reference to specific enbodi nents thereof. However, it will be evident that
various nodifications and changes can_be nnde thergte, without departing
Tromthe broader 30 spirit or ScoferQ {%éﬁgﬁﬁﬁW@BEEﬂn as set forth in the
appended cl ai ms. Accordingly, the.

;peC|fhgﬁLAQgDand df awi ngs are to be
-regarded in an illustrative rather {ithap—a—testr-ctFv¥e sense. Claims 1. A
process for polishing a sem conductor substrate conpr|5|ng the steps of:

pl aci ng the sem conduct or GHEMICA ; IBRUAND  pol i sher; 5
.and polishing the sem conductor, { shing fluid, wherein
the step of polishing includes & : 0 2 pol i shing f|UId to

t he sem conduct or substrate that |ncludes steps of flowwng a first fluid
through a first feed |line havi Ctha 1B flowi ng a second
fluid through a second feed I|i Y

A chemical-mechanical polisher (10) includes a mixer
section (12) that mixes components of a polishing fluid prior to
introducing the polishing fluid into a polishing section (13) of the
polisher {10). In one embodiment, components from feed lines
(113 and 114) are combined in a manifold (121) and flowed
through a static in-line mixer (123) to mix the components to
form the polishing fluid. The polishing rate of the polishing fluid
is relatively high because the mixing occurs near the point of use.
Local concentrations of the components of the polishing fluid near
a substrate (134) should be relatively uniform because the
polishing fluid is mixed prior to reaching the substrate (134).

- This Sheet Has:Been, Reﬂlaced
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T

m xing the first and second fluids within a m xing sectlon within the
- cheni cal - mechani cal polisher to formthe polishing fl wherein: 15
the mixing-section has an inlet and an outlet; and t!

- R qr st
and second feed lines are connected to the |nI et of hegﬁ?& %g&é’ 56 |l and
flowi ng the polishing fluid through the outlet of th mtélng _ .

provide the polishing fluid to the sem conductor 20 e e,
~substrate. 2. The process of claiml, vvhereln the step of mxing 135
characteri sed by steps of: Al IIECISA gaemngyh! ui ds to forma

I o 7 A
conbined fluid; 25 r,q; [ O Agh a tube after
the step of conblnlng m Xi ng tad -t\;ﬂ‘- LOQUISHING n a2 nixer within the

m xi ng section to formthe polishing fluid after the step of flow ng the
conbined fluid. 30 3. The pro_cﬁss| ofI cltallag 1D %EI‘EI n the step of m xing -
is characterised by steps off second fluids to form
a conbined fluid; mxing the conbined fluid within a mxer within the
mxing section to KolReizaPFhecRaRRal ' Hotkndl(18) Nnclides gPmizeper ! OF Ted

section (12) that mixes components of a polishing fluid prior to '

introducing the polishing fluid into a polishing section (13) of the

polisher (10). In one embodiment, components from feed lines

(113 and 114) are combined in a manifold (121) and flowed

through a static in-line mixer (123) to- mix the components to

form the polishing fluid. The polishing rate of the polishing fluid

“is relatively high because the mixing occurs near the point of use.

Local concentrations of the components of the polishing fluid near

a substrate (134) should be relatively uniform because the

polishing fluid is mixed prior to reaching the substrate (134).




35 =& __after and-as-a“separate step fromthe step of

conbi ni ng; and f1 owi ng the poli g fluid through a tube to the

sem conduct or subs%u“ﬁ \ﬂ lﬁg “; ng the mixer. This is the replacenent
sheet Dat e: aim1,_¢daracterised such that the

m xi ng section includes_a nixer having a baffle, a venturi, a plate

i ncl uding an opening, or a helical plateg ?ir,fs The process of claim?2, or
3, wherein: the step of flowing the first Id is performed such that the
first fluid includes polishing particles; the step of flow ng the second

fluid is perforpegrovess fohpslighivvy a%emtdoﬂ&uctor substrate coHptISihg ﬂ1‘é S1eps of
conponent; and the l| sﬁ] er% rtnflch r%'g e corggl nelnéI ecé & aP’ olls?t act
dur g the step of PEGHS Hishgemiondicted, SiBeuatsin° s Hagal machafieal p
characterissed such that ahde m xi ng section
polishing the semiconductor substrate using a polishing fluid, wherein
- the step of polishing includes a step of providing the polishing
fluid to the semiconductor substrate that includes steps of:
flowing a first fluid through a first feed line having an outlet;
10 flowing a second fluid through a second feed line having an
outlet;
mixing the first and second fluids within a mixing section within
the chemical-mechanical polisher to form the polishing
W, fluid, wherein: -
15 the mixing section has an inlet and an outlet; and
| the outlets of the first and second feed lines are connected
to the inlet of the mixing section; and
flowing the polishing fiuid through the outlet of the mixing section
to provide the polishing fluid to the semiconductor
20 substrate.

2. The process of claim 1, wherein the step of mixing is characterised by steps
of:
combining the first and second fluids to form a combined fluid;
25 flowing the combined fluid through a tube after the step of combining;
- mixing the combined fluid within a mixer within the mixing section to
~ form the polishing fluid after the step of flowing the combined
fluid.

30 3. The process of claim 1, wherein the step of mixing is characterised by steps
of: | :
combining the first and second fluids to form a combined fluid;
mixing the combined fluid within a mixer within the mixing section
to form the polishing fluid, wherein this step is performed
35 after and as a separate step from the step of combining;
_ and
flowing the polishing fluid through a tube to the semiconductor
substrate after leaving the mixer.
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15 i ncl vdes—a—anifofd. "7. A process for polishing a sem conductor
substrate conprisin : pI aci ng the sem conductor substrate in a
chem cal - mechani lmjﬁmm E pol i shing the sem conduct or
substrate usi ng Fusd i ncI udi ng4qsteps of: flowng a first fluid
through a first feed line; flowwng a second fluid through a second feed
line; mxing the first and second fluids within a first mxer to forman 25

effluent; flowing an effluent fromthe first mxer; flowing a third fluid
through a thi 4d Thegrécess;oflairmt, ¢cHeraetetised suchiatithe mixingisddtiondnefutlesn a

ol 1 shi ng 11 ui d ou PP AEGE Hae, dbéhAid sitednciyding an openinr bl o
the semiconductor delicekplate. 8. The process of claim7, wherein the step of

m xing is gerformed such that at | east one of the first and second m xers

Is an in-l1ne _mxer. The process of claim?7, wherein: the process
further conprl%eEh%PEQ%s(ﬂf Ay Wherein: ; st and second

the step of flowing the first fluid is performed such that the first fluid
includes polishing particles; |
the step of flowing the second fluid is performed such that the second
10 fluid includes a component; and
the polishing particles and the component initially contact during the
step of combining. -

—/ 6. The process of claim 1, 2, or 3, characterised such that the mixing section
156 includes a manifold.

7. A process for polishing a semiconductor substrate comprising the steps of:
placing the semiconductor substrate in a chemical-mechanical polisher;
and '
20 polishing the semiconductor substrate using a polishing fluid including
steps of:
flowing a first fluid through a first feed line;
flowing a second fluid through a second feed line;
mixing the first and second fiuids within a first mixer to form an
25 effluent;
flowing an effluent from the first mixer;
flowing a third fluid through a third feed line;
mixing the effluent and the third fluid within a second mixer to
form the polishing fluid; and
30 flowing the polishing fluid out of the second mixer to provide the
polishing fluid to the semiconductor substrate.

8. The process of claim 7, wherein the step of mixing is performed such that at
least one of the first and second mixers is an in-line mixer.
35 |
9. The process of claim 7, wherein:
the process further comprises a step of combining the first and second
fluids before the step of mixing the first and second fluids;
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fluids before the step of mixing the first and second fluids; This is the

repl acenent sheet he step of flow ng the fII’St fluid is
per formed such thuﬂmmm lI!JH,lrﬂ”md i ncl udes poI i shing particles; the step
of flowing the second fltuie 1's perforned sygh that the second f1 uid

I ncl udes a conponent selected from an aci d a base, or a 5

di luent; and the p Iishin article d, conpopent Jni |aII contact, during
the step of conbinf f‘%ﬂ@"ﬂ)mﬁzﬁ@ﬁﬁﬂp i81Pg "T‘edfﬁ!ﬁ" Fg Widy steps
of: 10 conbi n| nmd]msa olisHing Fmdclbbe third fluid bef ore the step
of mxing the effl n d . flow th | uent apd
the third fluid thﬂ%éﬁ%&f&d@"@?é\gﬁﬁﬁ%g“@? 'tﬂf"‘@%‘ﬁ'ﬁ?é{ Q}?dg?ﬁ‘?ﬂ‘ﬂg
the ef fluent and the thifluid includes alGorhpondnipselected fiam groacidharmsa, or a
sem conducé or substratedﬁagﬁc iaﬁhng the steps of:

the polishing particles and component |n|t|a|ly contact during the step of

combining.

10. The process of claim 7, further comprising steps of:
10 combining the effluent and the third fluid before the step of mixing the
effluent and the third fluid; and |
flowing the effluent and the third fluid through a tube between the steps
of combining and mixing the effluent and the third fluid.

15
11. A process for polishing a semiconductor substrate comprising the steps of:
placing the semiconductor substrate in a chemical-mechanical polisher;
and
polishing the semiconductor substrate using a polishing fluid including
20 steps of: .
flowing a first fluid through a first feed line into an open end of a
funnel, wherein the open end is exposed to an oxygen-
containing gas;
flowing a second fiuid through a second feed line into the open
25 end of the funnel;
mixing the first and second fluids within the funnel to form the
polishing fluid; and
flowing the polishing fluid out of the funnel to provide the
polishing fluid to the semiconductor substrate.
30
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pl aci ng the sem conductor substrate in a chem cal - rrechanl cal polisher; and

potishing the sem.canductor substrate using a pol ifsi=ag : (0 | ncl udi ng 20
L én end

steps of: flowing a first fluid through a first fd
of a funnel, wherei s exposed to aff oxy - con gas;
flowi ng a second flmmm”'mm mﬂgﬁond feb¥" | i ne aeﬁ p

i
eﬂEPM@zﬂh AP AR ID Pt’ﬁEﬁT
end of the funnel; rfixitngtthe and second f| tos—wit-hin [YRO" T‘u nel to

formthe polishing fluid; and flow ng thelapms shing fluid ou f unnel
to provide the polishing fl UI d to the sem conductor substrat e. 8. The

process of cl,gi 6, charact sed such that: the step of flow gthef rst
fluid is perfbr 0caEH Qmﬁ' ing ¢ seaican rl trg cempr@'ngﬁﬁ ;%?Q?re

the step of flow ngating thecssmicbhdictor substraterinedchemitaldchanical pollsher
5 and
polishing the semiconductor substrate using a polishing fluid, wherein
the step of polishing includes a step of providing the polishing
fluid to the semiconductor substrate that includes steps of:
_ flowing a first fluid through a first feed line having an outlet;
10 flowing a second fluid through a second feed line having an
outlet;
mixing the first and second fluids within a mixing section within
the chemical-mechanical polisher to form the polishing
/ fluid, wherein:
15 the mixing section has an inlet and an outlet; and
' the outlets of the first and second feed lines are connected
to the inlet of the mixing section; and
flowing the polishing fluid through the outlet of the mixing section
to provide the polishing fluid to the semiconductor
20 substrate.

2. The process of claim 1, wherein the step of mixing is characterised by steps
| of:
combining the first and second fluids to form a combined fluid;
25 flowing the combined fiuid through a tube after the step of combining;
mixing the combined fluid within a mixer within the mixing section to
form the polishing fluid after the step of flowing the combined
fluid.

30 3. The process of claim 1, wherein the step of mixing is characterised by steps
of: ' '
combining the first and second fluids to form a combined fluid;
mixing the combined fluid within a mixer within the mixing section
to form the polishing fluid, wherein this step is performed
35 after and as a separate step from the step of combining;
_ and
flowing the polishing fluid through a tube to the semiconductor
substrate after leaving the mixer.



5 . t he second fluid includes a conponent j=and-t he_pQI I.shi ng

particles and conponent TnitialTy contact during thBEﬂQ&\, i mg(kng 9] A
process for poI| ctor substrate 10 char act et sdd by
the steps of: F’"l "m BMduct or sy trate i k&m}ANI gechdhni cal
pol i sher; and po FS onduct or su'bstrate FrsRg—a-—pol | Shl

fluid, mhereln t he step of pollshlng I ncl udes a step of 15
prOV|d|ng the polishing fluid to the sem conductor substrate that includes

i owing a sechniip Prvbees ot 3 hatiRibrietisueh hChe inbdng Scrbh B’ !

havi ng an outl et; amxerg'nawm hibaffle,amuestucio adplateunadluditig an wpaningyiong
section to formt P%ng fluid, wherein: the mxing section has a
funnel ; the m xing sect 6h has an inlet and an outlet; and 25

the outlePs of the first and second feed lines and are connected to the

inl et of the BYl Théprocess of claim 2, or 3, wherein:
the step of flowing the first fluid is performed such that the first fluid
includes polishing particles; '
the step of flowing the second fluid is performed such that the second
10 fluid includes a component; and
the polishing particles and the component initially contact during the
step of combining.

~ 6. The process of claim 1, 2, or 3, characterised such that the mixing section
15 includes a manifold.

7. A process for polishing a semiconductor substrate comprising the steps of:
placing the semiconductor substrate in a chemical-mechanical polisher;
and '
20 polishing the semiconductor substrate using a polishing fluid including
steps of:
flowing a first fluid through a first feed line;
flowing a second fluid through a second feed line;
mixing the first and second fluids within a first mixer to form an
25 effluent;
flowing an effluent from the first mixer;
flowing a third fluid through a third feed line;
mixing the effluent and the third fluid within a second mixer to
form the polishing fluid; and
30 flowing the polishing fluid out of the second mixer to provide the
polishing fluid to the semiconductor substrate.

8. The process of claim 7, wherein the step of mixing is performed such that at
least one of the first and second mixers is an in-line mixer.
35
9. The process of claim 7, wherein:
the process further comprises a step of combining the first and second
fluids before the step of mixing the first and second fluids;



section; and-fl-ew-ng-the potishing fluid through the out

section to prowde g fluid to 30
sem conduct or ‘ Eﬂ msﬂ m The process of claim9,
that: the step i rst f|UIdIS per f or med

fluid includes polishing particles; the §t«§p of flow ng
performed such that 5 the second fluid includes a conp

and the polishing tharstes beflowing thefiestTiiid is performdd/ suchihagt thelfifst fltid he step
of m xing.
includes polishing particles;
the step of flowing the second fluid is performed such that the second
fluid includes a component selected from an acid, a base, or a
5 diluent; and
the polishing particles and component initially contact during the step of
combining.

f the mxing

10. The process of claim 7, further comprising steps of:
10 combining the effluent and the third fluid before the step of mixing the
effluent and the third fluid; and
flowing the effluent and the third fluid through a tube between the steps
of combining and mixing the effluent and the third fluid.

15
11. A process for polishing a semiconductor substrate comprising the steps of:
placing the semiconductor substrate in a chemical-mechanical polisher;
and
polishing the semiconductor substrate using a polishing fluid including
20 steps of:
flowing a first fluid through a first feed line into an open end of a
funnel, wherein the open end is exposed to an oxygen-
containing gas;
flowing a second fluid through a second feed line into the open
25 end of the funnel;
mixing the first and second fluids within the funnel to form the
polishing fluid; and
flowing the polishing fluid out of the funnel to provide the
polishing fluid to the semiconductor substrate.
30



