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1 * A CHEM CAL MECHANI CAL PCLI SHI NG SYSTEWARIS I%ESI‘ﬁGD’THEREFO?
Background of the Invention 5 The present inventi,on relates, in
general, to chem cal mechani cal planarization (dmﬁﬁ*syéfgns and nore
particularly, to punps used in CVP systens; Chem cal nechani cal

pl anari zation (also referred to as 10 chem cal nmechanical polishing) is a
proven process in the nanufacture of advanced integrated circuits.
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in almost all stages of semiconductor device fabrication.

Chemical mechanical planarization allows the creation of
_ finer structures via local planarization and for global

15 wafer planarization to produce high density vias and
interconnect layers. Materials that undergo CMP in an
fintegrated circuit manufacturing process include single and
boljcrystalline silicon, oxides, nitrides, polyimides,
aluminum, tungsten, and copper.

20 "At this time, the expense of chemical mechanical
planarization is justified for components such as
microprocessors, ASICs (application specific integrated
circuits), and other semi-custom integrated circuits that
have a high average selling price. The main area of use is

25 in the formation of high density multi-layer interconnects
required in these types of integrated circuits. Commodity
devices such as memories use little or no CMP because of
cost.

The successful implementation of chemical mechanical

30 planarization processes for high volume integrated circuit
designs illustrates that major semiconductor manufacturers
are embracing this technology. Semiconductor manufacturers
are driving the evolution of CMP in several areas. A first
area is cost, as mentioned hereinabove, CMP processes are

35 not used in the manufacture of commodity-integrated
circuits where any increase in the cost of manufacture
could impact profitability. Much of the research in CMP is
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wafers in less time. Increased throughput is only
significant if the CMP tool reliability also increases. ‘A

15 fourth area of study is the removal mechanism of
semiconductor materials. Semiconductor companies are
somewhat reliant on a limited number of chemical suppliers
for the slurries or polishing chemistries used in different
removal processes. Some of the slurries were not developed

20 for the semiconductor industry but came from other areas
such as the glass polishing industry. Research will
inevitably lead the industry to high performance slurries
that are tailored for specific semiconductor wafer
processes. Advances in slurry composition directly impact

25 removal rate, particle counts, -selectivity, and particle
aggregate size. A final area of research is post CMP
processes. For example, post CMP cleaning, integration,
and metrology are areas where tool manufacturers are
beginning to provide specific tools for a CMP process.

30 ' Accordingly, it would be advantageous to have a
chemical mechanical planarization tool that has improved
reliability in a manufacturing environment. It would be of
further advantage for the chemical mechanical planarization
tool to reduce the cost of polishing each wafer.

35
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a chem cal mechant I za I'n accordance with the
present i mﬂ@tammatlon (CMPF| o3 im acmmam%\mdﬁh fthe Presensl
mechani cal lolﬂyéﬂgﬂﬁgatlon (CWP) tool of FIG 2 in accordance with the

present invention; FIG 4 is a cross secti,on I | Lustration of a
di aphr agm punFICor 3udé PnSidenEhew LT ke '331 E}?Eh’iafﬁf ﬁm tool in
10 planarization (CMP) tool of FIG. 2 in accordance with the
present invention;

FIG. 4 is a cross-sectional illustration of a diaphragm
pump for use in a chemical mechanical planarization tool in
accordance with the present invention; and

15 FIG. 5 is an illustration of a slurry delivery system
for a chemical mechanical planarization tool in accordance
with the present invention.

20 Detailed Description of the Drawing

A main component used in a chemical mechanical
planarization (CMP) process is the polishing slurry. The
slurry is a mixture of abrasives and chemicals, which

25 mechanically and chemically remove material from a
semiconductor wafer. The chemicals used in a slurry depend
on the type of material being removed. Typically, the
chemicals are either acidic or basic, which makes them
strongly corrosive. The siurry is a consumable that is

30 constantly replenished during a process as wafers are
polished. This makes it a major consumable cost factor in
a CMP process.

Other examples of consumables in a CMP process are
deionized water and polishing pads. Polishing pads, which

35 typically comprise polyurethane or some other polishing
media are probably the second highest cost consumable in a
CMP process. The cost of a pad per wafer typically is on



accordance with the present invention; and 15 FIG 5 is an

Il kustration of a slurry delivery system for a chem cal nechani cal

pl anari zation tool in accordance with the present invention. 20
Det ai | ed Description of the Drawi ng - 4 A main conponent used in a
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cost | ess t hanpgovides the polishing chemistry to the semiconductor wafer

' 10 for polishing. Current CMP tools use peristaltic pumps to
deliver the polishing chemistry to the semiconductor wafer.
CMP tool manufacturers use peristaltic pumps because they
allow the medium being delivered to be isolated from any
pump components. This protects the critical pump

15 components from the abrasives and corrosive polishing
chemistry.

FIG. 1 is a cross-sectional illustration of a
peristaltic pump 12 used to deliver slurry in a chemical
mechanical planarization tool. The isolating mechanism of

20 a peristaltic pump is a flexible tube 13. Ideally, the
flexible tubing is impervious to the chemicals in the
slurry. For example, flexible tube 13 is commonly made of
silicone or norprene-type compounds. The polishing
chemistry is delivered through flexible tube 13. The

25 slurry never comes in contact with any component of
peristaltic pump 12 by confining the slurry within flexible
tube 13. One end of flexible tube 13 is coupled to an
input (IN) for receiving slurry while the other end of
flexible tube 13 is coupled to an output (OUT) of

30 peristaltic pump 12.

A rotor 14 spins within a housing 16 of peristaltic
pump 12. Rotor 14 is coupled to a motor (not shown).
Attached to rotor 14 are rollers 15 for progressively
compressing flexible tube 13. A minimum of two rollers are

35 wused in a peristaltic pump while some pump designs have
many more rollers. The slurry is pushed or squeezed
through flexible tube 13 as the rollers rotate within



pbrceht of the cost of polishing slurry per wafer. Clearly, the |argest
gakn in reducing the cost of chem cal 5 nmechanical planarization per wafer

can be found in the cost of the polishing slurry. A slurry
delivery systemis a conponent of a chenic? mechani cal planarization
tool. The slurry delivery system provi des the polishing chemstry to

the sem conductor wafer 10 for polishing. Current CVP tools use peristaltic
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tube 13 asithe gyghbResat?bal Catit 8&Ptling. The slurry, if allowed to sit
or dry, subsequently clogs the delivery system, which
results in a system that does not perform correctly, or
damages a wafer.
To avoid the above mentioned problems, most slurry
20 delivery system recirculate the slurry where possible. In
addition, the system is flushed with water where
recirculation of the polishing chemistry is not possible.
Flushing with water often causes flexible tube 13 to
rupture due to high water delivery pressures. The problem
25 occurs because rollers 15 pinch flexible tube 13 against
the housing 16 which prevents Water flow. Water pressure
at the input of peristaltic pump 12 inflates flexible tube
13 with water causing it to rupture.
As mentioned previously, the highest consumable cost in
30 a chemical mechanical planarization process is the
polishing chemistry. In theory, a minimum required amount
of slurry is delivered by a chemical mechanical
planarization tool, which uniformly removes a predetermined
amount of material from a semiconductor wafer surface.
35 Providing less than the minimum required-amount of
polishing chemistry produces non-uniform planarization, or
worse, a damaged wafer. Providing more than the minimum



5 "< housi ng 16. An advantage of a peristaltic punp is freedom from

I nternal | eakage. Leakage only occurs if the tube ruptures. The anopunt
of material that is delivered by peristaltic punp 12 is determ ned by
the tube internal 5 diameter, duroneter, |1 thickness, and delivery
pressure. The rate of output delivery s changed by varying punp

speed. In general, peristaltic punp 12 is sinple, cost '
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Typically, service for peristaltic pump 12 for replacement

15 of flexible tube 13 is on the order of once a month.
Another issue that is taken into account in determining

the delivery rate of slurry is the input pressure. The
input pressure (from a glébal slurry delivery system) of
the polishing chemistry brought to peristaltic pump 12

20 wvaries significantly, for example, a range of 1406.2 to
7031.0 kilograms per square meter (2 to 10 pounds per
square inch) of pressure would not be uncommon. In
general, global slurry delivery systems are capable of
providing slurry pressures in excess of what flexible tube

25 13 can withstand. Peristaltic pumps are sensitive to the
input pressure of slurry. 1In fact, the delivery rate
increases with higher input pressures because flexible tube
13 expands, carrying a larger volume, as the pressure
increases. The onboard slurry delivery system of a CMP

30 tool is set up to delivery greater than the minimum
required amount of slurry at the lowest input pressure.
Thus, a significant amount of slurry is wasted when the
slurry input pressure is higher than the minimum pressure.

The delivery rate is also affected by plastic

35 deformation of flexible tube 13. The rollers continuously
squeeze or milk flexible tube 13 to deliver the polishing
chemistry. Initially, flexible tube 13 rebounds to its
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woul d not be unourenily Ko not géfieradnygtyibaloSinealy Wald wengingsbéns are
capabl e of slurry flow. Semiconductor manufacturers do not want to

chance going below the minimum required slurry flow so the

15 slurry flow is compensated by a high initial delivery rate.
The high initial delivery rate ensures that the minimum
acceptable slurry flow is met until a time when flexible
tube 13 is routinely changed for maintenance. The high
initial delivery rate wastes slurry because the slurry

20 delivery system provides more than is needed. It is
estimated that the increased delivery rate of a typical
chemical mechanical planarization system wastes |
approximately 25 percent or more slurry. Having an excess
of more than 50 percent of the minimum required amount of

25  polishing chemistry during the planarization process is not
uncommon.

FIG. 2 is a top view of a chemical mechanical
planarization (CMP) tool 21 in accordance with the present
invention. CMP tool 21 comprises a platen 22, a deionized

30 (DI) water valve 23, a multi—input valve 24, a pump 25, a
dispense bar manifold 26, a dispense bar 27, a conditioning
arm 28, a servo valve 29, a vacuum generator 30, and a
wafer carrier arm 31.

Platen 22 supports various polishing. media and

35 chemicals used to planarize a processed side of a
semiconductor wafer. Platen 22 is typically made of metal
such as aluminum or stainless steel. A motor (nét shown)
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second input coupled to a slurry source, and an output.

15 Control circuitry (not shown) disables all the inputs of
multi-input valve 24 or enables any combination of wvalves
to produce a flow of selected material to the output of
multi-input valve 24.

Pump 25 pumps material received from multi-input valve

20 24 to dispense bar manifold 26. The rate of pumping
provided by pump 25 is user-selectable. Minimizing flow
rate variation over time and differing conditions permits
the flow to be adjusted near the minimum required flow
rate, which reduces waste of chemicals, slurry, or DI

25 water. Pump 25 has an input coupled to the output of
multi-valve 24 and an output.

Dispense bar manifold 26 allows chemicals, slurry, oxr
DI water to be routed to dispense bar 27. Dispense bar
manifold 26 has an input coupled to the output of pump 25

30 and an output. 2An alternate approach utilizes a pump for
each material being provided to dispense bar 27. For
example, chemicals, slurry, and DI water each have a pump
that couples to dispense bar manifold 26. The use of
multiple pumps allows the different materials to be

35 precisely mixed in different combinations by controlling
the flow rate of each material by its corresponding pump.
Dispense bar 27 distributes chemicals, slurry, or DI water
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sem conduct or “@I the ?sﬁgpééﬁ éﬂgf%ﬁgpdewgkegekgkrler éﬂﬁh3fs

al umi num or st arntess
8 couplegppdlssaaehseg ssiemtﬁbxﬁquwnﬁgnga ensp tbeapglishingrpital ,

or linear {@ti &@dah WapEacs! ec_*cﬁ%@néf&i AGRfer c3RP4E: arm 31 isDehgabzed
wat er val ve 23 has an | nput ,and an output 5 The input is coupled to a D
wat er source. C&nEpPspry motion as well as a linear motion.

semiconductor wafer is held onto a wafer carrier by vacuum.
Wafer carrier arm 31 has a first input and a second input.
Vacuum generator 30 is a vacuum source for wafer
15 carrier arm 31. Vacuum generator 30 generates and controls
vacuum used for wafer pickup by the wafer carrier. Vacuum
generator 30 is not required if a vacuum source is
available at the manufacturing facility. Vacuum generétor
30 has a port coupled to the first input of wafer carrier
20 arm 31. Servo valve 29 provides a gas to wafer carrier arm
31 for wafer ejection after planarization is complete. The
gas is also used to put pressure on the backside of a wafer
during planarization to control wafer profile. In an
embodiment of CMP tool 21, the gas is nitrogen. Servo
25 wvalve 29 has an input coupled to a nitrogen source and an
output coupled to the second input of wafer carrier arm 31.
Conditioning arm 28 is used to apply an abrasive end
effector onto a surface of the polishing media. The
" abrasive end effector planarizes the polishing media
30 surface and cleans or roughens the surface to aid in
chemical transport. Conditioning arm 28 typically is
capable of both rotational and translational motion. The
pressure or downforce in which the end effector presses
onto the surface of the of the polishing media is
35 controlled by conditioning arm 28.
FIG. 3 is a side view of the chemical mechanical
planarization (CMP) tool 21 shown in FIG. 2. As shown in



circui'try (not shown) enables or disables DI water valve 23. DI water

I s provided to nulti-input valve 24 when DI wat er val ve 23 is enabl ed.
Mul ti-input valve 24 allows different materials to be punped to

di spense bar 27. An 10 exanple of the ty 8s of materials which are input
to multi- I nput val ve 24 are chenicalg, slurry, and deioni zed water.

In an enbodi nent of CWP tool 21, nulti-input valve 24 has a first input

coupl ed to the.out gut c%tdrﬁ;?lk}tiwﬁ}g& 42hV2s ZhcPudes o 2RRNLonBRMGoRRYP! ed 10 a

slurry source, "and “dn ou ntrol circuitry (not _shown) disables

all the input scowling 33 endj apuendaefiecon3naliis toe) ednbimabesn of
Va: ;/?S_ ttO ilFifdei&é%24 & E)b@.‘i’sﬁ%néeinggié@mt£rcﬁa&ixitﬁ1‘ tﬂl%p@lSprb ehrrier

mul ti-input valyve : . Pu u mat erj al receiv om

mul ti-input vHWE X8 ?ACFEr&%pgg%“ﬂBgYnﬁni ei'&il%.mo‘*fﬁ§ Sgt'ei"ﬁf"tpurrpi ng
provi ded bg puRrhdingex 39¢r enellestigbl £0, Mud neemingpriduntor wafetre77ari ati on
over tinme and differi.ng.condit..ons,perm4is t fl ow,t,o b | d near
t he m ni num r equi IP«?&J‘F?&W me&f’%t 24 Wli%%acﬁee%uocnegﬁv?‘é:s ezgf' ch g%éﬁsﬁ'
slurry, or DI m8iskimg med@ang423shattachedpte plaksred®2 eistimg eut put of '
mul ti-val ve 23)%1&% %léfn%%ttive adhesiﬁé?peﬁéfi nd Ui 3420,84AME 2
chem cals, slurry, or | water to be routed to dispense bar 27.

Di spense bar suitahlis sugfaeehapoanwhight te olpteriucs the@ddshdagof punp 25
30 and afgoutdidmistdy.al P1AEhengPREQRS N3UtprévREes FUHMRHRical each

mat eri al bei nq: rovided tao dl,s;]):ense bill: 27. For 59);[%&% e, ﬁ? %gl S,
slurry, and DI shord, anch e re-Fampliance LEer bokh ldiaé’;§2 &3 ar

mani fol d 26. Wefarsesuriface regulaplieipsops avmialle ddlfietdmg metddai al s
to be 35 precisely m i i_.ffe t | ' rod | t he
flow rate of ?a%hls}r/ra ﬁﬁgfur%fgﬁ%g é%raf eggg)g}ﬁ) %i%ﬁrp%}yd Ciq{gl?iug&esnsgg‘a%%r 27
di stributes cheetfatatiogisuory anpulpr guoves throughout the exposed

15 surface for chemical transport.

Carrier assembly.37 couples to wafer carrier arm 31.
Carrier assembly 37 provides a foundation with which to
rotate semiconductor wafer 77 in relation to platen 22.
Carrier assembly 37 also puts a downward force on
20 semiconductor wafer 77 to hold it against polishing media
34. A motor (not shown) allows user controlled rotation of
carrier assembly 37. Carrier assembly 37 includes vacuum
and gas pathways to hold semiconductor wafer 77 during
planarization, profile semiconductor wafer 77, and eject
25 semiconductor wafer 77 after planarization.
Carrier ring 36 couples to carrier assembly 37.
Carrier ring 36 aligns semiconductor wafer 77
concentrically to carrier assembly 37 and physically
constrains semiconductor wafer 77 from moving laterally.
30 Carrier film 35 couples to a surface of carrier assembly
37. Carrier film 35 provides a surface for semiconductor
wafer 77 with suitable frictional characteristics to
prevent rotation due to slippage in relation to carrier
assembly 37 during planarization. In addition, the carrier
35 film is slightly compliant as an aid to the planarization
process.



9 * onto a polishing nedia surface. Dispense bar 27 has at | east
one orifice for dispensing material onto the pol i shing nedia surface.

D spense bar 27 is suspended above and extends over platen 22 to ensure
material is 5 distributed over the majorify of the surface of the

pol i shi ng nedi a. Wafer carrier arm 31 suspends a sem conduct or

waf er over the polishing nedia surface. Wafer carrier arm 31

appl i es a user - selpget aBhai SPYRELT SuPTHRy 131e deulplsl 1o tOndtdiensngfare. |n

general, wafer carrier arm,31 is capabl e of. rotar tion |l _as a
i near notion.28 Pads@ﬁP@&ﬁ&BE?BrC&B?L+n$s3%é?]&% er® }L\réllgrelf:eby

vacuum Vfetwerdl fleitedr 2R34nbasend éffsttom@BR. aRhda effeotori Aput .
Vacuum gener at gr Sg Sleio%\é%gg%mn%aggc%f% Mfév&?%%ﬂémﬁ a2ds3h 1Macuum

generator 30 vacuum used T, er pickup bg t he
waf er carr ber .chécicah trangpostator tBe serfrce refeeandueterc wakesodr ce

S ~avai l aggﬁej_r{as{ r#ll%?xafﬁ%fda.‘m uring facility. Vacuum gener ator 30 has
0 e Tl

a port couple rst 1nput of wafer carrier 20 arm31l. Servg valve
29 provi des a gas-GhemigPdr T€ACELERS apRe SenSTIvR SR TEOSrAtIrEn affers

B' aEar ijzat } on dré]fPQ&Rivﬁ{ }haEthel raﬁéfso'fsrééé'@icbﬁe@ﬁ:'ﬂ?m% mmﬁga][sglson } he
acksi de of a wafer uring planarization ta contr waf er. nr, e. In
an enbodi MEHER JfeReasgtagic 21 Iy ﬁéeﬂégagsmﬁ&?%b%# RIS t%\?a've 29
has an inpot cen! esngerarutid lofgehes pllanarinsat bon proceasputs dmlg ed thdnt he
second input of wafer, carrier. . arm nglg tJ anl rmﬁ% I's used
to apply an abt ST Eh fFanee é‘-qugg?’%Fo%nF%ear%%)fg%ef%&{%gﬂpol I shi ng

medi a. The tatwesaterenid efdndgodded byaheatsexelangey st ng Hasth a 30

surface and cl Ukfa bl i e cial 4
transport. Con ,tl%%%%%q%q%&mea 'i:f:o pEatenapsl £&r botk i3g an

arm 28 typically Is capabpl e of both ratational
and transl ati ope®ling i orFormfxample,, when, ngFtd%%?B:I‘%% ?ﬁ”ﬁ‘rﬁﬁ’%t‘FQ%?"%d
ef fector pAEESSEBanarift ol the Wehgreathirbhesobpbhexpahtshy ngoomedi a is 35
controlled by ggl%iééa"&?}en g 6i-{erg.'t'?8éxchan<_:;er 39 heats platen 22 such that
the CMP process is above a predetermined minimum
temperature to ensure a minimum chemical reaction rate
occurs. Typically, heat exchanger 39 uses ethylene glycol
20 as the temperature transport/control mechanism to heat or
cool platen 22. Running successive wafers through a
chemical mechanical planafization process produces heat,
for example, carrier assembly 37 retains heat. Elevating
the temperature at which the CMP process occurs increases
25 the rate of chemical reaction. Cooling platen 22 via heat
exchanger 39 ensures that the CMP process is below a
predetermined maximum temperature such that a maximum
reaction is not exceeded.
Machine mounts 38 raise chemical mechanical
30 planarization tool 21 above floor level to allow floor
mounted drip pans where they are not integral to the
polishing tool. Machine mounts 38 also have an adjustable
feature to 1éve1 CMP tool 21 and are designed to absorb or
isolate vibrations. N
35 Chemical mechanical planarization tool 21 is housed in
an enclosure 40. As stated previously, the CMP process
uses corrosive materials harmful to humans and the



FIG 3 is a side view of the chenical mechani cal pl anari zation (CWVP)
toel 21 shown in FIG 2. As shown in

10 FIG 3, conditioning arm 28 includes a pad conditioner
coupling 32 and an end effector 33. CWP tog% 21 further i ncl udes a
polishing nedia 34, a carrier film35, a caflrier ring 36, a carrier

assenbly 37, machine nounts 38, heat 5 exchanger 39, enclosure 40, and

fuct gd | at 22.
o caryot o Whikehtene,. o BHO NS SR o cBbageloe 7 o
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34 provides for chem cal transport and m cro-conpliance for both gl obal

and |ocal WRPEEYsur f ace regul ariti es. Typical ly, polishing nedia
34 is a polwyuret haOpeﬁaﬁloﬁSoﬁQfﬁénh&iﬁl awd:ﬂambudeplanaﬂzatmmetté@x aions

or annul ar groyes t hr ou t he .exposed sur.face f
transport . deé&Fiﬂ%ﬁ”%%E%’rﬂ%‘? 27 (ﬂl?pl FET ST \ﬁaf:’gaega? W%Ee%? 31,
Carrier assenbmgaB® prouingdied imuthtatoperatiimy wWeischriptbion asothee are

seni conduct or ‘H%ft%%glﬁeli”b{reéa% t&&‘%%?’%&?& 5" hg{“ﬁé?'c%i [t a i st

al so puts a downwa sem conduct
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pat hways to ho g onguct or fer 77 durin | anari,zati on, Qﬁofl|e
seni conduct or cazs. JRthecstusey RaR & KEPErion Labg,

planarization.startlng gacherical ngedtartieyll gslamardaatien pgeseabsy 3X.
motor drives platen 22 which puts polishing media 34 in one
of rotational, orbital, or linear motion.

15 Wafer carrier arm 31 moves to pick up semiconductor
wafer 77 located at a predetermined position. The vacuum
generator is enabled to provide vacuum to carrier assembly
37. Carrier assembly 37 is aligned to semiconductor wafer -
77 and moved such that a surface of carrier assembly

20 contacts the unprocessed side of semiconductor wafer 77.
Carrier film 35 is attached to the surface of carrier
assembly 37. Both the vacuum and carrier f£ilm 35 hold
semiconductor wafer 77 to the surface of carrier assembly
37. Carrier ring 36 constrains semiconductor wafer 77

25 centrally on the surface of carrier assembly 37.

Multi-input valve 24 is enabled to provide slurry to
pump 25. Pump 25 provides the slurry to dispense bar
manifold 26. The slurry flows through dispense bar
manifold 26 to dispense bar 27 where it is delivered to the

30 surface of polishing media 34. Periodically, deionized
water valve 23 is opened to provide water through dispense
bar 27 to displace the slurry to prevent it from hardening
in dispense bar 27. The motion of platen 22 aids in
distributing the polishing chemistry throughout the surface

35 of polishing media 34. Typically, slurry is delivered at a
constant rate throughout the polishing process.



Carrier ring 36 aligns seniconductor wafer 77 concentrically to carrier
assenbly 37 and physically constrains sem conductor wafer 77 from
noving laterally. 30 Carrier film35 couples to a surface of carrier
assenbly 37. Carrier film35 providesqg surface for sem conduct or

- wafer 77 wwth suitable frictional characteristics to prevent rotation
due to slippage in relation to carrier assenbly 37 during

planari zation. |nyggdit b&frléf‘eaﬁﬁ‘rs‘l &held rdturisl $oshi BBELyieaN®YéANt as
an aid to the plgnar,izatiq Pad condi ti oner

coupl i ng 32 c&PiEdipg E‘Sﬁaﬁt%nl n‘@ag?lfncarn?f 5y 3doRdPERSNer coupling 32
al | ows angul arsemma:lnkiaeeer wafbet Weein phariteact? Aviashd peild sk hgctnedi’d334 End

ef fect or des al i.shing nedia 3 eV f Lat ne d aidinb5
chemi cal tranﬁ?&r"ts Bgtﬁ e?ﬁFEEXeC%YeE%rFO lﬁ?ﬁf%r d‘i]ael?;i &gfgge i ng

pl anari zed5 carrlerCheuuBélpueacdomnéozaeeQ&Hﬁﬁmmqnadugthnwaﬁaru?% tot is
wel | known thal,dilt e c@fxoﬁeﬁgﬁlggnté’l% & Uiyt 'Hifde%%ﬁﬁconduﬁftbg wafer
tenperature. I'n chem ca ani cal planarizatio the tenperature of
the planarizati’on FRoddsbdnpsmpdiag %ﬂth$nd351gQFQm§QENQQem&ﬁQé t5aBgREEB| t he
rate of reactiyichl¥lows LREREEALHI 8F | €hé Mk ad lﬂoﬂﬁ@hdéﬂhanger 39.

Heat exchanger 39 i'S cou Ied Iate 22 for hot atln
cool i ng. For é%%ﬁ&qg UGheR W F?F é?a W&Heﬁtl%ﬁ pglgr F& ari zation

t he terrpenaturagams&pmh@(pﬁaﬁ.ehyngom@dla t Agtesaett Wudlddeap &nchheger 39

heats platen 2g.sugh Uah ercpbiSeCME: PLOGESS, |6 POYS A 0] dakenmgeds

m ni mum t SHper at'ure toSansar chenm cal T1eac
cooling platen 22 to control the rate of chemical reaction.

It should be noted that it was previously stated that
platen 22 is placed in motion in relation to semiconductor

15 wafer 77 for mechanical polishing. Conversely, platen 22
could be in a fixed position and carrier assembly 37 could
be placed in rotational, orbital, or translational motion.
In general, both platen 22 and carrier assembly 37 are both
in motion to aid in mechanical planarization.

20 Wafer carrier arm 31 lifts carrier assembly 37 from
polishing media 34 after the chemical mechanical
planarization process is completed. Wafer carrier arm 31
moves semiconductor wafer 77 to a predetermined area for
cleaning. Wafer carrier arm 31 then moves semiconductor

25 wafer 77 to a position for wafer unloading. Vacuum
generator 30 is then disabled and servo valve 29 is opened
providing gas to carrier assembly 37 to eject
semiconductor wafer 77.

Uniformity of the chemical mechanical planarization

30 process is maintained by periodically conditioning
polishing media 34, which is typically referred to as pad
conditioning. Pad conditioning promotes the removal of
slurry and particulates that build up and become embedded
in polishing media 34. Pad conditioning also planarizes

35 the surface and roughens the nap of polishing media 34 to
promote chemical transport. Pad conditioning is achieved
by conditioning arm 28. Conditioning arm 28 moves end



occurs. Typically, heat exchanger 39 uses ethylene glycol 20 as the
tenperature transport/control nmechanismto heat or cool platen 22.
Runni ng successive wafers through a chem cal mechani cal pl anarization
process produces heat, for exanple, c i er assenbly 37 retains heat.

El evati ng the tenperature at which the process occurs increases 25
the rate of chemcal reaction. Cooling platen 22 via heat exchanger 39

ensures that tigeQVPLPr 9¢eRn & S-AVLRY e BIEURKALThOGH NBK! Mg

tenperature su a Tvexi rum
Machi ne nount seffectdre3dHaas @lsuﬁ@mc@artegowmhamduﬁri@h diggtorzs above
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integral to the Machi ne nmounts 38 al so, have an
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i sol at e vi by at hagSendSeffect&IEIE ad AMhABNGALap! éaﬂbli&ﬁd:@rbé@ﬁéer?l i's

housed in n._enclosur stated_preyi o e opess
uses corrosivepiﬁFﬁPi% Sy r?ﬁ%nef 53 ﬁ%kanlng arm 28 %1
12 envi r capeble &fictosare aiiid p:rmnsitas:lbhalemoapenoto aid pan tpacdil at es

and chem cal ggﬂést%§$ingnv %gh}%éﬂgygf5ﬂﬂhg is ggﬁptgﬁ% gre housed

wi thin encl osure I A ur of chem cal
mechani cal pIap&ﬁn23126h1©@d¢rqgess, hQ§Wﬁ§@CMB§@§ ﬁ§ﬁ§tﬂbew@i/t¢b specific

order of St®EpScbiditioAPANhew pdd iR itd WaFeRPpi-8bbRgiAgsSCription as they
are determned_by a large_extént tQ the type of ,sem conductor . wafer

pol i shi ng bei ng |n%?e%%#ﬁ%RFeq%ﬁﬁeW%ﬂﬂ$&ﬂgePeﬁgsﬁééFéc pumps as used in
the process for the delivery of polishing chemistry

(slurry) in chemical mechanical planarization tools do not
provide the polishing chemistry at a constant rate. The

15 rate of delivery decreases with time. The peristaltic
pumps are set to a high rate of delivery to compensate for
the rate decrease over time to ensure that a sufficient
amount of polishing chemistry is provided to the polishing
media to planarize a semiconductor wafer without damage.

20 The high rate of delivery provides more polishing chemistry
than needed, typically greater than 25 percent of the
polishing chemistry delivered is unneeded and wasted in the
planarization process.

Empirical studies show that a minimum delivery rate of

25 polishing chemistry can be defined for each type of
planarization process. Providing less than the minimum
delivery rate of polishing chemistry results in non-
uniformity of the wafer planarization, a decrease in polish
rate, or worse, wafer damage. Providing more than the

30 minimum delivery rate wastes the polishing chemistry
increasing manufacturing costs. Thus a pump that provides
an accurate and constant delivery rate over time is
desirable. One such pump is a positive displacement pump .
A positive displacement pump displaces or pumps a fixed

35 volume of material in each pumping cycle: For example, a
peristaltic pump is not a positive displacement pump
because the volume of material being delivered varies



10 platen 22 to a predeternined tenperature to ensure chem cals in the
sl:urry have a m ninumreaction rate when starting a chem cal nechani cal
pl anarization process. A notor drives platen 22 which puts polishing
media 34 in one of rotational, orbitalyg or linear notion. 15 Waf er
carrier arm 31 noves to pick up sem conduct or wafer 77 located at a
predeterm ned position. The vacuum generator is enabled to provide

vacuumto carrg eéﬁT?”uiﬁh input/ predkiker angsefivéys Sy vt itdmed t Gn

sem conduct or wa 77 an

h that_a surface carrier
assenbly 20 co??E%IEQ]se tqe %m&?§egl§9§§°8¥‘e§5nﬁ’%d’tﬁct% ]\ﬁé’?’«f
Carrier film 3Sufys. aties Edpheaghe panpf dekivéreaarfixed volaseemsl y 37. Both

t he vacuum and ca f h 77 h
surface of car‘P‘?‘Err%@r@?en%e%OfCéPPugnbﬁg%g%% %%l ns to the
sem conductsor waf eFIE.7 Qiscanmbbyseqttheakullh@%tltﬁtm ifele gdophisRgM37.
Mil ti-1 nput Vgﬁlﬁﬂ}'f d:e'l?éﬂé 99, L0 Refykde ﬁ%l:'fxéﬂléé.’l Pl or 125

provi des the | spense bar e slurry flows
t hrough di spenie wordanqrmmzftéx a‘—h,%pmse%péﬁgenﬁa?nw Dt ggm jpump

delivered to the §Qofé‘t§é§%ﬁfnd3@dx@&h%ﬁt§9$kam3ﬂheP@érﬂ%ﬁi’é|y, dei oni zed
wat er valve 23 I's opened pr.ovi de wat er througl]'u_ydl s nse bar. 27 to

di spl ace the sFheRiStries e‘?/ferﬁhq SYYEEN - haFyRAFR alh weited mfaces,
The noti on of afaaﬂapﬁfa@hw 41 ardi s pbuymengcbinpoapbtmmngamem gﬂrq/

t hr oughout the sy ce 3 O|IShI S
del i vered at aP ﬁbﬂ% Iéy't hﬁ&%‘&%%g‘?ﬂ'tﬁﬁ% ﬁlﬁ?%%g%r%%gsséhﬂ an
13 VbﬁEputarmplumew AR t kerrotetdngs mepberpdd; t & ohiamaragm 44,
a check valve 45, a check valve 46, and a chamber 47.
Diaphragm 44 as shown is fitted to a surface of plunger

15 42. Diaphragm 44 isolates the polishing chemistry from
moving components of diaphragm pump 41. An alternate
approach has a plunger pressurizing a small volume of
hydraulic f£luid which in turn displaces a diaphragm. The
advantage of using pressurized fluid is equalized pressure

20 on the diaphragm. A motor (not shown) rotates rotating
member 43. Rotating member 43 couples to plunger 42 where
rotational motion is translated into reciprocating ﬁotion-
for moving plunger 42.

Check valve 45 allows polishing chemistry to enter into

25 diaphragm pump 41. Chamber 47 varies in volume depending
on the position of plunger 42. Chamber 47 has a maximum
volume at the bottom of the stroke of plunger 42.

Polishing chemistry provided at the input of diaphragm pump
41 is under pressure. The pressure opens check valve 45

30 allowing polishing chemistry to enter and fill chamber 47.
Upward motion of plunger 42 overcomes the input pressure of
the polishing chemistry closing check valve 45. Chamber 47
has a minimum volume when plunger 42 is at the top of the
stroke. Plunger 42 pushes check valve 46 open and delivers

35 a volume of polishing chemistry equal to-the difference
between the maximum and minimum volumes of chamber 47.
Check valves 45 and 46 prevent backflow through diaphragm



polishing nedia 34. Wafer carrier arm 31 pl aces sem conductor wafer 77
I n: contact with polishing nedia 34. Pol i shing chem stry covers
polishing nmedia 34. Wafer 5 carrier arm 31 puts downforce on sem conduct or
wafer 77 to pronote friction between t?g slurry and sem conductor wafer
77. Polishing nedia 34 is designed for chefntcal transport whi ch al | ows
chem cals of the slurry to flow under sem conduct or wafer 77 even

though it is bej ess | t 1S REchBdLdy ASnhSat £Pu; ! ds
up in the gg@%e2$°hegﬁ.%§% aﬁggﬁi%QQSEQ%EEEQ%?bﬁﬁ%ea??ng platen 22 to
cool i ng pl at enipothe epmesifet e Fenerss draatdeon (eutppsnto input) |t

shoul d be not egnirbabhi HivBAraGRVb@HS 41 St ated that platen 22 is placed
in motion in relatjon ﬁo se Eonductor waf_er 7; for gecganﬁcal
pol i shing. Conver sBE§PRERAR e 255 not oxmEE ER Ehe fBHSPESYRFER and
carrier ass®nbpjlasticodefiormatben pbamers. n et atxomralioner bift plunger 42

transl ati onal tiaqn, n t ten 2 n L Ler nbl y
37 are both “*n HSPiSﬁa#odggﬁﬁ#$§¢néﬁté%¢gﬁiﬁJﬁghéF%zgfﬁ§%55§03ﬂgﬁg Vaf er
carri er arm 31 alfitkers eaghr bempasyehd! y SrfiasnrequigeentisnjorediapiBragint er

the chenical mpghaniygabre a1RbERARLEALLANAOGERT by SAMRLEhEda1 YS! er

carrier arm31 noves sem conductor wafer 77 to a predeterm ned area for
cl eani ng. \af eFeSHCingr dgwpt3met feR FRRANica: MRhaRisaloBlaRpELZeY1eB o
posi ti onI f 00 2\3&5@1 .unt:ﬁgg‘éﬂerawcw_ e servided dirledfvall fox aﬂthﬁl%%mbb@dp and
servo val ve I,S ,0pene provi di to,.carrier asse to eject
ser conductor i 48" B9 vearsPES ol he RuieRiiagm, 3887 EIck, Ynts, 65

pl anari zati on Yhepmotexsdirivenassembky. by periodically conditioning
pol i shing nmedi a 34,.whi |.S I gl ref e p opditioni ng.
Pad condi tioning ppé%bggg%h%w’gr%ga}}gsofa p%rtrhs%tfrrb ?‘x%g}r?dﬁgg}l%:i Eﬁl gﬂ%s t hat
build up and bevdputetbadidég independent of rdrermsisdi tion pAdpdynderi 44 ng

al so pl anaisze@h@ih%tSP&Easarénéfr%méﬂﬁ@%@i‘i& | g Ageprdi a 34
to pronot e chem cal ransgort._Pad conditionl ng is_achieved by

condi ti oni ng aRASEhIBGGREMGRERY Bpthe 8RRl $hPut also opens check
. valve 46. Polishing chemistry will flow out of the output

of diaphragm pump 41 once chamber 47 is filled, wasting
polishing chemistry. This problem is solved by holding
20 check valve 46 closed during the downstroke of plunger 42
as chamber 47 fills.
FIG. 5 is an illustration of a slurry delivervy system
51 for a chemical mechanical planarization tool in
accordance with the present invention. Slurry delivery
25 system 51 comprises a check valve 52, a diaphragm pump 53,
a check valve 54, a back pressure valve 55, a dispense bar
manifold 57, a dispense bar 58, and a platen 59.
Check valve 52 includes an input for receiving
polishing chemistry and an output. Polishing chemistry
30 flows in the direction indicated by an arrow. Check valve
52 has a pathway that can be blocked to stop the flow of
polishing chemistry. The pathway is blocked should the
polishing chemistry attempt to flow in a reverse direction
(backflow) to that indicated by the arrow. In other words,
35 check valve 52 allows the polishing chemistry to flow in
only one direction (into the pump).



14 ' effector 33 into contact with polishing nedia 34. End ef fector
33 has a surface coated wth industrial dianonds or sone ot her abrasive
whi ch conditions polishing nmedia 34. Pad conditioner coupling 32 is

bet ween conditioning arm28 5 and end effggtor 33 to all ow angul ar
conpl i ance between pl aten 22 and end éffector 33. Conditioning arm 28
S capable of rotary and translational notion to aid in pad

condi ti oni ng. Padrﬁ%ﬁ gﬂnb{lﬂg' 53 Ae LW}t couplitld@Rar Lhat bQE'pQEOGESS
bet ween wafer starts, to 1 condition_a new pa prlor to,wafer

processi ng. Check V/%lvr‘?eﬁ:‘tzl 8REdaBr eutBs| for pi%‘?‘?‘é’t ng ® ings ysed in
the process fQihéxﬁ%t(i@I | Vehg Qﬁpaelpﬁesgwrémfnaié )pollsﬂlﬁlgubhﬁnlbﬁrﬁ
i shi ng

chem cal nechani cal pl anari, atlog1 ooIs éhnOt 1#%@ vi,de t he

chemistry at £XbiAAnSIERIEICHAELYs PigRhraony® d‘écfieggg VFh time.
The perlstaltldlsplaqamqmt @mmpsehereby ﬁiqw&dimgaaﬁcahﬂmsnanp volamepefisat e
for t he r e amount
of polishi ng %a%gle%\ri%\q/ﬂr&eggt ?he %%ﬁ VEﬁEh aea%ﬂf%@? %&o planari ze
a sem conduct d?lamrr@gm\mm&daﬁagépahbe qfnegmegwaﬁrmga vstryd ighe pptput
provi des nore poldshidg 19#%‘1%&5& the ,%Sfﬂ ﬂﬁ?@l%e:ﬁ:y&ﬁaldovmgvc%w than

25 percent of the pol i.sh |ng hem s delivered is unneeded and wasted
in the pl anar (F8KovapvEcadsincludes aﬁﬁﬁﬂﬂ#ﬁxﬂ°¥ﬁ%ﬁﬁ &8 Sh8wouRRYt,

m ni num debi veﬁy diaighrelon? pumpobBs BhdJas hetsht y CRILixhidef icheaikeiyeach
doltvery rat e SROBb bR, HRERELPPy LPALARFea Bt B, g Fotye | e
waf er pl anari Z# iqperateteisdderily pol chéck vabaﬂa 652 (and/\urmﬁ,udmf er damage.
Provi di ng nmor &4y 30 ¢ aﬂ %”B%Qﬁlaa"%ysE%etﬂ@Sﬁ% td?ﬁ il 9
chem stry I ncreasi ng manufacturing costs us a punp t t provi
chemistry. The pathway through diaphragm pump 53 is
15 Dblocked by check valves 52 and 54 should the polishing
chemistry attempt to flow in a direction opposite of that
indicated by the arrow.
Back pressure valve 55 is employed in slurry delivery
system 51 to eliminate the waste problem due to the
20 polishing chemistry flowing through diaphragm pump 53
because of the pressure of the polishing chemistry at the
input of check valve 52. The input pressure of the
polishing chemistry opens check valve 52, fills a chamber
of diaphragm pump 53, and opens check valve 54, flowing
25 polishing chemistry out of the pump. Back pressure valve
55 creates a pressure differential across check valve 54
such that the pressure differential holds check valve 54
-closed to prevent the unwanted.flow of the polishing

chemistry.

30 Back pressure valve 55 comprises an input, an output, a
pathway 61, a valve 63, pressure control 56, and feedback
control 64 (optional). The input of back pressure valve 55

couples to the output of check valve 54 and pathway 61.
Pathway 61 is blocked by valve 63. Pathway 61 forms a

35 contiguous channel from the input to the-output of back
pressure valve 55 when valve 63 is opened. A predetermined
pressure is applied to valve 63 by pressure control 56



an accurate and constant delivery rate over time is desirabl e. One such
puitp is a positive displacenent punp. A positive displacenent punp

di spl aces or punps a fixed 35 volunme of material in each punping cycle.

For exanple, a peristaltic punp is not $ positive displacenent punp
because the volune of material being deli v]e ed varies

15 directly with input pressure and inversely with tine. An

o o DU S B ORIty 17 C\RGn o B 7

di aphragm punp [ VE I Xel ] erial 1 ndependent” of input
pressure changpsoviding pelishing chemisgsy. focthenarrit| aftbagk @regsure

di aphr agm RHIPe4d5 T RAVISE & preddiffE Gilicieehasas! tht apREdEEEHRThPO!
in accordance with the present inventiqn. Di_aphragm unB 1 isol ates
movi ng conponeRFESFRBRT t h%e%@??‘?}%iﬁefgal °“@n§ﬁgsf"388§%8? ’Eh‘é"sé]i‘ﬁry.

Typi cal ly, =l | preteedrminiédcssedduref di aphragm punp 41 are a pol ymer

an oot an | obRRUorese TR e Ply FhAER S g,
44, é checbemaraeeéébyasetmiﬂgwﬂheupnﬁﬂeuﬂmmiaedhpnbssuné.of pressure

Di aphr agm 44 aéoﬁE?}Q‘ﬂ 58 Ebtéf#ré%x%efﬁ#e%%%r%h&h“ﬂﬂ%rmééméﬁ-i?ﬁ?é@phragm

44 isol ates the po |sh|ng chem st nDV|ng conponents o I aphragm
pie

punp 41. An al peegatse of Hhereakbishing chemiskay ptesbar ippul af seheck

volunme of 10 Ryd4aubde frerdexdihsle, mddie dhePliapat Prdbstbeagm cHde

advant age of wusi ressurized fluid.is equalized pressure 20__on the

i aphr agm A PBASFDLRS: CERBYRSTY Al OB 0F CheckoRBLYS452 YRFHeF ng

menber 43 coupwéshtin pl vagee £ MG L2 to 7031al kidbgramsoperssiuans| at ed

Into reCIproca&bggrnq5lgg 10 pounds per square inch). The maximum input
pressure is 7031.0 kilograms per square meter. Setting

15 pressure control 56 to provide a pressure of 10546.5
kilograms per square meter (15 pounds per square inch) on
valve 63 ensures that check valve 54 is closed until
diaphragm pump 53 is ready to deliver a precise volume of
polishing chemistry. A minimum pressure differential of

20 3515.5 kilograms per square meter (5 pounds per square
inch) holds check valve 54 closed during the down stroke of
diaphragm pump 53. A maximum pressure differential of
9140.3 kilograms per square meter'(13 pounds per square
inch) occurs when the polishing chemistry pressure at the

25 input of check valve 52 is 1406.2 kilograms per square
meter (2 pounds per square inch). Diaphragm pump 53 is
able to pump polishing chemistry at pressures exceeding
10546.5 kilograms per square meter (15 pounds per square
inch). _

30 A pumping cycle illustrates how waste is minimized in
slurry delivery system 51. To start, assume diaphragm pump
53 is at the uppermost part of the stroke having delivered
a metered amount of polishing chemistry. The plunger
starts on a downstroke opening up the chamber of diaphragm

35 pump 53. The pressure at the output of check valve 54 is
greater than the pressure at the input of check valve 54
holding the valve closed. The input pressure of the



f or frbvi ng plunger 42. Check valve 45 allows polishing chemstry to
ertter into 25 diaphragm punp 41. Chanber 47 varies in volune depending

on the position of plunger 42. Chanber 47 has a maxi num vol une at the
bottom of the stroke of plunger 42. R@l i shing chem stry provided at

t he i nput of diaphragm punp 41 is undér pressure. The pressure opens
check valve 45 30 allowi ng polishing chemstry to enter and fill chanber
47. Upwargsh N3t 104y @heml%w aﬁztﬁéé CLAOHE Sof h@nééw IR S bg,eﬂg

t he polishing c¢chemi stry cl osi ng k val ve 45, as a

m ni mum vol umé lsger £3 |1§n§t theechaypper ?%éilaphra@‘k &WEP PBunger 42

pushes check waltsa %@m@@& fehtHesStBE bt tieth WIE tHe m&a&ecfieﬂbst ry

equal to the dlff rence en_the na mum and _,m ni_ num.vol u
chanber 47. kS fide t§ CalF* 8 Br We%ac%}f%\ﬁqwguﬁﬁ rT|'E<§pf-?rfagm
16 pénp the plungdegenerdtesppressung aterhetinputamfotchidohwvalvei n

the opposi te afy [ eusiiseufliiethieaat PHEBUL-L AN o 140N gBftga

punp 41. ragn14 S no ef or ere astic
def or mati on oé@ﬁ%ﬂaﬂh@r&é@r $hemstorepnommyesmpressible.e mwsure

di aphragm 44 rednsmsedd® byt Fitpbhehbal pahsPss excé’éci@rtlf‘éﬂ‘%éaé@éxﬁﬁ.ﬁéa
Servi ce reqw renents for i a ragm E Eﬁy 41 are al nost non-exi st ent
YadBRnP? Ny 1

t hereby subst &RTHYF PP &fn R eSSWiR R He Savbd sk
pl anari zatloon difend aleck algencdabndt heleer &3 ce Tﬁé e Malgdrolo£di aphr agm

P oo | AR b SPlSRL R, R W Unthpenr s Tor,
input to the delivering polishing chemistry at the output of back
pressure valve 55. Note that with each pump cycle the
plunger displaces a precise volume in the chamber, which is
15 independent of the pressure at the input of check valve 52.

In an embodiment of back pressure valve 55, the
predetermined pressure is mechanically generated to hold
valve 63 closed. Typically, a spring provides the pressure
holding valve 63 closed. The magnitude of the pressure is

20 controlled by a screw mechanism which compresses or
decompresses the spring to respectively increase and
decrease the predetermined pressure. In general, a
mechanically adjustable back pressure valve allows a single
setting for the predetermined pressure which is adequate

25 for most applications.

Feedback 64 allows adjustment to the predetermined
pressure provided by pressure control 56 holding valve 63
closed. Changes in the polishing chemistry pressure at the
input of check valve 52 are sensed and added or subtracted

30 to the predetermined pressure holding valve 63 closed
thereby providing a constant polishing chemistry pressure
at the output of back pressure valve 55. Having an
adjustment for the predetermined pressure allows the
pressure differential across check valve 54 to be constant

35 or regulated. Both pneumatic or electric feedback are used
to compensate for changes in the polishing chemistry
pressure at the input of check valve 52. Controlled



6u_t p;Jt' that is independent of the position of plunger 42. 15 The input

pressure of the polishing chemstry delivers polishing chem stry into

chanber 47 but al so opens check val ve 46. Polishing chemstry will flow

out of the output of di aphragm punp 4 nce chanber 47 is filled,

wasti ng polishing chem stry. This problemis solved by hol ding 20

check val ve 46 cl osed during the downstroke of plunger 42 as chanber 47

fills. f%é%uﬁidéafﬁﬁé ﬁ%uﬁ%éattencﬁé?Eeséﬁﬁrﬂiégﬁd em o
' accor ance h the

for a chem cal chanj anarization too

present i nventY’i‘rﬁ %Fﬁf%@l -i vELgchrically cpreated presmy e O&ﬁ@@lesvm
52, a diaphremnn¢nmpli§hed by mo@gQCBrVQbygnéﬂd8a back pr?SfureSEalve 55, a
di spense bar | d.57, a |spen e bar pl at en

Chegk val ve 52 | ng}flf&eg’aﬂf P?{Sﬁ?u}"ﬁr"? i v?f-éeref ’ﬁbltlh?nimﬁﬁk@ﬁéﬁfﬁ%ry and
an out put . 5Polhasie ey wtlers mtutju a0flatkosarface hehikth @:fjam?gdﬁm@@t ed by an
arrow. Check h ed to

fl ow of ' oﬁf&%%ng c Seni E&?%a%eTgﬁ \éﬁ§hé/a€lgw§§yb?%§l’é AN t?f?

pol i shing chen‘i S;F%@Q%rwp@oﬁl ba/cknpaesewee sealfre emiqduces pr@lsa;uk‘bl ow)

to that indicaisrbdyid I’t?xéﬂ‘rs?(‘é‘ﬁ’eml ew&heanmégéro§5a }(ﬁl;b 2 allo
the polishing chemstry to ow in |y one dlrectlon He punp)
17 [‘}’%Fﬁ?ﬁja*‘gmapa’r”ﬁsﬁgrﬁa!’axﬁ iLﬁ p‘é‘?mé otparfs d-heh digphyagmopump

check val 16 52t tre wqurte@suﬁéovamvegsmis Sérf]mf% delllfizfrﬁi:x%ta%%/l The
D1 aphr agm puny e o P AntBec SBInTsbby - REETEAY Hesbie, o diLarng a
consi stent volxgflesft back toward the diaphragm due to the valve “tea
kettling” or chattering as the valve intermittently allows
slurry to flow during a pump stroke. A worst case
15 situation has the pressure wave hitting the diaphragm of
the diaphragm pump with such force that the diaphragm
ruptures, destroying the pump.
The pressure waves are significantly dampened or
reduced in magnitude and frequency by using a back pressure
20 valve that has a valve having a tapered surface for
blocking a pathway within the back pressure valve. The
sealing surface in the pathway may or may not have a taper
corresponding to the tapered surface of the valve. For
example, valve 63 is shown with an arced face. The Ryan
25 Herco Company makes back pressure valves under the name
PLAST-O-MATIC, some of which have a valve with an arced
surface or face. :
Dispense bar manifold 57 has an input coupled to the
output of back pressure valve 55 and an output. Dispense
30 bar 58 has an input coupled to the output of dispense bar
manifold 57 and an output for providing polishing
chemistry. Dispense bar 58 is suspended over a platen 59.
A volume of polishing chemistry equal to the amount
displaced by the plunger of diaphragm pump.53 flows through
35 dispense bar manifold 57 and dispense bar 58 and is
dispensed onto a surface of a polishing media on platen 59.
Movement of platen 59 distributes the polishing chemistry



polishing chenmistry at the output with each punp cycle. D aphragm punp
53 i s capabl e of generating very high out put pressures in driving the
pol i shing chem stry downstream Check val ve 54 includes an input
coupled to the output 10 of di aphragm pu 53 and an out put. Polishing

chem stry flows in the direction indiCated by an arrow. Check val ve

54 operates simlarly to check valve 52 and includes a pat hway that can

be bl ocked toos;eqptmesmﬁlcgf pﬂlééxmékgn t&.r'%ﬁxr ! Ys %&sceat gway through
di aphragm punp 53 is 15 bl ocked ves shou

pol i shi ng ORIt Wtat FbﬁpPO%bsmmv ‘Fhﬁl%t‘-ﬁﬁrfye@tﬁdo Podisbingemegfianat

i lndi cat gdl by tite shiclQ\@ be ngt]'jed Bﬁ&is @ﬁéﬁﬁ%ﬁ m@né?lliéll llaﬁahé%aglb?h -
slurry deliver em to ate the was rohl em due to the

ol | shi ng cherhesiey T IRERY SERPEADH T Lo Pl R B MotLoBet use of t he
pressure 0% thedmwenichilly pbiikht & ysatiddmwductor maferaf @h&CanmbIe 52. IThe
| nput pressur f I n hem s.check valve 5 s a
chanber % 08‘-‘ [L")%r%g&m OBBU_%Q,' ancg ‘g%&eril&t'sf% oDa'}_ Irl°\7é°§4arfal b&Fe o§5a _
pol i shi ng chemlsttep ont wgﬁerheapuixpr Bacmrcgﬁtmmcerenmtebetweéﬁ theat es a

pressure dlffege@cafaoahuee598§afafcgnaaéﬂ§ Lishird)! i eedigat the pressure
differential holds check valve ose to prevent the unwanted fl ow

of the polishing BY nefeitsthgulddoe apprpgiiatadddigte apapppasstesnpriises an
i nput, ani1out pigthod for paAbN¥eYzOlg & YahMEorffictH¥resfified ®EB! bakn56, and

f eedback contr. t1.0 The | ut of. back ressure val ve, 55
coupl es to thé’r&Ytlaffi {rg‘%e vg%’%e 35139% &t RigFeHL t Pt SPRPR%AS B%ei s
bl ocked by vabwmﬂ&bndﬁatbwawaﬁérfdun$n@.Eﬁb(pmunapﬂzatlehapmebeééon1Ahe

TPUL Lo the Siubigh BaBks on PRESSILESY AR BRI REKe BT L8 pRoned.

A predetermn essure Is a y pressur
for a pollshlng chemlstry A diaphragm pump pumps the

15 polishing chemistry to a dispense bar. The diaphragm pump
is a positive displacement pump that provides a constant
volume of polishing chemistry with each pump cycle. The
accuracy and reliability of the diaphragm pump allows the
flow rate to be set near the required minimum to reduce

20 waste of the polishing chemistry, the reliability of the
pump extends the time to service significantly. The
dispense bar is suspended over the platen and dispenses
polishing chemistry onto the polishing media. The
processed side of a semiconductor wéfer is placed in

25 contact with the polishing media to promote planarization.
The platen, semiconductor wafer, or both are put into
motion to planarize the semiconductor wafer.

A check valve is placed before and after the diaphragm
pump. The check valves prevent polishing chemistry from

30 flowing in a reverse direction from the pumping direction.
A back pressure valve is placed downstream of the diaphragm
pump output to create a pressure differential across the
check valve at the output of the diaphragm pump. The back
pressure valve (to flow polishihg chemistry) is set to a

35 pressure greater than a maximum pressure of the polishing
chemistry at the input of the diaphragm pump (or the input
of a checkvalve coupled to the input of the diaphragm



18 ; seal ing or bl ocking pathway 61. Valve 63 is opened by

provi di ng polishing chem stry to the input of back pressure val ve 55
havi ng a pressure which exceeds the predeterm ned pressure. Feedback 64
allows for adjustnment to the 5 predeterm pressure. The pressure
differential across check valve 54 is generated by setting the
predeterm ned pressure of pressure control 56 to a pressure greater

than the maxi %)gput@oer ba%‘ﬁ%?%"%g“% {Tgf},ﬁgﬂ)fﬁ\l;@ﬂ& GhanisHing at the input

of check 10 v 2. exa 2, assune I nput pressure of_ the

pol i shi ng chenthemistiy throm fiowing threroharhe Gbarhra®Ey PUMP FGUehitR a
range of 1406-%@ OQFE&%& kil QUeApB1R8hifgUShEMistriRiteItHe? iputO oFOtthds
per square inch) he maxi mum i nput pressure is 7031.0 kil ograns per
square neter. B&Ring 15 pressure control 56 to provide a pressure of
10546.5 5 kil ograms ek pressarsevalvé lingbudels paratdmar ¢o fdby on

| 63 f hat check .val 54, i | oS, ] i 53
' Teady to ddpebistind WAL ikt obcR EEeliite valyd 1A YRIBLP P2
pressure diffewkthial tagedsl 35aFabek oirofaaas tpeprevent cdlanaging PHRKHWES per
square : nc‘p%‘égg | fSore NG/ @e‘(fe&rgéeg.: ??Leghg UL}, Bfeh NEn S0 Whe ty0kfe Of

di aphragm punp A maxi mum _press erential of 9140. 3 ki |l ograns

per square nmetetoses. pdthrivalare dguliedd clopaenby obherRreFe RFPFHIhi ng
chem stry 1y esgyr en@tptdead®e iditraafl. check valve 52 is 1406. 2 kil ograns
per square meter (2 pounds per _square-inch). D aphragm.,pu 53
able to punp poli sﬁlﬁ?\é’?ﬁ&ﬂr’s’:ﬂ:ﬂa of gﬁgsgﬂ}‘"&%@}éﬁﬂﬁ e ]ft)?ﬂ%fl?ve%
Ki | ograns per byuasetielkind thepredsurer toqupen the back)pr&sure A
punpi ng cycl e ] tr fe | Lnipl.z i r lsivery
system 51. To g%%‘rv ; g%@%r%o% ap r_glé)m%&%plt% ngk?gr%?sﬁ% ‘h%lagfrrlo%t part
of the stroke hmeregsed/decreased ifa tinet pregsumsunt BhepbiPuhicly @irenistry.
The pl U9 31 3HREAGm Phrfp IINILLQIT RRReREBEsUP Thegeharde! @le di aphragm
35 punp 53. The pressure at the output of check valve 54 is

pressure compensation produces a constant pressure

differential across the check valve at the output of the

diaphragm pump.

The use of the diaphragm pump, check valves, and the

20 back pressure valve allows for the delivery of a constant
and precise volume of polishing chemistry. The delivery
rate is set at or near a required minimum flow rate to
ensure consistent wafer planarization. Polishing chemistry
is not wasted because the minimum required amount is used

25 which provides substantial cost savings. Maintenance and
reliability of the slurry delivery system is also improved
which extends the time period to maintenance and increases
wafer throughput.

30



g[eatér than the pressure at the input of check valve 54 hol di ng t he
val ve cl osed. The input pressure of the

19 polishing chem stry at the input of check valve 52 opens check
val ve 52 filling the chanber of diaphragnbgunp 53 until the plunger
reaches the bottom of the downstroke (the chanber is filled to maxi num
vol une). The upward stroke of 5 the plunger generates pressure at the

i nput of check val ve 54. Polishing ¢hopwgtries are nade up of Iiquids
and solid material and is therefore non-conpressible. The pressure
generated by di aphragm punp 53 exceeds the predeterm ned pressure

appl i ed on val ve 43 hycnémsaal&n@@i&ﬁi&aﬁ%mmz&i%eI&%o@hesiﬁ?mémgfﬂ

and val ve 63. The plynger af di aphragm punp 53 di spl aces volune in the
chanber , deIiv@PPﬂ§%68lggﬁiﬁﬁpB?égﬁ%ﬁr%ré%m%qﬂ9qﬁﬂﬁ8 t Wgteback

pressure vl ve 55a Ndbphtrhgih pinh leaeinguap iyalte fidre receipliigger di spl aces
a precise vol A s Fch i | ndependent of the pressure at
t he i nput of gﬁ?@ﬁﬂV%gﬁgﬁ%%Egggy ﬁﬁé ?% %%égl o&?ﬁgnt of back pressure

val ve 55, the apdagpernsai had haebsgran i npuic leanipd&d yogeaddabetipto hol d

val ve 63 closest shaR %bbﬁragrgsg?fn?%aeﬂéoé(ﬁ dssehdie ﬁyge??#ﬁ;ﬁ_gﬁpgdggéﬁ' ng

val ve 63 cl osed.. . The magnitu pressure 1s_20 C a screw
mechani sm whi @PGHING:s sBsmistry tadelapakkae saith sepicegdustesspyagervel y

i ncrease aod decrease the predeterm ned pressure. In general, a
mechani cal | y adj ust abl e, back pressure, val ve all qws ;g single setting for
t he predeterninedapr sghgglﬁﬂgéﬂe$§ & H%ﬁtlﬁﬁspgaﬁﬁﬁ?c§?¥oﬁs.

Feedback 64 aldenisocadiuctbmewafen tbweppisiied erhnd reckps of:
pumping a polishing chemistry with a positive
displacement pump onto a surface of a polishing media;
15 distributing said polishing chemistry on said surface
of said polishing media;
placing a processed side of the semiconductor wafer in
contact with said surface of said polishing media;
moving at least one of said polishing media or the
20 semiconductor wafer to remove material from the
semiconductor wafer.

3. The method as recited in claim 2 further including
the steps of:

25 providing said polishing chemistry to said positive
displacement pump; and
preventing reverse flow of said polishing chemistry
through said positive displacement pump.
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pressure provided by pressure control 56 hol ding val ve 63 cl osed.
Changes in the polishing chem stry pressure at the i nput of check val ve
52 are sensed and added or subtracted 30 to the predeterm ned pressure
hol di ng val ve 63 cl osed t hereby providi,ng a constant polishing

chem stry pressure at the output of back pressure valve 55. Having an
adj ustnent for the predeterm ned pressure allows the pressure :

differential acrogs aheeknyal ¥ SHehfchP AR HiRdagukabad. Both

pneunmatic or electric are used to conpénsate for changes in
t he pol i shi ng etmnising the stepsuP€:at the input of check val ve 52.

Controlled providing a polishing media; 20 pressuri zed
gas is used to change .the pressute, holding . val ve 63 cl osed.

El ectrically crea&@'VB@&??ﬂPepeﬁéﬁﬁégga?% 18tr¥iconpl i shed by notor or

sol enoid. 5 pigtingackipgr peiiiskhing| clesnidtfer dib isaithpoliskénhgl ace 5
have a valve with a f.lat su.f i eal s agai nst anot her fl at
surface in thém%%fhﬁg§§b #ﬁggﬁgeﬁgeﬁnféé of this common type of back
pressure val ve prcispensingssaid polishims ¢henigtry iemaidarodashdoagtroy a

di aphragm punne U when & 3PsBurd BECSAYECoYBYShI Sy SQidniAMar ¢ he
di aphragm punp 10 when_the back Eressure val ve shuts after délivering a

vol ume of pol i SHRY Hemiadd Pliaphzagr BUfRyESCeetS A sredetergringd back
toward theodi apresnaipauesdi@ Piedste¥Rink8apressikted tékdgeddra eeadinRid Ng as
e val ve TG LS e ALl S et 0L ULl 1,0 pUP ke A
t he di aphr agm dqaghwadgnh pamedy force that the di aphragm ruptures,
destroying the purg?l.‘stributing said polishing chemistry to a surface of
said polishing media;
15 placing a semiconductor wafer in contact with said
polishing media; and
moving at least one of said polishing media or the

semiconductor wafer.

20 5. The method as recited in claim 4 further including a
step of preventing reverse flow of said polishing chemistry
through said diaphragm pump. '
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The pfessure waves are significantly danpened or reduced i n magnitude
and frequency by using a back pressure 20 valve that has a val ve having a
tapered surface for bl ocki ng a pathway within the back pressure val ve.
The sealing surface in the pathway may,or may not have a taper
corresponding to the tapered surface of the valve. For exanpl e, val ve
63 is showmn with an arced face. The Ryan 25 Herco Conpany nakes back
pressure val ves under the nane PLAST- O MATI C, sone of which have a
valve with an arced surface or face Di spense bar mani fold 57
has an input céuSEEMICAL MECHANIGH: ROLEFHING ISYSTRRE @P@ VETHEDSTHEREFQR
out put. Di spense 30 bar 58 has an input coupled to the output of dispense
bar mani fol d 57 and an output for providing polishing chem stry.
Di spense bar 58 is suspended over a platen 59. A vol une of polishing
chem stry &qual to the anmount displaced by the plunger of diaphragm
punp 53 flows through 35 dlspeﬂﬁg {#g(bf% aggﬁté spense bar 58 and
is di spensed onto a surface o a po a on platen 59.
Movenent of platen 59 distributes the pollshlng chem stry

21 over the suréRomicdl SREHAGA! f:'iaWQf:@EalﬁoHl é&@ﬁ (g)  contact
with the polishing chem stry and polishing _nme It should be noted

that chem cal FRIEEHT®SI2 Rlaken {22 ond Waf?BoF%’fﬁ%?:Fl%@“s@ﬂe)r'ala di fferent
types of moti ofatvied dmediliye |37y ,pal cohdatseniagnauat prsmaffid drofend

exanpl e, ti.onal rbital . and translationa % n a used on a

pl aten or waf e?éﬁ%ﬁi??]%r "or G4 FET, ?Fé’vgﬁgﬁf’eﬁgt W elf‘hieéf) r%‘ﬁ’rﬁ

waf er and t he pwlpstvidinedicl.ishing chemistry at a minimum requlred
delivery rate that ensures consistent wafer planarization.

The slurry deliver system comprises a check valve (52), a

15 diaphragm pump (53), a check valve (54), a back pressure
valve (55), and a dispense bar (58). The diaphragm pump
(53) provides a precise volume of polishing chemistry with
each pump cycle, independent of input pressure. The check
valves (52,54) prevent reverse flow of the polishing

20 chemistry through the diaphragm pump (53). Back pressure
valve (55) creates a pressure differential across the check
valve (54) to prevent the flow of polishing chemistry
during a downstroke of the diaphragm pump (53). The
polishing chemistry is dispensed onto a polishing media

25 from dispense bar (58).

(Fig. 2 to accompany abstract).



By now it should be appreciated that an apparatus and 10 nethod for
plFanari zing a sem conduct or wafer has been provi ded. The CMP t ool
i ncludes a platen that supports the sem conduct or wafer during the
pl anari zati on process. A polishing media on the platen provides a
surface suitable for a polishing chem stry. A di aphragm punp punps the
15 polishing chenistry to a dispense barl3 The di aphragm punp is a
positive displacenment punp that provides a constant vol une of polishing
chem stry with each punp cyclg. The QU accuracy and reliability of the
di aphragm punp all ows the ow [t e to be set near the required m ninum
to reduce 20 waste of the poljshing]lchemstry, the reliability of the
punp extends the tinme to servi ilghificantly. T gl- | spenseg bar is

u

suspended over the platen and nges polisi¥ngfc i,stryjonto the
pol i shing nmedi a. The proces de of a sem conductor wafer is placed

“in 25 contact with the polip to priote pl anarization. The
pl at en, sem conduct or wafer, e put into notion to planarize
t he sem conductor wafer. §k valve is placed before and after
t he di aphragm punp. Qe : 2spLevent polishing chemstry from

punpi ng direction. A back

i"?phragm punp output to
check val ve at the output of

ve (to flow polishing

han a maxi mum pressure of the

b di aphragm punp (or the input

b di aphragm '

30 flowing in a rever :‘»
pressure valve is pl acetrd

create a pressure differg . S g
t he di aphragm punp. Tip-fack wc-:*&ﬂ\\
chem stry) is set to a 33 /Ares ':

A\
pol i shi ng chem stry 3 -)

of a checkval ve coupl ¢
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punp)“ The back pressure val ve prevents polishing chem-stry from
flrowi ng t hrough the di aphragm punp due to the pressure of the polishing
chem stry at the input of the punp. 5 The back pressure val ve

i ncludes a pathway to fl ow polishing chem stry. The back pressure val ve
has a val ve with a tapered surface or face to prevent damagi ng pressure’
waves from bei ng devel oped in the system #8en the val ve cl oses. The
valve is held closed by the pressure provided 10 by the pressure control.
Further control of the downstream pressure i s achi eved by controlling

t he pressure[to open the back pressure val ve. The pressure td open the
back pressur¢ valve is i ncreased/ decreased if the pressure at}] the input
of the 15 d{aphragm punp increases/decreases. |n general, the
pressure conpensati on produces a coq3}ant pressure di fferentifjal across
the check valve at t e di aphragm punp. The use of
t he di aphragm punp, |check val ves, 'gnd the 20 back pressure val vqd al |l ows
for the deliyery of and ggcise vol une of polishing
chem stry. The delivery seyP or near 7required m rfi rum f | ow
rate to bnsure consPé qranari zati on. | i shing cherfistry
is not wastefl because t R Hegu-He } | 25 whifch
provi des subsgtanti al ﬁs eliabilifty of the
slurry delivery syste SO i npro ich exterids _the tine4RFriod
to mai nt enange and i ncreddes waf er t hrddghput .34 30 26 W
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-23- - dains 1. A cheni cal
mechani cal planarization process for a sem conductor wafer conprising the
steps of: providing a polishing slurry to a positive displ acenent
punp, said positive displacenment punp having an i nput and an out put;
preventing forward flow of said polishing slurry to a surface of a
polishing nedia until pressure at said ougut of said positive displacenent

punp exceeds a first pressure; -~ punping said polishing slurry with
said positive displacenent punp onto said surface of said polishing nedia
after said pressure exceeds said first pressure; pl aci ng a

sem conduct or wafer in contact wwth said surface of said polishing nedia;
and noving at | east one of said polishing nmedia or the sem conduct or
wafer to renove material fromthe sem conductor wafer. 2. The met hod as
recited in claim1 further including the step of: preventing reverse

581gh said positive displacenent punp. 3.

Lmherein said step of preventing forward
reventing forward fl ow of said

he out put of the positive

en about 1406.2 kil ograns per

per square neter. 4. The

step of preventing forward fl ow

ps of: bl ocki ng a pat hway

flow of said polishing slurry t
The met hod as recited | i
fl ow of said polishing '

pol i shing slurry pﬁrrrﬁnﬂTnprS ure at
di spl acenent punp ¢xceeds a pre&ssure bet
square neter aanp out 10,546.5 kil ogra
method as recited in claim1l wherein sa
of said polishing slurry includes the st

for said polishing slurry downstream of |da dqgutput of said positive
di spl acenent punp; and 3? ni ng sfilg way when said pressure at
said output of said positive iplace brit] punp exceeds said first pressure.
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57 'The method as recited in claim4 wherein said bl (%ki%fsal?ﬁ&at hway
I ncl udes the steps of: provi ding a sealing surf@g? ‘%@st pat hway;
and provi ding a val ve for bl ocking said pathway,  Sa vie having a
tapered surface, said valve being opened when pressure at said positive
di spl acement’ punp exceeds said first pressure.
REPLACEMVENT SHEET - 24-
6. The nethod as recited in claimb5 further including a step of
mechani cal |y hol ding said valve closed. 98. The nethod as recited in
claim6 further including a step of regul ati ng pressure downstream of said
out put of said positive displacenent pu&ﬁ\ s The nmethod as recited in
claim7 wherein said step of regulating oy pressure downst ream of said.
out put of said positive displacenent punp includes a step of pneurrat ically
adj usting shid fAchenyiealdaechanical plaparizeion procession gaemigopductonwafer said
i nput of s atamprising ithe stépsdfacenent punp. 9. The nmethod as recited in
claim 7 wherein peviing apolibhing®iimy teg posttiverdis EC@méﬂV\pﬂ saldaositvel
out put of %hﬁla@éﬁién'tbﬁn%ﬁﬂl angn uﬂ%ﬁ@ah%k €s a step o eI ectrically
adj usting sald dbe%bnﬁﬁ@f&w ‘?d‘ﬁBchﬁ" d’Bésthﬁ %Qﬁﬁa&é’é Q%ﬁﬂﬁﬁ I n
pressure at_sai d ik ﬁg Egst i ﬁ I%D rrgn aib exced hod
of chen cal MAlE W Bpssiir Al sristopit € rosil diplacuEntpumo
first pressure;
pumping said polishing slurry with said positive displacement pump onto
said surface of said polishing media after said pressure exceeds said first
pressure;
placing a semiconductor wafer in contact with said surface of said polishing -
media; and
moving at least one of said pohshlng media or the semiconductor wafer to
remove material from the semiconductor wafer.

2. The method as recited in claim 1 further including the step of :
preventing reverse flow of said polishing slurry through said posntlve
displacement pump.

3. The method as recited in claim 1 wherein said step of preventing forward
flow of said polishing slurry includes preventing forward flow of said polishing
slurry until said pressure at the output of the positive displacement pump exceeds
a pressure between about 1406.2 kilograms per square meter and about 10,546.5
kilograms per square meter.

4. The method as recited in claim 1 wherein said step of preventing forward
flow of said polishing slurry includes the steps of:

blocking a pathway for said polishing slurry downstream of said output of
said positive displacement pump; and

opening said pathway when said pressure at said output of said positive
displacement pump exceeds said first pressure.

5. The method as recited in claim 4 wherein said bIocklng sald pathway
includes the steps of: o

providing a sealing surface in said pathway; and -

providing a valve for blocking said pathway, said valve having a tapered
surface, said valve being opened when pressure at said positive dlsplacement
pump exceeds said first pressure.
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provi ding a polishing nedia; providing a polishing slurry;
punpi ng said polishing slurry to-said polishing nmedia with a di aphragm
punp; bl ocking forward fl ow of said polishing slurry to said
polishing media until pressure of said polishing slurry at an output of
sai d di aphragm punp exceeds a first pressure,; distributing said
polishing slurry to a surface of said polishing nedia, when said pressure
exceeds said first pressure; pl aci ng a sem conductor wafer in
contact with said polishing nedia; and _p4. noving at.|east one of said
polishing nedia or the sem conductor wafer. 11. The nethod as recited in
claim 10 further including a step of preventing reverse flow of said
polishing slLurry Ehrou h said di aphragm punp. _12.  The nethod as recited
at claimm 110 urt hBe M pd«ﬁsqrgcae@ﬂrbslaw i@?ﬁ@f incduding a step of machanigallyt o
conpensat e haldingsaidyalveclpsedsure at said i nput of said di aphragm punp
such that a pressure difference between said first pressure and an i nput
pressure of7sai dThelmethot Gisstedited imblaﬁﬁieifui—th@mnolﬁdiﬁ@bchtdbwméglgmir&m i s
constant. pressure downstream of said output of said positive displacement p p-ACEMENT
8. The method as recited in claim 7 wherein said step of regulating the
pressure downstream of said output of said positive displacement pump includes a
step of pneumatically adjusting said first pressure to compensate for changes in
pressure at said input of said positive displacement pump.

9. The method as recited in claim 7 wherein said step of regulating the
pressure downstream of said output of said positive displacement pump includes a
step of electrically adjusting said first pressure on said valve to compensate for
changes in pressure at said input of said positive displacement pump.

10. A method of chemical mechanical planarization comprising the steps of:
providing a polishing media;
providing a polishing slurry;
pumping said polishing slurry to said polishing media with a diaphragm
pump; '
blocking forward flow of said polishing slurry to said polishing media until
pressure of said polishing slurry at an output of said diaphragm pump exceeds a
first pressure;
distributing said polishing slurry to a surface of said polishing media, when
said pressure exceeds said first pressure; :
placing a semiconductor wafer in contact with said polishing media; and
moving at least one of said polishing media or the semiconductor wafer.

11.  The method as recited in claim 10 further including a step of preventing
reverse flow of said polishing slurry through said diaphragm pump.

12. The method as recited at claim 11 further including a step of adjusting said
first pressure to compensate for changes in pressure at said input of said
diaphragm pump such that a pressure difference between said first pressure and
an input pressure of said polishing slurry at said input of said diaphragm pump is
constant.
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