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C-1- s PO NT OF USE DI LUTI ON TOOL AND METHOD ™ Ipos COPY
Background of the Invention 5 The present invention relates in
general to integrated circuits, and nore particularly to preparing a
solution through a filter for renoving residue froman I nt egrated
circuit. Sem conduct or technol ogy-is producing integrated 10
circuits that include nore transistors with smaller di nensi ons and nore
detail ed geonetric featuregrNther uspapeubeeON 2002dNRDI MATAODSUCH devi ces
requires a hi ghly pl anar wafer surface with Ilow |levels of particles and

ot her residue. Hence, where accurate geonetries are 15 needed, nost
manuf act uri ng processes i ncl udBaskgrauad of FhgndPVeRLLBR st eps.
For exanple, a chem cal - nechani cal -polishing (CWP) step is often used

to polish away a bl anket tungsten | ayer tqQ the renmaini tungsten pl ugs
or to planaPize an JXhe RR&SeNyMVH %r;iecla%el_s[))mn&e&grgﬁgtt ) tes

fat i sol at es
one i nt er corasgrd v reiramotdiet mobee paaftarcudarflyc o preparing a

mechani cal |y polished usi.ng a.slurgy .c ' : ) iG] es
suspended in arf%]csigé’o‘ifé _ qrb.r? hfalatneﬁéﬁs—iio% qu{gtlj.r%%.dé“.e I%weveaﬁ t he

| ow pH of the aifpeegsatsed utimouids produces a zeta potential in the alumna
particles opposgélﬁi<%&tc?};'@g Pfté%mﬂiie%mwi% Shtyritda@ct i on

force that causes many o e alum na part o adher to the wafer

surface. Sdéh paircelts Phajubeclude mgeR otFambhiepht & ML L6 waf er
cont ani nati on Wi fdnSfons aihd aRstd détaiTed |gemedridefdathagssat edts reuit.

accurate reproduction of such devices requires a highly
planar wafer surface with low levels of particles and
other residue. Hence, where accurate geometries are

15 needed, most manufacturing processes include surface
planarization steps.

For example, a chemical-mechahical polishing (CMP)
step is often used to polish away a blanket tungsten layer
to the remaining tungsten plugs or to planarize an

20 interlayer dielectric (iLD) material that isolates one
interconnect layer from another. The wafer surface is
mechanically polished using a slurry comprised of alumina
particles suspended in an aqueous solution having a pH of
1.8-3.8. However, the low pH of the aqueous solution

25 produces a zeta potential in the alumina particles
opposite to that of the wafer, which creates an attraction
force that causes many of the alumina particles to adhere
to the wafer surface. Such particles produce
photolithographic defects and wafer contamination which

30 can result in a failure of the integrated circuit.

The particles are removed with a cleaning solution
whose pH is set to about 12.0 to alter the polarity of the
zeta potential and weaken the attraction force.

Typically, an ammonium hydroxide solution having a 2%

35 concentration by weight provides the correct pH for .
removing particlés. Control over the concentration is
important. Too low a concentration does not sufficiently
raise the pH and therefore inhibits particle removal by



The particles are renoved with a cleaning solution whose pHis set to
ahout 12.0 to alter the polarity of the zeta potential and weaken the
attraction force. Typi cal Iy, an ammoni um hydroxi de sol uti on having a
2% 35 concentration by weight provides the correct pH for removi ng
“particles. Control over the concentration 4% inmportant. Too |low a
concentration does not sufficiently rai se the pH and therefore

inhibits parti¢le.renoval b ) ) Lo -2-
‘i nadequat el y a}?%??ﬂﬁaFﬂLyz%%%?ﬁb?%n??%lz%ﬁat?ﬁﬁiﬁﬁ%?kl%g.the P& a
concentration Tesuhighia eonoestcatbon Cresultssl it i ®mote cdawsticor r ode

waf er materi al h as .. .t st.en S IC cused to fill

interl ayer viaggfgg%ﬂﬁngg}0h caH égrﬁﬁé%gV%ﬁg%ﬁ@?géfﬂ%f Sde; %cially
avai |l abl e at atsogsten pbugenvhichoaréyusedgte . ££1 cintetlayecesses produce
a 2% cqpcegbéﬁghgg’by manual 'y diluting 30% amoni um hydr oxi de Wi th
de-ionized (D) "watef 1n a bulk storage tank, where 10 it _is hand-m xed and
stored until neededAMpgRéyErhydrpyide isncopperahal haNpblably atich 30%

strongly basi ccefibeht@ation ByeGenghEta SREEbY ABZapEotOsPEOpLodardl angyt he
chem cal and those r Ki in fhe area, of,tHhe orage fank. .
Vor cover, ammoRPRCBAEEREIARGRY, MOBRALLY cOLHREH G A0h SR bR JYdFREL98 om
the sol ution, whthodeyidnisetdh¢DSnpfeayer inhazlanlkistcoeage, tamk, abiseré he
ot ani 11 cartqy, TFottey PRBE e anh BPobRE GhPEFAERdR SORETEEr panst i e
| evel s. mixipgcandt hand-pouzningeduebraagtuppal vt basmdsedebbonof 20
di luting ammonppasBYEs0yi darbey hePR¥ENdo! febgYe hiRMl fng the chemical
and those working in the area of the storage tank.
Moreover, ammonia gas is highly volatile. When ammonia
15 evaporates from the solution, not only does the safety
hazard increase, but also the concentration of the NH,OH
-in the cleaning solution drops significantly, lowering the
pH of the diluted solution below acceptable levels.
Hence, there is a need for an apparatus and method of
20 diluting ammonium hydroxide for removing residue from a
semiconductor wafer which reduces evaporation and avoids
the risk of exposing nearby persons to hazardous
chemicals.



sem conduct or waf er which reduces evaporation and avoi ds the risk of

exposi ng nearby persons to hazardous chem cal s.

- 3- _ Brief Description of the Draw ngs FIG 1
is a flow diagram of an integrated circuit manuf act uri ng apparatus; and
5 _ FIG 2 is a diagram of an amoni ugBRydroxi de dil ution t ool .
Deta;led Description of the Draw ngs 10 Integrated circuit

manuf act uri ng processes ing¢l yd numer ous st eps Kn.whi subst ances ar
introduced in a waf er §F18% PF§°§6EF&88,° ngRSthﬁ?w%Pégs i n which ©
mat eri al I's renmoved. For instance, a photolithographic step

I ncl udes depositin phot.or esi st . f ur; y&lQRi ng the
phot or esi st and re%)@i‘n _ tlhseeaun é)\yfe){&&:)aggra‘ﬁ@o%;gﬁ ilg]%%?ga#oéfim%g' pa?'!t%erg of
geomet ri ¢ shapesndfmctaxpiosd mpparatyesit iaes of the wafer to further

processi ngssteps. \fhgeh 2 dié NESH reRS B At UFR|cRifsh HyldroxQR @iGition
phot oresist is ~renmoved. Such photolithographic steps are exanples where
20 all of ant%¥inally deposited material is residue which nust be
removed to prevent the fabrication of a defective device. Simlarly, a

silicon dioxide |ayer .
ye SUCBeggifgd Description of the Drawings

10 Integrated circuit manufacturing processes include
numerous steps in which substances are introduced in a
wafer or on its surface, and other steps in which material
is removed. For instance, a photolithographic step
includes depositing a photoresist on the wafer surface,

15 developing the photoresist and removing the undeveloped
portion to form a pattern of geometric shapes for exposing
portions of the wafer to further processing steps. When
these steps are completed, the remaining photoresist is
removed. Such photolithographic steps are examples where

20 all of an originally deposited material is residue which
must be removed to prevent the fabrication of a defective -
device. Similarly, a silicon dioxide layer such as an
interlayer dielectric is deposited or grown on the wafer
and a pattern is formed with a photoresist layer. The

25 silicon dioxide is selectively etched in the exposed
portions of the photoresist to provide openings for
connecting between interconnect layers.

In each of the above examples, processing steps are
included to remove unwanted material from the wafer to

30 prevent an integrated circuit defect or failure. Such
unwanted material is designated as residue, and includes
unwanted material remaining frbm previous steps as well as
material from the current step, such as particles or other
impurities introduced by a non-deposition step such as a

35 cleaning step. _

' Various solutions are used in integrated circuit.’
manufacturing processes, including the removal of residue



i nterkayer dielectric is deposited or grown on the wafer and a pattern
Is formed wth a photoresist layer. The 25 silicon dioxide is selectively

etched in the exposed portions of the photoresist to provide openings
for connecti ng between interconnect |ayers. In each of the
above exanpl es, processing steps are +4€l uded to renove unwant ed

material fromthe wafer to 30 prevent an integrated circuit def ect or
failure. Such

ncludos - GRGBERE RATEYEal PERARAPNGL! Ebi pradi Satel: eheclediiiness

mat eri al from trequduedenn fabp;cau¢hgasemicbndhetonrdevhees as webpuasties

| ntroduced by @h@oﬁn%ﬁlgzgﬁsbﬁgr%ﬁ% 8- goffs @rofjésgkﬁénﬁl ?ggégurf it is
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required in fabricatin m conduyct or devi ces he uni que

properties of §8ﬁep§F§%8§sPH§eH§98PvaPsso}PtFQn lnCéP@@ﬁ éﬁvéﬁ?ﬁﬁeﬁus to

form such sol thﬁmeln@ohrsemixlmm@f o€t Flutidspwhthbdoesnhbni sgtt1e ahdnore
fluids. In %ﬁp presenttlnventlon88§ §olut|on i ncl udes, at Ieast a
S

honogeneous mi ¥O0PE BFOPPH-d§ ™ \RnPER ﬁngﬁe%rFé’aﬁan be Kﬂﬁ%g For
proportions ar exagplie,xedsoluéioncaanbéncdndedtrier solutérgnapl eplhosdaiti on

can i”Cl“dfotr%%}é?“%%%°”§ug%%hgﬁbﬂ§|aﬁg %BEE&&?PS suspen3|ons and the
e

i ke ram show n sem conduct or
waf er through part §HGan1|ﬁﬁe@réﬂé@rémrébpwlng thﬁnﬁﬂavtaflﬁg syst em whi ch

includes a chegcgdlcoMRRiRAVICHafer through part of an integrated circuit
manufacturing system which includes a chemical-mechanical
polishing (CMP) tool 10, a wafer scrubber 20 and an
15 ammonium hydroxide (NHOH) dilution tool 100.

CMP tool 10 receives an incoming semiconductor wafer
at an input 11 and produces a polished, planarized wafer
at an'output 12. CMP tool is fully automated such that
wafers are handled within CMP tool 10 by means of robot

20 arms or similar devices controlled by a control unit
within the tool. Typically, the incoming wafer is
received after depositing an interconnect dielectric layer
or after a metal such as tungsten has been applied as a
blanket layer to plug the interlayer via openings in the

25 dielectric layer.

In the case of planarization. after a tungsten
deposition, polishing is accomplished using a slurry
comprised of metal particles and a buffer chemical such as
ferric nitrate. For example, a typical slurry includes

30 alumina particles mixed with de-ionized (DI) water with
potassium iodate functioning as the buffer. The slurry is
applied to a first spinning platen designated as the
primary platen. The alumina particles produce a highly
abrasive slurry which is applied at a rate that ensures

35 that a specified amount of material is abraded from the
wafer at a determinable rate. Once the primary platen is
completely wetted by the alumina slurry, a wafer is held



polishing (CWP) tool 10, a wafer scrubber 20 and an 15 ammoni um hydroxi de
(NH err]OH) dilution tool 100. : CWP tool 10 receives an incom ng
sem conduct or waf er at an input 11 and produces a polished, planarized
waf er at an output 12. CWP tool is fully automated such that waf er s
are handl ed within CW tool 10 by nmeans of-5robot 20 arms or sinilar
devices controlled by a control unit within the tool. Typically, the
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by a robot armthat activate olTshing by rotatjn th fer_in.the
opposi te direc?l¥RlA3 Pﬂétb‘l:i?gn.thelrghaé/d'ﬁ%s ajo%%‘ée%otf‘?%%%%%t%rbn?lé%ves
a residue of gurface of the wafer which can also damage an integrated
circuit. Therefore, after the first polishing, the wafer
is rinsed with DI water to remove the potassium iodate and

15 some of the loose alumina particles. Other alumina
particles remain attached to the wafer because their zeta
potential is opposite in polarity to the zeta potential of
the wafer surface, which produces an attraction force
causing the particles to adhere to the wafer.

20 After rinsing, the wafer is transported to a
secondary rotating platen in CMP 100 to receive a second
polishing step to buff the scratches from the wafer
surface. This step is similar to the first polishing step
except that the slurry particles are comprised of softer

25 silicon dioxide in a solution of NH,0H or potassium
hydroxide and DI water.

Potassium hydroxide is used to raise the pH of the
slurry so that the zeta potential of the alumina has the
same polarity as silicon dioxide on the wafer surface.

30 The affinity of alumina to the wafer is thereby weakened
to facilitate removal of the alumina particles. After.
buffing, the wafer again is rinsed with DI water and kept
wet until further processing{ Once a wafer dries, it is
nearly impossible to remove the particles without damaging

35 the wafer. '

A batch of wet polished wafers are transported from
CMP tool 10 to wafer scrubber 20. The wafers are loaded



5 potassiumiodate, tungsten and alum na particles on the waf er. Such
materials are contam nants whi ch can cause defects in the wafer that
result in inaccurate geonetric patterns being produced, structural
defects in an integrated circuit conponent, or. corrosion damage which
10 can lead to an integrated circuit faikFére. |In the case of al um na
particles, their hardness | eaves scratches on the surface of the wafer

whi ch can al sa _damage an I ntegrat Ci,Ir cui for after the first
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particles. /ﬁt%# er buf fi ng, the mafer again is rinsed with DI water and
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waf er scrubbers&fub Tahewabdéer s Bhie 2%)amepH solution has a pH of

15 approximately 12.0, which further modifies the zeta
potential of the remaining alumina particles on the wafer
to facilitate their removal with brush 26. Control of the
NH,OH concentration is critical, because if the
concentration is too low, the zeta potential is

20 insufficiently modified and alumina particles retain their
affinity to the wafer. If the concentration is too high,
wafer materials such as tungsten plugs erode. In either
case, damage to the wafer and device failure is likely.
In one process, a concentration ranging from 1.5-2.5% by

25 weight has been determined to be adequate for removing
alumina particles and other residue without damage'to the
wafer. Other methods besides dripping could be used to
apply NH,0H solution to brush 26. For example, spraying
could be used provided that the evaporation of ammonia

30 (NH;) from the finely divided spray particles is
controlled to prevent a reduction in the concentration of
the solution and a lowered pH.

After scrubbing a number of wafers, particulate

matter and other wafer residue accumulate in brushes 26,

35 some of which can be re-introduced onto the wafer.
Therefore,'a second scrubbing step is performed using.
brushes 28, which are of similar composition as brushes 26



-6- - in a cassette 24 and kept wet with DI water from spray heads

22. A wafer is scrubbed by passing between brushes 26, which are forned
froma soft, spongy material such as pol yvi nyl acetate (PVA) and

i nclude small protrusions or 5 stubs (not shown) around the circunference.
Brushes 26 rotate as the wafer passes .such that the protrusions
conformto the wafer to gently rub off particles and other resi due

wi t hout damagi ng the surface. Wien hydrat ed, brushes 26 have a, hi gh

wat er cont ent , PWhi 8 pFbeRRRE Berauseomuchpef B ofe 3tV YRS Previeesty

Wi tgo:Jt danagi f\lembhed by behskes 26iI Valt#e 296 N}:ibﬁfc}l}lﬁ@éufidm ﬁ%é orhrred
in dilution to 1Q0. . _ang, cont y..a valve 94 .to | p_onto brush 26
to ' scrup atunr aripnindsos R seTuther it ey off ReE Sedp
approxi matel y s2mpDlanhtohtherstep desicfikedt fier Zexwshes 2ot erBrwshed 26e

r emai ni ng um rtigl t FmF{ Lot b va

W t h brush%ZG%@gntE?o%kgf E?%ggd BE {gﬁ?&?c%%g%?}ﬁg{li@]giis@?ﬁﬂ}ga ,
because if theremoveopgenudated Partteledw, the zeta potential is 20

insufficiently nodi #hedyapdrai ¥nnbdefatdi &l 5ik e4Ridr té@iprisingfdanity to
the wafer. If th congentratlon is too hjgh, $@fer mat erial’s ucs as
tungsten pl ugsiBfsared| prepaptyalent -heat "3anrge ¢ tHeSREFL N Gedt ce
failure is |ikehyd. a spihneend2pr otThesremainingnteaidoe isnpemgvéd ofirom

ai o na pa i cFREWges BY, PERRLAE SLFRIER VEuRE PRI Coh bugE L I
met hods besi de8ldwhppengheowhfiebespind o0 spinnepl §2NH AfréOrinsimgon to
brush 26. For ﬁé@%k?slsgﬁa}‘kﬁg?dfoff%hg Qléﬁglsgguéfééviigeﬁstgﬁitéﬂ@d n

evaporation of ammonia 3 rom t 1 Lvided spray particles is
controll ed to BPePRAR driecBhetwafern tRhecdréedt vafepninfloadédhinsa| dxyon

and a | owered pHssette 34 foff behmo¥81UBRbRAIsaribpEer20f wafers, particul ate

15 NH,O0H is typically obtained in high concentrations
which, owing to its hazardous nature, reduces the number
of containers that are transported and handled. A
standard 30% concentration is widely available
commercially and is typically used. Dilution tool 100

20 receives the 30% NH,OH from a storage tank 91 and DI water
from a storage tank 92. The 30% NH,0OH is diluted with DI
water to produce a solution of NH,OH with a 2%
concentration which flows through tube 93 to valves 94-95
and to scrubber 20 as described above.

25 As noted above, the removal of alumina particles and
other residue from a wafer after CMP processing requires a
concentration ranging from 1.5-2.53%. In prior art NH,OH
dilution tools, the 30% solution is manually mixed with DI
water and the dilute solution is poured into a storage

30 tank. The storage tank is manually transported and
plumbed into the cleaning tool and pressurized with
nitrogen for delivering 2% NHJjH when needed. Such
systems have several drawbacks, including the safety
hazard presented by hand-mixing and hand-pouring a highly

35 caustic substance such as NH,OH. Moreover, there is a
high degree of variation in the concentration of the .
dilute solution due to the volatile nature of NH, gas;



matt er and ot her wafer residue accunulate in brushes 26, 35 sone of which

can be re-introduced onto the wafer. Therefore, a second scrubbing
step is perforned using brushes 28, which are of simlar conposition
as brushes 26 -7- but are

cl eaner because nuch of the residue was pt&vi ously renoved by brushes
26. Valve 95 controls the flowrate for dripping 2% NH err] OH sol uti on

-onto brushes 2ﬁ.ig a steg Ein%lar.hg the %%8 described., for brushes 26.
Brushes 26 5 JA#©28°8Pe VPRIER-Fr bAPY }F B TAERE Q/X érr]CH to
renove accunubatrédgpatoirabes. or whenevefhbhaaselutsonnuedexpoaeépto theer
conprising ang #ﬂ tgred or equivalent heat source 30, a spray nozzle 31
and a spi nner 55 e remaining residue is renoved from 10 the wafer by
rinsing with DI waF&6-agpiced SrheBghifodipgram ofjammeniunhbydeesidepi ns

on splnner532dléht§6nrhﬂalaamlveryneééhelaé iﬁcluaﬂﬁg ptésandeheat source
30 is swtched on

t he wafer ri ed wa is loaded in a
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typi cal |y obt ampedei 01Bi,gh €adcemnt 130| oasconduvhichtyometbgrt »66} sptdpar dous
nature, reduc t er f nt a S rect PSRRT d and
handl ed. A ﬁil Eﬁg gg380 8gﬁge%g?atlgﬁﬁFsnggth §5a§ bﬁﬁch?
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NH I 92.
Th2655£51}$2??F%H§ Oﬁg@@)t%§¥ 3%%&9@r9 twabﬁklous EESH&ésiﬁBVQQStEBHE of

wat er pro uce a sol ution
NH err] OH wi t Bngaxuafer é@ﬁ@éﬁ?ﬁéppoﬁaﬁﬁﬂéﬁY$lo%@ PREbLGHIRGPe30% NB,QRB ves
94- 95 and ils0 deqlivered 20 dasldesen Bedlahovethrough a tube 151. DI

water is also pumped with a pressure in a range from
10,500-42,200 kilograms per square meter (Kg/NF) gauge

15 through tube 152. Pressure regulator 113 reduces the
pressure going into ampule 118 and pump 142 to
approximately 3,500 Kg/M2 gauge.

If a problem arises in the CDM delivery system, the
supply of 30% NH,0H to dilution tool 100 could be -

20 interrupted. With some prior art systems in which the CDM
delivers 2% NH,OH directly to the wafer scrubber, such
interruptions immediately result in inadequate wafer
scrubbing. Moreover, when multiple processing stations
require delivery at the same time, the delivery pressure

25 can drop substantially, causing a failure where processing
steps are timed or rely on a minimum pressure to function.

To reduce the occurrence of such supply interruptions
or pressure variations, the 2% NH,OH solution is produced
locally near wafer scrubber 20. Ampule 118 provides local

30 Dbuffer storage to decouple dilution tool 100 from CDM
delivery problems, operating as a local reservoir to
ensure a continuous supply of 30% NH,OH to dilution tool
100. Sensors 120-121 are capacitive sensors used to
detect the fluid level in ampule 118. When ampule 118 is

35 full, i.e., at the level of sensors 120, a signal is sent
to the CDM to stop delivering NH,OH. When the fluid ievel
of ampule 118 is low, i.e., at the level of sensors 121, a



25 - As noted above, the renoval of alum na particles and ot her
residue froma wafer after CMP processing requires a concentration
ranging from1.5-2.5% In prior art NH err] CH dilution tools, the 30%
solution is manually mxed with D water and the dilute solution is
poured into a storage 30 tank. The storafe tank is manually transported
and pl unbed into the cl eaning tool and pressurized with n|troPen
for deliverin H e%ﬁﬁp > v era
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10, 500- 42, 200 J§R IS ! ;?é?P"ss-'cﬁj ‘et l'%[reﬁ‘]c)reg"éﬁg

reliability of dilution tool 100, sensors 120 and 121 are
configured in duplicate to provide redundancy as shown.
Each of the sensors 120 and 121 communicates with the CDM
15 independently. |

Clean, dry air is pressurized and coupled to ampule
118 through a pressure regulator 113, which maintains a
constant positive pressure in ampule 118 to prevent
effervescence and to keep pump 141 primed to avoid pump

20 cavitation. In one embodiment, pressure regulator 113 is
configured to maintain the pressuré within ampule 118
between 3,500 and 5,625 Kg/M2 gauge. To keep the fluids
from deteriorating from stagnation, with the associated
loss of NH; gas due to effervescence, dilution tool 100

25 maintains a trickle flow of 2% NH,OH to wafer scrubber 20
even when wafers are not being scrubbed. This flow not
only ensures the purity of the chemicals but also has the
advantage of contlnuously cleaning particles from brush
26. : )

30 When ampule 118 is being refilled, the incoming NH,OH
increases the pressure in ampule 118 above 5,625'Kg/M2
gauge. A pressure relief valve 116 is coupled to ampule
118 to bleed off the excess air/NH, mixture to maintain
the pressure in tube 154 within the specified range of

'35  3,500-5,625 Kg/M® gauge. |

Pumps 141-142 are sealless metering pumps which are
commercially available and have numerous advantages when



15 through tube 152. Pressure regulator 113 reduces the pressure
going into anpule 118 and punp 142 to approxi mately 3,500 Kg/ M err]
gauge. If a problemarises in the CDM delivery system the
supply of 30% NH err]OH to dilution tool 100 could be 20 interrupted.
Wth sone prior art systems in which the €DW delivers 2% NH err] OH
directly to the wafer scrubber, such I nterruptions inmediately result
i n i nadequat e ry e r ocessi ng
7 nadequat e SBLATun seRbLURNNL: IRIAMEL ED, T Rl poessing
can drop substmp@m@ytsc@ﬁspu@% I‘bl-tl#% averfabpricatssd mjith  steps are
timed or rely r re.t

PluSréd 3'r”§h|é'}l§ S %Oﬁ%fﬂlﬂfé)ﬂuoroeth lene a&ﬂﬁ%éon e‘ﬁm 204

occurrence of such su nterrupti pressur € vari
NH er r] OH sol uE¢HRMiGsS p\“bcﬂkJeQi"' Pumn’mmyﬂ#fé%ww@y <ff hssricads Anmpul e

118 provi d&s |1®£’6H10139 c@ﬂféﬁn@lormﬁ dRarfSTOM b £x ¥l ¢ Utd:@ £PQYAndl 00 from
CDM dellver¥ operati Q%H?é?a Iocal res rv0|r to ens re a

conti nuous suppty ﬁgﬁm 75} dhtthout dpmage, as, well
120- 121 are capaciijOie ayehgmtesasian thydroxmlm ectIrt raeidh.ltmoah | ehe! plum;aarrpul e

gllgna?m?g 2npu£8t&£8d6és %o%ﬁ%ﬂtaé? ohe Z‘fl%/ieul?l neeﬁ—([ er ﬁ%laﬁh'ea?l ui d

| evel of Beguces 1fipiekiopang. w-,ear and rrevents gronf@amigrat ion £rpom
-9- 3i00Nabat€iEE8E AWrided M %K@?\Eﬂ?p delAyeé Yré’éuﬂ!",[ err] OH.
Sensors 120-121 are unted on the outsi npul e 118 to avoi d | eaks

f
-and corrosi on. Semicon m@m%@s’rrﬁﬂt%@b‘%m[%ﬁ}} &F Py Ga8 Heovi ded
by 5 settlng spamped WRilé amabmta bniied i & eygle oTerestl 60 Furei M

The flow rates through pumps 141-142 are easily and
accurately controlled by an external adjustment that tilts
15 the angle of the rotating piston within the pump cavity.
Moreover, flow can be accurately regulated down to low
levels by adjusting the motor speed (stroke rate). In one
embodiment, pump 141 has a small pump head which produces
a flow rate of NH,OH of four microliters per revolutién.
20 Hence, when operating at a low speed of three revolutions
per second, the flow rate is twelve microliters per
second. Dial indicators 162-165 reveal the amount of tilt
in each pump head in order to calibrate flow rates for
pumps 141-142, which can be varies manually, mechanically,
25 eléctronically, etc. Once set, the flow rates remain in a
constant ratio even when the overall volume of fluid
through pumps 141-142 varies. Alternatively, one dial
indicator per pump head will indicate pump tilt.
Pump 142 receives DI water through an intake tube 152
30 at a pressure between 24,600 and 26,725 Kg/M2 gauge. A
pressure regulator 114 maintains pressure going into pump
142 between 3,500-5,625 Kg/szgauge. Pump 142 is of
similar construction as pump'141 but is substantially
larger because fifteen times more water flows through pump
35 142 dilute the 30% NH,OH solution down to a 2%
concentration. S '
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before anpule 118 is enpty, when an adequate anmount of NH[ err] OH
remains in anpule 118 to operate dilution tool 100 until the CDM has
time to replenish the supply. For exanpl e, sensors 121 can be set to
send a delivery signal 10 to the CDMwhen a forty-five mnute supply of
NH[ err] OH remains in anmpule 118. To fullher increase the

reliability of dilution tool 100, sensors 120 and 121 are configured in

duplicate to provi upglaney. S _ h,af, the r 0 and
121 communi cates w #?%efﬁl(qs@?sno‘g%%%elnﬂ ﬁﬁ?mﬂh d %Sr?eiiﬁeo %}%&ai ris
pressurized antid4oupl euswve abipat epumps 11@11#%@9@@@@35@11@ gamplspeed 113,
whi ch mai nt ai "énd therEfOSL ﬁ%ogﬁétwﬁ%}prﬁwﬂle,wﬁmﬁ Y 0 S gvent

ef f ervescence an p p “pritred to avoi d punmp, 20 cavitation. In
one enbodi nentCopgEantr eakigul o ofidad yalume ehnflygid ok (RIMREN Eh FPUTR

?L eSfS:Jr _edwist hi ea@ﬁpage'tcﬁé%um;ta_s bﬂ%ﬂemz 3?@9&?%&1 @ﬁ}%ﬁﬂo@%@@egﬁ% keep
e fluids rom deterjorati m s nation,, w assoGi a

| oss of NH3 ga?;gdrﬂgl"?ﬁ if%eﬁ%sgﬂﬁcéfo‘ﬂi?%‘??%ncq%ok?e 1%':12%5%??1?%?%%%5'
trickle flow o&dd2tstlihgrth&HspeecdadErmstonbbsd. 20That wentohmrodwters are
not being scru Thi OMeN e  t

chem cal s but g?’ggeﬁagbiﬁég 8t g%yg%‘toa}ge@ag’f@?rﬂ'i ﬁcu}%é]ugﬁﬂ%%ﬂ g%fn?%]og}ld&gr 4i3cl es
from brush igeingpeased appendinglye 148 lengeamgtheffluid P¥eRswrrRoni ng

NH err]OH19 LBEhG§a$REo! PEMPECIIYUL 84D Ni SNRAH Bt 44:8e @0RYEN Pn 685 KO/ M err]
gauge. A pressure felief valve 116 is ¢coupled to ul e 1 0. bl eed
of f the excessSBEFLKLEEr FRNELxt Bhe Fﬂthaigfthe ffg¥h§85$§sg%r€0%HN€ﬁﬁb 154
within the spegbf DEdwadsgerehadhs3coRStant25at Kghdl righegasipeed. Such
s L 02 BEBedeRRbE RS "Eh L hPTaEA R b8 "o A" poras SUE B} ki
sensors (not shown) coupled to motor 143 through a
15 feedback mechanism (not shown) from wafer scrubber 20.
Because pumps 141-142 are sealless, a clearance,
e.g., of twenty millionths of a centimeter, is provided
between the rotor and pump cavity wall to prevent friction
from abrading particles from the pump. This clearance
20 results in a predetermined portion of chemicals slipping
past the pump rotor under pressure, which takes the pump
out of calibration. For example, pumps 141-142 have
approximately one percent pump slip, which means that one
‘percent of the flow is due to input pressure rather than
25 pump action. If the input pressure is too high, the
percentage of pump slip increases and results in a
deviation from the desired flow rate. Such a deviation
can alter the concentration of the solution and result in
inadequate or excessive scrubbing of the semiconductor
30 wafer. To maintain the ratio of NH,OH and DI water at a
constant level, regulators 112-114 maintain the pressure
of fluids going into pumps 141-142 within a range from
3,500-5, 625 Kg/M® gauge.
A wetting line 154 runs from the DI water line to
35 pump 141 to function as a wetting gland of pump 141. A
continuous trickle of DI water to wet the rotor of pump
141 provides a wet seal to prevent volatile NH, from - -



-10- - used in sem conductor nmanufacturing. The wetted conponent s of
punps 141-142 are fabricated with - fl uoropol yners such as

pol ytetrafl uoroet hyl ene (PTFE) and ceramcs to allow punping a w de
variety of chemcals 5 wthout corroding. For exanple, citric, oxalic. and
gl acial acetic acids can be punped w t houtlZlanage as wel | as NH err] OH
and potassium hydroxide. In addition, the punp rot or does not contact

the wall of the pu cavi t ¥uhi.c Lol GL a and
prevent s cont a%xeﬁ%%ﬁpi i %%&0.E%@%S%&&&%%ﬁﬁ%&%%h Abtg
resul t, s ethe cxtiuesphe pe oTe UMY matdtesucts Nt taririOp reare rites
punped whil e h ntal Nl i fo RURISLA. ates

t hrough punps qﬁﬂﬁ%ﬂd a%e%gﬁfﬁ\ﬁgle.ﬁe %cck:ll?%)aétre. focgrtllter gﬂ%ﬁ.&%&{/ﬁ@gﬁ. TO%_
external adj usEPreRPRTr3oRS® iR |%Re 1Wickmdvng etk kothianhdian dvh within
the punp cavitydditiohdl eAtCIntddOVHE Prdfereiny Htdghdteini aledrbwwe to | ow
purp 141" has. SCRFAPRELERToheEhe Wi CHESREduduiess T praes A BrEResdr ) o
punp as a e c u rr

of four mcrolftemspwep 1éVothtowgh #fbe HeSEe, when operating at a |ow

o crol i ters por - FibEPGL3p, pRSTIGRE et GG AT ALUD 2 5
tilt i n eadhspohpingafunet berers tdeseribrdikeloww rthest¥rering punps

141-142, Wy cheGRBLPEn VLT 86n1EPE@! hich "BCABIE Al d Vomedt EIECHSMUE ¥ Hom
etc. Once set, the flowrates remain in a constant. ratji o even when the

overal I. vol umePTFEfWhigh screens ot Rabsialas 11arger itdan A +%rnativel y,
one di al | Mt gaheteper ipudpanieter Wi | Thé rall watea ppapri¢lds in the CMP

Punp 142 i Dl water through an intake tube 152, 30,. at
bet ween 24, 600° SR B2 735 REFRE ef P12 it cometesy ol diheletn ey 114

mai nt ai ns pr esefifecgbvegcleanipgnpequirdsa t 2% bidl @it rs GLBO®H RS Y/ M err]
gauge. Pu 14§a£§f‘.eies 1%§émché‘ﬁ §OPShI UFEODeAS PHNR: tis
substantially arger “because fifteen times nore. water ows t hrough
punp 35 142 dil ut eSeRe BBIOKHREEr PYFEEBS uasona ddaRifold bo,mix the

constituent fluids. However, manifold mixing requires a
high rate of flow to agitate the fluids sufficiently to
prevent the formation of isolated layers in the manifold.

20 Where the flow rates are relatively low, such as in
dilution tool 100, there is insufficient agitation present
to reliably form a solution. For example, the 30% NH4OH
and DI water have different densities and flow rates.

When introduced into a manifold mixing system at low flow

25 rates, the fluids tend to separate into layers, with the
denser fluid settling to the bottom of the manifold.

Dilution tool 100 achieves the dissolving function at
flow rates as low as 0.1 milliliters per second by
combining a first fluid (30% NH,OH) and a second fluid (DI

30 water) through filter 130 to form the desired 2% NH,OH
solution to remove residue from a wafer. The heaviest
fluid or the fluid with the highest flow rate is
introduced in filter above the other fluid so as to fall
through the other fluid to prevent the fluids from

35 segregating into stratified layers. 1In particular, the
30% NH,OH is introduced into filter 130 at input port 132
and DI water is introduced at input port 133, where port



concentrati on. Motor 143 drives punps 141-142 with a
singl e shaft 144 to ensure that punps 141-142 rotate at the sane speed
and therefore provide NH err]OH and DI water flow rates at a const ant
ratio. A fixed volunme of fluid is punped through 5 each of the punps
141-142 during each revolution or cycle =-13ef nptor 143, so the flow rates
can be varied together adj usting the speed of notor 143 That is, to

produce a £ % erkgﬁﬁ Iutlon t#ﬁi ed of not or
143 IS i ncrfe%gleéd aaltccﬁo!r% Jrr? f%—‘l‘[ Qnee fplotﬁtd g€ss goi ng
into punps 14 lembdinenini m@wtneibB?mJtSndthmBed ats;mrx:le‘lteexdatrmnge the ratio

of the flowr 4 NH &l F%EH! at t he
hi gher speed. % uch ln%:ptsé]lei}e_|d1£€1§:]§)énét]r_{’|= ntclarété)cb 9 Y%Pl%re g) erat or by

usi ng sensors (erasw)o%ot@t@r t]@QTdﬁ)rasl@lthgh P@cﬂil fidedback
mechani sm Gnottisd i )wd e FEdw 155 riblkadr 230 at fiftedPPI3URE RS 10w

centimetor . | o ter® NMGH 0, thas” rBeonRal Binbetserugesatnteo

prevent frict |fmlter I3brataba dbwer doetdlc] eddnow) thhe LuhyerTRicluneey@nce
ourp rotor undf REEE A LERRNId] She' RIS g M d.op, o on  For
exanpl e, punpsthemely breaking umd}iT@)NHE@ﬁebpuonlergellegatrspompgshdpenwbl ch

means thatgoneo 1m15)1?dt?@riﬁ1:9fnéhﬁ1ffﬂ‘.’t£éls THIE tcTHeﬁR:‘H::ﬁHer?ﬁférer l[ than
25 punp action. If the jin Sgressure IS too ercent age of

punp slip i ncrihdBRre ntiti neact befd‘lﬁﬁrhttfhﬁ] ftlrudﬂst Ha itead 113
rate. Such a detvich ii$ prolonged and enhanced by the tortuous path

through filter element 131 to complete the formation of
dilute 2% NH,0OH solution in filter 130. The desired 2%

15 NH40H solution flows out of filter 130 through tube 153 to
wafer scrubber 20.

It should be noted that other solutions can be formed
through a filter besides dilute NH,OH. For example,
citric acid and DI water can be introduced into filter 130

20 to form dilute citric acid, which is a solution used for
removing iron precipitates from the surface of a
semiconductor wafer after metal polish.

To monitor the concentration of the 2% NH,OH
solution, prior art systems use chemical methods which

25 sample the solution from the bulk storage tank. 1In a '
typical prior art system the concentration is determined
by removing a sample of solution from the tank and
measuring one of its physical or chemical properties, such
as specific gravity. However, many wafers can be

30 processed with the solution during the time needed to
evaluate the sample, so substantial damage can occur
before discovering that the concentration has fallen
outside of the specified range. A further disadvantage of
such systems is the need to open the system to the

35 atmosphere to take the sample, increasing the risk of
contamination and exposing persohs.in the vicinity to.
hazardous chemicals. Moreover, prior art systems are -




can alter the concentration of the solution and result in i nadequat e or
excessi ve scrubbing of the sem conductor 30 wafer. To maintain the ratio

of NHHerr]OH and DI water at a constant |evel, regulators 112-114
mai ntain the pressure of fluids going into punps 141-142 within a
range from 3,500-5, 625 Kg/ M err] gaugeld- A wetting line 154

runs fromthe DI water line to 35 punp 141 to function as a wetting gl and
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Hence, appropriate steps can be taken to reduce damage to
wafers when a defective solution is detected.

15 Conductivity meter 166 has the further advantage that
concentration can be determined without opening the
system, which reduces contamination and avoids the risk of
exposing nearby persons to hazardous chemicals.

In an alternative embodiment, the sealless pumps

20 could be driven by separate motors which can be controlled
independently to adjust the solution at the filter output.
- The conductivity meter can measure the conductivity of the
solution to provide a control signal to adjust the speed
of each motor or the output stroke volume of each pump

25 head to vary the concentration of the solution. The motor
adjustment is provided by a feedback path from the
conductivity meter to the motors which includes electrical
or mechanical devices. Such an embodiment would have the
benefit of adjusting the concentration of the output

30 solution, e.g., 2% NH,OH, when the concentration of the
input fluids, e.g., 30% NH,OH, varies.

In summary, the present invention prov1des a novel
dilution tool and a method of manufacturing an integrated
circuit that includes preparing a solution of two fluids

35 for removing residue from a semiconductor wafer. The
‘fluids are combined in a filter to form the desired
solution. Sealless pumps driven by a common motor pump



prevent the formation of isolated layers in the manifold. 20 Were the
flowrates are relatively low, such as in dilution tool 100, there is
insufficient agitation present toreliably forma solution. For
exanple, the 30% NH err] OH and DI water have different densities and
fl ow rates. When introduced into a nanrilbel d m xi ng systemat |ow fl ow
25 rates, the fluids tend to separate into |layers, wth the denser

fluid ttli tt f | | 100
hohi eves. the dFa8oFNTHESH HATLE rd I dBRLLE & constant. ratdd B4 Mdio
nlliliters peratesoad bie flogonataiaf theisetutien wasEsNHEIe ] OH) and a
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NH[ err] OH to renove resi froma wafer. The heavi est
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above the qf her fl UAddiQuﬁé 118,61 dolution HOUEYTdE iaf Mette fambuht o prevent
the fluids from 35 atin nto stratified,laye particular, the
30% NH[ er r] OH P§eﬁﬁ9r6 ué y pﬂggkf}ptﬁ}mggoagylghgﬁtEﬁ%r?é€§2€5 ﬁfe%%aéol
wat er is introdudedtatrei bpllk goahtiB8leswbéra poiution whose
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the flow rate o % NH err]OH and that the NH err]OH i s introduced
into filtechepdcadsa Iower IeveI Hence, the larger vol une of Dl -
water falls through and turbul ates the 30% NH[ err] OH, t her eby breaki ng

up the NH err] OH boundary | ayers or gradients



10 to-inprove mxing in filter 130. The turbul ence results in nore

Intimte contact between the fluids'in filter 130, whi ch is prol onged
and enhanced by the tortuous path through filter element 131 to

conpl ete the ‘TM“I ' m ﬂmm dilute 2% NH err] OH solution in filter 130.
The desired 2 lﬁ“lﬁ ﬁ lution flowsléat of filter 130 through tube
153 to waf &r Scrubb®r 520" It should be noted that other

sol utions can be forned through a fiptgrmBesides dilute NHerr] OH. For
exanpl e, citric acid and DI water can be Introduced into filter 130 20
to formdilute citric acid, which is a solution used for removing iron
precipitates fromt{gaguitagceaphed is: Semn conductor wafer after netal

pol i sh. To nmonitor the concentration of the 2% NH err] CH

solution, prior art systens use chem cal nethods which 25 sanple the

solution freamthe bulk Atméauedt dﬂkmahﬁfacturiﬁqpiﬁainwé{mt@dtcﬁﬂé\hﬁm t he
concentration is_deternin b¥ re ving afsa f _solu $ fg féon1the
Sk on eambEL SRy S arep, 8F EERBILING *2RER fof' sSond PIEET |
as specific grahroyghHewEid¢ternhayfomheassoint ben 3o preness edesi dhe t firom

sol ution dur|nghghgngggﬁaggadggrggl eval uate the sanple, so substanti al
damage can occur ore drscovering that the concentration has fallen

outside of the specified range. A further disadvantage of such systens

is the neefhto openatherp¥sihethb8 bRec3aimt 1PSPALERet Ocdmseis ey Senal e,
I ncreasing the rlsk of - contam nation and exposing persons in the

vicinity to StRRZaPdus chenmical s. Mor eover, prior art systens are
-14- introducing the first fluid into the filter at a

first location of the filter; and
introducing the second fluid into the filter at a
15 second location of the filter above the first location.

3. The method of claim 2, wherein the step of
combining includes the steps of:
pumping the first fluid through the fllter at a first
20 flow rate; and
pumping the second fluid through the filter at a
second flow rate higher than the first flow rate.

4. The method of claim 1, wherein the first £fluid
25 includes ammonium hydroxide and the second fluid includes
water.

5. The method of claim 3, wherein the step of
pumping the first fluid includes pumping ammonium
30 hydroxide into the filter, and the step of pumping the
second fluid includes pumping water into the filter at the
second flow rate.
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susceptible to sanples not being representative of the bul k sol utions
because of the loss of volatile chemcals at sanpl e taking, sanple
transport, sanple storage, and sanpl e assay, e.g., titration. 5

The present invention uses a conductivity nmeter 166 di sposed in tube
153 to neasure the conductivity or restlsk4 vity of the solution, which
Is a function of the concentration. Cbnductivity nmeter 166 renains

di sposed in tub% 15%h%bﬁgt%%%to% ng C@ﬂeggl a%ﬁg gEggngftlne or

10 even contlnuously, rmne con térm nation
is made in sigeombdaingy ingdadeisma tsrtgp lee formlggnpllléumaamapngnmm ch

characterizes phifodde S6TRn at oHERIZ FUBLOBRLE, © £akeRg Can be taken

to reduce danagé to waf ers when a ective solution is detected. 15
Conduct i vi ty mOOBPTicENhEnenStep cfemadaradndgy ehaatio ofokbenELSEONEN can

be deternm ngd Wlldwuwatepar rhd Frst fIvHt Q@te%h@@t&ﬁ@dﬁ&&gcéahéﬁhﬁ@t ban
and avoi ds the rlszlof(ﬂ XQF%@ nearby persons to hazardous chem cal s.

In an aIternatF&? &3 PEss punps 20 could be driven by
separate notors which can be controlled i ndependently to adjust the

sol ution at the filtgr ‘&LH l1‘r[ertho o?‘%l%‘l&d‘é"t hﬁ'e&&?&‘“tﬁre Fakicoa gu'i:ﬁet he

conductivity of the rovi confro just the
speed of e@@@qnﬁ(ﬁlqw ﬁﬂﬁ?(ﬁﬂ[ﬁhﬁ §ﬂﬁ6¢efﬂ@wu#§t@fl@aéﬁpggﬁpm@$eﬂ§ad to

vary the copcertirfide £id e %Qiéﬁ 'di”coﬂ%‘in’l?ﬁg%nclud@%l YIHBAL the
provided by a feedback path fromt conductivity neter to the notors

whi ch i ncl udes SQ44Q%k 418ving & Q?élﬂ%r@é:lm@e\ﬂfcéémrﬁﬁ‘éﬁa&?lé’nﬁ&’&l ment

woul d have t he percdifthahinomifuradjydrioxigie.he concentration of the output 30
solution, e.g., 2% NH err] OH, when the concentration of the I nput
fluids, e.g., 30% NH err]OH, varies. In summary, the present
i nvention provi des &#.novidle methtid fi @il aiooll,arfchrdhest lcothpati siagubastep ng

an integrated t AL s Ut lui ds
35 for rerr%\gn n reséciue anr%m@gdsr{emrfll coﬁ’}t?r g’:iavi\:/a er@l?%é%% (E% a%t \s'wlaﬁne
conbi ned i n a fihe goneetgahiae afedihee®olution.uti on. Seal | ess punps
driven by a common notor punp

) 9. BAn apparatus for manufacturing an integrated
circuit, comprising a filter having first and second

20 inputs for receiving first and second fluids,
respectively, and an output for providing a solution for
removing residue from the integrated circuit.

10. The apparatus of claim 9, wherein the second
25 fluid flows to the filter at a higher flow rate than the
first fluid and the second input is disposed above the
first input.

11. The apparatus of claim 10, further comprising:
30 a first pump having an output for delivering the
first fluid to the first input of the filter; and
a second pump having an output for delivering the
second fluid to the second input of the filter.
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-15- - the fluids while maintaining a constant ratio of flow rates
as the flowrate of the solution varies. The concentration of the
solution is determ ned by nmeasuring the conductivity with a
conductivity neter. 5 A dilute NHerr]OH solution is formed in the
anount needed at any point in tinme, avbB8ding the need to prepare

and store bulk quantities of a solution whose. concentration varies with

t he evaporation of N The g%# er at seal ed enclosure to
reduce safety and 1 en\g/ﬁ‘%n‘?ﬁﬁ’ﬁ%ﬁ ty8 o%lo%ﬂrfﬁ ff!e ]ﬁb% o I i c
chem cal s. motor coupled to the first and second pumps for dellifvering

S?AhgﬁufacturlﬂgféﬁanY%lgmgl%fstﬁéaf?Pgt'fluld $hlle dellveﬂlng éA met hod

crrcul
second volume of the second fluid to produce a third

5 volume of the solution.

13. The apparatus of claim 12, wherein the motor.has
a shaft for driving the first and second pumps such that a
~ratio of the second volume to the first volume is held
10 constant as the third volume varies.

14. The apparatus of claim 9, wherein the first
fluid includes ammonium hydroxide, the second fluid
includes de-ionized water, and the residue includes

15 alumina.

15. The apparatus of claim 14, wherein the ratio of
the second volume to the first volume. is approximately
fifteen and the solution has a concentration of

20 approximately two percent ammonium hydroxide.'

o 16. The apparatus of claim 9, further comprising a
conductivity meter coupled to the output of the filter for
determining a concentration of the solution.

25

17. An integrated circuit manufactured by the
process of combining first and second fluids through a
filter to form a solution to remove residue from the

heet

o WG

integrated circuit.
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conprising a step of conbining first and second fluids through at |east
one filter to forma solution through the at | east one filter to renove

residue fromthe integrated circuit. 10 2. The net hod of
claim1l1, further conprising the steps of: i ntroduci ng the
first fluid into the filter at a first |ocat9on of the filter; and
I ntroducing the second fluid into the filter at a second | ocati on of

the filter above the first location. 15 3. The met hod of

claim2, wherein the steps of COHbInIQ? I ncl ydes _the _steps of:
punping the first flIkid thodgtesrated drarita ofi cd@im dulr gherednq the

punpi ng the secswbrfd Wi id g tileow iddey Iﬁ.tgl'féJ:SEtQ'Mﬂ theO W Il &ad@ of
hi gher than th t fl The met hod of claim

1 Soper el ot ho e dingt, Hudls Jdbes process furfher CATIRFAMICE End (Re

second flui 8 |nmﬂudes wat er . - 5. The nethod of claim 3,

wherein the step of #ﬁ%?%#ghﬁﬁﬁithe f1 fff&%dfﬂdgéjquﬂff¥§%rpggplng

anmoni um hydr oxi de i punpi ng t he
second fluid i fcixptesleraipiony andr | nto the filter at the second
flow rate. 30 introducing the second fluid into the filter at a
second location above the first location.
10
19. The integrated circuit of claim 18, wherein the
process further comprises the steps of:
pumping the first fluid to the filter at a first flow
rate; and
15 pumping the second fluid to the filter at the second

flow rate.

20. The integrated circuit of claim 18, wherein the
step of'combining includes a step of forming the solution
20 at a third flow rate, further comprising the step of
maintaining a concentration of the solution substantially
constant as the third flow rate varies.

21. The integrated circuit of claim 17, wherein the
25 process further comprises a step of measuring a
conductivity of the solution to control a concentration of
the solution.

_—
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6. ~The nethod of claim3, wherein the step of conbining I ncl udes
a step of form ng dilute amoni um hydroxi de solution at a third

flowrate, further conprising the step of maintaining a ratio of the

second flowrate to the first flow rate substantially constant as the third
5 flow rate varies. -20-  The -net hod of claim 6,
wherein the ratio of the second flowrate to the first flowrate

is approximately fifjee : 20TN0N | des
33 M;ﬁgﬁ%ﬁ%ﬁsﬁﬁ% .removing SN W D G

form ng the solution having & ¢ ti'on of approxi mately two
per cent anmmoni intégdabeiidelréuit, comprising: g, The nethod of claimil,

further conprising @ 8i8Rt:Obump for pulBASY 4 NEHAs€OALeLdj vity of the
solution to determ ne the gconcentration of th& Eflagjon. 15
9. A nethod of raRuP8EPDR| RYMB Eofi RWMRHRY otheesrcn uld? conpri sing:

i ntroducing a firstafbodihdhg QeVitéchaving first andatecondfinmecdiféer;
I ntroducing a second.flujid into the filter at o] 0 i
the filter aboV&°BHEIPP tgelgﬁﬁF oﬁ?daﬁﬁcong ££u P88 OPfoh G| Pl Sy %&%

r conbrning

first and the second plmpds rbspeghivedyfiandrancoficput for providimguaion
to renove resi : 1.CO ctor device. 10. The
nmet hod of cIai%?gék&ﬁglépguﬁﬁghfigg? fluid includes 25 ammoni a

hydr oxi de and the sacBraspremgninceuiies Gaweted to the output of fhe Tpe

net hod of gd ai poiibivhakeHBvibe FbePmehsiviRgNg &BRductivity bfrshef | uid

I ncl udes punping anmoni u h{droxide into the filter, and the step
of punpi ng t heCs€88A89f BAr-Y ‘RBIrudes punping water into the filter 30

at the second flow rate.

23. The apparatus of claim 22, further comprising a
motor for driving the first and second pumps to deliver
15 the first fluid at a first flow rate and the second fluid
at a second flow rate to produce the cleaning solution at
a third rate, where a ratio of the first and second rates
is constant as the third rate varies.

20 24. The apparatus of claim 22, wherein the combining
device comprises a filter.

25. The apparatus of claim 24, wherein the first
flow rate is lower than the second flow rate, and the
25 first input of the combining device is disposed below the
second input.

26. A method of combining first and second fluids,
comprising a step of introducing the first and second
30 fluids into a filter to form a solution.
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12. -The nethod of claim9, wherein the step of conbining I ncl udes
a.step of formng dilute ammoni um hydroxi de solution at a third

flowrate, further conprising the step of maintaining a ratio of the

second flowrate to the first flowrate substantially constant as the third
5 flowrate varies. , -32B~ The nethod of claim12,
wherein the ratio of the second flowrate to the first flowrate

is approximately fiffee t.he conbi ni.ng ncluq§_
form ng the sol uti oin—;ha\%}%q%eéc}lon ﬁﬁ cgltai]% & fﬁ‘efe“‘agﬁﬂﬁ >€ te i i
percent armmonihas g drawerigdénsity than the secomtl fiThel,nemidodhef step w1,

further conprifit¥bduSitP Heludes t ergggagwdg; a conductivity of the
solution to determ ne fﬁ% concentrag}on ° of the solution. 15

15. The net hod of ¥teAucingdihe £ingt Hnichrinke dheddiilder at a
conprises gn |f&ggﬂeiﬁ§hgaréﬂut

introducing the second fluid into the filter at a
second input higher than the first input.

28. The method of claim 27, further comprising the
10 steps of:
' delivering the first fluid to the filter at a first
flow rate; and
delivering the second fluid to the filter at a second
flow rate greater than thé first flow rate.
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