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1 PCOLI SHI NG SCLUTI ON SUPPLY SYSTEM

BACKGROUND OF THE | NVENTI ON - Field of the Invention 5 i§§5§
present invention relates in general to liquid flow devi ces 3q/-2
apparatus for polishing senicaaductor substrates, and related in
particular to a polishi ngPOMISHING SOLUTIGNhISURRISt SHITEM suppldss eo
polishing solution of a fixed concentration. 10 Description of th

Rel ated Art In recent years, there has been a quantumjunp in the

density of integrated circuit devices leading to a trend of
 BACKGROUND OF T INVENTION

Field of the Invention
4 3 : _
5 The pgesenF invention relates in general to liquid flow
devices used in apparatus for polishing semiconductor

Y .
related in particular to a polishing solution

substrates; and
supply systém that supplies a polishing solution of a fixed
qoncentration.
10 Description of the Related Art
In receht years, there has been a quantﬁm jump in the
denSity of integrated circuit devices leading to a trend of
narrower interline spacing, and, in the case of using optical
photolithography, the shallow depth of focus as.sociated with the
15 stepper optics demands extreme flatness at the focal plane.
N A known method of obtaining a flat surface is to employ a
polishing tool (having a turntable and a polishing cloth, for
example), and an object holding device for holding and pressing
a polishing object against the polishing table, so that
20 polishing of the surface is achieved by sliding the object
surface against the polishing cloth while supplying a polishing
solution at the sliding interface. Such a polishing section
produces mechanical polishing action as well as chemiéal
polishing action by éupplying an alkaline or acidic polishing
25 solution. | o
In such a polishing section, variables for determining the
rate of matexial removal frém the surface (polishing rate)
include not only the magnitude of the pressure against the

polishing tool (e.g., polishing cloth) and relative sliding

1
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narrower interline spacing, and, in the case of using optical
phot ol i t hography, the shallow depth of focus associated with the 15

st epper optics demands extrenme flatness at the focal plane. A
known nethod of obtaining a flat surface is to enploy a pol i shing t ool
(having a turntable and a polishing cloth, for exanpl e), .and an obj ect
hol di ng devﬁpéeﬂobuhothﬁrgo%ﬁnwé sppgof theaP%J—-’F%h‘ilglgs%de a@‘éﬁlrktiet he
polishing table, so that pol i shin gof t he, syrface i s achi eve g
sliding theré'ﬁfe‘éf supplmg 5@@ §8&Pﬁ§- Iy heI']'oo‘fs'r SRR TN FrOV\ﬁ?PErg p1Si ng
a polishing lution at the slidin rface lis

section Poilai"ﬁﬁﬁﬁgsr%% m%ntpoﬂo%gﬂg *F W%%%n%g%&gﬁkggf-‘"f
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'.properly thereby to obtain improved productivity.

An example of such apparatus for supplying a polishing
solution of a constant concentration is disclésed in a Japanese
Laid-Open Patent Publication, H7-52045. This apparatus

10 comprises a stock solution tank, a first and a second solution
adjusting tanks to adjust the concentration of the solution in
two stages, and a circulation tank for supplying the adjusted
solution to the polishing tool or providing circulating flow of
‘the adjusted solution. Such solution storage tanks are normally

15 high capacity tanks, ranging in capacities from 1-2 m?, so as

| to enable charging a suff.icient quantity of solution to last for
one-day production.

The stock solﬁtion and diluted polishing solution in this
reference are not the type to be affected by expoéui‘e to air so

20 that, although the tanks are closed with lids, effort is not made
to actively exclude outside air from flowing into the tanks.

However, such a design allows escape of the interior humid
atmosphere to cause drying of the interior atmosphere. Since
the liquid level inside the tanks fluctuates, when the liquid

25 around the top periphery of the tank evaporates, solute is
precipitated. Such repeat of liquid level fluctuation and

- solute precipitation leads ultimately to growth of the

precipitate on the interior surfaces of the tanks, which then
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i ncl ude not only the magnitude of the pressure against the pol i shi ng
tool (e.g., polishing cloth) and relative sliding

2 speed but the concentration of the polishing solution and the
rate of supplying the solution. It is inportant to control the

polishing rate constant, not _only for controlling the effect of

pol i shing rRreaks efk acﬁ\?aﬁﬁﬂ-}soi-%ﬁ%é:qﬁ)ﬂﬂgﬁéél 6B s blogkdsg gf flghquid
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the polishing operation, as well as degradation of polished
5 surface due to the large precipitated.particles included in the
polishing solution.

Therefore, the first obﬁective of the present invention is
to prevent precipitation of solutes on delivery pipes or
interior walls of holding tanks so that a polishing solution of

10 a constant solution concentrétion can be supplied to a polishing
tool.

As described hereinbefore, to pfoduce high quality
polished products using the polishing section, it is required
to supply a polishing solution of a constant concentration at

15 a steady flow rate. Polishing solution of a given concentration
is prepared by mixing a stock solution with dilution solution
in a mixing tank prior to its use, and the prepared polishing
solution is delivered from the mixing tank to a solutidn supply
nozzle of the polishing section through a solution delivery

20 pipe. It is also required that, from the viewpoints of
economizing capital and operating costs, one mixing tank be used
for a plurality of polishing sections. This has been.achieved
by providing a main distribution line where a constant flow of
the polishing solution is provided and delivery pipes branching

25 off from the main distribution line where a constant-flow pump
such as a roller-operated pump is provided to pump the solution
to individual polishing sections. Such arrangement can shorten

the length of liquid delivery piping as well as avoid
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Lai d- Open Patent Publication, H7-52045. This apparatus 10 conprises
a stock solution tank, a first and a second sol ution adj usting tanks
to adjust the concentration of the solution in two stages, and a
circulation tank for supplying the adjusted solution to the polishing
tool or providing circulating flow of t he adjusted solution. Such _.
sol ution stprﬁgéptﬁﬂkéoar@frﬁﬁlﬁﬂ¢)ﬁrOFSthﬁgﬁoééﬁaépgys@bhkk°nr%ﬁﬁﬂ?&???ﬂ
capacities from1-2 err], so as to enabl e chargij.n cf suf ficjent
quantity of WaBhuEreBRatsd £hoprimg and ;REaghYBr Bduc %Bﬁ%-“al polishing
stock solution and diluted polishing solution in this reference are
not the typ8eFEiBBSaffected by exposure to air so 20 that, although the
tanks are closed_with I|d effart is ive
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i nterior atnospher
of polishing solution is delivered regardless of the variations

in hydrostatic pressure in the main distribution line, it is not
possible to eliminate changes in the flow rate caused by
deformation of flexible tube used for the roller pumps; second,
10 it is inevitable that such roller pumps produce some pulsations
in flow rates; and third, because of the flexibility of the tube
in the roller pump, deterioration of the tube is unavoidable with
age, and it is not possible to assure long-term stability for
the liquid delivery system.

15 Further problems in such a liquid delivery system is that
- the quality of polished products often suffers from the lack of
steady supply of polishing solution of a constant concentration
to individual polishing unit caused by system deficiencies such
as differences in lengths and diaméters of the delivery pipes,
20 and fluctuations in flow rates caused by the pressure changes
~in the delivery circuits resulting from changing numbers of

operating and non-operating polishing sections.
The second objective is, therefore, to provide an
economical polishing solution supply system which is able to
25 supply a polishing solution of a constant solution concentration
at a steady rate to a plurality of polishing séctions, and to
provide a functionality to each polishing section so that each

polishing section itself is able to control its own rate of
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t he liquid level inside the tanks fluctuates, when the liquid 25 around

the top periphery of the tank evaporates, solute is preci pitated.
Such repeat of liquid | evel fluctuation and solute precipitation |le
ultimately to growmth of the precipitate on the interior surfaces of
t he tanks, which then

: 3
breaks of f suppflyl £ a pebishingispliution efixseopstartmrpergentation. Such
outl et openings, resulting not _only in disruptions _in production
process but a@l AFFINgeMRRt awWeBAdofals ualdavwe fleerilat | oR Fhangdng, feke
pol i shing operation, as well as de%fﬁga i.on ofcpqlished .
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25

example, the layout of polishing sections in a plant.
SUMMARY OF THE INVENTION

The first objective has been achieved in a polishing
solution supply system for supplying a polishing solﬁtion to one
or more polishing sections comprising: a stock solution supply
source for containing a stock solution; a dilution solution
supply source for containing a dilution solution; a mixing
section for mixing the stock solution and the dilution solution
supplied by wéy of a stock solution supply line and a dilution
solution supply line to formulate the polishing solution, the
mixing section being sealed hermetically to exclude external
atmosphere; and one or more delivery lines to deliver the
polishing solution to the polishing section.

Accordingly, hermetic sealing of the mixing section
prevents the content of the mixing section from being affected
by external atmosphere, and suppresses solution drying and
precipitation on the walls of the mixing section, and also
prevents mutual reactions or contamination between the external
atmosphere and the content. The mixing section may be formed
as merging solutionlsupply lines or a hermetic container of a

suitable shape. The mixing section functions as a buffer to

absorb fluctuations in consumption of the polishing solution so *

long as the volumetric capacity of the mixing section is

adequate.
-
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5 surface due to the | arge precipitated particles included in the
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section, which branches out from the circulation line. By
adopting such an arrangement, stagnation of the solution which
stays between the mixing section and the polishing section can
be prevented so that changes in solution concentration and liné
plugging due to precipitation can be prevented. By providing
liguid level sensors inside the mixing section, it is possible
to determine residual amount of polishing solution so that the
liquid level inside the mixing section can be maintained in a
desirable range. |
The mixing section may be provided with a pressure
adjustment device for adjusting an internal pressure of liquid
paths. Such a device may be an air bag which can expand or
contract in response to changes in the liquid level ins-ide the
mixing section. In this case, the mixing section or air bag may
be provided with a temperature control device so that
condensation of moisture inside the air bag may be prevénted.
Another aspect of the present invention is a polishing
solution supply system for supplying a polishing solution to a
polishing section comprises: a circulation line for circulating
the polishing solution; and - delivery lines to deliver the
pblishing solution to the polishing section, wherein the
circulation line and the delivery lines are sealed hermetically
to exclude external atmosphere. The terminal end of the delivery

pipe is a polishing solution supply nozzle, and it is opened when

pol i shing sol ution. Therefore, the first objective of the present
i nvention is to prevent precipitation of solutes on delivery pipes or
interior walls of holding tanks so that a polishing solution of 10 a

- constant sol ution concentration can be supplied to a polishing t ool .
As described her 8habeisiag ﬁécﬁﬂ@@u@@MMQ$¥ﬁﬁk¥WQQ/a Parﬁxﬂfsﬁmﬁpkﬁﬁk&ﬁﬂs
usi ng the pollshlng section, (it is required upp pol i sh
sol ution of 8 B&ﬁ@ﬂaﬁ&r%%%'%?ﬁa]ﬁ% a?-'hel%lr%u%@teh?i‘} "H%/\/Lrsafiésl’PﬁfaBsW ng
solution of a given cqncentr at prepared b a .stock
sol ution wi PR % S uBRG P°llsﬁ+q9|ﬁ P ran n%1 b tﬁ?%q%}QE S and
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20 ;pi pe. It is also required that, fromthe viewoints of

economi zi ng capital and operating costs, one mxing tank be used ~for a
plurality of polishing sections. This has been achi eved by providing a
main distribution |ine where a constant flow of t he polishing solution

di st ri buti oMegdfd mRatewher ik 45 usee Frutoff yadiyeaisclegedtoopenit ed

punp is provided.to pu he sql ution to individual po!'i shing
sections. S %@@%rﬁr%ﬁ%cﬁ’fﬁnal atmRsSPheXRh of |iquid delivery

pi ping as well asg,avaoi

on - o4
precipitation of Ef)g'uftrlt?ﬁl SHEPLY PEAERY 1Y he Frihek proydded with a

stock solution tank, a dilution solution tank and a mixing

i s provided and delivery pipes branchi \rlla_‘ngS off fromthe main

5 section for mixing a stock solution and a dilution solution, and
all liquid paths including soiution tanks are hermetically
sealed.

The solution supply system may be provided with a cleaning
unit for cleaning a stock solution supply line for supplying the
10 stock solution to the mixing section, and the mixing section is
provided with an additive supply. line to supply an additive to
the polishing solution.
A level sensing signal is used to control the liquid level
in the mixing section within a certain range by supplying the
15 stock and dilution solutions in a suitable ratio. When the
residual level is very low, a warning may be issued. The cleaning
unit may be comprised .by interconnecting piping connécting
between the stock solution supply line and dilution solution
supply line so as to direct the dilution solution to the stock
20 solution supply line and to drainthe spent solution 'by operation
of valves. The valves may be operatéd S0 as to switch the flow
of the solutions between the two supply lines for alternate
cleaning.
The solution supply system may be provided with flow rate
25 adj.ustment devices for adjusting a flow rate of the stock
solution and/or the dilution solution to the mixing section, and

a control device to maintain a constant composition of a
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Wi t"h- ':repeat ed stopping and starting of individual polishing sections.
However, there are problens with this type of solution 5 delivery

arrangenent. First, although a roughly constant vol une of polishing
solution is delivered regardl ess of the variations in hydrostatic
pressure in the main distribution line, it is not possible to

el i mi nate cPaAdsding sebutien imthedmixing gection REGIHEbHLRY thekigve
tube used for the roller punps; second, 10 it is inevitable that such
rol | er punp¥abfodddusiBrptydeyicersns in flowrates; and third, because

O X Ol hOleci A oupp 1y Syl S nBYEPa JEFL' 23356ERp8E
pr obi ems | nABARea i i SFo | veryt 9. eHBRLY; i Yoilynshning ik ' 2%
pol | sheds pr 8‘1‘1‘&%&0&“ ESTu%H‘.BBeEﬁpﬁi?nliﬁg, la?r?& aOfflow adjustment device in
a dilution solution supply line communicating with a stock
solution supply line, and a liquid switching device may be
provided to switch between the stock solution and the dilution
solution.
10 Another aspect of the invention is a polishing solution
supply system for supplying a polishing solution to a polishing
section, comprising: a mixing section for adjusting a
concentration and/or constituents of the polishing solution,
and a flow control device for controlling a rate of supplying
15 a liquid to the mixing section, the flow adjustment device
comprising a pressure adjustment valve for adjusting a liquid
pressure in a secondary-side thereof. Thus, the secondary-side
liquid pressure (output pressure) of the pressure adjustment
valve can be controlled according to a signal from. the flow
20 control device, and in combination with a constriction provided
within or by a downstream piping, the pressure adjustment valve
can control flow rate of the polishing solution.
| Another aspect 'of the invention is .a polishing system
comprising: a unitized housing including'a polishing section for
25 polishing an object by pressing the object against a polishing
tool, and a delivery line communicating with an external
polishing solution supply source for supplying a polishing

solution to the polishing section, wherein the delivery line is
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steédy supply of polishing solution of a constant concentration to
i-ndi vi dual polishing unit caused by system deficiencies such as
differences in lengths and dianeters of the delivery pipes, 20 and
fluctuations in flow rates caused by the pressure changes in the
delivery circuits resulting from changing nunbers of _operating and
non- oper at i rRFPEHAHWg-Is acElenscontrol devicmdozegontrobléngi fkovsf the
wnich 15 abl EOTEHASS E2kuE{on 56 AcHPRTER) GLPBNEBFSaI4BR: B B GOMROH
and to o BioRA e 3 A OVEF (AN CORCREIOR i g Loat R OHP BN S
pol i shi ng se§gi&%&$ﬁ§elf is able to control its own raﬁe-of
5 Accordingly, regardless of the conditions in the external
supply source of polishing solution, for example some pressure
fluctuations,_ the flow rate control device maintains a constant
rate of supply of polishing éolution to the polishing section
to provide a highly practical unitized polishing system.

10 The delivery line may be comprised by a extended
‘circulation line to constitute a part of a trunk line for flowing
the polishing solutioﬁ, and a delivery pipe extending from the
extended circulation line towards the polishing section.

Accordingly, the polishing solution is always circulating

15 in the trunk line so that, even when the pblishing section is
not operating, the polishing solution does.not stagnate in the
'trunklline, thereby preventing éolute precipitation from the
solution to cause compositional fluctuations and plugging in the
line. Therefore, the delivery pipe which is vulnerable to

20 stagnation can be kept short to promote steady flow of polishing
‘solution. The trunk line can be used as the circulation line,
which may be provided with a buffer tank to moderate any effects
introduced by changes in solution flow rates. The circulation

line may be provided with various sensors such as pressure sensor

25 and a flow control device to control the cifculation pump to
minimize pressure fluctuations. |

The flow control device may have a pressure adjustment

valve for adjusting a pressure in a secondary-side of the flow

THIS SHEET HAS BEEN
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5 supply of apolishing solutionof aconstant concentration. Such

an arrangement would also allow flexibly in changing, for exanpl e, the
| ayout of polishing sections in a plant. -5 SUMVARY
OF THE | NVENTI ON The first objective has been achieved in a

pol i shi ng sol ution supply systemfor supplying a |l i shing solution to
one or captzopoievhtapt @& sperdfionpalue rgiven gl\bé‘—%es@PMﬁbﬁ %J;fmﬁ]y
source for containing a stock solution; a diluytion solution

. source for A6REEAARH Ya(thnl%ﬂﬁsﬁﬁﬁppéﬁrYas#ﬁ%rﬂfess“r%eé?lbﬁPFoﬁqninng

Stock sol Ut PBRCAABHII INE i dLvarRES: i 2Ll the 139BRd'Satnd CiR' b8 képe

at a constant valve. A constriction device such as a flowcontrol

5 orifice may be provided downstream in the liquid circulation
line, as necessary, and an electro-pneumatic device may be

provided to generate a command signal to convert pilot air

pressure to a liquid pressure for flow rate control purposes.

The delivery pipe may be communicated with a cleaning

10 liquid delivery pipe for supplying a cleaning solution through

the flow control device. Accordingly, the flow control device

can be operated at its optimum performance. Cleaning solution

may be a constituent of the polishing solution such as deionized

water or other substances compatible with polishing process.

15 Another aspect of the invention is a polishing solution

supply system for supplying a polishing solution to one or more

polishing sections cbmprising: a trunk line for continuously

flowing the polishing solution and a-delivery line extending

from the trunk line towards éach of the polishing section,

20 wherein the delivery line is provided with a flow control device

for controlling a flow rate of the polishing solution by

adjusting valwving according to a command signal.

Another aspect is a method for polishing a semiconductor

wafer using a polishing system comprising one or more polishing

25 . sections; a polishing solution supply system for supplying a

polishing solution to the polishing section; a polishing

solution circulation path interposed between the polishing

section and the polishing solution supply system; and a delivery
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sol uti on supply line to fornul ate the polishing solution, the m xi ng
section being sealed hernetically to exclude external 15 atnosphere; and

one or nore delivery lines to deliver the polishing solution to the
pol i shing section. Accordingly, hernetic sealing of the m xing
section prevents the content of the m xing section from being affected
by exter nal lmmﬁmrcbmqarf@oguppeeggé@,saéngt seguamnr@l&h@la‘ggon path to
precipitation on the walls..of the m xing section, and al so revents
mutual reacdehoHEhe RRkIFNRY éﬁcﬁéﬂﬁeeﬁqlﬂﬁlﬁieflgr% steps gf; Jé“l{and
t he content. m xi ng secti,on sol u.t

supply |ined 5(5’:l t3 desdres; %%?c%gtﬁatlon %%FP&BH geaé_% 8
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m xing %emﬂ)gfl%ﬁlng soﬁﬂ?%@ Yrculation path; withdrawing the polishing
solution from the polishing solution circulation path and
forwarding to individual polishing sections; adjusting valving
of a flow valve in each delivery pipe to a pre-determined flow
rate given by a command signal so as to deliver a desired quantity
10 of the polishing solution to individual polishing sections; and
stopping withdrawing of the polishing solution from the
polishing solution circulation path to a polishing section and
cleaning an associated delivery pipe.
The step of adjusting valving may be performed by balancing
15 a pressure in a secondary-side olf the flow valve against a
pre-determined pressure signal to correspond with a desired flow

rate for an associated polishing section.

BRIEF DESCRIPTION OF THE DRAWINGS
20 | Figure 1 is a schematic overall layout of a first embodiment
of the polishing system including the solution supply system of
the present invention;
Figure 2 is a cross sectional view of a buffer tube in Figure
1; |
25 Figure 3 is a detailed cross sectional view of a pressure
adjustment valve shown in Figure 1;
Figure 4 is a cross sectional view of a variation of the

stock solution tank;
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The m xi ng section may constitute a part of a polishing

solution circulation line. The circulation line is disposed to be
proxi mal to each polishing section, and the solution is suppl i ed
through a delivery pipe, associated with each polishing 5 section, which
branches out fromthe circulation line. By adopting such an

arr angerrent

st aghgurenS oks Bhechematicnlagpeh of anosher Vasiatden aé e ng

section and the polishi ng section can be prevented so that changes in
b f

sol uti on cofeéntian SHPR

prevent ed.
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20

25

BYfESM;  pluggi ng due to precipitation can be

By proyidin ) .
y P Vgulre96 is a schematic layout of a second embodiment. of

the polishing system of the present invention;
Figure 7 is a schematic layout of a variation of the second
embodiment ;)f the polishing system of the present invention; and
Figure 8 is a schematic layout of a third embodiment of the

polishing system of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments will be presented in the following
with reference to the drawings. As shown in Figure 1, the
polishing system 1 comprises: a polishing solution supply system
3 for preparing a poiishing solution of a given composition by
mixing a stock solution with a dilution solution and supplying
it by way of a circulation path 2; and a polishing section 4 for
polishing a polishing object using a polishing tool. The
polishing solution supply system 3 has two sources of liquid
supply, two stock.solution sources (tank) 10 for storing a stock
solution and a dilution solution source 12 for storing a dilution
solution for diluting the stock solution to formulate a
polishing solution of a desired concentration. The system 1
further comprises a mixing section 18 provide in the circulation
path 2 for merging the two liquids supplied from the two liquid
sources 10, 12 through solution supply lines 14, 16; solution
delivery pipes 24 for supplying the polishing solution to
individual polishing units 22.
-
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10 liquid | evel sensors inside the mxing section, it is possible to

determ ne residual anmount of polishing solution so that the liquid

| evel inside the mxing section can be maintained in a desirabl e
range. The mi xing section nay be provided vvith a pressure 15
adj ust ment device for adjusting an internal pressure of qui d at hs.
Such a devi ce ma§tpekasehitiondamirba Rekishinmgodution m%Y.Sr’Fter aptagidic,
response to changes in the |i UId | evel inside, the Xl n ction.
Lhi S case, AEEALIRERE AENGTH- 8P Lyr{opgpmining shragiat 5 Beatiftan.suen "

terrperature control dev‘afe o that t20 cond tion of npisture Irf‘{%
air bag may? a certalB: Rar é‘g Sct5HFer h‘anéré'sserﬁe e |on

P eraing PSR A AR L A,

circul atd ng solutﬂ)ﬂ 1 OUd Y NG, PAY €T on AP0 ARIHEN Vi It18% bRafifhkY &nd Ne
stock solution is contained in a stock solution tank 10, and when
one tank becomes empty, the stock solution supply line 14 can
be switched from one stock solution tank 10 to another stock
solution tank 10. Stock solution supply line 14 and dilution

10 solution supply line 16 are each provided with a shutoff valve
26, a pressure adjustment valve 28 and a flow controlling orifice
29. This combination of the pressure adjustment valve 28 and
the flow controlling orifice 29 makes a pressure compensated
flow control valve 31.

15 As shown in Figure 3, the pressure adjustment valve 28
comprises a casing having an upper casing 66, a lower casing 68
and a bottom plate 70; and a valving device 72 housed in the
éasing. In more detail, the upper casing 66 includes an air
pressure chamber 76 having an air.pressure' inlet 74 which is

20 connected to a pilot air source (not shown); and the lower casing
68 includes solution passages comprising a solution inlet path
78, a primary valve chest 80, a secondary valve chest (liquid
pressure chamber) 82 ‘and a solution outlet 84'; and a diaphragm
86 which is clamped between the upper casing 66 and the lower

25 casing 68 at the periphery to separate the air pressure chamber
76 Ifrom the secondary valve chest 82.

A valve seat 88 is formed between the primary and secondary

valve chests 80, 82, and a valve body 90 is inserted therein from

i s



25 polishing solution to the polishing section, wherein the

circulation line and the delivery lines are sealed hernetically to
excl ude external atnosphere. The termi nal end of the delivery pipe is
a polishing solution supply nozzle, and it is opened when

needed, but when not in use, the shutoff valve is closed to seal
of f the pi ptherbottom. e?hermv%bﬁd.‘rp?l@ﬂ@ attached to ahgabve JiadbASsupiry

system may be further provided wt stock solution tank, a_ dil uggon

sol ution tahR Zh¥ed ﬁPxFH@ dSapgéﬁﬁlF‘oﬁGfBY ‘H?ﬁ?ﬁgog %t%%@%%%ﬂ?l%%a'éﬁd

di lution sol ut [ on al | p)i I udi ng sol ution lléanks are
bo%.t 94 so as to be m Zable' 31 ong 1ts axis. ressure

her neti cal | §nd
adjustment valve 28 is provided with O-rings 98 at certain

5 necessary locations.

The pressure adjustment valve 28 of such a constructioh can
precisely control the quantity of stock solution or dilution
solution to be supplied to the buffer tube (mixing section) 18.
The operation of the valve 28 is as follows. A controller (not

10 shown) outputs a flow rate control signal to correspond to a
pre-determined desired flow rate to an electro-pneumatic
conversion unit of each pilot air source. The conversion unit
provides a given pilot air pressure to the air pressure chamber
76 of the respective pressure adjustment valve 28, according to
15 the flow rate control signal. In response to the input signal
to the valve 28, a liquid introduced from the solution inlet path
78 passes through primary valve chest 80 and the opening between
the valve body 90 and va;ve seat 88, and flows into the liquid
pressure chamber 82. The flow rate of the liquid flowing through
20 the orifice 29 is univocally determined by the pressure inside
the liquid pressure chamber 82 (secondary-side pressure).
Therefore, by controlling the pressure inside the liquid
pressure chamber 82 (secondary-side pressure) at a given value,
flow rate of the polishing solution is controlled at a desired

25 value.

The following explains how a constant flow rate of the
liguid flowing through the 1liquid outlet path 84 can be

maintained by controlling the pressure in the liquid pressure
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seal ed. The sol ution supply system may be provided with a

icl eani ng unit for cleaning a stock solution supply line for supplying
the 10 stock solution to the mxing section, and the m xing section is
provided with an additive supply line to supply an additive to t he
pol i shing sol ution. ._A level sensing signal is used to caontrol the
| i qui d | eve¢hamber§2 ¢ h&hg RLAGtsREE iRFLSFULS Ao ther RAF PFRFTRr 8\ RARkSY i ng

the 15 stock and dilution solutions, in a suitabl.e ratio. _\Wen t
~residual | el®and ther J1auif %r%ﬁvﬁ%gl%yebil%% aféwecr«‘éléﬁ'?’ﬁg s AT ni t

b JCRERC R T F e g N 1
e e PhR ST A bR D 4 O BesfegS Rl ARG TR kT A
operat eg Sopﬁésggrémﬁﬁcghéhfi&ﬁf&’pressure chamber 82 becomes higher for
any reason, the valve rod 96 and valve body 90 are pushed upwards,
and the liquid flow opening formed between the valve seat 88 and
the valve body 90 becomes narrower, thus increasing the flow
resistance so that the polishing liquid pressure in the liquid
10 pressure chamber 82 is restored instantly to ﬁhe desired
pressure (a pressure balancing the pilot air pressure in the air
pressure chamber 76). if the pressure in the liquid pressure
chamber 82 drops, an opposite action takes place to restore the
desired pressure. The result is that the amplitude and frequency
15 of fluctuation in the liquid pressure are decreased, and the
liquid can be supplied steadily to the mixing section 18 at a
respective flow rate determined by the respective pilot air
pressure and thé flow resistance provided in the downstream
piping of each solution supply lines 14, 16. |
. 20 The orifice 29 provided downstream of the pressure
adjustment valve 28 is used to determine the control range
obtainable by changing the pilot air pressure. By providing an
orifice 29 to suit the desired flow rate, the ratio between the
' stock solution and the dilution solution can be changed freely
25 over awide range. If the dimensions of the solution suppiy lines
14, 16 are such that they can function as suit_:able constrictions,
there is no need for providing an orifice 29 separately. By

providing the flow control valve 31 utilizing the pressure
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of the solutions between the two supply lines for alternate cl eani ng.
The solution supply systemnay be provided with flow rate 25 adjustnent
devices for adjusting a flowrate of the stock sol ution and/or the

dilution solution to the m xing section, and ~ a control device to

mai ntain a const ant COFYpOSI tion of a
8 pol i sdijngtmenttvalve 28 (nﬁ svch aglestgn dn bhe clinaloBplugionesSYPRLY

rat e adj ustnent devi ces. The solution supply system maX have a
flow adj ust képe 14 as well as in the dilution solution supply line 16, flow

rates of each solutJ.on can be controlled precisely so that a

polishing solution of a desired composition can be formulated_

5 and maintained preéisely at a desired level of concentration.

The buffer tube 18, which functions as the mixing section,

is provided within the circulation path 2 for supplying a

polishing solution of a constant solution concentration to a

plurality of polishing facilities. As shown in a more detailed

10 drawing in Fiqure 2, the buffer tube 18 comprises a

vertically~disposed cylindrical container 30 having a diameter

larger than that of the circulation pipe 20 of the circulation

path 2, which is provided with a discharge opening 32 at the

bottom, and a cover 36 for closing the top section of the

15 container 30 by way of an O-ring 34. A return tube 38 in the

return circuit of the circulation pipe 20 is inserted through

the cover 36 to reach near the bottom of the container 30, and

the pipes of the stock solution supply line 14 and the dilution

solution supply line 16 (not illustrated) are inserted to extend

20 midway in the coﬂtainef 30. It is desirable that the volumetric

capacity of the buffer tube 18 does not exceed the volume of the

polishing solution which can be used in a 24-hour period. This

is to avoid possible 'degradation 6f_ the polishing solution by
prolonged storage. |

25 The container 30 is provided with level sensors 40a, 40b

and 40c for detectitig the upper, lower and lowermost levels, for

example, and output respective signals to a controller (not

shown). In this embodiment, static capacitance type level
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device in a stock solution supply line communicating wwith a 5 dilution
solution supply line, and a fl ow adjustnent device in a dilution
solution supply line conmunicating with a stock sol ution supply I|ine,
and a liquid switching device may be provided to switch between the
stock solution and the dilution solution. 10 Anot her ect of
t he i nventi 88NiSOrs paE ysedg s&hﬂnqgﬁtro11Qﬁuﬂﬂ§PQ§§HQQﬁ3¥91§%b$m f%g t@
polishing solution to a polishing section

section for sShytest vglye 26 o’é&%t@%tﬁ%ﬁ—h&néﬁeFkggﬂéFF%gﬁn?%doqlﬂf‘%*e‘mn
o oot et et LR R S SRR ioh bR
Corur! 11 SIS OLUSLUERS LA oL e 9050 AW cpe PAGERT

(out put Pr €33 i)(H téﬁép5§8§f§EWT¥fﬂﬁé“¥Q0pped when the liquid level

reaches the upper level. If the liquid level should reach the

lowermost levei, the controller generates a warning signal or

a stop signal for the polishing unit 22.

A flexible air bag 42 made of a flexible material is

10 provided beside the container 30, and an air flow pipe 44 is

provided on the lid 36 so as to communicate the air bag 42 with

the container 30. Air bag 42 is for suppressing fluctuations

of the internal air pressure caused by changes in the liquid

level inside the container 30 while hermetically sealing the

15 container 30. It is made of a flexible and durable material such

as Teflon (trade name for poly-tetrafluoro ethylene) and is made

sufficiently large to respond to changes in the liquid level.

It should be note& that, if the temperatufe of the air bag 42

is lower than the temperature inside the container 30, moisture

20 condenses inside the air bag 42. Therefore, if there is a

possibility of generating a temp.erature difference, it is

desirable that either or both 6f the container 30 and the air

bag 42 be provided with temperature control means such as a

cooling jacket for the container 30, for example. Temperature

25 sensors may be provided also for the purpose of temperature

control thereof. The solution supply lines 14, 16 and 20, and

the container 30 are coupled through sealing element such as

sealing tape so that hermetic sealing is maintained throughout.
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val ve can be controlled according to a signal fromthe flow 20 contro
device, and in conbination with a constriction provided within or by a
downst ream pi pi ng, the pressure adjustnent val ve can control flow rate
of the polishing solution. Anot her aspect of the invention is a
pol i shing system conprisi-n a unitized housing including a_polishing
section forAn28nagblivehgag §ﬁ998ye§9u§9epmé¥sbﬂgP?ﬂgeﬁépéBtP§§H#ﬁ§@ wWith
pol i shi ng tool, and a dellverégllne conmruni cating with an external

- polishing séhet Pﬂﬁf§ﬁpﬁp§’esé§r€€ FBe aippbyund2 afpsl ;gﬁ;g@ucmg 1BRGELBR to

t he polishing sectjon, rein.the delivery line.i
9 P gs such as hlg?l purity ngtrogenygas r}.nto the air bag 42 and the

buffer tube 18 prior to use of the polishing solution supply

5 = system so as to prevent deterioration of the polishing solution
within the buffer tube 18.

~ circulation pipe 20 is constructed to exit from the

discharge opening 32 at the bottom of the buffer tube 18, travel

near one or more polishing units 22 which are to be supplied with

10 polishing solution, and returns to and is connected to the buffer

tube 18 through the return pipe 38. Circulation pipe 20 is

provided with a circulation pump 46 for circulating the

polishing solution, a back pressure valve 48 for maintaining the

internal pressure in the circulation pipe 20 above a certain

15 value, and a pressure sensor 50 and the like. An in-line mixer

47 may be provided in the pipe 20 on the discharge-side of the

circulation pump 46. The output signal from the pressure senéor

50 is input into and monitored by the controller. The controller

may control the operation of the circulation pump 46 according

20 to the output signals so as to maintain the internal pressure

in the circulation pipe 20 at a constant value. Normally,

circulation pump 46 is operated under a given condition, and the

internal pipe pressure is maintained at a constant value by the

back pressure valve 48.  Circulation pipe 20 is branched into

25 delivery pipes 24 in proximity of each polishing unit 22 to

deliver the polishing solution, and each delivery pipe 24 is

connected, through a shutoff valve 52 and an adjustable flow pump
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prdvided with a flow control device for controlling flow of the

-polishing solution at a desired flow rate given by a command si gnal
and a shutoff valve for stopping inflow of the polishing solution. 5
Accordingly, regardless of the conditions in the external supply
source of polishing solution, for_ exanple sone pressure fluctuations,

the flow ra®3,cat folPRhstingrasalat#an s suppdyamozzle 38§ digectadprf &
polishing solution to the EOl i_shi n& section _to_..§r ovide a highly
practical uRPEFaém pBFRERPRgOSyeach poigshing upit 24| jvery Iine may be

comprised BY ehgibeldathy,, vt bootlatlsh, BRrbALEIAY, the, Bl ®
o endin9 " LBTAEDB, ans i SRS, GhE SHE T LB, BT BB b
ci reul atd ndne 3npbPnbBe U ¥nd | B128nEHE" und¥e b2 eEn RGOS e | on

concentration caused by stagnation inside the piping and line

plugging caused by precipitated solid substances can be

eliminated. Also, because the arrangement of the solution

supply system permits the use of a long length of circulation

10 piping, one supply source (mixing section) 18 can be used to

supply a polishing solution, in a stable condition, to a

plurality of polishing units 22 which may be located some

distance away from the supply source. The cost of the overall

facility can be reduced because of the small installation space

15 required. Because each polishing unit 22 has its own operational

schedule to be stopped, the pblishing solution may become

stagnant in some delivery pipes 24, but any adverse effects can

be totally negated by flowing a small quantity of polishing

solution sufficient to.replace.the stagnant 1liquid in the

20 delivery pipes 24 before re-starting the polishing units 22.

.The polishing solution supply system. is hermetically

designed so that the circulation path 2 including the mixing

section 18 as well as the delivery pipes 24, excepting the

opening section 58 of polishing solution supply nozzles, is

25 isolated from ocutside air. This promotes a stable environment

in the piping circuit, including the buffer tube 18, such that

the vapor pressure of the polishing éolution within the piping

circuit is relatively close to the saturation vapor pressure,
- .
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not .operatihg, the polishing solution does not stagnate in the trunk

line, thereby preventing solute precipitation fromthe ~solution to
cause conpositional fluctuations and plugging in the | ine. Therefore,
the delivery pipe which is vulnerable to. 20 stagnation can be kept short
to pronote steady flow of polishing solution. The trunk line can be
used as thetbugcupreyentinge problengi dvudtay ase previnébakieRr 0bufFRkid ank
to noderate any effects introduced by changes in_solution flow rates.

- The ci'r cul afRBRtances| ppcthy infetnal aFeh c%é‘ﬁ%?ysﬁﬂgB?ga§68H'asrn

A A L R U HO i G o
devi ce- 1y U8YSr3oh" SR 1 SRA"RRL ai1ue@n Sad e 2L USLERSy® MISSHE ©
5 including the dilution tank 12 for storing dilution solution
such as deionized water are also hermetically sealed to prevent
precipitation attachment due to drying as well as adverse effect
of oxidation of the sqlutions. |

Also, when the liquid level in the mixing section 18 becomes
10 1low, the stock solution and dilution solution are added, as
necessary, to repl.enish a polishing solution ‘of a desired
composition, which is constantly kept in circulation within thé
circulation path 2. Therefore, a relatively small size of the

mixing section 18 for adjustment of concentration is sufficient .
15 to maintain.the quality of the polishing solution. For example,
a 5-L(liter) capacity mixing section 18 is sufficient to feed
three polishing units from one polishing solution supply source,
and a 40-L capacity is sufficient to feed thirty polishing units.
In the féllowing, the operat.ion of the polishing solution
20 supply system constructed as above will be presented. = The
controller controls the circulation pump 46 so as to maintain
the outlet-side pressure higher than a specific pressure,
tt_xereby maintaining a‘constant flow of polishing solution within
the circulation path 2. As individual polishing units 22 become
25 operative, a portion of the polishing solution flows from its
delivery pipe 24 into a polishing solution supply nozzle 58 of
the respective polishing unit 22. When the liquid level in the

buffér tube 18 becomes lower than the lower limit, the controller
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10 control device at a specific value given by the command signal .
Accordi ngly, when the secondary-side pressure is kept at a certain
value, the flowrate in all the liquid paths can be kept at a constant
val ve. A constriction device such as a flow control 5 orifice nmay be

provi ded downstreamin the liquid circul ation | ine, as necessary, and
an el ect r o- ppensethe statakf valviee26 and gpanat@s theypHEpa2® hasashearthe
signal to convert pilot air pressure to a liquid pressure for flow
rate controBPigdapoEE_M the level S‘Pﬁ§°§e4? er W& tye the COBLESMIERI QUERWER t h

Through |- figwerpﬂé'mﬂe%ﬁ%pa”%&xaﬁé "R S DS HELTY GhEeh 7 bl SERTH ce
can be operat igt?.tonl tasné) Pt %tl%%rfsoé nfgn eaélcl:{] ag:%.rlljctgl Vhe pressure
5 adjustment valves 28. The stock solution_ and dilution solutions
are thus introduced at a certain ratio into the buffer tube 18
until the liquid level reaches the upper limit. The two
solutions are mixed in the mixing section 18. If the polishing
solution is difficult to be mixed thoroughly in the mixing
10 section 18 alone, the polishing solution is subjected to further
mixing in an in-line mixer 47 provided in some part of the
circulation pipe 20 while being circulated therein.
Therefore, although the liquid level in the buffer tube 18
may go up and down, thé air bag 42 expands or contract
15 accordingly, so that the internal pressure of the container 30
in the buffer tube 18 can be kept relatively const_:an{: and the
operation of the éirculation pump 46 is not adversely affected.
Also, because the container 30 is sealed tightly, vapor does not
escape out of the container 30 thus maintaining the internal
20 vapor pressure close to its saturation pressure, and preven.ting
drying of the polishing solution at the wall surfaces of the
container 30. Therefore, solute precipitation on the wall
surfaces of the supp]_.y source does not occur, thereby preventing
unstable polishing operation caused by plugging of pipes and
25 adverse effects produced by changes in the concentration of the
polishing solution.
Stock solution tank 10 and dilution solution tank 12 may

also be provided with an air bag similar to the one for the buffer
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may be a constituent of the polishing solution such as deionized wat er
or ot her substances conpatible with polishing process. 15 Anot her
aspect of the invention is a polishing solution supply system for
supplying a polishing solution to one or nore pol i shing sections
conprising: a trunk line for continuously flow ng the polishin

sol uti on anBuReddBi (& aveid gsRerthen Of af NGEANYS rUHIeT e REORFHES
B e O S T A S
Dol 1o 19 5. Vi Belinante SASLLAS A4 " I0A°RRAH1 08 4 SR ST IR A2
ol S 9 SYBESRRCRURLH AipBIoaS BBLBr AR GHesd® LRECHSOR sdhupien
it Efefggisszgi E%p&éé?i t%%e tgl(ﬁofHSiLlﬂ?&% solutBr ek C13 CUl P4 1 O PaLse, the
solution inside the tank 10 can be forwarded to the buffer tube
18 without coming into contact with air, by pressurizing the
space between the inside surface of the tank 10 and the contéiner
100 with air from a pressurized air source 102.

10 The solution supply line 14 in the above embodiment can be
cleaned using a line flushing unit shown in Figure 5. The
flushing unit comprises switching valves 26a, 26b, 26c and 26d
to switch supply lines between lines 1l4a, 14b to alterﬁateiy
supply a stock solution or a dilution sblution to prevent

15 plugging of the lines.

In this arrangement, according to the signals from the
level sensor 40b in the buffer tube 18, valves 26, 26a are opened
to supply dilution solution at a given flow rate through the
dilution solution supplj line 16 and the stock solution supply

20 line 1l4a, and concurrently, valve 26d is opened to supply stock
solution at a given flow rate through the stock solution supply
line 14b. According to the signals from the level sensor 40a
in the buffer tube’ 18, valves 26, 26a, 26d are closed
simultaneously. Next, wheh thé polishing solution is consumed

25 by the polishing units 22, and the liquid level reaches the level
sensor 40b, valves 26, 26c are opened, and the dilution solution

" is supplied through the line 16 and line 14b while the stock

solution is supplied by opening the valve 26b through line 1l4a
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section and the pol i shing sol ution supply systen1 and a delive
line extending fromthe polishing solution circulation path to
t he polishing section; conprising the steps of: diluting

ry
each of
a solution to

a desired concentration to formul ate the polishing sol ution;
circulating . |
ci rcul ati onabaBhgivepnilawi ratescaponerhioned aboeg; i This iprpredire not
polishing solution circulatiopn path an forwardi ng, to [ ndiyi dyal

- pol i shi ng s@Bﬂ-YorPé%OVé(ﬂ%t?‘ib“%‘gF%’?%g°% theofc%f‘??’bwz?/%% b‘ﬁ?’@icﬁ%e‘l‘l?%ery
pipe to ap

‘deliver

ad

10

15

20

25

the polishing solution wthin the 5 polishing_ solution

peadehSnd i iOl, but "£16 9pdERoPYsTRTREAG S0THle STk ©
solution supply lines 1l4a, 14b. Here, the dilution solution
supply line 16 is used only .for. distribution of dilution
solution, but may also be used as the stock solution supply line
by connecting stock supply pipes as in the case of connecting
lines 14a, 14b.
| Also, in the above embbdiinent, étock solution and dilution
solution are mixed in the mixing section 18, but the supply
system is capable of handling additional types of solutions. For
example, a separate fluid circuit may be provided so that one
or more additives such as oxidizing agent and surface activation
agent can be added in the mixing section 18 so that more than
three kinds of solution can be mixed in the mixing section 18.
As in the case of alternate supply of stock and dilutiqn
solutions described above, additive solution can also be
alternated with the dilution solution using one supply pipe.
Also, in the above embodiment, polishing solutions for
polishing wafers are mixed, but cleaning solutions and the like
may also be mixed in the same arrangement for cleaning polished
wafers. For example, one or more of surface activation agent,
disperse agent, acidic or alkaline etching solutions may be
mixed together with a dilution solution in the mixing section
18. Such a mixed cleaning solution may be supplied on the
polishing cloth to clean or treat the polished surface of the
wafers.' The same arrangement of piping and mixing section can

also be used in a cleaning facility for mixing'cleaning'agents
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10 ‘of t he polishing solution to individual polishing sections; and

stoppi ng withdrawi ng of the polishing solution fromthe pol i shi ng
solution circulation path to a polishing section and cl eani ng an
associ ated delivery pipe. The step of adjusting valving nay be.

performed by balancing 15 a pressure in a secondarg side of the f)]ow

val ve agai n¥high are fiecefsak¥i hadb Er 8ec 8Pt SHRRLXANS &
desired fl ow rate for an asso |at h|n section,

BRI EF DESCRWP#F@HeonTﬂéqu fuger H‘S‘ Fdening, Seahia iof W% al |
| ayout of a élrst e od| of the pollshlng systen1|nclud|ng the

sol ution su the present invention; Figure 2 is

a cross sectional ¥ESWn8feﬁbQHHl8ﬁtt8?etﬂ@ gd9¥Hfing system 1 is shown in

5 Figure 6. The system comprises a polishing solution supply

J.ty .

system 3 and a polishing section 4 for polishing an object with
a polishing tool. The structure of the solution supély system
3 is the same as that in the first embodiment shown in Figure
1.

10 In this embodied system, the circulation pipe 20 has a
branch line 23 which branches near a respective polishing
section 4, and it has a shutoff valve 25 and a coupling flange
23a, which is connected to the flange 24a of the delivery pipe
24 of the polishing section 4. The delivery pipe 24 is provided

15 with, from the upstream-side, a shutoff valve 52, a pressure
adjustment valve 54 for maintaining the pressure in the
secondary-side (downstream) constant, and an orifice 56, and is
connected to the polishing solution supply nozzle 58 on the
downstream-side of the orifice 56. Pressure adjustment valve

20 54 and the downstream-side orifice 56 forms a flow rate control
valve 57.

Pressure adjustment valve 54 is connected to an
electro-pneumatic converter 60 for supplying a constant air
pressure to correspond with a constant signal from a controller

25 61. The construction of the pressure adjustment valve 54 is the
same as the one shown in Figure 3, and a pressure inlet path 74
of the upper casing 66 is communicated with the electro-

pneumatic converter 60. The dedicated controller 61 selects a
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25 Figure 3 is a detailed cross sectional view of a pressure

adj ust ment val ve shown in Figure 1;

view of a variation of the stock solution tank;

12

Figure 5is a schematlc | ayout of another variation of the

sol ution supply system Figure 6 is a schematic |ayout of a

second enbo
Figure 7 is

10

15

20

25

poddishisg solutign SRR ¥gteyseamh Shet penyessent 60nFBRPLEAS

a schematic |layout of a variation of the second
pilot air at a pressure according to the selected supply rate

to the pressure adjustment valve 54. In this system, a clean:Lng
fluid pipe 64 having a shutoff valve 62 is merged with the liquid
path between the shutoff valve 52 and the pressure adjustment
valve 54. =

Accordingly, by conStahtly circulating the polishing
solution inside the piping for delivering the solution to the

polishing section 4, changes in concentration due to stagnation

- in the pipes and line plugging due to precipitated solid

substances can be eli:hinated. Also, because the arrangement
permits the use of a long length of piping for the supply source,
one polishing solution supply source (mixing section) 18 can be
used to supply polishing solﬁtion, ih a stable condition, to a
plurality of. polishing sections 4. The cost of the overall
facility can thus be reduced, as explained above. |

The operation of the polishing soiution supply system of
such a construction will be explained. The controller controls

the operation of the circulation pump 46 in such a manner that

the outlet-side pressure is always higher than a specific value -

so as to establish a constant flow of the polishing solution
within the circulation path 2.

When a polishing section 4 is started, a respective
controller 61 outputs an open-valve signal to each shutoff valve
52, and at the same time outputs a flow command. signal
corresponding to a pre-selected polishing solution flow rate to
the electro-pneumatic converter 60. The converter 60 delivers

a pilot air pressure corresponding to the flow command signal __

This Sheet Has Been Rep

A lll i N

Figure 4 is a cross sectional

5



enbodi ment of the polishing systemof the present i nvention; and o
Figure 8 is a schematic |ayout of a third enbodi nent of the pol i shi ng
system of the present invention. 10 DETAI LED DESCRI PTI ON OF THE

PREFERRED ENMBODI MENTS Preferred enbodiments will be presented in
the foll ow ng with reference to the drawings. As shown in Figure 1,
t he polt AifgadFsPERFIUES Riamhar 74 pél the PrpsViLe astjusmsnt vadvem
o B SPa 9 oS 20l Lo o B el SODOS LoD O o S e,
pol i shi ng_oB/ LY BERRGPa: ORI i RGSB0Fe atitEtient yadeshind RopaRRGHoD
sour ces: (: ettt e fdhc Eheionhitisn topefi BRth I RAratF ok bEBRGD: on
source 1g f ﬁﬁé}fj %ﬁyéﬁéﬂgé@%o and %%leug;%ﬁifn%r b%ﬁ:lwlételnn%hteh%aigrgcgody
solution toTormlate a
90 and valve seat 88, and flows into the liquid pressure chamber
82. The pressure inside the liquid pressure chamber 82_is
univocally'determined by the flow rate of the solution flowing
through the orifice 29. Therefore, by controlling the pressure
10 inside the liquid pressure chamber 82 at a given value, flow rate
of the solution is controlled at a desired value.

The solution flowihg out of the liquid outlet'path 84 can
be maintained at a constant flow rate by controlling the pressure
in the liquid pressure chamber 82 in the same manner as explained

15 in a description of the previous embodiment.

Also, to change the level of flow rates of the polishing
solution, flow resistance in the orifice 56 located downstream
of the pressure adjustment valve 54 is changed as explained in
a description of the previous embodiment. To change the flow

20 resistahce of orifice 56, the size of the hole in the orifice
should be changed.

When the liquid level in the buffer tube 18 becomes lower
than the lower limit,‘the controller opens the shutoff valve 26
according to the signal from the level sensor 40c, thereby the

25 stock sclution and deionized water under the control of pressure
adjustment valve 28 flow at a given constant ratioc and are mixed

in the buffer tube 18.

_—
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poI.i shing solution of a desired concentration. The system 1 further
conprises a mxing section 18 provide in the circulation - path 2 for
merging the two liquids supplied fromthe two liquid 25 sources 10, 12

t hrough solution supply lines 14, 16; solution delivery pipes 24 for
supplying the polishing solution to i ndi vi dual polishing units 22,
13 SWber ere @fi thefpplishingsestiieg 4ol stoppesd, the shukgfhe

or neutral
of a certai

10

15

20

25

o S T T 0o s ol S

pressure in the circulation pipe 20 temporarily, but in the

delivery pipes 24 of the remaining polishing sections 4, each

pressure adjustment valve 54 maintains the fluid pressure of the
solution in the secondary-side to maintain a constant flow of
solution, in spite of pressure changes in the primary-side.

When polishing is to be resumed, the shutoff valve 62 in
the cleaning fluid pipe 64 is opened and interior of the delivery
pipe 24 is cleaned. This controls plugging in the line caused
by stagnant solution or changes in concentration of the
polishing solution.

Figure 7 shows a variation of the second embodiment shown
in Figure 6, and more specifically shows the layout of the
circulation path 2 inside a plant and the polishing sections 4.
In this case, circulation path l2 comprises a trunk line 103
connected to a polishing solution supply source 3, and includes
branch lines 104 (having .a shutbff valve 106 and a coupling
flarige 104a). In this case, the flange 24a of the delivery pipe
24 of each polishing section 4 is connected through the coupling
flange 104a. Shutoff valve 106 is necessary for each branch line
104 when it is desired to incorporate a new polishing section
4, without shutting down the operation of the polishing system.
When installing a trunk line 103 in a plant, a number of branch
line 104 each having a shutoff valve 106 should be pre-installed
to facilitate installation of new polishing sections to the

system.

-_—
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according to the type of object to be polished, and dilution 5 solution is
normal l'y pure deionized water. In this exanple, the stock solution is
contained in a stock solution tank 10, and when one tank becones
enpty, the stock solution supply line 14 can be switched from one
stock solution tank 10 to another stock solution tank 10. Stock

sol ution supply Thie t¥paref enzrrcanqﬁmeq@ of; dihg Fdxcalapipn pAgh18 3k Lo¥ach
provided with a shutoff val.ve a_pressure adj usthnt val ve 28, and a

- fl ow cont r othentrpkiline 165 t?gbew%f—‘%%r%%% itheaF R EJ?B%QHr%eCtlon
S e oh 8 L MU L A
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casi ng i nc
solution of a stable concentration to all the polishing

sections. Figure 7 shows two of the four branch lines 104 in
a standby state.
Figure 8 shows a third embodiment of the polishing system.
10 In this case, a portion of the circulation path 2 extends to flow
circulating polishing solution into the polishing section 4aA
through an extended circulation pipe 120. Flanges 120a of the
extended pipe 120 connect to flanges 20a of the circulation pipe
20 to circulate the solution, and a delivery pipe 24 is disposed
15 at the end of the extended circulation pipe 120 to deliver the
solution to each polishing section 4A. As in the previous
embodiments, the delivery pipe 24 is provided with a pressure
adjustment valve 54 as a flow rate control means and a shutoff
valve 52 as a flow stopping means.
20 In this embodiment, the circulation path 2 extends into the
polishing section 4A to shorten the length of the delivery pipe
24 even further, thereby shortening vulnerable pipes to prevent
precipitation and plugging which can be caused by temporary
shutdown of the polishing section 4A so as to provide even.mbre
25 étable polishing operation.
In the above embodiment, polishing section are unitized'to
include delivery pipes 24 and control devices, but it is obvious

that a polishing section can be comprised by an 'asseinbly of
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pressure chanber 76 having an air pressure inlet 74 which is 20 connected
to a pilot air source (not shown); and the | ower casing 68 i ncl udes
sol uti on passages conprising a solution inlet path 78, a primary val ve
chest 80, a secondary valve chest (liquid - pressure chanber) 82 and a
solution outlet 84; and a di aphragm 86 which is clanped between, the
upper casi n§ePETALE FABPPRARES. 2B31s0sA Rl BRARILY IRE B@P—i’-ﬁ lng PRELRPIPHT e
the air pressurel?chanb 76 from.the secondargéval hest

82
A valve seafalig be p&r?e&mﬁ& R PERY iR, 5 sqLption

EZests 80, %%Ur%ré% én\:/eeta)t%%y q.ls%ir{]és egéggl(t)ﬂerll ! nsc];rgs to supply a

plurality of polishing compounds and solutions.
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the bottom The val ve body 90 is attached to a valve rod 96 which S

fixed to the diaphragm 86 by neans of a retaini ng—pt—at-er‘gf —""and a bolt
94 so as to be novable along its axis. Pressure t nkepyagédve 28 is
provided with Orings 98 at certain 5 necessary M The
pressure adjustnent valve 28 of such a constructlon \ﬁm \HlH“\sel y
control theWhaEndst ¢laimedodi®ssol uti on or dilution o be

supplied to the buffer tube (m xing section) 18. The operation of the
valve 28 is as follows. A controller (not 10 shown). outputs a flow rate
control signal t coriesgond to term ed d |reg8 te to

an el ectro- preundt i BO+L lBSnv%‘?@‘f‘Bﬁ%m?uQﬁ q"bt S gln he?
L. d t t

vt o cniRgshing SSENLESRE B Bhy<ll RbLe'n ‘?%’rs%‘ﬁtfg‘f SUCE el BBt s ing:

according to 15,5 NG ddiovssPheisn"suPp1y gg@trcé N£6£SBOARINdny"% | BPYEK

si gnal
solution;

a dilution solution supply source for containing a dilution
solution; |
a mixing section for mixing said stock solution ahd said
10 dilution solution supplied by way of a stock solution supply line
and a dilution solution supply line to formulate said polishidg
solution, said mixing section being sealed hermetically to
exclude external atmosphere; and |
a delivery line to deliver said polishing solution to said

15 polishing section.

2. A system according to claim 1, wherein said mixing section

formulates said polishing solution of a constant composition.

20 3. A system according to claim 1, wherein said mixing section
is provided with a pressure adjustment device for a'djusting an
internal pressure of liquid paths while maintaining hermetic

sealing of said mixing section.

25 4. A system according to claim 3, wherein said pressure
adjustment device comprises a flexible bag communicated to an

upper space of said mixing section.

R R O O | S ST B
* [ L M H * ’ .
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to the valve 28, a liquid introduced fromthe solution inlet path - 78
passes through primary val ve chest 80 and the openi ng between t he
val ve body 90 and val ve seat 88, and flows into the liquid pressure
chanmber 82. The flow rate of the liquid flowing through 20 the orifice 29
I's univocally determ ned by the_ pressure_inside t he quuidyrressure

chanber 82 ?lsec'oﬁdéyﬂiﬁ'q@-‘iﬁ%%’tﬂ%)‘m claimpdieieherely 8srdr & _ﬁﬁ?g‘ tHe
e e LS e cnns RS EOET el SSHN H

control l ed at deiLred 25 val ue. The foll ow ng expl ains how a
constant f|BWPP&¥eldRCrhe liquid flowing through the Iiquid outlet
pat h 84 can. be mai nt ai ned by controlling the pressure in the |iquid

pressure
5 6. A system according to claim 1, wherein said mixing section

is provided with an additive supply line to supply an additive

to said polishing solution.

7. A system according to claim 1, further comprising a stock
10 solution flow rate adjustment device provided in said stock
solution supply line and/or a dilution solution flow rate
'adjustment device provided in said dilution solutién supply
line, and a control device to maintain a constant concentration
of a polishing solution in said mixing section by controlling
15 said stock solution flow rate adjustment device and/or said

dilution solution flow rate adjustment device.

8. A'system according to claim 7, further compfising flow
switching means for switching flows of said stock solution and
20 said dilution solution for alternatively directing said
dilution solution to said stock solution flow rate adjustment

device and said dilution solution flow rate adjustment device.

9. A polishing solution supply system for supplying a
25 polishing solution to one or more polishing sections comprising:

a circulation path for circulating said polishing

N
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15 chanber 82. The pilot air pressure in the air pressure chanber
76 and the liquid pressure in the liquid pressure chanber 82 are
bal anced t hrough the di aphragm 86, and the liquid fl ows out of t he
liquid outlet path 84 at a desired flowrate. If the liquid 5 pressure in
the liquid pressure chanber. 82 becqnes higher for., - . any _reason, the,
valve rod 96 and2/@eIEVeEH\Line frcdpliNey $ptdRRLishing wtdon QSR | ow
openi ng forned, between the, val ve,  seat, 88 an . he .val ve dy 90 becgnes
o rowar , ( HALLPRAPBa IOy | PBRECLR 500 o Fiteu 18RI e SO0 PR
~liquid pres e_in the |liqui 0 e [ i or :

I nstantly tag‘ﬁ'ﬁgeggs ff’e‘# Hrg p%ee%]sﬁé eﬁ%gm%rt g‘sgg{fpri g bgﬁaﬁgﬁcﬁgﬁehe&g??%?a}ii r

pressure inaEHSsﬁhEre pressure chanber 76). If the pressure in the
| i qui d presSure :

5
10. A system according to claim 9, wherein said system is
further provided with a stock solution tank, a dilution solution
tank and a mixing section for mixing a stock solution and a
dilution solution, and all liquid paths including said stock
10 solution tank and said dilution solution tank are hermgtically

sealed.

11. A polishing solution supply system for supplying a
. polishing solution to a polishing section, comprising:
15 a mixing section for adjusting a concentration and/or
constituents of said polishing solution, and
a flow control device for controlling a rate of supplying
a liquid to said mixing section} said flow adjustment device
comprising a préssure adjustment valve for adjusting a liquid

20 pressure in a secondary-side thereof.

12. A system according to c¢laim 11, further comprising a

constriction device -provided in a secondary-side of said

pressure adjustment valve. e
25 | OREE AR
- * c L M S *
13. A polishing system comprising:
a polishing section for polishing an object by pressing

said object against a polishing tool,'
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chanmber 82 drops, an opposite action takes place to restore the

desired pressure. The result is that the anplitude and frequency 15 of
fluctuation in the liquid pressure are decreased, and the liquid can
be supplied steadily to the m xing section 18 at a respective fl ow

rate determ ned by the respective pilot air ) gressure and_the_flow -
resi st ance provi dedelAVERY ddRgsePmmpnicatipgywakhopnca¥kesppdi PRSIy

|| 14, 16. . 2Q he orif] 29 pravided downst f. the
pressure  SOLAKION AIRPNAISAITSS [E0T PRI & AL THAS o FEF 7RG

obt ai nabl e by .changi.ng .the pilat _air pressure. By providing an orifice
29 to suit ﬁ%&dgé§ﬁﬂ§%lPﬂbﬁ%F§H€P'the rati o between the stock sol ution

and the dilution_sol uti. ' | Vo s VE[ | g | f
the di mensi ons of Ui et ToR S HIRTHALR daid o fifiads $EReLOMEN |
can funcgi o% ay wﬁ}q}&l{l@ G-‘%Q‘%t rictions, there is no need for providing
an orifitce 28 Separately. By ' - .
a flow control device for controlling flow of said
polishing solution within said delivery line at a desired flow
rate given by a command signal, and

a shutoff valve for stopping inflow of said polishing

10. solution within said delivery line.

14. A polishing system aécording to claim 13, further
comprising a trunk line communicated to said external polishing
solution supply source for flowing said polishing solution,
15 wherein said delivery line comprises an extended circulation
line for constituting a part of said trunk line and a delivery
pipe extending from said e_xtended circulation line towards said

polishing section.

20 15. A polishing system according to claim 13, wherein said flow
control device has a pressure adjustment valve for adjusting a
pressure in a secondary-side of said flow control device at a

specific value given-'by said command signal.

25 16. A system according to claim 15, further comprising a

constriction device provided in a secondary-side of said

Tt
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proViding the flow control valve 31 utilizing the pressure

16 adj ust nent val ve 28 of such a design in the stock solution supply
line 14 as well as in the dilution solution supply line 16, flow rat es
of each solution can be controlled precisely so that a - pol i shi ng

sol ution of a desired conposition can be fornulated . 5 _and nmi ntained,
preci sely afl7a d@sipoddshdng sistemcascprding. to claim 13,gamerein sabd
18, which functions as the nixing section, . if grovidﬁd w, t.hi.n_t he
ci rcul ati onIaiexXYr BAPSAS GrRgugicated withnfngleanifonlgrid dehsYERY
sol ution Cog?%grfgf(ghgéifﬁng-a cleaning solution to said flow control

device.

18. A polishing solution supply system for supplying a
polishing solution to one or more polishing sections comprisirig s

a trunk line_for continuously flowing said polishing

solution and one or more delivery lines extending from said trunk

10 line towards each of said polishing section, wherein at leést
one of said delivery lines are provided with a flow control .
device for controlling a flow rate of said polishing solution

by adjusting valving according to a command signal.

15 19. A method for polishing a semicbnductor wafer by using a
polishing system comprising one or more polishing sections} a
polishing solution supply system for supplying a polishing
solution to each of said polishing section; a polishing solution _
circulation path interposed.between said polishing section and

20 said polishing solution supply system; and one or more delivery
lines extending from said polishing solution circulation path
to each of said polishing section; comprising the steps of:

dili:ting a solution to a desired concentration to formuléte
said polishing solution;

25 circulating said polishing solution within said polishing

B

solution circulation path;
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plurality of polishing facilities. As shown in a nore detailed 10 draw ng
in Figure 2, the buffer tube 18 conprises a vertical |l y-di sposed
cylindrical container 30 having a di aneter | arger than that of the
“circulation pipe 20 of the circulation path 2, which is provided with

a ‘di scharge openin%'32 at the | bottom and a cover 36 for_ closjing. the
top section of tWéthdrawipgt saAe Podighingy SH Wn D F5RP FALd LB ube

38 in the return gircuit.of the circul ation pjpe is inserted
Dhrough — SolRipBy g EAIatiSA At thRelh: omidr o ERH aitbe A and
the pipes of the stock, sol uti.on suppl.y Iine .14 and the dilution :
sol uti on subBFYaF ﬁBglgo(ﬁéﬁdiPPE&%&&%@GF?&E&qnnserted to extend 20

Capac ty of the BOPEFipdngatirth3 2} FIg uade A e e iy pipe to

pol i shi sqgl yt.L.o ' Nepg. U I B+ 4e.poyr Log. | | o]
avoi d pggsiglgkgegsgggﬁggﬁaofgtWeéggﬁigﬁ?ﬁé 22|§t?§ﬁﬁ%§8 SIQhél so as St
deliver a desired quantity of said polishing solution to said
polishing section; and
stopping withdrawing of said.polishing solution from said

polishing solution circulation path to a polishing section and

10 cleaning said delivery'line.

20. A method according to élaim 19, wherein said step of
adjusting valving is performed by balancing a pressure in a
secondary-side of said flow valve against a pre-determined
15 pressure signal to correspond with a desired flow rate fof said

polishing section.

R
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pro.l onged storage. 25 The container 30 is provided wth |evel

sensors 40a, 40b and 40c for detecting the upper, |ower and | owernost
| evel s, for exanpl e, and output respective signhals to a controller
(not shown). In this enbodi nent, static capacitance type |evel

17 sensors are used. The controller outputs control signals to

shutoff valve 26 or punp 25 iABITRAGR Q¥ BHE RISFLQFERE | ution
solution supply lines so that the stock solution and the dilution
solution will beBsuppPiishdRgn tFRLYGIAN d BFEPRILYr eaB¥RECR he 3B ner PLEVERY e|

and the s I i 1| be stopped. when the liquid |evel . . ¥
Up%L)écV{Ipitat%on o%psolutes on dell'%lgry p?.}_\ges or interior walls of

holding tanks so that a polishing solution of a constant solution

5 concentration can be supplied to a polishing tool. The polishing
solution supply system comprises a stock solution supply.source,

a dilution solﬁtion supply source, and a mixing section for
mixing a stock solution and a dilution solution to fo_rmulate the
polishing solution. The mixing section is sealed hermetically

10 to exclude external atmosphere. A delivery line to deliver the

polishing solution to each of the polishing section is provided.

—_—_—
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reaches the upper level. If the liquid |evel shoul d reach the

I'ower nost | evel, the controller generates a warning signal or a stop
signal for the polishing unit 22. A flexible air bag 42 made of a
flexible material is 10 provided beside the container 30, and an air flow
pipe 44 is provided on the lid 36 so as to communi cate the air bag 42
W th the container 30. Air bag 42 i ¥/8r suppressing fluctuations

of the internal air pressure caused by changes in the |iquid | evel

‘inside the container 30 whileyhernetically seakyng the 15 container 30.
It is made of a flexible and™tmahl e material eNef as Teflon (trade
nanme for poly-tetrafluoro etdyl e and i s made sufficiently large to
respond- to changes in the I¥quid | . ﬂ% S be noted that, if
the tenperature of the air bag”74 is | owe t he tenperature inside
the container 30, wpisturdy J0 condenses iwsi(fe the air bag 42.
Therefore, if there i3a | N
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possibility of generating a tenperature difference, it is desirabl e

tthat either or both of the container 30 and the air bag 42 be provided
with tenperature control means such as a cool ing jacket for the
contai ner 30, for exanple. Tenperature 25 sensors may be provided al so
for the purpose of tenperature control thereof. The solution supply
lines 14, 16 and 20, and t he cont ai £&f/730 are coupl ed through sealing
el enent such as sealing tape so that hernetic sealing is maintained

~ t hroughout . 18 An inactive
gas supply source may be preferably provided with the buffer tube 18
or the air bag 42 for introducing inactive -

F/G 2
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gas such as high purity nitrogen gas into the air bag 42 and the
buffer tube 18 prior to use of the polishing solution supply 5 system so

as to prevent deterioration of the polishing solution wi thin the
buffer tube 18. Circulation pipe 20 is constructed to exit from

t he di scharge opening 32 at the bottomof the buffer tube 18, travel
near one or nore polishing units 22 whi ci/Afe to be supplied with 10
pol i shing solution, and returns to and is connected to the buffer t ube
18 through the return pipe 38. Girculation_pipe 20 is provided with a
circulation punp 46 for circulating t Ci|£§ishing solution, a back

pressure valve 48 for naintaining the _internal pressure in Em§4)-
circulation pipe 20 above a cert?gg 15 | u agﬁha pressur @ sensor 50
and the like. An in-line m xer 47 nﬂéfbeéﬁﬁo ed in thg pipe 20 on

t he di scharge-side of the ciﬁggl&tidn pu {ﬁ.-The out put signal from
4 _

t he pressure sensor
66— __ 4 74
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50 is input into and nonitored by the controller. The controller may
control the operation of the circulation punp 46 according 20 to the

output signals so as to maintain the internal pressure in the
circulation pipe 20 at a constant value. Nornally, circulation punp
46 i s operated under a given condition, and the i nternal pipe pressure

is mai ntained at a constant val ue by the4/7 back pressure val ve 48.
Circulation pipe 20 is branched into 25 delivery pipes 24 in proximty of

each polishing unit 22 to deliver the polishing solution, and each
delivery pipe 24 is connected, through a shutoff valve 52 and an
adj ustabl e flow punp : 19
O
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53, to a polishing solution supply nozzle 58 directed at a certain
I'ocati on of each polishing unit 22. Accordingly, by constantly
circulating the polishing solution inside the piping to guide the
solution to the 5 neighborhood of .the polishing unit 22, changes in
sol ution concentration caused by stagnation inside the piping and |ine
pl uggi ng caused by precipitated solid su$§sf@nces can be el i m nat ed.
Al so, because the arrangenent of the solution supply systempermts
the use of a long length of circulation 10 piping, one supply source
(mxing section) 18 cap-be—uUsed—+to — — $HPB @& poki-shhng solution,-in a
stable condition, to al Iuralityloflp a8hi ng unitd 22 which may -be
1=

| ocated sone . it bnd& 2 y sourgg. |The cost of the
overal | facili ta fcahe gﬂaql installation
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15 required. Because each polishing unit 22 has its own operational
schedul e to be stopped, the polishing solution nmay becone stagnant in
sonme delivery pipes 24, but any adverse effects can be totally negated
by flowing a small quantity of polishing solution sufficient to

repl ace the stagnant liquid in the 20 delivery plpes 24 before
re-starting the polishing units 22. 6/7 The pol i shing solution supply
systemis hernetically designed so that the circulation path 2
~including the m xing section 18 as well as the delivery pipes 24,
excepting the openi ng sect+c6R 58 of —pel+3hi ng- 30U+ or—sHppky nozzl es,
iIs 25 isolated from outsi o§¢l{..ﬁwi s pronotds & $t,85] e environtent -

in the piping circuit, includihg %gbuffer tutle 18] 5sdEh t hat I the
vapor pressure of the polishindg s ieQg withid the E s cilrcuit is
relatively close to the sawraﬂl on'vap&h‘ pressdrej
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20 thus preventing problens such as precipitation of solid
substances on the internal surfaces caused by evaporation. In this
exanpl e, stock solution supply line 14 including the stock sol ution
tank 10, and the dilution solution supply line 16 5 including the
dilution tank 12 for storing dilution solution such as deioni zed water
~are also hernetically sealed to prevent //7 precipitation attachment due
to drying as well as adverse effect of oxidation of the solutions.

Al so, when the liquid level in the mxing section 18 becones 10 |ow, the
stock solution and dilution solution are added, as necessary, to

repl eni sh a polishing solution of a desired :
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conposition, which is constantly kept in circul aﬁ_&ﬁ %Bgf—/h%t he /'POQ 09{7
¢circulation path 2. Therefore, a relatively small" size of th s i
section 18 for adjustnent of concentration is<sufficient ﬂﬁPhﬁ@EMENT1SHEET ,

the quality of the polishing solution. For exanple, a 5-L1"+n'\
capacity m xing section 18 is sufficient 1to feed t hree |po |?l&| nﬁ'%}"%{ff
from one polishing solution supply source, and a 40-L dapaci'ty

sufficient to feed thlrtyPQ@ES§HNﬁgSGNME§ON SUPPLY SYISTEMe Ifo
operation of the polishing solution 20 supply system constjfructed as above

will be presented. The controller controls the circul datromrpmmp—46-—sv
as to maintain the outlet-side pressure hi ﬁ]her than a specific
pressure, t her eby nai nt%@?ﬁ(ﬁ@o RPELTHE § 510 oI i shing sol ution

W t hin cwcﬁ_‘atlon th 2. As individual polishing units 22 becone
25 operatlyé'e Por SnIBV é Bol i shing solution flows fromits

delTveryspipe 2472t 0,300k SR8 AR PR JiHAA B Fiquid f1ow

devices used 1in apparatus for polishing semiconductor
substrates, and related in particular to a polishing solution
supply system that supplies a polishing solution of a fixed
concentration.
10 Description of the Related Art
In recent years, there has been a quantum jump in the
density of integrated circuit devices leading to a trend of
narrower interline spacing, and, in the ca#e of using optical
photolithography, the shallow depth of focus associated with the
15 stepper optics demands extreme flatness at the focal plane. '
A known method of obtaining a flat surface is to employ a
pelishing tool (having a turntable and a polis'hing cloth, for
example), and an object holding device for holding and pfessing
a polishing object against the polishing table, so that
20 polishing of the surface is achieved by sliding the object
surface against the polishing cloth while supplying a polishing
solution at the sliding interface. Such a polishing section
produces mechanical polishing action as well as chemical
polishing action by supplying an alkaline or acidic polishing
25 solution.
In such a polishing section, variables for determining the
rate of material removal from the surface (polishing rate)
include not only the magnitude of the pressure against the

polishing tool (e.g., polishing cloth) and relative sliding



the respective polishing unit 22. Wen the liquid | evel in firee -
tiube 18 becomes | ower than the lower limt, the controller REPLACEMENT SHEET
21 opens the shutoff valve 26 and operates the punp 2% Wased—onthe
signal fromthe | evel sensor 40b. Next, the controller outpfts M\‘org

rate conmand signals to control the rovﬁrates of stock $ol u‘t‘ ZB

dilution solution by activating the pressure 5 adj ust nent { varves—28—Ftre—
stock solution and dilution solutions are thus introdufed at a certain

ratio into steaé‘:‘eé)‘ﬂufterthteutﬂ‘énééntratﬂéﬂt ble EBE %b‘ﬂ!ﬂbﬁlhsvﬁblﬁ@% €&n

I|m_t._ tions are mxed 1n The mxing section 18. If the
polishing rate of supplying the solution. It is important to control the

polishing rate constant, not only for controlling the effect of
polishing rate on the quality of the polished object but also

5 for determining an endpoint so as to stop the polishing process
properly thereby to obtain improved productivity.

An example of such apparatus for supplying a polishing
solution of a constant concentration is disclosed in a. Japanese
Laid-Open Patent Publication, H7-52045. This apparatus

10 comprises a stock solution tank, a first and a second solution
adjusting tanks to adjust the concentration of the solution in
two stages, and a circulation tank for supplying the adjusted
solution to the polishing tool or providing circulating flow of
the adjusted solution. Such solution storage tanks are normally

15 high capacity tanks, ranging in capacities from 1-2 m’, so as
to enable charging a sufficient quantity of solution to last for
one-day production.

‘The stock solution and diluted polishing solution in this
reference are not the type to be affected by exposure to air so

20 that, although the tanks are closed with lids, effort is not made

| to actively exclude outside air from flowing intc; the tanks.

However, such a design allows escape of the interior humid
atmosphere to cause drying of the interior atmosphere. Since
the liquid level inside the tanks fluctuates, when the liquid

25 around the top periphery of the tank evaporates, solute is
precipitated. Such repeat of liquid level fluctuation and
'so]_.ute precipitation 1leads wultimately to growth of the |

, precipitate on the interior surfaces of the tanks, which then



solution is difficult to be mixed thoroughly in the nixing

al one, the

whi |l e being circul ated therein. Theref ore, although

in-l1ine mxer 47 provided in sone part of_ the: circulatipn pip
RS ﬁ?‘aé 39%5
| evel in the buffer tube 18 Bl 4B

or contract

. \ / . FEP| AGEMENPISHER T
polishing solution is subjected to further [ VAN Vo TN o ST o B

15 accordingly, so that the internal pressurg of the

cont ai ner 30 in the buffer tube 18 can be kept rel ati kely—econstant

t he ORSF k9 B3 ahher£1 1€ Untlo 8Re PLGL 6 tioScagbeasistlsiny off Léqued.

may go ﬂp and down, the ajr lbag—42—expands

2aa.cl
(]

Al so, because the container 30 is sealed tightly, vapor does not
escape out @fitléwe openiaigasrrédulbisg meitndnlyiingdibeupbiensaln p2éduetpon

pressure cl
t he poli shi
Ther ef or e,

ose to Its saturation pressure, and preventing drying of

pucpcsad sl butna hso timef Wattuatidéncdssolut ien concendmadiisyy dgging
solute precipitation on the wall surfaces of the supglé
she

source doesthetpottshinghepebgtpryensi wgll as degradation of poli

5

10

15

20

25

surface due to the large precipitated particles included in the
polishing solution.

Therefore, the first objective of the present invention is
to prevent precipitatioh of solutes on delivery pipes or
interior walls of 'holding tanks so that a polishing solution of
a constant solution concentration can be supplied to .a polishing
tool.

As described hereinbefore, to produce high quality
polished products using the polishing section, it is required
to supply a polishing sclution of a constant concentration at
a steady flow rate. Polishing solution of a given concentration
is prepared by mixing a stock solution with dilution solution
in a mixing tank prior to its use, and the prepared polishing
solution is delivered from the mixing tank to a solution supply
nozzle of the polishing section through a solution delivery
pipe. It is also required that, from the viewpoints of
economizing capital and operating costs, one mixing- tank be used
for a plurality of polishing sections. This has been achieved
by providing a main distribution line where a constant flow of
the polishing solution is provided and delivery pipes branching
off from the main distribution line where a constant-flow pump

such as a roller-operated pump is provided to pump the solution

to individual polishing sections. Such arrangement can shorten

the 1length of 1liquid delivery piping as well as avoid




unst abl e polishing operation caused by plugging of pipes 4ngd...25 "~ a0VE "
ef fects produced by changes in the concentration of the ﬁ‘:P ‘“iEéiH”-i“’\rI{géﬁ?ET
sol ution. Stock solution tank 10 and dilution s¢l 4tion tank 12
my al so be provided with an air bag simlar to the ¢ong fpf tiner 1986T ¢
22 tube 18 to avoid generation of-=a negative intermnhal} pressure
produced by changes in the liquid |evel. Al so, as shown ip Figure 4,
an expandabl e contai ner (bag) 100 nade of a material suchlfas Tefl on

trade nane) may be provided inside the stock sol ytion ) )
( %recXpitagion of solute from the polfshfng solution associated

L

r

with- repeated stopping and starting of individual polishing
sections.

However, there are problems with this type of solution

5 delivery arrangement. First, although a roughly constant volume

of polishing solution is delivered regardless of the variations

in hydrostatic pressure in the main distribution line, it is not

possible to eliminate changes in the flow rate caused by

deformation of flexible tube used for the roller pumps; second,

10 it is inevitable that such roller pumps produce some pulsations
in flow rates; and third, because of t'he flexibility of the tube
in the roller pump, deterioration of the tube is unavoidable with
age, and it is not possible to assure long-term stability for
the liquid delivery system.

15 Further problems in such a liquid delivery system is that
the quality of polished products often suffers from the lack of
steady supply of polishing solution of a constant concentration
to individual polishing uni{: caused by system deficiencies such
as differences in lengths and diameters of the delivery pipes,

20 and fluctuations in flow rates caused by the pressure changes
in the delivery circuits resulting from changing numbers of
operating and non-operating polishing sections.

The second objective 1is, therefore, to provide an
economical polishing solution supply system which is able to

25 supply a polishing solution of a constant solution concentration
at a steady rate to a plurality of polishing sections, and to
provide a functionality to each polishing section so that each

polishing section itself is able to control its own rate of



5 tank 10 or the dilution solution tank 12. In this casf_THe " "5 I bn
izZnside the tank 10 can be forwarded to the buffer tube Ré?LESEWFWE5§%%ﬁ
comng into contact with air, by pressurizing-the Epfice bet ween th
i nsi de surface of the tank 10 and the coptai ner 10D i t§hg al AN B98N
pressurized air source 102. 10 The sol ution supp]yjline 14 in the :
above enbodi nent can be cleaned using a line flushing unit shown I n
Figure 5. The flushing unit conprises switching vhalves 26a, 26b, 26¢
and 26d to switch supply lines between lines 14a, 14b to alternately
supply a st sQlp3¢loff agso Distinl bllutichchfih OdnébaPt Sotidentiatipnug@uad of
the |ines. In this arrangenent, according to the signals fromthe.
| evel sensoan4Girrangdmerntufveuldulbdsbl, alkbwefl2&ib2§ga iar echprging, fou o
supply dilution solution at a given flow rate ihrough the dilution

sol ution suppkpplencthe aapouteoft pokisbingi sectippsyin a plant.

T
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5 SUMMARY OF THE INVENTION

The first objective has been achieved in a polishing
solution supply system for supplying a polishing solution to one
or more polishing sections comprising: a stock solution supply
source for containing a stock solution; a dilution solution

10 supply source for_contaiﬁing.a dilution solution; a mixing
section for mixing the stock solution and the dilution solution
supplied by way of a stock solution supply line and a dilﬁtion
solution supply line to formulate the polishing solution, the
mixing section being sealéd hermetically to exclude external

15 atmosphere; and one or more delivery lines to deliver the
polishing solution to the polishing section.

Accordingly, hermetic sealing of the mixing section
prevents the content of the mixing section from being affected
by exﬁernal atmosphere, and suppresses solution drying and

20 precipitation on the walls of the mixing section, and also
prevents mutual reactions or contamination between the external
atmosphere and the content. The mixing section may be formed
as merging solution supply lines or a hermetic container of a
suitable shape. The mixing section functions as a buffer to

25 absorb fluctuations in.consumptioncof'the polishing solution so
long as the volumetric capacity of the mixing section is

adequate.



20 line 1l4a, and concurrently, valve 26d is opened to su
solution at a given flowrate through the stock solution s
14b. According to the signals fromthe |eyvel. sensor 40a

tube 18, valves 26, 26a, 26d are cl osed si mul t aneousl
polishing solution is consuned 25 by t e polishing unitg
liquid | evel reaches the |evel sensor “40b, val ves 26,
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and the dilution solution is supplied through the lide 16 and |ine 14b
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at a given fl ow
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be proximal to each polishing section, and the solution is
supplied through a delivery pipe, associatéd with each polishing
section, which branches out from the circulation line. By
adopting such an arrangement, stagnation of the solution which
stays between the mixiné section and the polishing section can
be prevented so that changes in solution concentration and line
plugging due to precipitation can be prevented. By providing
liquid level sensors inside the mixing section, it is possible
to determine residual amount of polishing solution so that the
liquid level inside the mixing section can be maintained in a
desirable range.

The mixing section may be provided with a pressure
adjustment device for adjusting an internal pressure of liquid
paths. Such a device may be an air bag which can expand or
contract in response to changes in the liquid level inside the
mixing section. In this case, the mixing section or air bag may
be provided with a temperature control device so that
condensation of moisture inside the air bag may be prevented.

Another aspect of the present invention is a polishing
solution supply system for supplying a polishing solution to a
polishing section comprises: a circulation line for circulating
the polishing solution; and delivery lines to deliver the
polishing solution to the polishing section, wherein the

circulation line and the delivery lines are sealed hermetically

to exclude external atmosphere. The terminal end of the delivery

pipe is a polishing solution suppiy nozzle, and it is opened when




only provides adjustnment of the concentration level of th REPLA@E?MEﬁTliS?gET
solution, but also perforns cleaning of the stock sol jut Lan..supply———
| ines 14a, 14b. Here, the dilution solution 5 supply ling 16 i ﬁp I
for distribution of dilution solutipon, but may al so bp séoﬁsaﬁg égé]
stock solution supply line by connetting stock supplyip i ~
case of connecting | i nes 1l4a, 14b. Al so, infjthe above
enbodi nent, stock solution and dilution 10 solution are k-xed—+na—the
m xi ng section 18, but the supply systemis capable of handling
addi tional pypaedyf beelwidmAst fwuse, thexsipterf arslopnist elésed taxseali t
may be provided so that one or nore additives such as oxidizing agent
and surfaceodfd ithet pdpe fromaghet egherbaladtmdspherke mi xi ng section 18 so
that nore than 15 three kinds of solution can be mxed in the m xing
section 18. The Soluhdonaswrply AVNsSefaraysbgpfyrohest BERVEIRA YR Ron
stock solution tank, a dilution solution tank an;l a mixing
5 section for mixing a stock solution and a dilution solution, and
all liquid paths including solution tanks are hermetically
sealed.
The solution supply system may be provided with a cleaning
unit for cleaning a stock solution supply line for supplying the
10 stock solution to the mixing section, and the mixing section is
provided with an additive supply line to supply an additive to.
the polishing solution.
A level sensing signal is used to control the liquid level
in the mixing section within a certain range by supplying the
15 stock and dilution solutions in a suitable ratio. When the
residual level is very low, a warning may be issued. The cleaning
unit may be comprised by interconnecting piping comnecting
between the stock solution supply line and dilution solution
supply line so as to direct the dilution solution to the stock
20 solution supply line and to drain the spent solution by operation
of valves. The valves may be operated so as to switch the £low
of the solutions between thé two supply lines for alternate
cleaning.
The solution supply system may be provided with flow rate
25 adjustment devices for adjusting a flow rate of the stock

solution and/or the dilution solution to the mixing section, and

"a control device to maintain a constant composition of a



splutions described above, additive solution can also be
vith the dilution solution using one supply pipe.

rpaLt
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Ln_the
above enbodi nent, polishing solutions for 20 polishing fers are m xed,
but cl eaning solutions and the |ike may al so be m xed i Ehrie K839
arrangenment for cleaning polished ers. For exanpl 4, or..nore of
surface activation agent, di sperse agent, acidic or &l kaline etching
sol utions nay be m xed together with a dilution sol uth | >
section 25o1fshiryeblationein aheaninrgngdedtion byycdrtsebbingdhentioe
polishing cloth to clean or treat the polished surface of the waf ers.
The sane arxastegcaiistfient pdenicesl. m xi ng section can al so be used in

a cleaning facility for mxing cl eaning agents )
The solution supply system may have a flow adjustment

device in a stock solution supply line communicating with a

5 dilution solution supply line, and a flow adjustment device in
a dilution solution supply line communicating with a stock
solution supply line, and a liquid switching device may be
provided to switch between the stock solution and the dilution
solution.

10 Another aspect of the invention is a polishing solution
supply system for sﬁpplying a polishing solution to a polishing
section, comprising: a mixing section for adjusting a
concentration and/or constituents of the polishing solution,
and a flow control device for controlling a rate of supplying

15 a liquid to the mixing section, the flow adjustment device
comprising a pressure adjustment valve for adjusting a liquid
pressure in a secondary-side thereof. Thus, the secondary-side
liquid pressure (output pressure) of the pressure adjustment
valve can be controlled according to a signal from the flow

20 control device, and in combination with a constriction provided
within or by a downstream piping, the pressure adjﬁstment valve
can control flow rate of the polishing solution.

Another aspect of the invention is a polishing system
comprising: a unitized housing including a polishing section for

25 polishing an object by pressing the object against a polishing
tool, and a delivery line communicating with an external
polishing solution supply source for supplying a polishing

solution to the polishing section, wherein the delivery line is



24 whi ch are necessary to be m xed before use and su‘ﬁ}yhng,a
mi xture of cleaning solution to the cleaning section of th AEPLAGEMNEA BYEET
facility. 'A second enbodi nent of the polishing systfem I s shomr
in 5 Figure 6. The system conprises a polishing solutionisyppfyg IAN 999
system 3 and a polishing section 4 for pgiishing an obj ect jwift h M
polishing tool. The structure of the solution supply syste
same as that in the first enbodi ment shown in Figure :
t hi s "enbodigbwikdeRithhe £16w daoaitirwl depdcR0foascentrolling e
whi ch branches near a respective polishing section 4, and it has a
shut of f valpe Péhiangl soloipn reg fd adegired £13a, rake cgivenchyinaceemmasdt he
fl ange 24a of the delivery pipe

signal, and a shutoff valve for stopping inflow of the polishing

3 T5The

10 I'n

- solution.

5 Accordingly, regardless of the conditions in the external
supply source of polishing solution, for example some pressure
fluctuations, the flow rate control device maintains a constant
rate of supply of polishing solution to the polishing section
to provide a highly practical unitized polishing system.

10 The delivery line may be comprised by a extended
circulation line to constitute a part of a trunk line for flowing
the polishing solﬁtion, and a delivery pipe extending from the
extended circulation line towards the polishing section.

Accordingly, the polishing solution is always circulating

15 in the trunk line so that, even when the polishing section is
not operating, the polishing solution does not stagnate in the
trunk line, thereby preventing solute precipitation from the
solution to cause compositional fluctuations and plugging in the
line. Therefére, the delivery pipe which is vulnerable to

20 stagnation can be kept short to promote steady flow of polishing

. solution. The trunk line can be used as the circﬁlation line,
which may be provided with a buffer tank to moderate any effects
introduced by changes in solution flow rates. The circulation
line may be provided with various sensors such as pressure sensor

25 and a flow control device to control the circulation pump to
minimize pressure fluctuations.

The flow control device.may have a pressure adjustment

valve for adjusting a pressure in a secondary-side of the flow



24 of the polishing section 4. The delivery pipe 24 is prov| dPLAGEMENTt SHEET
fromthe upstreamside, a shutoff valve 52, a pressure a@iustment
val ve 54 for maintaining the pressure in the secondar yt Si dq5 IAN 1993
(downstream constant, and an orifice 56, and is connegt¢d to f‘?ﬂg
pol i shing solution supply nozzle 58 on t,]f_pe downstream gi d& 01 THe
orifice 56. Pressure adjustnent valve 20 54 and the downsiream side

orifice 56 forns a flow rate control val ve 57. Pressur e

adj ust ment JeNEERS15dekSceOfPas spdciFidNvalue 1 E6H By RARUSBIMENEOSYSHAEL 60
for supplying a constant air pressure to correspond with a constant

si gnal fromceadinglly,erwhétd thé. sékendaryt-sidei predsite psekepte at a
adj ustmrent valve 54 is the sanme as the one shown in Figure 3, and a
pressure i mexttaiat ralde, the dflawheatippin addsithg Bfiquidquathsicant be keéph t he
el ectro- pneumatic converter 60. The dedicated controller 61 selects a
at a constant valve. A constriction device such as a flowcontrol
5 orifice may be provided downstream in the liquid circulation
line, as necessary, and an electro-pneumatic device may be
provided to dgenerate a command signal to convert pilot air
pressure to a liquid pressure for flow rate control purposes.
The delivery pipe may be communicated with a cleaning
10 liquid delivery pipe for supplying a.cleaning solution through
the flow control device. Accordingly, the flow control device
can be operated at its optimum performance. Cleaning solution
_ may be a constituent of the polishing solution such as deionized
water or other substances compatible with polishing process.
15 Another aspect of the invention is a polishing solution
supply system for supplying a polishing solution to one or more
polishing sections comprising: a trunk line for continuously
flowing the polishing solution and a delivery line extending
from the trunk line towards each of the polishing section,
20 wherein the delivery line is provided with a flow control device
for controlling a flow rate of the L::olishing .solution by
adjusting valving according to a command signal.
Another aspect is a method for polishing a semiconductor
wafer using a polishing system comprising one or more polishing
25 sections; a polishing solution supply system for supplying a
polishing solution to the polishing section; a polishing
solution circulation path interposed between the polishing

section and the polishing solution supply system; and a delivery



25 polishing solution supply rate, and the converter

pilot air at a pressure according to the sel ected supply
pressure adjustment valve 54. In this system a cleaning
having a shutoff valve 62 is nerged with the liquid 5p
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shutof f val ve 52 and the pressure ad] usthent val ve 54
Accordingly, by constantly circulating the polishing

sol ution inside

the piping for delivering the solution to the pol i shIig—sectiom=;

changes 11 1500 8RRl tepst ' iBnt RereulgsidAdphtAe:
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each of the polishing section; comprising the steps of: diluting
a solution to a desired concentration to formulate the polishing
solution; circulating the polishing solution within the
polishing solution circulation path; withdrawing the polishing
solution from the polishing solution circulation path and
forwarding to individual polishing sections; adjusting valving
of a flow valve in each delivery pipe to a pre-determined flow
rate given by a command signal so as to deliver a desired quantity
of the polishing solution to individual polishing sections; and
stopping withdrawing of the polishing solution from the
polishing solution circulation path to a polishing section and
cleaning an associated delivery pipe.

The step of adjusting valving may be performed by balancing
a pressure in a secondary-side of the flow valve against a
pre-determined pressure signal to correspond with a desired flow

rate for an associated polishing section.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic overall layout of a first embodiment
of the polishing system including the solution supply syétem of
the present invention; |

Figure 2 is a cross sectional view of a buffer tube in Figure
1;

Figure 3 is a detaiied cross sectional view of a pressure
adjustment valve shown in Figure 1;

.Figure 4 is a cross sectional view of a variation of the

stock solution tank;




substances can be elimnated. Al so, because the arrangene thr“’gﬁfﬁﬁmﬂ13§FET
the use of a long length of piping for the supply source,
pol i shing sol ution supply source (m xi ng section) 18 can
supply polishing solution, in a stable cgopdition, to a 1

polishing sections 4. The cost of the owerall facil §t y-ear—thus—be
reduced, as expl ai ned above. The operation of the pollshlng
sol ution supply system of such a construction will b
controller controls the operation of the circul ation punp 46 |n such a
manner that 20 ridpereé lig! assclifendaess Wayout afwagietheghear iaviom csfpeief | ¢
val ue so as to establish a constant flow of the polishing solution
within the soletioni supphy hsPstem; When a polishing section 4 is
started, a respective controller 61 outputs an open-valve signal to
each shutoff val Pégups 65bs arsrhematic Jawout @f uiseRend

si gnal

nna

° plwaﬂfﬁ 194

the polishing system of the present invention;
5 Figure 7 is a schematic layout of a variation of the second
embodiment of the polishing system of the present invention; and
Figure 8 is a schematic layout of a third embodiment of the

polishing system of the present invention.

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments will be presented in the following
with reference to the drawings. As shown in Figure 1, the
polishing system 1 comprises: a polishing solution supply system
3 for preparing a polishing solution of a given composition by
15 mixing a stock solution with a dilution solution and supplying
it by way of a circulation path 2; and a polishing section 4 for
polishing a polishing object using a polishing tool. The
polishing solution supply system 3 has two sources of liquid
supply, two stock solution sources (tank) 10 for storing a stock
20 solution and a dilution solution source 12 for storing a dilution
solution for diluting the stock solution to formulate a
pelishing solution of a desired concentration. The system 1
further comprises a mixing section 18 provide in the circulation
path 2 for merging the two liquids supplied from the two liquid
25 sources 10, 12 through solution supply lines 14, 16; solution
delivery pipes 24 for supplying the polishing solution to

individual polishing units 22:_



corresponding to a pre-selected polishing solution flowrate to t he
el ectro-pneunati c converter 60. The converter 60 delivers [~——-a-pitot—alr ___
pressure corresponding to the fl ow conmand si gnal REPLACEMENT SHEET
26 to the air pressure chanber 76 of the pressure gdjgstment—valve
54, thereby opening the space between th_1=3_3 val ve body 90 and thﬂ-3 \ \{%ve
seat 88. In the pressure adjustnent valve 54, the solutio e e‘ii

t hrough the solution inlet path 78 passes through 5 pri

e mraian s,

ry varve-ches+—80
eat 88, agd fl ows
1a1C.,

[ h I I
and the openi ng between the va v% tq?g\ﬁolishi%% ggfluva ve

into the |iquid pFeckFFUHamHEP tion ma

alkéline or neutral solution containing abrading particles such
as silica gel of a certain particle size, and is selected
according to the type of object to be polished, and dilution

5 solution is normally pure deionized water. In this ekample, the
stock sélution is contained in a stock solution tank 10, and when
one tank becomes empty, the_stock solution supply line 14 can
be switched from one stock solution tank 10 to another stock
solution ﬁank 10. Stock solution supply line 14 and dilution

10 solution supply line 16 are each provided with a shutoff valve
26, a pressure adjustment valve 28 and a flow controlling orifice
29. This combination of the pressure adjustment wvalve 28 and
the flow controlling orifice 29 makes a pressure compensated
flow control valve 31.

15 As shown in Figure 3, the pressure adjustment valve 28
comprises a casing having an upper casing 66, a lower casing 68
and a bottom plate 70; and a valving device 72 housed in the
casing. In more detail, the upper casing 66 includes an air
pressure chamber 76 having an air pressure inlet 74 which is

20 connected to a pilot air source (not shown); and the lower casing

| 68 includes solution passages comprising a solution inlet path
78, a primary valve chest 80, a secondary valve chest (liquid
pressuré chamber) 82 and a solution outlet 84; and a diaphragm
86 which is clamped between the upper casing 66 and the lower

25 casing 68 at the periphery to separate the air pressure chamber
76 from the secondary valve chest 82.

A valve seat 88 is formed between the primary apd secondary

valve chests 80, 82, and a valve body 90 is inserted therein from
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82. The pressure inside the liquid pressure chanber 82 is tHH--OCat--y
determined by the flowrate of the solution flow ng t hf EGhACRRENT SHEET
orifice 29. Therefore, by controlling the pressure 10 i ns|de-thettoutd
pressure chanmber 82 at a given value, flowrate of the S)|Ht$0nﬁg&mgg
controlled at a desired val ue. Eﬁhe solution flow hg}out o#*fﬁg
liquid outlet path 84 can be mai ntained at a constant | owrate—by
controlling the pressure ~in the liquid pressure chanbef 82 in the sane
manner as @x@l BbEE&m, 1eheivh Brdl8oay 96 1i¥attath8ARISY! valEve FFTGERIHICh

Al so, to change the [evel of flow fates of the polishing . solution

flow resi signggxed tbethel 8iephblghoget By fleaNsStéLaNretaiwing 1yt smure

adj ust ment val ve 54 is changed as explained in

a description of the

previ ous eshddianeilt Bt cdwmnge tdebél nowvaBle adongt dnse axfisar i fBmesshfie t he
size of the hole in the orifice shoul d be changed.
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adjustment valve 28 is provided with O-rings 98 at certain
necessary locations.

The pressure adjustment valve 28 of such a construction can
precisely control the quantity of stock solution or dilution
solution to be supplied to the buffer tube (mixing secfion) 18.
The operation of the valve 28 is as follows. A controller (not
shown) outputs a flow rate control signal to correspond to a
pre~determined desired flow rate to an electro-pneumatic
conversion unit of each pilot air source. The conversion unit
provides a given pilot air pressure to the air pressure chamber
76 of the respective pressure adjustment valve 28, according to
the flow rate control signal. In response to the input signal
to the valve 28, a liquid introduced from the solution inlet path
78 passes through primary valve chest 80 and the opening between
the valve body 90 and valve seat 88, and flows into the liquid
pressure chamber 82. The flow rate of the liquid flowing through
the orifice 29 is univocally determined by the pressure inside
the 1liquid pressure chamber 82 (secondary—side- pressure).
Therefore, by controlling the pressure inside the liquid
pressure chamber 82 (secondary-side pressure) at a given value,
flow rate of the polishing solution is controlled at a desired

value.

The following explains how a constant flow rate of the .

-liquid flowing through the liquid outlet path 84 can be

maintained by controlling the pressure in the liquid pressure




When the liquid level in the buffer tube 18 becomes | ower

t he signal

&t
fromthe | evel sensor 40c, thereby the 25 stagck| sgl.uti d
dei oni zed wat er under the control of pressure adj ust(r:‘ent &;ﬂ v@qgg?% (o
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at a given constant ratio and are mixed 13 in the buffer| tbe—38-

27

VWhen one of the polishing section 4 is stopped, the shutoff

valve 52 in its delivery pipe 24 is closed. This raises the=ftud

pressure in _the circulation pipe 20 tenporari]y, but in the delivery
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76 and the liquid pressure in the liquid pressure chamber 82 are
balanced through the diaphragm 86, and the liquid flows out of
the liquid outlet path 84 at a desired flow rate. If the liquid
pressure in the liquid pressure chamber 82 becomes higher for
any reason, the valve rod 96 and valve body 90 are pushed upwards,
and the liquid flow opening formed between the valve seat 88 and
the valve body 90 becomes narrower, thus inc:easing the flow
resistance so that the polishing liquid pressure in the liquid
pressure chamber 82 is restored instantly to the desired
pressure (a pressure balancing the pilot air pressure in the air
pressure chamber 76). If the pressure in the liquid pressure
chamber 82 drops, an opposite action takes place to restore the
desired pressure. The result is that the amplitude and frequency
of fluctuation in the liquid pressure are decreased, and the
liquid can be supplied steadily to the mixing section 18 at a
respective flow rate determined by the respective pilot air
pressure and the flow resistance provided in the downstream
piping of each solution supply lines 14, 16.

The orifice 29 provided downstream of the pressure
adjustment valve 28 is used to determine the control range
obtainable by changing the pilot air pressure. By providing an
orifice 29 to suit the desired flow rate, the ratio between the
stock solution and the dilution solution can be changed freely
over a wide range. If the dimensions of the solution supply lines
14, 16 are such that they can function as suitable constrictions,

there is no need for providing an orifice 29-separately. By

providing the flow control valve 31 utilizing the pressure




5 pressure adjustnment valve 54 maintains the fluid pressurfe ?Lﬁﬁ?&”%

AT =
solution in the secondary-side to maintain a constant flow of . RENT SHEET

solution, in spite of pressure changes in the prinmary-sidg. VWhen
polishing is to be resuned, the shutoff valve 62 in tihej cf SaniAhy 1595ui|d
pi pe 64 is opened and interior of the del_very 10 pipe 24 i.s_cleaned,
This controls plugging in the line caused by stagnant} sol ution or
changes in concentration of the pol i shing sol ution. Eigure 7
shows a var| gpﬂ9 i hg¥58n6 nor e
speci fical I %s?\%lseq‘tthggﬁgaﬁg q ‘ﬁgi%ﬁ?’g‘u %telsotnowsﬁ g flngl %Iu | ant
and the pO'lﬁm il §§%1qn§s in the difuthl Séiﬁt;éhfsﬁ&ﬁﬁiy AR rRA48, 2f Low
conprises a trunk 1 ne connected to a polishing solution supply

6

source 3, F¥dNPNEATh soldtifiedrd &S ddifeddEred P laeéi‘éél%zfsdath{&tlﬁ

and a coupl
delivery pi

5

10

15

20

25

I ng flange 104a). In this case, the flange Z4a of the
pflishing solution of a desired composition can be formulated

and maintained precisely at a desired level of concentration.

The buffer tube 18, which functions as the mixing section,
is provided within the circulation path 2 for supplying a
polishing solution of a constant solution concentration to a
plurality of polishing facilities. As shown in a more detailed
drawing in Figure 2, the buffer <tube 18 comprises a
vertically-disposed cylindrical container 30 having a diameter
larger than that of the circulation pipe 20 of the circulation
path 2, which is provided with a discharge opening 32 at the
bottom, and a cover 36 for closing the top section of the
container 30 by way of an O-ring 34. A return tube 38 in the
return circuit of the circulation pipe 20 is inserted through
the cover 36 to reach near the bottom of the container 30, and
the pipes of the stock solution supply line 14 and the dilution
solution supply line 16 (not illustrated) are inserted to extend
midway in the container 30. It is desirable that the volumetric
capacity of the buffer tube 18 does not exceed the volume of the
polishing solution which can be used in a 24-hour period. This
is to avoid possible degradation of the polishing solution by
prolonged storage.

The container 30 is provided with level sensors 40a, 40b
and 40c for detecting the upper, lower and lowermost ievels, for
example, and output respective signals to a controller (not

shown). In this embodiment, static capacitance type level
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flange 104a. Shutoff valve 106 is necessary for each bran
when it is desired to incorporate a new polishing section
shutting down the operation of the polishng system
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shutoff valve 26 or pump 25 in the stock solution and dilution
solution supply lines so that the stock solution and the dilution
solution will be supplied when the liquid level reaches the lower
level and the supply will be stopped when the liquid level
reaches the upper level. If the liquid level should reach the
lowermost level, the controller generates a warning signal or
a stop signal for the polishing unit 22.

A flexible air bag 42 made of a flexible material is
provided beside the container 30, and an air flow pipe 44 is
provided on the 1lid 36 so as to communicate the air bag 42 with
the container 30. Air bag 42 is for suppressing fluctuations
of the internal air pressure caused by changes in the liquid
level inside the container 30 while hermetically sealing the
container 30. It is made of a flexible and durable material such
as Teflon (trade name for poly-tetrafluoro ethylene) and is made
sufficiently large to respond to changes in the liguid level.
It should be noted that; if the temperature of the air bag 42
is lower than the temperature inside the container 30, moisture
condenses inside the air bag 42. Therefore, if there is a
possibility of generating a temperature differénce, it is
desirable that either or both of the container 30 and the air
bag 42 be provided with temperature control means such as a
cooling jacket for the container 30, for example. Temperature
sensors may be provided also for the purpose of temperature

control thereof. The solution supply lines 14, 16 and 20, and

‘the container 30 are coupled through sealing element such as

sealing tape so that hermetic sealing is maintained throughout.



the trunk Iine 103 to be placed close to each polishing kectign el SHEET
that the delivery pipes 24 which are susceptible to S a%n__ation of

pol i shing solution can be further shortened, 5 t hereby} aghiievi HEp tigR9
primary objective of supplying a polishi sol ution of._a_stable
concentration to all the polishing ctions. Fi gurq 7 shows two of th
four branch lines 104 in a standby state. Elgure 8 shows a
third enbodi nrent of the polishing system 10 1In this case, a portion of
the circulation path 2 extends _to fl ow ﬁi rcul %ti ng ol i shi.a% sol éi on
into the pdi} SHATHIVE G36n SERPLY SOUECE BRYaReeRFSHGEAPLY  REPYLFGH ﬁf-ﬁ

120 Flanocs,d30e ol Wibe 35 o SRALS4PERE, 1206RTRRELOBRALNATORR £0B0!
2o THOBEP ockh pBin 0 ALY nURECEKLEBAE LS WAL OO LER R
buffer tube 18 prior to use of the polishing solution supply
5 system so as to prevent deterioration of the polishidg solution
within the buffer tube 18.

Circulation pipe 20 is constructed to exit from the
discharge opening 32 at the bottom of the buffer tube 18, travel
near one or more polishing units 22 which are to be supplied with

10 polishing solution, and returns to and is cqnnected to the buffer
tube 18 through the return pipe 38. Circulation pipe 20 is
provided with a circulation pump 46 for circulating the
polishing solution, a back pressure valve 48 for maintaining the
internal pressure in the circulation pipe 20 above a certain

15 value, and a pressure sensor 50 and the like. An in-line mixer
47 may be provided in the pipe 20 on the discharge-side of the
circulation pump 46. The output signal from the pressure sensor
50 is input into and monitored by the controller. The controller
may control the operation of the circulation pump 46 according

20 to the output signals so as to maintain the internal pressure
in the circulation pipe 20 at a constant value. Normally,
circulation pump 46 is operated under a given condition, and the
internal pipe pressure is maintained at a constant value by the
back pressure valve 48. Circulation pipe 20 is branched into

25 delivery pipes 24 in proximity of each polishing unit 22 to
deliver the polishing solution, and each delivery pipe 24 is

connected, through a shutoff valve 52 and an adjustable flow pump
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Accordingly, by constantly circulating the polishing

solution inside the piping to guide the solution to the

5 neighborhood of the polishing unit 22, changes in solution
concentration caused by stagnation inside the piping and line
plugging caused by precipitated solid substances can bg
eliminated. Also, because the arrangement of the solution
supply system permits the use of a long length of circulation

10 piping, one supply source (mixing section) 18 can be used to
supply a polishing solution, in a stable condition, to a
plurality of polishing units 22 which may be located some
distance away from the supply source. The cost of the overall
facility can be reduced because of the small installation space

15 required. Because each polishing unit 22 has its own operational
schedule to be stopped, the polishing solution may become
stagnant in some delivery pipes 24, but any adverse effects can

be totally negated by flowing a small quantity of polishing
solution sufficient to replace the stagnant liquid in the

20 delivery pipes 24 before re-starting the polishing units-22.
| The polishing solution supply system is hermetically
designed so that the circulation path 2 including the mixing
section 18 as well as the delivery pipeé 24, excepting the
‘opening section 58 of polishing solution supply nozzles, is

25 isolated from outside air. This promotes a stable environment
in the piping circuit, including the buffer tube 18, such that

the vapor pressure of the polishing solution within the piping

circuit is relatively close to the saturation vapor pressure,
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thus preventing problems such”as precipitation of solid

substances on the intéfnal surfaces caused by evaporation. In
this example, stock solution supply line 14 including the stock
solution tank 10, and the dilution solution supply line 16
5 including the dilution tank 12 for storing dilution solution
such as deionized water are also hermetically sealed to prevent
precipitation attachment due to drying as well as adverse effect

of oxidation of the solutions.
Also, when the liquid level in the mixing section 18 becomes
10 low, the. stock solution and dilution solution are added, as
necessary, to replenish a polishing solution of a desired
composition, which is constantly kept in circulation within the
circulation path 2. Therefore, a relatively small size of the
mixing section 18 for adjustment of concentration is sufficient
15 tomaintain the quality of the polishing solution. For example,
a 5-L(liter) capacity mixing section 18 is sufficient to feed
three polishing units from one polishing solution supply source,
and a 40-L capacity is sufficient to feed thirty polishing units.
In the following, the operation of the polishing solution
20 supply system constructed as above will be presented. The
| controller controls the circulation pump 46 so as to maintain
the outlet-side pressure higher than a specific pressure,
thereby maintaining a constant flow of polishing solution within
the circulation path 2. As individual poliéhing units 22 become
25 operative, a portion of the polishing solution flows from its
delivery pipe 24 into a polishing solution supply nozzle 58 of
the respective polishing unit 22. When the liquid ].evel in the

buffer tube 18 becomes lower than the lower limit, the controller



1. A polishing solution supply systemfor supplying g REPLAGRNMENSHEET

solution to one or nore polishing sections conprising: 5 a—stock
sol ution supply source for containing a stock sol utfion; 45 jAn 4999 o
dilution solution supply source for containing a dilutidn sol'ution;
a mxing section for m xing said stock éﬁ!ution and saig TO drrution
sol ution supplied by way of a stock solution supply |ine and a
dilution solution supply line to fornulate said polishing solutron,
sai d m xi nosees tdie BRUDELS R Bfk G HBEI ¢t até® the pufpChsdBased enndhe
at nosphere; and a delivery line to deliver saird polishing

solution t sbsgmal frompoheshewel srisan40b. Next, the controller outputs
flow rate command signals to control the flow rates of stock
solution and dilution solution by activating the pressure
5 adjustment valves 28. The stock solution and dilution solutions
are thus introduced at a certain ratio into the buffer tube 18
until the liquid level reaches the upper 1limit. The two
solutions are mixed in the mixing section 18. If the polishing
solution is difficult to be mixed thoroughly in the mixing
10 section 18 alone, the polishing solution is subjected to further
mixing in an in-line mixer 47 provided in some part of the.
circulation pipe 20 while being circulated therein.
Therefore, although the liquid level in the buffer tube 18
may go up and down, the air bag 42 expands or contract
15 accordingly, so that the internal pressure of the container 30
in the buffer tube 18 can be kept relatively constant and the
operation of the circulation pump 46 is not adversely affected.
Also, because the container 30 is sealed tightly, vapor does not
escape out of the container 30 thus maintaining'the internal
20 vapor pressure close to its saturation pressure, and preventing
drying of the polishing solution at the wall surfaces of the
container 30. Therefore, solute precipitation on the wall
surfaces of the supply source does not occur, thereby preventing
unstable polishing operation caused by plugging of pipes and
25 adverse effects produced by changes in the concentration of the
polishing solution.
Stock solution tank 10 and dilution solution tank 12 may

also be provided with an air bag similar to the one for the buffer
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itgﬁ'%‘glisng:os 8R}di¥)-generation of a negative internal pressure—
produced by changes in the liquid level. Also, as shown in Figure
4, an expandable container (bag) 100 made of a material such as
Teflon (trade name) may be provided inside the stock solution
tank 10 or the dilution solution tank 12. In this case, the
solution inside the tank 10 can be forwarded to the buffer tube
18 without coming into contact with air, by pressurizing the
space between the inside surface of the tank 10 and the container
100 with air from a pressurized air source 102. |

The solution supply line 14 in the above embodiment can be
cleaned using a line flushing unit shown in Figure 5. The
flushing unit comprises switching valves 26a, 26b, 26c and 26d
tb switch supply lines between lines 14a, 14b to alternately
supply a stock soclution or a dilution solution to prevent
plugging of the lines.

In this arrangement, according to the signals from the
level sensor 40b in the buffer tube 18, valves 26, 26a are opened
to supply dilution solution at a given flow rate through the
dilution solution supply line 16 and the stock solution supply
line 1l4a, and concurrently, valve 26d is opened to supply stock
solution at a given flow rate through the stock solution supply
line 14b. According to the signals from the level sensor 40a
in the buffer tube 18, valves 26, 26a, 26d are closed
simultaneously. Next, when the polishing solution is consumed
by the polishing units 22, and the liquid level reaches the level
sensor 40b, valves 26, 26c are opened, and the dilution solution
is supplied through the line 16 and line 14b while the stock

solution is supplied by opening the valve 26b through line 14a
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polishing solution, but also performs cleaning of the stock
solution supply lines 1l4a, 14b. Here, the dilution solution
supply line 16 is used only for distribution of dilution
solution, but may also be used as the stock solution supply line
by connecting stock supply pipes as in the case of connecting
lines 14a, 14b.

Also, in the above embodiment, stock solution and dilution
solution are mixed in the mixing section 18, but the supply
system is capable of handling additional types of solutions. For
example, a separate fluid circuit may be provided so that one
or more additives such as oxidizing agent and surface activation
agent can be added in the mixing section 18 so that more than
three kinds of solution can be mixed in the mixing éection 18.
As in the case of alternate supply of stock and dilution
solutions described above, additive solution can also be
alternated with the dilution solution using one supply pipe.

Also, in the above embodiment, polishing solutions for
polishing wafers are mixed, but cleaning solutions_and the like
may also be mixed in the same arrangement for cleaning polished
wafers. For example, one or more of surface activation agent,
disperse agent, acidic or alkaline etching solutions may be
mixed together with a dilution solution in the mixing section
18. Such a mixed cleaning solution may be supplied on the
polishing cloth to clean or treat the polished surface of the
wafers. The same arrangement of piping and mixing section can

also be used in a cleaning facility for mixing cleaning agents
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dilution solution flow rate adjustnent device. 8.1 A-system———
according to claim7, further conprising flow swi t chi hg qpaﬂﬁ%gﬁgg
switching flows of said stock solution aﬂg 20 said dilutign‘“§6lu Ton
for alternatively directing said Zdilution sol utijn~to-sard-stotk
solution flow rate adjustnent devi ce and said dilution solution flow
rat e adj ustnent devi ce. 9. A polishing solution—suppty —SysStem
for suppl yigicA a?e mRldsHArg0 &9!Be! Axba BRFoRe WHE £ 8HHPIySRE! aONS
conpri si ng: a circulation path for circulating said polishing

sol ution; afiflxture of cleaning solution to the cleaning section of the
cleaning facility.

A second embodiment of the polishing system 1 is shown in

5 Figure 6. The system comprises a polishing solution supply
system 3 and a polishing section 4 for polishing an object with
a polishing toocl. The structure of the solution supply system
3 is the same as that in the first embodiment shown in Figure
1. | |

10 In this embodied system, the circulation pipe 20 has a
branch line 23 which branches near a respective polishing
section 4, and it has a shutoff valve 25 and a coupling flange
23a, which is connected to the flange 24a of the delivery pipe
24 of the polishing section 4. The delivery pipe 24 is provided

15 with, from the upstream-side, a shutoff valve 52, a pressure
adjustment valve 54 for maintaining the pressure in the
secondary-side (downstream) constant, and an orifice 56, and is
connected to the polishing solution supply nozzle 58 on the
downstream-side of the orifice 56. Pressure adjustment valve

20 54 and the downstream-side orifice 56 forms a flow rate control
valve 57.

Pressure adjustment valve 54 is connected to an
electro-pneumatic converter 60 for supplying a constant air
pressure to correspond with a constant signal from a controller

25 61. The construction of the pressure adjustment valve 54 is the
same as the one shown in Figure 3, and a pressure iniet path 74
of the upper casing 66 is coﬁmunicated with the electro-

pneumatic converter 60. The dedicated controller 61 selects a
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pilot air at a preSsure according to the selected supply rate
to the pressure adjustment valve 54. In this system, a cleaning
fluid pipe 64 having a shutoff valve 62 is merged with the liquid
path between the shutoff valve 52 and the pressure adjustment
valve 54.

Accordingly, by constantly circulating the polishing
solution inside the piping for delivering the solution to the
polishing section 4, changes in concentration due to stagnation
in the pipes and line plugging due to precipitated solid
substances can be eliminated. Also, because the arrangement
permits the use of a long length of piping fbr the supply source,
one polishing solution supply source (mixing section) 18 can be
used to supply polishing solution, in a stable condition, to a
plurality of polishing sections 4. The cost of the overall
facility can thus be reduced, as explained above.

The operation of the polishing soclution supply system of
such a construction will be explained. The controller controls
the operation of the circulation pump 46 in such a manner that
the outlet-side pressure is always higher than a specific value
so as'to establish a constant flow of the polishing solution
within the circulation path 2.

When a polishing section 4 is started, a respective
controller 61 outputs an open-valve signal to each shutoff valve
52, and at the same time outputs a flow command signal
corresponding to a pre-selected polishing solution flow rate to
the electro-pneumatic converter 60. The converter 60 delivers

a pilot air pressure corresponding to the flow command signal
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valve seat 88. In the pressure adjustment valve 54, the solution
entering through the solution inlet path 78 ‘passes through
primary valve chest 80 and the opening between the valve body
90 and valve seat 88, and flows into the liquid pressure chamber
82. The pressure inside the liquid pressure chamber 82 is
univocally determined by the flow rate of the solution flowing
through the orifice 29. Therefore, by controlling the pressure
inside the liquid pressure chamber 82 at a given value, flow rate
of the solution is controlled at a desired value.

The solution flowing out of the liquid outlet path 84 can
be maintained at a constant flow rate by controlling the pressure
in the liquid pressure chamber 82 in the same manner as explained
in a description of the previous embodiment.

Also, to change the level of flow rates of the polishing
solution, flow resistance in the orifice 56 located downstream
of the pressure adjustment valve 54 is changed as explained in
a description of the prévious embodiment. To change the flow
resistance of orifice 56, the size of the hole in the orifice
should be changed.

When the liquid level in the buffer tube 18 becomes lower
than the lower limit, the controller opens the shutoff valve 26
according to the signal from the level sensor 40c, thereby the
stock solution and deionized water under the control of pressure
adjustment valve 28 flow at a given constant ratio and are ﬁlixed

in.the buffer tube 18.
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When one of the polishing section 4 is stopped, the shutoff
valve 52 in its delivery pipe 24 is closed. This raises the fluid
pressure in the circulation pipe 20 temporarily, but in the
delivery pipes 24 of the remaining polishing sections 4, each

pressure adjustment valve 54 maintains the fluid pressure of the

solution in the secondary-side to maintain a constant flow of

solution, in spite of pressure changes in the primary-side.
When polishing is to be resumed, the shutoff valve 62 in

the cleaning fluid pipe 64 is opened and interior of the delivery

pipe 24 is cleaned. This controls plugging in the line caused

by stagnant solution or changes in concentration of the
polishing solution.

Figure 7 shows a variation of the second embodiment shown
in Figure 6, and more specifically shows the layout of the
circulation path 2 inside a plant and the polishing sections 4.
In this case, circulation path 2 comprises a trunk line 103
connected to a polishing solution supply source 3, and includes
branch lines 104 (having a shutoff valve 106 and a coupling
flange 104a). In this case, the flangé 24a of the delivery pipe
24 of each polishing section 4 is connected through the coupling
flange 104a. Shutoff valve 106 is necessary for each branch line
104 when it is desired to incorporate a new polishing section
4, without shutting down the operation of the polishing system.
When installing a trunk line 103 in a plant, a number of branch
line 104 each having a shutoff valve 106 should be pre-installed
to facilitate installation of new polishing sections to the

system.
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4 so that the delivery pipes 24 which are susceptible to
stagnation of polishing solution can be further shortened,
thereby achieving the primary objective of supplying a polishing
solution of a stable concentration to all the polishing
sections. Figure 7 shows two of the four branch lines 104 in
a standby state.

Figure 8 shows a third embodiment of the polishing system.
In this case, a portion of the circulation path 2 extends to flow
circulating polishing solution into the polishing section 4A
through an extended circulation pipe 120. Flanges 120a of the
extended pipe 120 connect to flanges 20a of the circulation pipe
20 to circulate the solution, and a delivery pipe 24 is disposed
at the end of the extended circulation pipe 120 to deliver the
solution to each polishing section 4A. As in the previous
embodiments, the delivery pipe 24 is provided with a pressure
adjustment valve 54 as a flow rate control means and a shutoff
valve 52 as a flow stopping means.

In this embodiment, the circulation path 2 extends into the
polishing section 4A to shorten the length of the delivery pipe
24 even further, thereby shortening vulnerable pipes to prevent
precipitation and plugging which can be caused by temporary
shutdown of the polishing section 4A so as to provide even more
stable polishing operation.

In the above embodiment, polishing section are unitized to
include delivery pipes 24 and control devices, but it is obvious

that a polishing section can be comprised by an assembly of
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separate components. Also, a plurality of polishing operations

can be performed by providing separate polishing solution

sources 3 for each polishing section 4A so as to supply a

plurality of polishing compounds and solutionms.
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ar nore delivery lines extending fromsaid trunk 10 'rﬁﬁﬁ??ﬁﬁﬁﬁ@MFQ§mE?f
sai d polishing section, wherein at |east one of saild dellvery line
are provided with a flow control devi ce for controlyihg a flow rate o
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si gnal . 15 19. A nmethod for polishing a sem conductpr fer by usi
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polishing solution to one or more polishing sections comprising:
5 a stock solution supply source for containiﬁg a stock
solution;
a dilution solution supply source for containing a dilution
solution;
a mixing section for mixing said stock solution and said
10 dilution solution supplied by way of a stock solution supply line
and a dilution solution supply line to formulate said polishing
solution, said mixing section being sealed hermetically to
. exclude external atmosphere; and
a delivery line to deliver said polishing solution to said

15 polishing section.

2. A system according to claim 1, wherein said mixing section

formulates said polishing solution of a constant composition.

20 3. A system according to claim 1, wherein said mixing section
is provided with a pressure adjustment device for adjusting an
internal pressure of liquid paths while maintaining hermetic

sealing of said mixing section.

25 4. A system according to claim 3, wherein said pressure
adjustment device comprises a flexible bag communicated to an

upper space of said mixing section.

* c L M S *
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5. A system according to claim 1, wherein said system 1S
provided with a cleaning device for cleaning said stock solution

supply line.

6. A system according to claim 1, wherein said mixing section
is provided with an additive supply line to supply an additive

to said polishing solution.

7. A system according to claim 1, further comprising a stock
solutien flow rate adjustment device provided in said stock
solution supply line and/or a dilution solution flow rate
adjustment device provided in said dilution solution supply
line, and a control device to maintain a constant concentration
of a polishing solution in said mixing section by controlling
said stock solution flow rate adjustment device and/or said

dilution solution flow rate adjustment device.

8. A system according to claim 7, further comprising flow
switching means for switching flows of said stock solution and
said dilution solution for alternatively directing said
dilution solution to said stock solution flow rate adjustment

device and said dilution solution flow rate adjustment device.

9. A polishing solution supply system for supplying a
polishing solution to one or more polishing sections comprising:

a circulation path for circulating said polishing

L

solution; and



deliver a desired quantity of said pollshlng solution to s | PLQEE&ENT SHEET

pol i shing section; and st oppi ng wi t hdrawi ng of sai d_po

sol ution from said polishing solution circulation path tjo a pollshlng
section and 10 cleaning said delivery |jne. 20. Afndt hbl 3é&F88ng
to claim19, wherein said step of éﬁiusting val ving i ¢ fderfaroed by

bal ancing a pressure in a

for said

10

15

20

25

po'bsqﬁggr§ef1ner£o deliver said polishing solution to said
polishing section, wherein said circulation path and said
delivery line are sealed hermetically to exclude external

atmosphere.

10. A system according to claim 9, wherein said system is

further provided with a stock solution tank, a dilution solution
tank and a mixing section for mixing a stock solution and a
dilution solution, and all liquid paths including said stock
solution tank and said dilution solution tank are hermetically

sealed.

11. A polishing solution supply system for supplying a
polishing solution to a polishing section, comprising:

a mixing section for adjusting a concentration and/pr
constituents of said polishing solution, and

a flow control device for controlling a rate of supplying
a liquid to said mixing section, said flow adjustment device
comprising a pressure adjustment valve for adjusting a liquid

pressure in a secondary-side thereof.

12. A system according to claim 11, further comprising a
constriction device provided in a secondary-side of said

pressure adjustment valve.

13. A polishing system comprising:

a polishing section for polishing an object by pressing

secondary-side of said flowjval ve agai nst a

pre-determned 15 pressure signal to correspond with a desited.flowrate .|

said object against a polishing tool, ———

] HIIH T
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36 21. A polishing system conpri sing: i ﬁggmé;@m-fl%%ﬂ
sol ution supply systemfor preparing a polishing solution; a

plurality of polishing sections for polishing an object by jpressing sai d
obj ect agai nst a polishing tool, wherein _each of said polishiphg!Sectiiissd

i ncludes a delivery-line for communicati wi th said polishing.salution
supply system and delivering polishing solution to said regpective
pol i shing section; and a circulation pipe communiicating.it.h

sai d polishing gohat ey UPINe oA i ivii e lany @it drinaas pofl ishitg
polishing sections, wherein said circulation pipe is adapted to circulate
only unusegopetishi 8gpphy usbapcéhebei Bupplying a polishing solution to
said polishing section,
a unitized housing including said polishing section and
5 said delivery line,
a flow control device for controlling flow of said
polishing solution within said delivery line.at a desired flow
rate given by a command signal, and

a shutoff valve for stopping inflow of said polishing

10 solution within said delivery line.

14. A polishing system according to c¢laim 13, further
comprising a trunk line communicated to said external polishing
solution supply source for flowing said polishing solution,
15 wherein said delivery line comprises an extended circulation
line for constituting a part of said trunk line and a delivery
pipe extending from said extended circulation line towards said

polishing section.

20 15. A polishing system according to claim 13, wherein said flow
control device has a pressure adjustment valve for adjusting a
pressure in a secondary-side of said flow control device at a

specific value given by said command signal.

25 16. A system according to claim 15, further comprising a

constriction device provided in a secondary-side of said

x ¢ L M § *

pressure adjustment valve.
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22. A polishing systemas clainmed in claim21, whereih REFAACEMENT a8lEET
delivery lines includes a flow control device for control]ligg-the—f+ow-of-
t'he polishing sol ution. 23. A polishing systgma | @ | n
claim 21, wherein each of said delivery,]ines includes a pr s?ﬁe’mﬁgﬁé
adj ustment device for adjusting a presstite of the polishing sofrutronr+n
said respective polishing section. :

37

17. A polishing system according to claim 13, wherein said
delivery pipe is communicated with a cleaning liguid delivery
pipe for supplying a cleaning solution. to said flow control

device.

18. A polishing solution supply system for supplying a
polishing solution to one or more polishing sections comprising:

a trunk line for continuously flowing said polishing

solution and one or more delivery lines extending from said trunk

10 line towards each of said polishing éection, wherein at least
one of said delivery lines are pro{rided with a flow control
device for controlling a flow rate of said polishing solution

by adjusting valving according to a command signal.

15 19. A method for polishing a semidonductor wafer by using a
polishing system comprising one or more polishing sections; a
polishing solution supply system for supplying a polishing
solution to each of said polishing section; a polishing solution
circulation path interposed between said polishing section and

20 said polishing solution supply system; and one or more delivery
lines extending from said polishing solution circulation path
to each of said polishing séction; comprising the steps of:

diluting a solution to a desired concentration to formulate
said polishing solution; .
25 circulating said polishing solution within said polishing

solution circulation path;

* c L M S * ’
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24. A polishing systemas clainmed in claim21, wherfi I N
sol ution supply system conprises a mechanismfor controfl &igﬁﬂEﬁfiﬂﬁﬁﬁ

concentration of the polishing solution. 25. A pol 1 shing
systemas clainmed in claim21, wherein said polishing splutijoh $aREEYI
systemis operable to mx a stock sol utddn and a dilutipnlsol ution.

26. A polishing systemas clained in claim21 whergin each of said
delivery lines is connectable to a cleaning fluid pipe. 27, A

Q2

polishing systemas claimed'in claim2l, wherein said circulation pipe
has connecting paithdrewimatséicd pohbshingl solutibosafrdomesaidr poligbdngor
supplying the polishing solution to one . )
solution circulation path through said delivery line and
forwarding to said polishing section;
adjusting valving of a flow valve in said delivery pipe to
5 a pre-determined flow rate given by a command signal so as to
deliver a desired quantity of said polishing solution to said
polishing section; and
stopping withdrawing of said polishing solution from said

polishing solution circulation path to a polishing section and

10 cleaning said delivery line.

20. A method according to claim 19, wherein said stép of
adjusting valving is performed by balancing a pressure in a
secondary-side of said flow valve against a pre-determined
15 pressure signal to_correspondfwith a desired flow rate for said

polishing section.

KR 0 '
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of said polishing sections. 28. A pol i shing systemas clai med
In claim?21, wherein said recirculati ng pipe includes a plurality of

branch |ines connected to said delivery lines, respectify )
plurality of shut of f val ves di sposed in said branch i r;e?@{’?—égﬁﬁéﬁv%ﬁﬂ

a 15 JAR 1999
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POLISHING SOLUTION SUPPLY SYSTEM

ABSTRACT OF THE DISCLOSURE
A polishing solution supply system can prevent
precipitation of solutes on delivery pipes or interior walls of
holding tanks so that a polishing solution of a constant solution
5 concentration can be supplied to a polishing tool. The polishing
solution supply system comprises a stock solution supply source,
a dilution solution supply source, and a mixing section for
mixing a stock solution and a dilution solution to formulate the
polishing solution. The mixing. section is sealed hermetically
10 to exclude external atmosphere. A delivery line to deliver the

polishing solution to each of the polishing section is provided.

( Figure 1)




78590291 -2

IPoS cory
REPLACEMENT SHEET
36 |10 JAN R
21, A polishing system comprising:

a polishing solution supply system for preparing a
polishing solution:

'é plurality of polishing sections for polishing an object
by pressiné said object against a poiishing tool, wherein each of

said polishing sections includes a delivery line for communicating

_with said polishing solution supply system and delivering polishing

solution to said respective polishing section; and

a circulation pipe communicating with said polishing

solution supply.systém and sqid.delivery lines of said polishing -

sections, wherein said'circulation pipe is adapted to circulate only -

‘unused polishing solution therein.

22. A polishing system as claimed in claim 21, wherein
each of said delivery lines includes a flow control device- for

conktrolling the flow of the polishing solution.

23, ‘A polishing system as claimed in claim 21, wherein
each of said delivery lines includes a préssure adjustment device
for adjusting a pressure of the polishing solution in said

respective polishing section.

[T
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24, A polishing system as claimed ihA claim 2], wherein

sald polishing solution supply system comprises a mechanism for

controlling a concentration of the polishing solution.

25. A polishing system as claimed in claim 21, wherein
said polishing solution supply system is operable to mix a stock

‘ solution and a dilution solution.

26. " A polishing system as claimed in claim.], wherein

each of said delivety lines is connectable to é'dleaning fluid pipe.

27. A polishing system as claimed in claim 21, wherein
said circulation pipe has connecting portions that are connectable
to said delivery lines for supplying the polishing solution to one

of said polishing sections.

28. A polishing system as claimed in claim 21, wherein
said recirculating pipe includes a plurality of branch lines
connected to said delivery lines, respectively;, and a plurality of

shutoff valves disposed ih said branch lines, respectively.

* c L M s *



