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POLISHING APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a polishapparatus for polishing a substrate,
such as a semiconductor wafer, by bringing the sabs into sliding contact with a
polishing pad, and more particularly relates to adighing apparatus for polishing a
substrate while regulating a temperature of a sigfaf the polishing pad.

Description of the Related Art:

[0002] CMP (Chemical Mechanical Polishing) appagsaigiused in a process of polishing
a surface of a substrate in a semiconductor defdbeication. The CMP apparatus is
configured to hold and rotate the substrate wiffphshing head, and press the substrate
against a polishing pad on a rotating polishingdab polish the surface of the substrate.
During polishing, a polishing liquid (e.g., slurrig supplied onto the polishing pad, so
that the surface of the substrate is planarizedh®y chemical action of the polishing
liquid and the mechanical action of abrasive p@saontained in the polishing liquid.
[0003] A polishing rate of substrate depends ndy@m a polishing load on the substrate
pressed against the polishing pad, but also onrfase temperature of the polishing pad
(i.e., a temperature of polishing surface). Thisbecause the chemical action of the
polishing liquid with respect to the substrate dege on temperature. Accordingly, in
the semiconductor device fabrication, it is verypontant to maintain the surface
temperature of the polishing pad at an optimum galuring polishing of the substrate in
order to increase and further keep constant thespiolg rate of the substrate. In this
specification, the surface temperature of the gohg pad may be referred to as the "pad
temperature".

[0004] From this viewpoint, a pad-temperature regug apparatus has been
conventionally used to regulate the pad temperasee Patent document 1, for example).
The pad-temperature regulating apparatus desciibBPdtent Document 1 includes a pad-

heater configured to inject a heating fluid ont@ tburface of the polishing pad, and a
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pad-cooler configured to inject a cooling fluid orthe surface of the polishing pad. A
flow rate of the heating fluid supplied onto thedplaeater and a flow rate of the cooling
fluid supplied onto the pad-cooler are regulatespectively, so that the pad temperature
during polishing of the substrate can be controlledd maintained at a desired

temperature.

Citation List
Patent Literature

[0005]

Patent document 1: Japanese laid-open patentqaildn No. 2022-170648

SUMMARY OF THE INVENTION

[0006] In general, the polishing rate of the suasirdecreases as the pad temperature
decreases, since the chemical action of the palghguid with respect to the substrate
depends on temperature. In contrast, depending®type of polishing pad, a hardness
of the polishing pad may increase as the pad teatpex decreases, resulting in an
increase in the polishing rate.

[0007] For this reason, in recent years, therelh@sn a demand for decreasing the pad
temperature to a temperature (e.g., 0°C) lower #rabient temperature (e.g., atmosphere
temperature around the polishing pad) in orderototiol the polishing rate more precisely
and improve the in-plane uniformity of the subs¢ratfter polishing. Further, for the
same reason, users of polishing apparatus may dlawea demand for quickly decreasing
the pad temperature, which has been increased togh temperature, to a target
temperature.

[0008] Therefore, there is provided a polishing amus capable of precisely
controlling the polishing rate by quickly decreagithe pad temperature to below ambient
temperature.

[0009] In one embodiment, there is a polishing appas including: a rotatable polishing
table supporting a polishing pad; a polishing headfigured to press a substrate against

a polishing surface of the rotating polishing padoblish the substrate; at least one pad-
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temperature measuring device configured to meaguairtemperature of the polishing
surface; a pad-temperature regulating apparatusdgulating the temperature of the
polishing surface; and a controller configured tmrol operation of the pad-temperature
regulating apparatus based on the temperatureeoptiishing surface measured by the
at least one pad-temperature measuring device, eitneéhe pad-temperature regulating
apparatus includes: at least one cooling nozzldigared to inject a cooling agent onto
the polishing surface; and at least one gas noeatdigured to inject dry gas onto the
polishing surface, and the cooling agent has aimgipoint lower than atmosphere
temperature.

[0010] In one embodiment, the cooling nozzle isceld between the polishing head and
the gas nozzle as viewed in a rotational direcobithe polishing table.

In one embodiment, the at least one cooling nozdmprises a plurality of
cooling nozzles arranged in correspondence withheda@ plurality of regions divided in
a radial direction of the polishing table, and ttmntroller controls a flow rate of the
cooling agent supplied to each cooling nozzle teréfby independently regulate the
temperature of each of the plural regions.

In one embodiment, the at least one pad-tempegatiwasuring device comprises

a plurality of pad-temperature measuring devicest tean measure the temperatures of
the plurality of regions, respectively.
[0011] In one embodiment, the pad-temperature r&yud apparatus further includes a
heater configured to heat the polishing surface] #me heater is placed between the
polishing head and the at least one cooling nozateviewed in a rotational direction of
the polishing table.

In one embodiment, the cooling agent is dry ice.

[0012] The cooling agent having boiling point lowdran atmosphere temperature is
used to decrease the pad temperature, so that ubstrate can be polished at pad
temperature lower than the atmosphere temperatur@ccordingly, the polishing

apparatus can polish the substrate while regulatimg pad temperature in a wider

temperature control range than that of the conwarati polishing apparatus. Further,
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the pad temperature can be quickly decreased, ltlgeemabling the substrate to be
polished more precisely than with conventional pbing apparatus, and improving the

in-plane uniformity of the substrate after polisfin

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic view showing a polmhiapparatus according to one
embodiment;

FIG. 2 is a schematic view showing a cooler acoggdo one embodiment;

FIG. 3 is a schematic view showing a gas injeaocording to one embodiment;

FIG.4 is a schematic view showing an example efdhrangement of the cooling
nozzles and the gas nozzles according to one emisoti

FIG. 5 is a schematic view showing the pressureapmtaining the cooling agent,
which is injected from the cooling nozzles;

FIG. 6A is a schematic view showing a cooling nezaccording to another
embodiment;

FIG. 6B is a schematic cross-sectional view of¢beling nozzle shown in FIG.
6A,

FIG. 7 is a schematic view showing a heater adogrdo one embodiment;

FIG. 8 is a schematic view showing an example opasition adjustment
mechanism for adjusting an inclination and a heighthe cooling nozzle relative to the
polishing pad,;

FIG. 9 is a schematic view showing another exangdléhe position adjustment
mechanism; and

FIG. 10 is a schematic view showing a common neZnrmed integrally with
the heating nozzle of the heater, the cooling n@zAl the cooler, and the gas nozzle of

the gas injector.

DESCRIPTION OF EMBODIMENTS

[0014] Hereinafter, embodiments will be describeidhweference to the drawings.
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FIG. 1 is a schematic view showing a polishing a@pus according to one
embodiment. The polishing apparatus shown in FHlcludes a polishing head 1 for
holding and rotating a wafer W which is an examgfea substrate, a polishing table 2
that supports a polishing pad 3, a polishing-liqedpply nozzle 4 for supplying a
polishing liquid (e.g. a slurry) onto a surfacetbe polishing pad 3, a pad-temperature
measuring device 10 for measuring a surface tempexaf the polishing pad 3, and a
pad-temperature regulating apparatus 5 for regugathe surface temperature of the
polishing pad 3. The surface (upper surface) efghlishing pad 3 provides a polishing
surface for polishing the wafer W.

[0015] Further, the polishing apparatus has a adlgr 40 configured to control
operations of the pad-temperature regulating agpara based on the temperature of the
polishing surface of the polishing pad 3 (i.e., dp@mperature”) measured by the pad-
temperature measuring device 10. In this embodimiwe controller 40 is configured
to control operations of the polishing apparatusits entirety, including the pad-
temperature regulating apparatus 5.

[0016] The polishing head 1 is vertically movabénd is rotatable about its axis in a
direction indicated by arrow. The wafer W is held a lower surface of the polishing
head 1 by, for example, vacuum suction. A motoot(shown) is coupled to the
polishing table 2, so that the polishing table 2 catate in a direction indicated by arrow.
As shown in FIG. 1, the polishing head 1 and théghing table 2 rotate in the same
direction. The polishing pad 3 is attached to pper surface of the polishing table 2.
[0017] Polishing of the wafer W is performed in tfidlowing manner. The wafer W,
to be polished, is held by the polishing head 1d enthen rotated by the polishing head
1. The polishing pad 3 is rotated together with polishing table 2. In this state, the
polishing liquid is supplied from the polishing-ligl supply nozzle 4 onto the surface of
the polishing pad 3, and the surface of the wafeisWhen pressed by the polishing head
1 against the surface (i.e. polishing surface)h& polishing pad 3. The surface of the
wafer W is polished by the sliding contact with thelishing pad 3 in the presence of the

polishing liquid. The surface of the wafer W isaphrized by the chemical action of the
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polishing liquid and the mechanical action of aliwasgrains contained in the polishing
liquid.

[0018] The pad-temperature regulating apparatuilsdave in FIG. 1 includes a cooler 50
for injecting a cooling agent onto the polishingfaiece of the polishing pad 3 to cool the
polishing surface, and a gas injector 60 for injegtdry gas onto the polishing surface.
The cooler 50 includes at least one cooling noziigposed above the polishing pad 3,
and the cooling agent is injected from the coolimagzle. Configuration of the cooler
50 will be described later.

[0019] The cooling agent is a material used to dase the pad temperature, and has a
boiling point lower than atmosphere temperaturen this specification, atmosphere
temperature corresponds to a temperature aroundptiishing table 2 and/or the
polishing pad 3, unless otherwise specified. Ex@®mpf cooling agent may include
solids that sublimate at normal temperature andnmabrpressure, such as dry ice, and
liquids, such as liguefied gases (e.g., liquid agin, liquid oxygen, liquid helium,
liquefied carbon dioxide, and liquid hydrogen). wiver, the type of cooling agent is
not limited to these examples. The state of th@iog agent may be any of liquid, solid,
or gas, as long as the cooling agent has a bogogt lower than atmosphere temperature.
In this embodiment, dry ice, which is solidifiedrban dioxide, is used as the cooling
agent. Dry ice has, at normal temperature and mabrpressure, a boiling point
(sublimation point) of -78.5°C and is a materiahtisublimates directly into a gas. In
addition, dry ice is a relatively inexpensive maakrthat is readily available on the
market.

[0020] FIG. 2 is a schematic view showing a co@ecording to one embodiment. The
cooler 50 shown in FIG. 2 includes a plurality aix(in FIG. 2) cooling nozzles 51, a
cooling-agent source 52, a cooling-agent line 53pdimg the cooling nozzles 51 with the
cooling-agent source 52, a main valve 54 disposdtie cooling-agent line 53, a cooling-
agent flow regulator 55 disposed in the cooling+agkéne 53, and a pressure line 57
coupled to the cooling-agent source 52.

[0021] The cooling-agent source 52 is a contairseich as a cylinder, for storing the
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cooling agent described above, for example. Thesgure line 57 is a line through
which a gas (hereinafter referred to as pressusd fgaving a predetermined pressure is
flowed, and the pressure gas causes the coolingtagered in the cooling-agent source
52 to be transported to the cooling nozzles 51ufblothe cooling-agent line 53. The
pressure gas containing the cooling agent is iegétom each of the cooling nozzles 51.
The type of pressure gas can be freely selectddrap as the pressure gas enables the
cooling agent to be transported to the cooling hez51. However, the pressure gas is
preferably an inert gas, such as nitrogen, argorhedium, so as not to deteriorate the
cooling agent and the polishing liquid, and so as to adversely affect devices formed
on the wafer W.

[0022] The cooling-agent line 53 is composed ofalimg-agent main line 53a coupled
to the cooling-agent source 52, and cooling-ageanbh lines 53b branching from the
cooling-agent main line 53a and extending to eawmtling nozzle 51. The main valve
54 is disposed in the cooling-agent main line 58&] the cooling-agent flow regulators
55 are disposed in each of the cooling agent brdimels 53b.

[0023] The main valve 54 and the cooling-agent fleagulators 55 are coupled to the
controller 40 (see FIG. 1), and the controller 4@onfigured to control operations of the
main valve 54 and the cooling-agent flow regulates Each of the cooling-agent flow
regulators 55 is configured to be able to reguéatlow rate of the pressure gas containing
the cooling agent, which is injected from a tip thfe cooling nozzle 51. In this
specification, the pressure gas containing theiogohgent may be simply referred to as
"cooling agent”, and the flow rate of the pressgas containing the cooling agent may
be simply referred to as "cooling-agent flow rate".

[0024] The cooling-agent flow regulator 55 may benass flow controller, or may be
composed of a combination of an electro-pneumatgutator and a flow meter. In the
case where the cooling-agent flow regulator 55amposed of the combination of the
electro-pneumatic regulator and the flow meter, toatroller 40 controls operation of
the electro-pneumatic regulator based on measurewsdues of the flow meter, thereby

regulating the pressure of the pressure gas canticooling agent flowing through the
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cooling-agent branch line 53b. Changing the pressof the pressure gas flowing
through the cooling-agent branch line 53b enables flow rate of the pressure gas
containing the cooling-agent, which is injectednfrthe cooling nozzle 51, to be changed.
[0025] In the illustrated embodiment, the pluraldy cooling-agent flow regulators 55
is disposed in the cooling-agent branch lines 53However, one cooling-agent flow
regulator 55 may be disposed in the cooling-ageatnmine 53a. In this case, the
controller 40 controls the flow rate of the pressgas containing the cooling-agent which
flows through the cooling-agent main line 53a terdgby regulate the flow rate of the
cooling-agent injected from each cooling nozzlei®h collective manner.

[0026] The cooling nozzle 51 is configured to injgcanular dry ice as the cooling agent
together with the pressure gas from the tip theredh this embodiment, the cooling-
agent line 53 has heat insulation property so agrevent the dry ice from completely
vaporizing or liquefying in the middle of the coeg-agent line 53. The cooling-agent
flow regulator 55 is configured to be able to maasand regulate the flow rate of the
pressure gas containing the granular cooling agefhe cooling nozzle 51, the cooling-
agent line 53, and the cooling-agent flow regula®ér having such configurations are
commercially available, and dry ice particles haymparticle diameter of, for example,
0.1 to 200um are injected together with the pressure gas filoencooling nozzle 51.
[0027] The cooling agent is injected from the coglinozzles 51 of the cooler 50 during
polishing of the wafer W. The cooling agent ingatfrom the cooling nozzles 51 first
causes the polishing liquid on the polishing pad Be cooled. Further, a portion of the
cooling agent that has passed through the polishiopgd and reached the polishing
surface of the polishing pad 3 causes the polislsngace to be cooled directly. In
other words, the cooling agent can quickly decretts® pad temperature indirectly
through the polishing liquid and also by direct tamst. As a result, the pad temperature
can be efficiently decreased. Further, in this ediment, the cooling agent is dry ice
having a boiling point of 0°C or below, thus enalglithe pad temperature to be quickly
decreased to a temperature of 0°C or below.

[0028] FIG. 3 is a schematic view showing a gagatgr according to one embodiment.
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In the embodiment shown in FIG. 3, the gas inje&0rincludes a plurality of dry-gas
nozzles 61 (six in FIG. 3) for injecting dry gastonhe polishing surface, a dry-gas source
62, a dry-gas line 63 coupling the dry-gas noz8g&swith the dry-gas source 62, a dry-
gas main valve 64 disposed in the dry-gas line &3] a dry-gas flow regulator 65
disposed in the dry-gas line 63.

[0029] The dry gas is a gas having a humidity lowean that of the atmosphere around
the polishing table 2 and/or the polishing pad 8 order to prevent the cooling agent
and the polishing liquid from deteriorating andther to prevent adverse effects on the
device formed on the wafer W, the dry gas is praldéy an inert gas, such as nitrogen,
argon, and helium. Alternatively, the dry gas nieydry air. The dry gas source 62
is, for example, a utility line in a factory whetiee polishing apparatus is installed.
[0030] The dry-gas line 63 is composed of a dry-gasn line 63a coupled to the dry-
gas source 62, and dry-gas branch lines 63b bragchiom the dry-gas main line 63a
and extending to each dry-gas nozzle 61. The d&y+gain valve 64 is disposed in the
dry-gas main line 63a, and the dry-gas flow reguiat5 are disposed in each of the dry-
gas branch lines 63b.

[0031] The dry-gas main valve 64 and the dry-gasvfregulators 65 are coupled to the
controller 40 (see FIG. 1), and the controller 4@onfigured to control operations of the
dry-gas main valve 64 and the dry-gas flow regulet65. Each of the dry-gas flow
regulators 65 is configured to be able to regulatdow rate of the dry gas, which is
injected from a tip of the dry-gas nozzle 61. Tdrg-gas flow regulators 65 may be a
mass flow controller, or may be composed of a carabon of an electro-pneumatic
regulator and a flow meter. In the case where ding-gas flow regulators 65 is
composed of the combination of the electro-pneumetdgulator and the flow meter, the
controller 40 controls operation of the electro-pmatic regulator based on measurement
values of the flow meter, thereby regulating thegsure of the dry gas flowing through
the dry-gas branch line 63b. Changing the pressfitbe dry gas flowing through the
dry-gas branch line 63b enables the flow rate @f diny gas, which is injected from the

dry-gas nozzle 61, to be changed.
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[0032] In the illustrated embodiment, the plurality dry-gas flow regulators 65 is
disposed in the dry-gas branch line 63b. Howewee dry-gas flow regulator 65 may
be disposed in the dry-gas main line 63a. In tase, the controller 40 controls the
flow rate of the dry gas which flows through thedyas main line 63a to thereby regulate
the flow rate of the dry gas injected from each-das nozzle 61 in a collective manner.
[0033] The dry gas serves as a gas for preventiegcoboling agent injected from the
cooling nozzles 51 onto the polishing pad 3 fromateing, due to the rotation of the
polishing table 2, the polishing head 1, or in athwrds, the wafer W during polishing.
If the granular cooling agent reaches the wafer Wkrty polishing, the granular cooling
agent may become trapped between the wafer W aedptiishing pad 3, thereby
damaging the devices formed on the wafer W. WIinenciooling agent is in liquid state,
there is a risk that the cooling agent may advgraéflect the devices formed on the wafer
W. Therefore, the dry gas increases a speed athwtiie cooling agent is vaporized
(hereinafter may be referred to as "vaporizatiorexfy, simply) to prevent the cooling
agent from reaching the wafer W during polishing.

[0034] Injecting the dry gas onto the polishing padauses gas layer of the vaporized
cooling agent existing around the cooling agerbédlown away, thereby increasing the
vaporization speed of the cooling agent. Here, tbeling agent injected onto the
polishing pad 3 has a very low temperature becdhnatcooling agent is surrounded by
the vapor layer of the vaporized cooling agent. effore, blowing away the vapor layer
of the vaporized cooling agent existing around tbeling agent enables a temperature
around the cooling agent to be increased. From Wiewpoint also, the vaporization
speed of the cooling agent can be increased. Eugyrtine vaporization speed of the
cooling agent can be increased by the presenceyofas with low humidity around the
cooling agent. The flow rate of the dry gas ingettfrom the dry-gas nozzles 61 is
regulated to be sufficient to vaporize the cooliagent quickly enough such that the
cooling agent does not reach the polishing head 1.

[0035] FIG. 4 is a schematic view showing an exaangflthe arrangement of the cooling

nozzles and the gas nozzles according to one emmdi FIG. 5 is a schematic view
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showing the pressure gas containing the coolinghggehich is injected from the cooling
nozzles. FIG. 4 corresponds to a view of the potig pad 3 from above, and FIG. 5
corresponds to a view of the polishing pad 3 frdra side.
[0036] As shown in FIG. 4, the plurality of coolimgpzzles 51 are arranged in a straight
line in a radial direction of the polishing pad 3As shown in FIG. 5, the plurality of
cooling nozzles 51 is arranged such that the presgases injected from the plurality of
cooling nozzles 51 come into contact with entirega from the center line CP to an outer
peripheral edge of the polishing pad 3. The playabf cooling nozzles 51 are each
responsible for cooling a plurality of regions Z&-6f the polishing pad 3 (see FIG. 5).
The plurality of regions Z1-Z6 is virtual regiongespectively, which are set
corresponding to the plurality of cooling nozzles &nd are set concentrically. The
region Z1 located most centrally is a circular m@gi  Such an arrangement of the
plurality of cooling nozzles 51 enables the polhpad 3 in its entirety to be cooled.
[0037]Although not shown, as long as the polishpad 3 in its entirety can be cooled
by the cooling agent injected from the plurality @foling nozzles 51, the plurality of
cooling nozzles 51 need not be arranged in thagttdine in the radial direction of the
polishing pad 3.
[0038] Further, as long as the polishing pad 3sneintirety can be cooled by the cooling
agent injected from the plurality of cooling nozzlgl, the number of cooling nozzles 51
can be freely selected. For example, as shownI{®. BA and FIG. 6B, the pad-
temperature regulating apparatus 5 may have aeiogbling nozzle 51, which has an
elongated portion 51a extending in the approxinratdal direction of the polishing pad
3, and an injection port 51b for injecting a cogliagent toward the polishing surface of
the polishing pad 3. In this case, the injecti@mtb1b has a slit shape formed along a
longitudinal direction of the elongated portion 5kad the injection port 51b is formed
so as to come the cooling agent into contact whi éntire range from the center CP to
the outer peripheral edge of the polishing padex (BIGS. 4 and 5).
[0039] In this embodiment, the dry-gas nozzles 6& arranged corresponding to the

cooling nozzles 51 (see FIG. 4). More specificatlye plurality of dry-gas nozzles 61
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are arranged corresponding to the plurality of oegi Z1-Z6 of the polishing pad 3, and
are arranged in a straight line in the radial dii@e of the polishing pad 3. As long as
the cooling agent injected from the cooling nozzZbdscan be prevented from reaching
the polishing head 1, the plurality of dry-gas nlesz61 need not be arranged in the
straight line in the radial direction of the polisg pad 3. Further, as long as the cooling
agent injected from the cooling nozzles 51 can tBv@nted from reaching the polishing
head 1, the number of dry-gas nozzles 61 can kdyfreelected. Although not shown,
like the cooling nozzle 51 described with referetoeFIG. 6A and FIG. 6B, the pad-
temperature regulating apparatus 5 may have a eidgy gas nozzle 61 having an
elongated portion extending in the approximate ahdirection of the polishing pad 3
and an injection port for injecting the dry gas srd the polishing surface of the polishing
pad 3.

[0040] As shown in FIG. 4, the cooling nozzles 5& disposed between the polishing
head 1 and the plurality of dry-gas nozzles 61 i@sved in a rotational direction of the
polishing table 2 (i.e., the polishing pad 3). dther words, the cooling nozzles 51 are
placed upstream of the gas injector 60 having tlueabity of dry-gas nozzles 61 in the
rotational direction of the polishing table 2, addwnstream of the polishing head 1 in
the rotational direction of the polishing table 2Arranging the cooling nozzles 51 and
the dry-gas nozzles 61 in this manner prevents raiqgpo of the cooling agent injected
from the cooling nozzles 51 from being blown awaytbe dry gas injected from the dry-
gas nozzles 61, thereby enabling the cooling agenexhibit the desired cooling
performance and the dry gas to exhibit the desuagabrization performance.

[0041] The polishing apparatus may have one padptrature measuring device 10 as
shown in FIG. 1, or may have a plurality of pad-pamature measuring devices 10,
corresponding to the number of regions Z1-Z6, asashin FIG. 4. In other words, the
polishing apparatus may have at least one pad-teastypee measuring device 10. The
pad-temperature measuring device 10 is disposeddwsst the gas injector 60 and the
polishing head 1 as viewed in the rotational dir@ctof the polishing table 2. In other

words, the pad-temperature measuring device 10aseg upstream with respect to the
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polishing head 1 in the rotational direction of fh&ishing table 2 and downstream with
respect to the gas injector 60 in the rotationaédiion of the polishing table 2.

[0042] The pad-temperature measuring device 10osfigured to measure the pad
surface temperature in a non-contact manner, andsséthe measurement values to the
controller 40. The pad-temperature measuring devidd may be an infrared
thermometer or thermocouple thermometer which messsthe surface temperature of
the polishing pad 3, and may be a temperature idigion measuring device which
acquires the temperature distribution (temperatuafile) of the polishing pad 3 in a
radial direction of the polishing pad 3. Examplek the temperature distribution
measuring device may include thermography, therteo@nd infrared cameras. When
the polishing apparatus has single pad-temperatneasuring device 10, the pad-
temperature measuring device 10 is configured tasuee the distribution of the surface
temperature of the polishing pad 3 in a regionuchg the center and the outer peripheral
edge of the polishing pad 3 and a region extendintge radial direction of the polishing
pad 3. In this specification, the temperaturerdisition (temperature profile) indicates
a relationship between the pad surface temperandethe radial position on the wafer
W. The controller 40 can acquire each of pad terapees in the plurality of regions
Z1-Z6 on the polishing pad 3 from the measuremeaues of the pad temperature
measuring device 10.

[0043] Returning to FIG. 1, the polishing apparaficgording to this embodiment has a
heater 9 for heating the polishing surface of tbhéghing pad 3. FIG. 7 is a schematic
view showing a heater according to one embodimefte heater 9 shown in FIG. 7
includes at least a heating nozzle 11 disposed elo® polishing pad 3, and a heating-
fluid supply system 30 for supplying heating flumthe heating nozzle 11. The heating
fluid supplied to the heating nozzle 11 through tieating-fluid supply system 30 is
injected onto the polishing surface of the polighpad 3, thereby heating the polishing
surface to a predetermined target temperature.

[0044] Hereinafter, with reference to FIG. 7, arample will be described in which the

heating fluid supplied from the heating-fluid supgystem 30 to the heating nozzle 11
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is superheated steam. However, the heating flsiidat limited to this example. The
heating fluid may be a gas with high-temperaturg.(ehigh-temperature air, nitrogen, or
argon), or heated steam. Here, the superheatadhstefers to high-temperature steam
that has obtained by further heating the saturatedm.

[0045] Further, the heater 9 described below isoa-nontact type heater in which the
heating fluid is injected onto the polishing sudaaf the polishing pad 3 to increase the
pad temperature. However, the heater 9 is nottédhito this example as long as the
heater 9 can increase the pad temperature to tlseredetarget temperature. For
example, the heater 9 may be a heater that comesantact with the polishing surface
of the polishing pad 3.

[0046] The heating-fluid supply system 30 showrris. 7 includes a superheated-steam
generator 31, a superheated-steam supply line 8nhding from the superheated-steam
generator 31 to the heating nozzle 11, a water Isulppe 33 for supplying a water to the
superheated-steam generator 31, a gas supply KndoB supplying a gas at room
temperature to the superheated-steam generator Blie gas supply line 34 extends from
a gas supply source (not shown) to the superhestieain generator 31.

[0047] The superheated-steam generator 31 mixesaterwsupplied from the water
supply line 33 and a gas at room temperature sagdpliom the gas supply line 34 to
generate the superheated steam regulated to a tpredeed temperature. The
superheated steam is supplied to the heating nakkléhrough the superheated-steam
supply line 32, and is injected from the heatingzie 11 onto the polishing surface of
the polishing pad 3. This operation enables timeprature of the polishing surface of
the polishing pad 3 to be increased.

[0048] The heating-fluid supply system 30 shownHRIG. 7 further includes a flow
regulator 35 disposed in the superheated-steamlgdpe 32, and an exhaust line 36
which branches off from the superheated-steam sulppé 32 at an upstream side of the
flow regulator 35. The flow regulator 35 enablefiawv rate of the superheated steam
supplied to the heating nozzle 11 to be controlledExcess superheated steam is

discharged from the polishing apparatus throughetkieaust line 36.
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[0049] The controller 40 is coupled to the supetbdasteam generator 31 and the flow
regulator 35. The controller 40 controls operasiai the superheated steam generator
31 and the flow regulator 35 based on the measunema&lues of the pad-temperature
measuring device 10.

[0050] When polishing the wafer W with the polisbimpparatus configured in this
manner, the controller 40 controls operations & shiperheated steam generator 31 and
the flow regulator 35 based on the measurementesadd the pad-temperature measuring
device 10 to thereby match the temperature of thlesping surface of the polishing pad
3 (i.e., pad temperature) to a predetermined tatgaiperature. For example, the
controller 40 controls operations of the flow regtadrs 35, 54 to regulate the flow rate of
the superheated steam and the flow rate of theimgpalas such that the pad surface
temperature matches the predetermined target teatyper  More specifically, the
controller 40 controls the flow rate of the heatitigd injected from the heating nozzle
11 of the heater 9 and/or the flow rate of the puegs gas containing the cooling agent
injected from the cooling nozzles 51 of the cod6rto thereby match the pad temperature
to the desired temperature. The controller 40,cvtdan perform such control, controls,
for example, the operation of the heaters 9 toaase the pad temperature to a first
polishing temperature higher than the room tempeetand performs a first polishing
of the wafer W. Next, the controller 40 controksl@ast the operation of the cooler 50
to decrease the pad temperature to a second podidemperature lower than the first
polishing temperature, and performs a second pwigsbf the wafer W.

[0051] Combining the plurality of polishing processin this manner enables the wafer
W to be polished more precisely. According to padishing apparatus described above,
since the pad temperature is decreased by usesafabling agent having a boiling point
lower than atmosphere temperature (or lower thamréemperature), the wafer W can
be polished at the second polishing temperaturd thaset lower than atmosphere
temperature (or room temperature). In other wotts, polishing apparatus described
above can polish the wafer W while controlling tpad temperature over a wider

temperature control range than conventional pothighipparatus. Further, since the pad

15



10

15

20

25

temperature can be quickly decreased from the ficdishing temperature to the second
polishing temperature, the wafer W can be polishmdre precisely than with
conventional polishing apparatus, and the in-plameformity of the wafer W after
polishing can be improved.

[0052] When decreasing the pad temperature fronfitsepolishing temperature to the
second polishing temperature, using only the coél@renables the pad temperature to
quickly reach the second polishing temperature. tl:other hand, the controller 40
can freely control the rate of decrease in pad wmapre from the first polishing
temperature to the second polishing temperaturausipg both the cooler 50 and the
heater 9.

[0053] For example, it is assumed that the coné&rolh0 stores an intermediate
temperature set between the first polishing temfueea and the second polishing
temperature. In this case, the controller 40 cmlstonly the operation of the cooler 50
until the pad temperature reaches the intermedi@®perature, thereby quickly
decreasing the pad temperature to the intermedesm@erature. Next, the controller 40
may control the operations of both the cooler 50 #ire heater 9 until the pad temperature
reaches the second polishing temperature from mhermediate temperature, thereby
gradually reaching the pad temperature to the sgécomlishing temperature. Such
control effectively prevents a phenomenon in whtble pad temperature significantly
falls below the second polishing temperature (skbedahunting phenomenon).

[0054] As shown in FIG. 4, when the cooler 50 hlas plurality of cooling nozzles 51
and the polishing apparatus has the plurality ad-psmperature measuring devices 10
corresponding to the number of cooling nozzlesth&, controller 40 can independently
control each of the pad temperatures in the pltyalf regions Z1-Z6 described above
(see FIG. 5). When performing such controls, ipreferable that, as described with
reference to FIGS. 2 and 3, the cooler 50 has hinepty of cooling-agent flow regulators
55 disposed in each of the cooling-agent brancksliB3b, and that the gas injector 60
has the plurality of dry-gas flow regulators 65 pmbsed in each of the dry-gas branch

lines 63b. The polishing apparatus with such afigamation enables the controller 40
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to readily control the flow rate of cooling agenvwing through each of the cooling-
agent branch lines 53b and the flow rate of dry fleawing through each of the dry gas
branch lines 63b.

[0055] FIG. 8 is a schematic view showing an examplf a position adjustment
mechanism for adjusting an inclination and a heighthe cooling nozzle 51 relative to
the polishing pad. The position adjustment mecst@an®0 shown in FIG. 8 includes a
nozzle bracket 91 coupled to an end of each coatiozzle 51, a holding bracket 92 to
which the nozzle bracket 91 is coupled, and a fastgdevice 93 for coupling the nozzle
bracket 91 to the holding bracket 92.

[0056] In this embodiment, the holding bracket 8Ziked to a stationary member (not
shown), such as a beam of the polishing apparaté&sirther, the holding bracket 92 has
a long hole 92a formed therein. The long hole 82&nds in a direction perpendicular
to the polishing surface of the polishing pad 3n other words, the long hole 92a has a
long diameter extending in a direction perpendicuia the polishing surface of the
polishing pad 3.

[0057] In this embodiment, the fastening devicei®8omposed of a bolt and a nut, and
the nozzle bracket 91 has a through hole (not shomte which the bolt of the fastening
device 93 can be inserted. The bolt of the fastgrievice 93 are inserted into both of
the through hole of the nozzle bracket 91 and tmglhole 92a of the holding bracket 92,
and then nut is fastened to that bolt, thereby imgdhe cooling nozzle 51 to the polishing
apparatus via the nozzle bracket 91 and the holdnagket 92.

[0058] The nut of the fastening device 93 is loas@and then an angle of the nozzle
bracket 91 relative to the holding bracket 92 iamded, so that the inclination of the
cooling nozzle 51 relative to the polishing surfadeghe polishing pad 3 can be changed
(adjusted). Further, with the nut of the fasteniohgvice 93 loosened, the bolt of the
fastening device 93 is moved together with the t@dmracket 91 within the long hole
92a of the holding bracket 92, so that a verticadifon of the cooling nozzle 51 relative
to the polishing surface of the polishing pad 3 banadjusted.

[0059] FIG. 9 is a schematic view showing anothearaple of the position adjustment
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mechanism. The position adjustment mechanism @vehn FIG. 9 is composed of a
rotation device 95 coupled to the rear end of theling nozzle 51, and an up-and-down
movement device 96 that couples the rotation de®isdo the holding bracket 92 and
moves the cooling nozzle 51 and the rotation de®Wbealong the holding bracket 92.
The rotation device 95 is, for example, a motog(eservo motor or stepping motor) that
pivots the cooling nozzle 51 relative to the polrghsurface of the polishing pad 3. The
up-and-down movement device 96 is composed ofek@mple, a rail 96a formed in the
holding bracket 92, a coupling device 96b for conglthe rotation device 95 to the rail
96a, and a motor (e.g., servo motor or steppingomy&6c¢ for moving the coupling device
96b along the rail 96a.

[0060] The rotation device 95 and the up-and-dowsvement device 96 in the position
adjustment mechanism 90 are coupled to the corirdld, and the controller 40 controls
operations of the rotation device 95 and the up-do@n movement device 96. With
this configuration, the inclination and the heigtitthe cooling nozzle 51 relative to the
polishing surface of the polishing pad 3 can beom#tically adjusted.

[0061] When the pressure gas containing coolingnage injected from the cooling
nozzle 51 onto the polishing surface of the polghpad 3, the pressure gas colliding
with the polishing surface may cause the polisHiggid on the polishing surface to be
scattered. If the polishing liquid is scatterednfrthe polishing surface, there is a risk
that the desired polishing rate cannot be achiewed], further, there is a risk that the
scattered polishing liquid may contaminate compdsgesuch as the polishing table 2, in
the polishing apparatus. Therefore, adjusting iha@ination and the height of the
cooling nozzle 51 relative to the polishing surfarfethe polishing pad 3 prevents the
polishing liquid to be scattered.

[0062] As polishing of the wafer W is repeated, therface of the polishing pad 3
becomes worn, and as a result, the inclination @redheight of the cooling nozzle 51
relative to the polishing surface of the polishipppd 3 are gradually changed.
Therefore, the position adjustment mechanism 90epabdly has the configuration that,

as described with reference to FIG. 9, can autosadii adjust the inclination and the

18



10

15

20

25

30

height of the cooling nozzle 51 relative to theipbing surface of the polishing pad 3.
[0063] FIG. 10 is a schematic view showing a comnmazzle formed integrally with
the heating nozzle of the heater, the cooling n@zAlthe cooler, and the gas nozzle of
the gas injector. As shown in FIG. 10, the padyienature regulating apparatus 5 may
have a common nozzle 99 in which the heating no44leof the heater 9, the cooling
nozzle 51 of the cooler 50, and the dry-gas no82lef the gas injector 60 are integrated.
[0064] The common nozzle 99 has a first dischargda Pp9a that serves as the heating
nozzle 11 described above, a second discharge9@trthat serves as the cooling nozzle
51 described above, and a third discharge porttBft serves as the dry-gas nozzle 61
described above. The cooling-agent line 53, theghs line 63, and the superheated-
steam supply line 32, which are described above,caupled to the common nozzle 99.
Thus the superheated steam is injected from tts¢ diischarge port 99a, the pressure gas
containing the cooling agent is injected from tlee@nd discharge port 99b, and the dry
gas is injected from the third discharge port 99c.

[0065] When the polishing apparatus has such a comnozzle 99, the cooling nozzle
51 in the common nozzle 99 is located between th&tihg nozzle 11 and the dry-gas
nozzle 61 as viewed in the rotational direction tble polishing table 2. More
specifically, the second discharge port 99b is pthbetween the first discharge port 99a
and the third discharge port 99c as viewed in th&ational direction of the polishing
table 2. In other words, the second discharge péht is placed upstream of the third
discharge port 99c in the rotational direction loé fpolishing table 2, and downstream of
the first discharge port 99a in the rotational dtren of the polishing table 2.

[0066] The previous description of embodiments isvyided to enable a person skilled
in the art to make and use the present inventidioreover, various modifications to
these embodiments will be readily apparent to thelsded in the art, and the generic
principles and specific examples defined herein rhayapplied to other embodiments.
Therefore, the present invention is not intendedb® limited to the embodiments
described herein but is to be accorded the widesps as defined by limitation of the

claims.
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What is claimed is:

1. A polishing apparatus comprising:
a rotatable polishing table supporting a polishpagl;
a polishing head configured to press a substrgéénst a polishing surface of the
rotating polishing pad to polish the substrate;
at least one pad-temperature measuring device igurefld to measuring a
temperature of the polishing surface;
a pad-temperature regulating apparatus for requdathe temperature of the
polishing surface; and
a controller configured to control operation oftpad-temperature regulating
apparatus based on the temperature of the polistunijice measured by the at least one
pad-temperature measuring device,
wherein the pad-temperature regulating apparatakides:
at least one cooling nozzle configured to injaatooling agent onto the
polishing surface; and
at least one gas nozzle configured to inject gag onto the polishing
surface, and

the cooling agent has a boiling point lower thama@sphere temperature.

2. The polishing apparatus according to claim herein the cooling nozzle is
placed between the polishing head and the gas eazViewed in a rotational direction

of the polishing table.

3. The polishing apparatus according to claim hevein the at least one cooling
nozzle comprises a plurality of cooling nozzlesaaiged in correspondence with each of
a plurality of regions divided in a radial direati@f the polishing table, and

the controller controls a flow rate of the cooliagent supplied to each cooling
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nozzle to thereby independently regulate the temfjpee of each of the plural regions.

4. The polishing apparatus according to claim Berein the at least one pad-
temperature measuring device comprises a plurabtypad-temperature measuring

devices that can measure the temperatures of tiralgtly of regions, respectively.

5. The polishing apparatus according to claim hewein the pad-temperature
regulating apparatus further comprises a heatefigored to heat the polishing surface,
and

the heater is placed between the polishing heatl the at least one cooling

nozzle, as viewed in a rotational direction of gmishing table.

6. The polishing apparatus according to claim hevein the cooling agent is dry

ice.
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