10

15

20

25

DESCRIPTION
Titleof Invention

TEMPERATURE REGULATING APPARATUS AND POLISHING APHRATUS

Technical Field

[0001] The present invention relates to a tempesategulating apparatus for regulating
a temperature of a polishing surface of a polisipiad used for polishing a substrate, such
as a wafer. The present invention further reltdes polishing apparatus including such
a temperature regulating apparatus.

Background Art

[0002] CMP (Chemical Mechanical Polishing) appasais used in a process of
polishing a surface of a wafer in manufacturingsemiconductor devices. The CMP
apparatus is configured to polish the surface efWafer by pressing the wafer against a
polishing pad on a polishing table by a polishirgdh while rotating the polishing table.
During polishing, slurry is supplied onto the phblisg pad. The surface of the wafer is
planarized by a chemical action of the slurry andexhanical action of abrasive grains
contained in the slurry.

[0003] A polishing rate of the wafer depends ndlyan a polishing load on the wafer
pressed against the polishing pad but also on pdrature of the polishing surface of the
polishing pad. This is because the chemical adfdhe slurry on the wafer depends on
the temperature. Therefore, in manufacturing ofisenductor devices, it is important
to keep the temperature of the polishing surfadd®fpolishing pad at an optimum value
during polishing of the wafer in order to incredise polishing rate of the wafer and keep
the polishing rate constant.

[0004] Therefore, a temperature regulating appara@as been conventionally used to
regulate the temperature of the polishing surfddde polishing pad. The temperature
regulating apparatus includes a heat exchangeteld@bove the polishing pad. During

polishing of the wafer, the heat exchanger exchauhgat between the polishing pad and
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a fluid flowing in the heat exchanger in a stateemhthe slurry exists between the
polishing pad and the heat exchanger, thereby adgglthe temperature of the polishing
surface.

Citation List

Patent Literature

[0005] Patent document 1: Japanese laid-open patdafication No. 2015-44245
Summary of Invention

Technical Problem

[0006] FIG. 12 is a schematic view showing a comiegral temperature regulating
apparatus, and FIG. 13 is a cross-sectional viéentalong line A-A of FIG. 12. As
shown in FIGS. 12 and 13, a temperature regulasipgaratus 105 includes a heat
exchanger 111 having a fluid passage (not showmhdd therein, and a holder 190
arranged over the heat exchanger 111. The hehaeger 111 is held by the holder 190.
The heat exchanger 111 is located over a polistimtace 103a of a polishing pad 103,
so that a bottom surface of the heat exchangefackk the polishing surface 103a of the
polishing pad 103. During polishing of the wafslurry 200 exits between the heat
exchanger 111 and the polishing surface 103a.

[0007] A plurality of sockets 173 (only one sock&® is depicted in FIG. 13) are fixed
to an upper surface of the heat exchanger 111. h€aeexchanger 111 is fixed to the
holder 190 by screwing bolts 183 into the sock&®, tespectively, through a plurality of
through-holes 190a of the holder 190 (only oneupgshole 190a is depicted in FIG. 13).
[0008] However, in the above-described fixing cgofation, it is necessary to screw
the plurality of bolts 183 into the plurality of daets 173, respectively. This results in
low workability of fixing and removing the heat dwnger 111. Moreover, it takes a
long time to fix and remove the heat exchanger 11a.addition, due to a difference in
coefficient of thermal expansion between the heahanger 111 and the holder 190,
excessive stress may be generated in the socketutif®y polishing of the wafer, and as

a result, the socket 173 may be damaged. SuclssExeestress generated in the socket
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173 can be a cause of low reliability of the tenapae regulating apparatus 105.

[0009] FIG. 14 is a schematic view showing a siatehich the heat exchanger 111 is
removed from the holder 190. Each socket 173 dedua female thread 175 and an
outer cylindrical body 174 into which the femaleeid 175 is inserted. The female
thread 175 is fixed to an inner circumferentialface of the outer cylindrical body 174,
and the outer cylindrical body 174 is fixed to thgper surface of the heat exchanger 111.
[0010] Since the fluid having a high temperaturer @xample, 60°C to 80°C) flows
through the heat exchanger 111 during polishinthefwafer, the heat exchanger 111, the
holder 190, the bolts 183, and the sockets 173rihky expand during polishing of the
wafer. Typically, the holder 190, the bolts 188ddhe female threads 175 are made of
metal (e.g., stainless steel). On the other h#m heat exchanger 111 and the outer
cylindrical body 174 are formed of a material havexcellent wear resistance and high
thermal conductivity (e.g., ceramic, such as Si@ue to difference in coefficient of
thermal expansion between these materials, ratebasfge in volume of the holder 190,
the bolts 183, and the female threads 175 duriiglpog of wafer are greater than rates
of change in volume of the heat exchanger 111 badtiter cylindrical body 174. As a
result, during polishing of the wafer, a load igplgd to the outer cylindrical body 174
from the bolts 183 and the female threads 175 tla@auter cylindrical body 174 may be
damaged.

[0011] Therefore, an object of the present invantis to provide a temperature
regulating apparatus which improves workabilityfiking and removing a heat exchanger
and has excellent reliability. Another object bEtpresent invention is to provide a
polishing apparatus including such a temperatugelaging apparatus.

Solution to Problem

[0012] In an embodiment, there is provided a terafee regulating apparatus for
regulating a temperature of a polishing surface gdolishing pad, comprising: a heat
exchanger having a heating flow passage and angp@ibw passage formed therein; a

holder arranged over the heat exchanger; a coupleghanism configured to detachably



10

15

20

25

fix the heat exchanger to the holder, the couptireghanism including: a first hook fixed
to an upper surface of the heat exchanger; anctc@dehook held by the holder, the
second hook being configured to be able to be eedyagth and disengaged from the first
hook.

[0013] In an embodiment, the first hook includedirst base fixed to the upper surface
of the heat exchanger; and a first protrusion prbtrg laterally from the first base, the
second hook includes: a second base extending ghrde holder; and a second
protrusion protruding laterally from the second éhathe second protrusion being
configured to be able to contact a lower surfacieffirst protrusion.

In an embodiment, the second hook is rotatabletab®own axis.

In an embodiment, the coupling mechanism furtheludes: a screw arranged in
the first hook; and a spiral structure embeddethé heat exchanger, the screw being
screwed into the spiral structure through a threligle formed in the first hook.

In an embodiment, the coupling mechanism furthetudes a coil spring into
which the second base is inserted, the coil sfrgigg arranged on an upper surface of
the holder.

In an embodiment, the holder has a housing chambehich the first hook and
the second hook are arranged.

In an embodiment, the second hook is arrangedardty of the first hook in a
radial direction of the heat exchanger.

In an embodiment, the second hook comprises teongehooks, the two second
hooks being arranged on both sides of the firskhna circumferential direction of the
heat exchanger.

In an embodiment, the coupling mechanism comprisg@durality of coupling
mechanisms arranged in a circumferential direabiotme heat exchanger.

In an embodiment, the heat exchanger has a sificeucomposed of a water-
repellent coating layer.

[0014] In an embodiment, there is provided a palighapparatus comprising: a
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polishing table configured to support a polishirglpa polishing head configured to press
a substrate against a polishing surface of thelpiolg pad; and the temperature regulating
apparatus configured to regulate a temperaturdefpblishing surface by exchanging
heat with the polishing pad.

Advantageous Effects of Invention

[0015] According to the present invention, the heathanger is fixed to the holder by
the engagement between the first hook fixed touthger surface of the heat exchanger
and the second hook held by the holder. Furtter,hieat exchanger can be removed
from the holder by disengaging the second hook fthenfirst hook. As a result, the
workability in fixing and removing the heat exchangan be improved.

Further, according to the above-described cordigom, the engagement
between the first hook and the second hook cawattatual displacement of these hooks
to some degree, as compared with the conventiomgggement between the bolt and the
female thread. Specifically, the second hook camlisplaced relative to the first hook
while maintaining engagement with the first hooKherefore, the combination of the
first hook and the second hook can relieve a stregsmay be generated in the first hook
during polishing of the substrate. As a resulie treliability of the temperature

regulating apparatus can be improved.

Brief Description of Drawings

[0016]

[FIG. 1] FIG. 1 is a schematic view showing an ediment of a polishing apparatus
including a temperature regulating apparatus;

[FIG. 2] FIG. 2 is a horizontal cross-section@awishowing a heat exchanger;

[FIG. 3] FIG. 3 is a plan view showing a positibmalationship between the heat
exchanger and a polishing head on a polishing pad;

[FIG. 4] FIG. 4 is a schematic view showing an ediment of a method of fixing the

heat exchanger to a holder;
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[FIG. 5] FIG. 5 is a cross-sectional view takeorgj line B-B of FIG. 4;

[FIG. 6] FIG. 6 is a schematic view showing a estat which the heat exchanger is
removed from the holder;

[FIG. 7] FIG. 7 is a schematic view showing an ediment of a method of fixing a

first hook;

[FIG. 8] FIG. 8 is a schematic view showing aestat which the first hook of FIG. 7 is

removed from the heat exchanger;

[FIG. 9] FIG. 9 is a schematic view showing anotenbodiment of a coupling

mechanism;

[FIG. 10] FIG. 10 is a schematic view showing &motembodiment of a method of
fixing the heat exchanger;

[FIG. 11] FIG. 11 is a cross-sectional view taldong line C-C of FIG. 10;

[FIG. 12] FIG. 12 is a schematic diagram showingc@ventional temperature

regulating apparatus;

[FIG. 13] FIG. 13 is a cross-sectional view talsong line A-A of FIG. 12; and

[FIG. 14] FIG. 14 is a schematic view showing atestin which a heat exchanger is

removed from a holder.

Description of Embodiments
[0017] Hereinafter, embodiments of the present mio® will be described with
reference to the drawings.

FIG. 1 is a schematic view showing an embodimédna @olishing apparatus
including a temperature regulating apparatus. hesve in FIG. 1, a polishing apparatus
10 includes a polishing head 1 configured to hald eotate a wafer W (which is an
example of a substrate), a polishing table 2 fgpstting a polishing pad 3, a slurry
supply nozzle 4 configured to supply slurry ontsuaface of the polishing pad 3, and a
temperature regulating apparatus 5 configured goladée a temperature of a polishing

surface 3a of the polishing pad 3. The surfac@dusurface) of the polishing pad 3
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constitutes the polishing surface 3a for polishiimgwafer W.

[0018] The polishing head 1 is movable in a vettdieection and is rotatable about an
axis thereof in a direction indicated by arrow. eMmafer W is held on a lower surface of
the polishing head 1 by vacuum suction or the likA.table motor 6 is coupled to the
polishing table 2, so that the polishing table & watate in a direction indicated by arrow.
As shown in FIG. 1, the polishing head 1 and thispmg table 2 rotate in the same
direction. The polishing pad 3 is attached to ppen surface of the polishing table 2.
[0019] The polishing apparatus 10 includes an dfmeracontroller 40 configured to
control operations of the polishing head 1, thdetabotor 6, the slurry supply nozzle 4,
and the temperature regulating apparatus 5. Theatpn controller 40 is composed of
at least one computer. The operation controlleriftfbudes a memory 40a and an
arithmetic device 40b. The arithmetic device 40bludes a CPU (central processing
unit) or a GPU (graphic processing unit) configutedperform arithmetic operations
according to instructions included in programsexoin the memory 40a. The memory
40a includes a main memory (for example, a randooess memory) to which the
arithmetic device 40b is accessible, and an auyilmemory (for example, a hard disk
drive or a solid state drive) for storing data @nograms.

[0020] Polishing of the wafer W is performed addais. The wafer W to be polished
is held by the polishing head 1 and rotated bypibleshing head 1. The polishing table
2 is rotated by the table motor 6 together with pladishing pad 3. In this state, the
slurry is supplied from the slurry supply nozzleodto the polishing surface 3a of the
polishing pad 3, and the surface of the wafer \ptéssed against the polishing surface 3a
of the polishing pad 3 by the polishing head 1. e Barface of the wafer W is polished
by sliding contact with the polishing pad 3 in fhresence of the slurry. The surface of
the wafer W is planarized by the chemical actionhef slurry and the mechanical action
of the abrasive grains contained in the slurry.

[0021] The temperature regulating apparatus 5 degua heat exchanger 11 configured

to regulate the temperature of the polishing serf8a by exchanging heat with the
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polishing pad 3, a holder 90 arranged over the Brelbanger 11, a fluid supply system
30 configured to supply a heating fluid and a awplfluid, each having a controlled
temperature, to the heat exchanger 11, and antiglgyraechanism 20 coupled to the heat
exchanger 11. The heat exchanger 11 is located theepolishing surface 3a of the
polishing table 2 and the polishing pad 3.

[0022] The heat exchanger 11 has a bottom surfacied the polishing surface 3a of
the polishing pad 3, and the heat exchanger 1leid hy the holder 90. The heat
exchanger 11 and holder 90 as a whole have a cgalighape. The bottom surface of
the heat exchanger 11 is flat and circular. Iis #gainbodiment, the heat exchanger 11
and the holder 90 are made of different materiaMore specifically, the holder 90 is
made of metal (for example, stainless steel), wthike heat exchanger 11 is made of a
material having excellent wear resistance and lingiimal conductivity (for example,
ceramic, such as SiC).

[0023] The holder 90 has a circular upper surfacehe holder 90 is fixed to an arm 22
and is coupled to the elevating mechanism 20 \@aatim 22. The elevating mechanism
20 is configured to raise and lower the heat exgbaril and the holder 90. More
specifically, the elevating mechanism 20 is congglito move the bottom surface of the
heat exchanger 11 in a direction closer to thespholg surface 3a of the polishing pad 3
and in a direction away from the polishing surf&ze of the polishing pad 3. The
elevating mechanism 20 includes an actuator (notvelhy such as a motor or an air
cylinder. The operation of the elevating mechaninis controlled by the operation
controller 40.

[0024] The fluid supply system 30 includes a hegfinid supply tank 31 as a heating-
fluid supply source for storing the temperaturetoated heating fluid, and a heating-
fluid supply pipe 32 and a heating-fluid return @i®3 coupling the heating-fluid supply
tank 31 to the heat exchanger 11. Ends of therfgefitiid supply pipe 32 and the
heating-fluid return pipe 33 are coupled to thetingafluid supply tank 31, and the other

ends are coupled to the heat exchanger 11.
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[0025] The heating fluid having a controlled tengiare is supplied from the heating-
fluid supply tank 31 to the heat exchanger 11 tghothe heating-fluid supply pipe 32,
flows through the heat exchanger 11, and is retutoghe heating-fluid supply tank 31
from the heat exchanger 11 through the heatingHiaturn pipe 33. In this way, the
heating fluid circulates between the heating-flsighply tank 31 and the heat exchanger
11. The heating-fluid supply tank 31 has a he@tet shown), so that the heating fluid
is heated to a predetermined temperature by themea

[0026] The fluid supply system 30 further includedirst on-off valve 41 and a first
flow-rate control valve 42 attached to the heafingd supply pipe 32. The first flow-
rate control valve 42 is arranged between the &ecttanger 11 and the first on-off valve
41. The first on-off valve 41 is a valve that does$ have a flow rate regulating function,
while the first flow-rate control valve 42 is a valthat has a flow rate regulating function.
[0027] The fluid supply system 30 further includesooling-fluid supply pipe 51 and a
cooling-fluid discharge pipe 52, both of which areupled to the heat exchanger 11.
The cooling-fluid supply pipe 51 is coupled to alog-fluid supply source (for example,
a cold-water supply source) provided in a factotyere the polishing apparatus 10 is
installed. The cooling fluid is supplied to theah@xchanger 11 through the cooling-
fluid supply pipe 51, flows through the heat exajemnl1, and is discharged from the heat
exchanger 11 through the cooling-fluid dischargpepb2. In one embodiment, the
cooling fluid that has flowed through the heat exuier 11 may be returned to the
cooling-fluid supply source through the coolingifldischarge pipe 52.

[0028] The fluid supply system 30 further includessecond on-off valve 55 and a
second flow-rate control valve 56 attached to tbeling-fluid supply pipe 51. The
second flow-rate control valve 56 is arranged betwthe heat exchanger 11 and the
second on-off valve 55. The second on-off valvassd valve that does not have a flow
rate regulating function, while the second flowerabntrol valve 56 is a valve that has a
flow rate regulating function.

[0029] The first on-off valve 41, the first flowtscontrol valve 42, the second on-off
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valve 55, and the second flow-rate control valveaBcoupled to the operation controller
40, so that the operations of the first on-off wa#il, the first flow-rate control valve 42,
the second on-off valve 55, and the second flow-caintrol valve 56 are controlled by
the operation controller 40.

[0030] The temperature regulating apparatus 5 éurtimcludes a pad temperature
measuring device 39 for measuring the temperattitheo polishing surface 3a of the
polishing pad 3 (which may be referred to as padasa temperature). The pad
temperature measuring device 39 is coupled to theration controller 40. The
operation controller 40 is configured to operatefirst flow-rate control valve 42 and the
second flow-rate control valve 56 based on the quathce temperature measured by the
pad temperature measuring device 39. The firstfbralve 41 and the second on-off
valve 55 are normally open. The pad temperaturasoreng device 39 may be a
radiation thermometer capable of measuring the ¢éeatpre of the polishing surface 3a
of the polishing pad 3 in a non-contact manner. e pad temperature measuring device
39 is arranged above the polishing surface 3a.

[0031] The pad temperature measuring device 39 mmesashe pad surface temperature
in a non-contact manner and sends a measured ofalne pad surface temperature to the
operation controller 40. The operation control@roperates the first flow-rate control
valve 42 and the second flow-rate control valved6ontrol the flow rates of the heating
fluid and the cooling fluid based on the measurad gurface temperature so that the pad
surface temperature is maintained at a presetttaegeperature. The first flow-rate
control valve 42 and the second flow-rate cont@e 56 operate according to control
signals from the operation controller 40 to reguldte flow rate of the heating fluid and
the flow rate of the cooling fluid to be supplied the heat exchanger 11. The heat
exchange is performed between the heating andngpéliids flowing through the heat
exchanger 11 and the polishing pad 3. As a rebdtpad surface temperature changes.
[0032] By such feedback control, the temperaturghef polishing surface 3a of the

polishing pad 3 (i.e., the pad surface temperatsrajaintained at a predetermined target
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temperature. PID control can be used as the fe&dtantrol. The target temperature
of the polishing pad 3 is determined based on a bfgdilm constituting the surface of the
wafer W or a polishing process. The determinegetatemperature is input in advance
to the operation controller 40 and stored in thenowy 40a.

[0033] The heating fluid to be supplied to the heathanger 11 may be a heating liquid,
such as hot water. The heating fluid is heatedotoexample, about 80°C by the heater
(not shown) of the heating-fluid supply tank 31.n order to raise the surface
temperature of the polishing pad 3 more quickljc@ne oil may be used as the heating
fluid. When the silicone oil is used as the hegtiluid, the silicone oil is heated to
100°C or higher (for example, about 120°C) by thathr of the heating-fluid supply tank
31. The cooling fluid to be supplied to the heattenger 11 may be a cooling liquid,
such as cold water or silicone oil. When silicailas used as the cooling fluid, a chiller
as the cooling-fluid supply source may be couptedhte cooling-fluid supply pipe 51,
and the silicone oil may be cooled to 0°C or loweithe chiller, so that the polishing pad
3 can be quickly cooled. Pure water can be usékeasold water. In order to cool the
pure water to produce the cold water, a chiller rhayused as the cooling-fluid supply
source. In this case, the cold water that hasrfldwough the heat exchanger 11 may be
returned to the chiller through the cooling-fluidcharge pipe 52.

[0034] The heating-fluid supply pipe 32 and the lowpfluid supply pipe 51 are
completely independent pipes. Therefore, the heafiuid and the cooling fluid are
simultaneously supplied to the heat exchanger lhowt being mixed. The heating-
fluid return pipe 33 and the cooling-fluid dischargipe 52 are also completely
independent pipes. Therefore, the heating fluidetarned to the heating-fluid supply
tank 31 without being mixed with the cooling fluehd the cooling fluid is discharged or
returned to the cooling-fluid supply source withbetng mixed with the heating fluid.
[0035] The temperature regulating apparatus 5 éurthcludes a plurality of cleaning
nozzles 60 for cleaning the heat exchanger 11 bsysp pure water onto the side

surface of the heat exchanger 11. These cleanngjes 60 are oriented toward the side
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surface of the heat exchanger 11. In the presabbdiment, two cleaning nozzles 60
are provided, but three or more cleaning nozzlesn@§ be provided. Each cleaning
nozzle 60 emits a jet of pure water to remove theysthat has been used in polishing of
the wafer W from the side surface of the heat exgball.

[0036] Next, the heat exchanger 11 will be descritéh reference to FIG. 2. FIG. 2
is a horizontal cross-sectional view showing thatlexchanger 11. As shown in FIG. 2,
the heat exchanger 11 includes a flow-passagetsteu¢0. A heating flow passage 61
and a cooling flow passage 62 are formed in the-flassage structure 70. The heating
flow passage 61 and the cooling flow passage 6@nexadjacent to each other (i.e., side
by side) and extend spirally. Further, the heatiog passage 61 and the cooling flow
passage 62 have a point-symmetrical shape and theveame length. Each of the
heating flow passage 61 and the cooling flow pas<%®)is basically composed of a
plurality of arc flow passages 64 having a constamvature and a plurality of inclined
flow passages 65 coupling the arc flow passages &40 adjacent arc flow passages 64
are coupled by each inclined flow passage 65.

[0037] According to such configurations, outermpstipheral portions of the heating
flow passage 61 and the cooling flow passage 62 bemararranged at the outermost
peripheral portion of the heat exchanger 11. Sigadly, the entire bottom surface of
the heat exchanger 11 is located below the hefitmgpassage 61 and the cooling flow
passage 62, so that the heating fluid and the mpdluid can quickly heat and cool the
polishing surface 3a of the polishing pad 3. Thatlexchange between the heating and
cooling fluids and the polishing pad 3 is performedhe presence of the slurry (not
shown) between the polishing surface 3a of thespolg pad 3 and the bottom surface of
the flow-passage structure 70 (i.e., the bottorfaserof the heat exchanger 11).

[0038] The heating-fluid supply pipe 32 (see FIG.slcoupled to an inlet 61a of the
heating flow passage 61, and the heating-fluidrnepipe 33 (see FIG. 1) is coupled to an
outlet 61b of the heating flow passage 61. Thdigdluid supply pipe 51 (see FIG. 1)

is coupled to an inlet 62a of the cooling flow s 62, and the cooling-fluid discharge
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pipe 52 (see FIG. 1) is coupled to an outlet 62lthef cooling flow passage 62. The
heating-fluid supply pipe 32, the heating-fluidumet pipe 33, the cooling-fluid supply
pipe 51, and the cooling-fluid discharge pipe 52 emupled to the inlet 61a, the outlet
61b, the inlet 62a, and the outlet 62b, respegtjweh the holder 90 (see FIG. 1).

[0039] The inlets 61la and 62a of the heating flomsgage 61 and the cooling flow
passage 62 are located at the peripheral portidgheoheat exchanger 11, and the outlets
61b and 62b of the heating flow passage 61 anddbkng flow passage 62 are located at
the central portion of the heat exchanger 11. &foee, the heating fluid and the cooling
fluid spirally flow from the peripheral portion the central portion of the heat exchanger
11. The heating flow passage 61 and the cooliog fpassage 62 are completely
separated, and the heating fluid and the coolinig fhre not mixed in the heat exchanger
11.

[0040] FIG. 3 is a plan view showing a position&lationship between the heat
exchanger 11and the polishing head 1 on the potisbad 3. In FIG. 3, the holder 90 is
not shown. The heat exchanger 11 is circular whiewed from above, and the
diameter of the heat exchanger 11 is smaller thardtameter of the polishing head 1.
A distance from a rotation center O of the polighpad 3 to a center P of the heat
exchanger 11 is the same as a distance from tagomicenter O of the polishing pad 3 to
a center Q of the polishing head 1. Since theitgdlow passage 61 and the cooling
flow passage 62 are adjacent to each other, thingdbow passage 61 and the cooling
flow passage 62 are arranged not only along thlrdulection of the polishing pad 3 but
also along the circumferential direction of theigloihg pad 3. Therefore, while the
polishing table 2 and the polishing pad 3 are nogatthe polishing pad 3 exchanges heat
with both the heating fluid and the cooling fluidThe two cleaning nozzles 60 are
arranged at both sides of the heat exchanger 11.

[0041] FIG. 4 is a schematic view showing an embwtit of a method of fixing the
heat exchanger 11 to the holder 90, and FIG. 5cimss-sectional view taken along line

B-B of FIG. 4. FIG. 5 shows a state when the hoRl& holds the heat exchanger 11.
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In FIG. 5, the heating flow passage 61 and theiegdlow passage 62 are not shown.
As shown in FIGS. 4 and 5, the temperature regigatipparatus 5 further includes a
plurality of coupling mechanisms 80 configured &tathably fix the heat exchanger 11
to the holder 90. As shown in FIG. 4, the pluyalif coupling mechanisms 80 are
arranged along the circumferential direction of tieat exchanger 11 over the entire
circumference of the heat exchanger 11. In oneoéeinient, the plurality of coupling
mechanisms 80 may be arranged at equal intervdlgicircumferential direction of the
heat exchanger 11.

[0042] As shown in FIG. 5, each coupling mechan8dhas a first hook 73 fixed to the
upper surface of the heat exchanger 11 (i.e., fheemsurface of the flow-passage
structure 70) and a second hook 83 held by theendd®. The second hook 83 is
configured to be engageable with and detachabha the first hook 73. The holder 90
has a housing chamber 85 in which the first hookn@®the second hook 83 are arranged.
When the holder 90 holds the heat exchanger 1Jenhee first hook 73 and a part of the
second hook 83 are located in the housing chantber 8

[0043] More specifically, the first hook 73 inclugla first base 73a fixed to the upper
surface of the heat exchanger 11 and a first pminu73b protruding laterally from the
first base 73a. The second hook 83 includes ansebase 83a extending through the
holder 90, and a second protrusion 83b protrudatgrally from the second base 83a.
The second base 83a extends through a through9bal®f the holder 90. The second
protrusion 83b is configured to be able to contatbwer surface of the first protrusion
73b. When the holder 90 holds the heat exchantér.€., when the first hook 73 and
the second hook 83 are in engagement), an uppkicewf the second protrusion 83b is
in contact with the lower surface of the first pustion 73b.

[0044] FIG. 6 is a schematic view showing a statevhich the heat exchanger 11 is
removed from the holder 90. The second hook &®migured to be rotatable about an
axis R extending in parallel with the second ba3&. 8 By rotating the second hook 83
about the axis R, the second hook 83 can be digedg@om the first hook 73. When

14
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all the second hooks 83 are disengaged from teehooks 73, the heat exchanger 11 can
be removed from the holder 90.

[0045] Similarly, by rotating the second hook 8®abthe axis R until the upper surface
of the second protrusion 83b contacts the lowefiasarof the first protrusion 73b, with
the upper surface of the heat exchanger 11 presgggdst the lower surface of the holder
90, the second hook 83 and the first hook 73 caengaged with each other, so that the
heat exchanger 11 can be fixed to the holder 90/ ergaging all the second hooks 83
with all the first hooks 73, respectively, the heathanger 11 is securely fixed to the
holder 90.

[0046] As described above, in the present embodintles heat exchanger 11 is fixed to
the holder 90 by the engagement between the k73, which are fixed to the upper
surface of the heat exchanger 11, and the seconlsh®3 held by the holder 90.
Further, the heat exchanger 11 can be removed tinenholder 90 by disengaging the
second hooks 83 from the first hooks 73. In thanner, the heat exchanger 11 can be
fixed and removed with simple operations, which rioye the workability in fixing and
removing the heat exchanger 11. Further, sincar@ation in work by an operator can
be suppressed, the heat exchanger 11 can be fxaolyand removed.

[0047] During polishing of the wafer W, the fluidtiv a high temperature (for example,
60°C to 80°C) flows through the heat exchanger 14s a result, the flow-passage
structure 70, the holder 90, and the coupling meichas 80 thermally expand. As
described above, in the present embodiment, traeh80 is made of metal (for example,
stainless steel), and the flow-passage structures Tade of material having excellent
wear resistance and high thermal conductivity éample, ceramic, such as SiC).

[0048] The first hooks 73 are made of metal (foaraple, stainless steel). The second
hooks 83 are made of resin material. In one emmbeni, the first hooks 73 may be
made of ceramic, such as SiC, and the second h®aokay be made of metal, such as
stainless steel.

[0049] According to the configurations of the pmrasembodiment, the engagement of
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the first hooks 73 and the second hooks 83 allowsiah displacement to some degree as
compared with the engagement of the conventiondtsband female threads.
Specifically, the second hooks 83 can be displaetative to the first hooks 73 while
maintaining the engagement with the first hooks 7Bherefore, the combination of the
first hooks 73 and the second hooks 83 can reless that may be generated in the first
hooks 73 during polishing of the wafer W. As auleghe reliability of the temperature
regulating apparatus 5 can be improved.

[0050] As shown in FIGS. 5 and 6, the heat exchaddefurther includes a water-
repellent coating layer 91 provided on the siddasar of the flow-passage structure 70.
The side surface of the heat exchanger 11 is coadpos the water-repellent coating
layer 91. As shown in FIG. 5, the slurry 7 is er@sbetween the heat exchanger 11 and
the polishing surface 3a during polishing of thédex&V, and the slurry 7 may be attached
to a surface of the coating layer 91 during pofighof the wafer W. According to this
embodiment, the slurry 7 attached to the surfacth@fcoating layer 91 gathers during
polishing of the wafer W, and the volume thereafr@gases. As a result, the slurry 7 is
less likely to dry, and the slurry 7 is preventashi sticking to the side surface of the heat
exchanger 11 during polishing of the wafer W.

[0051] Examples of the coating layer 91 includdra ade of polytetrafluoroethylene.
Polytetrafluoroethylene is known as Teflon (registe trademark). Forming of the
coating layer 91 is performed in a high temperaamaronment (for example, 100°C to
400°C) before the heat exchanger 11 is attach#uetbolder 90. If the coating layer 91
is peeled off as the heat exchanger 11 is usésingcessary to form the coating layer 91
again.

[0052] In the conventional configurations showrFiG. 14, the socket 173 includes the
female thread 175 and the outer cylindrical bod¢ t@mposed of different materials.
Therefore, when the coating layer is peeled off tiecheat exchanger 111 is exposed to a
high temperature in the step of forming the coatayger again, the female thread 175

may thermally expand more larger than the outemndsical body 174, thus causing
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damage to the outer cylindrical body 174. In castir the first hook 73 is made of a
single material, and therefore, excessive stresstigenerated in the first hook 73 even
when the first hook 73 thermally expands. Themfdrthe coating layer 91 is peeled
off, the heat exchanger 11 is removed from thedrod®, and the coating layer 91 can be
formed again. As a result, the flow-passage sirectO and the first hooks 73 can be
reused, and the manufacturing cost of the temperatgulating apparatus 5 can be
reduced. In one embodiment, the coating layer @ ime provided on the bottom
surface of the flow-passage structure 70.

[0053] As shown in FIGS. 4 and 5, the second h@&ksire arranged outwardly of the
first hooks 73 in the radial directions of the heatchanger 11. In the present
embodiment, due to a difference in coefficienttadrmal expansion between materials, a
rate of change in the volume of the holder 90 mgdhe second hooks 83 is larger than a
rate of change in the volume of the flow-passagesire 70 to which the first hooks 73
are fixed during polishing of the wafer W. Themefothe second hooks 83 are displaced
in the direction away from the first hooks 73 dgrpolishing of the wafer W.

[0054] The above-described arrangement of the skloonks 83 with respect to the first
hooks 73 can prevent lateral loads from being appiiom the second hooks 83 to the
first hooks 73 when the temperatures of the flowspge structure 70 and the holder 90
rise. As a result, the reliability of the temperatregulating apparatus 5 can be further
improved.

[0055] FIG. 7 is a schematic view showing an embwdit of a method of fixing the
first hook 73 to the heat exchanger 11, and FIG. 8schematic view showing a state in
which the first hook 73 of FIG. 7 is removed frohetheat exchanger 11. In FIGS. 7
and 8, the second hook 83, the holder 90, the ngdibw passage 61, and the cooling
flow passage 62 are not shown. As shown in FIGS\d’8, the coupling mechanism 80
further includes a screw 75 arranged in the firsbkh 73, and a spiral structure 77
embedded in the heat exchanger 11 (i.e., in the-flassage structure 70). The screw

75 is screwed into the spiral structure 77 throaghrough-hole 73c formed in the first
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hook 73.

[0056] The screw 75 and the spiral structure 77naade of metal (e.g., stainless steel).
The spiral structure 77 comprises a spiral coilhe $piral structure 77 is available on the
market as helicoid insert or helical insert. Aating to such configurations, since the
spiral structure 77 has a small amount of changbenmal expansion, excessive load is
not applied from the spiral structure 77 to thetheschanger 11 even when the
temperature of the heat exchanger 11 rises durolighing of the wafer W and re-
forming of the coating layer 91. As a result, gatien of excessive stress in the heat
exchanger 11 is prevented.

[0057] FIG. 9 is a schematic view showing anotherbediment of the coupling
mechanism 80. The details of the present embodjmehich are not particularly
described, are the same as those of the embodimestsibed with reference to FIGS. 1
to 6, and thus the duplicate descriptions theredf ke omitted. The coupling
mechanism 80 of the present embodiment furtheudwss a coil spring 87 into which the
second base 83a is inserted. The coil spring &fraged on the upper surface of the
holder 90. When the second hook 83 and the fiogtkh73 are in engagement, an
upward force indicated by an arrow in FIG. 9 islaggpfrom the colil spring 87 to a head
portion 83c of the second hook 83. Specificalhg second hook 83 is pushed upward
by the coil spring 87, so that an upward forcepigli@d from the second protrusion 83b of
the second hook 83 to the first protrusion 73bheffirst hook 73. As a result, the heat
exchanger 11 is more securely fixed to the holder 9rhe embodiment described with
reference to FIGS. 7 and 8 may be applied to tlesgmt embodiment described with
reference to FIG. 9.

[0058] FIG. 10 is a schematic view showing ano#rabodiment of a method of fixing
the heat exchanger 11, and FIG. 11 is a crossesattview taken along line C-C of FIG.
10. The details of the present embodiment, whrehnat particularly described, are the
same as those of the embodiments described withergfe to FIGS. 1 to 6, and thus the

duplicate descriptions thereof will be omitted. #lsown in FIGS. 10 and 11, each
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coupling mechanism 80 of the present embodimemtidies two second hooks 83. The
two second hooks 83 are arranged on both sidésedirst hook 73 in the circumferential

direction of the heat exchanger 11.

[0059] In this embodiment, since the two seconckB@®8 can be engaged with one first
hook 73, the heat exchanger 11 can be more reliagt®dg to the holder 90. Further,

since the two second hooks 83 are arranged on didés of the first hook 73 in the

circumferential direction of the heat exchanger dlateral load is not applied from the
second hooks 83 to the first hook 73 even whentéhgeratures of the flow-passage
structure 70 and the holder 90 rise during polighoh the wafer W. As a result, the
reliability of the temperature regulating apparatusan be further improved. The
embodiment described with reference to FIGS. 7 tme&®/ be applied to the present
embodiment described with reference to FIGS. 101dnd

[0060] The previous description of embodimentsrisvigled to enable a person skilled
in the art to make and use the present inventidforeover, various modifications to

these embodiments will be readily apparent to trelsked in the art, and the generic
principles and specific examples defined herein ina@yapplied to other embodiments.
Therefore, the present invention is not intendedbéo limited to the embodiments
described herein but is to be accorded the widasppes as defined by limitation of the
claims.

Industrial Applicability

[0061] The present invention is applicable to afderature regulating apparatus for
regulating a temperature of a polishing surface giolishing pad used for polishing a
substrate, such as a wafer. Further, the preseeniion is applicable to a polishing
apparatus including such a temperature regulappgratus.

Reference Signs List

[0062] 1 polishing head
2 polishing table
3 polishing pad
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10
11
20
22
30
31
32
33
39
40
41
42
51
52
55
56
60
61
62
64
65
70
73
73a

slurry supply nozzle

temperature regulating apparatus

table motor

slurry

polishing apparatus
heat exchanger
elevating mechanism
arm

fluid supply system
heating-fluid supply tank
heating-fluid supply pipe

heating-fluid return pipe

pad temperature measuring device

operation controller

first on-off valve

first flow-rate control valve
cooling-fluid supply pipe
cooling-fluid discharge pipe

second on-off valve

second flow-rate control valve

cleaning nozzle
heating flow passage
cooling flow passage
arc flow passage
inclined flow passage
flow-passage structure
first hook

first base
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73b
75
77
80
83
83a
83b
83c
85
87
90
90a
91
103
105
111
173
174
175
183
190
200

first protrusion
screw

spiral structure
coupling mechanism
second hook
second base
second protrusion
head portion
housing chamber
coil spring

holder
through-hole
coating layer

polishing pad

temperature regulating apparatus

heat exchanger

socket

outer cylindrical body

female thread
bolt
holder

slurry
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CLAIMS
[Claim 1] A temperature regulating apparatus fagutating a temperature of a
polishing surface of a polishing pad, comprising:
a heat exchanger having a heating flow passageaacadbling flow passage
formed therein;
a holder arranged over the heat exchanger;
a coupling mechanism configured to detachablytliix heat exchanger to the
holder, the coupling mechanism including:
a first hook fixed to an upper surface of teatrexchanger; and
a second hook held by the holder, the secomd heing configured to be
able to be engaged with and disengaged from tsiehfaok.

[Claim 2] The temperature regulating apparatus @tog to claim 1, wherein the
first hook includes:
a first base fixed to the upper surface oftteat exchanger; and
a first protrusion protruding laterally frometffirst base,
the second hook includes:
a second base extending through the holder; and
a second protrusion protruding laterally frone tsecond base, the second

protrusion being configured to be able to contdoinger surface of the first protrusion.

[Claim 3] The temperature regulating apparatus @eg to claim 1 or 2, wherein

the second hook is rotatable about its own axis.

[Claim 4] The temperature regulating apparatus @ieg to any one of claims 1
to 3, wherein the coupling mechanism further inekud
a screw arranged in the first hook; and

a spiral structure embedded in the heat exchatigeiscrew being screwed into
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the spiral structure through a through-hole fornmethe first hook.

[Claim 5] The temperature regulating apparatus @ieg to any one of claims 1
to 4, wherein the coupling mechanism further inelud coil spring into which the second

base is inserted, the coil spring being arrangedroupper surface of the holder.

[Claim 6] The temperature regulating apparatus @ieg to any one of claims 1
to 5, wherein the holder has a housing chamberhictwthe first hook and the second

hook are arranged.

[Claim 7] The temperature regulating apparatus @eg to any one of claims 1
to 6, wherein the second hook is arranged outwanfitize first hook in a radial direction

of the heat exchanger.

[Claim 8] The temperature regulating apparatus @ieg to any one of claims 1
to 6, wherein the second hook comprises two seboodts, the two second hooks being
arranged on both sides of the first hook in a amfarential direction of the heat

exchanger.

[Claim 9] The temperature regulating apparatus @ieg to any one of claims 1
to 8, wherein the coupling mechanism comprisesusafily of coupling mechanisms

arranged in a circumferential direction of the heathanger.

[Claim 10] The temperature regulating apparatusiicg to any one of claims 1

to 9, wherein the heat exchanger has a side surtanposed of a water-repellent coating

layer.

[Claim 11] A polishing apparatus comprising:
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a polishing table configured to support a polighoad,;
a polishing head configured to press a substigaast a polishing surface of the
polishing pad; and
the temperature regulating apparatus accordingnio one of claims 1 to 10
5 configured to regulate a temperature of the paiiglsurface by exchanging heat with the

polishing pad.
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