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DESCRIPTION
Title of Invention
METHOD OF CALIBRATING RADIATION THERMOMETER AND SYSEM
THEREOF

Technical Field

[0001] The present invention relates to a methodatibrating a radiation thermometer
and a system thereof, particularly relates to ahowtand a system of automatically
calibrating a radiation thermometer disposed iolegshing apparatus.

Background Art

[0002] A CMP (Chemical Mechanical Polishing) appasais used in a process of
polishing a surface of a substrate, such as a waferthe manufacturing of a
semiconductor device. The CMP apparatus has at @m@e polishing unit, and the
polishing unit is configured to hold and rotate gwbstrate with a polishing head, and
press the wafer against a polishing pad on a ngtgiolishing table to polish the surface
of the substrate. During polishing, a polishinguld (or slurry) is supplied onto the
polishing pad, so that the surface of the substisaptanarized by the chemical action of
the polishing liquid and the mechanical action dfasive grains contained in the
polishing liquid.

[0003] A polishing rate of the substrate dependsardy on a polishing load on the
substrate pressed against the polishing pad, Isot @ a surface temperature of the
polishing pad. This is because the chemical actibrthe polishing liquid on the
substrate depends on the temperature. Thereforethé manufacturing of a
semiconductor device, it is important to maintanogtimum surface temperature of the
polishing pad during polishing of the substrateorder to increase the polishing rate of
the substrate, and to keep the increased polishtegconstant.

[0004] From this viewpoint, a pad-temperature ragnfj apparatus is conventionally

used to regulate a surface temperature of a poigspiad (for example, see Patent



10

15

20

25

Document 1). The pad-temperature regulating appardéypically includes a heat
exchanger capable of contacting a surface of thishiog pad, a liquid supply system for
supplying a heating liquid having a regulated terapge and a cooling liquid having a
regulated temperature into the heat exchangerdiati@an thermometer for measuring a
surface temperature of the polishing pad, and &aiber for controlling the liquid supply
system based on the surface temperature of thehpali pad measured by the radiation
thermometer. The controller controls flow ratestlod heating liquid and the cooling
liquid based on the surface temperature of thespwlg pad measured by the radiation
thermometer so that the surface temperature ofptilishing pad is maintained at a
predetermined target temperature.

[0005] The polishing apparatus may include a ramliathermometer that is different
from the radiation thermometer of the pad-tempeeatagulating apparatus. This other
radiation thermometer is, for example, a thermomigtemonitoring whether or not the
surface temperature of the polishing pad in thenitic of the polishing head is
maintained at a predetermined set temperature glymiishing of the substrate. The
other radiation thermometer is also connected ¢cathove-mentioned controller. When
measured values of the surface temperature of okishphg pad transmitted from the
other radiation thermometer exceed an allowablgeatored in advance in the controller,
the controller stops an operation of the polishapgaratus, and issues an alarm. This
prevents a polishing abnormality from occurringhie substrate.

[0006] In order to maintain the polishing rate dfetsubstrate constant, and to
effectively prevent the polishing abnormalities nfrooccurring in the substrate, the
radiation thermometer is required to output an eteumeasurement of the pad surface
temperature to the controller. For this reasorg thanufacturer of the polishing
apparatus performs calibrations of the radiatioerititometer before shipping the
polishing apparatus.

[0007] The calibration of a conventional radiatiblermometer is performed as follows.

First, an operator who calibrates the radiatiorrrtioeneter prepares a heating device,
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such as a hot plate, and a portable radiation thiexeter. Next, a heat radiation surface
of the heating device is heated to a predetermiaggpbt temperature, and a temperature
of the heat radiation surface is measured by dwhadiation thermometer placed in the
polishing apparatus, and the portable radiationrntbeneter. The operator then
calibrates the radiation thermometer so that measualues of the radiation thermometer
match measured values of the portable radiatiomibeeter.

Patent Literature

[0008] Patent document 1: Japanese laid-open paidatication No. 2018-027582
Summary of Invention

Technical Problem

[0009] After a certain amount of time has passedesithe radiation thermometer has
been in use, the measured value of the radiatemmibmeter (i.e., the temperature output
value of the radiation thermometer) may deviatenfiihe actual surface temperature of
the polishing pad. Accordingly, it is preferableat the radiation thermometer be
calibrated periodically at the customer's site eafter delivery of the polishing apparatus.
[0010] However, the conventional calibration workradiation thermometer is a work
that requires some large amount of labor, and grétically difficult to calibrate the
radiation thermometer periodically because thespolg apparatus is stopped during the
calibration work. Further, in the conventionalibedtion work of radiation thermometer,
a portable radiation thermometer handled by theratpe is used as a standard for
calibrating the radiation thermometer of the potighapparatus. In this case, calibration
results of radiation thermometer may vary dependinga skill level of the operator.
For example, if an angle at which the operator tsdine portable thermometer to the heat
radiation surface of the heating device, and thstadce between the portable
thermometer and the heat radiation surface of dsig device change, the calibration
results of the radiation thermometer may vary. réfoe, there is a need for a method
and a system that can automatically calibrate dde@tion thermometer, and in particular,

a method and a system that can perform the cabbratff radiation thermometer in a
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short time and automatically.

[0011] 1t is therefore an object of the presentemiyon to provide a method and a
system of automatically calibrating a radiation rthemeter disposed in a polishing
apparatus.

Solution to Problem

[0012] In an embodiment, there is provided a metbbdutomatically calibrating a
radiation thermometer disposed in a polishing agipar comprising: placing a heating
device, to which a measurement body is attachddwbiie radiation thermometer; and
using a controller of the polishing apparatus cedplo the heating device to heat a
temperature of the measurement body to a pluralitprget temperatures, to measure the
temperatures of the measurement body at each tteggierature with the radiation
thermometer, to calculate temperature deviationustsowhich are differences between
each of the target temperatures and temperaturpuibutalues of the radiation
thermometer corresponding to each target temperatmd to calibrate the radiation
thermometer so that all the temperature deviatrmoumts are within a preset reference
range.

[0013] In an embodiment, there is provided a metbbdutomatically calibrating a
radiation thermometer disposed in a polishing agipar comprising: preparing a plurality
of heating devices each of which has a measurebuahyt attached thereto; and using a
controller of the polishing apparatus coupled t® pturality of heating devices to heat a
temperature of each measurement body to a predetsinarget temperature, to move
each measurement body below the radiation thernenmetmeasure a temperature of
each measurement body at the target temperatute tiét radiation thermometer, to
calculate temperature deviation amounts which dferences between each of the target
temperatures and temperature output values ofathiatron thermometer corresponding
to each target temperature, and to calibrate tdetran thermometer so that all the
temperature deviation amounts are within a presetence range.

[0014] In an embodiment, calibrating the radiatitt,ermometer is correcting a
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conversion parameter stored in an analog-digitaVeder of the radiation thermometer.

In an embodiment, the method further compriseter afalibrating the radiation
thermometer, heating again the temperature of tbasarement body to the plurality of
target temperatures; measuring the temperaturbeofmeasurement body at each target
temperature with the radiation thermometer; catoujgagain the temperature deviation
amounts; and checking whether or not all the teatpes deviation amounts are within
the preset reference range.

In an embodiment, the measurement body is mada wofaterial having an
emissivity similar to an emissivity of the polisgipad.

[0015] In an embodiment, there is provided A metlddautomatically calibrating a
radiation thermometer disposed in a polishing agipar comprising: placing a heating
device to which a plurality of measurement bodiasifg known emissivities different
from each other are attached, below the radialiemtometer; and using a controller of
the polishing apparatus coupled to the heatingodetd heat temperatures of the plurality
of measurement bodies to a predetermined targefppaeture, to measure the
temperatures of the plurality of measurement botested to the predetermined target
temperature with the radiation thermometer, respelgt to calculate temperature
deviation amounts which are differences betweer @dcthe temperature expectation
values to be output from the radiation thermomefteen the measurement bodies heated
to the predetermined target temperature are mehdyr¢he radiation thermometer, and
each of the temperature output values of the radidhermometer, and to calibrate the
radiation thermometer so that all the temperat@ngation amounts are within a preset
reference range.

[0016] In an embodiment, calibrating the radiatitthermometer is correcting a
conversion parameter stored in an analog-digitaVeder of the radiation thermometer.

In an embodiment, the method further compriseter afalibrating the radiation
thermometer, measuring again the temperatureseopliirality of measurement bodies

whose temperature are maintained at the target eetyse, with the radiation
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thermometer; calculating again the temperatureatievi amounts; and checking whether
or not all the temperature deviation amounts atkiwthe preset reference range.

[0017] In an embodiment, there is provided a calibn system for calibrating a
radiation thermometer disposed in a polishing agipar comprising: a heating device to
which a measurement body is attached, and whiclplased below the radiation
thermometer; and a temperature regulator couplethéoheating device, wherein the
temperature regulator is coupled to a controllepdsed in the polishing apparatus, and
the controller is configured: to heat a temperatfrthe measurement body to a plurality
of target temperatures through the temperaturelatguto measure the temperatures of
the measurement body at each target temperature thet radiation thermometer, to
calculate temperature deviation amounts which dferences between each of the target
temperatures and temperature output values ofathi@atron thermometer corresponding
to each target temperature, and to calibrate tdetran thermometer so that all the
temperature deviation amounts are within a presetence range.

[0018] In an embodiment, there is provided a calibn system for calibrating a
radiation thermometer disposed in a polishing agpar comprising: a plurality of
heating devices each of which has a measurement dttached thereto; a temperature
regulator coupled to the plurality of heating degic and a heating-device moving
mechanism configured to move each of the pluratityheating devices below the
radiation thermometer, wherein the temperaturelaéguand the heating-device moving
mechanism are coupled to a controller disposedhén golishing apparatus, and the
controller is configured to heat a temperature atthe measurement body to a
predetermined target temperature, to use the lyedémice moving mechanism to each
measurement body below the radiation thermomedemdasure the temperature of each
measurement body at the target temperature withatth@tion thermometer, to calculate
temperature deviation amounts which are differenbesveen each of the target
temperatures and temperature output values ofathiatron thermometer corresponding

to each target temperature, and to calibrate tdetran thermometer so that all the
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temperature deviation amounts are within a presetence range.
[0019] In an embodiment, the controller is configgito correct a conversion parameter
stored in an analog-digital converter of the radrathermometer.

In an embodiment, the controller is configuredatier calibrating the radiation
thermometer, heat again the temperature of the urmagnt body to the plurality of
target temperatures; to measure the temperatuiigeaheasurement body at each target
temperature with the radiation thermometer; toate again the temperature deviation
amounts; and to check whether or not all the teatpeg deviation amounts are within
the preset reference range.

In an embodiment, the measurement body is mada wofaterial having an
emissivity similar to an emissivity of the polisgipad.

[0020] In an embodiment, there is provided a calibn system for calibrating a
radiation thermometer disposed in a polishing agipar comprising: a heating device to
which a plurality of measurement bodies having knamissivities different from each
other are attached, and which is placed below #iation thermometer; and a
temperature regulator coupled to the heating dewberein the temperature regulator is
coupled to a controller disposed in the polishipgaatus, and the controller is configure
to heat temperatures of the plurality of measurenbexlies to a predetermined target
temperature, to measure the temperatures of thelipjuof measurement bodies heated to
the predetermined target temperature with the tiadithermometer, respectively, to
calculate temperature deviation amounts which afierednces between each of the
temperature expectation values to be output froenrtidiation thermometer when the
measurement bodies heated to the predetermineet tergperature are measured by the
radiation thermometer, and each of the temperatwtput values of the radiation
thermometer, and to calibrate the radiation theretemso that all the temperature
deviation amounts are within a preset referencgean

[0021] In an embodiment, the controller is configito correct a conversion parameter

stored in an analog-digital converter of the radrathermometer.
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In an embodiment, the controller is configuredatier calibrating the radiation
thermometer, heat the temperatures of the plurafitpeasurement bodies to the plurality
of target temperatures; to measure again the texyves of the plurality of measurement
bodies whose temperature are maintained at thettéegiperature, with the radiation
thermometer; to calculate again the temperatureatien amounts; and checking whether
or not all the temperature deviation amounts atkiwthe preset reference range.
Advantageous Effects of Invention
[0022] According to the present invention, simply placing the heating device, to
which the measurement body is attached, below #ulation thermometer, and
connecting the controller of the polishing appasatu the heating device, the controller
automatically performs the calibration of the raidia thermometer. Therefore, the
burden on the operator and the downtime of theshpimlg apparatus are reduced, and thus
it can be expected that the calibration procesbhefadiation thermometer is periodically
performed. As a result, it is possible to polisé substrate at the desired polishing rate,
and furthermore, the substrate can be polisheddasied polishing rate, and further, the
occurrence of polishing abnormalities on the sabstcan be effectively prevented.

Brief Description of Drawings

[0023]

[FIG. 1] FIG. 1 is a schematic view showing a pling apparatus according to one
embodiment;

[FIG. 2] FIG. 2 is a schematic view showing a &didin thermometer for measuring a
pad surface temperature in the vicinity of the gluhg head;

[FIG. 3] FIG. 3 is an enlarged schematic view simgna sensor unit of the radiation
thermometer shown in FIG. 2;

[FIG. 4] FIG. 4 is a schematic view showing a d¢guafation of calibration system
according to one embodiment;

[FIG. 5A] FIG. 5A is a top view schematically shioy a calibration tool of the

calibration system shown in FIG. 4;
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[FIG. 5B] FIG. 5B is a side view of the calibratitool shown in FIG. 5A;

[FIG. 6] FIG. 6 is a schematic view showing anrapée of internal structure of the
radiation thermometer;

[FIG. 7] FIG. 7 is a flowchart showing a first half a method of calibrating the
radiation thermometer according to one embodiment;

[FIG. 8] FIG. 8 is a flowchart showing a latterlfhaf the method of calibrating the
radiation thermometer according to one embodiment;

[FIG. 9] FIG. 9is a graph illustrating an exampfea function that shows a relationship
between each target temperature and a temperatutptovalue of the radiation
thermometer corresponding to this target tempegatur

[FIG. 10] FIG. 10 is a graph illustrating an exdenn which a y-intercept of the
function shown in FIG. 9 has been corrected;

[FIG. 11] FIG. 11 is a graph illustrating an exdenp which a slope of the function
shown in FIG. 10 has been corrected;

[FIG. 12] FIG. 12 is a schematic view showing aaraple of calibration sheet;

[FIG. 13] FIG. 13 is a perspective view schemdiifcahowing the calibration tool
according to another embodiment;

[FIG. 14] FIG. 14 is a schematic view showing atestin which a heating device is
moved below the radiation thermometer by a healiegjee moving mechanism shown in
FIG. 13;

[FIG. 15] FIG. 15 is a schematic view showing atpctive cover for the heating
device;

[FIG. 16] FIG. 16 is a flowchart showing a firsalh of a method for checking the
temperature output values of the radiation thernmterneecording to one embodiment;
[FIG. 17] FIG. 17 is a flowchart showing a lattealf of the method for checking the
temperature output values of the radiation therntermeecording to one embodiment;
[FIG. 18A] FIG. 18A is a top view schematicallyosting the calibration tool according

to still another embodiment;
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[FIG. 18B] FIG. 18B is a perspective view schewalty showing a moving mechanism
for moving a heating plate shown in FIG. 18A;

[FIG. 19A] FIG. 19A is a schematic view illustnagj a measurement error of a
temperature output value output from the radiatttermometer when temperatures of a
plurality of measurement bodies heated to a tamgaperature of 100°C is measured by
the radiation thermometer, respectively;

[FIG. 19B] FIG. 19B is a schematic view illustragi a measurement error of a
temperature output value output from the radiattermometer when temperatures of a
plurality of measurement bodies heated to a tamgaperature of 100°C is measured by
the radiation thermometer, respectively;

[FIG. 19C] FIG. 19C is a schematic view illustrefi a measurement error of a
temperature output value output from the radiatttermometer when temperatures of a
plurality of measurement bodies heated to a tamgaperature of 100°C is measured by
the radiation thermometer, respectively;

[FIG. 19D] FIG. 19D is a schematic view illustraji a measurement error of a
temperature output value output from the radiattermometer when temperatures of a
plurality of measurement bodies heated to a tamgaperature of 100°C is measured by
the radiation thermometer, respectively;

[FIG. 20] FIG. 20 is a flowchart showing a firsalhof a method of performing the
calibration of the radiation thermometer in a aaiton system with the calibration tool
shown in FIG. 18A; and

[FIG. 21] FIG. 21 is a flowchart showing a lattealf of the method of performing the
calibration of the radiation thermometer in thalmaltion system with the calibration tool

shown in FIG. 18A.

Description of Embodiments
[0024] Embodiments of the present invention willnbe described with reference to

the drawings.
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FIG. 1 is a schematic view showing a polishing aappus according to one
embodiment. The polishing apparatus shown in Bl@cludes a polishing head 1 for
holding and rotating a wafer W which is an exampiie substrate, a polishing table 2
that supports a polishing pad 3, a polishing-ligsigbply nozzle 4 for supplying a
polishing liquid (e.g. a slurry) onto a surface thie polishing pad 3, and a pad-
temperature regulating apparatus 5 for regulatirsgirface temperature of the polishing
pad 3. The surface (upper surface) of the polgsipad 3 provides a polishing surface
for polishing the wafer W.

[0025] The polishing head 1 is vertically movalded 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 motarst (shown) 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.
[0026] Polishing of the wafer W is performed in flodlowing manner. The wafer W,
to be polished, is held by the polishing head 4, iarthen rotated by the polishing head 1.
The polishing pad 3 is rotated together with théisping table 2. In this state, the
polishing liquid is supplied from the polishingdligl supply nozzle 4 onto the surface of
the polishing pad 3, and the surface of the wafes\ttien pressed by the polishing head
1 against the surface (i.e. polishing surface)hef polishing pad 3. The surface of the
wafer W is polished by the sliding contact with fiaishing pad 3 in the presence of the
polishing liquid. The surface of the wafer W isuphrized by the chemical action of the
polishing liquid and the mechanical action of abagrains contained in the polishing
liquid.

[0027] The pad-temperature regulating apparatuschides a heat exchanger 11 which
can contact the surface of the polishing pad 3,aalgluid supply system 30 for supplying
a heating liquid having a regulated temperature amooling liquid having a regulated

temperature into the heat exchanger 11. This diggupply system 30 includes a
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heating-liquid supply tank 31 as a heating-liquigp@y source for storing the heating
liquid having a regulated temperature, and a hegdiguid supply pipe 32 and a heating-
liquid return pipe 33, each coupling the heatimgild supply tank 31 to the heat
exchanger 11. One ends of the heating-liquid supge 32 and the heating-liquid
return pipe 33 are coupled to the heating-liquidpby tank 31, while the other ends are
coupled to the heat exchanger 11.

[0028] The heating liquid having a regulated terapae is supplied from the heating-
liquid supply tank 31 to the heat exchanger 11ubhothe heating-liquid supply pipe 32,
flows in the heat exchanger 11, and is retuned fitmerheat exchanger 11 to the heating-
liquid supply tank 31 through the heating-liquidur@ pipe 33. In this manner, the
heating liquid circulates between the heating-ligsuipply tank 31 and the heat exchager
11. The heating-liquid supply tank 31 has a he@tet shown) disposed therein, this
heater heating the heating liquid to a predeterchiemperature.

[0029] A first on-off valve 41 and a first flow cbol valve 42 are attached to the
heating-liquid supply pipe 32. The first flow couvitvalve 42 is located between the
heat exchager 11 and the first on-off valve 41. e Titst on-off valve 41 is a valve not
having a flow rate regulating function, whereas fir& flow control valve 42 is a valve
having a flow rate regulating function.

[0030] The liquid supply system 30 further inclu@gesooling-liquid supply pipe 51 and
a cooling-liquid discharge pipe 52, both coupledtiie exchanger 11. The cooling-
liquid supply pipe 51 is coupled to a cooling-liqusupply source (e.g. a cold water
supply source) provided in a factory in which th@ighing apparatus is installed. The
cooling liquid is supplied to the heat exchangethrbugh the cooling-liquid supply pipe
51, flows in the heat exchanger 11, and is drafr@ad the heat exchanger 11 through the
cooling-liquid discharge pipe 52. In one embodiméme cooling liquid that has flowed
through the heat exchanger 11 may be returned doctioling-liquid supply source
through the cooling-liquid discharge pipe 52.

[0031] A second on-off valve 55 and a second flentool valve 56 are attached to the

12
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cooling-liquid supply pipe 51. The second flow tohvalve 56 is located between the
pad contact member 11 and the second on-off vdlve $he second on-off valve 55 is a
valve not having a flow rate regulating functiomhereas the second flow control valve
56 is a valve having a flow rate regulating funitio

[0032] The pad-temperature regulating system 5 héurtincludes a radiation
thermometer 39 for measuring a surface temperatutiee polishing pad 3 (which may
hereinafter be referred to as pad surface tempedatand a controller 40 which operates
the first flow control valve 42 and the second fleantrol valve 56 based on the pad
surface temperature measured by the radiation tmaater 39. The first on-off valve
41 and the second on-off valve 55 are usually open.

[0033] The radiation thermometer 39 measures tlik quaface temperature in a non-
contact manner, and sends a measured value of atiesprface temperature to the
controller 40. The controller 40 operates thet fflsw-rate control valve 42 and the
second flow-rate control valve 56 to control thewflrates of the heating fluid and the
cooling fluid based on the measured pad surfacedesture so that the pad surface
temperature is maintained at a preset target teahper The first flow-rate control
valve 42 and the second flow-rate control valveop@érate according to control signals
from the controller 40 to regulate the flow ratetloé heating liquid and the flow rate of
the cooling liquid to be supplied to the heat exge 11. The heat exchange is
performed between the heating and cooling liquiolsihg through the heat exchanger 11
and the polishing pad 3. As a result, the padaserfemperature changes.

[0034] By such feedback control, the surface terpee of the polishing pad 3 (i.e., the
pad surface temperature) is maintained at a predeted target temperature. In this
embodiment, the controller 40 is configured to contoperations of the polishing
apparatus as a whole, including the pad-temperatgelating apparatus 5 and the
polishing head 1. The target temperature of tHislmag pad 3 is determined based on a
type of the wafer W or a polishing process. Thieiaeined target temperature is input

in advance to the controller 40.
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[0035] In order to maintain the pad surface temjpeeaat the predetermined target
temperature, the heat exchanger 11 is placed iracowith the surface (i.e. the polishing
surface) of the polishing pad 3 during polishingtled wafer W. In this specification,
the manner of contact of the heat exchanger 11 thghsurface of the polishing pad 3
includes not only direct contact of the heat exgearil with the surface of the polishing
pad 3, but also contact of the heat exchanger i tive surface of the polishing pad 3 in
the presence of a polishing liquid (or slurry) beéw the heat exchanger 11 and the
surface of the polishing pad 3. In either casegt lexchange occurs between the
polishing pad 3 and the heating liquid and cooliggid, flowing in the heat exchanger
11, whereby the pad surface temperature is coettoll

[0036] Hot water may be used as the heating litilde supplied to the heat exchanger
11. When it is intended to raise the surface teatpee of the polishing pad 3 more
quickly, a silicone oil may be used as the healiggid. Cold water or a silicone oil
may be used as the cooling liquid to be suppligthécheat exchanger 11. In the case of
using a silicone oil as the cooling liquid, theipbing pad 3 can be cooled quickly by
coupling a chiller as a cooling-liquid supply scaito the cooling-liquid supply pipe 51,
and by cooling the silicone oil to a temperatureatf more than 0°C. Pure water can be
used as the cold water. In order to cool pure mtat@roduce cold water, a chiller may
be used as a cooling-liquid supply source. In tase, cold water that has flowed
through the heat exchanger 11 may be returnedetehhler through the cooling-liquid
discharge pipe 52.

[0037] The heating-liquid supply pipe 32 and thelow-liquid supply pipe 51 are
completely independent pipes. Thus, the heatiggidi and the cooling liquid can be
simultaneously supplied to the heat exchanger tfhiowt mixing with each other. The
heating-liquid return pipe 33 and the cooling-ldjdischarge pipe 52 are also completely
independent pipes. Thus, the heating liquid isrretd to the heating-liquid supply tank
31 without mixing with the cooling liquid, while ¢hcooling liquid is either drained or

returned to the cooling-liquid supply source withmixing with the heating liquid.
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[0038] The polishing apparatus according to thisbediment has a radiation
thermometer for measuring the surface temperatpael Gurface temperature) of the
polishing pad 3 in the vicinity of the polishingate1l. FIG. 2 is a schematic view
showing a radiation thermometer for measuring the purface temperature in the
vicinity of the polishing head 1. As shown in FI&.the polishing head 1 is coupled to
a rotation shaft 15 which rotates the polishingchda and the rotation shaft 15 is
surrounded by a cover 16. The cover 16 has adlgugtion 16a protruding from an
outer surface thereof, and a radiation thermon¥#ds attached to a lower surface of the
flange portion 16a. In the following descriptidhe radiation thermometer 39 may be
referred to as a "first radiation thermometer 28id the radiation thermometer 48 may be
referred to as a "second radiation thermometer 48".

[0039] The second radiation thermometer 48 measinegad surface temperature in
the vicinity of the polishing head 1 that is poliglnthe wafer W. The second radiation
thermometer 48 is also connected to the contrdillerand the pad surface temperature
measured by the second radiation thermometer 4&ns$ to the controller 40. The
controller 40 stores in advance an allowable ravfigihe pad surface temperature with
respect to the target temperature which is preseirding to each of polishing processes.
While the wafer W is being polished, the controlf&® monitors whether or not the
measured values of the pad surface temperature fsemt the second radiation
thermometer 48 are within the allowable range. kVvtilee measured value of the pad
surface temperature deviates from the allowablgeathe controller 40 issues an alarm.
In one embodiment, the controller 40 may issuelarmaand together stop polishing of
the wafer W. During polishing of the wafer W, thentroller 40 monitors the pad
surface temperature measured by the second radiaiermometer 48, thereby
preventing a polishing abnormality from occurringhe wafer W.

[0040] FIG. 3 is an enlarged schematic view showingensor unit of the second
radiation thermometer 48 shown in FIG. 2. Confagion of a sensor unit of the first

radiation thermometer 39 is the same as the caondfiigm of the sensor unit of the second
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radiation thermometer 48, and thus duplicate dpsoris thereof are omitted.

[0041] Typically, a radiation thermometer measwarsntensity (an amount of energy)
of electromagnetic wave, such as ultraviolet rayared rays, or visible rays, emitted
from an object to be measured, and converts thensitly into temperature to thereby
measure the temperature of the object to be mehsuks shown in FIG. 3, the sensor
unit 48a of the second radiation thermometer 484adhe surface of the polishing pad 3
so that the electromagnetic waves emitted fronstiréace of the polishing pad 3, which
is the object to be measured, effectively reachstresor unit 48a. A tip of the sensor
unit 48a is surrounded by a barrier 49, which member that prevents electromagnetic
waves emitted from objects other than the polisigad 3 from reaching the sensor unit
48a. The barrier 49 protects the second radidtienmometer 48 from disturbances,
allowing accurate pad surface temperature to besuned.

[0042] After a certain period of time has passetteithe start of use of the radiation
thermometers 39 and 48, each of the output valtigsearadiation thermometers 39, 48
may deviates from the actual pad surface temperatuiherefore, the radiation
thermometers 39, 48 are periodically calibrates@isi calibration system, which will be
described below. For example, the calibration @ssc for each of radiation
thermometers 39, 48 is performed during maintenaidtlee polishing apparatus, or after
replacing of the polishing pad 3.

[0043] FIG. 4 is a schematic view showing a confagion of calibration system
according to one embodiment. The calibration sgsthown in FIG. 4 is used to
calibrate the first radiation thermometer 39 and $econd radiation thermometer 48.
FIG. 5A is a top view schematically showing a cadtion tool of the calibration system
shown in FIG. 4, and FIG. 5B is a side view of tébration tool shown in FIG. 5A.
[0044] The calibration system shown in FIG. 4 imgs a calibration tool 60 placed
below the second radiation thermometer 48, anthadeature regulator 66 coupled to the
calibration tool 60. FIG. 4 illustrates an examplevhich the calibration tool 60 of the

calibration system is placed below the second tadiathermometer 48. When

16



10

15

20

25

performing the calibration process of the firstisaidn thermometer 39, the calibration
tool 60 is placed below the first radiation therneten 39.

[0045] As shown in FIGS. 5A and 5B, the calibrattool 60 includes a heating device
61, such as a hot plate, and a platform 63 for ey the heating device 61. The
heating device 61 includes a heating plate 61aadeh 61b disposed under the heating
plate 61a, and a temperature sensor 61c capableaduring a temperature of the heating
plate 61a. The heater 51b has an upper surfapes#id so as to be in contact with a
lower surface of the heating plate 61a, and a |lssueface secured to the platform 63.
In one embodiment, the heater 61b may be arrangpédei the heating plate 61a. In this
case, a lower surface of the heating plate 61adgred to the platform 63.

[0046] The calibration tool 60 is coupled to thenperature regulator 66 (see FIG. 4).
The temperature regulator 66 controls operatiothefheater 61b based on a temperature
of the heating plate 61a output from the tempeeas@nsor 61c of the heating device 61
(for example, PID control), thereby maintaining teenperature of the heating plate 61a
at a predetermined target temperature. The termyveraensor 61c shown in FIG. 5B is
a thermocouple. However, the type of the tempegagansor 61c is free-selected. For
example, the temperature sensor 61c may be a ymatiresistance thermometer, a
thermistor thermometer, or a bimetal thermometer.

[0047] As shown in FIG. 5B, the platform 63 inclesda main frame 63a having a
substantially C-shaped cross section, and a reimigrib 63b. The main frame 63a is
constructed of a main plate extending in a vertisedction, and two plate-shaped arms
connected to both ends of the main plate and extgnd a horizontal direction. The
reinforcing rib 63b extends from one arm to theeotArm, and the heating device 61 is
secured to an upper surface of one arm. A lowdace of the other arm comes into
contact with the polishing pad 3 when the platf@#is placed on the polishing pad 3.
The reinforcing rib 63b is a member for preventing main frame 63a of the platform 63
from being bent by parts of the calibration too) 60ch as the heating device 61. When

the platform 63 is placed on the polishing padh®, rieinforcing rib 63b keeps the upper
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surface of the heating plate 61a horizontal. Faurtkhe calibration tool 60 includes a
frame body 71 which is secured to the platform &asto surround the heating plate 61a
of the heating device 61. The frame body 71 iseantver for preventing the heating
plate 61a from colliding with members (for examplee polishing head 1) disposed in the
polishing apparatus.

[0048] As described above, the conventional cdiibnaof the radiation thermometer
has been performed using the portable radiationmieter held by an operator. In
this embodiment, when the platform 63 is placedhmn upper surface of the polishing
pad 3 so that the upper surface of the heating glaa of the heating device 61 faces the
second radiation thermometer 48, a distance betvwleerheating device 61 and the
second radiation thermometer 48 is always kepttaahs Further, the upper surface of
the heating plate 61a faces the sensor unit 48aeafecond radiation thermometer 48 so
as to be parallel to each other. Therefore, ipassible to avoid a problem that the
calibration result varies depending on the skilkleof operator.

[0049] As shown in FIG. 4, the temperature regul&® is connected to the controller
40 of the polishing apparatus, and is configurebd@able to change the set temperature
of the temperature regulator 66 based on an irtgtruérom the controller 40. In other
words, the controller 40 can regulate the tempegatd the heating plate 6la of the
heating device 61 to a desired target temperatwoeigh the temperature regulator 66.
[0050] The calibration tool 60 may have a coolimyide capable of cooling the heating
plate 61a of the heating device 61. In this emimedit, the cooling device of the
calibration tool 60 is a cooling fan 65 capablesehding air to the heating plate 61a of
the heating device 61. The cooling fan 65 is coteteto the temperature regulator 66,
and the temperature regulator 66 controls the tipesaof the heater 61b and the cooling
fan 65 to regulate the temperature of the heatitedep6la to the desired target
temperature. The air sent from the cooling fant@fhe heating plate 61a enables the
temperature of the heating plate 61a to be regllatere precisely. Further, in the

initial stage of heating of the heating plate édap-called “overshoot phenomenon” may
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occur, in which the temperature of the heatingepBia rises significantly above the
target temperature. However, the air sent fromctiwing fan 65 can quickly converge
the overshoot phenomenon of the heating plate €l#hat the time required to calibrate
the second radiation thermometer 48 can be reduced.

[0051] FIG. 6 is a schematic view showing an exam@i internal structure of the
second radiation thermometer 48. The first radimthermometer 39 also has the same
internal structure as the internal structure showRIG. 6, and thus duplicate descriptions
thereof are omitted. As shown in FIG. 6, the sdcoadiation thermometer 48 has a
sensor unit 48a for measuring an intensity (an arhofienergy) of electromagnetic wave,
such as ultraviolet rays, infrared rays, or a \Vesitays, emitted from an object to be
measured, an amplifier 48b for amplifying an anadagmal value output from the sensor
unit 48a, an analog-digital converter (AD conver#c for converting the analog signal
value amplified by the amplifier 48b into a digiggnal value, an emissivity correction
unit 48d for correcting a digital signal value auttrom an analog-digital converter 48c
based on an emissivity of the object to be measumad a conversion unit 48e for
converting the corrected digital signal value ottfram the emissivity correction unit
48d into a temperature of the object to be measurdd the second radiation
thermometer 48 shown in FIG. 6, the sensor unit #&aamplifier 48b, the AD converter
48c, the emissivity correction unit 48d, and thevesion unit 48e are arranged in this
order. However, this embodiment is not limitedths example. For example, in the
second radiation thermometer 48, the sensor umit g amplifier 48b, the emissivity
correction unit 48d, the AD converter 48c, and ¢baversion unit 48e may be arranged
in this order.

[0052] In order for the second radiation thermomet8 to accurately measure a
temperature of the object to be measured, it ile@ble to input in advance an emissivity
of the object to be measured into the emissivityremtion unit 48d of the second
radiation thermometer 48. Therefore, in this enmpedt, a measurement body 68

having a predetermined emissivity is attached ¢éoutper surface of the heating plate 61a
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of the heating device 61 (see FIGS. 5A and 5B). eWthe heating plate 61a of the
heating device 61 is heated by the heater 61bnperture of the measurement body 68
becomes the same as a temperature of the heatug @la. When calibrating the
second radiation thermometer 48, a position ofctdération tool 60 is adjusted so that
the measurement body 68 is located directly ungersecond radiation thermometer 48,
and the second radiation thermometer 48 measueetethperature of the measurement
body 68 having the same temperature as the heplatg 61a. In this case, the heat
radiation surface of the heating device 61 meashyeithe second radiation thermometer
48 is a surface of the measurement body 68. Eesnpi the measurement body 68
include a blackbody tape having a known emissivitlhn one embodiment, a blackbody
paint having a known emissivity may be appliedne tipper surface of the heating plate
6l1a to form the measurement body 68. The knowrsswitly of the blackbody tape or
the blackbody paint is input to the emissivity eation unit 48d in advance. The
emissivity correction unit 48d corrects the digisagnal value output from the analog-
digital converter 48c into a digital signal valleat is a case where the emissivity of the
measurement body 68 is a predetermined value (e®),, based on the input emissivity
of the measurement body 68.

[0053] In one embodiment, the emissivity of the swament body 68 may be
unknown. In this case, the emissivity correctioit 48d outputs the digital signal value
output from the analog-digital converter 48c to ttenversion unit 48e without any
correction.

[0054] The measurement body 68 may be made of a&rimabaving an emissivity
similar to that of the polishing pad 3. For exaemphe measurement body 68 made of
the same resin as the polishing pad 3 may be atfaitchthe upper surface of the heating
plate 61la. Alternatively, the measurement bodyn&8/ be omitted, and the heating
plate 61a may be used as the measurement body wéroperature is measured by the
second radiation thermometer 48. In this case, ibat radiation surface of the

measurement body measured by the second radidtenmometer 48 is the surface
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(upper surface) of the heating plate 61a. Furtihas, preferable that the heating plate
61a is made of the same resin as the polishin@pad

[0055] Next, a method of calibrating the secondiatoh thermometer 48 will be
described. A method of calibrating the first raitia thermometer 39 is the same as the
method of calibrating the second radiation thernteme48, and thus duplicate
descriptions thereof are omitted.

[0056] FIG. 7 is a flowchart showing a first half @ method of calibrating the second
radiation thermometer 48 according to one embodimand FIG. 8 is a flowchart
showing a latter half of the method of calibratihg second radiation thermometer 48
according to one embodiment. As shown in FIG.iét,fthe calibration tool 60 is
placed on the upper surface of the polishing pad that the measurement body 68 faces
the sensor unit 48a of the second radiation thereten®8 (step 1 in FIG. 7). Further,
the temperature regulator 66 of the calibrationiesyisis connected to the controller 40 of
the polishing apparatus (step 2 in FIG. 7).

[0057] The controller 40 stores in advance a pityradf target temperatures set for
performing calibration of the second radiation themeter. The plurality of target
temperatures are, for example, constructed of apgad temperatures that are shifted
every predetermined temperature interval (e.g.,Cl0and this group includes, for
example, temperatures of 3@, 40°C, 50 °C, 60°C, 70 °C, and 80°C. Next, the
controller 40 sends one target temperature Ta teeletom the plurality of target
temperatures to the temperature regulator 66 ta tmea heating plate 61a and the
measurement body 68 of the heating device 61 ttatiget temperature Ta (step 3 in FIG.
7). In this embodiment, the controller 40 firsdgnds the smallest target temperature
(for example, 30°C) Ta among the plurality of target temperatureshi® temperature
regulator 66.

[0058] When the temperature of the measurement b68yreaches the target
temperature Ta and the measured value of the tesopersensor 61c stabilizes at the

target temperature Ta, the second radiation theetem48 measures the temperature of
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the measurement body 68 (step 4 in FIG. 7), andisséhe measured value to the
controller 40. The controller 40 stores the terapee output value (the measured value
of temperature) of the measurement body 68 sent fh® second radiation thermometer
48 (step 5in FIG. 7).

[0059] Next, the controller 40 determines whethenat the temperature measurements
of the measurement body 68 by the second radiatienmometer 48 have been
performed for all the target temperatures (stem &IG. 7). In this embodiment, the
controller 40 determines whether or not the tatgetperature Ta used in step 3 is the
highest target temperature (for example’@Pamong the plurality of target temperatures.
When the target temperature Ta used in step 3tithadiighest target temperature (“No”
in step 6 of FIG. 7), the controller 40 selectarget temperature Tb (for example, 40,
which is next higher than the target temperature draong the plurality of target
temperatures as a next target temperature Ta{stefIG. 7), and repeats the steps 3 to
5.

[0060] When the temperature measurement of the une@aent body 68 by the second
radiation thermometer 48 is performed for all thmét temperatures (“Yes” in step 6 of
FIG. 7), the controller 40 calculates a differebetween each target temperature Ta and
the temperature output value of the second radiatiermometer 48 corresponding to the
target temperature Ta, respectively (step 8 in FIG. The difference between the target
temperature Ta and the temperature output valileeo$econd radiation thermometer 48
corresponding to the target temperature Ta is i@m ef the measured value of the second
thermometer 48 with respect to the target tempegalia. In this embodiment, the
difference between each target temperature Ta lmndemperature output value of the
second radiation thermometer 48 correspondingddaiget temperature Ta is referred to
as "temperature deviation amount”. Next, the adietr 40 determines whether or not
all the temperature deviation amounts are withirefarence range (step 9 in FIG. 7).
The reference range for the temperature deviatiouats is preset, and stored in the

controller 40 in advance.
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[0061] When there is any temperature deviation arhthat exceeds the reference range
("No" in step 9 of FIG. 7), the controller 40 carte the temperature output values from
the second radiation thermometer 48 so that allteéhgperature deviation amounts are
within the reference range (step 10 in FIG. 8). this embodiment, in order to correct
the temperature output values from the secondtradithermometer 48, the controller 40
corrects (i.e., changes) conversion parametersdaiorthe analog-digital converter 48c of
the second radiation thermometer 48.

[0062] FIGS. 9 through 11 are graphs for illustrgtian example of a method of
correcting the temperature output values of thersgcadiation thermometer 48. More
specifically, FIG. 9 is a graph illustrating an exsle of a function that shows a
relationship between each target temperature Tatentemperature output value of the
second radiation thermometer 48 correspondingisatdinget temperature Ta, FIG. 10 is a
graph illustrating an example in which a y-intertcepthe function shown in FIG. 9 has
been corrected, and FIG. 11 is a graph illustraingexample in which a slope of the
function shown in FIG. 10 has been corrected. hingraphs shown in FIGS. 9 through
11, a vertical axis (y-axis) represents the tempegaoutput value of the second radiation
thermometer 48, and a horizontal axis (x-axis) esents the target temperature Ta.
Further, in the graphs shown in FIGS. 9 throughahlypper limit line UL corresponding
to an upper limit, and a lower limit line LL corpanding to a lower limit in the reference
range for the temperature deviation amounts arevishwy virtual lines (dotted lines),
respectively.

[0063] As described above, the controller 40 staneadvance the plurality of target
temperatures Ta to be output to the temperaturelaty 66, and the second radiation
temperature 48 sends the measured values of tetmgect the measurement body 68
heated to each target temperature Ta to the ctarteéd. Therefore, the controller 40
can plot the temperature output values of the skcoadiation thermometer 48
corresponding to each target temperature Ta oaghgas shown in FIG. 9. Further, the

controller 40 calculates a function RF based onthadl plot points. For example, the
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controller 40 calculates an approximate straighe Ibased on all the plot points by the
least square method, and uses this approximatghdtlime as the function RF.

[0064] In the example shown in FIG. 9, a plot pdttexceeds the upper limit line UL.
In this case, the controller 40 determines in fephown in FIG. 7 that there is a
temperature deviation amount exceeding the referesmge, and corrects the slope (i.e.,
gain) and y-intercept (i.e., offset) of the funatiBF so that all the temperature deviation
amounts are within the reference range..

[0065] In this embodiment, the conversion paransetsiored in the analog-digital
converter 48c of the second radiation thermomegearé corrected to thereby change the
slope and the y-intercept of the function RF. Thatercept of the function RF
corresponds to the temperature output value ofe¢lsend radiation thermometer 48 in the
function RF when the target temperature Ta is zefiche controller 40 calculates a
correction amount in y-intercept based on all tbegerature deviation amounts, and
moves the function RF up and down along the y-asgised on this correction amount.
In the example shown in FIG. 10, the function RBveh in FIG. 9 is moved up along the
y-axis so that the y-intercept of the function RFedames zero. The function RF may be
moved down along the y-axis so that all the tentpeeadeviation amounts are in the
reference range. Further, the corrected y-inténcey be different from zero.

[0066] Next, the controller 40 calculates a colicetamount in slope of the function RF
based on all the temperature deviation amountschadges the slope of the function RF
based on this correction amount. FIG. 11 showsxample of reducing the slope of the
function RF which passes through the correctedera@ept (origin in the graph shown in
FIG. 11) so that all the temperature deviation am®ware within the reference range.
Of course, the slope of the correlation function RBy be increased so that all the
temperature deviation amounts are within the refeeange.

[0067] In one embodiment, the controller 40 mayrect the y-intercept of the function
RF after correcting the slope of the function RFp@ay simultaneously correct the slope

and the y-intercept of the function RF. Furthégli the temperature deviation amounts
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are within the reference range after correctingytivgercept (or the slope) of the function
RF, the controller 40 may omit the correction o gtope (or y-intercept) of the function
RF.

[0068] As described above, the conversion unitef@de second radiation thermometer
48 converts the corrected digital signal value oufpom the emissivity correction unit
48d into the temperature of the object to be meakur Specifically, the conversion unit
48e stores in advance a conversion formula for edimg the corrected digital signal
value into the pad surface temperature. In oneoeintent, the controller 40 may
correct (i.e., change) parameters of the convergiomula stored in the conversion unit
48e in order to correct the slope and y-intercdghe function RF (i.e., to calibrate the
second radiation thermometer 48). For examplenvihe conversion formula is a linear
function, a slope and a y-intercept of the conweréormula may be corrected, and when
the conversion formula is a quadratic function,ftoents of the conversion formula
may be corrected.

[0069] In this embodiment, the calibration openatimf the second radiation
thermometer performed by the controller 40 corregigdo the operation shown in steps 3
through 10 described above. The controller 40 oressthe temperature of the
measurement body 68 at each target temperature ifla thve second radiation
thermometer 48 while changing the temperatureshef leating plate 61a and the
measurement body 68 of the heating device 61 td edcthe plurality of target
temperatures Ta, and calculates the temperaturéataev amounts. Further, the
controller 40 corrects the conversion parametenedtin the analog-digital converter 48c
of the second radiation thermometer 48 (or the rpatars of the conversion formula
stored in the conversion unit 48e) so that alltémperature deviation amounts are within
the reference range.

[0070] The controller 40 preferably checks whetbienot all the temperature deviation
amounts after correction at each target temperafarare within the above reference

range (step 11 in FIG. 8). Specifically, the coldr 40 changes the temperatures of the
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heating plate 61a and the measurement body 68edfi¢hting device 61 to each target
temperature Ta again, measures the temperatureeomeasurement body 68 at each
target temperature Ta with the second radiationrmibeeter 48, calculates the
temperature deviation amount at each target tererda, and checks whether or not
all the temperature deviation amounts are withia teference range. The operation
shown in step 11 is a checking operation for det@ng whether or not the second
radiation thermometer 48 has been reliably caldatat

[0071] Before performing the checking operatiorg tamperatures of the heating plate
6la and the measurement body 68 of the heating@&ldi have been heated by the
calibration operation described above to the highasget temperature among the
plurality of target temperatures. Accordingly, tantroller 40 operates the cooling fan
65 to cool the temperatures of the heating plai &id the measurement body 68 in
stages to each target temperature Ta from the $tigheget temperature to the lowest
target temperature. In this case, a time requicedthe checking operation can be
reduced, and thus a downtime of the polishing adparcan be shortened.

[0072] In one embodiment, immediately after thelration operation is completed, the
controller 40 may operate the cooling fan 65 tol tbe temperatures of the heating plate
6la and the measurement body 68 to room temper@tarmal temperature). In this
case, the checking operation is performed whildihgdahe temperatures of the heating
plate 61a and the measurement body 68 in stageactotarget temperature Ta from the
lowest target temperature to the highest targepéeature.

[0073] When all the corrected temperature deviadarounts are within the reference
range, the controller 40 generates a signal facatohg that the calibration process of the
second radiation thermometer 48 is completed ($&pn FIG. 7). This completion
signal is, for example, used as a trigger for ating a buzzer of the polishing apparatus.
By sounding the buzzer of the polishing apparanspperator of the polishing apparatus
can quickly recognize that the calibration of thezand radiation thermometer 48 is

completed. In a case also where all the temperataviation amounts are within the
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reference range in step 9 of FIG. 7 (“Yes” in s@mf FIG. 7), the controller 40
determines that it is not necessary to perform dhiération of the second radiation
thermometer 48, and generates the completion sightlie calibration process of the
second radiation thermometer 48 (step 12 in FIG. 7)

[0074] If, in the checking operation shown in sidp there is any temperature deviation
amount that exceeds the reference range ("No"ep &i of FIG. 8), the controller 40
repeats the calibration operation shown in stepr@ighl10 described above, and the
checking operation shown in step 11 described abo8pecifically, the controller 40
adds one to the number of repetitions N of the doatlon of the calibration operation
and the checking operation (step 13 in FIG. 8). iAital value of the number of
repetitions N is zero, and the controller 40 staasupper limit NA of the number of
repetitions N in advance.

[0075] The controller 40 compares the number oétidipns N with the upper limit NA
(step 14 in FIG. 8). When the number of repetgidhis smaller than the upper limit
NA (“Yes” in step 14 of FIG. 8), the controller 46turns step 3 to repeat the calibration
operation and the checking operation. When thebmurof repetitions N reaches the
upper limit NA (“No” in step 14 of FIG. 8), the ctoller 40 generates a signal for
prompting a replacement of the second radiatiomntbeneter 48 (step 15 in FIG. 8).
This replacement signal is, for example, used &wsgger for issuing an alarm for the
polishing apparatus. In a case where, even whercalibration operation is repeated
until the number of repetitions N reaches the ugpait NA, there is at least one
temperature deviation amount that exceeds theemsferrange in the checking operation,
the second radiation thermometer 48 can be comsider be faulty, or to have reached
the end of life thereof. Therefore, the controlér issues an alarm to thereby prompt
the replacement of the second radiation thermomég&r preventing a polishing
abnormality from occurring in the wafer W.

[0076] The upper limit NA may be one. In this caffethere is any temperature

deviation amount that exceeds the reference rangeep 11 of FIG. 8, the controller 40
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immediately generates the replacement signal ferscond radiation thermometer 48
without repeating the calibration operation anddhecking operation.

[0077] According to this embodiment, simply by ptagthe calibration tool 60 of the
calibration system below the second radiation tloeneter 48 (or the first radiation
thermometer 39), and connecting the temperatundatay 66 to the controller 40 of the
polishing apparatus, the controller 40 automatygafirforms the calibration of the second
radiation thermometer 48 (or the first radiatioerthometer 39). Therefore, the burden
on the operator and the downtime of the polishimgaaatus are reduced, so that it can be
expected that the calibration processes of thé fadiation thermometer 39 and the
second radiation thermometer 48 are periodicalljopmed. As a result, the wafer W
can be polished at a desired polishing rate, amthdy the occurrence of polishing
abnormalities on the wafer W can be effectivelywpraed.

[0078] As shown in FIG. 4, the calibration systemy have an output device 43, such
as a printer. The output device 43 shown in FIGs provided outside the polishing
apparatus, and is configured to wirelessly commateievith the controller 40. In one
embodiment, the output device 43 may be configiiwedonnect to the controller 40 by
wire. Alternatively, the output device 43 connect® the controller 40 by wire or
wirelessly may be provided inside the polishingapfus.

[0079] The output device 43 reads out the calibratiesults of the second radiation
thermometer 48 (or the first radiation thermom&@y from the controller 40, and outputs
a calibration sheet as shown in FIG. 12. On thiredion sheet, at least the date when
the radiation thermometer was calibrated, the s{ppe gain) and y-intercept (i.e., offset)
of the function RF before and after the correctammg the temperature deviation amounts
of the radiation thermometer obtained during thec&ing operation (see step 11 in FIG.
8) are preferably indicated. Storing such calibratsheets enables the life (that is,
replacement time) of each of the radiation therntem®&9, 48 to be estimated.

[0080] FIG. 13 is a perspective view schematicalpwing the calibration tool of the

calibration system according to another embodime@onfiguration of this embodiment,
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which is not specifically described, is the sametlas configuration of the above-
described embodiments, and thus duplicate desmmgpthereof are omitted.

[0081] The radiation thermometers 39, 48 may becdirtg due to an adhesion of the
polishing liquid or the like to the radiation thesmeters 39, 48. Further, the radiation
thermometers 39, 48 may be failed. In these cases the radiation thermometers 39,
48 cannot accurately measure the pad surface tataperthere is a risk that polishing
abnormalities may occur in the wafer W, or a yieldy be decreased. Therefore, it is
desirable to check whether or not the radiatiorrnioeneters 39, 48 are accurately
measuring the pad surface temperature every tipredetermined number of wafers W
are polished (for example, every time one wafersWalished). For this purpose, in this
embodiment, the calibration tool 60 is placed ia ¥itinity of the radiation thermometers
to check the temperature output values of the tiadizghermometers 39, 48 each time the
predetermined number of wafers W are polished.

[0082] FIG. 13 illustrates a calibration tool 60splbsed in the vicinity of the first
radiation thermometer 39. Although not shown, &bcation tool having the same
configuration as the calibration tool 60 shown IGF13 is also disposed in the vicinity
of the second radiation thermometer 48. In onecehmbent, the calibration tool 60
shown in FIG. 13 may be placed in the vicinity ather one of the first radiation
thermometer 39 and the second radiation thermor8ter

[0083] The calibration tool 60 shown in FIG. 13ludes a plurality of heating devices
61A, 61B (two heating devices in the illustratecm@ple), the temperature regulator 66
connected to the heating devices 61A, 61B, and dngamechanism (heating-device
moving mechanism) 80 for moving each of the heatiegces 61A, 61B below the first
radiation thermometer 39. In this embodiment, eddhe heating devices 61A and 61B
has the same configuration as the heating devicge6dribed with reference to FIGS. 4
to 6. Accordingly, each of the heating devices 662B has the measurement body 68
(see FIGS. 5A and 5B) described above. In one dimient, each of the heating

devices 61A, 61B may have a Peltier element astingesource for the heating plate 61a
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and the measurement body 68, instead of a headber 61

[0084] In this embodiment, although the heatingickev 61A, 61B are connected to the
common temperature regulator 66, individual temjpeearegulators 66 corresponding to
each of the plurality of heating devices 61A, 61Bynbe provided. The controller 40
heats each of the plurality of heating devices 66AB to the predetermined target
temperatures through the temperature regulator 68he predetermined target
temperatures set with respect to the heating devtdd, 61B may be the same or
different from each other. The controller 40 s$oréhe predetermined target
temperatures of the heating devices 61A, 61B iraade.

[0085] The moving mechanism 80 shown in FIG. 13 thasplatform 63 for supporting
the heating devices 61A, 61B, and an actuator 82diating the platform 63. In this
embodiment, the platform 63 is a plate member lgpansemicircular shape, and the
actuator 82 is a motor. The moving mechanism 8thén has a support arm 84 for
supporting the actuator 82, and the support arms8decured to the first radiation
thermometer 39. The support arm 84 can be sec¢arady stationary member as long
as it is capable of supporting the movement meshard0. For example, the support
arm 84 may be secured to a frame structure (nowvmshof the polishing apparatus.
Further, a rotation axis 82a of the actuator 82oigpled to the platform 63. When the
actuator 82 is set in motion, the platform 63 mtaaround the rotation axis 82a. The
actuator 82 is configured to allow the platformt63otate at any desired rotation angle.
[0086] FIG. 14 is a schematic view showing a statehich one heating device 61A is
moved below the first radiation thermometer 39. G F14 illustrates a first measurement
position where the platform 63 has been moved sb ¢time heating device 61A is
positioned below the first radiation thermometer 38lthough not shown, a position of
the platform 63 when the other heating device 6l Basitioned below the first radiation
thermometer 39 is referred to as a second measaotgosition. FIG. 13 illustrates a
standby position where the platform 63 is moved yavieom the first radiation

thermometer 39. When the platform 63 is movedh® standby position, the first
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radiation thermometer 39 can measure the surfaceaeature of the polishing pad 3.
[0087] When checking the temperature output vabfebe first radiation thermometer
39, the controller 40 operates the actuator 82 awerthe platform 63 from the standby
position to each of the first and second measuréepwsitions. The controller 40 further
obtains from the first radiation thermometer thenperature output values of the
measurement bodies 68 of the heating devices 6 HA6AB, which are heated to the
predetermined target temperatures, respectiveljne distance from the first radiation
thermometer 39 to the heating devices 61A, 61Befepably as small as possible so as to
avoid large errors in the temperature output vabfethe first radiation thermometer 39
due to disturbances. For example, the distancgedeet the first radiation thermometer
39 and the heating devices 61A, 61B is set sothiesurface area of the measurement
body 68 is less than 1.5 times a field of viewrd first radiation thermometer 39.

[0088] As described above, the type of the tempeeatensor 61c is free-selected. For
example, the temperature sensor 61c may be a tbeuple, a platinum resistance
thermometer, a thermistor thermometer, a bimethtlometer, or IC temperature sensor.
Since the platinum resistance thermometer has mgasurement accuracy, it is
preferable that the temperature sensor 61c islétmpm resistance thermometer.

[0089] FIG. 15 is a schematic view showing a prieccover for the heating devices
61A and 61B. If dirt (e.g., polishing liquid) adlee to the measurement bodies 68 of the
heating devices 61A, 61B, the first radiation themmeter 39 cannot measure the accurate
temperatures of the measurement bodies 68. Therdfee protective cover 85 may be
provided, which covers the heating devices 61A, Ghdt have been moved to the
standby position. The protective cover 85 shownFis. 15 has an approximate
semicircular shape, and has a housing space forthedein, which provides
accommodation for the heating devices 61A, 61Bttugewith a part of the platform 63.
The protective cover 85 is secured to a stationagynber, such as a frame structure of
the polishing apparatus, through a secure membésfrown), such as a bracket.

[0090] Next, a method of checking the temperaturput values of the first radiation
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thermometer 39 will be described. A method of &imeg the temperature output values
of the second radiation thermometer 48 is the saméhe method of checking the
temperature output values of the first radiatioertmometer 39, and thus duplicate
descriptions thereof are omitted. As describedweif the temperature output values of
the radiation thermometers 39, 48 deviate from #llewable range set for the
predetermined target temperature, the radiatiomtbmeters 39, 48 are calibrated.

[0091] FIG. 16 is a flowchart showing a first half the method for checking the
temperature output values of the first radiatiomrtometer 39 according to one
embodiment, and FIG. 17 is a flowchart showingteetahalf of the method for checking
the temperature output values of the first radiatibermometer 39 according to one
embodiment.

[0092] As shown in FIG. 16, the controller 40 penfie the polishing process of the
wafer W (step 1 in FIG. 16). Next, the control® determines whether or not the
number of wafers Nw to be polished reaches a peeai@ied number of wafers NB (step
2 in FIG. 16). The controller 40 stores the predeined number of wafers NB in
advance. The predetermined number of wafers NB beayone". If the number of
wafers Nw to be polished has not reached the peadeted number of wafers NB (see
"Yes" in step 2 of FIG. 16), the controller 40 meisito step 1 to perform the polishing
process for the next wafer W.

[0093] The controller 40 stores in advance a pityralf target temperatures Th, Tc set
for each measurement body 68 of the plurality citing devices 61A, 61B in order to
check the temperature output values of the firdiateon thermometer 39. These target
temperatures Th and Tc may be the same as eachartineay be different from each
other. When the number of wafers Nw to be polisteatthes a predetermined number
of wafers NB (see "No" in step 2 of FIG. 16), thentroller 40 heats the measurement
bodies 68 of the heating devices 61A and 61B totdéinget temperatures Th and Tc,
respectively, through the temperature regulatofsép 3 of FIG. 16).

[0094] Next, the first radiation thermometer 39 sweas the temperature of each
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measurement body 68 (step 4 in FIG. 16), and sémose measured values to the
controller 40. Further, the controller 40 stordse ttemperature output values
(temperature measurement values) of each measurdmdy 68 sent from the first
radiation thermometer 39 (step 5 in FIG. 16).

[0095] Next, the controller 40 calculates differeadetween the target temperatures Tb,
Tc and the temperature output values of the fadtation thermometer 39 corresponding
to each target temperatures Th, Tc, respectivédyp (8 in FIG. 16). In other words, the
controller 40 calculates "temperature deviation amg', which are the differences
between each of the target temperatures Th, Tdrentemperature output values of the
first radiation thermometer 39 corresponding to theget temperatures Tb and Tc,
respectively. Next, the controller 40 determinesethier or not all the temperature
deviation amounts are within the reference rangep(8 in FIG. 16).  The reference
range for the temperature deviation amounts isgpresmd stored in the controller 40 in
advance.

[0096] If there is any temperature deviation amotinatt exceeds the reference range
("No" in step 8 of FIG. 16), the controller 40 acexts the temperature output values from
the first radiation thermometer 39 so that alltdmperature deviation amounts are within
the reference range (step 10 of FIG. 17). In #@msodiment also, the controller 40
corrects (i.e., changes) the conversion paramstersed in the analog-digital converter
48c of the first radiation thermometer 39 in ortiecorrect the temperature output values
from the first radiation thermometer 39. For ex&mngthe controller 40 corrects, using
the method described with reference to FIGS. 9uidfinol 1, the slope (i.e., gain) and the
y-intercept (i.e., offset) of the function RF sattall temperature deviation amounts are
within the reference range. Alternatively, the reation of the temperature output
values may be performed by the correction of tharmpaters of the conversion formula
stored in the conversion unit 48e of the first atidn thermometer 39.

[0097] In this manner, if any temperature outputigaof the first radiation thermometer

39 exceeds the allowable range when the measureoeies 68 of the plurality of
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heating devices 61A, 61B are measured with the¢ fadiation thermometer 39, the
calibration of the first radiation thermometer 3%kerformed. As a result, the wafer W
can be polished at a desired polishing rate, amthdy the occurrence of polishing
abnormalities on the wafer W can be effectivelywpraed.

[0098] In this embodiment also, the controller 4@fprably checks whether all the
temperature deviation amounts after the correcirenwithin the reference range (step 11
in FIG. 17). Specifically, the controller 40 agameasures the temperatures of the
measurement bodies 68 of the heating devices 68/64B, which are maintained at the
predetermined target temperatures Thb, Tc, resmdgtivwith the first radiation
thermometer 39, calculates the temperature dewiainounts with respect to the target
temperatures Tb,Tc, respectively, and checks whetllethe temperature deviation
amounts are within the reference range. The adperahown in step 11 is a checking
operation for determining whether or not the firatliation thermometer 39 has been
reliably calibrated.

[0099] If all the corrected temperature deviatiomoaints are within the reference range,
the controller 40 returns to step 1 to performpbéshing process for the next wafer W.
In a case also where all the temperature deviamaunts are within the reference range
in step 8 of FIG. 16, the controller 40 performs pgolishing process for the next wafer W
without performing the calibration of the first ration thermometer 39.

[0100] If, in the checking operation shown in sidp there is any temperature deviation
amount that exceeds the reference range ("No"ep $1 of FIG. 17), the controller 40
repeats the calibration operation shown in stefigd@igh 10 and the checking operation
shown in step 11. Specifically, the controlleratlils one to the number of repetitions N
of the combination of the calibration operation &mel checking operation (step 13 in FIG.
17). The initial value of the number of repetigaN is zero, and the controller 40 stores
the upper limit NA of the number of repetitions iNadvance.

[0101] The controller 40 compares the number oétiipns N with the upper limit NA

(step 13 in FIG. 17). When the number of repeatgidN is smaller than the upper limit
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NA (“Yes” in step 14 of FIG. 8), the controller 46turns step 3 of FIG. 16 to repeat the
calibration operation and the checking operatiow/hen the number of repetitions N
reaches the upper limit NA (“No” in step 13 of FI®G7), the controller 40 generates a
signal for prompting a maintenance of the firstiaidn thermometer 48 (step 14 in FIG.
17). This maintenance signal is, for example, wsea trigger for issuing an alarm for
the polishing apparatus. In a case where, evem Wigecalibration operation is repeated
until the number of repetitions N reaches the ugpait NA, there is at least one
temperature deviation amount that exceeds theemferrange in the checking operation,
it can be considered that dirt is attached to ifs¢ fadiation thermometer 39, or that the
first radiation thermometer 39 is faulty. There&fothe controller 40 issues an alarm to
thereby prompt the maintenance of the first radimtihermometer 39, preventing a
polishing abnormality from occurring in the wafer W

[0102] The upper limit NA may be one. In this caffethere is any temperature
deviation amount that exceeds the reference rangtep 11 of FIG. 17, the controller 40
immediately generates the maintenance signal ferfist radiation thermometer 39
without repeating the calibration operation anddhecking operation.

[0103] FIG. 18A is a top view schematically showitige calibration tool 60 of a
calibration system according to still another emiyaoht, and FIG. 18B is a perspective
view schematically showing a moving mechanism fasvimg the heating plate 6la
shown in FIG. 18A. Configuration of this embodimhemhich is not specifically
described, is the same as the configuration ofatt@ve-described calibration systems,
and thus duplicate descriptions thereof are omitted

[0104] As shown in FIG. 18A, a plurality of measwment bodies (four measurement
bodies in the illustrated example) 68A, 68B, 688D &re attached to an upper surface of
the heating plate 61a of the heating device 61.e flarality of measurement bodies 68A
through 68D have different emissivities from eadheo, and the emissivity of one
measurement body (e.g., measurement body 68A) tedletom the plurality of

measurement bodies 68A through 68D is input toethéssivity correction unit 48d (see
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FIG. 6) of the second radiation thermometer 48. e €missivities of each measurement
bodies 68A through 68D are known, and stored iraade in the controller 40.

[0105] Further, the calibration tool 60 has a mgvimechanism (measurement-body
moving mechanism) 74 for moving the heating plata 61 a horizontal direction with
respect to the platform 63. In this embodimente tmoving mechanism 74 is
constructed of a combination of an X-axis movingchamism 75 and a Y-axis moving
mechanism 76 that move the heating plate 6la huaflp. The X-axis moving
mechanism 75 is configured to move the heatingedia along the X-axis, and the Y-
axis moving mechanism 76 is configured to movehtbating plate 61a along the Y-axis
perpendicular to the X-axis. Each of these X-am@/ement mechanism 75 and Y-axis
movement mechanism 76 is, for example, constitbied ball screw mechanism and a
servomotor for driving the ball screw mechanisnm ohe embodiment, each of the X-
axis movement mechanism 75 and the Y-axis movemechanism 76 may be a piston-
cylinder mechanism. The X-axis movement mecharisnand the Y-axis movement
mechanism 76 are connected to the controller 44, tae controller 40 can control
operations of the X-axis movement mechanism 75thadr-axis movement mechanism
76, i.e., an operation of the movement mechanism 74

[0106] The controller 40 can operate the X-axis mgumechanism 75 and the Y-axis
moving mechanism 76 to thereby move the heatinge@da in the X-axis and Y-axis
directions relative to the second radiation thermtmn 48 (or the first radiation
thermometer 39). Thus, the controller 40 can abntine operation of the moving
mechanism 74 to thereby position each of the ptyralf measurement bodies 68A
through 68D attached to the upper surface of ttedirng plate 61A directly under the
second radiation thermometer 48 (or the first @miicthermometer 39).

[0107] In this embodiment, the temperature of eathhe plurality of measurement
bodies 68A through 68D heated to a predeterminggtaemperature is measured by the
second radiation thermometer 48 (or the first aamhathermometer 39). As described

above, the emissivity of one measurement body 68kcted from the plurality of
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measurement bodies 68A through 68D is input tceethessivity correction section 48d of
the second radiation thermometer 48. In this casece the emissivities of the
measurement bodies 68B through 68D is differeninfrihe emissivity input to the
emissivity correction section 48d of the secondatamh thermometer 48, each of the
temperature output values of the measurement b&@Bsthrough 68D output from the
second radiation thermometer 48 includes a measueenror caused by the setting error
of emissivity. This measurement error will be désd below with reference to FIGS.
19A through 19D.

[0108] FIGS. 19A through 19D are schematic viewsheaf which illustrates a
measurement error of a temperature output valupuburom the second radiation
thermometer when temperatures of a plurality of sneament bodies 68A through 68D
heated to a target temperature of 100°C is measqyr¢lde second radiation thermometer
48, respectively. More specifically, FIG. 19A is sthematic view showing a
temperature output value Ma to be output from gwosd radiation thermometer 48 when
the temperature of the measurement body 68A heat&@d0°C and having an emissivity
ea of 0.90 is measured by the second radiation theeter 48, and FIG. 19B is a
schematic view showing a temperature output vallet®be output from the second
radiation thermometer 48 when the temperature eintieasurement body 68B heated to
100°C and having an emissivitsb of 0.91 is measured by the second radiation
thermometer 48. FIG. 19C is a schematic view shgwhe temperature output value
Mc to be output from the second radiation therm@md8 when the temperature of the
measurement body 68C heated to 100°C and haviegnéssivityec of 0.92 is measured
by the second radiation thermometer 48, and FI®. i$9a schematic view showing the
temperature output value Md to be output from theosd radiation thermometer 48
when the temperature of the measurement body 6&mMetheéo 100°C and having an
emissivityed of 0.95 is measured by the second radiation tberater 48.

[0109] Typically, if an emissivity pre-input to thradiation thermometer differs from an

emissivity of an object to be measured, the tenmperaoutput value (temperature
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measurement value) output from the radiation themeter includes a measurement error
caused by the emissivity setting error. The emiigsisetting error is a ratio of the
emissivity input to the radiation thermometer riekato the emissivity of the object to be
measured, and is expressed by the following equétip

E (%) = €0/e-1.00)- 100 - - - (1)

where E represents the setting error of emissigllyrepresents the emissivity
input to the radiation thermometer, andepresents the emissivity of the object to be
measured.
[0110] In this embodiment, the emissivity inputth@ second radiation thermometer 48
is 0.90, corresponding to the emissivityof the measurement body 68A. Accordingly,
when measuring the measurement body 68A with thenseradiation thermometer 48,
the emissivity setting error is 0%, and thus thegderature output value output from the
second radiation thermometer 48 does not includerteasurement error. In contrast,
the emissivitiegb-ed of the measurement bodies 68B through 68D aferdiit from the
emissivityea of the measurement body 68A, respectively. Therewhen measuring
each of the measurement bodies 68B through 68Dthélsecond radiation thermometer
48, each temperature output value output from #worsd radiation thermometer 48
includes a measurement error caused by the entyssifiting error.  Specifically, when
measuring the measurement body 68B having the emtyssb of 0.91, the emissivity
setting error is 1%, and thus the temperature euyalue output from the second
radiation thermometer 48 includes the measurenremt eaused by the emissivity setting
error of 1%. Similarly, when measuring the measwet body 68C having the
emissivity ec of 0.92, the temperature output value output frim® second radiation
thermometer 48 includes the measurement error damséhe emissivity setting error of
2%, and when measuring the measurement body 68Dd#tve emissivityed of 0.95,
the temperature output value output from the secaddtion thermometer 48 includes
the measurement error caused by the emissivityngedtror of 5%.

[0111] The relationship between the intensity (antaf energy) of the electromagnetic
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wave emitted from the object to be measured anddhperature of the object to be
measured is not a linear relationship. Therefeven though the emissivity setting error
is multiplied by the temperature measurement vatugput from the radiation
thermometer, the measurement error cannot be tediec For example, when the
emissivity setting error is 5%, multiplying the tpemature measurement value output
from the radiation thermometer by 1.05 does notiobthe actual temperature of the
object to be measured. Further, the measuremet@used by the emissivity setting
error depends on a wavelength of the electromagnetive used by the radiation
thermometer and the temperature of the object rodesured.

[0112] However, if the emissivities of the plurglbf measurement bodies 68A to 68D
are known, each of the measurement errors occukingn the temperatures of the
measurement bodies 68A to 68D heated to the pracietd target temperature Tx are
measured by the second radiation thermometer cabtb@ed previously by experiments.
In other words, expected values Ma-Md of the temjpee output values to be output
from the second radiation thermometer 48 when teasmrement bodies 68A to 68D are
measured by the second radiation thermometer 4&)ectively, can be obtained
previously. In this specification, each of the esjed values Ma-Md of the temperature
output values to be output from the second radiatiermometer 48 is referred to as a
"temperature expectation value.

[0113] For example, the target temperature Tx uBmdcalibration of the second
radiation thermometer 48 has been previously deteanas 100°C. In this case, an
experiment is performed, in which the temperatuweghe measurement bodies 68B
through 68D heated to 100°C are actually measurdth whe second radiation
thermometer 48 in which the emissivify of the measurement body 68A is input. Then,
the temperature output values of the measuremeatied®8B through 68D output from
the second radiation thermometer 48 are deternaad¢de temperature expectation values
Mb-Md, respectively. When measuring the measurérbedy 68A with the second

radiation thermometer 48, the emissivity settingprers 0%, and thus the temperature
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measurement value does not include the measuresmment Therefore, the temperature
expectation value Ma of the measurement body 68Adooutput from the second
radiation thermometer 48 is equal to the targeptmature Tx (=100°C). Examples of
the temperature expectation values Ma-Md determioyesuch experiment are illustrated
in FIGS. 19B through 19D.

[0114] In one embodiment, a characteristic equatishich represents a relationship
between the emissivity setting error at the preddateed target temperature Tx and the
measurement error, may be determined in advanesl lmasthe temperature output values
of each of the measurement bodies 68A through 6@&pub from the second radiation
thermometer 48. In this case, the temperature otapien values Ma through Md are
determined from the characteristic equation.

[0115] In this manner, in a case where the calibnatof the second radiation
thermometer 48 is performed using the calibrataoi 60 according to this embodiment,
it is necessary to determine in advance the termperaxpectation values Ma-Md which
are output from the second temperature radiome®ewden each of the plurality of
measurement bodies 68A through 68D heated to gaeprrmined target temperature Tx
is measured by the second temperature radiometer B8 same applies a case where
the calibration of the first radiation thermome2€ris performed using the calibration tool
60 according to this embodiment. The temperatxedation values Ma - Md are
stored in advance in the controller 40.

[0116] Next, referring to FIGS. 20 and 21, a metlbdalibrating the second radiation
thermometer 48 using the calibration tool 60 shawkIG. 18A will be described. A
method of calibrating the first radiation thermoereB9 using the calibration tool 60
shown in FIG. 18A is the same as the method ofbaing the second radiation
thermometer 48 described below, and thus duplibaseriptions thereof are omitted.
[0117] FIG. 20 is a flowchart showing a first haf a method of performing the
calibration of the second radiation thermometerid8a calibration system with the

calibration tool 60 shown in FIG. 18A, and FIG.i&%a flowchart showing a latter half of
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the method of performing the calibration of thes®t radiation thermometer 48 in the
calibration system with the calibration tool 60 wimoin FIG. 18A. The steps, which are
not specifically described in the flowcharts shawIGS. 20 and 21, are the same as the
steps in the flowcharts shown in FIGS. 7 and 8.

[0118] As shown in FIG. 20, in this embodiment algw calibration tool 60 is placed
on the upper surface of the polishing pad 3 so ttatheating plate 61a of the heating
device 61 faces the sensor unit 48a of the seamhidtion thermometer 48 (step 1 in FIG.
20), and further the temperature regulator 66 efdhlibration system is connected to the
controller 40 of the polishing apparatus (step EI@. 20).

[0119] The controller 40 stores in advance the g@ieunined target temperature TX,
which is set for performing the calibration of tkecond radiation thermometer 48.
Although the predetermined target temperature Txhm set freely, it is preferable that
the predetermined target temperature Tx is sefbaadrget temperature of the polishing
pad 3 in a frequently used polishing process. ddrgroller 40 heats the temperatures of
the heating plate 61a and the plurality of measergrbodies 68A-68D of the calibration
tool 60 placed on the polishing pad 3 to the preeined target temperature Tx through
the temperature regulator 66 (step 3 in FIG. 20).

[0120] Next, the controller 40 operates the movimgchanism 74 to move one
measurement body 68A among the plurality of measent bodies 68A through 68D
below the second radiation thermometer 48, and umessthe temperature of the
measurement body 68A with the second radiationmntbereter 48 (step 4 in FIG. 20).
Then, the controller 40 stores the temperature ubuy@alue output from the second
radiation thermometer 48 (step 5 in FIG. 20).

[0121] Next, the controller 40 determines whethemot the temperatures of all the
measurement bodies 68A through 68D are measured Gtin FIG. 20). When the
temperatures of all the measurement bodies 68Aitir®8D are not measured ("No" in
step 6 of FIG. 20), the controller 40 operatesniming mechanism 74 to move the next

measurement body 68B below the second radiatiomnthraeter 48 (step 7 of FIG. 20).
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Further, the controller 40 measures the temperaitithe measurement body 68B with
the second radiation thermometer 48 (step 4 in R@®, and stores the temperature
output value output from the second radiation tlwemmter 48 (step 5 in FIG. 20).

[0122] When the measurement of the temperatureallomeasurement bodies 68A
through 68D is completed ("Yes" in step 6 of FI®),2he controller 40 calculates the
temperature deviation amount in each of the phyrabf measurement bodies 68A
through 68D (step 8 of FIG. 20). In this embodiméme temperature deviation amount
is a difference between each temperature expectaitue Ma through Md, and the
temperature output value of each measurement b8Aytitrough 68D output from the
second radiation thermometer 48. For exampleteiimperature deviation amount in the
measurement body 68A is the difference betweeraimperature expectation value Ma
(100°C in FIG. 19) and the temperature output valugne second radiation thermometer
48 for the measurement body 68A, and the temperati@viation amount in the
measurement body 68D is the difference betweenetgerature expectation value Md
(103.2°C in FIG. 19) and the temperature outputuerabf the second radiation
thermometer 48 for the measurement body 68D. Nt controller 40 determines
whether or not all of the temperature deviation ant® are within the reference range
(step 9 in FIG. 20). The reference range for émeperature deviation amounts is preset,
and stored in the controller 40 in advance.

[0123] When there is any temperature deviation arhthat exceeds the reference range
("No" in step 9 of FIG. 20), the controller 40 acexts the temperature output values from
the second radiation thermometer 48 so that allteéhgperature deviation amounts are
within the reference range (step 10 in FIG. 21)he Torrection of the temperature output
values may be performed by the correction of thevecsion parameters stored in the
analog-digital converter 48c of the second radmatleermometer 48, or by the correction
of the parameters of the conversion formula starethe conversion unit 48e of the
second radiation thermometer 48.

[0124] In this embodiment also, the calibration rgpien of the second radiation
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thermometer performed by the controller 40 corraeggdo the operation shown in step 3
through step 10. The controller 40 measures thepéeatures of the plurality of
measurement bodies 68A through 68D heated to #aeprrmined target temperature Tx
with the second radiation thermometer 48, and tatles the temperature deviation
amounts for each measurement body. Further, theadler 40 corrects the conversion
parameters stored in the analog-digital conve@eraf the second radiation thermometer
48 (or the parameters of the conversion formuleest@ the conversion unit 48e) so that
all the temperature deviation amounts are with@rdference range.

[0125] The controller 40 preferably checks whetladir the temperature deviation
amounts for each measurement bodies 68A througha&&D the correction are within
the reference range (step 11 in FIG. 21). Spedificthe controller 40 again measures
all of the temperatures of the measurement bodds through 68D, each of which is
maintained at the predetermined target temperatliseswith the second radiation
thermometer 48, calculates the temperature dewiatmnounts for each of the
measurement bodies 68A through 68D, and checksheheir not all the temperature
deviation amounts are within the reference rangehe operation shown in step 11 is a
checking operation for determining whether or i@ $econd radiation thermometer 48
has been reliably calibrated.

[0126] When all the corrected temperature deviadarounts are within the reference
range, the controller 40 generates a signal facatohg that the calibration process of the
second radiation thermometer 48 is completed ($2em FIG. 20). If, in the checking
operation shown in step 11, there is any tempegaderiation amount that exceeds the
reference range ("No" in step 11 of FIG. 21), tlmatoller 40 repeats the calibration
operation shown in steps 3 throughl0, and the d¢hgatperation shown in step 11.
Further, when the number of repetitions N reachesupper limit NA (“No” in step 14 of
FIG. 21), the controller 40 generates a signalpfempting a replacement of the second
radiation thermometer 48 (step 15 in FIG. 21).

[0127] In this embodiment, it is not necessary &aththe heating plate 61A and the
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measurement bodies 68A to 68D to multiple targeipteratures in order to perform the
calibration of the second radiation thermometer 4i8. other words, it is only necessary
to heat the heating plate 61la and the measurenceliesd68A to 68D to one target
temperature Tx, and then maintain them at the taegeperature Tx. Therefore, a time
required for the calibration of the second radiatieermometer 48 can be shortened, and
thus a downtime of the polishing apparatus can fEatly reduced. Further, the
controller 40 maintains the temperatures of the sueament bodies 68A to 68D at the
target temperature Tx until the checking operaisocompleted even after the calibration
operation is completed. Therefore, the checkingerajgon can be performed
immediately after the calibration operation is céetgd.

[0128] 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 inayapplied to other embodiments.
Therefore, the present invention is not intendedbéo limited to the embodiments
described herein but is to be accorded the widaspes as defined by limitation of the
claims.

Industrial Applicability

[0129] The present invention is applicable to almndtand a system of automatically
calibrating a radiation thermometer disposed iolegshing apparatus.

Reference Signs List

[0130] 1 polishing head
2 polishing table
3 polishing pad
5 pad-temperature regulating apparatus
11 heat exchanger
30 liquid supply system
39 (first) radiation thermometer
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controller

48 (second) radiation thermometer

60 calibration tool

61 heating device

63 platform

65 cooling device

66 temperature regulator

68 measurement body

68A,68B,68C,68D measurement body

74 moving mechanism (measurement-body moving nmesima
75 X-axis moving mechanism

76 Y-axis moving mechanism

80 moving mechanism (heating-device moving medmaji
82 motor
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CLAIMS
[Claim 1] A method of automatically calibrating adiation thermometer disposed
in a polishing apparatus, comprising:
placing a heating device, to which a measuremedy lis attached, below the
radiation thermometer; and
using a controller of the polishing apparatus d¢edipo the heating device
to heat a temperature of the measurement bodypiarality of target
temperatures,
to measure the temperatures of the measuremeiyt dtoeach target
temperature with the radiation thermometer,
to calculate temperature deviation amounts whéch differences
between each of the target temperatures and tetoperautput values of the radiation
thermometer corresponding to each target temperand
to calibrate the radiation thermometer so thattlaé temperature

deviation amounts are within a preset referencgean

[Claim 2] A method of automatically calibrating adiation thermometer disposed
in a polishing apparatus, comprising:
preparing a plurality of heating devices each bfcl has a measurement body
attached thereto; and
using a controller of the polishing apparatus ¢edigo the plurality of heating
devices
to heat a temperature of each measurement body pedetermined
target temperature,
to move each measurement body below the radidtiermometer to
measure a temperature of each measurement bode abiget temperature with the
radiation thermometer,

to calculate temperature deviation amounts which differences
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between each of the target temperatures and tetoperautput values of the radiation
thermometer corresponding to each target temperand
to calibrate the radiation thermometer so thattlaé temperature

deviation amounts are within a preset referencgean

[Claim 3] The method according to claim 1 or 2, vdie calibrating the radiation
thermometer is correcting a conversion parametgedtin an analog-digital converter of

the radiation thermometer.

[Claim 4] The method according to any one of claithsthrough 3, further
comprising:

after calibrating the radiation thermometer, hegathgain the temperature of the
measurement body to the plurality of target temijpees;

measuring the temperature of the measurement abdgch target temperature
with the radiation thermometer,

calculating again the temperature deviation anmsyartd

checking whether or not all the temperature denaamounts are within the

preset reference range.

[Claim 5] The method according to any one of claiinthrough 4, wherein the
measurement body is made of a material having assenty similar to an emissivity of

the polishing pad.

[Claim 6] A method of automatically calibrating adiation thermometer disposed
in a polishing apparatus, comprising:

placing a heating device to which a plurality otasurement bodies having
known emissivities different from each other ardadied, below the radiation

thermometer; and
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using a controller of the polishing apparatus d¢edipo the heating device

to heat temperatures of the plurality of measemmbodies to a
predetermined target temperature,

to measure the temperatures of the plurality easarement bodies
heated to the predetermined target temperature whth radiation thermometer,
respectively,

to calculate temperature deviation amounts which differences
between each of the temperature expectation valdse output from the radiation
thermometer when the measurement bodies heatedhdo ptedetermined target
temperature are measured by the radiation thernesmahd each of the temperature
output values of the radiation thermometer, and

to calibrate the radiation thermometer so thattlaé temperature

deviation amounts are within a preset referencgean

[Claim 7] The method according to claim 6, wherealibrating the radiation
thermometer is correcting a conversion parametgedtin an analog-digital converter of

the radiation thermometer.

[Claim 8] The method according to claim 6 or 7 tfer comprising:

after calibrating the radiation thermometer, meaguagain the temperatures of
the plurality of measurement bodies whose temperatwne maintained at the target
temperature, with the radiation thermometer;

calculating again the temperature deviation anmsyartd

checking whether or not all the temperature denaamounts are within the

preset reference range.

[Claim 9] A calibration system for calibrating adration thermometer disposed in

a polishing apparatus, comprising:
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a heating device to which a measurement bodytastegd, and which is placed
below the radiation thermometer; and
a temperature regulator coupled to the heatingcdev
wherein the temperature regulator is coupled tooatroller disposed in the
polishing apparatus, and
the controller is configured:
to heat a temperature of the measurement bodypiorality of target
temperatures through the temperature regulator,
to measure the temperatures of the measuremeiyt dtoeach target
temperature with the radiation thermometer,
to calculate temperature deviation amounts whéch differences
between each of the target temperatures and tetoperautput values of the radiation
thermometer corresponding to each target temperand
to calibrate the radiation thermometer so thattlaé temperature

deviation amounts are within a preset referencgean

[Claim 10] A calibration system for calibrating adiation thermometer disposed in
a polishing apparatus, comprising:

a plurality of heating devices each of which haneasurement body attached
thereto;

a temperature regulator coupled to the pluralitiyeating devices, and

a heating-device moving mechanism configured toareach of the plurality of
heating devices below the radiation thermometer,

wherein the temperature regulator and the heal@wice moving mechanism are
coupled to a controller disposed in the polishipgaatus, and

the controller is configured

to heat a temperature of each measurement body pedetermined

target temperature,
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to use the heating-device moving mechanism tb esasurement body
below the radiation thermometer,

to measure the temperature of each measuremelyt diothe target
temperature with the radiation thermometer,

to calculate temperature deviation amounts whéch differences
between each of the target temperatures and tetoperautput values of the radiation
thermometer corresponding to each target temperand

to calibrate the radiation thermometer so thattlaé temperature

deviation amounts are within a preset referencgean

[Claim 11] The calibration system according to mla® or 10, wherein the
controller is configured to correct a conversiorrapaeter stored in an analog-digital

converter of the radiation thermometer.

[Claim 12] The calibration system according to ame of claims 9 through 11,
wherein the controller is configured

to, after calibrating the radiation thermometerathagain the temperature of the
measurement body to the plurality of target temijpees;

to measure the temperature of the measurementdioelych target temperature
with the radiation thermometer;

to calculate again the temperature deviation anspamd

to check whether or not all the temperature denaamounts are within the

preset reference range.

[Claim 13] The calibration system according to riai9 through 12, wherein the

measurement body is made of a material having assenty similar to an emissivity of

the polishing pad.
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[Claim 14] A calibration system for calibrating adiation thermometer disposed in
a polishing apparatus, comprising:

a heating device to which a plurality of measuneimeodies having known
emissivities different from each other are attagchadd which is placed below the
radiation thermometer; and

a temperature regulator coupled to the heatingcdev

wherein the temperature regulator is coupled tooatroller disposed in the
polishing apparatus, and

the controller is configure

to heat temperatures of the plurality of measemmbodies to a
predetermined target temperature,

to measure the temperatures of the plurality easarement bodies
heated to the predetermined target temperature whth radiation thermometer,
respectively,

to calculate temperature deviation amounts whéch differences
between each of the temperature expectation valdse output from the radiation
thermometer when the measurement bodies heatedhdo ptedetermined target
temperature are measured by the radiation thernesmahd each of the temperature
output values of the radiation thermometer, and

to calibrate the radiation thermometer so thattlaé temperature

deviation amounts are within a preset referencgean

[Claim 15] The calibration system according to rial4, wherein the controller is
configured to correct a conversion parameter storexh analog-digital converter of the

radiation thermometer.

[Claim 16] The calibration system according to miail4 or 15, wherein the

controller is configured
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to, after calibrating the radiation thermometeeaththe temperatures of the
plurality of measurement bodies to the pluralityarfet temperatures;

to measure again the temperatures of the pluralityeasurement bodies whose
temperature are maintained at the target temperatuth the radiation thermometer;

to calculate again the temperature deviation anspamd

checking whether or not all the temperature denaamounts are within the

preset reference range.
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