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[ 0001] The present invention felates in general to
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difficult to achieve. . , .
film of hardened emulsion (i.e., such as a photoresist mask) prior to etching.

Areas of the hardened emulsion are then selectively removed, causing parts of
the underlying layer to become exposed. The substrate is then placed in a
plasma processing chamber on a substrate support structure comprising a
mono-polar or bi-polar electrode, called a chuck or pedestal. Appropriate
etchant source are then flowed into the chamber and struck to form a plasma to

etch exposed areas of the substrate.

[0004] Among the set of process variables that can be adjusted to
optimize the plasma process are gas composition, gas phase, gas flow, gas
pressure, RF power density, voltage, magnetic field strength, and substrate
temperature. Although in theory it may be beneficial to optimize each variable

to each processing step, in practice it is often difficult to achieve.

[0005] For example, in order to enhance the untformity of plasma



[ 0005] For exanple, in order to enhance the uniformty
of plasma 0 2 processing of a substrate in a plasm
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may also include thermal energy propagated by other structures in proximity to

the thermocouple, such as the chuck.

[0007] Another set of techniques involves the use of electromagnetic
probes. For example, an electromagnetic pyrometer computes temperature from
the intensity of the substrate's emitted radiation (e.g., photoluminescence). In
general, a substrate may absorb electromagnetic radiation of some frequency
and then emit radiation at another frequency corresponding to the substrates
specific structure, composition and quality. However, since other heated
structures within the plasma processing system may also produce radiation at
the same frequency, isolating the substrate measurement from the background
may be problematic. Furthermore, since most optical measurement techniques

are sensitive to physical variations between substrates (e.g., doping levels,



and then emt radiation at another frequency
corresponding to the substrates specific structure,
conmposition and quality. Howesver, since other heated
structures within the plasmg processing system may
al so produce radiation at the same frequency,
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change {1} HRFHEUEE technique is DRS, or diffuse
refl ectance spectroscopy. DRS determ nes the
tenperature of a sem conductor

[0009] Still another electromagnetic technique is DRS, or diffuse

reflectance spectroscopy. DRS determines the temperature of a semiconductor
substrate by spectroscopic analysis of diffusely reflected (or transmitted)
incident white light. However, this technique relies on measuring a relatively
weak diffusely scattered light signal. Any process that makes the substrate
opaque to light renders the DRS signal too low to make accurate temperature
measurements (i.e., coating the substrate with a metal, coating the substrate
with an absorbing layer, free carrier absorption, etc.). Furthermore, like other
electromagnetic techniques, is also suffers from a sensitivity to substrate

variations previously described.

[00010] Referring now to FIG. 1, a simplified diagram of a plasma

processing system 100 is shown. Generally, an appropriate set of gases is



substrate by spectroscopic analysis of diffusely
reflected (or transmtted) incident white |ight.
However, this technique reli s on nmeasuring a
relatively weak diffusely gcattered |ight signal. Any
process that makes the substrate opaque to |ight
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plR4AS BRo R¥sifRg $a§dBBtdrbfte plasma 110. The window both protects
induction coil from plasma 110, and allows the generated RF field to penetrate
into the plasma processing chamber. Further coupled to induction coil 131 at
leads 130a-b is matching network 132 that may be further coupled to RF
generator 138. Matching network 132 attempts to match the impedance of RF
generator 138, which typically operates at 13.56 MHz and 50 ohms, to that of
the plasma 110.

[00013] Generally, some type of cooling system is coupled to the chuck in
order to achieve thermal equilibrium once the plasma is ignited. The cooling
system itself is usually comprised of a chiller that pumps a coolant through
cavities within the chuck, and helium gas fed between the chuck and the
substrate. The heat generated in the wafer during plasma processing then flow

through the helium, into the chuck, and out to a remotely located heat



wi ndow 104, and generally induces a tinme-varying
el ectric current in the plasma processing gases to
create plasma 110. The wi ndow,both protects induction
coil fromplasma 110, and akl ows the generated RF
field to penetrate into the plasma processing
ﬁe frurther coupled to induction coil 131 at

ea 130a b is matching network 132 that nay be
further coupled to RF generator 138. Matchi ng network
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chamber, itself, may change. For example, during chamber cleaning, process
pollutants may be removed from the plasma processing system by striking the
plasma without the substrate. However, during this cleaning process, as the
chuck is no longer shielded by the substrate, it is subsequently etched. As the
process 1s repeated, the substrate's surface roughness increases, subsequently
modifying its heat transfer efficiency. Eventually, the recipe's parameters are
invalidated. Since it is often impractical to determine when this point is exactly
reached, the chuck is generally replaced after a certain amount of operational
hours, which in practice is normally only a fraction of its useful life. This can
both increase productions costs, since an expensive chuck may be needless
replaced, and reduces yield, since the plasma processing system must be taken

offline for several hours to replace the chuck.

[00017] In addition, recipe parameters may also need to be adjusted. For



surface conditions. However, since the cooling system
may al so be operating in an open-|oop fashion,
subsequent heat flow variatiogs may cause the
substrate tenperature to vary outside narrow recipe
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same reci pe paraneters
ind¢ledgpep@ttioehg the substrate on a substrate support structure wherem the

substrate support structure includes a chuck. The method further includes
creating a temperature calibration curve for the substrate, the temperature
calibration curve being created by measuring at least a first substrate
temperature with an electromagnetic measuring device, and measuring a first
chuck temperature with a physical measuring device during a first isothermal
state. The method also includes employing a measurement from the
electromagnetic measurement device and the temperature calibration curve to

determine a temperature of the substrate during plasma processing.

{00020} The invention relates, in one embodiment, in a plasma processing
system, to an apparatus for determining the temperature of a substrate. The

apparatus includes a means of positioning the substrate on a substrate support



However, since substrate tenperature has been
generally inferred and not neasured, the process may
need to be substantially adjusted through trial and
error in order to achieve a7siom | ar production
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[023]ce afdGt helescribes a simplified diagram of a plasma processing

system;

[00024] FIG. 2 describes a simplified diagram of a plasma processing
system in which electromagnetic and thermocouple measurements are taken
from a substrate prior to the introduction of a plasma is shown, according to

one embodiment of the invention;

(00025} FIG. 3 describes a simplified method in a plasma processing
system in which electromagnetic and thermocouple measurements are taken
from a substrate prior to the introduction of a plasma is shown, according to

one embodiment of the invention; and



tenperature calibration curve to determne a
tenperature of the substrate during plasna

processi ng. [00021] These and st her features of the
present invention will be described in nore detail

bel ow in the detail ed description of the invention and
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noh S8 faspuon a'set of thermocouple measurements and a set of
electromagnetic measurements are employed in a plasma processing system to
determine a substantially accurate substrate temperature. As previously
described, accurately determining the temperature of a substrate in-situ has
been difficult, since previous methods are problematic. Thermocouples are
difficult to thermally isolate and problematic to couple directly to the substrate.
Whereas electromagnetic probes may be overly sensitive to physical variations
among substrates. In practice, without an initial set of relatively accurate
absolute temperature measurements to calibrate the subsequent measurements,
the true temperature of each substrate as it is being processed can only be
inferred. Furthermore, the degree of uncertainty created by lack of thermal
isolation or the existence of substrate variations may greatly overwhelm the

temperature that is being measured.

100029] In another embodiment, the calibration curve is created by taking
a single set of electromagnetic and thermocouple measurements in a plasma

processing system during an initial isothermal state (i.c., thermal equilibrium).



details are set forth in order to provide a thorough
under st andi ng of the present invention. It will be
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measurements.

[00031] Referring now to FIG. 2, a simplified diagram of a plasma
processing system in which electromagnetic and thermocouple measurements
are taken from a substrate prior to the infroduction of a plasma is shown,
according to one embodiment of the invention. Initially, substrate 214 enters
the plasma processing chamber, and is placed on chuck 216. As previously
described, some type of cooling system is coupled to the chuck in order to
achieve thermal equilibrium. The cooling system itself is usually comprised of

a chiller that pumps a coolant through cavities 206 within chuck 216, Helium



At this point, a set of neasurenents can be nade of

the chuck with a physical tenperature neasuring

device (e.g., thernocouple, etc.), and of the

substrate w th an el ectromggnetic tenperature

nmeasuri ng device (e.g., narrow band pyroneter,
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be accounted for and accurate substrate temperatures can be measured during

plasma processing.

[00033] Referring now to FIG. 3, a simplified method in a plasma
processing system in which electromagnetic and thermocouple measurements
are taken from a substrate prior to the introduction of a plasma is shown,
according to one embodiment of the invention. Initially, the substrate is
positioned on a substrate support structure at step 302. A helium gas mixture is
then flowed between the substrate and the chuck at step 304. A first chuck
temperature is calculated with a physical temperature measuring device (i.e.,
thermocouple, etc.) at step 306. A first substrate temperature is also calculated

with an electromagnetic temperature measuring device at step 308.



10 gas 220 is fed between chuck 216 and substrate 214
to provide a heat transfer nedium The plasna
processi ng system further inclgdes an el ectromagnetic
tenperature measuring devicg 210, an el ectromagnetic
radiation transmtter 208, and a physical tenperature
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then fl owed between the substrate and the chuck at
step 304. A first chuck

[00036] At low temperatures, the dominant absorption mechanism is
¢lectronic valence to conduction band transitions. Silicon has an indirect gap,
meaning that the minimum of the conduction band is at a different momentum
than the maximum of the valence band, so an electron (or a hole) cannot go
directly from one band to the other because the conservation of momentum
wouldn't be respected. Therefore the transition has to be assisted by interaction
with lattice vibrations, and the emission or the absorption of one or several
phonons (of non-zero momentum): if momentum is preserved between the
incident photon and the phonon, the incident radiation will be completely
absorbed by the lattice. At 0.degree. K, the atoms of the lattice do not move at
all. When the temperature increases, atoms begin to vibrate around their

equilibrium position, thermally exciting the phonons. The behavior of these



tenperature is calculated with a physical tenperature
nmeasuring device (i.e., thernocouple, etc.) at step
306. A first substrate tenperature is also cal cul ated
with an el ectromagnetic tenper dture measur i ng device
at step 308. 0 11 [00034] The tenperature of the
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abmtmwal ecmwsn cal t enper at ure neasuri ng device at step
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Wi th an el ectromagnetic tenperature neasuring device
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(or a hole) cannot
at long wavelength and through the absorption edge. The period of the fringes

increases with wavelength as expected: with longer wavelengths, the silicon is
more and more transparent, the light has a longer way to travel in the substrate

before exiting, so the period of the fringes are larger.

[00039] With increasing temperatures, the fringes through the absorption
edge seemed damped, and seem to decrease in period. They disappear
altogether at 99.degree. C. The absorption edge of the curves shifts towards
~longer wavelengths as the temperature increases, whereas at low wavelengths
(below 1.03 microns), the absorption is very similar at all temperatures, and
follows a linear curve. Above 1.18 microns, reflection was over 100% at the
lowest temperatures (21.4.degree. C., 39.degree. C., 60.degree. C. and

74.degree. C.) generally because of large amplitude fringes for these



directly fromone band to the other because the
conservation of nonmentum woul dn't be respected.
Therefore the transition has tg be assisted by
interaction wth lattice vibrations, and the em ssion
or the absorption of one or several phonons (of
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manner which allows for the creation of a

teppperadnte asdtolnodel , it can be used to accurately
neasure the substrate tenperature, once a single
tenperature is known. [00038] For exanple, referring

[000#1} O FIWhild thliaeédiumBNtden RRSAPE iPferms SfSbAyAl at
various tenperatures for a double polished 300 mm

prefarredormbadipsntsathere age skt ercHgns. o cometaditmsdptrepauishicnte
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e substrate I s opaque an sorpticon is
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the substrate is transparent. el ectronmagnetic
PIPEGHS IS DHUH G & FEBUhskFeie bl FSchial Toat 6ct 04
veRdenmgees bRUELHRE §L8%, PRIGESNEXdtbAY idfbe used. This
substrate--hence the fringes we see
invention may also be used with substrates of various diameters (e.g., 200 mm,
300 mm, etc.). Also, other physical temperature measuring devices and other
electromagnetic temperature measuring devices may be used. It should also be

noted that there are many alternative ways of implementing the methods of the

present invention.

[00042] Advantages of the invention include measuring the temperature
of a substrate it situ in a plasma processing system. Additional advantages may
include the creation of optimal plasma processing recipes, optimizing the
replacement of plasma processing structures, such as the chuck, increasing the
yield of the plasma processing process itself, facilitating the determination and
transfer of a recipe from a first plasma processing system to a second plasma

processing system, and extending the chuck's useful life.



at | ong wavel ength and through the absorption edge.
The period of the fringes increases with wavel ength
as expected: with | onger wavelengths, the silicon is
nore and nore transparent, ishe light has a | onger way
to travel in the substrate before exiting, so the
period of the fringes are larger. [00039] Wth
i ncreasi ng tenperatures, the fringes through the
[0804%r pt | dhaviedgéscéesedet combare dm anidmsesmrtdahe ebestaasée
i iod. They di sappe t.oget her . at .99. de
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whereas at | ow wavel engths (below 1.03 n1crons) t he
folpwingelabnsi s very simlar at all tenperatures, and
follows a linear curve. Above 1.18 mcrons, reflection
was over 100% at the |owest tenperatures
(21.4.degree. C., 39.degree. C., 60.degree. C. and
74.degree. C.) generally because of |arge anplitude
fringes for these 0 13 tenperatures. In particular,
at a region of the 1.05 m crons 406, the absorption
edge nmay vary with tenperature. Hence this "knee
wavel engt h" may be a good region to generate the
tenperature calibration curve. [00040] In accordance
wi t h anot her enbodi nent of the present invention, a
| ow-t hermal mass chuck is enployed. This | ow therm
mass chuck is part of a low thermal mass
heati ng/ cool i ng system whi ch accepts a tenperature set
point as well as the result of the substrate
t enperature nmeasurenent using the nethods descri bed
above. The control system adjusts the chuck
tenperature to maintain the substrate at the set
poi nt value. An additional control nethod nmay be
applied to use the fact that the heat transfer rate
through the He is dependent on the pressure of the
He, and this permts the controller to performfast,
fine tenperature control. [00041] Wile this
i nvention has been described in terns of severa
preferred enbodi nents, there are alterations,
per mut ati ons, and equival ents



which fall within the scope of this invention. For

exanpl e, although the present invention has been

descri bed in connection with Lam Research pl asma

processing systens (e.g., Ewel &nTM Exel anTM HP

Exel anTM HPT 2300TH VersysTM Star, etc.), other
WhhasRaitRcigssi ng systens may be used. This invention

may al so be used with substrates of various dianmeters

(e g., 200 mm 300 mm etc.). Al so, other physical

rature nmeasur.ing devic r. .
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2. The method of claim 1, further including the step of measuring a second
substrate temperature with said electromagnetic measuring device, and
measuring a second chuck temperature with said physical measuring device

during a second isothermal state.

3. The method of claim 1, wherein said substrate is positioned between

said plasma and said electromagnetic measuring device.

4. The method of claim 1, wherein said substrate support structure further

comprises said physical temperature measuring device.

5. The method of claim 1, where said electromagnetic measuring device

comprises a narrow-band pyrometer.

6. The method of claim 1, where said electromagnetic measuring device



i ntroduci ng a heat transfer gas between said substrate
and said chuck; creating a tenperature calibration
curve for said substrate, said tenperature
calibration curve being cremtefl by nmeasuring at | east
a first substrate tenperature with an el ectromagnetic

cotfAiet laNfHoslehréMetednd measuring a first chuck
tenperature with a physical neasuring device in
thermal contact with said chuck during a first

Qg LI S R e S IR
comiiseim gem@hg)yl ng a neasurenment from said

el ectronmagneti ¢ neasurenent device and said
tenperature calibration curve to determ ne a
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processi ng, erein nera
conﬁaﬁnmanmndQQSSngn&ﬂ&ﬂeﬁl 2. The nethod of claiml1,

further including the step of neasuring a second

substrate tenperature with said el ectromagnetic
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tenperature with said p asurin
dedumﬁngthammmmmgh:@ﬂnnernal state. 3. The nethod of

claiml1l, wherein said substrate is positioned between

said plasma and said el ectromagnetic nmeasuring device.
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support structure further conprises said physica
tenperature neasuring device. 5. The nethod of claim

1, r netl urin V|ce
g Wﬁggggigd%g%rOMF agg V}%ﬂgfg Str ?lgﬁg PePARY: of

cIa|n11 where said electronagnetlc measuri ng device

conprises a nonochroneter. 7. The nethod of claim
121 deraedar ofelaien Fowbgiset said eas ekt gevapeises a value in
anqﬁﬁgf cugrating. 8. The nethod of claim1l, where
ctromagneti c neasuring device conprises a
band pass optical filter.

13.  The method of claim 1, wherein said plasma processing system

comprises a chemical vapor deposition system.

14, The method of claim 1, wherein said plasma processing system

comprises a plasma enhanced chemical vapor deposition system.

15.  The method of claim 1, wherein said plasma processing system

comprises a physical vapor deposition system.

16.  The method of claim 1, wherein said plasma processing gas includes

Carbon.

17.  The method of claim 1, wherein said plasma processing gas includes

Hydrogen.



9. The nmethod of claim1, wherein said physica
tenperature neasuring device is a thernocouple
device. 10. The nethod of claia 1, wherein said
substrate is a wafer. 11. Tie nmethod of claim 1,
wherein said substrate is a glass panel. 12. The
187et hpgl flettldad fel1dim Wheheldin 38idh1T8aS PE&REh %%Efgﬁélgﬁés
a value in an Infrared spectrum 13. The néthod o
Flgpenen 1, wherein said pl asma processi ng system
conprises a chem cal vapor deposition system 14. The
nmet hod of claim 1, wherein said plasnma processing
1%y SUBB methitir 4158 5ind 1 Pvasfein 84idai166Ha pRATEGAL 43 RReludes
deposition system 15. The nethod of claim1,” wherein
Nurggnpl asma processing systcm conprises a physi cal
vapor deposition system 16. The nethod of claim1,
wherei n said plasna processing gas includes Carbon.
2017. Theemethodad cbdinc f avivedein whiidrdhdins ptdbepdias Fas includes
rocessi ng gas includes Hydrogen. 0 17 18. The
O#&ﬁq%xiof claim1l, wherein said plasm processing gas
includes Fluorine. 19. The nethod of claim1l, wherein
said plasma processing gas includes N trogen. 20. The
2 lpret hde wEthodaifroldim Wheheien saidg]ginas prooesdng $as Dkl gas
Aincludes Oxygen. 21. The nethod of claim1, wherein
'$3M pl asma processing gas includes Argon. 22. The
nmet hod of claim 1, wherein said plasma processing gas

i ncl udes Xenon. _ )
The method of claim 1, wherein said plasma processing gas includes

Xenon.

23.  The method of claim 1, wherein said plasma processing gas includes

Helium.

24.  The method of claim 1, wherein said plasma processing gas includes

Sulfur.

25.  In a plasma processing system, an apparatus for determining the
temperature of a substrate, comprising:

means of positioning said substrate on a substrate support structure,
wherein said substrate support structure includes a chuck;

means of introducing a heat transfer gas between said substrate and said
chuck;

means of creating a temperature calibration curve for said substrate, said
temperature calibration curve being created by measuring at least a first
substrate temperature with an electromagnetic measuring device, and
measuring a first chuck temperature with a physical measuring device in
thermal contact with said chuck during a first isothermal state of said substrate

and said chuck, in the absence of a plasma in said plasma processing system;



23. The nethod of claim 1, wherein said plasm

processing gas includes Helium 24. The nethod of

claim1, wherein said plasma processing gas includes

Sul fur. 25. In a plasma proces$ing system an

apparatus for determ ning the tenperature of a

subsheaiLof GAPRIYISE AticadBRRn® rddP il QBRI St efic

substrate on a substrate support structure, Wwherein
mggsugesabisdavareandippidtemperaganepabibtatisnudese o degekine a
oA of A SRR dRBR ol RS PE S TS Blistna i
generqied ai waid ptadmdpaidesdingyymeml or said substrate, said

tenperature calibration curve being created by

measuring at least a first substrate tenperature wth
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first isotherngl state of sangsu strate and said |
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QRIRCLS&I0NE iSYBEAAAI stite, MBANS Of enploying a
measurenent from said el ectromagneti c mneasurenent

device and said tenperature calibration curve to
etefmine a . te rature of said,substrate durin
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saldpgind aﬁua@{me&&@sﬁﬁxlghagc aah@mg dévicdhe apparatus of
claim 25, further including a neans of neasuring a

second substrate tenperature with said el ectromagnetic
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claim 25, wherein said substrate is positioned between

said plasma and said el ectromagneti c neasuring device.

2928. THE RRPALELYEIa%h 53, 3HBré Raid WIS E o Sithd AHRSHN B R vice

Support structure
comprises a narrow-band pyrometer,

30.  The apparatus of claim 25, where said electromagnetic measuring device

comprises a monochrometer.

31.  The apparatus of claim 25, where said electromagnetic measuring device

comprises a grating.

32.  The apparatus of claim 25, where said electromagnetic measuring device

comprises a band pass optical filter.

33.  The apparatus of claim 25, wherein said physical temperature measuring

device is a thermocouple device.

34.  The apparatus of claim 25, wherein said substrate is a wafer.



further conprises said physical tenperature neasuring
devi ce. 29. The apparatus of claim 25, where said

el ectromagneti ¢ neasuri ng devi ge conprises a
narr ow- band pyroneter. 30. The apparatus of claim 25,
where said el ectromagneti c nmeasuring device conprises
380 NOTRE b OFRASof cBikm J3) %l?&gﬁlrs%tl&'%&ftra% fl JTF]%LQS whar e
sai d el ectromagnetic neasuring device conp 'seb a
grating. 32. The apparatus of claim 25, where said

l e netic asurin evi ce ri ses a band
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inviEInGiRe® fpstifysi cal tenperature measuring device is
a thernocoupl e device. 34. The apparatus of claim 25,
wherein said substrate is a wafer. 0 19 35. The

| e substrate is
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canapriscamachehe BENtapo® dPpd 366N 8ystamue in an Infrared

spectrum 37. The apparatus of claim 25, wherein said
pl asma processing system conprises a chem cal vapor
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wher el n l'asma prdcessi ng syst

cophrssva agplhene eﬂhnfnemcd:aimMpaapodémﬂitidmwssqmi em 39.
The apparatus of claim25, wherein said plasna

processing system conprises a physical vapor
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wherein said plasma processing gas I ncludes

cofiprisEie tpystnady aporofepobigiom syStermher ei n sai d pl asna
processi ng gas includes Hydrogen. 42. The apparatus
of claim 25, wherein said plasma processing gas

40.nc| Ttegpparatus of claim 25, wherein said plasma processing gas includes

Carbon.

41.  The apparatus of claim 25, wherein said plasma processing gas includes

Hydrogen.

42,  The apparatus of claim 25, wherein said plasma processing gas includes

Fluorine.

43.  The apparatus of claim 25, wherein said plasma processing gas includes

Nitrogen.

44.  The apparatus of claim 25, wherein said plasma processing gas includes

Oxygen.

45.  The apparatus of claim 25, wherein said plasma processing gas includes

Argon.

46.  The apparatus of claim 25, wherein said plasma processing gas includes



Fl uorine. 43. The apparatus of claim25, wherein said
pl asma processing gas includes N trogen. 44. The
apparatus of claim25, whereing,said plasma processing
gas i ncludes Oxygen. 45. The apparatus of claim 25,
wherei n said plasma processi ng gas includes Argon.
X&fn. The apparatus of claim25, wherein said plasna
processing gas includes 0 20 Xenon. 47. The
apparatus of claim25, wherein said plasm processing

as c L aratus of claim

nor HeHAF s PRl 25 St PR AL RSy B S et uaes

Hd%um) n a plasna proceSS|ng system a nethod of
determining the tenperature of a substrate during

pl asma processing, conprising: creating a mathematica
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Sulfizl udi ng a) positioning said substrate on a substrate
support structure of said plasma processing system
wherei n-said substrate support structure includes a
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substrate and said 'owi ng sa
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a) positioning said substrate on a substrate support structure of
said plasma processing system, wherein said substrate support structure
includes a chuck,

b) introducing a heat transfer gas between said substrate and said
chuck,

c) allowing said substrate and said chuck to come to thermal
equilibration, at which time said chuck temperature is measured using a contact
measurement technique,

d) directing electromagnetic radiation of known spectral
composition onto a surface of said substrate,

e) obtaining first electromagnetic energy measurement, said first
electromagnetic energy measurement measuring first electromagnetic energy
reflected from said surface of said substrate responsive to said directing,

f) employing said chuck temperature measured using said contact
measurement technique and said first electromagnetic energy measurement to
create said mathematical model;

and calculating said temperature of said substrate during said plasma
processing, including

obtaining second electromagnetic energy measurement, said second
electromagnetic energy measurement measuring second electromagnetic energy

reflected from said surface of said substrate during said plasma processing, and



conposition onto a surface of said substrate, e)
obtaining first electromagnetic energy neasurenent,
said first electromagnetic engrgy measurenent
measuring first electromagnatic energy reflected from
said surface of said substrate responsive to said
entiplo@hitg, Nfingla digMR| B0thPEted Hat EIMMEKKtchIPRLAL e8sured usin
measur ed using said contact measurement technique an§
sagheentaciaeasaremenrigaalyrans. caichfrsyelentrompgnetintene gy

aj eyatical nodel . and calcul atin al.
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ner gy, measurenent, said second electromagnetic
Sugﬁéwﬁﬁ“ﬁ@&§@ﬁ%ﬂ%ﬁ¥wﬂ¥agﬁﬁﬂﬁ@ second el ect ronmagnetic
energy reflected fromsaid surface of said substrate
during said plasnma processing, and 0 21 enpl oyi ng,
using a digital conputer, said chuck tenperature
measured using said contact neasurenent technique,
said first electromagnetic energy neasurenent, said
second el ectronagneti c energy neasurenent, and said
mat hemati cal nodel to performsaid cal culating said
tenperature of said substrate during said plasnma
processi ng.



