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(57) ABSTRACT 

A vacuum processing chamber for measuring the temperature 
of a surface of an object comprising a cap is provided. The cap 
has a non-deformable end Wall of thermally conducting mate 
rial and a side Wall connected thereto. An outside surface of 
the end Wall is shaped to conform to a shape of the object 
surface to be measured. A surface on an inside of the end Wall 
of the cap emits electromagnetic radiation having a detectable 
optical characteristic that is proportional to the temperature of 
the cap end Wall. The vacuum processing chamber further 
comprises a light Wave guide having one end held Within the 
cap a distance from the radiation emitting element and in 
optical communication therewith. 
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IN SITU OPTICAL SURFACE TEMPERATURE 
MEASURING TECHNIQUES AND DEVICES 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 10/452,551, ?led May 30, 2003, Which is a 
continuation of US. Pat. No. 6,572,265 ?led Apr. 20, 2001, 
the contents of each are incorporated by reference herein. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to optical tempera 
ture measuring techniques, and, more speci?cally, to devices 
and techniques for contact and non-contact methods of mea 
surement of the surface temperature of an article during pro 
cessing. 

BACKGROUND OF THE INVENTION 

[0003] There has been a great deal Written about various 
optical temperature measuring techniques, both in patents 
and the technical literature, as Well as many commercial 
products utiliZing this technology. In one aspect of this tech 
nology, a luminescent material is used as a temperature sensor 
because certain aspects of its luminescence are temperature 
dependent. Typically in the form of a sensor at the end of a 
?ber optic cable, the luminescent material is excited to lumi 
nescence by sending excitation radiation of one Wavelength 
to the sensor through the optical ?ber, and the resulting lumi 
nescence at a different Wavelength is photo-detected after 
passing back along the optical ?ber. The detected signal is 
then processed to determine the temperature of the lumines 
cent material in the sensor. Basic concepts of luminescent 
temperature sensing, as Well as many different forms of sen 
sors, are described in US. Pat. No. 4,448,547. The measure 
ment of the decay time of the luminescence after termination 
of an excitation pulse, as a measurement of temperature, is 
described in US. Pat. No. 4,652,143. Commercial products 
adopted the decay time measurement technique as a good 
measurement of temperature. One advantage and focus of 
luminescent temperature measurement techniques has been 
for applications in environments having strong electric and/or 
magnetic ?elds and the like, Where metal sensors cannot be 
relied upon to provide accurate results because the metal is 
heated When immersed in the electromagnetic ?eld, causing a 
bias in the readings. 
[0004] Applications of these luminescent sensor measure 
ment techniques are numerous, including the measurement of 
surface temperature. US. Pat. No. 4,752,141 describes an 
elastomeric luminescent sensor at the end of an optical ?ber 
that deforms as it is pushed against a surface being measured 
in order to establish good thermal contact. Another embodi 
ment employing a thin non-metallic disc With a layer of 
luminescent material betWeen it and the end of an optical ?ber 
is also described. 
[0005] Another optical temperature measuring technique 
relies upon the infrared emissions of a black-body sensor, or 
one having the characteristics of a black-body. An example of 
such a system, generally used to measure higher temperatures 
than measured With luminescent sensors, is described in US. 
Pat. No. 4,750,139. The sensor is a black-body emitter 
formed at the end ofan optical ?ber. US. Pat. No. 5,183,338 
describes several forms of a ?ber optic sensor that includes 
both luminescent and blackbody temperature measuring ele 
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ments. Each of the foregoing identi?ed patents is expressly 
incorporated herein in its entirety by this reference. 
[0006] There are also many other optical temperature sens 
ing techniques that have been described in patents and the 
literature, as Well as being used commercially. But the lumi 
nescent and black-body techniques have generally been pre 
ferred over those others. 

SUMMARY OF THE INVENTION 

[0007] Additional aspects, features and advantages of the 
present invention are included in the folloWing description of 
exemplary embodiments thereof, Which description should 
be taken in conjunction With the accompanying draWings. 
[0008] A sensor for measuring the temperature of the sur 
face of an object is disclosed. The sensor has a cap having an 
end Wall of thermally conducting material that is shaped to 
conform to a shape of the object. The inside surface of the end 
Wall of the cap emits electromagnetic radiation having a 
detectable optical characteristic that is proportional to the 
temperate of the end Wall. The sensor further comprises a 
Waveguide disposed generally orthogonal to the cap. The 
inside surface of the cap is in optical communication With the 
Waveguide in order to transmit the electromagnetic radiation 
therefrom. The sensor also has a resilient member connected 
to the cap in a manner to urge the cap aWay from the 
Waveguide a limited distance in a manner that alloWs a limited 
degree of axial and directional freedom With respect to the 
Waveguide. In this respect, the cap can ?rmly engage the 
object surface When positioned in contact therewith. 
[0009] In accordance With another embodiment of a tem 
perature sensor, there is provided a sensor With a thermally 
conducting contact having a surface that emits electromag 
netic radiation With a detectable optical characteristic that is 
proportional to the temperature of the contact. A resilient 
member is attached to the contact and con?gured to extend 
the contact toWard the object to be measured. A ?rst 
Waveguide is attached to the contact and is con?gured to 
transmit the electromagnetic radiation from the contact. The 
sensor further has a guide With a bore formed therein. The ?rst 
Waveguide is insertable into the bore such that When the 
contact is moved, the ?rst Waveguide moves Within the bore. 
A second Waveguide is attached to the guide such that a 
variable gap is formed betWeen the ends of the ?rst Waveguide 
and the second Waveguide. Electromagnetic energy from the 
?rst Waveguide traverses the gap such that it can be transmit 
ted by the second Waveguide. In this regard, the guide alloWs 
?rst Waveguide to be able to move With the contact in order to 
ensure that the contact is ?lly engaged With the surface of the 
object. 
[0010] In accordance With yet another embodiment, a tem 
perature sensor having a tip and a contact is disclosed. The 
temperature sensor has a thermally conducting contact With a 
surface that emits electromagnetic radiation With a detectable 
optical characteristic that is proportional to the temperature of 
the contact. The tip has a barrel section and a mating section 
and is attached to the contact. The sensor further includes a 
shield With an opening formed in an end thereof and an 
annular ledge formed around the opening. The opening is 
con?gured such that the barrel portion of the tip passes 
through the opening and the annular ledge is shaped to be 
complementary to the mating section of the tip. The sensor 
has a resilient member attached to the contact and is con?g 
ured to extend the barrel portion through the opening such 
that the contact is extended toWard the object. A Waveguide is 
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disposed Within the tip and is con?gured to transmit the 
electromagnetic radiation emitted from the surface of the 
contact. The opening and the ledge alloW a limited degree of 
rotational freedom of the tip to thereby provide engagement 
betWeen the contact and the object. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a general schematic diagram that shoWs a 
processing chamber in Which a temperature sensor of the 
present invention may be used; 
[0012] FIG. 2 is a cross-sectional vieW of a general form of 
a surface temperature sensor; 
[0013] FIG. 3 shoWs the temperature sensor of FIG. 2 in 
contact With a surface being measured; 
[0014] FIG. 4 is a cross-sectional vieW of a ?rst speci?c 
example surface temperature sensor; 
[0015] FIG. 5 is a cross-sectional vieW ofa second speci?c 
example surface temperature sensor; 
[0016] FIG. 6 is a cross-sectional vieW of a third speci?c 
example surface temperature sensor; 
[0017] FIG. 7 is a cross-sectional vieW of a fourth speci?c 
example surface temperature sensor; 
[0018] FIG. 8 illustrates a modi?cation of any of the tem 
perature sensors of FIGS. 2-7 to include a ?rst form of an 
infrared emitter as the temperature sensor; 
[0019] FIG. 9 illustrates a modi?cation of any of the tem 
perature sensors of FIGS. 2-7 to include a second form of an 
infrared emitter as the temperature sensor; 
[0020] FIG. 10 shoWs a form of package for any of the 
temperature sensors of FIGS. 4-9; 
[0021] FIG. 11 shoWs one example use of a temperature 
sensor, according to any of FIGS. 2-10; 
[0022] FIG. 12 shoWs another example use of a temperature 
sensor according to any of FIGS. 2-10; 
[0023] FIG. 13 illustrates a test substrate With a lumines 
cent temperature sensor built into a surface; 
[0024] FIG. 14 is a sectional vieW of FIG. 13, taken at 
section A-A thereof; 
[0025] FIG. 15 shoWs one Way of optically coupling With 
the substrate sensor of FIGS. 13 and 14; 
[0026] FIG. 16 is a block diagram of another embodiment 
of a temperature sensor for measuring the temperature of a 
substrate; 
[0027] FIG. 17 is an elevation vieW of the sensor shoWn in 
FIG. 16; 
[0028] FIG. 18 is a cross-sectional vieW of another embodi 
ment of the temperature sensor using tWo Waveguides; and 
[0029] FIG. 19 is a cross-sectional vieW of yet another 
embodiment of a temperature sensor having a tip. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0030] The surface temperature techniques and sensors of 
the present invention may be used in a Wide variety of envi 
ronments and applications. The temperature of surfaces on 
any of a large number of types of objects may be measured. 
These measurements can be made While the object is being 
subjected to some processing Where knowledge of the tem 
perature of its surface is desired, or, otherWise. The example 
application described herein is the measurement of the tem 
perature of the surface of substrates during one or more steps 
of processing to form integrated circuits and/or visual display 
elements such as liquid crystal display devices (LCDs) 
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thereon. The substrate is either a semiconductor Wafer or that 
of a ?at panel display, in the examples described. 
[0031] Referring to FIG. 1, a general evacuated processing 
chamber 11 formed by an enclosure 13 is schematically illus 
trated. A substrate 15 being processed Within the chamber is 
supported horizontally or vertically by a structure appropriate 
for the substrate and type of processing, the support in this 
case being a chuck 17 upon Which the substrate rests in a 
horiZontal position. The substrate 15 is typically heated in 
some fashion, a radiant heater 19 being shoWn. In some 
processes, the chuck 17 is cooled by circulation of Water or 
some other coolant through it from an outside Water supply 21 
that includes refrigeration to cool the Water. A vacuum pump 
23 loWers the pressure Within the chamber 11. Many pro 
cesses involve the introduction of one or more gases into the 
chamber 11, an external supply 25 of such gas(es) being 
shoWn. Speci?c processing elements 27 Within the chamber 
1 1 vary depending upon the process being performed. Chemi 
cal vapor deposition (CVD) and physical vapor deposition 
(PVD), such as sputtering and vaporization, are among the 
processes Wherein the temperature measurement techniques 
of the present invention have application. Substrates are 
loaded into and unloaded from the chamber 11 through a load 
lock 29. 

[0032] In the example of FIG. 1, the chuck 17 is provided 
With a temperature sensor 31 that contacts an underside of the 
substrate 15, When lying on the chuck, to measure the tem 
perature of the contacted surface. An optical signal of the 
sensor 31 is coupled to a photodetector 35 by an optical 
communication medium 33 Which can be a Waveguide in the 
form of an optical ?ber, other form of light pipe or a holloW 
Waveguide. An electrical signal output of the photodetector 
35 is received by a measuring circuit card or instrument 37 to 
provide an output signal 39 of the measured temperature. This 
signal can be used for a number of purposes, such as to drive 
an indicator (not shoWn) that provides a human operator With 
the temperature information that enables he or she to make 
adjustments to the heater 19 or other aspects of the process 
ing. Alternatively, the signal 39 can be used by a control 
system (not shoWn) of the processing chamber in a feedback 
loop to control the heater 19 or other processing element. 
[0033] The optical temperature measuring element of the 
sensor 31 may be a luminescent material that has some aspect 
of its luminescence highly temperature-dependent. Measure 
ment of the decaying characteristics of the luminescent radia 
tion output signal is usually preferred, as described in the 
patents discussed in the Background section above. When a 
luminescent sensor is employed, an excitation source 36 and 
beam splitter 34 are added to the con?guration of FIG. 1. An 
alternative sensor element is a non-luminescent surface of 
knoWn emissivity that emits electromagnetic radiation With a 
magnitude proportional to its temperature, as previously 
described. Other potential optical temperature measuring 
techniques include monitoring the frequency of the band edge 
of a semiconductor element, the absorption of incident radia 
tion by an element of temperature dependent transmission 
and the color of a material that changes With temperature. 
[0034] A general form of sensor 31 is illustrated in FIGS. 2 
and 3. A light Waveguide 41, such as an optical ?ber, or other 
form of light pipe or holloW Waveguide, is held ?xed Within 
the chuck 17. A cap 43 of material having a high degree of 
thermal conductivity is positioned Within an aperture 45 and 
held by a resilient element 47 a distance aWay from an end of 
the Waveguide 41. The cap 43 normally extends a short dis 
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tance above the upper surface of the chuck 17, as shown in 
FIG. 2, but the resilient element 47 that holds the cap in that 
position has a strength that is designed to alloW the Weight of 
the substrate 15 to urge the cap doWnWard into the opening 45 
When the substrate 15 is laid on the chuck 17. A substrate 
contacting end of the cap 43 has at least a signi?cant portion 
of its surface formed in a mating shape to that of the surface 
being measured in order to form an intimate contact With that 
surface. That shape in this case is planar. The cap 43 is also 
alloWed to rotate Within some limit With respect to the ?xed 
Waveguide in order to facilitate its mating surface being ori 
entated in close contact With the substrate surface as the 
substrate is loWered onto the chuck 17. 

[0035] The cap 43 may be made of a very thin heat con 
ducting metal, such as nickel, Whose substrate-contacting end 
does not deform in shape during normal use. In this general 
example, the cap 43 has a cylindrical shape in side-vieW, a 
cross-sectional side vieW being shoWn in FIGS. 2 and 3. In 
addition to serving to contact the substrate, the cap 43 is a 
carrier of the optical temperature sensing element. In FIGS. 2 
and 3, this element is a layer 49 of luminescent material that 
is attached to an inside surface of the cap 43. An optically 
transparent cover 51 is usually used to seal the luminescent 
material layer 49 from out-gassing that can result from use in 
a very loW-pressure chamber. Gasses escaping from the lumi 
nescent material can interfere With the processing. The cover 
51 may be made from sapphire, for example, since it is a very 
stable and inert material. Similarly, a sapphire cover 53 may 
be attached to the end of the Waveguide 41 to prevent out 
gassing of the Waveguide materials. However, if the 
Waveguide is itself made of sapphire, this is not necessary. 
Although the cap form of the carrier for the luminescent 
material is preferred, alternate carrier shapes are also pos 
sible. 
[0036] Four different speci?c embodiments of the sensor 
generally shoWn and described With respect to FIGS. 2 and 3 
are shoWn in FIGS. 4-8, Wherein the same reference numbers 
are used for corresponding elements. Each sensor is shoWn in 
the form of a cartridge having an outer housing 55 With an 
outside shape that is suitable for its intended application. The 
entire unit is then inserted into a mating aperture of the chuck 
17 or other element in Which it is installed. The outside shape 
of the housing 55, and thus the mating aperture of the chuck 
17, can be cylindrical (as shoWn), square or any other suitable 
shape. The housing preferably has an outWardly extending 
?ange 57 that positions the sensor Within the chuck in an axial 
direction. 
[0037] In the embodiment of FIG. 4, the cap 43 is shaped to 
provide a ledge 59 against Which a spring 61 (the resilient 
element 47) urges the cap upWard. That same ledge also abuts 
a ledge 63 around the opening in the housing 57 through 
Which the cap 43 extends, thereby constraining maximum 
movement of the cap 43 out of the housing, When the sub 
strate 15 pushes against the end surface of the cap 43, the cap 
is pushed doWnWard into the opening 45 against the force of 
the spring 61. In order to make sure that the cover 51 does not 
touch the end cover 53 of the optical ?ber When the cover is 
pushed into the opening by the Weight of a substrate, and thus 
limit its travel, the distances are made su?icient so that this 
does not occur. A void exists betWeen the covers 51 and 53 at 
all times. 
[0038] A difference With the embodiment of FIG. 5 is that 
the resilient element is formed as part of the cap. The cap 43, 
instead of cylindrically shaped side Walls, includes integral 
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?ngers 61, 62 and 63 that bend to cause their loWer termina 
tions to spread horizontally as the cap is pushed doWnWard 
into the opening 45 When urged against a substrate surface. 
When not pushed doWnWard, these ?ngers 61, 62 and 63 hold 
the surface contacting end of the cap 43 above the upper 
surface of the housing ?ange 57. 
[0039] The embodiment of FIG. 6 also uses a cap that has 
the resilient element formed in its side Walls. In this case, the 
side Walls are a belloWs that alloWs the exposed end of the cap 
43 to be pushed into the opening 45. An end 65 of the integral 
cap structure is conveniently made to ?t onto a mating boss 
formed as part of the housing 55. The tWo mating surfaces 
may be held together by a layer of glue betWeen them. The 
shape of the mating surfaces may be cylindrical (as shoWn), 
square or any other shape that is suitable for a particular 
application. The end of the Waveguide thus extends into the 
interior of the belloWs, again With space betWeen the 
Waveguide and the inside of the cap being maintained even 
When the cap is pushed doWnWard by contact With the surface 
being measured. Such an open end belloWs cap element, 
suitable for this application is available from Servometer 
Company. The housing 55 is preferably machined or molded 
as a single piece from polyamide-imide, this material being 
available from the General Electric Company. When the cap 
43 is of a unitary, gas impermeable structure, and its open end 
is sealed to the housing 55, the covers 51 and 53 may be 
omitted. 
[0040] In the embodiment of FIG. 7, the ?ngers of the 
embodiment of FIG. 5 are extended substantially horizontally 
and provided With folds similar to those of the belloWs in the 
embodiment of FIG. 6. The ends of these ?ngers are attached 
by glue to the housing 55. As the top surface of the cap is 
pushed doWnWard, as With the belloWs of the FIG. 6 embodi 
ment, the folds of the ?ngers move closer together but return 
to their uncompressed state shoWn in the draWings When that 
force is removed from the cap. 
[0041] FIGS. 8 and 9 shoW a modi?cation of the sensors of 
FIGS. 2-7 Where a blackbody surface is substituted for the 
luminescent material layer 49 as the temperature sensor. This 
is desirable When the range of temperatures being measured is 
higher than that Which can be measured by luminescent mate 
rials. In FIG. 8, a layer 71 of material of a knoWn, controlled 
surface emissivity is applied to an inside surface of an end of 
the cap 43'. This emissivity is preferably made to be high, in 
a range of 0.8 to 1.0, Where 1.0 is the emissivity ofa black 
body. The layer 71 can most simply be a paint that is applied 
to the inside of the cap. Alternatively, the layer 71 is omitted 
if the material of the cap 43' is selected to have a knoWn 
emissivity of its surfaces that is high enough for practical use. 
[0042] In the sensor of FIG. 9, the inside surface of the cap 
43" is altered to include a number of cavities 73, preferably 
conical in shape, that simulate the emissivity of a black body. 
With either of the sensors of FIG. 8 or 9, it is the intensity of 
emissions of the surface in the infrared range that are detected 
by the photo-detector 35 of FIG. 1 and measured by the 
system 37. The excitation source 36 and beamsplitter 34 of 
FIG. 1 are not used. The intensity is proportional to the 
temperature of the surface that is emitting the infrared radia 
tion. 
[0043] A preferred form of a cartridge sensor according to 
any one of FIGS. 4-9 is shoWn in FIG. 10. A sensor 81 
includes an outer housing 55' like the housing 55 of FIGS. 4-7 
but With threads 83 added to a portion of an outside surface. 
An opening in the chuck 17 is preferably con?gured to be 
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completely ?lled by the sensor 81 and includes threads on an 
inside surface that mate With the threads 83 to ?rmly hold the 
sensor 81 in place Within the chuck 17. The threads are 
replaced With smooth mating surfaces, Which are then glued 
together, When used Within vacuum chambers in order to 
avoid pockets betWeen the threads Which can hold gases. Or, 
if threads are used in a vacuum application, the housing 55' is 
sealed to the chuck 17 at its top surface to prevent the escape 
of such trapped gases into the processing chamber. An open 
ing 85 extends through the chuck 17 from the opening receiv 
ing the sensor 81 as a conduit for the Waveguide 41. Rather 
than extending that Waveguide continuously through the 
chuck 17, hoWever, it is terminated to form a short stub 
extending from the bottom of the sensor 83. Another 
Waveguide 87, preferably in the form of an optical ?ber, is 
inserted into the opening 85 to optically communicate With 
the Waveguide 41 and extend to the detection and measure 
ment equipment. A lens, as shoWn, is attached to the mating 
ends of each of the Waveguide 41 and optical ?ber 87 in order 
to more e?iciently couple radiation betWeen the tWo. An 
advantage of the con?guration of the sensor 81 is that it can 
easily be installed and replaced in the chuck 17. 
[0044] The general form of the sensors described is shoWn 
in FIGS. 2 and 3 to operate With the substrate being carried 
directly by an upper surface of the chuck 17. The temperature 
sensors described above also have other applications. In FIG. 
11, for example, the substrate is held above the surface of the 
chuck 17 by posts 91 and 92. A sensor 81', like the sensor 81 
but Without the upper ?ange, extends above the chuck surface 
to position the sensor cap 43 above the dashed line that 
represents the loWer surface of the substrate 15 When carried 
by the posts. The cap 43 is then pushed doWnWard by the 
Weight of the substrate When carried by the posts 91 and 92, to 
make ?rm contact With the underside of the substrate. 

[0045] FIG. 12 illustrates use oftWo or more sensors 81 to 
additionally provide support for the Weight of the substrate 
15. In this case, the resilient element Within the sensor is made 
stronger than before so that the cap 43 is not pushed Within the 
housing of the sensor. Some small degree of compression of 
the resilient element and rotation of the cap are desired in 
order to make ?rm thermal contact With an underside of the 
substrate. 
[0046] A different form of luminescent temperature sensor 
is shoWn in FIGS. 13 and 14. A test substrate 101, preferably 
in the shape of a semiconductor Wafer, ?at panel display, or 
other substrate being processed, includes a temperature sen 
sor 103 built into a substrate surface. A layer 105 of lumines 
cent material is sealed Within a recess of the substrate by an 
optically transparent WindoW 107 made of an appropriate 
material such as sapphire. Excitation radiation is passed 
through the WindoW to the luminescent material, and result 
ing temperature dependent luminescent radiation passes back 
through the WindoW. 
[0047] Interrogation of the sensor 103 occurs by position 
ing appropriate optics to communicate With it While the sub 
strate 101 is positioned Within the processing chamber 11 
(FIG. 1) in the same manner as substrates that are being 
processed. An example is shoWn in FIG. 15, Where the test 
Wafer 101 is held by posts 91' and 92' above a chuck 17'. An 
optical ?ber 33', or other appropriate Waveguide, terminates 
in an upper surface of the chuck 17'. The sensor 103 is Within 
the ?eld of vieW of the optical ?ber 33' When the test Wafer 
101 is properly positioned on the chuck 17'. Although use of 
posts 91' and 92' is shoWn, the Wafer can be supported by the 
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upper surface of the chuck 17' With the sensor 103 being very 
close to, or in contact With, the end of the optical ?ber 33'. In 
the course of processing a large number of substrates, such a 
test substrate is occasionally substituted for a substrate being 
processed in order to occasionally calibrate the substrate 
heating system Within the chamber. 
[0048] In addition to the foregoing, FIGS. 16 and 17 illus 
trate a temperature sensor 200 in contact With a substrate 202 
at varying angles of separation. Referring to FIG. 16, the 
temperature sensor 200 is mounted Within a chamber 204 
such as a reactive gas and/or vacuum containment chamber 
used for processing materials such as semiconductors. The 
substrate 202 is supported by posts 206 or any other type of 
?xture used to securely mount the substrate 202 Within the 
chamber 204. The temperature sensor 200 is positioned under 
the substrate 202 in a manner Whereby the temperature sensor 
200 contacts the underside of the substrate 204. The tempera 
tures sensor 200 physically contacts the material to be mea 
sured and is similar to the temperature sensor 31 and other 
embodiments previously described. In this respect, the tem 
perature sensor 200 may include a cap 43 that contacts the 
underside of the substrate 202, a layer 49 of luminescent 
material, a resilient member 47 and an optical ?ber 41 for the 
measurement of temperatures, as previously described. The 
temperature sensor 200 is attached to a shield 208 and a 
variable seal core 210 Which is made from a material such as 
stainless steel that is resistant to the vacuum and reactive 
gases contained Within the chamber 204. As seen in FIG. 16, 
the core 201 is attached to an equipment mounting plate 212 
and enters the chamber 204 through a seal-able opening ori 
ented at an axial direction different than the axial direction of 
temperature sensor 200. In this respect, the temperature sen 
sor 200 is mounted at an angle generally orthogonal to the 
shield 208 and the core 210. It Will be recogniZed by those of 
ordinary skill in the art that the temperature sensor 200 can be 
oriented at any angle that alloWs contact With the underside of 
the substrate 204. 

[0049] In order to communicate the optical signal from the 
temperature sensor 200, an optical Waveguide 216 is attached 
to the temperature sensor 200 and an optical connecter 214 
outside of the chamber 204. The optical connector 214 is 
attached to an optical reading device 220 such as processing 
element 27 as previously described. The optical Waveguide 
216 can be a ?ber composed of sapphire or other materials 
that can e?iciently transmit and contain optical energy. The 
optical Waveguide 216 is protected from the environment of 
the chamber 204 by the shield 208 that is constructed from a 
thermal and optical energy re?ective material such as alumi 
num. Because the shield 208 and the optical Waveguide 216 
are bent to position the sensor 200 on the underside of the 
substrate 202, a thermally excited output signal from the 
sensor 200 proceeds doWn the Waveguide 216 and changes 
axial direction While remaining Within the Waveguide 216. 
The thermally excited signal then proceeds through the opti 
cal connector 214 to the reading device 220. 

[0050] Referring to FIG. 18, a cross sectional vieW of a 
temperature sensor 300 is shoWn. The sensor 300 is used to 
measure the temperature of a substrate 302. The sensor 300 
can be positioned under the substrate as shoWn in FIG. 18, or 
in any position relative to the substrate Whereat the sensor 3 00 
can contact the substrate. A contact 304 constructed from a 
high temperature and reactive gas resistive material such as 
aluminum nitride is used to physically engage the substrate 
302. The contact 304 is formed and textured for thermal 
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contact With the substrate 302. Bonded Within a cavity of the 
contact 3 04 is a thermo graphic (temperature-dependent lumi 
nescence properties) phosphor layer 306. Alternatively, the 
cavity may also be coated With a black, high temperature 
tolerant material that radiates optically as a black body. The 
siZe and the shape of the contact 304 is determined such that 
thermal transmission aWay for the contact surface is mini 
miZed thereby allowing a su?icient percentage of the thermal 
poWer to be conductively transmitted to the phosphor layer 
306. 

[0051] As previously described for the temperature sensor 
of FIG. 2, the phosphor layer 306 emits optical radiation 
corresponding to the temperature of the substrate 302. The 
optical radiation is coupled into a moveable ?ber 308 that is 
?xedly adhered to the contact 304. Speci?cally, the ?ber 308 
is adhered Within the cavity of the contact 304 such that 
optical radiation from the phosphor layer 306 can be trans 
mitted through the ?ber 308. In this regard, the ?ber 308 can 
be adhered directly to the phosphor layer 306 or if a black 
body material is deposited Within the cavity, the ?ber 3 08 may 
be positioned an optimum distance from the black body mate 
rial. The ?ber 308 is adhered to the contact With a high 
temperature adhesive such as Cotronics Resbond 940 LE or 
any other loW expansion, loW out gassing adhesive. 
[0052] The contact 304 is ?xedly attached to a resilient 
member 310 Which is enclosed by a shield 312. The resilient 
member 310 may be a spring manufactured from a high 
thermal and reactive gas resistant material. The resilient 
member 310 provides a biasing force against the contact 304 
such that the contact 304 is urged toWard the substrate 302. 
Furthermore, the resilient member 310 alloWs the contact 304 
rotational freedom to fully engage the substrate 302. The 
resilient member 310 maybe manufactured from quartz, 
glassy carbon, nanotubes or other materials. The resilient 
member 3 1 0 provides variable axial positioning of the contact 
304 of up to 10% in the axial direction such that the contact 
304 maintains physical contact With the substrate 302 When 
the substrate 302 is moved or repositioned. Typically, the 
substrate 302 is held in position above the temperature sensor 
300 during processing. Therefore, the contact 304 is urged 
doWnWardly by the substrate 302 and forced upWardly by the 
resilient member 310. The doWnWard force of the substrate 
302 is greater than the biasing force of the resilient member 
310 such that the resilient member 310 is compressed When 
the contact 304 physically touches the substrate 302. 

[0053] As previously described, the moveable ?ber 308 is 
?xedly attached to the contact 304. Therefore, When the con 
tact 304 is urged doWnWard by the substrate 302, the ?ber 308 
also moves doWnWardly. As seen in FIG. 18, if the resilient 
member 310 is a spring, the ?ber 308 is inserted Within the 
interior of the spring such that the ?ber 308 is free to move in 
the axial direction unimpeded. The resilient member 310 and 
the ?ber 308 are surrounded by a shield 312 made from a 
material such as alumina that is resistive to high temperature 
and reactive gasses. 
[0054] The end of the moveable ?ber 308 that is opposite 
the end disposed Within the cavity of the contact 304 is 
inserted into a guide 314. The guide 314 is ?xedly attached to 
the shield 312 and an extension 316. The guide 314 and the 
extension 316 are formed from high temperature and reactive 
gas resistive materials such as alumina. The guide 314 con 
tains a bore 318 through Which the moveable ?ber 308 is 
inserted into.Also disposed Within the bore 318 is a ?xed ?ber 
320 that is attached to the guide 314. The ?xed ?ber 320 may 

Sep. 18,2008 

be a silica-silica optical ?ber, sapphire or other material of 
high optical transmissivity as is Well knoWn in the art. The 
moveable ?ber 308 is axially moveable Within the bore 318 
such that a gap is formed betWeen the ends of the moveable 
?ber 308 and the ?xed ?ber 320. The gap betWeen the move 
able ?ber 308 and the ?xed ?ber 320 varies depending on the 
axial position of the contact 304. In this respect, as the contact 
304 is moved doWnWardly, the gap betWeen the moveable 
?ber 308 and the ?xed ?ber 320 decreases. Transmitted opti 
cal radiation can traverse the gap betWeen the moveable ?ber 
308 and the ?xed ?ber 320. In this respect, optical radiation 
from the moveable ?ber 308 can be transmitted through the 
?xed ?ber 320. 
[0055] The ?xed ?ber 320 extends from the guide 314 to a 
ferrule 328 in the extension 316 that is rigidly attached to a 
mount 326. The ferrule 328 provides a Way to optomechani 
cally couple the ?xed ?ber 320 to a device for measuring the 
signals transmitted therethrough. The ferrule 328 is attached 
to a base 322 made from a high temperature and reactive gas 
resistive material such as stainless steel. The base 328 forms 
a vacuum and reactive gas tight seal With the mount 326. A 
keeper 324 is used to urge the base 328 against the mount 326 
in order to provide the vacuum and gas tight seal. 
[0056] The materials of the temperature sensor 300 have 
thermal expansion properties to alloW thermal expansion 
capability at relatively high temperatures. In this respect, the 
temperature sensor 300 can function at temperatures from 
—200 to 600 degrees centigrade. 
[0057] Referring to FIG. 19, another embodiment of a tem 
perature sensor 400 is shoWn. The sensor 400 is similar to the 
sensor 300 and has a thermally conductive contact 402 Which 
makes physical contact With a substrate (not shoWn). The 
contact 402 may have beveled or rounded comers 403 sur 
rounding the surface thereof. By rounding the corners or 
edges of the surface of the contact 402, it is easier to achieve 
face-to-face engagement betWeen the surface of the substrate 
and the surface of the contact 402. It Will be recogniZed by 
those of ordinary skill in the art that the probes and contacts 
previously described can have beveled or rounded edges and 
corners. The rounded or beveled edges and comers 403 alloW 
the contact 402 to slide into the best position for thermal 
contact With the substrate Without hanging up on a relatively 
rough surface of the substrate. 
[0058] The contact 402 has a cavity 404 upon Which a layer 
406 of phosphorescent material or black body material is 
deposited. The contact 402 is attached to a moveable tip 408 
that is inserted Within a shield 412. An adhesive layer 410 
bonds the contact 402 to the tip 408. 
[0059] Disposed Within a cavity of the tip 408 is an optical 
?ber 416 that can transmit optical radiation from the layer 
406. In this respect, the optical ?ber 416 is positioned at a 
distance Whereby optical radiation generated by the layer 406 
can be transmitted through the ?ber 416. 
[0060] The tip 408 is moveable Within the shield 412 and is 
biased toWard the substrate by a resilient member 414 such as 
a spring. The resilient member 414 urges the tip 408 toWard an 
annular ledge 418 formed Within the end of the shield 412. A 
complementary mating surface 420 is formed in the tip 408. 
The resilient member 414 biases the mating surface 420 
against the ledge 418. As can be seen in FIG. 19, the tip 420 
comprises a barrel portion 422 that is disposed Within an 
aperture 424 of the shield 412. The aperture 424 is formed 
slightly larger than the barrel portion 422 so that the tip 408 
can rotate in order to maintain optimal contact With the sub 
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strate. The annular ledge 418 and complementary mating 
surface 420 ensures that the tip 418 is maintained Within the 
shield 412. In order to ensure that the ?ber 416 aligns With the 
phosphorescent material layer 406, the ?ber 416 is inserted 
into a ?xed ?ber guide 426. 
[0061] Although the various aspects of the present inven 
tion have been described With respect to exemplary embodi 
ments, it Will be understood that the invention is to be pro 
tected Within the ?ll scope of the attached claims. The 
temperature sensors previously described are ideally suited 
for different types of applications such as physical vapor 
deposition (PVD), dielectric etching, optical coating of glass 
substrates, chemical vapor deposition (CVD), metal organic 
chemical vapor deposition (MOCVD), loW pressure chemical 
vapor deposition (LPCVD) and atomic layer deposition. 

1-24. (canceled) 
25. A vacuum processing chamber for performing a pro 

cessing step, the vacuum processing chamber comprising: 
a chamber; 
a test substrate, said test substrate having a surface, said 

surface having a recess therein; 
a layer of luminescent material Wholly contained Within 

the recess of the test substrate, Wherein the luminescent 
material emits electromagnetic radiation having a 
detectable optical characteristic that is functionally 
dependent on the temperature of the test substrate in 
response to a source of excitation radiation; 

a support disposed Within the chamber, the support hori 
Zontally or vertically supporting the test substrate; 

a source of excitation radiation disposed in the support, the 
source of excitation radiation con?gured to pass excita 
tion radiation to the layer of luminescent material Within 
the recess of the test substrate; and 

a Waveguide disposed in the support, the Waveguide having 
an end, the Waveguide in optical communication With 
the layer of luminescent material, Wherein the 
Waveguide is con?gured to measure temperature depen 
dent luminescent radiation emitted by the layer of lumi 
nescent material, and Wherein the end of the Waveguide 
does not touch the layer of luminescent material. 

26. The vacuum processing chamber of claim 25, Wherein 
the test substrate includes an optical WindoW that seals said 
layer of luminescent material in the recess. 

27. The vacuum processing chamber of claim 25, Wherein 
the optical WindoW is Wholly contained Within the recess. 
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28. The vacuum processing chamber of claim 25, Wherein 
the processing step is selected from the group consisting of: 

physical vapor deposition; 
dielectric etching; 
optical coating of glass substrates; 
chemical vapor deposition; 
metal organic vapor deposition; 
sputtering; 
vaporiZation; 
loW pressure chemical vapor deposition; and 
atomic layer deposition 
29. The vacuum processing chamber of claim 25, Wherein 

the support is a chuck. 
30. A vacuum processing chamber for measuring the tem 

perature of a surface of an object, comprising: 
a cap having a non-deformable end Wall of thermally con 

ducting material and a side Wall connected thereto, an 
outside surface of the end Wall being shaped to conform 
to a shape of the object surface to be measured; 

a surface on an inside of the end Wall of the cap that emits 
electromagnetic radiation having a detectable optical 
characteristic that is proportional to the temperature of 
the cap end Wall; and 

a light Wave guide having one end held Within the cap a 
distance from the radiation emitting element and in opti 
cal communication thereWith. 

31. The vacuum processing chamber of claim 30, Wherein 
the cap non-deformable end Wall outside surface includes a 
majority thereof that is planar. 

32. The vacuum processing chamber of claim 30, Wherein 
the surface on the inside of the end Wall includes a layer of 
luminescent material attached to an inside of the cap. 

33. The vacuum processing chamber of claim 32, addition 
ally including an optically transparent cover positioned 
Within the cap over the layer of luminescent material. 

34. The vacuum processing chamber of claim 30, Wherein 
the electromagnetic radiation emitting surface on the inside 
of the end Wall includes a surface of known emissivity that 
emits radiation Within an infrared range. 

35. The vacuum processing chamber of claim 30, Wherein 
the surface of knoWn emissivity includes an inside surface of 
the cap material. 


