
ACCURATE TEMPERATURE MEASUREMENT FOR SEMICONDUCTOR  APPLICATIONS  5
BACKGROUND  [0001] In the fabrication of semiconductors there is a need to
control the process parameters  to ensure process consistency and
repeatability. The need for process control is becoming more  important as
semiconductor devices are requiring sub-nanometer accuracy in dimension 10
tolerance (e.g., CD, thickness, etch rate, uniformity, profile, etc.) as
device nodes advance to  smaller and smaller features (e.g., 90nm and
smaller). In the more advanced processes, feature  size variations and
dimensional tolerance in the fabricated device (within a wafer, wafer-to-
wafer, lot-to-lot, die-to-die, chamber-to-chamber, etc.) resulting from all
process variations are  required to be smaller than 5nm and within
three-sigma of standard deviation. Soon, as wafer 15 processing become even
more advanced, the allowable feature size variations will be even  smaller,
e.g., smaller than 2 rim and within three-sigma of standard deviation.
[00021 One of the more difficult process parameters to control, maintain,
and characterize is  the process temperature. For example, the process
temperature on chamber interior wall  surfaces, the substrate support
surface, and the substrate surface are difficult to control, 20 maintain,
and characterize. As discussed within the scope of the present invention,
the  reference to wafers and substrates is interchangeable since those of
ordinary skill in  semiconductor fabrication often interchangeably use both
terms. Many process recipes are  sensitive to process temperature
variation. Temperature variation as small as I degree Celsius  can have
significant effect on the outcome of the process recipe. For example, in a
25 semiconductor fabrication etch process, poly gate CD (critical
dimension) can change by as  much as I run per 1 degree Celsius variation
in the process temperature, e.g., the temperature on  the surface of a
substrate support, the surface of the substrate, etc. Some process recipes
can be  affected by even smaller variations, e.g., 0.5 degree Celsius, in
the process temperature. Accordingly, accurate temperature control and
measurement are becoming critical process  30 control requirements as
device nodes advance to smaller and smaller feature size. Therefore,
accurate temperature measurement and characterization capable of measuring
absolute temperature and sensing small temperature changes, e.g., changes
as small as 0.5 degree Celsius  or smaller, is desired. 



[00031 Many of the currently available temperature measurement techniques
have  performance limitations and undesirable effects. For example, many of
the currently available  5 temperature measurement techniques are unable to
measure the in situ process temperature accurately. The techniques that
have the capability to measure the in situ process temperature  of a wafer
usually include placing a special wafer with temperature sensors embedded
on the  wafer. Placing a special wafer in the process chamber requires
interrupting the normal flow of  processing, Usually, placing a special
wafer into the process chamber requires venting the 10 process chamber to
ambient pressure. Once the process chamber is vented, considerable  amount
of time is required to bring the chamber back to process operating
conditions (e.g.,  pressure, temperature, etc.), which affects the
throughput of lot processing. Also, in many  cases, the embedded sensors
could be a source of contamination that may cause device defects.  In
addition, these special wafers with embedded sensors are expensive and the
sensors are 15 typically not very robust. When the sensors are exposed to
process operating conditions, they  could fail or work improperly.
Furthermore, the embedded sensors are not acceptable for  delivering the
desired measurement accuracy as most of these sensors have a temperature
measurement uncertainty of 0.5 degree Celsius or more. Thus, an improved in
situ temperature  measurement method and apparatus are needed. 20 SUMMARY
[00041 Broadly speaking, the present invention provides the methods and
structures that  enable accurate in situ temperature measurement. [0005] In
one embodiment, a process chamber with a temperature sensing component
enabling accurate in situ temperature measurement is provided. In this
embodiment, the  25 temperature sensing component is disposed within the
process chamber. The temperature sensing component has a cavity, in which a
transparent cover is disposed over an opening of the  cavity. A material is
disposed within the cavity of the temperature sensing component, and a
sensor is configured to sense a phase change of the material through the
transparent cover.  [0006] In another embodiment, another process chamber
with a temperature sensing 30 component enabling accurate in situ
temperature measurement is provided. In this  embodiment, the temperature
sensing component is disposed on a surface within the process  chamber
(e.g., an interior surface of a process chamber, surface on a substrate
support, etc).  2 



The temperature sensing component has a cavity. A material is disposed
within the cavity of  the temperature sensing component, wherein the
material is in contact with the surface within  the process chamber. A
sensor is configured to sense a phase change of the material. [0007] In yet
another embodiment, a method for accurate in situ temperature measurement
5 is provided. The method includes placing a temperature sensing component
within a process  chamber. The temperature sensing component having an
embedded material. Then, a process  operation is initiated within the
process chamber. After a certain amount of time, the process  operation
will cause a phase change of the embedded material. The phase change of the
embedded material is then detected. A temperature associated with the phase
change is 10 recorded. [0008] Other aspects and advantages of the present
invention will become apparent from  the following description, taken in
conjunction with the accompanying drawings, illustrating by  way of
examples the principles of the invention. 15 BRIEF DESCRIPTION OF, THE
DRAWINGS [0009] The present invention will be readily understood by the
following detailed  description in conjunction with the accompanying
drawings, and like reference numerals  designating like structural
elements. [0010] Figure I is a cross-sectional diagram of a process chamber
having temperature  20 sensing components disposed therein, in accordance
with one embodiment of the present  invention. [0011] Figure 2 is a
close-up cross-sectional view of a portion of the temperature sensing
component, in accordance with one embodiment of the present invention.
[0012] Figure 3 is a cross-sectional diagram of a process chamber having
temperature  25 sensing components disposed therein, in accordance with one
embodiment of the present  invention. [0013] Figure 4 is a cross-sectional
diagram of a process chamber having a temperature  sensing component
disposed on the surface of a substrate support, in accordance with one
embodiment of the present invention. 30 [0014] Figure 5 is a close-up
cross-sectional view of a temperature sensing component  capable of sensing
temperature on the surface of a substrate support, in accordance with one
embodiment of the present invention. 



3 [0015] Figure 6 is cross-sectional diagram of a process chamber having a
temperature  sensing component disposed therein, in accordance with one
embodiment of the present  invention. [0016] Figure 7A is a cross-sectional
view of a process chamber having a temperature 5 sensing component disposed
on the surface of a substrate support, the substrate support also  having a
substrate disposed thereon, in accordance with one embodiment of the
present  invention. [0017] Figure 7B is a top view of a temperature sensing
component capable of sensing the  temperature on the surface of a substrate
support, in accordance with one embodiment of the  10 present invention.
[0018] Figure 8 is a flow chart detailing a process to accurately measure
the in situ process  temperature, in accordance with one embodiment of the
present invention. [0019] Figure 9A is a cross-sectional view of a
temperature indication apparatus, in  accordance with one embodiment of the
present invention. 15 [0020] Figure 9B is a cross-sectional view of a
temperature indication apparatus indicating  a phase change has occurred,
in accordance with one embodiment of the present invention.  DETAILED
DESCRIPTION The present invention, as illustrated by the following
embodiments, provides the methods and  structures that enable accurate in
situ temperature measurement for processing substrates, and in  20
particular, for fabricating semiconductors. The embodiments of the present
invention can be easily integrated into process chambers for accurate in
situ temperature measurement, thus  improving overall process control,
process monitoring, and process repeatability without  affecting process
throughput and yield. As should be appreciated, the present invention can
be  implemented in numerous ways, including a method or system. In some
instances, well known 25 process operations and components have not been
described in detail in order to avoid  obscuring the present invention.
[0021] Figure 1 shows a substrate process chamber system 100 according to
one  embodiment of the present invention, Process chamber 102 includes a
substrate support 104,  wherein the substrate support 104 has a plurality
of cavities 106, 116, 126, and 136. Each of 30 the pluralities of cavities
106, 116, 126, and 136 is suitably configured to hold one of a plurality  



of materials 108, 118, 128, and 138 respectively therein. Each of a
plurality of transparent  covers 110, 120, 130, and 140 is suitably
configured to respectively cover an opening of the 4 plurality of cavities
106, 116, 126, and 136. Thus, each of the materials 108, 118, 128, and 138
is contained in a respective one of the plurality of cavities 106, 116,
126, and 136. Each of the  materials 108, 118, 128, and 138 is
substantially sealed and isolated from the interior environment of the
process chamber. Since the materials 108, 118, 128, and 138 are isolated  5
from the interior of the process chamber 102 they are also prevented from
introducing any  contaminants into the process chamber 102. In order to
properly seal and isolate the materials  108, 118, 128, and 138, the
transparent covers 110, 120, 130, and 140 are made from a suitably  robust
material to withstand the process conditions within the process chamber
102. One  example of such a robust material is quartz. 10 [00221 Still
referring to Figure 1, one or more sensors 112 are configured in the
process  chamber 102 to monitor a phase change of each one of the materials
108, 118, 128, and 138.  For ease of illustration, Figure 1 shows one
sensor 112 configured in the process chamber 102.  However, one or more
sensors 112 may be configured in the process chamber 102 to monitor  each
one of the materials 108, 118, 128, and 138 for the respective phase change
of each of the 15 materials. The phase change data gathered by one or more
of the sensors 112 are transmitted to  a monitor system 114. The monitor
system 114 may include a system controller, which  controls all the
components of the process chamber system 100 including the process
operation  of the process chamber 102. For example, the system controller
may control the operation of  process chemicals into the process chamber
102, one or more heaters to heat the surfaces in the 20 process chamber 102
to process a substrate, energy, e.g., RF, to energize the chemicals in the
process chamber 102 to initiate process, etc. The monitor system 11.4
processes the data, e.g.,  using a data processing algorithm, and
appropriately presents the analyzed data to a user by way  of a user
interface, e.g., a screen monitor. [0023] As indicated, the one or more
sensors 112 monitor the phase change of the materials  25 108, 118, 128,
and 138 and record the phase change data as each phase change occurs for
each  of the materials. The temperature associated with a phase change of a
material, e.g., changing  from a solid phase to a liquid phase, is a
constant for a specific composition of material at a  given pressure. Thus,
the phase change temperature for a known composition of material could  



be used as a reference to measure process temperature in the process
chamber 102. 30 [00241 As shown in Figure 1, the materials 108, 118, 128,
and 138 are respectively  contained in one of the plurality of cavities
106, 116, 126, and 136 that is incorporated in the  substrate support 104.
A phase change of each of the materials 108, 118, 128, and 138 can be  used
to monitor, measure, and characterize the process temperature of the
substrate support 104.  5 For example, as the process is initiated in the
process chamber 102, the substrate support 104 is  typically heated. As a
sufficient amount of heat energy is transferred from a heater to the
substrate support 104, the materials 108, 118, 128, and 138 in the
respective cavities 106, 116,  126, and 136 will begin to undergo phase
changes. The amount of heat energy that is 5 transferred to the substrate
support can be measured and quantified over time by a process  chamber
system controller. In the meantime, one or more sensors 112 are monitoring
the  materials 108, 118, 128, and 138 for phase changes. As a phase change
occurs, the location,  e.g., contact surface, where the material is located
has reached the phase change temperature  associated with that material. 10
[00251 Since heat distribution across a surface is rarely uniform,
embodiments of the  present invention are capable of determining the
temperature distribution across a surface. For  example, as illustrated in
Figure 1, materials 108, 118, 128, and 138 are disposed in the  plurality
of cavities 106, 116, 126, and 136 located at different areas across the
surface of the  substrate support 104. The temperature distribution across
the surface of the substrate support 15 104 can be determined as each one
of the materials 108, 118, 128, and 138 undergoes a phase  change.
Materials 108, 118, 128, and 138 can be comprised of the same composition
or  materials 108, 118, 128, and 138 can be comprised of different
compositions. If each of the  materials 108, 118, 128, and 138 is comprised
of a known composition with a known phase  change temperature, the
temperature distribution across the surface of the substrate support 104 20
can be determined over time as heat energy is supplied to the substrate
support 104 and each  material, over time, undergoes a phase change. [0026]
Since each of the materials 108, 118, 128, and 138 is respectively sealed
in each of  the cavities 106, 116, 126, and 136 no significant loss of
material would occur over time.  Accordingly, the materials 108, 118, 128,
and 138 can be reused for repeated process cycles in  25 the process
chamber 102. 



[00271 It is well known in chemical and material science that organic and
some inorganic  compounds exhibit very precise melting points, e.g., within
the range of 0.1 or 0.2 degree  Celsius. Some of these organic and
inorganic compounds include naphthalene, salicylic acid,  benzophenone,
Cobalt (II) Nitrate, Aluminum benzoate, Aluminum acetate, Antimony (III)
30 bromide, and Antimony (III) chloride. [0028] Still referring to Figure
1, the one or more sensors 112 are configured to sense the  phase change of
the materials 108, 118, 128, and 138. The phase change of a material will
cause a change in the refractive index of the material. For some materials,
the phase change  6 will also cause a change in color of the material. As
shown in Figure 1, one or more sensors  112 are configured to sense these
or other changes that accompany a phase change of a material  through the
transparent covers 110, 120, 130, and 140. One example of a sensor 112 that
is  capable of sensing a phase change as described is a laser spectrometer.
The sensor 112 is 5 connected to communicate with the process chamber
system controller. The sensor 112  monitors the materials 108, 118, 128,
and 138 and collects data for sensing phase changes. The  sensor 112 sends
the collected data to the process chamber system controller for processing.
The process chamber controller using a data processing algorithm processes
the data and  generates optical constant values that correspond to phase
change temperatures associated with 10 the materials 108, 118, 128, and 138
contained in the respective plurality of cavities 106, 116,  126, and 136.
The process chamber controller may be a separate unit located remotely from
the  monitor device 114. Alternatively, the process chamber controller and
the monitor device 114  may be integrated as one combined unit. Regardless
of the actual configuration of the process  chamber controller and the
monitor device 114, the process chamber controller communicates 15 with the
monitor device 114 and monitor device 114 provides process temperature
information  to a user through a user interface, e.g., a screen monitor.
[0029] Figure 2 shows a process chamber system 200 according to another
embodiment of  the present invention. Process chamber 202 includes a
substrate support 204, wherein the  substrate support 204 has a plurality
of cavities 206 and 216. Each of the plurality of cavities 20 206 and 216
is suitably configured to hold one of a plurality of materials 208 and 218
respectively therein. Each of a plurality of transparent covers 210 and 220
is suitably  configured to respectively cover an opening of the plurality
of cavities 206 and 216. Thus, each  



of the materials 208 and 218 is contained in the respective one of
plurality of cavities 208 and  218, and each one of the materials 208 and
218 is substantial scaled and isolated. The 25 transparent covers 210 and
220 are made from a suitably robust material to withstand the  process
conditions in the process chamber system 200. One example of such a robust
material  is quartz. [0030] As shown in Figure 2, one or more sensors 212
and 222 are configured in the  process chamber system 200 to monitor a
phase change of each of the materials 208 and 218.  30 The phase change
data gathered by the one or more sensors 212 and 222 are transmitted a
monitor system 214. The monitor system 214 may include a system controller,
which controls  all the components of the process chamber system 200
including the process operation of the  process chamber 202. For example,
the system controller may control the operation of process  7 chemicals
into the process chamber 202, one or more heaters to heat the surfaces in
the process  chamber 202 to process a substrate, energy, e.g., RF,
microwave, etc., to energize the chemicals  in the process chamber 202 to
initiate process, etc. The monitor system 214 processes the data,  e.g.,
using a data processing algorithm, and appropriately presents the analyzed
data to a user by  5 way of a user interface, e.g., a screen monitor.
[00311 Still referring to Figure 2, the one or more sensors 212 and 222
monitor the phase  change of the materials 208 and 218 and record the phase
change data as each phase change  occurs for each of the materials. The
temperature associated with a phase change of a material,  e.g., changing
from a solid phase to a liquid phase, is a constant for a specific
composition of 10 material at a given pressure. Thus, the phase change
temperature for a known composition of  material could be used as a
reference to measure process temperature in the process chamber  202, e.g.,
the surface temperature of the substrate support 204. [0032] Figure 3 shows
a process chamber system 300 in accordance with another  embodiment of the
present invention. Process chamber 302 includes a substrate support 304  15
and a plurality of cavities 336, 346, 356, and 366 incorporated into the
walls of the chamber 302. Each of a plurality of materials 338, 348, 358,
and 368 is respectively contained in one of  the plurality of cavities 336,
346, 356, and 366 in the walls of the chamber, 302. Each of  plurality of
cavities 336, 346, 356, and 366 is respectively sealed by one of a
plurality of  transparent covers 340, 350, 360, and 370. One or more
sensors 312 are configured to sense a 



20 phase change of each of the plurality of materials 338, 348, 358, and
368 through the respective  one of plurality of transparent covers 340,
350, 360, and 370. Although one sensor 312 is  shown in Figure 3, one or
more sensors 312 can be configured in process chamber 302 to sense  the
phase change of each of the materials 308, 318, 328, 338, 348, 358, and
368. In one  implementation, the sensor 312 may be a laser spectrometer.
The sensor 312 is connected to 25 communicate with a process chamber system
controller. The sensor 312 sends data collected  from monitoring the
materials 308, 318, 328, 338, 348, 358, and 368 to the process chamber
system controller for processing the data. The process chamber controller
using a data  processing algorithm processes the data and generates optical
constant values that correspond to  phase change temperatures associated
with materials 308, 318, 328, 338, 348, 358, and 368. 30 The phase change
temperature can be further processed and presented to a user by way of a
user  interface, e.g., a screen monitor. The information presented to a
user could be in the form of  temperature distribution plots, e.g., plots
of temperature versus time distribution, temperature  versus location
distribution, etc. 8 [0033] Figure 4 shows a cross-sectional view of a
process chamber system 400 in  accordance with one embodiment of the
present invention. In process chamber system 400, a  substrate support 404
is disposed in process chamber 402. A temperature sensing test substrate
415 is disposed on substrate support 404. The temperature sensing test
substrate 415 comprises S of a substrate layer 414 and a transparent layer
410. A plurality of cavities 406, 426, and 436  are configured in the
transparent layer 410, wherein one of plurality of materials 408, 428, and
438 is respectively disposed in one of the plurality of cavities 406, 426,
and 436. The materials  408, 428, and 438 are in contact with the substrate
layer 414. The transparent layer 410 seals  the materials 408, 428, and 438
from the interior environment of the process chamber 402, such 10 that
materials 408, 428, and 438 cannot induce any contaminants into the
interior environment  of the process chamber 402. One or more sensors 412
are configured in process chamber 402  to sense phase changes of the
materials 408, 428, and 438. 10034] Figure 5 shows a close-up
cross-sectional view of the temperature sensing test  substrate 415 in
accordance with an embodiment of the present invention. The temperature  15
sensing test substrate 415 comprises of a substrate layer 414 and a
transparent layer 410. The transparent layer 410 is configured with a
plurality of cavities 406, 426, and 436. Each of the  



cavities 406, 426 and 436 contains one of plurality of materials 408, 428,
and 438. The  materials 408, 428, and 438 are in contact with the substrate
layer 414, such that at thenno- equilibrium, the temperature of each of the
materials 408, 428, and 438 is at the same 20 temperature as the substrate
layer 414 at each contact surface area. [00351 Referring back to Figure 4,
as the process is initiated in the process chamber 402,  and the substrate
support 404 is typically heated. The temperature sensing test substrate 415
may be used to determine the temperature or heat distribution of a
substrate that is being  processed in process chamber 402. 25 [00361 As a
sufficient amount of heat energy is transferred from a heater to the
substrate  support 404, the substrate layer 414 of the temperature sensing
test substrate 415 is also heated  by conduction and convection. The
substrate layer 414 would simulate an actual substrate that  is being
processed in the process chamber 402. Thus, the temperature of the
substrate layer 414  would be similar to that of a substrate that is being
processed in the process chamber 402. The 30 materials 408, 428, and 438
being in contact with the substrate layer 414 would be at the same
temperature as the substrate layer 414. As sufficient heat energy is
transferred to materials 408,  428, and 438, phase change of the materials
would be initiated. One or more sensors 412 sense  the phase change of the
materials 408, 428, and 438. The one or more sensors 412 transmit the  9
sensed data to a process chamber system controller to process the data and
present the  processed data to a user by way of a user interface, e.g., a
screen monitor. The processed data  presented to a user could be in the
form of a temperature distribution plot of the substrate layer  414, which
would be representative of a temperature distribution plot of a processed
substrate. 5 [0037] Figure 6 shows a temperature sensing component in
accordance with one  embodiment of the present invention. Temperature
sensing component 610 is disposed in  process chamber 602. The temperature
sensing component includes a transparent shell 606  configured to contain a
material 608. The transparent shell 606 is made of a robust material
capable of withstanding the conditions (e.g., heat, pressure, RF energy,
microwave, reactive 10 plasma, etc.) within the process chamber 602 without
any degradation in its material properties.  One example of such a robust
material is quartz. Material 608 is configured to be in contact  with any
surface within the process chamber 602, while being sealed between the
contact  surface within the process chamber 602 and the transparent shell
606. A sensor 612 is located  



in the process chamber 602 to sense a phase change of material 608 through
the transparent 15 shell 606. For example, sensor 612 may be a laser
spectrometer. Material 608 may be an  organic or an inorganic compound
having a very precise melting point, e.g., melting point  within the range
of 0.1 or 0.2 degree Celsius. Some of these organic and inorganic compounds
include naphthalene, salicylic acid, benzophenone, Cobalt (1I) Nitrate,
Aluminum benzoate,  Aluminum acetate, Antimony (III) bromide, and Antimony
(I11) chloride. For ease of 20 illustration and discussion only one
temperature sensing component 610 and sensor 612 are  shown disposed in
process chamber 602 in Figure 6, however, within the scope of the present
invention, any number of temperature sensing components and sensors may be
implemented in  process chamber 602. [0038] As process is initiated in the
process chamber 602, the chamber surfaces are also  25 heated. The chamber
surfaces could be heated in many different ways. The chamber surfaces
could be heated by a circulating fluid, a heater, or any other appropriate
means. The embodiments of the present invention provide the method and
apparatus for accurately  measuring the in situ process temperature. [0039]
The material 608 being in contact with a surface within the process chamber
602 30 would be at the same temperature as the contact surface. As a
sufficient amount of heat energy  is transferred from the contact surface
to material 608, material 608 will undergo a phase  change. Sensor 612
senses the phase change and transmits the phase change data to a process
chamber system controller. The process chamber system controller processes
the phase change 10 data and provides the processed phase change data to a
user by way of a user interface, e.g., a  screen monitor. The processed
phase change data could be in the form of temperature  distribution plots.
[0040] Figure 7A shows another temperature sensing component in accordance
with one  5 embodiment of the present invention. A temperature sensing
component 710 is disposed on a  substrate support 704 in process chamber
702. Substrate 714 is also disposed on substrate  support704. Temperature
sensing component 710 may have a plurality of cavities. As shown  in Figure
7A, materials 718 and 728 are respectively contained in two of the cavities
in  temperature sensing component 710. Materials 718 and 728 are in contact
with substrate 10 support 704. Sensors 712 and 722 are configured to sense
phase change of materials 718 and  



728. Although Figure 7A shows sensors 712 and 722 configured to sense phase
change of  materials 718 and 728, any number of sensors can be used to
sense the phase change of  materials 718 and 728. For example, one sensor
may be configured to sense phase change for  any number of materials
contained in the temperature sensing component 710. 15 [0041] Figure 7B
show a top view of temperature sensing component 710 and substrate  714.
The temperature sensing component 710, in accordance with one embodiment of
the  present invention, enables simultaneous temperature sensing and
substrates processing at the  same time. As a process is initiated in
process chamber 702, the substrate support 704 is  typically heated to
facilitate processing of substrate 714. As a sufficient amount of heat
energy 20 is transferred from a heater to the substrate support 704 to heat
the substrate 714 for processing,  the materials 718, 728, 738, and 748 are
also heated. The materials 718, 728, 738, and 748 are  selected for having
very precise melting points, e.g., within the range of 0.1 or 0.2 degree
Celsius. As is well known, the temperature associated with a phase change
of a material is a  constant for a specific composition of material,
therefore, the phase change temperature for 25 materials 718, 728, 738, and
748 may be used as a reference temperature to control and monitor  the
process temperature for substrate 714. [0042] Sensors 712 and 722
configured to sense phase change of materials 718, 728, 738,  and 748
transmit phase change data to a process chamber system controller to
control the  process temperature, e.g., the surface temperature of the
substrate, to prevent temperature 30 variations that would affect process
outcomes, e.g., critical dimensions of device features in  semiconductors.
In addition, the process chamber system controller could provide real-time
processed phase change data to a user by way of a user interface, e.g.,
screen monitor. The  processed phase change data could be temperature
distribution plots. 11 [0043] Figure 8 shows a flowchart detailing a method
of accurately measuring in situ  process temperature in accordance with one
embodiment of the present invention. The method  begins with operation 800
by placing one or more temperature sensing components into a  process
chamber. The temperature sensing components may be any of the temperature
sensing 5 components discussed according to the various embodiments of the
present invention. Then, a  process is initiated in the process chamber in
operation 802. The initiated process eventually  causes a phase change to
each of the materials in the respective temperature sensing  



components in operation 804. One or more sensors in the process chamber
detect the phase  changes of the materials in the respective temperature
sensing components in operation 806. 10 The process chamber system
controller processes the phase change data for each of the  materials in
operation 808. A temperature associated with a respective phase change of
each  material is determined in operation 810, and in operation 812, the
associated temperatures are  recorded. It should be appreciated that the
temperatures associated with the phase change for  any of the materials
listed herein are well documented. For example, naphthalene has a melting
15 temperature of 80.5 degree Celsius, salicylic acid has a melting
temperature of 135 degree  Celsius, benzophenone has a melting temperature
of 48.1 degree Celsius, Cobalt (II) Nitrate has  a melting temperature of
55 degree Celsius, Aluminum benzoate has a melting temperature of  198
degree Celsius, Aluminum acetate has a melting temperature of 114 degree
Celsius,  Antimony (III) bromide has a melting temperature of 96.6 degree
Celsius, and Antimony (III) 20 chloride has a melting temperature of 73.4
degree Celsius. 10044] Figure 9A shows a temperature indicating apparatus
in accordance with another  embodiment of the present invention. Figure 9A
shows the temperature indicating apparatus  904 having a cavity 906. Cavity
906 has at least two chambers, for example, a first chamber  912 and a
second chamber 914. In this embodiment, a material 908 is disposed in the
first 25 chamber 912. A cover 910 seals the cavity 906. The cover 910 maybe
a transparent cover, so  that the temperature indicating apparatus 904 may
be used to indicate in situ process  temperature as discussed above.
Similar to the temperature sensing components as previously  discussed for
other embodiments of the present invention, the temperature indicating
apparatus  904 maybe disposed in a processor chamber and the phase change
of the material 908 may be 30 sensed by a sensor configured to sense a
phase change of the material 908 through the cover  910. [00451 Figure 9B
shows a temperature indicating apparatus in accordance with one  embodiment
of the present invention in which material 908 has undergone a phase
change. As  12 shown in Figure 9B, the material 908 is transferred from the
first chamber 912 to the second  chamber 914 as the material 908 changed
from one phase to another phase, e.g., solid phase to  liquid phase or vice
versa. The temperature indicating apparatus 904 is capable of indicating
whether a phase change temperature associated with the material 908 was
reach by observing 



5 the spatial location of the material 908 in the cavity 906, i.e., whether
the material is contained  in the first chamber 912 or the second chamber
914. Accordingly, the temperature indicating  apparatus 904 may be observed
after a process cycle is completed to verify that a process  temperature
has reached a temperature associated with the phase change of material 908
at  some point in the process as the process recipe was executed, In one
embodiment of the 10 present invention, cover 910 may not be a transparent
cover. For example, where the  temperature indication apparatus is used as
a spatial indicator, it is not necessary to have a  transparent cover.
[0046] Although a few embodiments of the present invention have been
described in detail  herein, it should be understood, by those of ordinary
skill, that the present invention may be 15 embodied in many other specific
fors without departing from the spirit or scope of the  invention.
Therefore, the present examples and embodiments are to be considered as
illustrative and not restrictive, and the invention is not to be limited to
the details provided  therein, but may be modified and practiced within the
scope of the appended claims. 20 [0047] What is claimed is. 13 CLAIMS  1. A
semiconductor process chamber, comprising: a temperature sensing component
disposed within a wall defining the  semiconductor process chamber, wherein
the temperature sensing component has a cavity;  5 a transparent cover
disposed over an opening of the cavity; a material disposed within the
cavity of the temperature sensing component; and a sensor disposed within
the semiconductor process chamber and having a line of  sight to the
material, the sensor configured to sense a phase change of the material
through the transparent cover. 10 2. The process chamber of claim 1,
wherein the phase change includes one of  changing from a solid phase to a
liquid phase or changing from a liquid phase to a solid  phase. 15 3. The
process chamber of claim 1, wherein the material is one of an organic or an



inorganic compound. 4. The process chamber of claim 3, wherein the organic
compound is selected from  the group consisting of naphthalene, salicylic
acid, and benzophenone, and the inorganic  20 compound is selected from the
group consisting of Cobalt (II) Nitrate, Aluminum benzoate, Aluminum
acetate, Antimony (III) bromide, and Antimony (III) chloride. 5. The
process chamber of claim I, wherein the cavity has at least two chambers
and  the material within the cavity is transferred from a first chamber to
a second empty  25 chamber as the material undergoes the phase change. 14
6. The process chamber of claim 1, wherein the sensor is a laser
spectrometer, and  the transparent cover is composed of quartz. 7. A method
of characterizing temperature distribution in a process chamber, the  5
method comprising: locating a temperature sensing component having an
embedded material within a  wall of the semiconductor process chamber;
initiating a process operation within the semiconductor process chamber;
detecting a phase change of the embedded material within the wall of the
process  10 chamber through a sensor disposed within the semiconductor
process chamber; and  recording a temperature associated with the phase
change. 8. The method of claim 7, further comprising: placing another
temperature sensing  component into a substrate support of the process
semiconductor chamber. 15 9. The method of claim 7, wherein the wall is a
sidewall of the semiconductor  process chamber. 10. The method of claim 7,
wherein the phase change includes one of changing from  20 a solid phase to
a liquid phase or changing from a liquid phase to a solid phase and
wherein the phase change causes movement from a first chamber to a second
empty  chamber within the temperature sensing component. 11 . The method of
claim 7, further comprising: 25 covering the embedded material with a
transparent cover.  15 


