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uw, (57) Abstract: Systems are provided for measuring temperature in a semiconductor processing chamber. Embodiments provide a

multi-junction thermocouple (110) comprising a first junction (112) and a second junction (114) positioned to measure temperature

at substantially the same portion of a substrate (16). A controller (120) may detect failures in the first junction (112), the second

= junction (114), a first wire pair (113) extending from the first junction (112), or a second wire pair (115) extending from the second
junction (114). The controller (120) desirably responds to a detected failure of the first junction (112) or first wire pair (113) by
selecting the second junction (114) and second wire pair (115). Conversely, the controller (120) desirably responds to a detected

@) failure of the second junction (114) or second wire pair (115) by selecting the first junction (112) and first wire pair (113). Systems

O taught herein may permit accurate and substantially uninterrupted temperature measurement despite failure of a junction or wire pair
in a thermocouple.
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REDUNDANT TEMPERATURE SENSOR FOR SEMICONDUCTOR
PROCESSING CHAMBERS

BACKGROUND
Field
[0001] The present invention relates to processing substrates in semiconductor
processing chambers, and more particularly to temperature sensors configured to enhance

accuracy of temperature control and to reduce downtime in the reactor.

Description of the Related Art

[0002] High-temperature processing chambers are used for depositing various
material layers onto semiconductor substrates. One or more substrates, such as silicon
wafers, are placed on a wafer support inside the reaction chamber. Both the wafer and
support are heated to a desired temperature. In a typical wafer treatment step, reactant
gases are passed over the heated wafer, causing the chemical vapor deposition (CVD) of a
thin layer of the reactant material on the wafer. If the deposited layer has the same
crystallographic structure as the underlying silicon wafer, it is called an epitaxial Jayer.
This is also sometimes called a monocrystalline layer because it has only one crystal
structure. Through subsequent processes, these layers are made into integrated circuits,
with a single layer producing from tens to thousands or even millions of integrated
devices, depending on the size of the wafer and the complexity of the circuits.

[0003] Various process parameters must be carefully controlled to ensure the
high quality of the resulting layers. One such critical parameter is the temperature of the
wafer during each treatment step of the processing. During CVD, for example, the
deposition gases react at particular temperatures and deposit on the wafer. If the
temperature varies across the surface of the wafer, uneven deposition of the reactant gas
occurs. Accordingly, it is important that wafer temperature be stable and uniform at the
desired temperature before the treatment begins.

[0004] Similarly, non-uniformity or instability of temperatures across a wafer
during other thermal treatments can affect the uniformity of resulting structures. Other

processes for which temperature control can be critical include oxidation, nitridation,
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dopant diffusion, sputter depositions, photolithography, dry etching, plasma processes,
and high temperature anneals.

[0005] Known methods and systems for processing wafers use thermocouples
and other temperature sensors in various configurations within the processing chamber to
regulate and control the temperature therein. For example, U.S. Patent No. 6,596,973 to
Donald et al. discloses a wafer temperature estimator that includes a thermocouple below
the wafer and an optical pyrometer in a direct line of sight with the wafer. Another
example is U.S. Patent No. 6,121,061 to Van Bilsen, which teaches a plurality of
temperature sensors measuring the temperature at various points surrounding the wafer,
including a thermocouple placed near the leading edge of the wafer, another near the
trailing edge, one at a side, and another below the wafer.

[0006] However, known systems and methods for measuring and controlling
temperatures inside processing chambers have been found to deteriorate in their accuracy
over time or fail altogether. These deteriorations and premature failures lead to reduced
quality of depositions or unanticipated downtime for the processing chamber in order to
make repairs or costly replacements. Moreover, there is significant time and expense in
returning the reactor to the operating conditions necessary to produce the desired film
properties on the wafers being coated. Accordingly, a system is needed that enhances

accuracy of temperature contro] and reduces downtime and repairs in the reactor.

SUMMARY OF THE INVENTION |

[0007] In one embodiment, a temperature control system is provided for
controlling temperature in a semiconductor processing chamber. The system comprises a
controller and a multi-junction thermocouple in communication with the controller. The
multi-junction thermocouple comprises a first junction positioned to measure temperature
at a portion of a substrate, a first wire pair extending from the first junction, a second
junction positioned to measure temperature at substantially the same portion of the
substrate, and a second wire pair extending from the second junction.

[0008] In another embodiment, a multi-junction thermocouple is provided for
use in a semiconductor processing chamber. The multi-junction thermocouple comprises
a first junction, a first wire pair joined at the first junction, a second junction disposed less

than 1 mm from the first junction, and a second wire pair joined at the second junction.
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[0009] In another embodiment, a temperature detection system is provided.
The system includes a thermocouple and a controller for determining a temperature
measurement from the thermocouple. The thermocouple includes a junction and a first
conductor coupled to the junction, the first conductor being formed of a first material.
The thermocouple further includes second and third conductors coupled to the junction,
the second and third conductors being formed of a second material different than the first
material. The controller is configured for monitoring the first, second, and third
conductors and for detecting a failure in at least one of the conductors.

[0010] In another embodiment, a semiconductor processing apparatus is
provided. The apparatus comprises a reaction chamber, a susceptor for supporting a
substrate within the chamber, a shaft assembly for supporting the susceptor, and a multi-
junciion thermocouple. The multi-junction thermocouple comprises a first junction
positioned to measure temperature at a portion of a substrate, and a second junction
positioned to measure temperature at substantially the same portion of the substrate.

[0011] In another embodiment, a method of measuring temperature in a
semiconductor processing chamber is provided. The method includes providing a multi-
junction thermocouple inside the chamber, the multi-junction thermocouple comprising a
first junction, a first wire pair operatively connected to the first junction, a second
junction disposed within 1 mm of the first junction, and a second wire pair operatively
comnected to the second junction. The method also includes receiving temperature
measurements from the multi-junction thermocouple, wherein the measurements can be
selectively received from the first junction, the second junction, or both of the junctions.

[0012] All of these embodiments are intended to be within the scope of the
invention herein disclosed. These and other embodiments of the present invention will
become readily apparent to those skilled in the art from the following detailed description
having reference to the attached figures, the invention not being limited to any particular

embodiment(s) disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIG. 1 is a cross-sectional view of a processing chamber in accordance
with embodiments of the present invention.

[0014] FIG. 2 is an enlarged cross-sectional view of the chamber of FIG. 1.
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[0015] FIG. 3 is a schematic illustration of a temperature control system in
accordance with embodiments of the invention.

[0016] FIG. 4A is a schematic illustration of a multi-junction thermocouple in
accordance with embodiments of the invention.

[0017] FIG. 4B 1s a schematic illustration of a multi-junction thermocouple in
accordance with other embodiments of the invention.

[0018] FIG. 5 is a schematic illustration of a thermocouple in accordance with
other embodiments of the invention.

[0019] FIG. 6 is a schematic illustration of a thermocouple in accordance with

other embodiments of the invention.

DETAILED DESCRIPTION

[0020] As noted above, known systems for temperature-controlled processing
chambers are subject to failures that result in downtime for the reactor and significant
costs for replacement components. In addition, there is significant time and expense in
returning the reactor to the operating conditions necessary to produce the desired film
properties on the wafer being coated. Replacing thermocouples and other components
requires an intrusion into the chamber, which can result in undesirable particle generation.
The methods and systems taught herein alleviate many of these problems.

[0021] While embodiments are described in the context of a cold wall CVD
reactor for processing semiconductor wafers, it will be understood that the processing
methods described herein will have utility in the context of reactors of other types. In
particular, one of skill in the art can find applications for the methods described herein for
other semiconductor processing equipment, wherein a semiconductor substrate is to be
treated at a controlled temperature. The present invention can also be implemented in
conjunction with other heating/cooling systems, such as those employing inductive or
resistive heating. Moreover, precise temperature control is often required in the treatment
of other substrates, including, without limitation, the deposition of optical thin films on
glass or other substrates.

[0022] FIG. 1 is a cross-sectional view of a processing chamber in accordance
with an embodiment. The processing chamber 200 may include a quartz reaction
chamber 12. A plurality of radiant heat sources (which, in the illustrated embodiment,

comprise banks of heat lamps 13, 14) are supported outside of the chamber 12, to provide
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heat energy to the chamber 12 without appreciable absorption by the quartz chaniber
walls. Additionally, a plurality of spot lamps 15 supply concentrated heat to the underside
of the wafer support structure 18 to counteract a heat sink effect created by cold support
structures extending through the bottom of the reaction chamber 12.

[0023] A wafer 16 is shown supported within the reaction chamber 12 upon a
wafer support structure 18. The illustrated support structure 18 includes a susceptor 20,
upon which the wafer 16 rests, and a support spider 22. The support spider 22 is mounted
to a shaft 24, which extends downwardly through a tube 26 depending from the chamber
12 lower wall.

[0024] As is shown more clearly in the close-up view of FIG. 2, a multi-
junction thermocouple 110 is in proximity to a central portion of the susceptor 20. In
other embodiments, the multi-junction thermocouple 110 can be in other locations in the
reaction chamber 12, such as near the leading edge, the trailing edge, or a side edge of the
waler 16 (FIG. 1). The multi-junction thermocouple 110 includes first and second
Junctions 112, 114 and first and second wire pairs 113, 115 which pass through the spider
22 and the shaft 24. In the illustrated embodiment, the spider 22 includes a socket 23 that
receives the shaft 24, and a plurality of spider arms 25 extending generally radially
outward and upward from the socket 23 to support the susceptor 20. In the embodiments
shown in FIGS. 1 and 2, the first and second junctions 112, 114 are vertically positioned
between the wafer 16 and the shaft 24 and radially positioned within 1 millimeter of the
vertical center axis of the wafer 16. However, other configurations may be used to
measure temperature at different locations of the substrate 16, such as at the leading edge,
the trailing edge, the side edges, or any other position.

[0025] FIG. 3 is a schematic illustration of a temperature control system 100
in accordance with embodiments of the invention. The temperature control system 100
includes a multi-junction thermocouple 110 inside a processing chamber 200. The
processing chamber 200 is configured to carry out deposition on a substrate. As is well
known, a thermocouple senses temperature at a junction by measuring the difference in
voltage generated by two different conductors extending from the junction to another
reference point. The thermal gradient between the junction and the reference point causes
each conductor to generate a voltage. Because different conducting materials produce
different voltages when exposed to the same temperature gradient, linking dissimilar

conductors at the junction sets up a voltage difference between the two conductors at the
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reference pomnt. In other words, the voltage difference between the junction and the end
of the first wire at the reference point is not equal to the voltage difference between the
junction and the end of the second wire at the reference point. Measurement of the
voltage difference between the first and second wire at the reference point enables
calculation of the temperature difference between the junction and the reference point.

[0026] A thermocouple is sometimes referred to as a contact-type sensor
because it is frequently placed in contact with the article where temperature is to be
sensed. However, it is sometimes positioned slightly spaced from that article.
Thermocouples may be contact-type sensors, sensors that are spaced apart from the article
to be sensed, and like thermal measuring devices known to those skilled in the art. " Thus,
a thermocouple measuring temperature at a portion of a substrate may be positioned near
that portion rather than precisely at that portion of the substrate. For example, a
thermocouple measuring temperature at the center of the substrate may be positioned
below the susceptor supporting the substrate, such as about 6.4 mm below the substrate.
As another example, a thermocouple measuring temperature at an edge of the substrate
may be positioned adjacent to the substrate but not actually contacting the substrate, such
as about 12.7 mm to about 25.4 mm from the substrate.

[0027] As shown in FIG. 3, the multi-junction thermocouple 110 comprises a
first junction 112 and a second junction 114. The first and second junctions 112, 114 may
each be formed by joining any two conductors suitable for detection of temperature in a
semiconductor processing chamber environment. As noted above with reference to FIG.
2, the two conductors joined at the first junction 112 are the first wire pair 113, and the
two conductors joined at the second junction 114 are the second wire pair 115. For
example, so-called Type R thermocouples can be used, which comprise one wire of
platinum (Pt) and another of platinum alloyed with about 13% rhodium (Rh). Of course,
a variety of other types of thermocouples can be used, keeping in mind the goal of
withstanding the environment within the reactor, such as temperatures as high as about
1200°C. For example, some possible thermocouple types that can be used include,
without limitation, Type S (one wire formed of Pt, and another wire formed of 90% Pt
and 10% Rh), Type B (one wire formed of 94% Pt and 6% Rh, and another wire formed
of 70% Pt and 30% Rbh), Type K (one wire formed of 90% nickel (Ni) and 10% chromium
(Cr), and another wire formed of 95% Ni, 2% manganese (Mn), 2% aluminum (Al), and
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1% silicon (S1)), and Type N (one wire formed of Ni, Cr, and Si, and another wire formed
of Ni and Si).

[0028] The first junction 112 is positioned inside the processing chamber 200
at a position where it can measure temperature at a preselected location of the wafer 16
(FIG. 1). The second junction 114 is positioned to measure temperature at substantially
the same location of the substrate. For example, the first and second junctions 112, 114
may be positioned to measure temperature at the center of the wafer 16. In such
arrangements, the first and second junctions 112, 114 may be disposed near the center of
the wafer, such as within a radius of one millimeter of the center of the substrate. As
noted above, the first and second junctions 112, 114 may be positioned to measure
temperature at other locations of the wafer 16 as well, such as at the leading edge, the
trailing edge, other portions of the edge, or at locations between the center and the edge of
the walfer 16.

[0029] In order to promote temperature measurement at substantially the same
portion of the wafer, the first and second junctions 112, 114 may be disposed very close to
one another, such as within one millimeter of each other, particularly within 0.5
millimeters of each other, more particularly within 0.25 millimeters of each other. In
some embodiments, the first and second junctions 112, 114 are coincident with each
other. In other embodiments not shown in the figures, the multi-junction thermocouple
110 may include more than two junctions all in close proximity with one another.

[0030] Other temperature sensors 111 can also be used inside the reaction
chamber 200. These other temperature sensors 111 can include other thermocouples,
contact-type sensors, pyrometers, or other types of temperature sensors suitable for
detection of temperature in a semiconductor processing chamber environment. The other
temperature sensors 111 can be positioned to measure temperature near the same portion
of the wafer as the thermocouple 110. In other embodiments, the other temperature
sensors 111 are positioned to detect temperature at different portions of the wafer than the
thermocouple 110 and a controller 120 can estimate the temperature at the portion near
the thermocouple 110 based on the readings from the other temperature sensors 111. The
estimates can be calculated by interpolation or extrapolation, or by comparing the
readings from other temperature sensors 111 to the readings from previous simulations in
which an accurate reading was obtained for the same portion of the wafer where the

thermocouple 110 1s located. In this way, the other temperature sensors 111 can be used
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to produce a temperature measurement against which the reading from the thermocouple
110 can be compared, as described below.

[0031] In an embodiment illustrated in FIG. 3, the thermocouple 110 is in
communication with a controller 120. The controller 120 can include a processor,
particularly a programmable processor. The controller 120 receives measurements from
the multi-junction thermocouple 110. Tn some embodiments, the controller 120 also
recelves measurements from other temperature sensors 111 inside the reaction chamber
200. In other embodiments, the controller only receives measurements from the multi-
junction thermocouple 110, and not from other temperature sensors 111. Based on these
measurements, the controller 120 adjusts heat inputs into the processing chamber 200. In
some embodiments, in receiving measurements from the multi-junction thermocouple
110, the controller 120 is configured, such as by programming a processor in the
controller 120, fo selectively receive measurements from the first junction 112 and to
ignore measurements from the second junction 114 under normal operating conditions,
until a failure is detected in the first junction 112. In other embodiments, under normal
operating conditions, the controller 120 selectively receives measurements from the
second junction 114 and ignores measurements from the first junction 112 until there is a
failure in the second junction 114. In still other embodiments, under normal operating
conditions, the controller receives measurements from both the first and second junctions
112, 114 and combines the measurements, such as by averaging the measurements, until a
failure is detected in one of the junctions 112, 114. In embodiments where the controller
120 receives measurements from the first junction 112 and second junction 114, the
conuoller 120 can detect failures in the first junction 112 and/or first wire pair 113, or
alternatively in the second junction 114 and/or second wire pair 115, by comparing the
measurements it receives from the first junction 112 with measurements it receives from
the second junction 114. In embodiments where the controller 120 receives
measurements from other temperature sensors 111, the controller 120 can detect failures
of junctions 112, 114 or wire pairs 113, 115 by comparing measurements from the
junctions with measurements from said sensors 111,

[0032] A thermocouple junction can fail when the junction itself fails or when
there is a failure in any of the circuitry connecting the junction with the controller. As
used herein, failure includes deterioration in the accuracy of the reading, such as

temperature drift, as well as an inability to provide a reading, such as when a junction fails
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to commumicate with the processor due to an open circuit. While a reading that is
inaccurate by only a fraction of a degree Celsius is not considered a failure, a reading that
Is inaccurate by 1°C or more often is a failure, depending upon the sensitivity of the
process that 1s being run. In an open circuit mode of failure, the detection of failure can
be made by a component other than the aforementioned controlier, such as in a
multiplexer between the thermocouple and the controller.

[0033] In the case of an open circuit, the controller 120 can detect failure in a
junciion simply by recognizing that no current is flowing from that junction. In the case
of an erroneous reading, the controller 120 can detect failure by comparing the
measurements from one of the junctions 112, 114 with the measurements from the other
junction, or by comparing the measurements from one of the junctions 112, 114 with the
measurements from other temperature sensors 111. If there is a substantial difference in
the measurements, such as a difference of 1°C or more, the coniroller 120 can determine
that one of the junctions has failed. When the determination of a failure only involves a
comparison of the measurements from the first junction with the second junction, in some
embodiments this determination of a failure can be done by a component other than the
controller 120, such as m a multiplexer. The controller 120 may then use information
from other sources, such as measurements from other temperature sensors 111 in the
processing chamber 200, to determine which of the junctions 112, 114 or wire pairs 113,
115 has failed. In using information from other temperature sensors 111, the controller
120 may carry out calculations to take into account the location of the other temperature
sensors as compared to the junctions 112, 114.

[0034] In embodiments involving thermocouple junctions 112, 114, when the
controller 120 detects a failure in either junction or associated wire pair 113, 115, the
controller 120 can ignore the failed junction/wire pair for process control purposes and
perform its control functions using only the junction/wire pair that has not failed. In other
words, the controller 120 no longer uses measurements from the failed junction/wire pair
but processing of the wafer can continue unabated. In this application, in embodiments
mvolving a pair of junctions, the “selection” of a junction comprises ignoring the failed
junction/wire pair for process control purposes and using measurements from the non-
failed junction/wire pair, wherein the “selected” junction is the non-failed junction/wire
pair. For example, in embodiments where the controller 120 adjusts heat input into the

processing chamber 200 based on measurements from both junctions 112, 114, the
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controller 120 can select the second junction 114 if it detects a failure in the first junction
112 or first wire pair 113. After selecting the second junction 114, the controller adjusts
heat input into the processing chamber 200 based on measurements from the second
junction 114 and not the first junction 112.

[0035] In some embodiments, the controller 120 can continue to receive
measurements from the first junction 112 even after selecting the second junction 114 in
order to monitor whether the failure in the first junction 112 or first wire pair 113 has
ended. Nonetheless, the controller 120 will not consider measurements it receives from
the first junction 112 after it has selected the second junction 114 unless the controller
120 determines that the failure of the first junction 112 or first wire pair 113 has ended.
The processes for determining whether a failure of a junction or wire pair has ended are
similar to the processes described above for detecting a failure, e.g., by comparing
measurements from the junction in question fo measurements from other temperature
sensors. The controller 120 is preferably configured to detect failure in a junction or wire
pair and select the other junction without significantly interrupting processing in the
processing chamber 200. Thus, in the temperature control system 100, even when one of
the junctions 112, 114 (or associated wire pairs 113, 115) in the multi-junction
thermocouple 110 fails, temperature detection and control in the reaction chamber 200
can continue without halting the processing in the chamber 200 to replace the failed
thermocouple junction/wire pair. As skilled artisans will understand, replacing a
thermocouple typically involves exposing the chamber 200 to ambient air, which
necessitates a subsequent purging of the chamber to remove contaminants. All of this
takes time. As such, the temperature control system 100 having redundant junctions can
advantageously reduce chamber down time and expense in returning the chamber 200 to
desired operation conditions.

[0036] FIGS. 4A and 4B are schematic illustrations of thermocouples in
accordance with embodiments. In the embodiment shown in FIG. 4A, the first junction
112 and the second junction 114 are comcident. In the embodiment shown in FIG. 4B,
the first junction 112 and the second junction 114 are disposed very near each other, such
as within one millimeter of each other, particularly within 0.5 millimeters of each other,
more particularly within 0.25 millimeters of each other. The first junction 112 is in
communication with the processor 120 via a first wire pair 113 and a first junction

conuector 118. The first wire pair 113 can comprise a combination of two different types
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of electrical conductors that generate different voltages when exposed to the same
temperature gradient. As noted above, an exemplary combination includes one wire
formed of Pt and another wire formed of Pt alloyed with about 13% rhodium, commeonly
known as a Type R thermocouple. The second junction 114 communicates with the
processor 120 through the second wire pair 115 and the second junction connector 119.
The second wire pair 115 can be formed in the same way as described above with respect
to the first wire pair 113. Alternatively, the second wire pair 115 can be made from
another set of conductors as the conductors of the first wire pair 113. For example, the
first wire pair can be Type R and the second wire pair can be Type B.

[6037] The first and second junctions 112, 114 may be protected by a covering
116. The covering 116 may comprise a sheath made of quartz or other vitreous or non-
vitreous materials. To further protect the thermocouple 110, the covering 116 may
comprise a coating formed over the sheath. The coating can create a barrier between the
sheath and the environment within the chamber. A coating can be very thin, such as
having a thickness between approximately 500 to 5000 A, particularly 1500 to 2500 A.
‘The coating may comprise a material that is more resistant to acids, high temperatures and
thermal cycling than the material of the underlying sheath. For example, the coating may
comprise silicon carbide and/or silicon nitride. The coating may be formed by any
process that is capable of forming a thin barrier layer with good adhesion to the
underlymg sheath. For example, in some embodiments, the coating can be formed by a
sputter process. In other embodiments, the coating can be formed by a chemical vapor
deposition process. Sheaths and coatings that can be used in conjunction with the
covering 116 for protecting the thermocouple 110 are more fully described in paragraphs
[0028]-[0035] of U.S. Patent Application Publication No.2002/001121 entitled
“BARRIER COATING FOR VITREOUS MATERIALS,” filed April 6, 2001, which
paragraphs are hereby incorporated by reference herein.

[0038] FIG. 5 1s a schematic illustration of a thermocouple in accordance with
certain embodiments. The thermocouple 110 shown in FIG. 5 includes a single junction
112, a first conductor 113a, a second conductor 113b, a third conductor 115a, and a fourth
conductor 115b. In the embodiment shown in FIG. 5, the first and third conductors 113a,
1154 are the same kind of conductor, i.e., they are formed of the same material. The
second and fourth conductors 113b, 115b are also the same kind of conductor as each

other, i.e., formed of the same materials, but different than the conductors 113a, 115a.
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For example, conductors 113a, 115a can be wires formed of Pt, while conductors 113b,
115b may be wires formed of Pt and Rh.

[0039] In the arrangement shown in FIG. 5, a temperaturc measurement can be
obtained from the thermocouple 110 in four different ways: by comparing the voltage
acfoss the first conductor 113a with the voltage across the second conductor 113b; by
comparing the voltage across the first conductor 113a with the voltage across the fourth
conductor 115b; by comparing the voltage across the third conductor 115a with the
voltage across the second conductor 113b; and by comparing the voltage across the third
conductor 115a with the voltage across the fourth conductor 115b.

[0040] By comparing the readings from the conductors in each of these four
ways, the controller 120 (FIGS. 3 and 4) can detect which specific conductor has failed.
Once a failure is detected, the controller 120 can ignore the failed conductor while
continuing to receive measurements from the other conductors. Even after one of the
conductors has failed, the thermocouple 110 of FIG. 5 can still provide redundancy. For
example, if the controller 120 detected that the first conductor 113a failed, a temperature
measurement could still be obtained in two ways: by comparing the voltage across the
third conductor 115a with the voltage across the second conductor 113b; and by
comparing the voltage across the third conductor 115a with the voltage across the fourth
conductor 115b. Skilled artisans will appreciate that these principles can be applied in a
thermocouple having more than four conductors, thereby achieving greater redundancy.

[0041] FIG. 6 illustrates a thermocouple 210 that offers redundancy in a
different way. The thermocouple 210 includes a junction 212, a first conductor 213, and
second, third, and fourth conductors 215a, 215b, 215¢. The second, third, and fourth
conductors 215a, 215b, 215¢ are of the same kind as cach other but are of a different kind
than the first conductor 213. In other words, the conductors 215a, 215b, and 215¢ are
preferably formed of the same material, which is preferably different than that of the
conductor 213. The thermocouple of FIG. 6 has particular utility when one kind of
conductor 1s known to fail more frequently than the other. The second, third, and fourth
conductors 215a, 215b, 215¢ can be formed of the conductor material that is more likely
to fail. In this way, if one of the conductors 215a, 215b, or 215¢ fails, the thermocouple
210 can still provide redundancy because the first conductor 213 can still be combined
with the remaining two non-failed conductors. Further, if yet another of the conductors

215a, 215b, or 215¢ fails, the thermocouple 210 can still provide a temperature
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measurement by combining the first conductor 213 with the remaining non-failed
conductor. It will be appreciated that any number of conductors 213 and 215 can be
provided.

[0042] It will be appreciated by those skilled in the art that various
modifications and changes may be made without departing from the scope of the
invention. All such modifications and changes are intended to fall within the scope of the

mvention, as defined by the appended claims.
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WHAT IS CLAIMED 1S:

1. A temperature control system for controlling temperature in a
semiconductor processing chamber, comprising:
a controller for controlling heat inputs into the processing chamber; and
a multi-junction thermocouple in communication with the controller, the
multi-junction thermocouple comprising:
a first junction positioned to measure temperature at a portion of a
substrate;
a first wire pair extending from the first junction;
a second junction positioned to measure temperature at
substantially the same portion of the substrate; and
a second wire pair extending from the second junction.

2. The temperature control system of Claim 1, wherein the first and second
junctions are positioned to measure temperature at a center of the substrate.

3. The temperature control system of Claim 1, wherein the first and second
junctions are positioned to measure temperature at a location more than 1 mm from a
center of the substrate.

4, The temperature control system of Claim 1, wherein the first and second
junctions are disposed within I mm of each other.

5. The temperature control system of Claim 1, wherein the first and second
Jjunctions are disposed within 0.5 mm of each other.

6. The temperature control system of Claim 1, wherein the first and second
junctions are disposed within 0.25 mm of each other.

7. The temperature control system of Claim 1, wherein the first and second
junctions are coincident.

8. The temperature control system of Claim 1, wherein the controller is
conligured to adjust heat inputs into the processing chamber based on measurements from
the mulfi-junction thermocouple, and wherein the controller is configured to selectively
receive measurements from the first junction, the second junction, or the first and second
junctions.

0. The temperature control system of Claim 8, wherein the controller is
configured for detecting a failure in at least one of the (1) first junction and first wire pair

and (2) second junction and second wire pair.
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10, The temperature control system of Claim 9, wherein the controller uses
measurements from the second junction to detect failures in the first junction or the first
wire pair.

11. The temperature control system of Claim 9, wherein the controller is
configured to respond to a detection of a failure of the first junction or the first wire pair
by ceasing fo use temperature measurements from the first junction for adjusting said heat
inputs into the chamber.

12.  The temperature control system of Claim 11, wherein the controller is
configured to respond to said failure by ceasing to receive measurements from the first
junction.

13. The temperature control system of Claim 11, wherein the controller is
configured to respond to said failure by using temperature measurements from the second
junction for adjusting said heat inputs into the chamber without exposing the
semiconductor processing chamber to ambient temperatures.

14.  The temperature control system of Claim 11, wherein the controller is
configured to respond to said failure by using temperature measurements from the second
junction for adjusting said heat inputs into the chamber halting the semiconductor
processing.

15.  The temperature control system of Claim 1, wherein the semiconductor
processing chamber is configured to carry out epitaxial deposition.

16. A multi-junction thermocouple for use in a semiconductor processing
chamber, comprising:

a first junction;

a first wire pair joined at the first junction;

a second junction disposed less than 1 mm from the first junction; and
a second wire pair joined at the second junction.

17.  The multi-junction thermocouple of Claim 16, wherein the second junction
is disposed within 0.5 mm of the {irst junction.

18.  The multi-junction thermocouple of Claim 16, wherein the second junction
is disposed within (.25 mm of the first junction.

19.  The multi-junction thermocouple of Claim 16, wherein the first and second

Jjunctions are coincident.
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20.  The multi-junction thermocouple of Claim 16, wherein the first and second
Junctions are disposed less than 1 mm from a center axis of a substrate in the chamber.
21.  The multijunction thermocouple of Claim 16, wherein the first and second
junctions are disposed more than | mm from a center axis of a substrate in the chamber.
22, The multi-junction thermocouple of Claim 16, wherein the first and second
junctions are disposed within a single sheath.
23. The multi-junction thermocouple of Claim 22, wherein the sheath
comprises quartz.
24.  The multi~junction thermocouple of Claim 22, wherein the first and second
junctions are disposed within a single coating over the sheath.
25. The multi-junction thermocouple of Claim 24, wherein the coating
comprises a silicon carbide layer.
26.  The multi-junction thermocouple of Claim 24, wherein the coating
comprises a silicon nitride layer.
27.  The multi-junction thermocouple of Claim 24, wherein the coating has a
thickness between approximately 500 to 5000 angstroms.
28. The multi-junction thermocouple of Claim 27, wherein the coating has a
thickness between approximately 1500 to 2500 angstroms.
29.  The multi-junction thermocouple of Claim 24, wherein the coating is
formed by a sputter process.
30. The multi-junction thermocouple of Claim 24, wherein the coating is
formed by a chemical vapor deposition process.
31. A temperature detection system comprising a thermocouple, the
thermocouple comprising:
a junction;
a first conductor coupled to the junction, the first conductor being formed
of a first material; and
second and third conductors coupled to the junction, the second and third
conductors being formed of a second material different than the first material.
32.  The temperature detection system of Claim 31, further comprising a fourth
conductor formed of the second material, the fourth conductor being coupled to the

junction,
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33.  The temperature detection system of Claim 31, wherein the first material is
platinum and the second material is platinum and rhodium. -

34.  The temperature detection system of Claim 31, further comprising a
controller for determining a temperature measurement from the thermocouple, wherein
the controller is configured for monitoring the first, second and third conductors and for
detecting a failure in at least one of the conductors, and wherein the controller is
configured to respond to a detection of a failure of the first, second or third conductor by
ceasing to use inputs from the failed conductor for determining a temperature
measurement from the thermocouple.

35.  The temperature detection system of Claim 31, wherein the thermocouple
is configured for use in a semiconductor processing chamber.

36. A semiconductor processing apparatus, comprising:

a reaction chamber;
a susceptor for supporting a substrate within the chamber;
a shaft assembly for supporting the susceptor; and
a multi-junction thermocouple, comprising:

a first junction positioned to measure temperature at a position
immediately adjacent to a substrate; and

a second junction positioned to measure temperature at
substantially the same position immediately adjacent to the substrate.

37.  The apparatus of Claim 36, wherein at least a portion of the multi-junction
thermocouple is disposed within the shaft.

38.  The apparatus of Claim 36, wherein the first and second junctions are
positioned between the substrate and the shaft.

39.  The apparatus of Claim 38, wherein the first and second junctions are
positioned within 1 mm of a center axis of the substrate.

40.  The apparatus of Claim 36, wherein the reactor is a chemical vapor
deposition chamber.

41, The apparatus of Claim 36, wherein the reactor is a single wafer, cold wall
reaction chamber.

42.  The apparatus of Claim 36, further comprising a controller configured to
adjust heat inputs into the reaction chamber based at least in part on measurements from

the first junction and further configured to respond to a detected failure in the first
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junction or in a pair of wires extending from the first junction by adjusting the heat inputs
based on measurements from the second junction and by ceasing to use measurements
from the first junction.

43. A method of measuring temperature in a semiconductor processing
chamber, comprising:

providing a multi-junction thermocouple inside the chamber, the multi-
junction thermocouple comprising a first junction, a first wire pair operatively
connected to the first junction, a second junction disposed within I mm of the first
junction, and a second wire pair operatively connected to the second junction; and

receiving temperature measurements from the multi-junction
thermocouple, wherein the measurements can be selectively received from the first
junction, the second junction, or both of the junctions.

44, The method of Claim 43, further comprising programming a controller to
detect failures in the first junction, the second junction, the first wire pair, or the second
wire pair.

45.  The method of Claim 44, further comprising programming the coniroller to
adjust heat inputs into the chamber based at least partly on temperature measurements
received from the first and/or second junctions.

46. The method of Claim 45, further comprising programming the controller to
respond to a detected failure of the first junction or the first wire pair by ceasing to receive
measurements from the first junction and by adjusting said heat inputs based on

measurements received from the second junction.
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