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(57) Abstract: A system and method for isothermally distributing a temperature across a semiconductor device. A furnace assembly
is provided, which includes a processing tube configured to removably receive a wafer carrier having a full compliment of semicon-
ductor wafers. A heating assembly is provided which can include a resistive heating element positioned to heat air or other gases
allowed to enter the process tube. The wafer carrier and heating assembly are vertically raised into a position within the process
tube. Once the heating assembly forms a seal with the process tube, the process tube is exhausted and purged of air. Gas is then
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WAFER BATCH PROCESSING SYSTEM AND METHOD
Woo Sik Yoo

BACKGROUND

1. Field of the Invention

[0001] This invention generally relates to semiconductor manufacturing
equipment and, more particularly, to a system and method used for the

processing of semiconductor wafers.

2. Description of the Related Art

[0002] During the processing of semiconductor devices, it is highly desirable to
accurately control the thermal treatment to which the devices are exposed during
processing. In some instances, batches of devices, primarily wafers, are
processed in a semiconductor processing furnace, which has a carefully
controlled processing environment to effect the desired processes.

[0003] Of importance to the present invention are processing furnaces, which
have vertically arranged wafer arrays and processing chambers. In one example,
a vertically arranged thermal processor includes a vertically adjustable furnace
assembly and process tube. The process tube, constructed from a quaftz bell jar,
is vertically moveable in up and down directions within a supporting framework
in conjunction with a likewise moveable furnace assembly. Heat is supplied to
the thermal processor by controlling operation of heating elements within the
furnace assembly. To cool the process tube within the thermal processor, the
operation of the heating elements is regulated, such that interior heat is
dissipated to the exterior of the processor by convection.

[0004] Unfortunately, it has been found that in most conventional vertically
arranged furnaces, the desired temperature is obtained in the process tube by
surrounding the tube with heating elements. In this arrangement radiation and
convection are used to heat the process tube first, before the heat energy is
transferred to the cooler wafers. Convective heating is usually not effective
because the process tube is typically isolated. During low temperature wafer

processing operations, this type of heating arrangement is usually very
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inefficient and time consuming. Further, in this type of arrangement, a separate
cooling chamber or blower for fast cooling of the entire furnace, is typically
required since, it is difficult and inefficient to lower the temperature of the entire
furnace assembly between processing operations on different batches of wafers.
[0005] For the above reasons, what is needed is a system and method for
isothermally distributing a temperature across the surface of a semiconductor
device which provide an accurate dynamic control of the process temperature,

without degradation in uniformity of the processed wafers.
SUMMARY

[0006] The present invention provides a system and method for isothermally
distributing a temperature across a semiconductor device during processing. The
present invention provides a furnace assembly, which includes a processing
chamber. The processing chamber can include a processing tube, such as a
quartz bell jar or similar process tube, which defines an internal cavity
configured to removably receive a wafer carrier or wafer boat having a full
compliment of semiconductor wafers. The quartz tube is substantially enclosed
in a thermal insulation material to reduce heat loss to the outside of the process
chamber.
[0007] As described in greater detail below, the internal cavity of the process
chamber is accessible through an opening at the bottom end of the process
chamber. The opening allows the wafer carrier or wafer boat to place into the
confines of the process chamber.
[0008] The wafer carrier can be mounted to an actuatable heating assembly. The
heating assembly is capable of being raised into and lowered from the process
chamber. When in a closed position the heating assembly seals the process tube
to allow for the evacuation of the process tube in preparation for processing.
[0009] The heating assembly can include a resistive heating element, which is
positioned to heat air or other gases allowed to enter the process chamber. The
heating assembly can also include a reflector device, which can direct gas flow
around the heating element and through the process tube.
[0010] In operation, the wafer carrier and heating assembly are vertically raised
into a position within the process chamber using an actuation mechanism. Once
the heating assembly forms a seal with the process tube, the process tube is
exhausted or purged of air. Gas is allowed to flow into the process chamber
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through an inlet. The gas exchanges heat with the heating element. As the gas is
made to circulate through the process tube. The reflector acts to cause the gas to
circulate from the bottom end of the process tube back to the top end of the
process tube. The uniform convective heating uniformly raises the temperature
of the wafers.

[0011] After the wafers are processed, the heating element is powered down and
anon-heated gas is allowed to flow through the process tube. The non-heated
gas cools down the wafers before their removal. Once cooled, the actuation
mechanism is used to remove the wafer carrier and heating assembly from the
process chamber.

[0012] Advantageously, all heating and cooling of the wafers occurs internal to
the process chamber using a convective type of heating. The heat transfer
between the circulating heated gas and the wafers is more direct than using
radiation or conduction heating arrangements. Because the wafers are cooled
within the process chamber, a separate cooling chamber or blower is not
required. Since the heating element has a small thermal mass, rapid ramp-up and
ramp-down times are achievable.

[0013] These and other features and advantages of the present invention will be
more readily apparent from the detailed description of the embodiments set forth

below taken in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE FIGURES

[0014] FIG. 1 is a simplified cross-sectional view of one embodiment of the
present invention;

[0015] FIGS. 2, 3, 4 and 5 are simplified perspective views of a heating
assemblies in accordance with embodiments of the present invention; and
[0016] FIG. 6 is a flow diagram illustrating a method in accordance with the

system of the present invention.
DETAILED DESCRIPTION

[0017] FIG. 1 is a simplified cross-sectional view of one embodiment of the
furnace assembly 100 of the present invention. Furnace assembly 100 includes a
process chamber 102 enclosing process tube 104, which defines an internal space
106.
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[0018] Externally, in one embodiment, process chamber 102 may include a
metallic housing 108, preferably made of aluminum, stainless steel, or similar
metal. Within housing 108, between housing 108 and process tube 104, may be
an internal thermal insulation material 112. Insulation material 112 helps to
minimize heat loss from process tube 104 through housing 108 to the outside
environment. Optionally, a heating element 114 may be disposed between
process tube 104 and insulation layer 112 to increase the temperature around
process tube 104, which further minimizes heat loss through housing 108 to the
outside environment and to reduce time for the temperature within process tube
104 to stabilize. Insulation material 112 may be made of any suitable insulation
material, such as a ceramic fiber material.

[0019] Process chamber 102 includes an opening 110 provided on a bottom face
112. Opening 110 is configured to receive a wafer carrier or wafer boat,
including wafers for processing. Opening 110 allows for the loading and
unloading of the wafer carrier from process tube 104 before and after processing.
[0020] Process tube 104 is mounted within process chamber 102. In one
embodiment, process tube 104 is preferably shaped in a form similar to a bell jar.
The bell jar shaped tube has a shell with an outer surface 118 and an inner
surface 120. Inner surface 120 defines the perimeter of process tube 104 and
interior cavity 106. Process tube 104 is formed such that interior cavity 106 has a
minimal internal volume to surround the wafer carrier holding the batch of
wafers. Generally, process tube 104 may be configured to withstand internal
pressures of about 0.001 Torr to 1000 Torr, preferably between about 0.1 Torr
and about 760 Torr.

[0021] Process tube 104 can be used to provide processing of semiconductor
wafers involving exposing the batch of semiconductor wafers to various
chemicals, particularly gases, at various temperatures, as is well-known, for
example, in thermal heat treatments and chemical vapor deposition (CVD)
processes. During such processes, processing tube 104 can be supplied with the
desired processing gases via inlet tube 122, The out flowing gases are discharged
through discharge tube 124. The inlet to discharge tube 124 is positioned near
the portion of process tube 104 away from opening 110, the top portion, to
ensure that the gases do not pool the top portion. Process tube 104 can be made

from quartz or other similar material.



WO 2004/013903 PCT/US2003/024766

[0022] As shown in FIG. 1, a wafer carrier or wafer boat 128 is provided, which
is capable of holding a plurality of wafers 126 in an array configured for
processing. Wafer carrier 128 is formed of quartz or other suitable materials.
Process tube 104 and wafer carrier 128 are constructed so as to be arranged in a
coaxial arrangement, in which wafer carrier 128 can be removably received
within process tube 104 as described in more detail below.

[0023] In one embodiment, wafer carrier 128 has a series of wafer receivers,
advantageously formed by notches, each notch being capable of holding a wafer
in position during processing. Wafer carrier 128 can be designed to hold any
desired number of wafers 126, but preferably wafer carrier 128 can hold between
about 25 and 50 wafers. In one embodiment, wafer carrier 104 may be
configured to be coupled to a platform, which is configured for vertical
movement to allow the wafer array to be installed and/or removed from process
tube 104.

[0024] FIGS. 1 and 2 show an embodiment of heating assembly 130, which is
configured as a means for providing the vertical movement which drives wafer
carrier 128 into process tube 104. In addition to moving the wafer carrier,
heating assembly 130 is configured to mate with opening 110 and seal process
tube 104 during processing. In one embodiment, heating assembly 130 also
includes a means for mounting a wafer carrier 132, a reflector 134, and a heating
source 136 all mounted on a working surface 135 of a base or platform 138
capable of being vertically actuated using an elevation device 150.

[0025] The means for mounting 132 can include any structure capable of
removably mounting wafer carrier 128 to platform 138. For example, mounting
means 132 may be an open flange attached to a stem which connects the open
flange to platform 138. The open flange can have a lip upon which wafer carrier
128 can be positioned. It should be understood that one of ordinary skill in the
art will be able to identify multiple means for mounting 132 that are within the
scope of the present invention.

[0026] The circulation of gas through process tube 104 can be facilitated using
any device, which causes gas to move in a particular direction. In one
embodiment, the circulation of gas through process tube 104 can be facilitated
using reflector 134. Reflector 134 can be a funnel shaped device mounted at
approximately the center of working surface 135 of platform 138. The funnel

shape of reflector 134 can be used to direct the flow of gas near and around
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heating source 136. Reflector 134 also causes gases to continue to flow about
wafer carrier 128 in the direction illustrated by the unnumbered arrows shown in
FIG. 1. Reflector 134 can be made of Al, stainless steel, or other substantially
non-reactive material. It should be understood that reflector 134 is but one
example of a device that can be used to direct a gas through process tube 104.
[0027] Heat source 136 can be any heat source capable of providing the requisite
heating capability needed for conducting wafer processes. For example, heat
source 136 is capable of producing enough heat to cause the internal temperature
of process tube 104 to rise to between about 100 °C and about 1200 °C,
preferably between about 100 °C and about 800 “C.

[0028] In one embodiment, heat source 136 is a resistive heating element, such
as a ring-shaped heating element. In this embodiment, the ring-shaped heating
element is shown with reflector 134 positioned in the center of the ring;
however, the placement of heat source 136 can vary between embodiments as
shown below.

[0029] The resistive heating element may be any conventional heating element
suitable for use in thermal processing applications. For example, the ring-shaped
heating element may include a resistive heating element core wrapped by a
filament wire. The core may be made of a ceramic material, but may be made of
any high temperature rated, non-conductive material. The filament wire is
conventionally wrapped around the core to allow for an optimal amount of
radiated heat energy to emanate from the element. The filament wire may be any
suitable resistively heatable wire, which is made from a high mass material for
increased thermal response and high temperature stability, such as SiC, SiC
coated graphite, graphite, and AINi. Heating elements are available from Omega
Engineering, Inc. of Stamford, Conn.

[0030] In other examples, the heating element may include metal sheath
cartridge heaters and tubular heaters with compacted Magnesium Oxide (MGO)
powder for electrical isolation.

[0031] In each embodiment, the heating elements are electrically connected to a
power supply system via heating element connection terminals and associated
wiring (not shown).

[0032] Heating assembly 130 is positioned on platform 138. In one
embodiment, platform 138 can be made of a substantially non-reactive material,

having a first tier defining working surface 135, upon which the components of
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heating assembly 130 may be mounted. The second tier defines lip portion 142
which is capable of interfacing with process chamber 102 to form a seal to
enclose process tube 104. Platform 138 can be a machined structure, a molded
structure or a similarly manufactured structure.

[0033] An elevation device 150 can be used to lift platform 138 up and down in
the direction signified by arrow 152. Elevation device 150 can be any well-
known device cable of performing the lifting operation required to move heating
assembly 130 via platform 138, into and out from internal cavity 106 of process
tube 104. For example, elevation device 150 can include a pneumatic or
hydraulic 1ift, a mechanical worm drive or any other linear actuation device
known in the industry.

[0034] The sealing of process tube 104 occurs as lip portion 142 of platform 138
contacts a flange 140 or similar device formed as an interface between process
chamber 102 and heating assembly 130. In one embodiment, inlet tube 122 and
discharge tube 124 can be provided through flange 140 to extend into process
tube 104. Seals 144 are positioned between the contacting portions of process
chamber 102 and flange 140 and contacting portions of flange 140 and lip
portion 142. Seals 144 allow process tube 104 to be hermetically sealed during
processing.

[0035] Referring again to FIG. 1, temperature sensors 160a and 160b are
operationally coupled to a temperature controller (not shown) and used to
monitor the temperature variation within process tube 104. In one embodiment,
temperature sensors 160a and 160D are strategically placed in process tube 104
to provide an indication of the temperatures being developed by heating source
136. For example, sensor 160a can be strategically positioned at the top end of
process tube 104 away from heat source 136. Similarly, sensor 160b can be
positioned proximate to heat source 136 to monitor the temperature at the heat
source. In operation, as heat source 136 is being powered up to begin heating, a
temperature differential between the top end and bottom end of process tube 104
can occur for a short duration of time. The temperature difference may range
from between about 10 °C and about 100 °C. Temperature sensors 160a and
160b can be used to regulate the power supplied to heat source 136 to ensure that
the heat source is not overheating the bottom end of process tube 104 during the

delay while the top end is coming up to the desired temperature. Temperature
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sensors 160a and 160b may be conventional R-type or K-type thermocouples
available through, for example, Omega Engineering Inc. of Stamford, Conn.
[0036] FIGS. 3, 4 and 5 are simplified illustration of heating assemblies in
accordance with various embodiments of the present invention. In FIG. 3,
heating assembly 300 includes, wafer carrier mounting means (not shown),
reflector 134, and heat source 136 all mounted on working surface 135 of
platform 138. The entire heating assembly 300 can be elevated into process tube
104 using elevation means 150.

[0037] In this embodiment, a gas inlet tube 302 is formed into platform 138 to
allow gas to enter process tube 104 from an egress at working surface 135.
Similarly, a discharge tube 304 can also be formed into platform 138. The
ingress of discharge tube 304 extends a distance above working surface 135,
such that the ingress is located at the top end of process tube 104 once platform
138 is in position to seal process tube 104.

[0038] In this embodiment, thermal sensors 160a and 160b are mounted upon
working surface 135, such that the sensors enter the process tube along with
heating assembly 300 and are positioned at the strategic locations identified
above.

[0039] FIG. 4 is yet another embodiment of a heating assembly 400 in
accordance with the present invention, including wafer carrier mounting means
(not shown), reflector 134 and heat source 136. For ease of understanding, first
tier 402 of platform 138 is shown as being see-through. In this embodiment,
first tier 402 forms a hollowed-out chamber having a plurality of holes 402
defined around a perimeter of the tier. Heat source 136 is disposed within the
hollowed out portion. A gas inlet 404 is formed though platform 138 with an
egress into the hollowed-out portion of first tier 402. In this embodiment, heat
source 136 heats gas entering the hollowed-out chamber of tier 402, The gas then
escapes through holes 404 and into process tube 104.

[0040] FIG. 5 is an embodiment of a heating assembly 500 in accordance with
the present invention, which uses radiation heating. Heating assembly 500
includes wafer carrier mounting means (not shown), reflector 134 and heat
source 506. For ease of understanding, platform 138 is shown as being see-
through. In this embodiment, first tier 502 and second tier 504 are both formed
as hollowed-out chambers. Working surface 135 of first tier 502 includes a

quartz window 508 having a heat diffusing member 510 disposed immediately
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thereabove. Heat diffusing member 510 may be positioned proximate to window
508 between working surface 135 and reflector 134. Heat diffusing member 510
may be any suitable heat diffusing material that has a sufficiently high thermal
conductivity, preferably Silicon Carbide, Silicon Carbide coated graphite, or
silicon.

[0041] In this embodiment, heat source 506 is disposed within the hollowed out
portion of second tier 504. Heat source 506 may include a high intensity lamp
506, or a plurality of high intensity lamps, that provide photon energy.

Examples of high intensity lamp 506 include, but are not limited to, a Tungsten
halogen lamp and any filament-less high intensity lamp. Lamp 506 outputs
photon energy which is allowed to emanate from second tier 504 through first
tier 502 and escape through quartz window 508. Heat diffusing member 510
absorbs the photon energy emanating from window 508 and dissipates the
photon energy as thermal energy into process tube 104. Gases circulating
through process tube 104 are directed by reflector 134 toward heat diffusing
member 510 such that the temperature of the circulating gas is increased in
accordance with the present invention.

[0042] FIG. 6 is a flow diagram outlining a method of operation 600 in
accordance with the present invention. In operation, platform 138, including
wafer carrier mounting means 132, reflector 134, and heat source 136 is moved
between a first position or loading position, where wafer carrier 128 may be
manually loaded/unloaded or else may be automatically loaded/unloaded onto
platform 138 and a second position or processing position where wafer carrier
128 is within process tube 104.

[0043] In step 602, wafers 126 are loaded via wafer carrier 128 onto the wafer
carrier mounting means 132. Elevation means 150 lifts platform 138 into sealing
contact with flange 140. Wafers 126 are now in position for processing.

[0044] In step 604, process tube 104 can be pumped down to substantially at or
near vacuum and a purging gas, such as N, Ar, and similar gases can be allowed
to flow via inlet tube 122 into process tube 104. Discharge tube 124 exhausts the
gas from process tube 104. The combination of effects from inlet tube 122 and
discharge tube 124 cause the gas to circulate and be purged from within process
tube 104. Using the pump and purge technique allows process tube 104 to be

purged of air, for example, in one embodiment, the residual O, level in process
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tube 104 can be reduced to about 1000 ppm and may be reduced to less than 1
ppm.

[0045] Once process tube 104 has been purged, in step 606, a process gas is
allowed to flow into process tube 104. While the gas is flowing, heat source 136
is powered-up. The process gas circulating through process tube 104 absorbs
thermal energy from heat source 136. The circulating process gas then circulates
about wafers 126 to transfer the thermal energy to wafers 126. Reflector 134 is
shaped like a funnel to direct a least a portion of the circulating process gas
toward heat source 136 to facilitate the transfer of thermal energy to the process
gas.

[0046] Heat source 136 is controlled using a microprocessor, process control
computer and the like to control the processing of the semiconductor wafers
placed in process tube 104 and may be used to monitor the status of the system
for diagnostic purposes. In one embodiment, the process computer provides
control signals to a controller in response to temperature data received from
temperature sensor 106a at the top end of process tube 104 and sensor 106b at
the bottom end of process tube 104. The controller provides control signals to an
SCR-based phase controlled power supply, which provides power to heating
source 136. The controller compares the temperature between sensors 106a and
106b to ensure that equilibrium is being achieved in process tube 104 and that
the power supply is not causing heat source 136 to overheat the bottom end of
process tube 104,

[0047] The process computer may also direct pressure setpoints to a pump
assembly (not shown) as well as gas and plasma inlet flow signals to mass-flow
controllers (not shown) in a gas network. In a preferred embodiment, the
controller is a real-time PID, available from Omega Corporation.

[0048] Once wafers 126 are at processing temperatures, in step 608, additional
process gases may be allowed to flow into process tube 104 to further process
wafers 126. These gases may include, for example, O, NH3, TaETO, SiCly and
the like, for film deposition and thermal process.

[0049] In step 610, heat source 136 is powered down to stop the transfer of
thermal energy to the circulating gas in process tube 104. As non-heated gas
continues to circulate through process tube 104, wafers 126 begin to transfer

thermal energy to the non-heated gas, thus, cooling wafers 126.
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[0050] In step 612, platform 138 is lowered away from process tube 104 once a
desired wafer temperature has been achieved and wafer carrier 128 can be

removed.

[0051] Having thus described the preferred embodiments, persons skilled in the
art will recognize that changes may be made in form and detail without departing
from the spirit and scope of the invention. Thus the invention is limited only by

the following claims.
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WHAT IS CLAIMED IS:

1. A wafer processing system comprising:

a process chamber including a process tube configured to receive a wafer
carrier configured to support a plurality of semiconductor wafers;

a heat source mounted on a platform, said heat source moveable from a first
position where said heat source is positioned outside of said process tube and a second

position where said heat source is positioned within said process tube.

2. The apparatus of Claim 1, wherein said heating assembly comprises a

heat source and a reflector.

3. The apparatus of Claim 2, wherein said heat source comprises a

resistive heating element.

4. The apparatus of Claim 2, wherein said heat source comprises a

halogen lamp.

5. The apparatus of Claim 1, wherein said hating assembly further

comprise a wafer carrier mounting means.

6. The apparatus of Claim 1, further comprising an elevation mechanism

for moving said platform from between said first position and said second position.

7. A furnace assembly for processing a plurality of semiconductor wafers,
the assembly comprising:

a process chamber including a process tube configured to receive a wafer
carrier configured to support a plurality of semiconductor wafers;

an inlet tube for allowing a gas to flow into said process tube; and

a heat source disposed within said process tube, where a thermal energy output
from said heat source is transferred to said gas to provide a processing temperature

throughout said process tube.
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8. The system of Claim 7, wherein said heat source is moveable from a
first position where said heat source is positioned outside of said process tube and a

second position where said heat source is positioned within said process tube.

9. The system of Claim 7, wherein said heat source increases the

temperature of said gas from between 100 °C to about 1200 °C.

10.  The system of Claim 7, wherein said heat source is a resistive heating
element.
11.  The system of Claim 7, wherein said heat source is a halogen lamp.

12.  The system of Claim 7, further comprising a platform upon which said
heat source is mounted, said platform being moveable between said first position
where said platform is free of contact with said process chamber and said second

position where said platform is in sealing contact with said process chamber.

13.  The system of Claim 7, further comprising a platform, said heat source
being disposed in a portion of said platform that enters said process tube when said

heat source is in said second position.

14.  The system of Claim 13, wherein said platform comprises a gas inlet
tube and a gas discharge tube formed thereon, said inlet tube and discharge tube

moveable with said platform.

15.  The system of Claim 7, further comprising a platform having a working
surface comprising a quartz window and a heat diffusing member being mounted
above and proximate to said quartz window, wherein thermal energy is provided to
said heat diffusing member to create said heat source, said platform being moveable
between said first position where said platform is free of contact with said process
chamber and said second position where said platform is in sealing contact with said

process chamber.

16.  The system of Claim 7, further comprising a gas circulation means for

causing said gas to circulate around said process tube.
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17. A method for processing wafers comprising:

transporting a heat source to a first position inside of a process tube;

providing thermal energy from a heat source;
circulating a first gas within said process tube, said first gas absorbing said

thermal energy and transferring said thermal energy to said wafers;
conducting a semiconductor process; and thereafter
ceasing said providing thermal energy from said heat source and

circulating a second gas within said process tube, said second gas absorbing

thermal energy from said wafers causing a temperature of said wafers to be reduced.

18.  The method of Claim 17, further comprising transporting said heat

source to a second position outside of said process tube.

19.  The method of Claim 17, wherein said transporting of said heat source

to said first position comprises isolating said process tube.

20.  The method of Claim 17, wherein said heat source is a resistive heating

element.
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