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WAFER PROCESSING REACTOR HAVING A GAS FLOW
CONTROL SYSTEM AND METHOD

Prior Applications
The application claims priority to Provisional Application No. 60/118, 286

filed February 2, 1999.

Field of the Invention
This invention relates generally to the field of wafer processing reactors or

systems and methods used in the manufacture of semiconductors and integrated
circuits. More specifically, the invention relates to a reactor and gas flow control
system and method for controlling the flow of gases within chemical vapor deposition

(CVD) systems.

Background of the Invention

‘Wafer processing reactor systems and methods are widely used in the
manufacture of semiconductors and integrated circuits. One particular type of wafer
processing system utilizes chemical vapor deposition (CVD) to deposit films or layers
on the surface of a substrate as a step in the manufacture of semiconductors and
integrated circuits. A variety of different CVD systems are used in the art. For
example, films may be deposited using low pressure CVD (LPCVD) systems,
atmospheric pressure CVD (APCVD) systems or different types of plasma enhanced
CVD (PECVD) systems. In general pn’ncipie, all such systems employ a deposition
chamber where certain injected gaseous chemicals react and deposit a layer of material
on the surface of the substrate. Many types of materials may be deposited, with

dielectrics such as oxides and doped oxides being a typical example.
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For proper operation of the system, and in particular to deposit a film of
desired quality and repeatability, the flow of the gases within the reactor is important.
Specifically, it is desirable to achieve a substantially uniform flow of gases in the area
proximate the surface of the substrate so that certain concentrations of the gaseous
chemicals or reactants are available at the surface of the substrate so that a proper film
is deposited. Moreover, control of the flow of such gases will promote more efficient
utilization of the gases for reaction. |

Another important criterion when depositing films is the thickness uniformity
of the film. It is desirable to achieve a film of substaritial]y uniform thickness over the
entire surface of the substrate. This endeavor becomes even more important as the
diameter of substrates continues to increase. The flow of the reactive gases within the
chamber plays an important role in the resulting film thickness. Thus, it is desirable to
control the flow rate of the gases and to promote substantially uniform flow of the
reactive gases over the entire surface of the substrate.

A further consideration which warrants considerable attention in wafer
processing systems is the minimizing of particles and contaminants that form in the
reactor. Particulates and contéminantsi are caused mainly by. the accumulation of
unreacted and by—;iroduct gaseous chemicals and the formation of deposits (often
called powder build-up) on the surfaces of the reactor. Such deposits are a large
source of particles which can contaminate the films being deposited on the substrate.
To remove the deposits the system must be taken offline and serviced. Contaminates
and gaseous chemicals that accumulate in stagnant flow regions promote corrosion of
the reactor and can severely reduce thé longevity of the system, as well as contribute
to the contamination problem. The flow of inert and reactive gases plays an important
role in either promoting, or minimizing, the accumulation of unreacted and by-product
gaseous chemicals, which determine, in part, the extent of the powder build-up. Thus,
it is desirable to provide a system that promotes control of the inert and reactive gas
flows to minimize accumulation and powder build-up. .

It has been found that the control of the exhaust flow rate of the varies gases
may be used to address the aforementioned cohcems. Problems occur when thc.
exhaust system of a reactor does not function properly. For example, if the exhaust
flow rate is too high, the gases do not completely reai:t and deposition on the surface

of the substrate is hampered. Conversely, if the exhaust flow rate is too slow, the gas
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flows are undefined and 'Ze-é‘%imulate in the chamber causir_?ig: fi‘%posits to form on the
chamber walls. Accordingly, it is desirable to provide a system and method that
controls, or "meters," the exhaust flow of gases; that 1s, a system and method that
achieves and maintains certain selected gas flow rate values within the system.
Additionally, since powder build up does occur, it is desirable to provide a system and
method which employs control means which accurately control the gas flows and do
not deteriorate over time.

One prior art method described in U.S. Patent No. 5,851,293 employs a system
that controls flow fluctuations in an effluent downstream of a reactor to dampen
fluctuations upstream in the reactor. This system also employs an abatement system
which treats the effluent from the reactor. This system appears to only operate to
dampen pressure fluctuations, and does not provide meaningful process feedback
control of the gas flows in the upstream system because the downstream sensor does
not maintain a constant relationship between pressure and flow due to clogging from
powder accumulation. Moreover, this system does not provide a method of metering
the flow rates of the various exhaust gases to achieve and maintain desired values of
the inert and reactive gas flows within the chamber.

In another aspect, it has been found that loading and unloading of a reactor can
cause transient disturbances, such as pressure disturbances, within the reactor. Thus,

it is desirable to provide a system and method that controls and minimizes such

disturbances.

Summary and Obiects of the Invention

Accordingly, it is an object of the present invention to provide an improved
wafer processing system, and more particularly an improved chemical vapor
deposition (CVD) system.

It is an object of the present invention to provide a system and method that
provides flow control of the gases within the wafer processing system.

More specifically, it is an object of the present invention is to provide a system

and method that provides repeatable control and metering of the gas flow rates within

the system.

PCT/USN0/02606
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Another object of the present invention is to provide a system and method that
minimizes accumulation of gases and the formation of unwanted deposits within the
system.

A further object of the present invention is to provide a system and method that
promotes the deposition of substantially uniform films on the surface of substrates.

Yet another object of the present invention is to provide a system and method
that minimizes transient disturbances within the system.

A related object of the present invention is to provide a system where
maihtenance downtime is reduced and the longevity of the system is increased.

These and other objects of the invention are achieved by a wafer processing
system for delivering at least one gas, comprising : a chamber including a processing
region formed therein and having a plurality of gas flow paths for conveying inert and
reactive gases. Exhaust flow paths are provided for the exhaust of inert gases and
effluent gases from the reaction of the reactive gases. A flow control system is
coupled to each of the exhaust gas flow paths and each of the gas flow paths are
separately controlled to maintain a selected, substantially constant flow rate of the
gases within each of the gas flow paths.

In another embodiment of the present invention, a method of delivering and
exhausting a gas in a reactor is provided. The method comprises the steps of
establishing at least one gas flow path within the reactor. The gas is conveyed through
the gas flow path and a flow characteristic of the gas is measured. A flow control unit,
responsive to the measured flow characteristic, is selectively adj usted to maintain a
flow rate of the gas at a selected, substantially constant value. Additionally, the gas
may travel through a plurality of gas flow paths, and the flow rates of the gases are
separately adjusted to maintain selected gas flow rates within each of the gas flow
paths. Further, the gas flow rates may be maintained at a substantially constant value
within each of the gas flow paths to prombte uniform delivery and exhaust of the
gases, even if the gas temperature or geometry of the path changes over time.

In yet another embodiment of the invention two gas flow paths are defined by
load and unload regions of the reactor for atmospheric pressure CVD in an open
system subject to the ambient environment. The reactor is provided with load and
unload regions at opposites ends of the reactor surrounding the open deposition

chamber. A flow characteristic, preferably pressure, of the gases in each of these
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regions is measured and a flow contro} unit is selectively ddjusted to maintain a
substantially constant differential pressure across the open chamber. In this manner
the flow of the gases in the deposition chamber stays balanced and is not substantially
disturbed by transients, such as pressure transients, in the system, due to the exposure
to the environment. This system may be referred to as the muffle balance system, or
transient pressure response. The exhaust flows from the deposition chamber are also
maintained at a selected, substantially constant, value by protecting the flows and

‘pressure within the chamber from external perturbation.

Brief Description of the Drawings

These and other objects and advantages of the present invention are made
apparent in the following detailed description and the appended claims, and upon
reference to the drawings in which:

-Figure 1 is a schematic diagram of a prior art wafer processing system and
exhaust flow control system.

Figure 2 is a schematic cross-sectional view of an exemplary chemical vapor
deposition system having an improved gas flow path design which may be used in the
present invention.

Figure 3a is an enlarged cross-sectional view showing a portion of the system
of Fig. 2.

Figure 3b is a top plan view illustrating the path of various gases and effluents
as they are exhausted through the CVD system of Figure 3a.

Figure 4 is a schematic diagram of an embodiment of the exhaust flow control
system of the present invention, including the transient pressure response flow control
system of the present invention.

Figure 5 is a schematic diagram of an alternative embodiment of the chemical
vapor deposition and exhaust flow control system having the improved gas flow path
design of the present invention.

Figure 6 is a flow chart illustrating one embodiment of the transient pressure
response flow control method of the present invention.

Figure 7 is a schematic cross-sectional view of one processing chamber of an
alternative exemplary chemical vapor deposition system which may be used in the

present invention.
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Figure 8 is a.top plan view illustrating the path of the various gases as they are
exhausted through the APCVD System having processing chambers and buffer

modules of the type shown i in Figure 7.

Detailed Description of the Invent:o

Turning to the drawmgs where like components are d351gnated by like
reference numerals, a prior art wafer processing system with an exhaust flow control
system is shown with reference to Figure 1. The wafer processing system 10 includes
areactor 12 and exhaust flow control system. 14. The reactor includes a chamber 16
and a gas flow path 18 which conveys effluents from the reactor 12. Many types of
reactors can be employed, such as various CVD reactors a_nd etching reactors.

Referring to Fig. 1, the flow control of two gas paths is shown. Specifically,
the control system 14 is comprised of two sub-systems, 14a and 14b. There is one for
each gas flow path. The first flow control system 14a operates as the flow control for
one gas flow path, in this case the chamber exhaust gas flow paih. The second control
system 14b operates as the flow control for the second flow path, in this case the
entry/exit (load/unload) exhaust gas flow path. In its simplest form, the flow control
system includes a sensor for detecting a flow characteristic of the gas(es) within the
gas flow path of interest. A controller is coupled to the sensor and receives the flow
characteristic measurement, such as differential pressure across an orifice, from the
sensor. The controller is coupled to a flow control device, and based on the
measurements received from the sensor, the controller adjusts the flow control device
to achieve a certain flow charactenstic. The system operates as a feedback control
system with the controller continuing to receive signals form the sensor and making
adjustments via the flow control unit as necessary.

More specifically, the flow control system 14a includes a sensor 20 for
measuring a flow characteristic of thé at least one gas in the gas flow path 18, and a
controller 22 which receives an output from the sensor 20. The controller 22
selectively adjusts a flow control device 24 reSpé_msive to the controller signal. The
flow device 24 adjusts such that a selected flow rate is achieved and/or maintained
within the gas flow path. Preferably, the controller 22 is a computer as known in the
art. Any suitable sensor may be used, however, in the preferred embodiment, the

sensor 20 is comprised of a toroidal orifice 21 and a pressure transducer 23. The
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préssure transducer 23 se?nsg the pressure drop (AP) acroggfﬁé orifice and sends a
corresponding output signal to the controller 22. Preferably a signal conditioner 25
may be used, such as a vIO AP signal conditioner as known in the art which provides
a time averaged AP value for reducing noise. Similarly, any suitable flow control
device 24 may be used, with a MKS flow control valve being preferred.

Of particular advantage, the flow control system employs a toroidal orifice as
part of the sensor 20. A suitable toroidal orifice is fully described in US Patent No.
5,113,789, which is incorporated by reference herein. The toroidal orifice is self
cleaning; that is, powder buildup that accumulates in the throat of the orifice is
removed so the orifice remains clear and does not narrow with debris. Such a design
minimizes faulty pressure drop readings that would occur if the orifice were clogged.
This self cleaning toroidal orifice provides more accurate pressure drop readings
which correlate better to mass flow and result in more accurate and repeatable flow
control. The design of a sensor that can correctly measure the pressure, flow or other
characteristic of a dirty effluent gas stream, independent of the powder accumulation
and changing geometry of the exhaust line, is the crucial element necessary for
improved process gas flow control.

In the exemplary embodiment of prior art, a second MKS valve 26 is used
downstream of the flow control sensor 20. The second MKS valve 26 is separately
controlled by a second controller 27. A second pressure transducer 28 is placed in the
line for measuring the pressure in the gas flow path downstream of the sensor 20.
Based on the pressure readings provided by the pressure transducer, the second
controller 27 commands the MKS valve 26 to open or close as necessary to maintain a
selected line pressure in the path such that the sensor 20 is always operating at a
constant pressure. Finally, a pump 29 such as a ring compressor pump may be
installed in the gas flow path to convey the gases though to a facility exhaust.

As shown further in Fig. 1 any number of units may be placed within the gas
flow path without disrupting the flow contro] system. For example, an accumulator 30
is placed in the chamber exhaust gas flow paths 18. In this particular application, the
accumulator 30 acts as a low frequency attenuator and a trap for collecting powder
(i.e. reaction deposits) present in the exhaust gas stream. The flow control sensor and
flow control unit can be located at any suitable position within the effluent gas flow

path.
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Fig. 1 shows a second flow control system 14b for controlling the flow of
gases in another gas flow path, in this instance the entry/exit exhaust gas flow path.
Differential pressure transducers 23a and 23b providé signals representing the flow -
from the entry and exit regions at the external ends of the deposition system 12.
Transducer 23c provides a signal representing the combined flow as a control signal to
the controller 22g which opefates the valve 24g to control the ﬂow of inert gas to the
exhaust 18. The exhaust valve operates to maintain a pr;set flow of inert gases from
the entry and exit ends of the system.

As the gases react and form a layer or film of the surface of the wafer, it is
important to achieve and maintain a selected flow rate of the gases. As described
above the flow rate of the gases affect the extent and uniformity of the deposition
reaction. Of particular advantage, the present invention provides for controlling the
flow rate of the various gases within an associated gas flow path. The gas flow path
may be any defined path of the gases and will vary depending on the type of
application and the mechanical design of the system. For the wafer processing system
of the type shown herein, the inventors have found that it is generally preferred to
select the exhaust path of the gases as the gas flow path for controlling certain flow
rates. However, in certain circumstances it is also preferred to select an inlet gas flow
path as well. As described herein the present invention teaches the selective control of
the flow rate of a plurality of gases in a plurality of gas flow paths such that their flow
rate is obtained and/or maintained at a selected value. The selected value will depend
on a variety of factors but is primarily selected such that the surface of the substrate is
uniformly processed. This allows for the “metering” of the gas. The present invention
provides for separately metering each gas flow path; that is, providing compensated
feedback control of the gases within each of the gas flow paths.

Figs. 2 and 3 illustrate a wafer processing reactor where the sysfem and
method of the present invention may be employed. Fig. 2 is a cross-sectional
schematic view of a CVD reactor 30. Specifically, the CVD reactor 30 is a
conveyorized atmospheric pressure CVD reactor of the type described in Patents
4,834,020 and 5,136,975, incofporated herein by reference. While, a specific type of
CVD reactor with its specific gas flow paths is shown, it will be understood to those of
ordinary skill in the art that the present invention may be employed with different

types of reactors each having different defined gas flow paths.



10

15

20

25

30

WO 00/49197 PCT/US00/02606

-9.

In general, the C\}D ?"éactor 30 includes a muffle Bé:l;:mng Joad 33 and
unload 34 regions positioned at opposite ends of the muffle 32. The muffle 32
includes at least one chamber 36 having an injector 40 and protective shield assembly
41 positioned therein. A deposition region 37 is formed in the area underneath the
injector 40 and shield assembly 41. The process module 36 is surrounded by adjacent
buffer modules 38. The buffer modules 38 act to isolate the processing module 36 and
deposition region 37 from the rest of the processing path and muffle. A conveyorized
transport means 39 extends through the muffle 32 for conveying substrates through the
chambers 36. The reactor chamber, including the muffle 32, injector 40 and protective
shield assembly 41 are described in greater detail in Patent Nos. 5,683,516 and
5,849,088, the entire descriptions of which are expressly incorporated herein by
reference. The exemplary embodiment of Fig. 2 shows four chambers 36 and five
buffer modules 38, however it should be understood that any number of chambers and
buffer modules may be used, and the number will vary depending on the design of the
muffle and reactor. In an exemplary embodiment, the chamber includes an injector 40
which has ports for delivering gases to the deposition region 37. As shown in Fig, 3a,
the protective shield assembly is positioned adjacent and around the injector. The
protective shield 41 conveys inert gases, preferably nitrogen, to the deposition region
37. This inlet gas flow helps to isolate the deposition region 37, and also increases the
longevity of the system by minimizing powder build-up on the injector and chamber
surfaces.

The load region 33 is placed at one end of the muffle 32, and at the opposite
end of the muffle is the unload region 34. To deposit films on the surface of a wafer,
the load region 33 is configured to receive wafers or semiconductor circuits for
processing. Typically, an automatic load mechanism (not shown) is employed to
place the wafers into the load region 33 of the muffle 32. Wafers are conveyed
through the muffle by the transport means 39. Preferably, the transport means 39 is 2
motorized belt, however any suitable conveying means may be used. The wafers pass
through the muffle 32 and deposition regions 37 where the wafers are processed. The
wafers then exit the muffle 32 through the unload region 34.

As shown in more detail with reference to Fig. 3a, each processing module 36
includes an injector 40 for injecting chemical gases or reagents into the deposition

region 37 positioned directed below the injector 40. Conduits (not shown) convey the
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gases to the injectors 40, which preferably convey the gases through separate conduits
to injector passages 42. Although not shown, each injector passage 42 extends
lengthwise along the longitudinal axis of the injector 40 to dehver the gases in a sheet-
like flow across the deposition region 37. An injector is descnbed in Patent No.
5,683,516, which is incorporated herein by reference. ‘The gases interact within the
deposition region 37 and deposit a layer of material on the surface of the substrate as
the substrate is transported through the deposition region 37. The unreacted and
deposition waste products are removed from the deposition-.ire'gibn 37 through
chamber exhaust vents 43. The chamber exhaust vents are coupled to a suitable
exhaust system, such as a chamber exhaust plenum 44 as shown in the exemplary
embodiment. This exhaust of the chamber process gases forms a gas flow path,
referred to as the chamber exhaust gas path in this exemplary efnbodiment.

As the gases react and form a layer or film of the surface of the wafer, it is
important to achieve and maintain a desired flow rate of the gases. As described
above the flow rate of the gases effect the extent and uniformity of the deposition
reaction. Of particular advantage, the present invention proirides for controlling the
flow rate of the gases within an associated gas flow path. The 'i.nvent'ors have found
that in this instance, it is preferred to select the exhaust gas ﬂoW path for controlling
the flow rates. According to the present invention, one exhé_usit gas flow path is
defined as the chamber exhaust gas flow path. The chamber exhaust gas flow j)ath
operates to expel the by-product and unused reactant gases from the deposition region
37. According to the system and method of the present inv’ehtiqn, these gases are
exhausted from the plenum 44 at a selected flow rate. Further, the invention provides
for controlling the flow rate of these gases within the chamber exhaust gas flow path
by maintaining the selected flow rate at a substantially const%mt value. This provides
more complete reaction of the reactant gases and more uniform deposition of the film
on the wafer surface. Further, this control or “metering” of the reactant gases
promotes the deposition of films having a more uniform thickness over the entire
surface of the wafer.

To deposit high quality films, it is desirable to include inert gas flows within
the reactor in addition to the reactant gases. Inert gases may be used to help confine
the reactant gases to the deposition region. Further, inert gases may be used to isolate

the deposition region from the rest of the system. Typically, inert gases are injected
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into the chamber through the side and/or bottom regions of the chamber. As
represented in Fig. 3a, ingrt.gas is injected into the depositign yegion 37 via shield
components 41. To remc;ve-the inert gas in such a manner.as to isolate the deposition
region 37, buffer modules 38 are provided in the exemplary embodiment. The buffer
modules 38 are positioned adjacent the chambers 36, with one buffer module 38 on
each side of each chamber 36. The buffer modules 38 are elongated and extend across
the reactor along the length of the chambers 36. The buffer modules 38 act to receive
the excess inert gases from the chamber 36 as shown by arrows 70, Fig. 3b, and
exhaust the gases through a separate gas flow path defined by bypass vents 49 as
shown by arrows 72. As described above, the reactant gases are exhausted through
the chamber exhaust gas flow path. The separation of gas flow paths in this manner
allows for the tailoring of the flow rates of the gases to create a desired gas flow
environment at the surface of the wafer and within the deposition region.

Fig. 3a shows the buffer modules 38 in greater detail. In this embodiment, the
buffer modules are comprised of an elongated bypass duct 45 which extends across
the muffle 32. The bypass duct module includes two elongated baffles 46 placed in
the lower portion of the duct and a large cavity 47 above the baffles 46. The two
baffles 46 are positioned adjacent one another and spaced apart to form a channel 48
therebetween. The channel 48 is elongated and extends the length of the bypass duct
45, Inert gases from the chamber 36 and elsewhere in the muffle 32 flow into the
buffer modules and are removed via the bypass ducts 45. To exhaust the buffer
modules 38, the bypass ducts 45 are connected to two bypass vents 49 along the sides
of the muffle 32. One bypass vent 49 is positioned at each end of the bypass duct 45.
The cavity portion 47 of the bypass duct 45 is open at each end of the duct 45 and thus
forms a passageway into the bypass vent 49. Gases flow from the cavity into the
bypass vents 49 positioned at each end of the by pass duct 45. Thus, another gas flow
path is defined, termed the bypass exhaust gas flow path. The bypass exhaust gas
flow path is formed by the buffer modules 38 and the bypass vents 49. Defining a
bypass exhaust gas flow path allows the for the separation of gas flow paths within the
chamber and for the separate control of the gases within the bypass exhaust and
chamber exhaust paths. The flow rates within the chamber exhaust gas flow path and
the bypass exhaust gas flow path can be selected such that the reactant gases are

substantially exhausted through the chamber exhaust gas flow path, and the inert gases
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are substantially exhausted through the bypass exhaust flow path. This purposeful
contro] of the gas flows within the 6hamber 36 promotes containment of the reactant
gases in the deposition region 37. Such cont_ainmenf "enharic_:es the uniformity of the
film deposited on the wafer and reduces powder buildup on the surrounding injector
and chamber surfaces.

Wafer prdcessing systems typically include a load and unload port for
receiving and unloading the wafers. When the wafers are loaded into and removed
from the system, the system is exposed to the exterior environment. Exposure to the
exterior environment often introduces contaminates into the system. Accordingly,
wafer processing systems may employ inert gas flow inlets in the load and unload
regions to purge the regions of contaminants that enter the system through the load
and unload ports. One example of such a system is shown in Figs. 2 and 3. The
reactor 30 includes a load region 33 and an unload region 34 pdsitioned at opposite
ends of the muffle 32. The load 33 and unload 34 regions each employ a plurality of
gas inlets, or curtains 50, for injecting inert gas into the regions: Preferably, the
curtains 50 inject a thin, elongated curtain like flow of inert gas. These curtains are
shown as an inner S0A, centér 50B and outer 50C curtain, however any suitable
number of curtains may be used. This curtain of inert gas sweeps over the surface of
the wafer passing beneath it, and “purges” the wafer surface. The curtain of inert gas
also acts to isolate the chambers 36 and bypass duct 45 from the exterior environment.

In the exemplary embodiment, the load 33 and unload 34 regions are
separately exhausted via exhaust ports 51 and 52, respectively. The load and unload
exhaust ports 51 and 52 act to exhaust a substantial portion of the inert gas from each
region. Preferably, the load 51 and unload 52 exhaust ports are positioned at
approximately the middle of the load and unload regions, respeétiv’ely._ The exhaust
ports may be comprised of any suitable gas outlet, and in the preferred embodiment,
they each include a two stage plenum body 53 (only the load region is shown, the
unload region is the same). Specifically, the plenufn body 53 includes two elongated
plenum stages, a lower plenum 54 and an upper plenum 55. “The lower plenum 54
includes a slot 56 formed in the side of the lower plenum 54. The upper plenum 55
includes an array of holes (not shown) formed in the bottom surface of the upper
plenum 55. Inert gases from each region are directed though the slot 56 in the lower

plenum 54 and then conveyed through the holes into the upper plenum 55. The gases
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are then conveyed out of the upper plenum 55 through the exhaust port 51. Thus, two
additional gas paths are dcﬁped termed the load and unload exhaust gas paths. The
load and unload exhaust gas paths are formed by the plenum body 50 and the load and
unload exhaust ports 51 and 52, respectively.

Defining a separate load and unload exhaust gas flow path allows the for the
separation of gas flow paths within the muffle and for the separate control of the gases
within the load and unload regions. The flow rates of the gases within the load and
unload exhaust gas flow paths can each be selected and selectively controlled. This
purposeful control of the gas flows within the load and unload regions promotes
purging of the wafer surface as wafers are loaded and unloaded from the system.
Further, control of the gas flows aids to isolate the chamber 36 from the rest of the
muffle and external environment, and promotes containment of the reactant gases in
the deposition region 37. For example, the flow rates of the gases in the load and/or
unload regions can be selected such that the inert gases in these regions are '
substantially exhausted through the load and/or unload ports, respectively, but the
flow rates are not so great as to draw reactant gases out of the deposition region 37
and into the exhaust ports 51 and/or 52. Alternatively, the flow rates of the gases in
the load and/or unload exhaust gas flow paths can be selected such that a portion of
the inert gas in the outermost buffer modules 38 are drawn into the load and/or unload
exhaust gas flow paths. The flow rates of the gases in the load and/or unload exhaust
gas flow paths can also be selected to compénsate for an external pressure or flow
imbalance, as can typically occur with the installation of an open APCVD System into
a clean room pressurized environment. In other words, according to the present
invention the gas flow paths can be selected to direct the flow of gases within the
system in a variety of ways. Referring to Figure 3b, the arrows schematically
illustrate gas flow paths for the primarily inert gases.

As described above, the present invention provides great flexibility by
allowing the definition of various gas flow paths. Thus, any number of gas flow paths
can be defined and tailored to a specific application and system. Of course, many
different gas flow paths can be defined and employed in the present invention, and the
particular examples are provided for illustration purposes only and are not intended to

limit the present teaching in any way.
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To provide flow control of the gases within the defined gas flow paths, a flow
control system 14 is employed. Figure 1 shows the flow control system 14a and 14b
employed in the prior art. Figs. 4 and 5 show flow control'éystems according to two -
embodiments of the present invention. The flow systems include the flow controls
shown in Figure 1 and described above. The flow control system operates to
selectively control the flow rate of gases within the gas flow: paths such that desired
flow rates are achieved and may be maintained at a substantially constant value during
processing of the wafer. The particular flow rate values will vary depending on a
number of factors including, how the gas flow paths are defined, the type and nature
of the mechanical design of the system, the application, and the types of gaseous
chemicals that are used. | _ |

Of particular advantage, the present invention provides for the separate flow
control of any number of defined gas flow paths. An embodiment of the present
invention having an improved exhaust gas flow path design and four flow control
systems 14a-14d is depicted in Fig. 4. The distinction from prior art is essentially the
placement of the multiple exhaust gas flow paths by design within the chemical vapor
deposition system, and the individual control of eath exhaust gas flow path, such that “
the chambers of an open APCVD System are isolated from intrusion of any external
flow, and such that any transient or static pressure of flow imbalance exteral to the
chambers can be compensated for by the exhaust flow control system. The active
exhaust of the bypass plenums allows excess chamber flow to be extracted from the
system without asymmetric flow conditions surrounding different chambers. The
placement of the load and unload exhausts internal to the system, between inert gas
curtains, allows the exhaust flow control system to actively maintain a desired
pressure differential (near zero) across the chambers in an open APCVD System
exposed to changing external environmental conditions. The first flow control system
14a is similar to that described in Fig. 1 except that two other gas flow paths (the
combination of the load and unload gas paths, and the bypass exhaust gas flow path)
are.merged into the chamber exhaust gas flow path. According to the present
invention, gas flow paths can be combined and the combined gas path controlled to
achieve and/or maintain a selected flow rate of lth_e gases. Alternatively, the paths can
be combined and yet flow control of the individual paths may take place before and/or

after the combination.
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In this embodiment, the load and unload exhaust gas paths are separately
controlled via flow control systems 14b and 14c. Speclﬁcally} the flow of inert gases
within the load region 33 of the system is controlled via flow control system 14b. As
described above, achieving a certain desired flow rate of the gases, and/or maintaining
the flow of the gases at a substantially constant flow rate aids the balance of gas flows
within the system and leads to deposition of improved films on the surface of a wafer.
Further, the separate control of gases within the load region allows for directing the
gases within the system to a desired gas flow path. That is, as described above, the
gases flowing into the buffer modules, and in particular the outermost buffer module
adjacent the load region, may be directed into the load region and exhausted via the
Joad exhaust gas flow path. This is accomplished by maintaining the flow rate of the
gases in the bypass exhaust gas flow path at a lower rate than the input flow rate of the
gases in the bypass ducts (controlled by flow control system 14d). Turning again to
Fig. 4, the load exhaust gas flow path is controlled by flow control system 14b which
includes a sensor unit which is comprised of a pressure transducer 60 and an orifice
61, a controller 62 and a flow control unit 64. To control the gas flow in the load
exhaust gas flow path, the sensor 60 measures a flow characteristic of the gases within
the path, such as the pressure drop across the orifice 61 within the path. The sensor 20
sends a signal representing the measurement to the controller 62. The controller 62
compares the measurement with selected values residing in the controller memory.
The controller 62 then sends a command to the flow control unit 64 responsive to the
measurement, directing the unit 64 to open or close such that the flow rate of the gas
remains constant within the gas flow path. The controller may be any suitable type
controller. Additional sensors (not shown), such as to measure temperature in the gas
flow path, can also send signals to the controller 62 so that the commands to the flow
control unit 64 compensate for temperature variation in order to maintain a
substantially constant mass flow.

Similarly, the flow of gases within the unload region 34 are controlled by flow
control system 14c. Flow control system 14c also includes a sensor unit which is
comprised of a pressure transducer 66 and an orifice 67, a controller 68 and a flow
control unit 70. To control the gas flow in the load exhaust gas flow path, the sensor
measures a flow characteristic of the gases within the path, such as the pressure drop

across the orifice 67 within the path. The sensor sends a signal representing the
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measurement to the éontroller 68 and the controller 68 compares the measurement
with selected values residing in the controller memory. The controller 68 then sends a -
command to the flow control unit 70 responsive to the measurement, directing the unit
70 to open or close such that the flow rate of the gas remains constant within the gas
flow path.

Flow control system 14d controls the flow of gases within the bypass exhaust -
gas flow path. Gases are conveyed through the two bypass vents 49 on each side of
the reactor. Preferably, the gases exit at one end of each of the vents 49 and the two
gas streams are combined. The pressure in the combined gas stream is measured
across an orifice 73 by pressure transducer 72. As in the other flow control systems,
the pressure measurement is sent to a controller 74 and the controller 74 responsively
adjusts a flow control unit 76 to maintain a certain flow rate.

While an automatic feedback flow control system for inert gases is preferred, it
should be noted that a manual system can be employed to control one or more of the
gas flow paths where the exhaust stream is clean and not subject to geometric change
over time due to deposition by-products. Referring to Fig. 5, flow control systems14b,
14c and 14d are shown where the controller has essentially been replaced by an
operator. To achieve and/or maintain a substantially constant flow rate within a gas
flow path, the operator adjusts manual flow control units 78,80 or 82, such as a
conventional manual ball valve. The operator may select a stable flow characteristic,
such as a pressure or flow rate, by manually adjusting the valve. The operator will
typically select a stable flow characteristic for each process or recipe condition
conducted in the reactor. When a new process condition is entered, the valves will
typically require adjustment to achieve a new stable flow characteristic.

Control of the flow of gases in the system provides a number of benefits. One
of the most important of course is the deposition of good quality films as described in
detail above. In another embodiment of present invention, the method of flow control
is employed to control transients, or disturbances within the system. During operation
of a wafer processing system, there is typically a pressure differential between the
exterior environment and the internal environment of the system. The activity of
loading and unloading the wafers exposes the system to this external environment and
causes transient pressure disturbances within the system. Even when the system is a

APCVD reactor, there are stiil typicafly pressure differences compared to the external



T A e e men AT

10

15

20

25

30

. WQ00/49197 s _ . PCT/US00/02606

-17 -

environment. Especially for APCVD reactors, any disturbance in the external

environment, such as openmo doors into pressunzed clean roorn areas around the

.....

path into the reactor. The transient pressure disturbances impact the flow of the gases
within the system. Referring again to Fig 4, a transient flow control system 14e is
shown according to another embodiment of the present invention. To minimize
transient disturbances, the present invention balances the pressure across the chambers
within the system by adjusting the flow of gases either in the load 33 or unload 34
region of the muffle. This system is referred to as the muffle balance procedure, or
transient pressure response procedure. Preferably, the system and method of the
invention maintains a pressure differential of substantially zero (i.e. AP = 0) between
the load 33 and unload 34 regions. This is illustrated in flow contro] system 14e in
Fig. 4. The flow control system 14e includes a pressure transducer 84, which is
coupled to the load and unload regions of the muffle. The pressure transducer 84
measures the pressure differential between the load 33 and unload 34 regions of the
muffle 32 and send this information as a signal to a controller 62. In this instance, the
controller 62 is the same as utilized in the load exhaust flow control system 14b,
however, a separate controller could be used. The signal is received by the controller
62, and the controller outputs a signal to adjust one of the flow control valves 64 or 70
coupled to either the load or unload regions, respectively. The flow control valve 64
or 70 is selectively adjusted by the controller 62 to maintain a pressure differential of
approximately zero between the load and unload regions of the muffle by increasing
or decreasing the exhaust flow from either the load or unload region. By maintaining
a pressure differential of zero, the flow rates of the gases within the deposition
chambers are maintained at substantially constant rates and do not substantially vary
in response to the transient pressure disturbances which affect the flows at the load
and unload ends of the muffle.

In addition to transient pressure disturbances due to loading and unloading of
the wafers, a thermal imbalance in the system also will cause a pressure differential
from one end of the muffle to the other. Often times, the thermal load is greater at the
load 33 region of the muffle 32 since there is higher energy input needed in this region

to heat the wafers and transport means for processing. Advantageously, the transient
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control system 14e provides a system and method for maintaining a desirable minimal -
pressure differential across the deposition chambers in thié situation as well. |

The transient flow control method is schematically illustrated by the flow chart
100 in Fig. 6. First, the process conditions for the reactor are established at step 102.
The process conditions include the desired gas flows for the various reactive and inert
gases for the particular type of film to be deposited on the wafer surface. For
example, the process conditions might include the input flow rates of gases in the
injector ports. These flow rate values will be selected based on achieving desirable
uniformity of the gas flow about the wafer. Also flow rates of inert gases though the
protective shield may be specified. The flow rate of the chamber process exhaust may
be selected for chemical containment. The bypass exhaust flow rate may be
established, and the flow rates of gases in the load and unload regions of the muffle
are selected. '

Next, the pressure differential between the outermost load region and the
outermost unload region (AP,) is measured at step 104. Adjustments are made to any
number of flow control paths via their associated flow control units to maintain AP,
equal to approximately zero at step 106. Specifically, flow control units are opened or |
closed which increases or decreases the flow rate within the flow control path such -
that a value AP, equal to approximately zero is maintained. Any one, or a -
combination, of the following gas flow paths may be adjusted: the load exhaust gas
path, the unload exhaust gas path, the load outer and center curtains, and the unload
outer and center curtains. As shown in this illustration, the gas flow path may include
gas inlets such as the load and unload outer or center curtains, and is not limited to the
exhaust paths.

Since the length of the load and unload regions of the muffle may be relatively
long, it is preferred to also measure the pressure at the innermost position of the load
and unload regions, respectively. Accordingly, at step 108 the pressure differential
between the innermost load region and the innermost unload region (AP,) is
measured. Adjustments in flow rates are made to any number of flow control paths
via the associated flow control units to maintain AP, equal to approximately zero at
step 110. Any one, or 2 combination, of the following gas flow paths may be
adjusted: the load center and inner curtains, the unload center and inner curtains, and

the bypass exhaust gas flow path.



10

15

20

25

30

W0 00/49197 : L PCT/US00/62606
-19-

AP, is re-measured at step 112 and the flow rates may be adjusted to maintain
AP,= 0 according to step 106 as necessary. Finally, the system is left to stabilize at
step 114, and the resultmg AP value is entered as a setpoui’c for the controller to
maintain automatically by adjusting one of the load or unload exhaust valves or N,
curtains through feedback control. The program is re-executed at step 102 for a new
process condition.

An alternative embodiment of the invention is shown in Figure 7. Figure 7is a
schematic view of two processing chambers 36 and the buffer module 38 in between
them for an altemative CVD system, and in particular showing an enlarged view of a
process chamber module 36. An injector assembly 300 and shield assembly 302 are
employed. The shield assembly 302 is further described in U.S. Patent No. 5,849,088
which is hereby incorporated by reference. The buffer modules incorporate nitrogen
chamber curtains 304 in the bypass duct 45 which allow a reaction chamber exhaust
ratio of less than 1.0 while maintaining containment of chemicals in the deposition
region. The additional nitrogen curtain flow will supply both the chamber exhaust and
bypass exhaust gas so the chamber bypass outflow will remove contaminants, such as
chromium (Cr) vapors which may by emitted from the bypass duct. Both inter-
chamber and inter-pass load/unload Cr peak contamination may be minimized.
Preferably, the load and unload regions of the muffle are purged using three nitrogen
curtains each, 50a, 50b and 50c as in Figure 3a. Of particular advantage, films may be
deposited having very low Cr contamination according to the present invention. The
gas flows within the system and muffle of Figure 7 are illustrated in Figure 8.

In summary, the improved wafer processing reactor incorporates a bypass
exhaust plenum whereby excess inert gas from inside the deposition chamber or from
buffer regions between chambers is controllably removed from the reactor. This
provides improved isolation of each process chamber, improved balance between
chambers, and removal of contaminants which might otherwise be drawn into the
process region of the process chamber. Control of load and unload inert curtain gas
exhaust provides a pressure balance across the reactor in the presence of thermal load
fluctuations, and internal pressure fluctuations, as may occur during loading and
unloading wafers, and external perturbations which may occur from such things as
opening doors. The wafer processing reactor includes exhaust flow control of

multiple paths to maintain stable pressure and flow in the chamber deposition region.
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As is apparent from the forgoing, the present invention provides an improved
flow control system and method. The inventive system and method may be used with
a wafer processing system to achieve improved unifc;;nnity of reagents within the
deposition region, and to provide greater control and direction of the flow of gases
within the system, thereby enhancing the quality of the deposited film. The foregoing
descriptions of specific embodiments of the present invention have been presented for
purposes of illustration and description. They are not intended to be exhaustive or to
limit the invention to the precise forms disclosed, and obviously many modifications
and variations are possible in light of the above teaching. The embodiments were
chosen and described in order to best explain the principles of the invention and its
practical application, to thereby enable others skilled in the art to best use the
invention and various embodiments with various modifications as are suited to the
particular use contemplated. It is intended that the scope of the invention be defined

by the claims appended hereto and their equivalents.
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What is Claimed is:

1. A chemical vapor deposition processing system for delivering at least one
reactant gas and an inert gas to process a wafer or other substrate, comprising:

at least one processing chamber including a processing region formed therein
and having at Jeast one gas flow path for conveying said at least one reactant gas into
said processing region and another gas flow path for delivering said inert gas to said
wafer processing region,

individual exhaust gas flow paths for removing said reactant gas completely
within one said path along with some of said inert gas, and another said path for
removing only excess inert gas from said processing chamber, and

an exhaust flow control system for separately controlling the flow of gas from
each of said exhaust gas flow paths to confine the reaction region such that only said

reactant and inert gas delivered inside said process chamber is exhausted through said

processing region.

2, The system of claim 1 wherein the exhaust flow control system for the at least
one reactant gas exhaust flow path is configured to exhaust reactant gases and some of
said inert gases from said processing region at a substantially constant selected flow

rate.

3. The system of claim 1 or 2 wherein the said another gas flow path includes
inert gas buffer modules adjacent said processing chamber for delivering and/or
receiving inert gases to further isolate the processing region, and a bypass exhaust
plenum for exhausting excess inert gas supplied to the reactor chamber and the inert

gas buffer modules.

4, The system as in claims 1, 2 or 3 including at least one inert gas flow path at
the wafer load and unload regions of said processing system, an exhaust flow path
within each of said regions, and means for controlling the exhaust of inert gases from
each of said regions so that the pressure differential across said processing region is

substantially minimized, even though said processing system has an imbalanced
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pressure gradient across it due to temperature, room pressure, room airflow or other

such differences.

5. The system of claim 1, 2, 3 or 4, wherein said another gas flow path includes a
bypass exhaust gas flow path which is formed by an elongated buffer module on each
side of said at least one processing chamber having two elongated baffles positioned

adjacent one another to form an elongated slot across the full width of the system, and
an open cax)ity above said slot for receiving said at least one gas, and a bypass plenum

disposed at each end of said cavity for exhausting said gas.

6. The system of claim 4 or 5 wherein the at least one inert gas flow path
includes:

a load exhaust gas flow path for exhausting said at least one gas, said path
formed by a load region positioned on one side of said process chambers and having a
plenum body with a lower plenum with a slot in a lower surface for receiving said at
least one gas and an upper plenum with an array of holes in a lower surface for
receiving said at least one gas from said lower plenum and a load outlet port coupled
to said upper plenum for exhausting said gas from said load region; and ‘

an unload exhaust gas flow path, for exhausting said at least one gas, said path
formed by an unload region positioned on the opposite side of said process chémbé_rs
and having a plenum body with a lower plenum with a slot in a lower surface for
receiving said at least one gas and an upper plenum with an array of holes in a lower
surface for receiving said at least one gas from said lower plenum and an unload outlet

port coupled to said upper plenum for exhausting said gas from said unload region.

7. The system of claim 1, 2, 3, 4, 5, or 6 wherein said flow control systems each

further comprise:

a sensor coupled to each of said gas flow paths for measuring a flow

characteristic of the gas within the flow path;

controllers for receiving a signal from the sensor coupled to each of said gas

flow paths; and

AN R
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flow control units in each of the gas flow paths selectively adjustable to control
the flow rate of the gas m said path responsive to said controller to maintain the flow

of the gases within the gas ﬂow paths at a selected value.

8. A chemical vapor deposition processing system for delivering at least one
reactant gas and an inert gas to process a wafer or other substrate, comprising:

at least one process chamber including a processing region formed therein and
having at least one gas flow path for conveying said at least one reactant gas into said
processing region and another gas flow path for delivering said inert gas to said wafer
processing system,

at least one exhaust gas flow path for removing said reactant gas and inert gas
from said processing chamber, and

a flow control system for separately controlling the flow of gas from said
exhaust gas flow path,

a wafer load and unload region within said processing system at the load and
unload stdes of said processing region, each having at least one gas flow path for
delivering inert gas to said load and unload regions,

a Joad exhaust path and an unload exhaust path internal to said inert gas flow
regions,

a first sensor coupled to said load exhaust gas path for measuring a flow
characteristic of said gas within said load exhaust gas flow path;

a second sensor coupled to said unload exhaust gas path for measuring a flow
characteristic of said gas within said unload gas flow path;

controllers for receiving signals from said first and second sensors; and

flow control units in each of said load and unload exhaust gas flow paths, said
flow control units being selectively adjusted to control the flow rate of the gases in

each of said load and unload paths responsive to said controller.

9. The system of claim 8 wherein the control units are adjusted so that the flow

rates of the gases in the load and unload exhaust paths are maintained at substantially

constant selected values.

IV 0
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10.  The system as in claim 8 wherein the control units are adjusted so that the flow
rates of gases in the load and unload exhaust paths maintain a substantially zero

pressure differential between the load and unload sides of said system.

11. A chemical vapor deposition processing system as in claim 8 in which said
load region has a plenum body with a lower plenum with a slot in a lower surface for
receiving an inert gas, and an upper plenum with an arra;} of holes in a lower surface
for receiving inert gas from said lower plenum and a load outlet port coupled to said
upper plenum for exhausting said gas from said load region, and

said unload region has a plenum body with a lower plenum with a slotin a -
lower surface for receiving said at least one gas and an uppér plenum with an array of
holes in a lower surface for receiving said at least one gas from said lower plenum and
an unload outlet port coupled to said upper plenum for exhausting said gas from said

unload region.

12.  The chemical vapor deposition processing system of claim 8 wherein the

process chambers are open to the ambient atmosphere such that the deposition process

occurs at or near atmospheric pressure.

13. The system of claim 12 wherein the flow control units are adjusted such that
the flow rates of the gases in the load and unload exhaust paths are maintained at

substantially constant selected separate values.

14.  The system of claim 12 wherein the flow control units are adjusted such that
the flow rates of said inert gas within the load and unload exhaust flow paths are
separately and selectively adjusted to maintain a substantially constant selected flow
rate within one of said exhaust gas flow paths, and a varying flow rate in the other of
said gas flow paths such that the pressure differential across said open chambers is
controlled to a substantially constant value near zero even when wafers are loaded or

unloaded, or when external room pressure or flow changes occur.
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15.  The system of claim 1, 2, 3, 4,5, 6,7, 8, 9, 10, 11, 12, 13 or 14 wherein said
exhaust gas flow control system includes a self-cleaning onﬁce across which the

pressure differential is measﬁred to establish the flow rate Sf gases through the orifice.

16. The system of claim 8 where said inert gas is applied to a load purge curtain
and an unload purge curtain and the flow control units are selectively adjusted to
maintain the pressure differential across the open chambers at a substantially constant

value near zero, even when wafers are loaded or unloaded, or when external room

pressure or flow changes occur.

17. Themethod ofclaim 1,2,3,4,5,6,7,8,9,10, 11, 12, 13 or 14 wherein the
step of measuring a flow characteristic by a sensor coupled to an exhaust flow path

includes an orifice placed in said exhaust gas flow path.

18.  The system of claim 17 wherein the exhaust flow control system further
includes means for measuring the gas temperature at the orifice to correct the

correlation between pressure differential and flow rate for temperature of the gas.

19.  The method of operating the chemical vapor processing system of claim 4, 5, 6
or 7 which comprises separately controlling the flow rates of inert exhaust gas from
the load and unload regions so that the flow rate in one flow path is substantially
constant and the flow rate in the other flow path is varied to maintain a substantially
constant near zero pressure differential across said at least one process chamber as

wafers are loaded or unloaded, or as external room pressure, temperature or flow

ocCCcur.

20.  The chemical vapor deposition processing system of claim 19 wherein the

process chambers are open to the ambient atmosphere such that the deposition process

occurs at or near atmospheric pressure.

21.  The system of claim 4, 5, 6 or 7 where said inert gas is applied to a load purge
curtain and an unload purge curtain and the flow control units are selectively adjusted

to maintain the pressure differential across the open chambers at a substantially

A
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constant value near zero, even when wafers are loaded or unloaded, or when external -

room pressure or flow changes occur.

22.  The chemical vapor deposition processing system of claim 21 wherein the
process chambers are open to the ambient atmosphere such that the deposition process

occurs at or near atmospheric pressure.
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