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MULTI-CHANNEL FLOW RATIO CONTROLLER AND PROCESSING

CHAMBER
BACKGROUND
Field
[0001] implementations of the present disclosure generally relate o a

semiconductor processing chamber, and more particularly, o one or more
flow ratio controllers and one or more gas injection inseris in the

semiconductor processing chamber.

Description of the Related Art

[0002] Semiconductor substrates are processed for a wide variety of
applications, including the fabrication of integrated devices and micro-devices.
One method of processing substrates includes depositing a material, such as
a dielectric material or a semiconductive material, on an upper surface of the
substrate. The material may be deposited in a lateral flow chamber by flowing
a process gas parallel to the surface of a subsirate positionad on a support,
and thermally decomposing the process gas to deposit a maiterial from the
gas onto the substrate surface. Howsver, the material deposited on the
surface of the substrate is often non-uniform in thickness and non-uniform in
alloy or dopant compositions, and therefore, negatively affects the

performance of the finai manufaciured device.

[6003] Therefore, there is a need for an improved chamber to deposit a

material that is uniform in thickness and in alloy or dopant compaositions.

SUMMARY

10004} Implementations of the present disclosure generally relale o &
semiconductor processing chamber, and more particularly, to one or more
flow ratio controllers and one or more gas injection inseris in the
samiconductor processing chamber. In one implementation, an apparatus
includes a first flow ratio controller including a first plurality of flow controllers,

a second flow ratio coniroller including a second plurality of flow controllers,
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and a gas injection insert including a first portion and a second portion. The
first portion includes a first pluralily of channels and the second portion
includes a second plurality of channsels. The apparatus further includes a
plurality of gas lines connecling the first and second pluralities of flow
controliers to the first and second pluralities of channels, wherein one or more
gas iines of the plurality of gas lines are each connected to a channel of the

first plurality of channels and a channel of the second plurality of channels.

[0005] In another implementation, an apparatus includes a first flow ratio
contreller including a first plurality of flow controllers and z first flow controller,
a second flow ratio coniroller including a second plurality of flow controliers
and a second flow controlier, and a gas injection insert including & first portion
and a second portion. The first portion includes a first plurality of channels
and a first inner channe! and the second portion includes a second plurality of
channels and a second inner channel. The apparatus further includes a
plurality of gas lines connecting the first and second pluralities of flow
controllers o the first and second pluraliies of channels, a first gas line
connecting the first flow controller to the first inner channel, and a second gas

line connecting the second flow controlier to the second inner channel.

[0008] in another implementation, an apparatus includes a chamber
including an upper dome, a lower dome, a base ring disposed between the
upper dome and the lowsr dome, and a gas injection insert located within the
hase ring. The gas injection insert includes a first portion and a second
portion. The first portion includes a first plurality of channels and the second
portion includes a second plurality of channels. The apparatus further
includes a first flow ratio controller including a first plurality of flow controllers,
a second flow ratio coniroller including a second plurality of flow controllers,
and a plurality of gas lines connecting the first and second plurslities of flow
controliers to the first and second pluralifies of channels. One or more gas
lines of the plurality of gas lines are each connecied {0 a channel of the first

pluraiity of channeis and a channei of the second plurality of channels.
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BRIEF DESCRIPTION OF THE DRAWINGS

130073 Figure 1 is a schematic side cross-sectional view of a chamber

according to implementations described herein.

[0008] Figure 2 is a perspective view of a liner assembly that can be used

in the chamber of Figure 1 according to implementations described herein.

0009} Figure 3 is a perspeclive view of the liner assembly and one or
more flow ratioc controllers that can be used in the chamber of Figure 1

according to implementations described herein.

0014} Figure 4 schematically illustrates connections belween one or more
gas injection inserts and one or more fiow ratio controliers that can be used in

the chamber of Figure 1 according to implementations described herein.

180113 To facilitate understanding, identical reference numerals have heen
used, wherever possible, to designate identical elements that are common to
the figures. It is also contemplated that elements disclosed in one
impiementation may be beneficially ulilized on other implementations without

specific recitation.

DETAILED DESCRIPTION

18012} Implementations of the present disclosure generally relate to using
one or more flow ratio conirollers and one or more gas injection inserts with a
semiconductor processing chamber.  In one implementation, an apparatus
includes a first flow ratio controller including a first plurality of flow controllers,
a second flow ratio controller including a second plurality of flow controllers,
and a gas injection insert including a first portion and a second portion. The
first portion of the gas injection insert includes a first plurality of channels and
the second portion of the gas injection insert includes a second plurality of
channels. The apparatus further includes a plurality of gas lines connecting
the first and second pluralities of flow controllers to the first and second
pluralities of channels. One or more gas lines of the plurality of gas lines are
each connected o a channe! of the first plurality of channels and a channel of

the second piurality of channels.
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[6013] Figure 1 illustrates a schematic side cross-sectional view of a
chamber 100 according to implemeniations described herein. The chamber
100 may be used {0 process one or more substrates, including the deposition
of a material on an upper surface of a substrate 108. The chamber 100 may
include an array of radiant heating lamps 102 for heating, among other
components, a back side 104 of a substrate support 106 disposed within the
chamber 100. In some implementations, the array of radiant heating lamps
102 may be disposed over an upper dome 128. The substrate support 108
may be a disk-like subsirate support 106 as shown, or may be a ring-like
subistrate support with no central opening, which supports the substrate from
the edge of the substrate to facilitate exposure of the substirate {0 the thermal
radiation of the lamps 102. In some implementations, the substrate support

106 may inciude multiple arms for supporting the substrate 108.

[B014] The substrate support 106 is located within the chamber 100
between the upper dome 128 and a lower dome 114, The upper dome 128,
the lower dome 114 and a base ring 138 that is disposed between the upper
dome 128 and lower dome 114 generally define an internal region of the
process chamber 100. The substraie 108 can be brought into the chamber
100 and positioned onto the substrate support 106 through a loading port

(not shown).

[0015] The substrate support 106 is shown in an elevaled processing
position, but may be vertically traversed by an actuator (not shown) to a
loading position below the processing position to aliow lift pins 105 to contact
the lower dome 114 o raise the substrate 108 from the substrate support
106. A robot {not shown) may then enter the chamber 100 o engage and

remove the substrate 108 therefrom through the loading port.

[00186] The substrate support 106, while located in the processing
position, divides the internal volume of the chamber 100 into a process gas
region 156 above the substrate support 106, and a purge gas region 158
below the subsirate support 106. The substrate support 106 may be rotated

during processing by a central shaft 132 to minimize the effect of thermal and
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process gas flow spatial anomalies within the chamber 100 and thus facilitate
uniform processing of the substrate 108. The subsirate support 106 is
supported by the central shaft 132, which moves the substrate 108 in an up
and down direction 134 during loading and unloading, and in some
instances, processing of the substrate 108. The substraie support 106 may
be formed from silicon carbide or graphite coated with silicon carbide to
absorb radiant energy from the lamps 102 and conduct the radiant energy 1o
the substrate 108,

(00171 The central window portion of the upper dome 128 and the botiom
of the lower dome 114 are formed from an optically transparent material such
as guartz. One or more lamps, such as an array of lamps 102, can be
disposed adjacernt to and beneath the lower dome 114 in a specified manner
around the central shafl 132 to independently control the temperature at
various regions of the substrate 108 as the process gas passes over, thereby
facilitating the deposition of a material onto the upper surface of the substrate
108. While not discussed here in detail, the deposited material may include
silicon, silicon germanium, gallium arsenide, gallium nitride, or aluminum

galiium nitride.

[0018] The lamps 102 may include bulbs 141 to heat the substrate 108 (o
a temperature within a range of about 200 degrees Celsius {o about 1800
degrees Celsius. Each lamp 102 is coupled to a power distribution board
{not shown) through which power is supplied to each lamp 102. The lamps
102 are positioned within a lamphead 145 which may be cooled during or
after processing by, for example, a cooling fluid infroduced into channels 149
located between the lamps 102. The lamphead 145 cools the lower dome
114 due in part to the close proximity of the lamphead 145 {0 the lower dome
114. The lamphead 145 may also cool the lamp walls and walis of the

reflectors (not shown) arcund the famps 102.

(6018} An annular shield 167 may be optionally disposed around the
substrate support 106 and surrounded by a liner assembly 183. The annular

shield 167 prevents or minimizes leakage of heatlight noise from the lamps
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102 io the device side 116 of the substrate 108 while providing a pre-hest
zone for the process gases. The annular shield 187 may be made from CVD
SiC, sintered graphite coated with SiC, grown SIC, opague quartz, coated
gquartz, or any similar, suilable malerial that is resistant o chemical

breakdown by process and purging gases.

[0020] The liner assembly 163 is sized {0 be nested within or surrounded
by an inner circumference of the base ring 138. The liner assembly 163
shields the processing volume (f.e., the process gas region 156 and purge
gas region 158) from metallic walls of the process chamber 100, The
metallic walls may react with precursors and cause contamination in the
processing volume. While the liner assembly 163 is shown as a single body,
the liner assembly 183 may include one or more liners with different

configurations.

[0021] As a result of backside heating of the substrate 108 from the
substrate support 108, the use of an optical pyrometer 118 for temperature
measurements/control on the subsirate support can be performed. This
temperature measurement by the optical pyrometer 118 may also be done on
substrate device side 116 having an unknown emissivity since heating the
substrate front side 110 in this manner is emissivily independent. As a result,
the optical pyrometer 118 can only sense radiation from the hot substrate
108 that conducts from the substrate support 106, with minimal background

radiation from the lamps 102 directly reaching the optical pyrometer 118.

(5622} A reflector 122 may be optionally placed outside the upper dome
128 o reflect infrared light that is radiating off the subsirate 108 back onio
the substrate 108. The reflector 122 may be secured o the upper dome 128
using a clamp ring 130. The reflecior 122 can be made of a metal such as
aluminum or stainless sieel. The efficiency of the reflection can be improved
by coating a reflector area with a highly reflective coating such as with gold.
The reflector 122 can have one or more channels 126 connected to a cooling
source (not shown). Each channel 126 connecls io a passage (not shown)

formed on a side of the reflector 122. The passage is configured to carry a
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flow of a fluid such as water and may run horizontally along the side of the
reflecior 122 in any pattern covering a portion or entire surface of the

reflector 122 for cooling the reflector 122.

[0023] Process gases supplied from process gas supply sources 177, 179
are infreduced into the process gas region 156 through a gas injection insert
174 located in the sidewall of the base ring 136. The process gases may
flow into one or more flow ratio controliers 171, 172 prior to entering the gas
injection insert 174. The gas injection insert 174 is configured to direct the
process gases in a generally radially inward dirsction. The one or more flow
ratio controliers 171, 172 and the gas injection insert 174 provide tuning of
the flow rates and flow raie ratio of the process gases which enables
modulating the radial gas flow velocity profile in the cross flow chamber 100
while keeping the total gas flow as well as the gas partial pressure at the
injection point constant.  In addition, the one or more flow ratio controllers
171, 172 and the gas injection insert 174 provide tuning of alloy composition,
dopant concentration, or selectivity. The one or more fiow ratio controllers
171, 172 and the gas injection insert 174 are described in detail in Figures 3
and 4. During the film formation process, the substrate support 108 may be
located in the processing position, which is adiacent to and at about the
same elevation as the gas injection insert 174, allowing the process gases {o
flow along a flow path 173 across the upper surface of the subsirate 108 ina
laminar flow fashion. The process gases exit the process gas region 156
{along fow path 175) through a gas outlet 178 located on the side of the
chamber 100 opposite the gas injection insert 174. Removal of the process
gases through the gas outlet 178 may be facilitated by a vacuum pump 180

coupled thereto.

[0024] A purge gas may be supplied from a purge gas source 162 o the
purge gas region 158 through an optional purge gas inlet 164 (or through the
gas injection insert 174) formed in the sidewall of the base ring 1386. The
purge gas inlet 164 is disposed at an elevation below the gas injection insert
174. During the film formation process, the substrate support 108 may be

located at a position such that the purge gas flows along a flow path 165

—r
i
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across the back side 104 of the subsirate support 106 in a laminar flow
fashion. Without being bound by any particular theory, the flowing of the
purge gas is believed to prevent or substantially avoid the flow of the process
gas from entering into the purge gas region 158, or to reduce diffusion of the
process gas entering the purge gas region 1528 (i.e., the region under the
substrate support 108). The purge gas exits the purge gQas region 158 (along
flow path 1886} and is exhausted out of the chamber 100 through the gas
outiet 178, which is located on the side of the chamber 100 opposite the

purge gas inlet 164.

[0025] Similarly, during the purging process the substrate support 106
may be located in an elevaied position 1o allow the purge gas {0 flow laterally
across the back side 104 of the subsirate support 106. i should be
appreciated by those of ordinary skill in the art that the process gas inlet, the
purge gas inlet and the gas ocutlet are shown for illustrative purpose, since
the position, size, or number of gas inlets or cutlet etc. may be adjusted to

further facilitate a uniform deposition of material on the substrate 108,

[0026] Figure 2 illustrates a perspective view of a liner assembly that can
be used in place of the liner assembly 163 of Figure 1 according o
implementations described herein. The liner assembly 200 is configured for
lining a processing region within a process chamber, such as the chamber
100 of Figure 1. The liner assembly 200 generally provides a gas inlet port
202, a gas outlet port 204, and a loading port 208. The liner assembly 200
may be nested within or surrounded by a base ring {e.¢., the base ring 136 of
Figure 1) disposed in the chamber. The liner assembly 200 may be formed
as an integral piece, or may comprise multiple pieces that can be assembied
together. In one example, the liner assembly 200 comprises mulliple pieces
{or liners) that are modular and are adapted o be replaced individually or
collectively to provide additional flexibility and cost savings due to the
modular design. Modular design of the liner assembly 200 enables easy
serviceability and increased funclionality (i.e. changing of different injectors).
in one implementation, the liner assembly 200 comprises at least an upper

liner 208 and a lower liner 210 that are stacked vertically. An exhaust liner

8
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212 may be combined by part of the upper liner 208 to improve position

stability.

[0027] The upper liner 208 and the exhaust liner 212 may be cubt-out o
receive an injector liner 214. The injector liner 214 is coupled o one or more
gas injection inserts 218. The one or more gas injection inserts 218 may be
the gas injection insert 174 shown in Figure 1. In one implementation, one
gas injection insert 218 includes a first poriion 222 having a plurality of
channels 220 and a second portion 224 having a plurality of channels 226.
In one implementation, the first portion 222 and the second portion 224 of the
gas injection insert 218 are two separate gas injection inseris 218, One or
more process gases are introduced into the chamber via the channels 220,
226.

[0028] Figure 3 is a perspective view of the liner assembly 200 and one or
more flow ratio controllers 304, 306 that can be used in the chamber 100 of
Figure 1 according to implementations described herein. The one or more
flow ratio controllers 304, 308 may be the one or more flow ratio coniroliers
171, 172 shown in Figure 1. As shown in Figure 3, the liner assembly 200
includes the injector liner 214 and one or more gas injection inserts 218
coupled to the injector liner 214. The one or more gas injection inserts 218
are coupled to a manifold 302, The manifold 302 includes a first surface 303
and a second surface 305 opposite the first swrface 303, A first flow ratio
controller 304 is coupled io the first surface 303 of the manifold 302, and &
second flow ratio controller 306 is coupled 1o the second surface 305 of the
manifold 302. A plurality of tubes 308 are disposed in the gas injection insert
218, each tube 308 may be located within a corresponding channel 220, 226
(Figure 2). The plurality of tubes 308 may be connecled 1o the manifold 302,
and process gases may flow through the manifold 302 into the chamber 100

{(Figure 1) via the plurality of tubes 308.

(0029} Figure 4 schematically illustrates connections between one or more
gas injecton inserts 218 and cne or more flow ratio controllers 304, 306 that

can be used in the chamber 100 of Figure 1 according to implementations
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described herein. As shown in Figure 4, the gas injection insert 218 includes
the first portion 222 and the second portion 224. in one implementation, the
first portion 222 and the second portion 224 are separate gas injection inserts.
Each portion 222, 224 includes a plurality of channels 220, 226 formed
therein, and the number of channels 220 in the first portion 222 equals to the
number of channels 228 in the second portion 226, in one implementation,
each portion 222, 224 includes nine channels 2208-220i or 226a-226i, as
shown in Figure 4. In another implementation, each portion 222, 224 inciudes
11 channels. The first portion 222 and the second portion 224 may be mirror
imagses of each other with respect t¢ a central axis 401. The locations of the
channels 220a-220i in the first portion 222 and the lecations of the channels
228a-2261 may be symmetrical with respect to the central axis 401. For
exampie, the location of an inner channel 220i in the first portion 222 and the
focation of an inner channel 2261 in the second portion 224 are symmetrical
with respect to the central axis 401, The inner channel 2201 is adjacent to the

inner channel 226i, as shown in Figure 4.

(0030} One or more flow ratio controliers 304, 306 are connected to the
gas injection insert 218 by a plurality of gas lines. The gas lines may be any
suitable lines, such as conduits or {ubes, for gas or fluid to flow therethrough.
in one implementation, two flow ratic controllers 304, 306 are connected o
the gas injection insert 218 by the plurality of gas lines, as shown in Figure 4.
Each flow ratio controller 304, 306 includes a plurality of flow conirollers,
such as mass flow controllers (MFCs). In one implementation, the flow ratio
controller 304 includes five flow controllers 402, 404, 408, 408, 410, and the
fiow ratio controller 306 includes five fiow controilers 412, 414, 418, 418, 420,
The number of flow controllers in each flow ratio controller 304, 306 may be
more or less than five. In one implementation, there are 22 channels formed
in the gas injection insert 218 (11 channels in each of the first and second
portions 222, 224) and six flow conirollers in each flow ratic controliers 304,
308.

[0031] The flow controliers 402, 404, 406, 408, 410, 412, 414, 416, 418,
420 are connecied o the channels 220a8-2201, 228a-2261 (or tubes located in

10
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the channels, such as tbes 308 shown in Figure 3) by a plurality of gas
lines. The inner channel 220i of the first poriion 222 is connected o the flow
controller 410 in the flow ratio controller 304 by a gas line 422, and the inner
channel 2261 of the second porticn 224 is connecied to the flow controller
412 in the flow ratio controlier 308 by a gas line 424. Each of the remaining
flow controllers 402, 404, 406, 408 in the flow ratio controller 304 is
connected to two channels, one channel in the first portion 222 of the gas
injection insert 218 and the other channel in the second portion 224 of the
gas injection insert 218. Each of the remaining flow controliers 414, 416,
418, 420 in the fiow ratic controlier 308 is connected 1o two channels, one
channel in the first portion 222 of the gas injection insert 218 and the cother
channel in the second portion 224 of the gas injection insert 218. No channel

in the gas injection insert 218 is connected o more than one flow controlier.

[0032] For example, the flow controlier 402 in the flow ratio controlier 304
is connected to a first gas line 426, which splits into two gas lines 426a,
4280, The gas line 428z is conneciad o the channel 220a in the first portion
222, and the gas line 426b is conneacted to the channel 226b in the second
portion 224. The flow coniroller 404 in the flow ralio controlier 304 is
connected to a second gas line 428, which splits info two gas lines 4283,
428b. The gas line 428z is connected to the channel 220¢ in the first portion
222, and the gas ling 428b is connected io the channel 226d in the second
portion 224.  The flow controller 408 in the flow ratio controlier 304 is
connected o a third gas line 430, which splits info two gas lines 430a, 430b.
The gas line 430a is connecied to the channel 220e in the first portion 222,
and the gas line 430b is connecied to the channel 226f in the second portion
224, The flow controller 408 in the flow ratio controller 304 is connected o a
fourth gas line 432, which splits into two gas lines 4323, 432b. The gas line
432a is connectad 1o the channel 220g in the first portion 222, and the gas
line 432b is connected to the channel 226h in the second portion 224. The
flow controlier 410 in the flow ratioc controller 304 is connected to the fifth gas
line 422, which is connecied to the inner channel 2201 in the first portion 222.

The flow controller 412 in the flow ratio controller 308 is connected {o the

11
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sixth gas line 424, which is connecied to the inner channel 2281 in the second
portion 224. The flow controiler 414 in the flow ratio conirolier 306 is
connected to a seventh gas line 434, which splits info two gas lines 434a,
4340, The gas line 434z is conneciad o the channel 220h in the first portion
222, and the gas line 434b is connected to the channel 228¢ in the second
portion 224. The flow controller 416 in the flow ralio controlier 308 is
connected o an eighth gas line 436, which splits inlo two gas lines 438a,
436b. The gas line 436a is connected o the channel 2201 in the first portion
222, and the gas ling 436b is connected to the channel 228e in the second
portion 224.  The flow controller 418 in the flow ratio controlier 308 is
connected o a ninth gas line 438, which splits into two gas lines 438a, 438b.
The gas line 438a is connecied to the channel 220d in the first portion 222,
and the gas line 438b is connected to the channel 226¢ in the second portion
224, The flow controller 420 in the flow ratio controller 306 is connected o a
tenth gas line 440, which splits into two gas lines 440a, 440b. The gas line
440a is connectad 1o the channel 220b in the first portion 222, and the gas

line 440h is connected to the channel 228a in the second portion 224.

(6033} The flow ratio controller 304 is connected to a first gas source,
such as the gas source 177 (Figure 1}, and the flow ratio controller 308 is
connected 1o a second gas source, such as the gas source 179 (Figure 1).
The first gas source provides a first gas {or gas mixiure) A to the flow
coniroliers 402, 404, 406, 408, 410 of the flow ratic conirolier 304, and the
second gas source provides a second gas (or gas midure) B o the fow
controliers 412, 414, 416, 418, 420 of the flow ratio controller 306. The first
gas A and the second gas B are directed to the channels 220a-2201 and
226a-226i1 {or tubes located inside of the channels) by the gas lines 426, 428,
430, 432, 422, 424, 434, 436, 438, 440, The first gas A and the second gas
B are allernately flowing through the channels 220a-220i and 226a-226i. For
exampie, the first gas A flows through the channel 220s in the first portion
222, and the channel 220a is the oulermost channel. The second gas B
flows through the channel 220b, which is adjacent {o the channel 2203, in the

first portion 222. In other words, gases flowing through adjacent channels

12
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are provided from different gas sources, or different gases flow through
adjaceni channels. Due to the positioning of the two flow controllers on
opposite surfaces of the manifold 302, flow of the A and B gases can be

interleaved in an alternating fashion info the channels 220

[6034] The one or more flow ratio controllers 304, 306, the one or more
gas injection inserts 218, and the plurality of gas lines connecting the flow
ratio coniroliers 304, 308 to the gas injection insert 218 as shown in Figure 4
enables the use of two different gases or gas mixiures (A and B) with
alternating injection points A-B-A-B-A-B-A-B-A=B-A-B-A-B-A-B-A-B (=
denotes a central axis, such as the central axis 401 shown in Figure 4). All of
the injection points for one gas or gas mixiure are grouped into pairs, except
for the inner injection point, such as the inner channel 2201 or 2261, which is
not paired with another channel. By separating the injection points into two
groups (A and B), two independent gas flow profiles can be ulilized to tune
alloy composition (e.g. silicon versus germanium, silicon versus carbon,
germanium versus tin) or resistivity/doping concentration or seleclivity
(deposition precursor versus eich precursor). For example, in one
implementation, the first process gas A is a silicon containing precursor and
the second process gas B is a germanium comtaining precursor. The alloy
composition of silicon and germanium in the deposited silicon germanium
layer can be tuned by adjusiing the flow controllers 402, 404, 406, 408, 410
relative to the flow controllers 412, 414, 418, 418, 420. In ancther
implementation, the first process gas A is a silicon containing precursor and
the second process gas B is a dopant such as a arsenic containing dopant.
The dopant concentration in the deposited doped silicon jayer can be {uned
by adiusting the flow controliers 402, 404, 406, 408, 410 relative 1o the flow
controllers 412, 414, 416, 418, 420. In addilion, thickness non-uniformity of
the deposited layer is improved. Use of a flow ratio controller that includes a
number of flow coniroliers allows easy fiow tuning among the various flow

controliers.

[0038] While the foregoing is directed o implementations of the present

disclosure, other and further implementations of the disclosure may be

13
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devised without departing from the basic scope thereof, and the scope

thereof is determined by the claims that follow.
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Claims:

1. An apparatus, comprising:

a first flow ratio confrolier including a first plurality of fliow controllers;

a second flow ratio controller including a second plurality of flow
controllers;

a gas injection insert including a first portion and a second portion,
wherein the first portion includes a first plurality of channels and the second
portion includes a second plurality of channels; and

a plurality of gas lines connecting the first and second pluralities of flow
contreliers to the first and second pluralities of channels, wherein one or more
gas lines of the plurality of gas lines are each connected to a channel of the

first plurality of channels and a channel of the second pilurality of channels.

2. The apparatus of claim 1, wherein the first plurality of channels include

nine channels and the second plurality of channels include nine channels.

3. The apparatus of claim 2, wherein the first plurality of flow controliers
include five flow controllers and the second plurality of flow controllers include

five flow controllers.

4. The apparatus of claim 3, wherein the one or more gas lines of the
plurality of gas lines include eight gas lines, and each of the eight gas lines is
connected 1o a distinct flow controller of the first and second pluralities of flow

controliers.
5. The apparatus of claim 1, wherein the first plurality of channels include

eleven channsels and the sscond plurality of channels include eleven

channels.

15
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8. The apparatus of claim 5, wherein the first plurality of flow controllers
inciude six flow coniroliers and the second plurality of flow controliers include

six flow controliers.

7. The apparatus of claim 6, wherein the one or more gas lines of the
pluraiity of gas lines inciude ien gas lines, and each of the fen gas lines is
connected 1o a distinet flow controller of the first and second pluralities of flow

controliars,

8. An apparatus, comprising:

a first flow ratio controller including a first plurality of flow controliers
and a first fiow coniroller;

a second flow ratio controller including a second plurality of flow
controliers and a second flow coniroliern;

a gas injection insert including a first portion and a second portion,
wherein the first portion includes a first plurality of channels and a first inner
channel and the second portion includes a second plurality of channels and a
second inner channel;

a piurality of gas lines connecling the first and second pluralities of flow
controliers {o the first and second pluralities of channels;

a first gas line connecting the first flow controller to the first inner
channel; and

a second gas line connecting the second flow controller to the second

inner channel.

9. The apparatus of claim 8, wherein the plurality of gas lines are each
connected (o a channel of the first plurality of channels and a channei of the

sacond plurality of channels.

10. The apparatus of claim 8, wherein each of the first plurality of flow
controllers is connected o a channel of the first plurality of channels and a
18
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channel of the second plurality of channels, and each of the second plurality
of flow controllers is connected to a channel of the first piurality of channels

and a channel of the second plurality of channels.

11, The apparatus of claim 8, wherein the first plurality of channels include
eight channels and the second plurality of channels include eight channals,
and the first plurality of flow controllers include four flow controllers and the

second plurality of flow controllers include four flow controllers.

12. An apparatus, comprising:
a chamber, comprising:
an upper dome;
a lower dome;
a base ring disposed hetween the upper dome and the lower
dome; and
a gas injection insert located within the base ring, whersin the
gas injection insert includes a first portion and a second portion,
wherein the first portion includes a first plurality of channels and the
second portion includes a second plurality of channels;
a first flow ratio controlier including a first plurality of flow conirollers;
a second flow ratic controller including a second plurality of flow
controliers; and
a plurality of gas lines connecting the first and second pluralities of flow
controliers 1o the first and second pluralities of channels, whersin one or more
gas lines of the plurality of gas lines are each connected to a channel of the

first plurality of channels and a channel of the second plurality of channels.

13. The apparatus of claim 12, wherein the first plurality of channels
include nine channels, the second plurality of channels include nine channels,
the first plurality of flow conirollers include five flow conirollers, and the
second plurality of flow controilers include five flow controliers.

17
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14.  The apparaius of claim 13, wherein the one or more gas lines of the
plurality of gas lines include eight gas lines, and sach of the eight gas lines is
connected o g distinct flow controller of the first and second pluralities of flow

controliers.

15.  The apparatus of claim 12, wherein the first plurglity of channels
include eleven channels and the second plurality of channels include sleven
channels, and the first plurality of flow controllers include six flow controliers

and the second plurality of flow controliers include six flow controliers.

18
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