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MULTIPLE LEVEL SHOWERHEAD DESIGN

BACKGROUND OF THE INVENTION

Field of the Invention

[0001 ] Embodiments of the present invention generally relate to apparatus and

methods for chemical vapor deposition (CVD) on a substrate, and in particular, to a

showerhead assembly made up of multiple plates fastened together for delivering

multiple precursors therethrough without mixing prior to exiting the showerhead.

Description of the Related Art

[0002] Group lll-V films are finding greater importance in the development and

fabrication of a variety of semiconductor devices, such as short wavelength light

emitting diodes (LED's), laser diodes (LD's), and electronic devices including high

power, high frequency, high temperature transistors and integrated circuits. For

example, short wavelength (e.g., blue/green to ultraviolet) LED's are fabricated

using the Group Ill-nitride semiconducting material gallium nitride (GaN). It has

been observed that short wavelength LED's fabricated using GaN can provide

significantly greater efficiencies and longer operating lifetimes than short

wavelength LED's fabricated using non-nitride semiconducting materials, such as

Group ll-VI materials.

[0003] One method that has been used for depositing Group Ill-nitrides, such as

GaN, is metal organic chemical vapor deposition (MOCVD). This chemical vapor

deposition method is generally performed in a reactor having a temperature

controlled environment to assure the stability of a first precursor gas which contains

at least one element from Group III, such as gallium (Ga). A second precursor gas,

such as ammonia (NH3) , provides the nitrogen needed to form a Group Ill-nitride.

The two precursor gases are injected into a processing zone within the reactor

where they mix and move towards a heated substrate in the processing zone. A

carrier gas may be used to assist in the transport of the precursor gases towards

the substrate. The precursors react at the surface of the heated substrate to form a

Group Ill-nitride layer, such as GaN, on the substrate surface. The quality of the



film depends in part upon deposition uniformity which, in turn, depends upon

uniform mixing of the precursors across the substrate at a uniform temperature

across the substrate.

[0004] Multiple substrates may be arranged on a substrate carrier and each

substrate may have a diameter ranging from 50 mm to 100 mm or larger. The

uniform mixing of precursors over larger substrates and/or more substrates and

larger deposition areas is desirable in order to increase yield and throughput.

These factors are important since they directly affect the cost to produce an

electronic device and, thus, a device manufacturer's competitiveness in the

marketplace.

[0005] Interaction of the precursor gases with the hot hardware components, which

are often found in the processing zone of an LED or LD forming reactor, generally

causes the precursor to break-down and deposit on these hot surfaces. Typically,

the hot reactor surfaces are formed by radiation from the heat sources used to heat

the substrates. The deposition of the precursor materials on the hot surfaces can

be especially problematic when it occurs in or on the precursor distribution

components, such as the gas distribution device. Deposition on the precursor

distribution components affects the flow distribution uniformity over time.

Therefore, the gas distribution device may be cooled during deposition processes,

which reduces the likelihood that the MOCVD precursors, or HVPE precursors, are

heated to a temperature that causes them to break down and affect the

performance of the gas distribution device.

[0006] As the desired deposition areas increase, the size and complexity of

conventional gas distribution devices that are configured to deliver multiple

processing gases to the substrates increases, which results in significantly

increased manufacturing and transportation costs. For example, in a multiple

precursor gas distribution device, a plurality of manifolds and gas passages may be

formed in a number of large plates that are then stacked and permanently attached

to form the multiple precursor gas distribution device. As the gas distribution



devices increase to cover deposition areas of 1 m2 and greater with the number of

gas distribution passages exceeding 5000 in number, the complexity and cost of

manufacturing these devices dramatically increases. Therefore, there is a need for

an improved gas distribution device to provide improved uniformity in the film

subsequently deposited over the larger substrates and larger deposition areas

while reducing the complexity and manufacturing cost of the gas distribution device.

SUMMARY OF THE INVENTION

[0007] In one embodiment of the present invention, a showerhead assembly

comprises a first plate, a second plate coupled to the first plate to form a gas

manifold, a third plate coupled to the second plate and having one or more

temperature control channels disposed therein, and a fourth plate disposed

between the second plate and the third plate. The third plate has a first plurality of

gas passages and a second plurality of gas passages formed therethrough. The

fourth plate has a plurality of channels formed therein that are fluidly coupled to the

second plurality of gas passages in the third plate, and the fourth plate has a

plurality of gas passages formed therethrough fluidly coupling the gas manifold with

the first plurality of gas passages in the third plate.

[0008] In another embodiment, a showerhead assembly comprises a first plate, a

second plate coupled to the first plate to form a plurality of gas manifolds, a third

plate coupled to the second plate and having one or more temperature control

channels disposed therein, and a fourth plate disposed between the second plate

and the third plate. The third plate has a first plurality of gas passages and a

second plurality of gas passages formed therethrough. The fourth plate has a

plurality of channels formed therein that are fluidly coupled to the second plurality of

gas passages in the third plate. The fourth plate has a plurality of gas passages

formed therethrough fluidly coupling the plurality of gas manifolds with the first

plurality of gas passages in the third plate.

[0009] In yet another embodiment, a showerhead assembly comprises a first plate,

a second plate coupled to the first plate to form a first gas manifold and a second



gas manifold, a third plate coupled to the second plate and having one or more

temperature control channels disposed therein, and a fourth plate disposed

between the second plate and the third plate. The third plate has a first plurality of

gas passages and a second plurality of gas passages formed therethrough. The

fourth plate has a plurality of channels formed therein that are fluidly coupled to the

second plurality of gas passages in the third plate. The fourth plate has a plurality

of gas passages formed therethrough fluidly coupled to the first plurality of gas

passages in the third plate. The fourth plate has one or more walls separating the

plurality of channels and the plurality of gas passages into a first region and a

second region. The plurality of gas passages in the first region are fluidly coupled

to the first gas manifold and the plurality of gas passages in the second region are

fluidly coupled to the second gas manifold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] So that the manner in which the above recited features of the present

invention can be understood in detail, a more particular description of the invention,

briefly summarized above, may be had by reference to embodiments, some of

which are illustrated in the appended drawings. It is to be noted, however, that the

appended drawings illustrate only typical embodiments of this invention and are

therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[001 1] Figure 1 is a schematic, plan view illustrating a processing system for

fabricating compound nitride semiconductor devices according to embodiments

described herein.

[0012] Figure 2 is a schematic, cross-sectional view of a processing chamber

according to one embodiment.

[001 3] Figure 3A is a schematic, cross-sectional view of a showerhead

according to one embodiment.



[0014] Figure 3B is a schematic, top view of the middle plate shown in Figure

3A.

[001 5] Figure 3C is a schematic, top view of the diverter plate shown in Figure

3A.

[001 6] Figure 4A is a schematic, cross-sectional view of a showerhead

according to another embodiment.

[001 7] Figure 4B is a schematic, top view of the middle plate shown in Figure

4A.

[001 8] Figure 4C is a schematic, top view of the bottom plate shown in Figure

4A.

[0019] Figure 4D is a schematic, top view of the diverter plate shown in Figure

4A.

[0020] Figure 5 is an exploded, orthogonal view of the showerhead depicted in

Figures 3A-3C.

[0021 ] Figure 6 is an exploded, orthogonal view of the showerhead depicted in

Figures 4A-4D.

DETAILED DESCRIPTION

[0022] Embodiments of the present invention generally provide a method and

apparatus that may be utilized for deposition of films by separately providing

multiple precursor gases into a processing region of a processing chamber.

Generally, the apparatus is a showerhead assembly made of multiple plates

fastened together. The showerhead assembly includes a gas manifold bound by a

top and middle plate and a diverter plate bound by the middle plate and a bottom,

heat exchange plate. A first processing gas enters the gas manifold and is diverted

by the diverter plate through the bottom plate. A second gas enters the gas

manifold and is diverted by the diverter plate through the bottom plate such that the



first and second gases do not mix prior to exiting the showerhead. In one

embodiment, the first processing gas is distributed through central and outer

regions of the showerhead at different flow rates and/or pressures. In addition, the

second processing gas can be distributed through the central and outer regions of

the showerhead at different flow rates and/or pressures.

[0023] Figure 1 is a schematic plan view illustrating one embodiment of a

processing system 100 that includes one or more processing chambers 102 for

fabricating semiconductor devices according to embodiments described herein.

The processing system 100 comprises a transfer chamber 106, a processing

chamber 102 coupled with the transfer chamber 106, a loadlock chamber 108

coupled with the transfer chamber 106, a batch loadlock chamber 109, for storing

substrates, coupled with the transfer chamber 106, and a load station 110, for

loading substrates, coupled with the loadlock chamber 108. The transfer chamber

106 houses a robot assembly (not shown) operable to pick up and transfer

substrates between the loadlock chamber 108 and the processing chamber 102.

The robot assembly is also operable to transfer substrates from either the

processing chamber 102 or the loadlock chamber 108 to the batch loadlock

chamber for storing the substrates in the vacuum environment of the processing

system 100. Although a single processing chamber 102 is shown, more than one

processing chamber 102 may also be coupled with the transfer chamber 106. The

processing chamber 102 may be an MOCVD chamber or an HVPE chamber. In

addition, although a cluster tool is shown, the embodiments described herein may

be performed using linear track systems.

[0024] In the processing system 100, the robot assembly (not shown) transfers a

substrate carrier plate 112 loaded with substrates into the processing chamber 102

to undergo deposition. After some or all deposition steps have been completed,

the substrate carrier plate 112 is transferred from the processing chamber 102 back

to the loadlock chamber 108 via the transfer robot. The substrate carrier plate 112

may then be transferred to the load station 110 . The substrate carrier plate 112



may be stored in either the loadlock chamber 108 or the batch load lock chamber

109 prior to further processing in the MOCVD chamber 102.

[0025] Each processing chamber 102 generally includes a processing chamber

body 150 that encloses a processing region where substrates are positioned to

undergo processing. Each processing chamber 102 further includes a chemical

delivery module 152, from which gas precursors are delivered to the chamber body

150, and an electrical module 154, which includes the electrical system for each

processing chamber 102.

[0026] A system controller 160 controls activities and operating parameters of the

processing system 100. The system controller 160 includes a computer processor

and a computer-readable memory coupled to the processor. The processor

executes system control software, such as a computer program stored in memory.

[0027] Figure 2 is a schematic, cross-sectional view of a processing chamber

102 according to one embodiment. The processing chamber 102 includes a

chamber body 202 with a showerhead assembly 201 disposed at an upper end of

the chamber 102 and a lower dome 2 19 disposed at a lower end of the chamber

102. Internal details of the showerhead assembly 201 are shown and discussed

with respect to Figures 3A-C and 4A-D.

[0028] A substrate support 214 is disposed within the chamber body 202, such

that a processing volume 208 is defined between the substrate support 214, the

showerhead assembly 201 , and the walls of the chamber body 202. A chemical

delivery module 203 is coupled to the showerhead assembly 201 to deliver

precursor gases, carrier gases, cleaning gases, and/or purge gases to the

processing volume 208. In addition, a heat exchanging system 270 is coupled to

the showerhead assembly 201 for flowing heat exchanging fluid through the

showerhead assembly 201 to help regulate the temperature of the showerhead

assembly 201 .



[0029] A remote plasma source 226 may be coupled between the chemical

delivery module 203 and the showerhead assembly 201 . A cleaning conduit 204

may be disposed through the showerhead assembly 201 for delivering a cleaning

gas to the processing volume 208. Exemplary cleaning gases are chlorine

containing gases, fluorine containing gases, iodine containing gases, bromine

containing gases, nitrogen containing gases, and/or other reactive gases. A

vacuum system 212 is coupled to the chamber body 202 for evacuating the

processing volume 208. During processing, the substrate carrier plate 112 is

positioned on the substrate support 214 within the processing volume 208. An

actuator assembly 275 is attached to the substrate support 214 and configured to

move the substrate support 214 toward and away from the showerhead assembly

201 between processing and loading positions. In addition, the actuator assembly

may be configured to rotate the substrate support 214 about a central axis "CA"

during processing. The distance from the surface of the showerhead assembly 201

that is adjacent the processing volume 208 to the substrate carrier plate 112, during

processing, preferably ranges from about 4 mm to about 4 1 mm. In certain

embodiments, the substrate support 214 has a heating element (e.g., a resistive

heating element (not shown)) disposed therein and configured to control the

temperature of the substrate support 214 and, consequently, the substrate carrier

plate 112 positioned on the substrate support 214 as well as substrates 240

positioned on the substrate carrier plate 112.

[0030] A lower volume 210 is defined between the substrate support 214 and

the lower dome 219. The substrate support 214 is shown supporting the substrate

carrier plate 112 in an elevated processing position, but may be moved to a lower

position where, for example the substrate carrier plate 112, along with substrates

240, may be loaded and unloaded. An exhaust ring 220 may be disposed around

the periphery of the substrate carrier plate 112 to help prevent deposition from

occurring on the lower dome 219 and also help direct exhaust gases from the

chamber 102 to exhaust ports 209. The lower dome 219 may be made of

transparent material, such as high-purity quartz, to allow light to pass through for

radiant heating of the substrates 240. The radiant heating may be provided by a



plurality of inner lamps 221 A and outer lamps 221 B disposed below the lower dome

2 19 . Reflectors 266 may be used to help control exposure of the chamber 102 to

the radiant energy provided by the inner and outer lamps 221 A , 221 B. Additional

rings of lamps (not shown) may also be used for finer temperature control of the

substrates 240.

[0031 ] A purge gas may be delivered from the chemical delivery module 203

through purge gas tubes 283 disposed near the bottom of the chamber body 202.

The purge gas enters the lower volume 2 10 of the chamber 102 and flows upwardly

past the substrate carrier plate 112 and exhaust ring 220 into multiple exhaust ports

209, which are disposed around an annular exhaust channel 205. The upward flow

of the purge gas between the substrate support 214 and the exhaust ring 220 helps

prevent deposition gases from entering the lower volume 210 and prevent film

deposition on the surface of the lower dome 219.

[0032] As noted above, the chemical delivery module 203 supplies chemicals to

the processing chamber 102. Reactive gases (e.g., precursor gases), carrier

gases, purge gases, and cleaning gases may be supplied from the chemical

delivery module 203 through supply lines and into the chamber 102. Generally,

supply lines for each of the gases include shut-off valves that can be used to

automatically or manually shut-off the flow of the gas into its associated line, and

mass flow controllers or other types of controllers that measure the flow of gas or

liquid through the supply lines. Supply lines for each of the gases may also include

concentration monitors for monitoring precursor concentrations and providing real

time feedback. Back pressure regulators may be included to control precursor gas

concentrations. Valve switching control may be used for quick and accurate valve

switching capability. Moisture sensors in the gas lines measure water levels and

can provide feedback to the system software which, in turn, can provide

warnings/alerts to operators. The gas lines may also be heated to prevent

precursors and cleaning gases from condensing in the supply lines.



[0033] Figure 3A is a schematic, cross-sectional view of the showerhead 201

according to one embodiment. Figure 5 is a schematic, exploded, orthogonal view

of the showerhead 201 depicted in Figure 3A. The showerhead assembly 201

includes a top plate 310 coupled to a middle plate 320. A bottom plate 330 is

disposed below the middle plate 320. The top plate 310 may be an aluminum or

stainless steel plate having one or more gas inlets 304 formed therethrough to

deliver a first processing gas into a gas manifold 325 formed between the top plate

3 10 and the middle plate 320. Figure 3B is a top view of the middle plate 320

shown in Figure 3A. The middle plate 320 may be an aluminum or stainless steel

plate having a well 322 formed therein and a plurality of gas passages 324 formed

therethrough. The plurality of gas passages 324 may be arranged in a plurality of

rows as shown. The manifold 325 may be formed by coupling the top plate 310 to

the middle plate 320 using a plurality of screws 312 or other suitable fasteners,

engaging blind holes 314 in the middle plate 320. The mating surfaces of the top

plate 310 and the middle plate 320 may be machined so that when they are

attached, a metal-to-metal seal is maintained between the top plate 310 and the

middle plate 320 such that fluids entering the manifold 325 are sealed about the

periphery of the showerhead assembly 201 . Alternatively, other sealing means are

used to maintain the fluid seal, such as o-rings.

[0034] A first processing gas may be delivered by the chemical delivery module

203 into the gas manifold 325 through the one or more gas inlets 304. The first

processing gas mixes in the manifold 325 and exits the manifold 325 through the

plurality of gas passages 324. In one example, the first processing gas is a metal

organic precursor, such as a suitable gallium (Ga) precursor (e.g., trimethyl gallium

(TMG), triethyl gallium (TEG)), a suitable aluminum precursor (e.g., trimethyl

aluminum (TMA)), or a suitable indium precursor (e.g., trimethyl indium (TMI)).

[0035] As depicted in Figure 3A, the bottom plate 330 includes a first plate 332

coupled to a second plate 334 having a well 336 formed therein. The first plate 332

may be an aluminum or stainless steel plate having a plurality of holes 333 formed

therethrough. The second plate 334 may be an aluminum or stainless steel plate



having a plurality of holes 335 formed therethrough, each of which aligns with a

respective hole 333. The holes 333, 335 may be arranged in a plurality of rows as

shown. A plurality of conduits 338 are disposed within each pair of aligned holes

333, 335 and coupled to the first plate 332 and second plate 334, such as by

brazing or welding. The first plate 332 and the second plate 334 are coupled

together, such as by brazing or welding, such that a single channel 337, having the

conduits 338 passing therethrough, is formed between the first plate 332 and the

second plate 334 and sealed about the periphery of the showerhead assembly 201 .

In addition, one or more fluid inlets 331 and fluid outlets 339 are formed in the

bottom plate 330 fluidly coupling the channel 337 with an inlet and outlet of the heat

exchanging system 270.

[0036] A heat exchanging fluid may be delivered from the heat exchanging

system 270 into the channel 337 through the one or more fluid inlets 331 . The heat

exchanging fluid then circulates through the channel 337, surrounding the conduits

338. The heat exchanging fluid then exits the channel 337 through the one or more

fluid outlets 339, and returns to the heat exchanging system 270. Suitable heat

exchanging fluids include, but are not limited to, water, water-based ethylene glycol

mixtures, a perfluoropolyether (e.g., GALDEN® fluid), oil-based thermal transfer

fluids, or similar fluids.

[0037] The showerhead 201 further includes a diverter plate 340 disposed

between the middle plate 320 and the bottom plate 330. The diverter plate 340

generally maintains isolation between two separate gases flowing through the

showerhead 201 . Figure 3C is a top view of the diverter plate 340 shown in Figure

3A. The diverter plate 340 may be made of a polymer material (e.g.,

polytetrafluoroethylene (PTFE), fluorinated ethylene propylene (FEP),

polyvinylidene (PFDF), polyethylene (PE)) or a metal, such as aluminum or

stainless steel. The diverter plate 340 includes a plurality of first gas passages 342

disposed therethrough and aligned with the gas passages 324 and a number of the

conduits 338. The first gas passages 342 may be aligned in a plurality of rows

matching the rows of the gas passages 324 in the middle plate 320 as shown. The



rows of first gas passages 342 may be further aligned with alternate rows of the

conduits 338.

[0038] Additionally, channels 344 are formed in the diverter plate 340 between

adjacent rows of the first gas passages 342. A plurality of second gas passages

346 are formed through the diverter plate 340 within each of the channels 344,

which are aligned with alternate rows of the conduits 338. The diverter plate 340

further includes a perimeter channel 348 disposed about the periphery of the

diverter plate 340 and in fluid communication with each of the channels 344. In

addition, the middle plate 320 includes one or more gas inlets 328 disposed

therethrough for delivering a second processing gas from the chemical delivery

module 203 into the perimeter channel 348.

[0039] The middle plate 320 and the bottom plate 330 are coupled together

using a plurality of screws 312 or other suitable fasteners, engaging blind holes 316

in the bottom plate 330. The mating surfaces of the middle plate 320 and the

bottom plate 330 may be machined so that when they are attached, a metal-to-

metal seal is maintained between the middle plate 320 and the bottom plate 330

such that fluids entering the perimeter channel 348 are sealed about the periphery

of the showerhead assembly 201 . Alternatively, other sealing means are used to

maintain the fluid seal, such as o-rings.

[0040] A second processing gas may be delivered by the chemical delivery

module 203 into the perimeter channel 348 through the one or more gas inlets 328.

The second processing gas is distributed from the perimeter channel 348 to the

channels 344 and is delivered through the second plurality of gas passages 346. In

one example, the second processing gas is a suitable nitrogen-containing

processing gas, such as ammonia (NH3) or other MOCVD or HVPE processing

gas.

[0041] The diverter plate 340 is sandwiched between the middle plate 320 and

the bottom plate 330. The diverter plate 340 may be formed such that the mating

surfaces between the diverter plate 340 and the middle plate 320 as well as the



mating surfaces between the diverter plate 340 and the bottom plate 330 form a

surface-to-surface seal, such that fluids delivered from the gas manifold 325

through the first gas passages 342 are not mixed with fluids delivered to the

perimeter channel 348 and through the second gas passages 346 prior to delivery

through the respective conduits 338. Alternatively, other sealing means are used to

maintain the fluid seal, such as o-rings.

[0042] Referring to Figures 2 and 3A, a first processing gas, such as a metal

organic precursor, may be delivered to the gas manifold 325 from the chemical

delivery module 203 through the one or more gas inlets 304. The first processing

gas is then delivered from the gas manifold 325 through the plurality of gas

passages 324 in the middle plate, and through the first gas passages 342 in the

diverter plate 340. The first processing gas is then delivered through the conduits

338 aligned with the first gas passages 342 and into the processing volume 208.

[0043] Substantially simultaneously, a second processing gas, such as a

nitrogen precursor, may be delivered into the perimeter channel 348 from the

chemical delivery module 203 through the one or more gas inlets 328. The second

processing gas is distributed from the perimeter channel 348 to the channels 344

and through the second plurality of gas passages 346 in the middle plate 320. The

second processing gas is then delivered through the conduits 338 aligned with the

second gas passages 346 and into the processing volume 208 without mixing with

the first processing gas prior to delivery into the processing volume 208.

[0044] At the same time the first and second processing gases are being

delivered through the showerhead 201 and into the processing volume 208, a heat

exchanging fluid may be delivered from the heat exchanging system 270 into the

channel 337 through the one or more fluid inlets 331 in the bottom plate 330. The

heat exchanging fluid circulates through the channel 337, cooling the first and

second processing gases as well as the surface of the bottom plate 330 facing the

processing volume 208. The heat exchanging fluid then exits the channel 337



through the one or more fluid outlets 339, and returns to the heat exchanging

system 270.

[0045] Figure 4A is a schematic, cross-sectional view of the showerhead 201

according to another embodiment. Figure 6 is a schematic, exploded, orthogonal

view of the showerhead 201 depicted in Figure 4A. Many of the features of the

embodiment shown in Figure 4A are the same as those shown in and described

with respect to Figure 3A and are not further described here. As shown in Figure

4A, a top plate 410 includes one or more outer gas inlets 404 formed therethrough

to deliver a processing gas into an outer gas manifold 425, and one or more inner

gas inlets 405 formed therethrough to separately deliver the same or a different

processing gas into an inner gas manifold 426. In one embodiment, the same

processing gas is delivered at different flow rates and/or pressures to the outer gas

manifold 425 and inner gas manifold 426.

[0046] Figure 4B is a top view of a middle plate 420 shown in Figure 4A. The

middle plate 420 has an outer well 422 and an inner well 423 formed therein and

separated by an annular wall 421 . Gas passages 424 formed through the middle

plate 420 may be arranged in a plurality of rows. The outer and inner gas

manifolds 425, 426 are formed by coupling the top plate 4 10 to the middle plate

420 using a plurality of screws 312, or other suitable fasteners as previously

described. The mating surfaces of the top plate 410 and the middle plate 420 may

be machined so that when they are attached, a metal-to-metal seal is maintained

between the top plate 410 and the middle plate 420 such that fluids entering the

inner gas manifold 426 are sealed from those entering the outer gas manifold 425

and vice versa. In addition, fluids entering the outer gas manifold 425 are sealed

about the periphery of the showerhead assembly 201 . Alternatively, other sealing

means are used to maintain the fluid seal, such as o-rings.

[0047] A first processing gas may be delivered by the chemical delivery module

203 into the outer gas manifold 425 through the one or more gas inlets 404 at a first

flow rate and/or pressure. The same or a different processing gas may be



delivered by the chemical delivery module 203 into the inner gas manifold 426

through the one or more gas inlets 405 at a second flow rate and/or pressure

different than the first flow rate and/or pressure.

[0048] As depicted in Figure 4A, a bottom plate 430 is manufactured from a

single aluminum or stainless steel plate. Figure 4C is a top view of the bottom plate

430 shown in Figure 4A. The bottom plate 430 shown in Figures 4A and 4C has a

plurality of gas passages 433 formed therethrough, which may be arranged in a

plurality of rows as shown. The bottom plate 430 further has a plurality of channels

435 formed between the rows of gas passages 433. The bottom plate 430 may

also have a plurality of cross-channels 436 formed between the gas passages 433

in a direction substantially perpendicular to the direction of the channels 435 and in

fluid communication with the channels 435 as shown in Figure 4C. In addition, one

or more supply channels 432 and one or more return channels 437 are formed in

the bottom plate 430, which are in fluid communication with the channels 435

and/or the cross-channels 436. The channels 435, cross-channels 436, supply

channels 432, and return channels 437 are separately sealed with aluminum or

stainless steel caps 438 (not shown in Figure 4C) that are brazed or laser welded

into place. Additionally, one or more fluid inlets 431 and fluid outlets 439 are

formed in the bottom plate 430 fluidly coupling the channels 435 and/or cross-

channels 436 through the supply channels 432 and return channels 437 to the heat

exchanging system 270.

[0049] A heat exchanging fluid may be delivered from the heat exchanging

system 270 to the one or more supply channels 432 through the one or more fluid

inlets 431 . The heat exchanging fluid then circulates through the channels 435

and/or cross-channels 436 and into the one or more return channels 437. The heat

exchanging fluid then exits the showerhead 201 through the one or more fluid

outlets 439 and returns to the heat exchanging system 270.

[0050] A diverter plate 440 is disposed between the middle plate 420 and the

bottom plate 430 similar to that shown in and described with respect to Figure 3A.



Figure 4D is a schematic, top view of the diverter plate 440 shown in Figure 4A.

The diverter plate 440 includes a plurality of first gas passages 442 disposed

therethrough and aligned with the gas passages 424 and a number of the gas

passages 433. The first gas passages 442 may be aligned in a plurality of rows

matching the rows of the gas passages 424 in the middle plate 420. The rows of

the first gas passages 442 may be further aligned with alternate rows of the gas

passages 424 in the bottom plate 430.

[0051 ] Channels 444 are formed in the diverter plate 440 between adjacent rows

of the first gas passages 442. A plurality of second gas passages 446 are formed

through the diverter plate 440 within each of the channels 444, which are aligned

with alternate rows of the gas passages 424 in the bottom plate 430. The channels

444 are divided into an inner region 462 and an outer region 464 by an annular wall

465 (Figure 4D). The annular wall 465 may circumscribe an annular channel 467

formed in the diverter plate 440, which is in fluid communication with the channels

444 in the inner region 462. The diverter plate 440 also has one or more supply

channels 468 formed therein for supplying a second processing gas from one or

more first gas inlets 429 formed in the middle plate 420 and coupled to the

chemical delivery module 203. The diverter plate 440 further includes a perimeter

channel 448 disposed about the periphery of the diverter plate 440 in fluid

communication with the channels 444 in the outer region 464 of the diverter plate

440. In addition, the middle plate 420 includes one or more second fluid inlets 428

disposed therethrough for delivering the same or a different second processing gas

from the chemical delivery module 203 into the perimeter channel 448.

[0052] The middle plate 420 and the bottom plate 430 may be coupled together

using a plurality of screws 312 or other suitable fasteners, engaging blind holes 316

in the bottom plate 430. The mating surfaces of the middle plate 420 and the

bottom plate 430 may be machined so that when they are attached, a metal to

metal seal is maintained between the middle plate 420 and the bottom plate 430

such that fluids entering the perimeter channel 448 is sealed about the periphery of



the showerhead assembly 201 . Alternatively, other sealing means are used to

maintain the fluid seal, such as o-rings.

[0053] A second processing gas may be delivered by the chemical delivery

module 203 into the perimeter channel 448 through the one or more second fluid

inlets 428 at a first flow rate and/or pressure. The second processing gas is

distributed from the perimeter channel 448 to the channels 444 in the outer region

464 and is delivered through the second plurality of gas passages 446 in the outer

region 464. At the same time, the same or a different processing gas may be

delivered by the chemical delivery module 203 to the one or more supply channels

468 through the one or more first gas inlets 429. The second processing gas is

distributed from the supply channels 468 to the annular channel 467 and into the

channels 444 in the inner region 462. The second processing gas is then delivered

through the second plurality of gas passages 446 in the inner region 462. The

second processing gas delivered to the outer region 464 and the inner region 462

may be the same or a different processing gas at a second flow rate and/or

pressure different that the first flow rate and/or pressure.

[0054] The diverter plate 440 is sandwiched between the middle plate 420 and

the bottom plate 430. The diverter plate 440 may be formed such that the mating

surfaces between the diverter plate 440 and the middle plate 420 as well as the

mating surface between the diverter plate 440 and the bottom plate 430 form a

surface-to-surface seal, such that fluids delivered from the outer and inner gas

manifolds 425, 426 through the first gas passages 442 are not mixed with fluids

delivered to the outer and inner regions 464, 462 and through the second gas

passages 446 prior to delivery to the respective gas passages 433 in the bottom

plate 430. Alternatively, other sealing means are used to maintain the fluid seal,

such as o-rings.

[0055] Referring to Figures 2 and 4A, a first processing gas, such as a metal

organic precursor, may be delivered to the outer gas manifold 425 from the

chemical delivery module 203 at a first flow rate and/or pressure. The first



processing gas is then delivered from the outer gas manifold 425 through the

plurality of gas passages 424 in the middle plate, and through the aligned first gas

passages 442 in the diverter plate 440. The first processing gas is then delivered

through the gas passages 433 in the bottom plate 430 that are aligned with the first

gas passages 442 and into the processing volume 208.

[0056] At the same time, the first processing gas may be delivered to the inner

gas manifold 426 from the chemical delivery module 203 at a second flow rate

and/or pressure that is different from the first flow rate and/or pressure of the first

processing gas delivered to the outer gas manifold 425. The first processing gas is

then delivered from the inner gas manifold 426 through the plurality of gas

passages 424 in the middle pate, and through the aligned first gas passages 442 in

the diverter plate 440. The first processing gas is then delivered through the gas

passages 433 in the bottom plate 430 that are aligned with the first gas passages

442 and into the processing volume 208. Thus, the first processing gas may be

delivered to inner and outer regions of the processing volume 208 at different flow

rates and/or pressures in order to provide finer control over substrate processing.

[0057] Substantially simultaneously, a second processing gas, such as a

nitrogen precursor, may be delivered into the perimeter channel 448 from the

chemical delivery module 203 through the one or more fluid inlets 428 at a first flow

rate and/or pressure. The second processing gas is distributed from the perimeter

channel 448 to the channels 444 in the outer region 464 of the diverter plate 440

and through the second plurality of gas passages 446 in the outer region 464 of the

diverter plate 440. The second processing gas is then delivered through the gas

passages 433 aligned with the second gas passages 346 in the outer region 464

and into the processing volume 208 without mixing with the first processing gas

prior to delivery into the processing volume 208.

[0058] At the same time, the second processing gas may be delivered by the

chemical delivery module 203 to the one or more supply channels 468 through the

one or more first gas inlets 429 at a second flow rate and/or pressure that is



different from the first flow rate and/or pressure of the second processing gas

delivered to the perimeter channel 448. The second processing gas is then

distributed from the supply channels 468 to the annular channel 467, into the

channels 444 in the inner region 462, and through the second plurality of gas

passages 446 in the inner region 462 of the diverter plate 440. The second

processing gas is then delivered through the gas passages 433 aligned with the

second gas passages 446 in the inner region 462 and into the processing volume

208 without mixing with the first processing gas or the second processing gas

delivered through the outer region 464. Thus, the second processing gas may be

delivered to inner and outer regions of the processing volume 208 at different flow

rates and/or pressures in order to provide finer control over substrate processing.

[0059] At the same time the first and second processing gases are being

delivered through the showerhead 201 and into the processing volume 208, a heat

exchanging fluid may be delivered from the heat exchanging system 270 to the one

or more supply channels 432 in the bottom plate 430. The heat exchange fluid

then circulates through the channels 435 and/or cross-channels 436, cooling the

first and second processing gases as well as the surface of the bottom plate 430

facing the processing volume 208. The heat exchanging fluid then exits the bottom

plate 430 through the one or more return channels 437 and returns to the heat

exchanging system 270.

[0060] Therefore, embodiments of the present invention provide a showerhead

for introducing multiple processing gases without mixing the gases prior to exiting

the showerhead. The showerhead has multiple plates fastened together using

suitable fasteners rather than being brazed or welded. Manufacturing the

showerhead by fastening the multiple plates rather than brazing allows for a simpler

and more cost effective manufacturing process. In addition, one or more surface

treatments or coatings may be applied to each of the plates during manufacturing,

and the showerhead may be easily disassembled during cleaning/refurbishing

processes to strip, clean, and/or reapply coatings as compared to a brazed or

welded showerhead. Exemplary surface treatments may include bead blasting, grit



blasting, and the like. Exemplary coatings may include alumina, zirconium oxide

yttrium, yttrium oxide, chromium oxide, silicon carbide, and the like.

[0061 ] Although specific showerhead configurations are shown in Figures 3A-3C

and 4A-4D, certain aspects of each configuration may be equally applicable to the

other. For instance, the configuration shown and described with respect to Figures

3A-3C may include the multiple manifold configuration of Figures 4A-4D in order to

provide separate delivery of precursor gases to inner and outer regions of the

processing volume. In addition, the configuration shown in Figure 3A may have the

bottom plate 430 substituted for the bottom plate 330, or the configuration shown in

Figure 4A may have the bottom plate 330 substituted for the bottom plate 430.

[0062] Additionally, although the embodiments herein are generally described

with respect to MOCVD and HVPE processes, the apparatus and methods

described are equally applicable to other processes wherein multiple processing

gases are introduced into a processing volume without mixing the gases prior to

exiting the showerhead.

[0063] While the foregoing is directed to embodiments of the present invention,

other and further embodiments of the invention may be devised without departing

from the basic scope thereof, and the scope thereof is determined by the claims

that follow.



Claims:

1. A showerhead assembly, comprising:

a first plate;

a second plate coupled to the first plate to form a gas manifold;

a third plate coupled to the second plate and having one or more

temperature control channels disposed therein, wherein the third plate has a first

plurality of gas passages and a second plurality of gas passages formed

therethrough; and

a fourth plate disposed between the second plate and the third plate,

wherein the fourth plate has a plurality of channels formed therein that are fluidly

coupled to the second plurality of gas passages in the third plate, and wherein the

fourth plate has a plurality of gas passages formed therethrough fluidly coupling the

gas manifold with the first plurality of gas passages in the third plate.

2 . The assembly of claim 1, wherein the first, second, and third plates are

coupled together using a plurality of mechanical fasteners.

3 . The assembly of claim 1, wherein the gas passages in the fourth plate are

isolated from the channels in the fourth plate.

4 . The assembly of claim 1, wherein the third plate comprises a fifth plate

coupled to a sixth plate having a single temperature control channel disposed

therebetween, and wherein the first and second gas passages comprise a plurality

of fluid conduits coupled to the fifth and sixth plates.

5 . The assembly of claim 1, wherein the third plate has a plurality of

temperature control channels disposed between the first and second plurality of

gas passages.



6 . A showerhead assembly, comprising:

a first plate;

a second plate coupled to the first plate to form a plurality of gas manifolds;

a third plate coupled to the second plate and having one or more

temperature control channels disposed therein, wherein the third plate has a first

plurality of gas passages and a second plurality of gas passages formed

therethrough; and

a fourth plate disposed between the second plate and the third plate,

wherein the fourth plate has a plurality of channels formed therein that are fluidly

coupled to the second plurality of gas passages in the third plate, and wherein the

fourth plate has a plurality of gas passages formed therethrough fluidly coupling the

plurality of gas manifolds with the first plurality of gas passages in the third plate.

7 . The assembly of claim 6 , wherein the fourth plate has one or more walls

separating the plurality of channels and the plurality of gas passages into two or

more isolated regions.

8 . The assembly of claim 7 , wherein the two or more isolated regions include

an inner region disposed within an outer region.

9 . The assembly of claim 6 , wherein the first, second, and third plates are

coupled together using a plurality of mechanical fasteners.

10. The assembly of claim 6 , wherein the third plate comprises a fifth plate

coupled to a sixth plate having a single temperature control channel disposed

therebetween.

11. The assembly of claim 10, wherein the first and second gas passages

comprise a plurality of fluid conduits coupled to the fifth and sixth plates.



12. The assembly of claim 10 , wherein the plurality of fluid conduits are disposed

through the temperature control channel.

13. The assembly of claim 6 , wherein the third plate has a plurality of

temperature control channels disposed between the first and second plurality of

gas passages.

14. A showerhead assembly, comprising:

a first plate;

a second plate coupled to the first plate to form a first gas manifold and a

second gas manifold;

a third plate coupled to the second plate and having one or more

temperature control channels disposed therein, wherein the third plate has a first

plurality of gas passages and a second plurality of gas passages formed

therethrough; and

a fourth plate disposed between the second plate and the third plate,

wherein the fourth plate has a plurality of channels formed therein that are fluidly

coupled to the second plurality of gas passages in the third plate, wherein the

fourth plate has a plurality of gas passages formed therethrough fluidly coupled to

the first plurality of gas passages in the third plate, wherein the fourth plate has one

or more walls separating the plurality of channels and the plurality of gas passages

into a first region and a second region, and wherein the plurality of gas passages in

the first region are fluidly coupled to the first gas manifold and the plurality of gas

passages in the second region are fluidly coupled to the second gas manifold.

15. The assembly of claim 14, wherein the third plate has a plurality of

temperature control channels disposed between the first and second plurality of

gas passages.
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