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(57) ABSTRACT 

Embodiments of the present invention generally relate to a 
small volume chamber With a substrate support. One 
embodiment of a processing chamber includes a ?rst assem 
bly having a substrate support, a pumping ring disposed 
around a perimeter of the substrate receiving surface, and a 
gas distribution assembly disposed over the substrate sup 
port. The chamber may further include a gas distribution 
assembly disposed over the substrate support. The ?rst 
assembly and the gas distribution assembly can be selec 
tively positioned betWeen an open position and a closed 

(22) Filed: Feb. 16, 2005 position. 

210\ I 222 

236 

244' 242 
252 246 250 248 

23s\ \ \ \ I , 
O 

284 

o o , 274a o 212 

o 0600 : Zoo, a°:°°° 
° §§:€€°.'Z'E:::: 

2 °o:o°°:°°o:o:°: ‘20:: 

274b ° 274 

240/ I ‘ , , 0 Q 

263 260 280 270 O 
\220 

200 



Patent Application Publication Jun. 30, 2005 Sheet 1 0f 10 US 2005/0139160 Al 

140 
Fig. 1 

(PRIORART) ' 

144 



Patent Application Publication Jun. 30, 2005 Sheet 2 0f 10 US 2005/0139160 A1 

. NNN 

NR 

gum 

cow 
§N o 

@w \ RN/ WK SN 3% 

www 
/ /mmN NWN 

N mi 



Patent Application Publication Jun. 30, 2005 Sheet 3 0f 10 US 2005/0139160 A1 

vmw 



Patent Application Publication Jun. 30, 2005 Sheet 4 0f 10 US 2005/0139160 A1 

22 
N 

c: 
gr‘ & 

v 
N {I 

“3 N 

PI R 
N 0 

$3 
Q N 
°°. 
N 

9'» 
N\ 000 

0 Q 
N\ 00 
w- 00 
'§ °°° 0o \o 

o°0° "v ‘n 
W‘ o o 
N- 000 

o . 
Qv 0° 

‘Q 00° // 0 

00% ///////V/] 
no o 00 F} \0 

0° 0° q-_ 0 NNN 
N 0° ‘ 

0o __ 0 

g N 
v 

R\ 
[<3 5? 
N N 

a °§s 
[3 N q‘ 
N - 

ii 
241a 266 272 - 





Patent Application Publication Jun. 30, 2005 Sheet 6 0f 10 US 2005/0139160 A1 

684 

688 

686 

636 



Patent Application Publication Jun. 30, 2005 Sheet 7 0f 10 US 2005/0139160 A1 



Patent Application Publication Jun. 30, 2005 Sheet 8 0f 10 US 2005/0139160 A1 

\\\\\A\\\\\\\\ mom.“ 

ME 

‘gm \ i \\\\\\Y\\\\ W 





Jun. 30, 2005 Sheet 10 0f 10 US 2005/0139160 A1 Patent Application Publication 

Q 
Q 

(l 



US 2005/0139160 A1 

CLAMSHELL AND SMALL VOLUME CHAMBER 
WITH FIXED SUBSTRATE SUPPORT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of co-pending 
US. patent application Ser. No. 10/302,774, ?led Nov. 21, 
2002, Which claims bene?t of US. provisional patent appli 
cation Ser. No. 60/352,190, ?led Jan. 26, 2002. Each of the 
aforementioned related patent applications is herein incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] Embodiments of the present invention generally 
relate to a clamshell and small volume chamber With a ?xed 
substrate support. 

[0004] 2. Description of the Related Art 

[0005] Reliably producing sub-micron and smaller fea 
tures is one of the key technologies for the next generation 
of very large scale integration (VLSI) and ultra large scale 
integration (ULSI) of semiconductor devices. HoWever, as 
the fringes of circuit technology are pressed, the shrinking 
dimensions of interconnects in VLSI and ULSI technology 
have placed additional demands on the processing capabili 
ties. The multilevel interconnects that lie at the heart of this 
technology require precise processing of high aspect ratio 
features, such as vias and other interconnects. Reliable 
formation of these interconnects is very important to VLSI 
and ULSI success and to the continued effort to increase 
circuit density and quality of individual substrates. 

[0006] As circuit densities increase, the Widths of vias, 
contacts, and other features, as Well as the dielectric mate 
rials betWeen them, decrease to sub-micron dimensions 
(e.g., less than 0.20 micrometers or less), Whereas the 
thickness of the dielectric layers remains substantially con 
stant, With the result that the aspect ratios for the features, 
i.e., their height divided by Width, increase. Many traditional 
deposition processes have difficulty ?lling sub-micron struc 
tures Where the aspect ratio exceeds 4:1. Therefore, there is 
a great amount of ongoing effort being directed at the 
formation of substantially void-free and seam-free sub 
micron features having high aspect ratios. 

[0007] FIG. 1 is a schematic cross-sectional vieW of a 
prior art processing chamber 100 de?ning a processing 
region 150. An opening 112 in the chamber 100 provides 
access for a robot (not shoWn) to deliver and retrieve 
substrates 122 from the chamber 100. A substrate support 
124 supports the substrate 122 on a substrate receiving 
surface 126 in the chamber 100. The substrate support 124 
is mounted to a lift motor 130 to raise and loWer the substrate 
support 124. In one aspect, the lift motor 130 loWers the 
substrate support 124 to a substrate transferring position in 
Which the substrate receiving surface 126 is beloW the 
opening 112 so that substrates 122 may be transferred to or 
from the substrate support 124. In another aspect, the lift 
motor 130 raises the substrate support 124 to a deposition 
position in Which the substrate 122 is in close proximity to 
a shoWerhead 140. The shoWerhead 140 has a central gas 
inlet 144 for the injection of gases and has a plurality of 
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holes 142 to accommodate the How of gases therethrough to 
the substrate 122 disposed on the substrate support 124. 

[0008] One problem With the use of chamber 100 is 
aligning the substrate support 124 Within the chamber 100. 
The substrate support 124 may require removal so that the 
area under the substrate support 124 can be cleaned during 
routine maintenance. Reinstallation of the substrate support 
124 requires aligning the substrate support 124 Within the 
chamber 100. Misalignment of the substrate support 124 
may cause non-uniformity of processes performed in the 
chamber. 

[0009] Thus, there is a need for an improved processing 
chamber useful for deposition processes such as atomic 
layer deposition and cyclical layer deposition. 

SUMMARY OF THE INVENTION 

[0010] Embodiments of the present invention generally 
relate to a clamshell and small volume chamber With a ?xed 
substrate support. One embodiment of a processing chamber 
includes a ?xed substrate support having a substrate receiv 
ing surface, a pumping ring disposed around a perimeter of 
the substrate receiving surface, and a gas distribution assem 
bly disposed over the ?xed substrate support. The pumping 
ring forms at least a portion of a pumping channel and has 
one or more apertures formed therethrough. The chamber 
may further include a gas-?oW diffuser disposed radially 
inWard of the apertures of the pumping ring. 

[0011] Another embodiment of a processing chamber 
includes a ?rst assembly comprising a ?xed substrate sup 
port and a second assembly comprising a gas distribution 
assembly. The ?rst assembly includes a ?rst assembly body 
that is shaped and siZed so that at least a portion of the ?rst 
assembly body is beloW the substrate receiving surface of 
the substrate support. A hinge assembly couples the ?rst 
assembly and the second assembly. The ?rst assembly and 
the second assembly can be selectively positioned betWeen 
an open position and a closed position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] So that the manner in Which the above recited 
features of the present invention are attained and can be 
understood in detail, a more particular description of the 
invention, brie?y summariZed above, may be had by refer 
ence to the embodiments thereof 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. 

[0013] FIG. 1 is a schematic cross-sectional vieW of a 
prior art processing chamber. 

[0014] FIG. 2 is a schematic perspective vieW of one 
embodiment of a chamber of the invention in an open 
position. 
[0015] FIG. 3 is a schematic perspective vieW of the 
chamber of FIG. 2 in a closed position. 

[0016] FIG. 4 is a schematic cross-sectional vieW of the 
bottom assembly of the chamber of FIG. 2. 

[0017] FIG. 5 is a schematic cross-sectional vieW of one 
embodiment of a gas distribution assembly. 
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[0018] FIG. 6 is a schematic cross-sectional vieW of 
another embodiment of a gas distribution assembly. 

[0019] FIG. 7 is a schematic cross-sectional vieW of 
another embodiment of a gas distribution assembly. 

[0020] FIG. 7A is a top cross-sectional vieW of the gas 
distribution assembly of FIG. 7. 

[0021] FIG. 8 is a schematic cross-sectional vieW of 
another embodiment of a gas distribution assembly. 

[0022] FIG. 9 is a schematic cross-sectional vieW of the 
top assembly and the bottom assembly in a closed position. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0023] FIG. 2 is a schematic perspective vieW of one 
embodiment of a chamber 200 comprising a top assembly 
210 and a bottom assembly 240 in an open position. The 
bottom assembly 240 includes a ?xed substrate support 242 
having a substrate receiving surface 244 to support a sub 
strate thereon. The term “?xed substrate support” as used 
herein is de?ned to refer to a substrate support Which is 
substantially non-moving vertically (i.e., a ?xed elevation) 
during processing of substrates Within the chamber. In some 
embodiments, the ?xed substrate support may rotate and/or 
may move horiZontally during processing of substrates. It is 
understood that a “?xed substrate support” may be reposi 
tioned, removed, or replaced from the chamber When sub 
strate are not being processed Within the chamber. The top 
assembly 210 includes a gas distribution assembly 212 to 
provide process gases (i.e. reaction gases, purge gases, 
and/or carrier gases) to the substrate support 242. 

[0024] The top assembly 210 and the bottom assembly 
240 act as a “clamshell pair” Which may be selectively 
moved betWeen an open position and a closed position. An 
open position provides access for cleaning or replacing of 
interior components of the chamber 200. In a closed posi 
tion, the gas distribution assembly 210 is disposed over the 
substrate receiving surface 244 of the substrate support 242 
for processing of substrates through the chamber 200. In a 
closed position, a processing Zone is de?ned betWeen the 
substrate support 242 and the gas distribution assembly 212 
and betWeen the sideWall of the chamber 200. The top 
assembly 210 and the bottom assembly 240 are coupled 
together With a hinge assembly 220. The top assembly 240 
includes a handle 222 to assist in moving the chamber 200 
betWeen an open position and a closed position. 

[0025] As shoWn in this embodiment, the top assembly 
210 includes a partial sideWall 236 and the bottom assembly 
240 includes a partial sideWall 238. The partial sideWall 236 
of the top assembly 210 and the partial sideWall 238 of the 
bottom assembly 240 together form the sideWall of the 
chamber 200. In one aspect When the chamber 200 is in an 
open position, the partial sideWall 238 of the bottom assem 
bly 240 permits access beloW the substrate support 242 
Without having to remove the substrate support 242 and, 
thus, alloWs for simpli?ed cleaning of areas underneath the 
substrate support 242. 

[0026] FIG. 3 is a schematic perspective vieW of the top 
assembly 210 and the bottom assembly 240 of FIG. 2 in a 
closed position. The top assembly 210 may include one or 
more valves 230, such as electronically controlled valves, 

Jun. 30, 2005 

pneumatically controlled valves, or other suitable valves, to 
deliver gases to the gas distribution system 212 (as shoWn in 
FIG. 2). Preferably, the valves are three-port valves adapted 
to receive a How of a reactant gas from a ?rst port, adapted 
to receive a How of a purge gas from a second port, and 
adapted to deliver the purge gas alone and in combination 
With the reactant gas to a third port. Preferably, the valves 
230 are mounted to or in close proximity to a top surface of 
the top assembly 210 and may be mounted in any position 
(i.e., vertically, horiZontally, or any position in betWeen). 
The top assembly 210 may further include a gate valve 232 
having an inlet adapted to be in ?uid communication With a 
remote plasma source 234. In one embodiment, the remote 
plasma source 234 is adapted to provide a plasma to the gas 
distribution assembly 212 (as shoWn in FIG. 2) to clean 
chamber components. One example of a remote plasma 
source is an ASTRONTM remote plasma source available 
from by ASTeX of Woburn, Mass. 

[0027] FIG. 4 is a schematic cross-sectional vieW of the 
bottom assembly 240 of FIG. 2. The upper surface of the 
body 241 of the bottom assembly 240 is angled so that one 
portion of the body 241a is above a plane of the substrate 
receiving surface 244 and one portion of the body 241b is 
beloW the plane of the substrate receiving surface 244. The 
portion of the body 241a above the plane of the substrate 
receiving surface 244 forms the partial sideWall 238. In one 
aspect, the portion of the body 241b beloW the plane of the 
substrate receiving surface permits access beloW the sub 
strate support 242 by removing a pumping ring 270, Which 
is discussed in greater detail beloW. Since the area under 
neath the substrate support 242 may be accessed Without 
having to remove the substrate support 242, cleaning of this 
area is simpli?ed. 

[0028] The bottom assembly 240 may include a slit valve 
266 located in the portion of the body 241a above the plane 
of the substrate receiving surface 244 to provide access for 
a robot to deliver and retrieve substrates from the chamber. 
Alternatively, the top assembly 210 may include a slit valve. 
In either case, the slit valve 266 is preferably adapted to 
provide access for a thin Wrist robot so that the volume of the 
processing Zone de?ned betWeen the substrate support 242 
and the gas distribution assembly 212 may be reduced. 

[0029] Lift pins 252 are movably disposed through the 
substrate support 242 to raise and loWer a substrate over the 
substrate receiving surface 244. Alift plate 254 connected to 
a lift motor 256 may be mounted to the bottom assembly 240 
to raise and loWer the lift pins 252. The substrate support 242 
may be adapted to secure a substrate thereon using a vacuum 
chuck. For example, the substrate receiving surface 244 may 
include raised areas 246 (i.e., bumps) adapted to support a 
substrate thereon and may include recessed areas 248 (i.e., 
grooves) adapted to support a loW pressure region via ?uid 
communication With a vacuum supply from a vacuum 

introduced through a port 250. Alternatively or in addition, 
the port 250 may provide a backside gas to enhance thermal 
conduction betWeen the substrate support 242 and a sub 
strate disposed thereon. The substrate support may also be 
adapted to hold a substrate thereon, by other techniques. For 
example, the substrate support may include an electrostatic 
chuck. The substrate support 242 may be heated using an 
embedded heated element 258 to heat a substrate disposed 
thereon. The substrate support may also be heated using 
other heating sources, such as heating lamps disposed above 
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and/or below the substrate. Apurge member 260, such as a 
purge ring, may be positioned on or adjacent the substrate 
support 242 to form an annular purge gas channel 262. A 
purge gas conduit 264 is formed through the substrate 
support 242 and the stem 243 of the substrate support 242. 
The purge gas conduit 264 is in ?uid communication With a 
purge gas supply to provide a purge gas to the annular purge 
gas channel 262. A purge gap 263 betWeen the purge 
member 260 and the substrate support 242 directs the purge 
gas to a perimeter portion of the substrate supporting surface 
242 to help prevent deposition at the edge and/or backside 
of the substrate. 

[0030] The bottom assembly 240 may further include a 
pumping ring 270 Which de?nes an upper surface of a 
pumping channel 272. The pumping ring 270 may be an 
annular member or any other shape depending on the shape 
of the substrate receiving surface 244. The pumping channel 
272 is in ?uid communication With a pumping port 276 
coupled to a vacuum source 278. In one embodiment, the 
pumping port 276 is located adjacent one side of the 
chamber 200. The pumping ring 270 includes a plurality of 
apertures 274 formed therethrough for the How of gases 
from the processing Zone to the pumping channel 272 and 
then, from the pumping channel 272 to the pumping port 276 
exiting the chamber 200. Preferably, the upper surface of the 
pumping channel 272 is disposed beloW a plane of the 
substrate receiving surface 244. As shoWn in this embodi 
ment, the apertures are uniformly siZed and uniformly 
spaced around the pumping ring 270. In other embodiments, 
the siZe, the number, and the position of the apertures 274 in 
the pumping ring 270 may vary depending on the desired 
?oW pattern of gases across the substrate receiving surface 
244. For example, the apertures 274 may be adapted to help 
provide a uniform pressure drop around the perimeter of the 
substrate receiving surface 244. In one example, the siZe of 
the apertures 274a in close proximity to the pumping port 
276 may be smaller than the siZe of the apertures 274b 
farther from the pumping port 276. In another example, the 
apertures 274 are uniformly siZe and are positioned in 
greater number farther from the pumping port 276. 

[0031] In one aspect, the diameter of each aperture 274 is 
preferably greater than the depth of the aperture 274 so that 
the diameter of each aperture 274 controls restriction of gas 
?oW therethrough rather than the depth of the aperture 274. 
In another aspect, the total cross-sectional area of the 
apertures 274 is less than the cross-sectional area 277 of the 
pumping port 276 so that apertures 274 choke the How of gas 
?oW therethrough to the pumping port 276. Preferably, the 
total cross-sectional area of the apertures 274 is betWeen 
about 1/10 and about 1/3 the cross-sectional area 277 of the 
pumping port 276. In general, the total cross-sectional area 
of the apertures 274 for a chamber operated at a loW pressure 
is greater than the total cross-sectional area of apertures 274 
for a chamber operated at a high pressure. 

[0032] A gas-?oW diffuser 280 may be disposed on the 
pumping ring 270 radially inWard of the apertures 274 to 
change the How path of gases to the apertures 274. As shoWn 
in FIG. 2 and FIG. 4, the gas-?oW diffuser 280 extends 
partially around the substrate receiving surface 244 and is 
tapered from its highest height proximate apertures 274a 
adjacent the pumping port 276. In one aspect, the gas-?oW 
diffuser 280 extends partially around the substrate receiving 
surface 244 to alloW for transport of a substrate betWeen the 
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slit valve 266 and the lift pins 252. In other embodiments, 
the gas-?oW diffuser 280 may extend entirely around the 
substrate receiving surface 244. In addition, the height of the 
gas-?oW diffuser 280 may vary along its length in steps 
and/or in tapered segments. Alternatively, the gas-?oW dif 
fuser may have a uniform height. At least a portion of the 
gas-?oW diffuser 280 extends above a plane de?ned by the 
substrate receiving surface 244. Not Wishing to be bound by 
theory, it is believed that the gas-?oW diffuser 280 helps 
provide a uniform pressure drop around the substrate receiv 
ing surface 244. 

[0033] In one embodiment, the substrate support 242 is 
siZed and shaped to provide a gap 284 betWeen the substrate 
support 242 and the pumping ring 270. The Width of the gap 
284 may be selected to control heat transfer betWeen the 
substrate support 242 and the pumping ring 270, to control 
the How of purge gas betWeen the substrate support 242 and 
pumping ring 270, and/or to alloW for thermal expansion of 
the substrate support 242. In one embodiment, the Width of 
the gap 284 is betWeen about 0.03 inches and about 0.12 
inches. A purge gas port 286 may be disposed beloW the 
substrate support 242 to provide a bottom purge gas Which 
?oWs through the gap 284 to the apertures 274 to prevent the 
How of process gases beloW the substrate support 242 and 
prevent gases from entering and depositing in the area beloW 
the substrate support 242. In one embodiment, the purge gas 
port 286 is adapted to provide a bottom purge gas to a higher 
pressure than the pressure in the processing Zone de?ned 
betWeen the substrate support 242 and the gas distribution 
assembly 212. 

[0034] In reference to FIG. 2, the bottom surface of the 
body 211 of the top assembly 210 is angled to match the 
angled upper surface of the body 241 of the bottom assembly 
240. The gas distribution assembly 212 may be any suitable 
gas distribution apparatus or shoWerhead. FIG. 5 is a 
schematic cross-sectional vieW of one embodiment of gas 
distribution assembly 212A. The gas distribution system 
illustrated in FIG. 5 is more fully described in US. patent 
application (Ser. No. 10/032,293) entitled “Chamber Hard 
Ware Design For Titanium Nitride Atomic Layer Deposi 
tion” to Nguyen et al. ?led on Dec. 21, 2001, Which is 
incorporated by reference in its entirety to the extent not 
inconsistent With the present disclosure. 

[0035] Gas distribution assembly 212A comprises a lid 
plate. 522 and a distribution plate 530 disposed beloW the lid 
plate 522 Which provide one or more isolated Zones/?oW 
paths therethrough. As shoWn in FIG. 5, a ?rst ?oW path is 
provided through an outlet gas channel 554A formed 
through the lid plate 554 and through centrally located 
openings 531A and 531B formed through the distribution 
plate 530 to the processing Zone. An inner diameter of the 
gas channel 554A gradually increases Within the lid plate 
522 to decrease the velocity of the How of gas therethrough. 
Adispersion plate 532 is also disposed adjacent the openings 
531A, 531B to prevent the How of gas therethrough from 
impinging directly on the substrate surface by sloWing and 
re-directing the velocity pro?le of the ?oWing gases. With 
out this re-direction, the force asserted on the substrate by 
the How of gas through the ?rst ?oW path may prevent 
deposition because the kinetic energy of the impinging gas 
may sWeep aWay reactive molecules already disposed on the 
substrate surface. A second ?oW path is provided through an 
outlet gas channel 554B formed through the lid plate 554, 
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through a cavity 556 formed between the lid plate 554 and 
distribution plate 530, and through apertures 533 formed in 
the distribution plate 530. The position of the apertures 533 
may vary along the cavity 556. Different valves are coupled 
to the outlet gas channel 554A and the outlet gas channel 
554B to provide a ?rst gas through the ?rst ?oW path and to 
provide a second gas through the second ?oW path. In other 
embodiments, the lid plate 522 and the distribution plate 530 
may be adapted to provide one How path or more than tWo 
?oW paths. 

[0036] FIG. 6 is a schematic cross-sectional vieW of 
another embodiment of a gas distribution system 212B. The 
gas distribution system 212B is shoWn and described in US. 
patent application Ser. No. 10/016,300 entitled “Lid Assem 
bly ForA Processing System To Facilitate Sequential Depo 
sition Techniques,” ?led on Dec. 12, 2001, Which claims 
priority to US. Provisional Application Ser. No. 60/305,970 
?led on Jul. 16, 2001, Which are both incorporated by 
reference in their entirety to the extent not inconsistent With 
the present disclosure. 

[0037] The gas distribution system 212B includes a lid 
621 and a process ?uid injection assembly 630 to deliver 
reactive gases (i.e. precursor, reductant, oxidant), carrier 
gases, purge gases, cleaning gases and/or other ?uids into 
the processing chamber. The ?uid injection assembly 630 
includes a gas manifold 634 mounting a plurality of control 
valves 632 (one is shoWn in FIG. 6), and a baffle plate 636. 
Each valve 632 is ?uidly coupled to a separate trio of gas 
channels 671a, 671b, 673 (one trio is shoWn in FIG. 6) of 
the gas manifold 634. Gas channel 671a provides passage of 
gases through the gas manifold 634 to the valve 632. Gas 
channel 671b delivers gases from the valve 632 through the 
gas manifold 634 and into a gas channel 673. Channel 673 
is ?uidly coupled to a respective inlet passage 686 disposed 
through the lid 621. Gases ?oWing through the inlet passages 
686 How into a plenum or region 688 de?ned betWeen the lid 
621 and the baffle plate 636 before entering the processing 
Zone. The baffle plate 636 is utiliZed to prevent gases 
injected into the processing Zone from bloWing off gases 
adsorbed onto the surface of the substrate. The baffle plate 
636 may include a mixing lip 684 to re-direct gases toWard 
the center of the plenum 688 and into the process chamber. 

[0038] FIG. 7 is a schematic cross-sectional vieW of 
another embodiment of a gas distribution system 212C. The 
gas distribution system 212C is shoWn and described in US. 
patent application Ser. No. 10/032,284 entitled “Gas Deliv 
ery Apparatus and Method for Atomic Layer Deposition,” 
?led on Dec. 21, 2001, Which claims bene?t of US. provi 
sional Patent Application Ser. No. 60/346,086, entitled 
“Method and Apparatus for ALD Deposition,” ?led Oct. 26, 
2001, Which are both incorporated by reference in their 
entirety to the extent not inconsistent With the present 
disclosure. 

[0039] The gas distribution system 212C comprises a 
chamber lid 732. The chamber lid 732 includes an expand 
ing channel 734 extending from a central portion of the 
chamber lid 732 and a bottom surface 760 extending from 
the expanding channel 734 to a peripheral portion of the 
chamber lid 732. The bottom surface 760 is siZed and shaped 
to substantially cover a substrate disposed on the substrate 
support. The expanding channel 734 has gas inlets 736A, 
736B to provide gas ?oWs from tWo similar valves. The gas 
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inlets 736A, 736B are located adjacent the upper portion 737 
of the expanding channel 734. In other embodiments, one or 
more gas inlets may be located along the length of the 
expanding channel 734 betWeen the upper portion 737 and 
a loWer portion 735. Each gas conduit 750A, 750B and gas 
inlet 736A, 736B may be positioned horiZontally normal to 
the longitudinal axis 790 or may be angled doWnWardly at 
an angle +6 or may be angled upWardly at an angle —[3 to the 
longitudinal axis 790. 

[0040] The expanding channel 734 comprises a channel 
Which has an inner diameter Which increases from an upper 
portion 737 to the loWer portion 735 of the expanding 
channel 734 adjacent the bottom surface 760 of the chamber 
lid 732. Whether a gas is provided toWard the Walls of the 
expanding channel 734 or directly doWnWard toWards the 
substrate, the velocity of the gas ?oW decreases as the gas 
?oW travels through the expanding channel 734 due to the 
expansion of the gas. The reduction of the velocity of the gas 
?oW helps reduce the likelihood the gas How Will bloW off 
reactants adsorbed on the surface of the substrate. 

[0041] FIG. 7A is a top cross-sectional vieW of one 
embodiment of the expanding channel of the chamber lid of 
FIG. 7. Each gas conduit 750A, 750B may be positioned at 
an angle a from a center line of the gas conduit 750A, 750B 
and from a radius line from the center of the expanding 
channel 734. Entry of a gas through the gas conduit 750A, 
750B preferably positioned at an angle a (i.e., When ot>0°) 
causes the gas to How in a circular direction as shoWn by 
arroWs. Providing gas at an angle a as opposed to directly 
straight-on to the Walls of the expanding channel (i.e. When 
ot=0°) helps to provide a more laminar ?oW through the 
expanding channel 734 rather than a turbulent ?oW. 

[0042] At least a portion of the bottom surface 760 of the 
chamber lid 732 may be tapered from the expanding channel 
734 to a peripheral portion of the chamber lid 732 to help 
provide an improved velocity pro?le of a gas ?oW from the 
expanding channel 734 across the surface of the substrate 
(i.e., from the center of the substrate to the edge of the 
substrate). In one embodiment, the bottom surface 760 is 
tapered in the shape of a funnel. Not Wishing to be bound by 
theory, in one aspect, the bottom surface 760 is doWnWardly 
sloping to help reduce the variation in the velocity of the 
gases as it travels betWeen the bottom surface 760 of the 
chamber lid 732 and the substrate to help provide uniform 
exposure of the surface of the substrate to a reactant gas. 

[0043] FIG. 8 is a schematic cross-section vieW of another 
embodiment of a gas distribution system 212D. The gas 
distribution system 212D is shoWn and described in US. 
patent application Ser. No. 10/118,664 (APPM/6422), Which 
is incorporated by reference in its entirety to the extent not 
inconsistent With the present disclosure. 

[0044] Gas distribution system 212 comprises a gas box 
832, a top shoWer plate 860 positioned beloW the gas box 
832, and a bottom shoWer plate 870 positioned beloW the top 
shoWer plate 860. The gas distribution system 830 is adapted 
to provide gas ?oWs to the substrate. The gas box 832 
comprises a central gas channel 837 and a plurality of outer 
gas channels 843. The central gas channel 837 provides one 
discrete path for the How of one or more gases through the 
gas box 832 While the outer channels 843 provides another 
discrete path for the How of one or more gases through the 
gas box 832. The central gas channel 837 is coupled to a ?rst 
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gas source through a ?rst valve. The central gas channel 837 
has a ?rst gas outlet 838 and is adapted to deliver a ?rst gas 
from the ?rst gas source 835 to a gas conduit 810. The term 
“gas” as used herein is intended to mean a single gas or a gas 
mixture. The outer gas channels 843 are coupled to a second 
gas source through a second valve 842. The outer gas 
channels 843 have second gas outlets 844 and are adapted to 
deliver a second gas from the second gas source 841 to the 
top shoWer plate 860. Preferably, the second gas outlets 844 
of the outer gas channels 843 are adapted to deliver the 
second gas proximate a central portion of the top shoWer 
plate. 

[0045] The top shoWer plate 860 has a plurality of holes 
862 to accommodate a gas ?oW therethrough from the outer 
gas channels 843 of the gas box 832 to the bottom shoWer 
plate 870. The gas conduit 810 is disposed through an 
aperture 863 in the top shoWer plate 860 and is disposed on 
the bottom shoWer plate 870. 

[0046] The bottom shoWer plate 870 comprises a ?rst 
piece 872 connected to a second piece 880. The ?rst piece 
872 has a plurality of holes 874 to provide a How of a gas 
therethrough. The second piece 880 comprises a plurality of 
columns 882 having column holes 883 formed therethrough 
and a plurality of grooves 884 having groove holes 885 
formed therethrough. The top surface of the columns 882 are 
connected to the bottom surface of the ?rst piece 872 so that 
the column holes 883 align With the holes 874 of the ?rst 
piece 872. Therefore, one discrete passageWay is provided 
through the holes of the ?rst piece 872 and through the 
column holes 883 of the columns 882 to deliver a gas ?oW 
from the top shoWer plate 860 to the substrate. An aperture 
875 is formed through the ?rst piece 872 and aligns With the 
grooves on the second piece 880. Therefore, another discrete 
passageWay is provided through the aperture 875 of the ?rst 
piece 872 and through the grooves 884 and groove holes 885 
of the second piece 880 to deliver a gas ?oW from the gas 
conduit 810. 

[0047] FIG. 9 is a schematic cross-sectional vieW of the 
top assembly 210 and the bottom assembly 240 of chamber 
200 in a closed position. The top assembly 210 includes a 
gas distribution system 212, such as the gas distribution 
systems described in reference to FIGS. 5-8 or any other 
suitable gas distribution system. In one aspect, since the 
substrate support 242 is ?xed, there is a smaller volume 
beloW the substrate support 242 since the volume does not 
have to take into account vertical movement of the substrate 
support 242. In another aspect, the chamber provides easy 
access underneath the substrate support 242. Therefore, the 
chamber may be cleaned Without removing and realigning 
the substrate support 242. 

[0048] In one aspect, reactant gases ?oW from the gas 
distribution system 212 to a processing Zone de?ned 
betWeen the substrate support 242 of the bottom assembly 
240 and the gas distribution assembly 212 of the top 
assembly 210. In one embodiment, the spacing betWeen the 
gas distribution assembly 212 and the substrate support 242 
is about 0.75 inches or less to minimiZe the volume of the 
processing Zone. The bottom purge gas ?oWing through the 
gap 284 betWeen the substrate support 242 and the pumping 
ring 270 prevents the How of process gases beloW the 
substrate support 242. A smaller amount of reactant gases 
and/or purge gases are required to be provided to the 
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chamber 200 through the gas distribution assembly 212 
since reactant gases/purge gases from the gas distribution 
assembly 212 do not ?ll the volume beloW the substrate 
support 242. For example, a smaller amount of reactant 
gases are required for a certain exposure of the substrate to 
the reactant gases. In addition, a smaller amount of purge gas 
is required to be provided through the gas distribution 
assembly 212 to remove the reactant gases from the chamber 
200 since the purge gas does not need to remove reactant 
gases from the volume beloW the substrate support 242. 
Therefore, the throughput of the chamber 200 is greater and 
Waste may be minimiZed due to the smaller amount of gases 
used. For example, the time duration of pulses of a com 
pound may be reduced. In addition, the time duration 
required to purge the chamber of a compound may be 
reduced. 

[0049] The chamber 200 as shoWn and described in ref 
erence to FIGS. 2-9 may be used to form any suitable 
material, such as aluminum oxide, other metal oxides, 
tantalum nitride, tantalum, tantalum silicon nitride, copper, 
copper aluminum, titanium nitride, titanium, titanium silicon 
nitride, tungsten nitride, tungsten, tungsten silicon nitride, 
organosilanes or organosiloxanes, other refractory metals, 
other refractory metal nitrides, other refractory metal com 
pounds, other metals, other metal alloys, other high dielec 
tric constant materials, other loW dielectric constant mate 
rials, and other materials. The chamber 200 may be used to 
perform any suitable deposition technique, such as chemical 
vapor deposition, atomic layer deposition, cyclical layer 
deposition, and other suitable deposition techniques. Pref 
erably, the chamber 200 is particularly advantageous in 
performing cyclical layer deposition. The term “cyclical 
layer deposition” as used herein refers to the sequential 
introduction of pulses of one or more compounds to deposit 
a thin layer of material on a substrate. Compounds can be 
reactants, reductants, precursors, catalysts, and mixtures 
thereof. Sequentially providing pulses of compounds may 
result in the formation of thin layers of material over a 
substrate structure. Each thin layer of material may be less 
than a monolayer, a monolayer, or more than a monolayer of 
material. The sequential introduction of pulses of com 
pounds may be repeated to deposit a plurality of thin layers 
forming a conformal layer to a desired thickness. For 
simplicity and ease of description, hoWever, a process for 
depositing an aluminum oxide ?lm using chamber 200 is 
described in more detail beloW. In one embodiment, a 
method of depositing an aluminum oxide layer in chamber 
200 over a substrate includes introducing an aluminum 
containing compound, such as trimethyl aluminum, and an 
oxidiZing compound through the gas distribution system 
212. The aluminum containing compound and the oxidiZing 
compound may be introduced as a cycle of pulses through 
the gas distribution system 212. Apurge gas may be used to 
at least partially separate pulses of the aluminum containing 
compound and the oxidiZing compound. In one embodi 
ment, the pulses of the aluminum containing compound and 
the oxidiZing compound are dosed into a continuous How of 
a purge gas. In another embodiment, pulses of a purge gas 
are introduced through the gas distribution system 212. The 
process may further include one or more annealing 
sequences and/or oxidiZing sequences performed at various 
times during the aluminum oxide deposition cycle. For 
example, an annealing step may be performed after every 
deposition cycle or after any number of cycles are per 
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formed. As an example, an annealing step may be performed 
every third cycle, every four cycle, etc. or at a midpoint 
during the deposition process.. Other deposition processes of 
aluminum oxide are also possible. 

EXAMPLES 

[0050] The following examples Will noW reveal additional 
details and features concerning embodiments of the process 
ing chamber. The following examples should not be con 
strued to limit the scope of the invention unless expressly set 
forth in the claims. 

[0051] Simulations Were conducted of the How of gases in 
regards to chambers, such as a chamber described in refer 
ence to FIG. 2 and FIG. 4, having gas-?oW diffusers of 
different heights. An uniform top How of gases Was provided 
to the substrate. Each chamber included a pumping ring 
having 24 apertures and a gas-?oW diffuser extending 
betWeen about 60% and about 70% around the perimeter of 
the substrate receiving surface 244. In Example 1, the 
gas-?oW diffuser had a tapered height With a maximum 
height of about 0.8 inches. In Example 2, the gas-?oW 
diffuser had a tapered height With a maximum height of 
about 0.7 inches. The simulations estimated the velocity of 
gases 0.1 inch above a substrate positioned on a substrate 
support of the chambers. The simulations of Example 1 and 
Example 2 shoWed that the How of gases Were substantially 
uniform across the surface of the substrate. 

[0052] 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. For example, many dimensions depend 
on the quantity of gas ?oW through the chamber. 

1. A processing chamber adapted for cyclical layer depo 
sition, comprising: 

a ?rst assembly having a substrate support, the substrate 
support having a substrate receiving surface; 

a gas distribution assembly disposed over the substrate 
support, the gas distribution assembly having a lid plate 
and an expanding channel; and 

a hinge assembly coupling the ?rst assembly to the gas 
distribution assembly. 

2. The processing chamber of claim 1, Wherein the 
expanding channel has an upper portion extending to a loWer 
portion With an increasing diameter. 

3. The processing chamber of claim 1, Wherein the lid 
plate has a loWer surface coupled to the expanding channel, 
at least a portion of the loWer surface tapering from the 
expanding channel to a peripheral portion of the lid plate. 

4. The processing chamber of claim 1, Wherein the 
expanding channel has at least one gas inlet positioned 
substantially horiZontally to a longitudinal axis of the lid 
plate. 

5. The processing chamber of claim 1, Wherein the gas 
distribution assembly further comprises a ?uid injection 
assembly. 

6. The processing chamber of claim 1, the ?rst assembly 
further comprising: 

a pumping ring disposed around a perimeter of the 
substrate receiving surface, the pumping ring forming 
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at least a portion of a pumping channel and having one 
or more apertures formed therethrough, Wherein the 
one or more apertures provide ?uid communication 
betWeen the pumping channel and a processing Zone 
betWeen the substrate support and the gas distribution 
assembly. 

7. The processing chamber of claim 6, Wherein the 
pumping ring is shaped and siZed so that the one or more 
apertures are positioned beloW a plane de?ned by the 
substrate receiving surface. 

8. The processing chamber of claim 6, Wherein the 
apertures are distributed evenly around the pumping ring. 

9. The processing chamber of claim 1, further comprising 
a gas port beloW the substrate support, the gas port adapted 
to provide a bottom purge gas through the gap betWeen the 
substrate support and the pumping channel. 

10. The processing chamber of claim 1, further compris 
ing a resistive heating element disposed in the substrate 
support. 

11. A processing chamber adapted for cyclical layer 
deposition, comprising: 

a ?rst assembly having a substrate support, the substrate 
support having a substrate receiving surface; and 

a pumping ring disposed around a perimeter of the 
substrate receiving surface, the pumping ring forming 
at least a portion of a pumping channel and having one 
or more apertures formed therethrough; 

a gas distribution assembly disposed over the substrate 
support, the gas distribution assembly having a lid plate 
and an expanding channel, Wherein the expanding 
channel has an upper portion extending to a loWer 
portion With an increasing diameter; and 

a hinge assembly coupling the ?rst assembly to the gas 
distribution assembly. 

12. The processing chamber of claim 11, Wherein the lid 
plate has a loWer surface coupled to the expanding channel, 
at least a portion of the loWer surface tapering from the 
expanding channel to a peripheral portion of the lid plate. 

13. The processing chamber of claim 11, Wherein the 
expanding channel has at least one gas inlet positioned 
substantially horiZontally to a longitudinal axis of the lid 
plate. 

14. The processing chamber of claim 11, Wherein the gas 
distribution assembly further comprises a ?uid injection 
assembly. 

15. The processing chamber of claim 11, Wherein the one 
or more apertures provide ?uid communication betWeen the 
pumping channel and a processing Zone betWeen the sub 
strate support and the gas distribution assembly. 

16. The processing chamber of claim 11, Wherein the 
pumping ring is shaped and siZed so that the one or more 
apertures are positioned beloW a plane de?ned by the 
substrate receiving surface. 

18. The processing chamber of claim 11, Wherein the 
apertures are distributed evenly around the pumping ring. 

19. The processing chamber of claim 11, further compris 
ing a resistive heating element disposed in the substrate 
support. 

20. A processing chamber adapted for cyclical layer 
deposition, comprising: 

a ?rst assembly having a substrate support, the substrate 
support having a substrate receiving surface; 
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a pumping ring disposed around a perimeter of the 
substrate receiving surface, the pumping ring forming 
at least a portion of a pumping channel and having one 
or more apertures formed therethrough; 

a gas distribution assembly disposed over the substrate 
support, the gas distribution assembly having a lid plate 
With a loWer surface coupled to an eXpanding channel, 
at least a portion of the loWer surface tapering from the 
expanding channel to a peripheral portion of the lid 
plate; and 

a hinge assembly coupling the ?rst assembly to the gas 
distribution assembly. 
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21. The processing chamber of claim 20, Wherein the 
expanding channel has at least one gas inlet positioned 
substantially horiZontally to a longitudinal aXis of the lid 
plate. 

22. The processing chamber of claim 20, Wherein the gas 
distribution assembly further comprises a ?uid injection 
assembly. 

23. The processing chamber of claim 20, further com 
prising a resistive heating element disposed in the substrate 
support. 


