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VALVE DESIGN AND CONFIGURATION FOR 
FAST DELIVERY SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of co-pending 
U.S. Ser. No. 10/199,482 (APPM/007159), ?led Jul. 19, 
2002, Which is herein incorporated in its entirety by refer 
ence. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] Embodiments of the present invention relate to a 
method and apparatus for delivery of one or more reactants 
to a substrate processing chamber. More particularly, 
embodiments of the present invention relate to a valve 
assembly for rapid delivery of pulses of one or more 
reactants to a substrate processing chamber. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Reliably producing sub-micron and smaller fea 
tures is one of the key technologies for the next generation 
of very large scale integration (V LSI) 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 di?iculty ?lling sub-micron struc 
tures Where the aspect ratio exceeds 4:1, and particularly 
Where the aspect ratio exceeds 10:1. Therefore, there is a 
great amount of ongoing effort being directed at the forma 
tion of substantially void-free and seam-free sub-micron 
features having high aspect ratios. 

[0007] Atomic layer deposition is one deposition tech 
nique being explored for the deposition of material layers 
over features having high aspect ratios. One example of 
atomic layer deposition comprises the sequential introduc 
tion of pulses of gases. For instance, one cycle for the 
sequential introduction of pulses of gases may comprise a 
pulse of a ?rst reactant gas, folloWed by a pulse of a purge 
gas and/or a pump evacuation, folloWed by a pulse of a 
second reactant gas, and folloWed by a pulse of a purge gas 
and/or a pump evacuation. The term “gas” as used herein is 
de?ned to include a single gas or a plurality of gases. 
Sequential introduction of separate pulses of the ?rst reac 
tant and the second reactant may result in the alternating 
self-limiting adsorption of monolayers of the reactants on 
the surface of the substrate, thus forming a thin layer of 
material for each cycle. The cycle may be repeated to a 
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desired thickness of the deposited material. A pulse of a 
purge gas and/or a pump evacuation betWeen the pulses of 
the ?rst reactant gas and the pulses of the second reactant gas 
serves to reduce the likelihood of gas phase reactions of the 
reactants due to excess amounts of the reactants remaining 
in the chamber. HoWever, various problems exist With 
current gas delivery apparatuses used to perform atomic 
layer deposition, such as sloW delivery of reactants, genera 
tion of particles, and/or failure over time of components of 
the gas delivery apparatuses. 

[0008] Therefore, there is a need for neW apparatuses and 
methods to perform gas delivery. 

SUMMARY OF THE INVENTION 

[0009] Embodiments of the present invention relate to a 
method and apparatus for rapid delivery of pulses of one or 
more reactants to a substrate processing chamber. One 
embodiment of a valve body includes a ?rst inlet, a second 
inlet, and an outlet. A valve chamber is in ?uid communi 
cation With the ?rst inlet, the second inlet, and the outlet. A 
valve seat is formed at least around the ?rst inlet. The valve 
chamber further includes an annular groove formed around 
the valve seat coupling the second inlet and the outlet. 

[0010] One embodiment of a pneumatic valve assembly 
includes a valve body having at least tWo ports. A valve seat 
surrounds one of the ports. The pneumatic valve assembly 
further includes a diaphragm assembly having a diaphragm 
movable to open and close the one port. A piston housed in 
a cylinder is coupled to the diaphragm to actuate the 
diaphragm. An actuation chamber is formed betWeen the 
cylinder and the piston. In certain embodiments, the internal 
volume of the actuation chamber is about 3.0 cm3 or less. 

[0011] Another embodiment of a pneumatic valve assem 
bly includes a valve body having at least tWo ports. The 
pneumatic valve assembly further includes a pneumatic 
piston coupled to move a diaphragm betWeen an open 
position and a closed position. The diaphragm in the closed 
position closes one of the at least tWo ports. The pneumatic 
piston is adapted to move the diaphragm betWeen the open 
position and the closed position in a response time of about 
50 milliseconds or less. 

[0012] One embodiment of substrate processing chamber 
includes a chamber body and one or more valves adapted to 
provide one or more reactants into the chamber body. Each 
valve includes a valve body having at least tWo ports, a valve 
seat surrounding one of the ports, and a diaphragm assembly. 
The diaphragm assembly includes a diaphragm movable to 
open and close the one port, a piston coupled to the 
diaphragm, and a cylinder to house the piston. The cylinder 
forms an actuation chamber. In certain embodiments, the 
internal volume of the actuation chamber is about 3.0 cm3 or 
less. The substrate processing chamber may further include 
an electronically controlled valve adapted to provide pres 
surized gas to the actuation chamber of the valves from a 
pressurized gas supply. 

[0013] One embodiment of a method of delivering pulses 
of a reactant into a substrate processing chamber includes 
introducing a pressurized gas to an actuation chamber of a 
valve assembly and releasing the pressurized gas from the 
actuation chamber of the valve assembly. Introducing the 
pressurized gas and releasing the pressurized gas provides a 
pulse time of about 1.0 second or less. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] So that the manner in Which the above recited 
features, advantages and objects 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 reference to the embodiments thereof Which are 
illustrated in the appended draWings. 

[0015] It is to be noted, hoWever, that the appended 
drawings illustrate only typical embodiments of this inven 
tion and are therefore not to be considered limiting of its 
scope, for the invention may admit to other equally effective 
embodiments. 

[0016] FIG. 1 is a schematic cross-sectional vieW of one 
embodiment of a substrate processing chamber including 
one or more valve assemblies. 

[0017] FIG. 2A is a top vieW of one embodiment of a 
valve body. 

[0018] FIG. 2B is a cross-sectional vieW of the valve body 
of FIG. 2A. 

[0019] FIG. 3 is a schematic cross-sectional vieW of one 
embodiment of a valve assembly in Which the diaphragm of 
the diaphragm assembly is biased in an open position. 

[0020] FIG. 4 is a schematic cross-sectional vieW of one 
embodiment of a valve assembly in Which the diaphragm of 
the diaphragm assembly is biased in a close position. 

[0021] FIG. 5 is a graph of a response time of a diaphragm 
moved betWeen a closed position and an open position. 

[0022] FIG. 6 is a schematic perspective vieW of one 
embodiment of a valve assembly. 

[0023] FIG. 7 is a top cross-sectional vieW of one embodi 
ment of the chamber lid of FIG. 1. 

[0024] FIG. 8 is a schematic cross-sectional vieW of 
another embodiment of a substrate processing chamber 
including one or more valves. 

DETAILED DESCRIPTION 

[0025] Embodiments of the present invention relate to a 
valve assembly for delivery of one or more reactants to a 
substrate processing chamber. More particularly, embodi 
ments of the present invention relate to a valve assembly for 
rapid delivery of pulses of one or more reactants to a 
substrate processing chamber. Reactants can be precursors, 
reducing agents, oxidizing agents, catalysts, and mixtures 
thereof. 

[0026] FIG. 1 is a schematic cross-sectional vieW of one 
embodiment of a substrate processing chamber 10 including 
one or more valve assemblies 100 mounted beloW a chamber 

body 20 of the substrate processing chamber 10. The valve 
assemblies 100 are coupled to gas lines 55 plumbed through 
the chamber body 20. The gas lines 55 are, in turn, coupled 
to gas conduits 50 to provide one or more gases into the 
chamber body 20. The valve assemblies may also be 
mounted to other substrate processing chambers and may be 
mounted to other chamber components. For example, FIG. 
8 is a schematic cross-sectional vieW of another embodiment 
of a substrate processing chamber 810 including one or more 
valve assemblies 900 mounted to a chamber lid 832 over a 
chamber body 820 of the substrate processing chamber 810. 
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The valve assemblies 900 are coupled to a gas conduit 850 
to provide one or more gases into the chamber body 820. 
The valve assembly 900 may be mounted to the chamber lid 
832 to minimize the volume in ?oW paths betWeen the 
valves assembly 100 and the reaction volume of the pro 
cessing chamber. 

[0027] Referring to FIG. 1, each valve assembly 100 
includes a valve body 110 and a diaphragm assembly 130. 
The valve body 110 includes a valve chamber 111 in ?uid 
communication With three portsia reactant inlet 112, a 
purge inlet 114, and an outlet 116. The reactant inlet 112 is 
in ?uid communication With a reactant source 113 to supply 
a reactant through the valve chamber 111, through the outlet 
116, through the gas line 55, through the gas conduit 50, and 
into the chamber body 20. The purge inlet 114 is in ?uid 
communication With a purge gas source 115 and is adapted 
to supply a purge gas through the valve chamber 111, 
through the outlet 116, through the gas line 55, through the 
gas conduit 50, and into the chamber body 20. If the 
substrate processing chamber 10 includes tWo or more valve 
assemblies 100, the purge inlet 114 of each valve assembly 
100 is preferably coupled to separate purge gas sources 115. 
In other embodiments, the purge inlet 114 of each valve 
assembly 100 may be coupled to a common purge gas 
source. 

[0028] FIG. 2A is a top vieW of the valve body 110 of 
FIG. 1 and FIG. 2B is a cross-sectional vieW of the valve 
body of FIG. 2A. The mouth of the reactant inlet 112 to the 
valve chamber 111 comprises a valve seat 120. The dia 
phragm assembly 130 (FIGS. 1, 3, and 4) is mounted over 
the valve seat 120 of the valve body 110. The diaphragm 
assembly 130 includes a diaphragm 134 (FIGS. 3 and 4) 
Which is selectively moved betWeen an open position and a 
closed position by controlling pressurized gas supplied to 
the diaphragm assembly 130. 

[0029] Referring to FIG. 1, although the diaphragm 134 
(FIGS. 3 and 4) is pneumatically actuated, an electronically 
controlled valve 152, such as a solenoid valve, may be 
mounted to the diaphragm assembly 130 to selectively 
provide a pressurized gas from a pressurized gas supply 150, 
such as air or other gas, coupled to the electronically 
controlled valve 152 through a gas line 151. Programmable 
logic controllers (PLC) are coupled to the electronically 
controlled valves 152 to control electrical signals to the 
electronically controlled valve 152. The programmable logic 
controllers are in turn coupled to a main controller Which 
controls the programmable logic controller. Although an 
electronically controlled valve provides pressurized gas to 
the diaphragm assembly 130, the valve assembly 100 is a 
pneumatically actuated valve since the diaphragm 134 
(FIGS. 3 and 4) is actuated pneumatically. 

[0030] Referring to FIGS. 2A, 2B, 3, and 4, in an open 
position, the diaphragm 134 (FIGS. 3 and 4) is aWay from 
the valve seat 120 (FIGS. 2A and 2B) to alloW the in ?oW 
of a reactant from the reactant inlet 112 and the in ?oW of 
a purge gas from the purge inlet 114 through the valve 
chamber 111 to the outlet 116 and into the chamber body 20. 
In a closed position, the diaphragm 134 is in contact With the 
valve seat 120 to prevent in ?oW of a reactant from the 
reactant inlet 112 through the valve chamber 111. 

[0031] In certain preferred embodiments, in a closed posi 
tion, the diaphragm 134 does not block the in ?oW of the 
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purge gas from the purge inlet 114 through the valve 
chamber 111 to the outlet 116 and into the chamber body 20. 
As shown in FIGS. 2A and 2B, the valve chamber 111 may 
further comprise a groove 122 formed in the valve body 110 
beloW the valve seat 120 so that the purge inlet 114 and the 
outlet 116 remain in ?uid communication Whether the dia 
phragm 134 is in a closed position or open position. As 
shoWn, the groove 122 is annular in shape, but may be any 
suitable shape. 

[0032] Still referring to FIGS. 2A and 2B, valve seat 120 
may be an integral piece With the valve body 110. In an 
alternative embodiment, the valve seat 120 may be a sepa 
rate piece from the valve body 110. The valve seat 120 is 
preferably made of a chemically resistant material Which 
does not react With the reactant provided through the reac 
tant inlet 112. Examples of chemically resistant material 
include polyimide (PI), polytetra?uoroethylene (PTFE), 
polychlorotri?ouroethylene (PCTFE), per?uoroalkoxy 
(PFA), and other suitable polymers. In less preferred 
embodiments, the valve seat 120 may be made of metals, 
metal alloys, and other suitable materials. In certain embodi 
ments, depending on the reactant provided therethrough, the 
valve body 110 is heated to a temperature betWeen about 80° 
C. and about 90° C. to prevent condensation of the reactant 
on the diaphragm 134 or other valve assembly 100 compo 
nents. If ammonia gas is used as a reactant, the valve seat 
120 is preferably made of a chemically resistant polyimide, 
such as VESPEL® CR-6l00. It has been shoWn that ammo 
nia gas is chemically inert With the polyimide VESPEL® 
CR-6l00 at temperatures of 80° C. or above While ammonia 
gas may react With other polyimides at temperatures of 80° 
C. or above. 

[0033] The valve body 110 may further comprise one or 
more mounting holes 140 for mounting the valve assembly 
100 to chamber components. The valve body 110 may 
further include a receptacle 118 around each of the reactant 
inlet 112, the purge inlet 114, and the outlet 116 for receiving 
an o-ring 119 to prevent leaks betWeen the valve body 110 
and chamber components. The receptacle 118 preferably has 
a round cross-section to better house an o-ring 119. The 
receptacle 118 may also be any other suitable shape. The 
o-rings 119 may be made of a polymer (i.e. synthetic or 
natural rubber), a metal, or metal alloy and is preferably 
made of an elastic polymer. In addition or alternatively, 
chamber components may include receptacles for receiving 
o-rings. 

[0034] FIG. 3 is a schematic cross-sectional vieW of one 
embodiment of a valve assembly 100A in Which the dia 
phragm 134A of the diaphragm assembly 130A is biased in 
an open position. The diaphragm assembly 130 includes a 
bonnet 332 supporting the diaphragm 134A. The diaphragm 
134A is attached to a stem 336 Which extends through, and 
is slidably supported by the bonnet 332. The stem 336 
selectively moves the diaphragm 134A betWeen a closed 
position and an open position. A cylinder 340 is ?xed to the 
top of the bonnet 332 and houses a piston 342. The top of the 
stem 336 protrudes from the bonnet 332 and is attached to 
a loWer surface of the piston 342. A spring 344 rests betWeen 
the bonnet 332 and the loWer surface of the piston 342 and 
urges the piston 342 and the stem 336 upWardly. The 
cylinder 340 forms an actuation chamber 346 betWeen an 
upper surface of the piston 342 and the inner surface of the 
cylinder 340. A conduit 348 is formed through the cylinder 
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340. The electronically controlled valve 152 is mounted to 
the cylinder 340 through a connector 349 disposed in the 
conduit 348 to provide a pressurized gas for controlling 
operation of the diaphragm 134A. 

[0035] In operation, the electronically controlled valve 
152 When open supplies pressurized gas through the con 
nector 349 into the actuation chamber 346 creating a pres 
sure that forces the piston 342 and the stem 336 doWnWard 
against the elastic force of spring 344. The center portion of 
the diaphragm 134 is pressed doWnWard by stem 336 and 
comes into contact With the valve seat 120 closing the in?oW 
of reactant from the reactant inlet 112 to the outlet 116. 
When the diaphragm 134 is in contact With the valve seat 
120, the diaphragm 134 does not block off the groove 122 
and a purge gas may ?oW from the purge gas inlet 114 to the 
outlet 116. The electronically controlled valve 152, When 
closed, stops the supply of pressurized gas and releases the 
pressurized gas inside the actuation chamber 346. When the 
supply of pressurized gas is stopped and pressure inside the 
actuation chamber 346 is released, the piston 342 and the 
stem 336 are raised by the elastic force of the spring 344. As 
the piston 342 and the stem 336 rise, the diaphragm 134A 
moves aWay from the valve seat 120 of the valve body 110 
alloWing the in?oW of reactant from the reactant inlet 112 to 
the outlet 116. 

[0036] FIG. 4 is a schematic cross-sectional vieW of one 
embodiment of a valve assembly 100B in Which the dia 
phragm 134B of the diaphragm assembly 130B is biased in 
a closed position. The diaphragm assembly 130B includes a 
bonnet 432 supporting the diaphragm 134B. The diaphragm 
134B is attached to a stem 436 Which extends through, and 
is slidably supported by the bonnet 432. The stem 436 
selectively moves the diaphragm 134B betWeen a closed 
position and an open position. A cylinder 440 is ?xed to the 
top of the bonnet 432. The top of the stem 436 protrudes 
from the bonnet 432 and is attached to a loWer surface of a 
piston 442. A spring 444 rests betWeen the upper surface of 
the piston 442 and the inner surface of the cylinder 440 and 
urges the piston 442 and the stem 436 doWnWardly. The 
cylinder 440 forms an actuation chamber 446 betWeen a 
loWer surface of the piston 442 and the inner surface of the 
cylinder 440. A conduit 448 is formed through the cylinder 
440. The electronically controlled valve 152 is mounted to 
the cylinder 440 through a connector 449 disposed in the 
conduit 448 to provide a pressurized gas for controlling 
operation of the diaphragm 134B. 

[0037] In operation, the electronically controlled valve 
152, When open, supplies pressurized gas through the con 
nector 449 into the actuation chamber 446 creating a pres 
sure that forces the piston 442 and the stem 436 upWard 
against the elastic force of spring 444. The center portion of 
the diaphragm 134B is pulled upWard by stem 436 aWay 
from the valve seat 420 alloWing in?oW of reactant from the 
reactant inlet 112 to the outlet 116. The electronically 
controlled valve 152 When closed stops the supply of 
pressurized gas and releases the pressurized gas inside the 
actuation chamber 446. When the supply of pressurized gas 
is stopped and pressure inside the actuation chamber 446 is 
released, the piston 442 and the stem 432 are loWered by the 
elastic force of the spring 444 so that the diaphragm 134B 
comes into contact With the valve seat 120 closing the in?oW 
of reactant from the reactant inlet 112 to the outlet 116. 
When the diaphragm 134B is in contact With the valve seat 
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120, the diaphragm 134B does not block off the groove 122 
and the purge gas may ?oW from the purge gas inlet 114 to 
the outlet 116. 

[0038] In reference to FIGS. 3 and 4, the diaphragm 
134A, B may be moved betWeen an open position and a 
closed position to provide pulses of a reactant to the outlet 
116 and to the processing chamber 10. Since the diaphragm 
134A, B in a closed position does not block off the groove 
122 a continuous How of purge gas may be provided from 
the purge inlet 114 through the valve chamber 111 and out 
to the outlet 116. As a consequence, the pulses of reactant 
may be dosed into the continuous How of purge gas provided 
through the valve chamber 111. The continuous How of 
purge gas provided through the valve chamber 111 ?ushes 
residual reactant remaining in the valve chamber 111 
betWeen pulses of reactants. In one aspect, the valve assem 
bly 100 has a zero dead volume since there is negligible dead 
volume betWeen the How path of the purge gas through the 
valve body 110 to the valve seat 120 of the reactant inlet 112. 

[0039] In one aspect, pneumatic control of the diaphragm 
134 provides a “soft” landing of the diaphragm 134 against 
the valve seat 120 in comparison to diaphragms driven up 
and doWn by a solenoid. The “soft” landing reduces the 
formation of particles during movement of the diaphragm 
betWeen an open position and a closed position caused by 
the impact of the diaphragm 134 against the valve seat 120. 
The “soft” landing also provides the reactant through the 
valve assembly 100 in more of a laminar How in comparison 
to a “hard” landing caused by moving the diaphragm 
directly by a solenoid. 

[0040] In certain embodiments, the internal volume of the 
actuation chamber 346, 446 comprises a small volume, 
preferably about 3.0 cm3 or less, more preferably about 1.0 
cm3 or less. The term “intemal volume of the actuation 
chamber” as used herein refers to the inner volume of the 
actuation chamber When the pressure inside the actuation 
chamber is released and includes the inner volume of the 
connector 349, 449 and any gas lines betWeen the actuation 
chamber 346, 446 and the electrically controlled valve 152. 
A small internal volume of the actuation chamber 346, 446 
can be pressurized more rapidly and as a consequence can 
actuate the diaphragm 134A, B more rapidly. 

[0041] FIG. 5 is a graph of the response time of the 
diaphragm 134 moved betWeen a closed position and an 
open position. The term “response time” as used herein is 
de?ned as the time to move the diaphragm of the valve 
assembly from an open position to a closed position or from 
a closed position to an open position. The response time to 
move the diaphragm of the valve assembly from an open 
position to a closed position and the response time to move 
the diaphragm of the valve assembly from a closed position 
to an open position may be the same or may be different, but 
are preferably approximately the same. Preferably, the valve 
assembly 100 has a response time of about 50 milliseconds 
or less, more preferably 20 milliseconds or less. It has been 
observed that a valve assembly With an internal volume of 
the actuation chamber of about 2.8 cm3 has a response time 
of about 40 milliseconds or less. It has been observed that a 
valve With an internal volume of the actuation chamber of 
about 0.9 cm3 has a response time of about 15 milliseconds 
or less. 

[0042] Reducing the response time of a valve assembly 
permits more cycles of pulses of reactants to be provided 

Sep. 28, 2006 

over time. Therefore, throughput of processing substrates is 
increased. HoWever, the valve assembly can be operated to 
any desired pulse time 720. The term “pulse time” as used 
herein is de?ned as the time to move the diaphragm from a 
fully closed position to a fully open position and back to 
fully closed position. The valve assembly 100 may be 
operated to provide pulse times of about 1.0 second or less, 
about 500 milliseconds or less, and even about 200 milli 
seconds or less. 

[0043] As shoWn in FIGS. 3 and 4, the electronically 
controlled valve 152 is mounted to the cylinder 340, 440 of 
the diaphragm assembly 130A, B to reduce the added 
volume of a gas line to the internal volume of the actuation 
chamber. An added volume of a gas line Will increase the 
internal volume of the actuation chamber and Will, thus, 
increase the time required to pressurize the actuation cham 
ber 346, 446 and, thus, Will increase the response time of the 
valve assembly 100. In alternative embodiments, if a gas 
line is used to couple the electronically controlled valve 152 
to the cylinder 340, 440 of the diaphragm assembly 130A, 
B, the length of the gas line is preferably about 1.0 inch or 
less to reduce the internal volume of the actuation chamber. 

[0044] Referring to FIG. 1, the gas line 151 connecting 
the pressurized gas supply 150 to the electronically con 
trolled valve 152 preferably has an inner diameter of greater 
than about 0.125 inches, more preferably about 0.25 inches 
or more. The larger inner diameter of the gas line 151 
facilitates the ?lling of the internal volume of the actuation 
chamber 346, 446 by providing a greater conductance of 
pressurized gas therethrough. As a consequence, a larger 
inner diameter of the gas line 151 supplying pressurized gas 
to the electronically controlled valve 152 reduces the 
response time of the valve assembly 100. 

[0045] FIG. 6 is a schematic perspective vieW of the valve 
assembly 100 A, B as described in reference to FIGS. 3 and 
4. The valve body 110 may include one or more holes 510 
for insertion of an embedded heating element 511. Prefer 
ably, the holes 510 are proximate to the reactant inlet 112 so 
that the reactant is heated to prevent condensation of the 
reactant on the diaphragm 134. The valve body 110 may 
include one or more holes 520 for insertion of a thermo 
couple device 521 to monitor the temperature of the valve 
body 110. For example, a measured temperature may be 
used in a feedback loop to control electric current applied to 
the heating element 511 from a poWer supply, such that the 
valve body temperature can be maintained or controlled at a 
desired temperature or Within a desired temperature range. 
In reference to FIGS. 2A and 2B, the position of the one or 
more holes 510 for insertion of an embedded heating ele 
ment and the position of the one or more holes 520 for the 
insertion of a thermocouple device are shoWn by hidden 
lines. The holes 510 and 520 may be positioned in close 
proximity, preferably at a distance of about 2.0 mm or less, 
to the reactant inlet 112 to better provide heating of the 
reactant inlet and to better monitor the temperature of the 
reactant inlet 112. Preferably, as shoWn in FIGS. 2A-2B, 
each hole 510 for an embedded heating element is disposed 
in a direction parallel to the plane of the inlets 112, 114 and 
outlet 116 so that the embedded heating element may also 
provide a more uniform heating of inlets 112,114 and the 
outlet 116. 

[0046] In one embodiment, the valve assembly 100 may 
be used With a chamber lid, such as the chamber lid 32 as 
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described in reference to FIG. 1. The chamber lid 32 
includes an expanding channel 34 extending from a central 
portion of the chamber lid 32 and a bottom surface 60 
extending from the expanding channel 34 to a peripheral 
portion of the chamber lid 32. The bottom surface 60 is siZed 
and shaped to substantially cover a substrate disposed on the 
substrate support. The gas conduit 50 provides a gas ?oW 
from the valve assembly 100 to the expanding channel 34. 
The gas conduit 50 is located adjacent the upper portion 37 
of the expanding channel 34. In other embodiments, one or 
more gas conduits may be located along the length of the 
expanding channel 34 betWeen the upper portion 37 and a 
loWer portion 35. As shoWn in the ?gure, the gas conduit 50 
is positioned horizontally normal to the longitudinal axis. In 
other embodiments, the gas conduit 50 may be angled 
doWnWardly or may be angled upWardly. 

[0047] The expanding channel 34 comprises a channel 
Which has an inner diameter Which increases from an upper 
portion 37 to the loWer portion 35 of the expanding channel 
34 adjacent the bottom surface 60 of the chamber lid 32. 
Whether a gas is provided toWard the Walls of the expanding 
channel 34 or directly doWnWard toWards the substrate, the 
velocity of the gas ?oW decreases as the gas ?oW travels 
through the expanding channel 34 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. 

[0048] At least a portion of the bottom surface 60 of the 
chamber lid 32 may be tapered from the expanding channel 
34 to a peripheral portion of the chamber lid 32 to help 
provide an improved velocity pro?le of a gas ?oW from the 
expanding channel 34 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 60 is 
tapered in the shape of a funnel. Not Wishing to be bound by 
theory, in one aspect, the bottom surface 60 is doWnWardly 
sloping to help reduce the variation in the velocity of the 
gases as it travels betWeen the bottom surface 60 of the 
chamber lid 32 and the substrate to help provide uniform 
exposure of the surface of the substrate to a reactant. 

[0049] FIG. 7 is a top cross-sectional vieW of one embodi 
ment of the expanding channel of the chamber lid 32 of FIG. 
1. Each gas conduit 50 may be positioned at an angle 0t from 
a center line of the gas conduit 50 and from a radius line 
from the center of the expanding channel 34. Entry of a gas 
through the gas conduit 50 preferably positioned at an angle 
0t (i.e., When 0t>0°) causes the gas to How in a circular 
direction. Providing gas at an angle 0t as opposed to directly 
straight-on to the Walls of the expanding channel (i.e., When 
0t=0°) helps to provide a more laminar ?oW through the 
expanding channel 34 rather than a turbulent How. 

[0050] The chamber lid 32 is further described in com 
monly assigned U.S. Ser. No. 10/032,284, entitled “Gas 
Delivery Apparatus and Method for Atomic Layer Deposi 
tion,” ?led on Dec. 21, 2001, and issued Sep. 13, 1988 as 
US. Pat. No. 6,916,398, Which claims bene?t of US. Ser. 
No. 60/346,086, entitled “Method and Apparatus for ALD 
Deposition,” ?led Oct. 26, 2001, Which are both incorpo 
rated by reference in their entirety to the extent not incon 
sistent With the present disclosure. 

[0051] The valve assembly 100 may be used With other 
chamber lids. For example, the valve assembly 100 may be 
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used With the chamber lid described in commonly assigned 
U.S. Ser. No. 10/032,293 entitled, “Chamber HardWare 
Design For Titanium Nitride Atomic Layer Deposition,” 
?led on Dec. 21, 2001, and published as US 2003-0116087, 
Which is incorporated by reference in its entirety to the 
extent not inconsistent With the present disclosure. The valve 
assembly 100 may also be used With the chamber lid as 
described in US. Ser. No. 10/016,300, entitled “Lid Assem 
bly ForA Processing System To Facilitate Sequential Depo 
sition Techniques,” ?led on Dec. 12, 2001, and issued on 
Apr. 12, 2005 as US. Pat. No. 6,878,206, Which claims 
priority to US. 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. The 
valve assembly 100 may also be used With the chamber lid 
as described in commonly assigned US. Pat. No. 6,911,391, 
issued Jun. 28, 2005, Which claims priority to US. Ser. No. 
60/352,191, Which are both incorporated by reference in 
their entirety to the extent not inconsistent With the present 
disclosure. 

[0052] The valve assembly 100 as shoWn and described in 
reference to FIGS. 1-7 may be adapted to perform deposi 
tion processes including atomic layer deposition, cyclical 
layer deposition, pulsed chemical vapor deposition, and 
other suitable deposition techniques. 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. Sequentially provid 
ing 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 intro 
duction of pulses of compounds may be repeated to deposit 
a plurality of thin layers forming a conformal layer to a 
desired thickness. 

[0053] The valve assembly 100 may be used to form 
tantalum nitride, tantalum, tantalum silicon nitride, copper, 
copper aluminum, titanium nitride, titanium, titanium silicon 
nitride, tungsten nitride, tungsten, tungsten silicon nitride, 
metal oxides, organosilanes or organosiloxanes, other 
refractory metals, other refractory metal nitrides, other 
refractory metal compounds, other metals, other metal 
alloys, other high dielectric constant materials, and other 
loW dielectric constant materials. 

[0054] For example, a substrate processing chamber, such 
as chamber 10 of FIG. 1, can be used to deposit tantalum 
nitride. The chamber includes at least tWo valve assemblies 
100. One valve assembly 100 is coupled to a reactant source 
providing a tantalum containing compound, such as pen 
tadimethylamino-tantalum (PDMAT; Ta(NMe2)5), source 
and one valve assembly 100 is coupled to another reactant 
source providing a nitrogen containing compound, such as 
ammonia. Separate purge gas sources may be coupled to 
both valve assemblies 100 to provide a continuous How of 
a purge gas thereto. Examples of purge gas include argon 
(Ar), helium (He), nitrogen (N2), hydrogen (H2), and com 
binations thereof. Although separate purge gas sources may 
be coupled to both valve assemblies 100, the separate purge 
gas sources may provide the same or different purge gas. 
Pulses of the tantalum containing compotmd and pulses of 
the nitrogen containing compound may be dosed into the 
continuous How of the purge gas. The pulses of the tantalum 
containing compound and the pulses of the nitrogen con 
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taining compound may be present in the reaction Zone 
separately, together, or partially overlapped to form a tan 
talum nitride ?lm. 

[0055] 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. 

1. A pneumatic valve assembly, comprising: 

a valve body having at least tWo ports comprising a purge 
inlet and an outlet; 

a valve seat surrounding one of the ports; 

an annular groove formed around the valve seat coupling 
the purge inlet and the outlet; and 

a diaphragm assembly, comprising: 

a diaphragm movable to contact the valve seat; 

a piston coupled to the diaphragm; and 

a cylinder to house the piston. 
2. The pneumatic valve assembly of claim 1, Wherein the 

cylinder forms an actuation chamber having an internal 
volume of about 3.0 cm3 or less. 

3. The pneumatic valve assembly of claim 2, Wherein the 
internal volume is about 1.0 cm3 or less. 

4. The pneumatic valve assembly of claim 1, Wherein the 
at least tWo ports of the valve body further comprise a 
reactant inlet. 

5. The pneumatic valve assembly of claim 4, Wherein the 
diaphragm in a closed position closes the reactant inlet, 
While the purge inlet and the outlet remain opened. 

6. The pneumatic valve assembly of claim 1, further 
comprising a controller adapted to move the diaphragm 
betWeen an open position and a closed position Within a time 
period of about 1 second or less. 

7. The pneumatic valve assembly of claim 6, Wherein the 
time period is about 500 milliseconds or less. 

8. The pneumatic valve assembly of claim 7, Wherein the 
time period is about 200 milliseconds or less. 

9. The pneumatic valve assembly of claim 8, Wherein the 
time period is about 50 milliseconds or less. 

10. The pneumatic valve assembly of claim 9, Wherein the 
time period is about 20 milliseconds or less. 

11. The pneumatic valve assembly of claim 2, further 
comprising an electronically controlled valve adapted to 
provide pressurized gas to the actuation chamber from a 
pressurized gas supply. 

12. The pneumatic valve assembly of claim 11, Wherein 
the electronically controlled valve is mounted to the cylinder 
of the diaphragm assembly. 

13. The pneumatic valve assembly of claim 11, Wherein 
the electronically controlled valve is coupled to the cylinder 
through a gas line having a length of about 2.54 cm or less. 

14. The pneumatic valve assembly of claim 1, further 
comprising an embedded heating element Within the valve 
body. 

15. The pneumatic valve assembly of claim 14, further 
comprising an embedded thermocouple Within the valve 
body. 

16. The pneumatic valve of claim 4, Wherein the purge 
inlet, the reactant inlet, and the outlet each contain an o-ring. 
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17. The pneumatic valve of claim 16, Wherein the purge 
inlet, the reactant inlet, and the outlet each contain a recep 
tacle for containing the o-ring. 

18. A pneumatic valve assembly, comprising: 

a valve body having at least three ports comprising a 
purge inlet, an outlet, and a reactant inlet; 

a valve seat surrounding one of the ports; 

an annular groove formed around the valve seat coupling 
the purge inlet and the outlet; and 

a diaphragm assembly. 
19. The pneumatic valve of claim 18, Wherein the dia 

phragm assembly further comprises: 

a diaphragm movable to contact the valve seat; 

a piston coupled to the diaphragm; and 

a cylinder to house the piston. 
20. The pneumatic valve of claim 18, Wherein the purge 

inlet, the reactant inlet, and the outlet each contain an o-ring. 
21. The pneumatic valve of claim 20, Wherein the purge 

inlet, the reactant inlet, and the outlet each contain a recep 
tacle for containing the o-ring. 

22. The pneumatic valve assembly of claim 19, further 
comprising a controller adapted to move the diaphragm 
betWeen an open position and a closed position Within a time 
period of about 1 second or less. 

23. The pneumatic valve assembly of claim 22, Wherein 
the time period is in about 200 milliseconds or less. 

24. The pneumatic valve assembly of claim 23, Wherein 
the time period is in about 20 milliseconds or less. 

25. The pneumatic valve assembly of claim 19, Wherein 
the cylinder forms an actuation chamber having an internal 
volume of about 3.0 cm3 or less. 

26. The pneumatic valve assembly of claim 25, Wherein 
the internal volume is about 1.0 cm3 or less. 

27. A pneumatic valve assembly, comprising: 

a valve body comprises a purge inlet, an outlet, and a 
reactant inlet; 

a valve seat surrounding the purge inlet, the outlet, or the 
reactant inlet; 

an annular groove formed around the valve seat coupling 
the purge inlet and the outlet; and 

a diaphragm assembly, comprising: 

a diaphragm movable to contact the valve seat; 

a piston coupled to the diaphragm; and 

a cylinder to house the piston. 
28. The pneumatic valve of claim 27, Wherein the purge 

inlet, the reactant inlet, and the outlet each contain an o-ring. 
29. The pneumatic valve of claim 28, Wherein the purge 

inlet, the reactant inlet, and the outlet each contain a recep 
tacle for containing the o-ring. 

30. The pneumatic valve assembly of claim 27, further 
comprising a controller adapted to move the diaphragm 
betWeen an open position and a closed position Within a time 
period of about 1 second or less. 

31. The pneumatic valve assembly of claim 30, Wherein 
the time period is in about 200 milliseconds or less. 

32. The pneumatic valve assembly of claim 31, Wherein 
the time period is in about 20 milliseconds or less. 
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33. The pneumatic valve assembly of claim 27, wherein 
the cylinder forms an actuation chamber having an internal 
volume of about 3.0 cm3 or less. 

34. The pneumatic valve assembly of claim 33, Wherein 
the internal volume is about 1.0 cm3 or less. 

35. A pneumatic valve assembly, comprising: 

a valve body having at least tWo ports comprising a purge 
inlet and an outlet; 

an annular groove coupling the purge inlet and the outlet; 
and 
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a diaphragm assembly coupled to the valve body, Wherein 
the diaphragm assembly comprises: 

a diaphragm; 

a piston coupled to the diaphragm; and 

a cylinder to house the piston, Wherein the cylinder 
forms an actuation chamber having an internal vol 
ume of about 3.0 cm3 or less. 


