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DEPOSITION REACTORS AND SYSTEMS 

TECHNICAL FIELD 

0001. The present invention is related to depositing thin 
films and, in particular, gas delivery Systems used in pulsed 
type deposition processes for manufacturing microelectronic 
devices, micromechanical devices, and other types of micro 
devices. 

BACKGROUND 

0002 Thin film deposition techniques are widely used to 
form layers of Specific materials in the fabrication of Semi 
conductor devices and other micro-devices. 

0003. The size of the individual components in the 
devices is constantly decreasing, and the number of layers in 
the devices is increasing. As a result, the density of com 
ponents and the aspect ratios of depressions (e.g., the ratio 
of the depth to the size of the opening) are increasing. The 
Size of workpieces is also increasing to provide more real 
estate for forming more dies (i.e., chips) on a single work 
piece. Many fabricators, for example, are transitioning from 
200 mm to 300 mm workpieces, and even larger workpieces 
will likely be used in the future. 
0004. Thin film deposition techniques accordingly strive 
to produce highly uniform layers that cover the Sidewalls, 
bottoms, and corners in deep depressions that have very 
Small openings. 
0005 One widely used thin film deposition technique is 
Chemical Vapor Deposition (CVD). In a CVD system, one 
or more precursors that are capable of reacting to form a 
Solid thin film are mixed in a gas or vapor State, and then the 
precursor mixture is presented to the Surface of the work 
piece. CVD Systems can be continuous flow Systems or 
pulsed-type CVD systems. Continuous flow systems provide 
a continuous flow of the precursor gases. Pulsed-CVD 
Systems intermittently pulse a mixture of the precursor gases 
between pulses of a purge gas. The Surface of the workpiece 
catalyzes the reaction between the precursor gases to form a 
thin, Solid film at the workpiece Surface. A common way to 
catalyze the reaction at the Surface of the workpiece is to 
heat the workpiece to a temperature that causes the reaction. 
0006 Although CVD techniques are useful in many 
applications, they also have Several drawbackS. For 
example, if the precursors are not highly reactive, then a 
high workpiece temperature is needed to achieve a reason 
able deposition rate. Such high temperatures are not typi 
cally desirable because heating the workpiece can be detri 
mental to the Structures and other materials already formed 
on the workpiece. Implanted or doped materials, for 
example, can migrate within the Silicon Substrate at higher 
temperatures. On the other hand, if more reactive precursors 
are used So that the workpiece temperature can be lower, 
then reactions may occur prematurely in the gas phase 
before reaching the Substrate. This is undesirable because 
the film quality and uniformity may Suffer, and also because 
it limits the types of precursors that can be used. 
0007 Atomic Layer Deposition (ALD) is another thin 
film deposition technique. FIGS. 1A and 1B schematically 
illustrate the basic operation of ALD processes. Referring to 
FIG. 1A, a layer of gas molecules. A coats the Surface of a 
workpiece W. The layer of A molecules is formed by 
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exposing the workpiece W to a precursor gas containing A 
molecules, and then purging the chamber with a purge gas 
to remove excess A molecules. This proceSS can form a 
monolayer of A molecules on the Surface of the workpiece 
W because the A molecules at the Surface are held in place 
during the purge cycle by physical adsorption forces at 
moderate temperatures or chemisorption forces at higher 
temperatures. The layer of A molecules is then exposed to 
another precursor gas containing B, molecules. The A. 
molecules react with the By molecules to form an extremely 
thin layer of solid material on the workpiece W. The 
chamber is then purged again with a purge gas to remove 
excess B, molecules. 
0008 FIG. 2 illustrates the stages of one cycle for 
forming a thin Solid layer using ALD techniques. A typical 
cycle includes (a) exposing the workpiece to the first pre 
cursor A, (b) purging excess A molecules, (c) exposing the 
workpiece to the second precursor B, and then (d) purging 
excess B, molecules. In actual processing, several cycles are 
repeated to build a thin film on a workpiece having the 
desired thickness. For example, each cycle may form a layer 
having a thickness of approximately 0.5-1.0 A, and thus it 
takes many cycles to form a Solid layer having a thickness 
of approximately 60 A. 

0009 FIG.3 schematically illustrates an ALD reactor 10 
having a reaction chamber 20 coupled to a gas Supply 30 and 
a vacuum 40. The reactor 10 also includes a heater 50 that 
Supports the workpiece W and a gas dispenser 60 in the 
reaction chamber 20. The gas dispenser 60 includes a 
plenum 62 operatively coupled to the gas Supply 30 and a 
distributor plate 70 having a plurality of holes 72. The 
plenum 62 is an open compartment through which the gases 
pass directly to the holes 72. In operation, the heater 50 heats 
the workpiece W to a desired temperature, and the gas 
Supply 30 Selectively injects the first precursor A, the purge 
gas, and the Second precursor B, as described above for 
ALD or CVD processes. The vacuum 40 maintains a nega 
tive preSSure in the chamber to draw the gases from the gas 
dispenser 60, acroSS the workpiece W, and then through an 
outlet of the reaction chamber 20. 

0010. One concern of both the CVD and ALD processes 
is providing a consistent deposition rate, precise composi 
tion, and uniform thickness acroSS the workpiece. These 
factors are influenced by the parameters of the individual gas 
flows of the constituent gases. For example, variances in the 
gas pressures, valve timing and response times can result in 
inconsistent volumes of precursor gases being dispensed 
from the gas dispenser. Conventional Pulsed-CVD processes 
and ALD processes attempt to provide consistent volumes of 
precursor gases by using more precise valves or mass flow 
controllers (i.e., flow meters). Although Such devices are an 
improvement, they may not provide Sufficiently accurate 
amounts of precursor gases to the workpiece. 

0011) Another concern associated primarily with ALD 
processing is that it has a relatively low throughput com 
pared to CVD techniques. For example, ALD processing 
may take several Seconds to perform each A-purge-By 
purge. This results in a total process time of Several minutes 
to form a single layer less than 100 A thick. In contrast to 
ALD processing, CVD techniques require much less time to 
form a layer of the same thickness. The low throughput of 
existing ALD techniques limits the utility of the technology 
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in its current State because ALD may be a bottleneck in the 
overall manufacturing process. Thus, it would be useful to 
increase the throughput of ALD techniques So that they 
could be used in a wider range of applications. 

SUMMARY 

0012. The present invention is directed toward methods 
for depositing material onto workpieces, methods of con 
trolling the delivery of gases in deposition processes, and 
apparatus for depositing materials onto workpieces. One 
embodiment of a method for depositing material onto a 
Workpiece comprises placing a micro-device workpiece 
having a plurality of Submicron features in a reactor proxi 
mate to outlet ports of a gas distributor in the reactor. This 
method also includes flowing a gas from a gas Supply to a 
Selectively Sealable compartment of the reactor until the gas 
reaches a desired preSSure within the compartment, and 
Subsequently dispensing the gas from the outlet ports of the 
gas distributor. The compartment can be in a reaction 
chamber of the reactor or outside of the reaction chamber. 
The gas can be dispensed from the outlet ports by opening 
an outlet valve between the compartment and the outlet ports 
while also physically displacing the gas from the compart 
ment. The gas can be displaced from the compartment using 
a piston, diaphragm, bladder or other type of mechanical 
actuator. In other embodiments, the gas is displaced from the 
compartment by driving another type of gas through the 
compartment while the outlet valve is open. As a result, a 
known volume or mass of the gas is actively displaced from 
the compartment by driving the gas out of the compartment 
with a driver that is Separate from the gas itself. 
0013 Another embodiment of a method for depositing 
material onto a workpiece comprises placing a micro-device 
Workpiece having a plurality of Submicron features in a 
reactor proximate to outlet ports of a gas distributor and 
preSSurizing a container of the reactor with a gas until the 
gas has a desired pressure while preventing the gas from 
flowing out of the outlet ports. For example, the container 
can be pressurized with the gas by flowing the gas into the 
container while an outlet valve of the container is closed. 
This embodiment of the method also includes actively 
displacing a volume of the gas from the container to flow the 
gas through the outlet ports toward the workpiece. The gas 
can be actively displaced from the container using a 
mechanical actuator or another gas as explained above. 
0.014. Other aspects of the invention are directed toward 
methods of controlling the delivery of gases in processes for 
depositing material onto a micro-device workpiece. Several 
embodiments of these methods are practiced using a depo 
Sition System having a reactor including a reaction chamber; 
a gas distributor in the reaction chamber; and a gas Supply 
to provide gas to the gas distributor. The gas distributor 
includes a plurality of outlet ports configured to dispense gas 
to the workpiece. One embodiment of a method for control 
ling the delivery of gases includes flowing a gas from the gas 
Supply to a closed compartment of the chamber until the gas 
reaches a desired pressure within the compartment. This 
method further includes dispensing at least a portion of the 
gas from the outlet ports of the gas distributor by opening an 
outlet valve between the compartment and the outlet ports 
and displacing the gas from the compartment. 
0.015. Another embodiment of a method for controlling 
the delivery of gases comprises pressurizing a container with 
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a gas to a desired preSSure, actively displacing a Volume of 
the gas from the container by driving the gas with a driver 
Separate from the gas, and dispensing the Volume of gas 
from outlet ports of a gas distributor. The container can be 
preSSurized by closing an outlet valve of the container and 
flowing the gas into the container until the gas reaches the 
desired pressure. The pressurized gas in the container can 
then be actively displaced from the container by opening the 
outlet valve and driving the gas out of the container with a 
mechanical actuator or another gas. Such mechanical actua 
tors or other types of gases define a driver that is Separate 
from the gas itself. For example, the gas used to preSSurize 
the container can be a first precursor gas and/or a Second 
precursor gas, and the driver that drives the gas from the 
container can be a purge gas. 

0016. The methods for depositing the material onto a 
workpiece and the methods for controlling the delivery of 
gases Set forth above are particularly useful for Atomic 
Layer Deposition (“ALD”) and Pulsed Chemical Vapor 
Deposition (Pulsed-CVD) processes. The container can 
accordingly be pressurized to a desired preSSure with either 
a first precursor gas A, a Second precursor gas B, and/or a 
combination of the first and Second precursor gases A and 
B. 
0017 Additional aspects of the invention are directed 
toward deposition Systems or gas delivery Systems for 
depositing a material onto a micro-device workpiece. In one 
embodiment, a deposition System for depositing a material 
onto a micro-device workpiece comprises a gas Supply 
having at least a first gas and a reactor coupled to the gas 
Supply. The reactor can include a reactor chamber, a work 
piece holder in the chamber, and a gas distributor in the 
chamber proximate to the workpiece holder. The gas dis 
tributor can include a plurality of outlet ports positioned 
relative to the workpiece holder to direct gases to the 
workpiece. The reactor in this embodiment further com 
prises a gas container. The gas container can include a 
Selectively Sealable compartment, an inlet valve coupled to 
the gas Supply, and an outlet Valve in fluid communication 
with the outlet ports. In operation, the compartment of the 
gas container is closed to charge the compartment with a gas 
or otherwise Seal the compartment. The compartment is 
opened by opening the outlet valve. When the outlet valve 
is open, the pressurized gas in the compartment is then 
actively displaced to force the gas from the compartment 
and through the outlet ports to deposit molecules of the gas 
onto the workpiece. 

0018. Another embodiment of a deposition system in 
accordance with the invention comprises a gas Supply hav 
ing a first gas, a Second gas, and a purge gas. The deposition 
System of this embodiment further includes a reactor com 
prising a reaction chamber; a workpiece holder in the 
chamber; a gas distributor having a plurality of outlet ports 
positioned relative to the workpiece holder to direct gases to 
the workpiece holder; and a gas compartment having an inlet 
Valve coupled to the gas Supply and an outlet valve between 
the compartment and the outlet ports of the gas distributor. 
The deposition System further includes a control System 
having a computer including a computer readable medium 
containing instructions that (a) cause the compartment to be 
preSSurized with at least one of the gases by opening the inlet 
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valve and closing the outlet valve, and (b) cause a pulse of 
the gas to be dispensed through the outlet ports by opening 
at least the outlet valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIGS. 1A and 1B are schematic cross-sectional 
Views of Stages in ALD processing in accordance with the 
prior art. 
0020 FIG. 2 is a graph illustrating a cycle for forming a 
layer using ALD techniques in accordance with the prior art. 
0021 FIG. 3 is a schematic representation of a deposi 
tion System including a reactor for depositing a material onto 
a microelectronic workpiece in accordance with the prior art. 
0022 FIG. 4 is a schematic side view of a deposition 
System for depositing material onto a micro-device work 
piece in accordance with one embodiment of the invention. 
0023 FIG. 5 is a schematic cross-sectional view of a gas 
distributor and a gas container in accordance with an 
embodiment of the invention. 

0024 FIG. 6 is a cross-sectional view of a gas distributor 
and a gas container in accordance with another embodiment 
of the invention. 

0.025 FIG. 7 is a cross-sectional view of a gas distributor 
and a gas container in accordance with Still another embodi 
ment of the invention. 

0.026 FIG. 8 is a cross-sectional view of a gas distributor 
and a gas container in accordance with yet another embodi 
ment of the invention. 

0027 FIG. 9 is a schematic side view of another depo 
Sition System for depositing material onto a micro-device 
Workpiece in accordance with another embodiment of the 
invention. 

DETAILED DESCRIPTION 

0028. The following disclosure describes several 
embodiments of Systems for depositing materials onto 
micro-device workpieces, methods for depositing materials 
onto micro-device workpieces, and methods for controlling 
the delivery of gases in the deposition of materials onto 
micro-device workpieces. Many Specific details of the 
invention are described below with reference to ALD and 
Pulsed-CVD deposition techniques that are used to deposit 
very thin layers on micro-device workpieces. The term 
“micro-device workpiece' is used throughout to include 
Substrates upon which and/or in which microelectronic 
devices, micromechanical devices, data Storage elements, 
read/write components, and other features are fabricated. 
For example, micro-device workpieces can be semiconduc 
tor waferS Such as Silicon or gallium arsenide wafers, glass 
Substrates, insulative Substrates, and many other types of 
materials. The micro-device workpieces typically have very 
Small, Submicron features, Such as conductive lines, recesses 
or components that form integrated circuits. The term "gas” 
is used throughout to include any form of matter that has no 
fixed shape and will conform in Volume to the Space 
available, which specifically includes vapors (i.e., a gas 
having a temperature less than the critical temperature So 
that it may be liquified or Solidified by compression at a 
constant temperature). Several embodiments in accordance 
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with the invention are set forth in FIGS. 4-9 and the 
following text to provide a thorough understanding of par 
ticular embodiments of the invention. A person skilled in the 
art will understand, however, that the invention may have 
other embodiments that include more or less elements than 
those shown and described with reference to the embodi 
ments of FIGS. 4-9. 

0029 A. Deposition Systems 
0030 FIG. 4 is a schematic side view of a deposition 
system 100 for depositing materials onto a micro-device 
workpiece W in accordance with one embodiment of the 
invention. In this embodiment, the system 100 includes a 
reactor 110 having a reaction chamber 120, a workpiece 
support 130 in the chamber 120, and a gas distributor 140 in 
the chamber 120. The workpiece holder 130 can be a heater 
or heat Sink that holds the workpiece at a desired tempera 
ture. The gas distributor 140 is positioned over the work 
piece holder 130 to deliver gas(es) to the workpiece. In the 
embodiment shown in FIG. 4, the reaction chamber 120 is 
coupled to a vacuum 150 to draw gas(es) across the work 
piece W and out of the reaction chamber 120. More spe 
cifically, the gas distributor 140 can include a distributor 
plate 142 having a plurality of outlet ports 144 through 
which the gas(es) flow to the workpiece W. 
0031. The system 100 can further include a gas supply 
assembly 160 that provides one or more gases to the reactor 
110. The gas supply assembly 160, for example, can include 
a first gas Source 162a, a second gas Source 162b, and a third 
gas Source 162C. The first gas Source 162a can provide a first 
precursor gas A, the Second gas Source 162b can provide a 
Second precursor gas B, and the third gas Source 162C can 
provide a purge gas P. It will be appreciated that the gas 
supply assembly 160 can have other embodiments that 
provide more precursor gases and/or more purge gases. The 
Specific gas Sources in the gas Supply assembly 160 accord 
ingly depend upon the Specific application and materials that 
are deposited onto the workpiece W. 
0032. The system 100 further includes a gas control 
System for dispensing an accurate mass of each type of gas 
to the workpiece W. The gas control System can include a 
gas container 170 that is a component of the reactor 110. The 
gas container 170, for example, can be in the reaction 
chamber 120 (as shown in FIG. 4), or the gas container 170 
can be outside of the reaction chamber 120 in other embodi 
ments. The gas container 170, more specifically, can be in 
the gas distributor 140 or just upstream from the gas 
distributor. The gas container 170 can include one or more 
compartments 172, at least one inlet valve 174 (identified 
individually by reference numbers 174a–c), and at least one 
outlet valve 176. The inlet valves 174a-c can be coupled to 
corresponding gas Sources 162a-C. The outlet valve 176 can 
be coupled to the outlet ports 144 by a system of dedicated 
gas lines 178. It will be appreciated that the gas lines 178 are 
not necessary, and that a separate plenum between the 
distributor plate 142 and the outlet valve 176 can be used to 
provide fluid communication between the outlet valve 176 
and the outlet ports 144. 
0033. The inlet valves 174a-c and the outlet valve 176 are 
controlled by a controller 190 to form layers of materials on 
the workpiece W using either ALD, CVD, or Pulsed-CVD 
processing techniques. AS explained in more detail below, 
the outlet valve 172 is closed to charge or otherwise pres 
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surize the compartment 172 of the gas container 170 with a 
gas. The pressure of the gas in the closed compartment 172 
can be adjusted to provide the desired mass of a precursor 
gas for ALD or Pulsed-CVD processes. Once the pressure in 
the compartment reaches a desired level, the outlet valve 176 
can be opened and the gas in the compartment 172 can be 
actively displaced or discharged from the compartment 172 
The embodiments of the gas control Systems shown in 
FIGS. 4-9 are expected to provide accurate control of the 
quantity of gas molecules dispensed to the workpiece W to 
enhance the control of the deposition rate, composition, and 
uniformity of the deposited layer. 
0034 B. Gas Control Systems 
0035 FIG. 5 is a schematic cross-sectional view of the 
gas distributor 140 and the container 170 of the embodiment 
shown in FIG. 4. One method for controlling the delivery of 
gases in processes for depositing material onto a micro 
device workpiece includes flowing a gas from the gas Supply 
160 to the compartment 172 until the gas reaches a desired 
preSSure within the compartment. The compartment 172 can 
be closed (i.e., Selectively sealed) during this stage by 
closing the outlet valve 176, and the incoming gas can pass 
through either the first inlet valve 174a, the second inlet 
valve 174b, and/or the third inlet valve 174c. Because the 
outlet valve 176 is closed and the volume of the compart 
ment 172 is fixed, the pressure in the compartment corre 
sponds to a known quantity of gas molecules for each type 
of gas at a known temperature. Once the gas in the com 
partment 172 reaches a desired pressure range correspond 
ing to the mass of gas for a gas pulse, the outlet valve 176 
is opened while the gas in the compartment 172 is displaced 
or otherwise driven from the compartment 172. The gas in 
the compartment 172 accordingly flows through the gas 
lines 178 and out through the outlet ports 144 to be deposited 
on a workpiece (not shown in FIG. 5). In the embodiment 
shown in FIG. 5, the driver that displaces the pressurized 
gas from the compartment 172 is another gas different than 
the pressurized gas. 

0036) One embodiment for operating the gas control 
system shown in FIG. 5 is directed toward ALD processing 
techniques. In this embodiment, the compartment 172 is 
preSSurized with the first precursor gas A by closing the 
outlet valve 176 and opening the first inlet valve 174a to 
flow the first precursor gas A into the compartment 172. 
Once a desired mass of the first precursor gas A is in the 
compartment 172, then the first inlet valve 174a is closed; 
the third inlet valve 174c is opened; and the outlet valve 176 
is also opened. The purge gas P accordingly flows into the 
compartment 172 to drive the pressurized first precursor gas 
A through the outlet valve 176, the gas lines 178, and the 
outlet ports 144. The purge gas P can continue flowing 
through the compartment 172 while the outlet valve 176 is 
open to provide a purge cycle. To terminate the purge cycle, 
the third inlet valve 174c is closed and the second inlet valve 
174b is opened. The outlet valve 176 can remain open for a 
Short period of time after opening the Second inlet value 
174b to flush the purge gas Pfrom the compartment 172 with 
the Second precursor B. Once the purge gas P is flushed from 
the compartment 172 by the second precursor B, the second 
outlet valve 176 is closed while the flow of the second 
precursor B continues to pressurize the compartment 172 
with the second precursor B. After a desired mass of the 
Second precursor B is in the compartment 172, the Second 

Sep. 8, 2005 

inlet valve 174b is closed, the third inlet valve 174c is 
opened, and the outlet valve 176 is also opened. The purge 
gas P accordingly drives the Second precursor B from the 
compartment 172 to flow the second precursor B out through 
the outlet ports 144. This cycle is repeated to deposit the first 
precursor A, purge exceSS molecules of the first precursor A, 
deposit the Second precursor B, and then purge the exceSS 
molecules of the second precursor B to form a thin layer of 
material on the workpiece. 

0037. The gas control system shown in FIG. 5 can also 
be used in Pulsed-CVD processing techniques. In one 
embodiment, the compartment 172 is pressurized with both 
the first and Second precursors A and B at the same time by 
opening the first and second inlet valves 174a and 174b 
while the outlet valve 176 is closed. After the pressure in the 
compartment 172 reaches a desired level, the first and 
Second inlet valves 174a and 174b are closed, the third inlet 
valve 174c is opened, and the outlet valve 176 is also opened 
to drive the mixture of the first and Second precursors A and 
B from the compartment 172. This cycle is repeated until a 
layer of material is deposited onto the workpiece. 

0038. In either the ALD or the Pulsed-CVD applications, 
one embodiment of a method for controlling the delivery of 
gases comprises preSSurizing a container with a gas to a 
desired pressure; actively displacing a volume of the gas 
from the container by driving the gas with a driver Separate 
from the gas, and dispensing the Volume of gas from the 
outlet ports of the gas distributor. Another embodiment of a 
method for controlling the delivery of gases comprises 
filling a container of a reactor with a desired mass of a 
precursor gas for a pulse of the precursor gas, actively 
displacing the precursor gas from the container by driving 
the precursor gas with a driver Separate from the precursor 
gas, and dispensing the mass of the precursor gas from the 
outlet ports of a gas distributor in the reactor. The driver can 
be a gas or fluid that is separate from the particular precursor 
gas(es) in the compartment. AS explained in more detail 
below, the driver can alternatively be a mechanical actuator. 

0039 FIG. 6 is a schematic cross-sectional view of a gas 
distributor 140 and a container 170 in accordance with 
another embodiment of the invention. In this embodiment, 
the gas control System further includes a mechanical driver 
180 in the container 170. The mechanical driver 180 can be 
a piston assembly having a drive shaft 182, a head 184 at one 
end of the drive shaft 182, and a ring 186 around the head 
184. The drive shaft 182 can be sealed to the container 170 
by a seal 188. The mechanical actuator 180 can move 
between a first or retracted position (arrow R) and a second 
or discharge position (arrow D). 
0040. In operation, a method of controlling the delivery 
of gases in deposition processes comprises pressurizing the 
container 170 with the first precursor A and/or the second 
precursor B. For example, the container 170 can be pres 
Surized by flowing the first precursor A from the gas Supply 
to the compartment 172 when the outlet valve 176 is closed 
and the mechanical actuator 180 is in a retracted position. 
The flow of the first precursor A is terminated when the 
preSSure of the first precursor A reaches a desired preSSure 
within the closed compartment 172. The first precursor A is 
then dispensed from the outlet ports 144 by opening the 
outlet valve 176 and displacing the first precursor gas from 
the compartment 172. The first precursor A is displaced from 
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the compartment 172 by driving the piston head 184 toward 
the distributor plate 142 from the first position to the second 
position. After a Sufficient mass of the first precursor is 
displaced from the compartment 172, the first inlet valve 
174a is closed and the third inlet valve 174c is opened to 
purge the compartment 172 with a purge gas P. The 
mechanical actuator 180 can be retracted to the first position 
during the purge cycle (arrow R). After the purge cycle, the 
compartment 172 is pressurized with the second precursor B 
by closing the outlet valve 176 and opening the second inlet 
valve 174b. The flow of the second precursor B continues 
until the pressure in the container 170 reaches a desired 
pressure. The outlet valve 176 is then opened and the 
mechanical actuator 180 is moved from the first position to 
the Second position to drive the Volume of the Second 
precursor B out through the outlet ports 144. The third inlet 
valve 174c is opened after the mechanical actuator 180 
returns to the retracted position to provide a purge cycle. 
These cycles are then repeated to perform an ALD proceSS 
using a mechanical actuator. 
0041. The embodiment of the gas control system shown 
in FIG. 6 can also be used to perform Pulsed-CVD pro 
cessing techniques. It will be appreciated that Pulsed-CVD 
techniques can be implemented by pressurizing the chamber 
with both the first precursor A and the second precursor B by 
opening the first and second inlet valves 174a and 174b until 
the pressure reaches a desired level. The first and Second 
inlet valves 174a and 174b are then closed, the outlet valve 
176 is opened, and the mechanical actuator 180 is moved 
downwardly toward the distributor plate 142 to dispense the 
first and Second precursors from the outlet ports 144. A purge 
gas can be passed through the compartment 172 to the 
Workpiece in a manner Similar to the ALD processing 
technique explained above. 

0.042 FIG. 7 is a schematic cross-sectional view of 
another gas assembly that includes a mechanical actuator 
280 in accordance with another embodiment of the inven 
tion. In this embodiment, the mechanical actuator 280 is a 
diaphragm 282 having a cavity 284 that can be filled with a 
drive fluid F. In operation, the drive fluid F flows into the 
cavity 284 to expand the diaphragm 282 and drive the 
particular gas from the compartment 272. The embodiment 
of the gas control system shown in FIG. 7 is expected to 
operate in a manner Similar to that described above with 
respect to FIG. 6. 
0.043 FIG. 8 is a cross-sectional view of another embodi 
ment of a gas Supply System having a container 370 that 
includes a first compartment 372a and a Second compart 
ment 372b. The container 370 can be a component of the gas 
distributor 140, or the container 370 can be a separate 
component upstream from the gas distributor 140. The first 
container 372a can include a first inlet valve 374a coupled 
to the Source of the first precursor gas A, a Second inlet valve 
375a coupled to the source of the purge gas P, and a first 
outlet valve 376a. The second compartment 372b can 
include a first inlet valve 374b coupled to the source of the 
second precursor B, a second inlet valve 375b coupled to the 
Source of the purge gas P, and a second outlet valve 376b. 
The first and second outlet valves 376a and 376b are coupled 
to the outlet ports 144 of the gas distributor 140 via gas lines 
378 or another type of passageway, Such as a plenum. The 
embodiment of the container 370 shown in FIG. 8 can be 
operated by independently charging and discharging gases 
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from the first and second compartments 372a and 372b to 
perform ALD or CVD processes. 

0044) In one embodiment for ALD processing, the gas 
control system shown in FIG. 8 is operated by charging the 
first compartment 372a with the first precursor A and 
charging the Second compartment 372b with the Second 
precursor B. The first and second compartments 372a and 
372b can be charged independently from each other to 
enhance the flexibility and throughput of ALD and Pulsed 
CVD processes. The first compartment 372a is pressurized 
by closing the first outlet valve 376a and opening the first 
inlet valve 374a. Similarly, the second compartment 372b is 
charged independently by closing the Second outlet valve 
376b and opening the second inlet valve 374b. Once the first 
and Second compartments are initially charged, the first 
precursor A is discharged from the first compartment 372a 
by opening the first outlet valve 376a and opening the 
second inlet valve 375a of the first compartment 372a. The 
purge gas Paccordingly flows through the Second inlet valve 
375a of the first compartment 372a to drive the first pre 
cursor A through the first outlet valve 376a and out through 
the outlet ports 144. After the pulse of the first precursor A, 
the purge gas P continues to flow from the first outlet valve 
176a to purge exceSS molecules of the first precursor Afrom 
the workpiece. After the purge cycle, the first outlet valve 
176a is closed and the first compartment 372a is recharged 
with the first precursor A by opening the first inlet valve 
374a of the first compartment 372a. While the first com 
partment 372a is being recharged with the first precursor A, 
a pulse of the Second precursor B is contemporaneously 
applied to the workpiece by opening the Second outlet valve 
376b and the Second inlet valve 375b of the Second com 
partment 372b. The second precursor B in the second 
compartment 372b accordingly flows through the gas lines 
378 and out of the outlet ports 144 to the workpiece while 
the first compartment is being recharged with the first 
precursor. The purge gas P continues to flow through the 
second inlet valve 375b of the second compartment 372b to 
purge exceSS molecules of the Second precursor B from the 
Workpiece. After this purge cycle is complete, the Second 
outlet valve 176b is closed and the second compartment 
372b is recharged with the second precursor B. By the time 
the purge cycle of the Second precursor B is complete, the 
first compartment 372a has been recharged with the first 
precursor A. The first outlet valve 376a can be opened and 
the second outlet valve 376 b can be closed to discharge the 
first precursor A from the first compartment 372a while the 
second compartment 372b is recharged with the second 
precursor B. This procedure can be repeated Several times to 
continuously charge and recharge the first and Second com 
partments 372a and 372b with the precursors. 

004.5 FIG. 9 is a schematic side view of another embodi 
ment of a system 900 in accordance with the invention. Like 
reference numbers refer to like components in FIGS. 4 and 
9. In this embodiment, the container 170 is outside of the 
reaction chamber 120 but is considered a component of the 
reactor 110. The container 170 accordingly does not need to 
be within the reaction chamber 120, but rather is down 
Stream from the gas Sources and upstream from the distribu 
tor plate 142. The system 900 is expected to operate in a 
manner Similar to any of the Systems explained above with 
reference to FIGS. 4-8. 
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0046) From the foregoing, it will be appreciated that 
specific embodiments of the invention have been described 
herein for purposes of illustration, but that various modifi 
cations may be made without deviating from the Spirit and 
Scope of the invention. Accordingly, the invention is not 
limited except as by the appended claims. 

1-43. (canceled) 
44. A deposition System for depositing a material onto a 

micro-device workpiece, comprising: 
a gas Supply having a first gas, a Second gas, and a purge 

gaS, 

a reactor comprising a reaction chamber, a workpiece 
holder in the chamber, a gas distributor having a 
plurality of outlet ports positioned relative to the work 
piece holder to direct gases to the workpiece holder, 
and a first Sealable compartment having a first inlet 
Valve coupled to the gas Supply and a first outlet valve 
between the first compartment and the outlet ports, and 

a control System having a computer including a computer 
readable medium containing instructions that (a) pres 
Surizes the first compartment with at least one of the 
gases by opening the first inlet valve and closing the 
first outlet valve and (b) Subsequently dispenses a pulse 
of gas through the outlet ports by opening at least the 
first outlet valve. 

45. The deposition system of claim 44 wherein the reactor 
further comprises a mechanical actuator in the first com 
partment, the mechanical actuator being moveable from a 
first position defining a first volume in the first compartment 
and a Second position defining a Second Volume in the 
Second compartment less than the first Volume. 

46. The deposition system of claim 45 wherein the 
mechanical actuator comprises a piston head in the first 
compartment. 

47. The deposition system of claim 45 wherein the 
mechanical actuator comprises a diaphragm in the first 
compartment. 

48. The deposition system of claim 44 wherein the 
compartment is in the reaction chamber. 

49. The deposition system of claim 44 wherein the 
compartment is outside of the reaction chamber. 

50. The deposition system of claim 44 wherein: 
the first gas comprises a first precursor gas and the Second 

gas comprises Second precursor gas to the reactor; 

Sep. 8, 2005 

the first inlet valve comprises a first precursor Valve 
coupled to the first precursor gas, and 

the reactor further comprises a first purge valve coupled 
to the purge gas and the first compartment. 

51. The deposition system of claim 44 wherein: 
the first gas comprises a first precursor gas and the Second 

gas comprises Second precursor gas to the reactor; 
the first inlet valve comprises a first precursor Valve 

coupled to the first precursor gas, 
the container further comprises a Second compartment; 

and 

the reactor further comprises a Second precursor inlet 
Valve coupled to the Second precursor gas and the 
Second compartment, a Second outlet valve coupled to 
the Second compartment and the outlet ports of the gas 
distributor, a first purge valve coupled to the purge gas 
and the first compartment, and a Second purge valve 
coupled to the purge gas and the Second compartment. 

52. (canceled) 
53. A reactor for depositing a material onto a micro-device 

Work piece, comprising: 
a reaction chamber; 
a workpiece holder in the reaction chamber, 
a gas distributor in the reaction chamber, the gas distribu 

tor including a plurality of outlet ports positioned 
relative to the workpiece holder to direct gases to the 
Workpiece; 

a gas container within the reaction chamber configured to 
Selectively provide gas from the gas container through 
the gas distributor, and 

a mechanical actuator within the gas container configured 
to reduce a Volume of gas within the gas container. 

54. The reactor of claim 53 wherein the reducing the 
Volume of the gas within the compartment comprises dis 
placement of at least Some of the gas through the gas 
distributor. diaphragm. 

56. The reactor of claim 53 wherein the mechanical 
actuator comprises a piston head. 

57. The reactor of claim 53 wherein the gas container 
comprises at least two compartments. 
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