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SYSTEM FOR AND METHOD OF FAST PULSE GAS DELIVERY 

RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Patent Application No. 

12/893,554, filed September 29, 2010, the entire teachings of these 

applications are incorporated herein by reference. 

BACKGROUND 

FIELD 

[0002] This disclosure relates generally to gas delivery devices, and more 

particularly to a method of and system for fast pulse gas delivery. As used 

herein the term "gas" includes the term "vapors" should the two terms be 

consider different. 

OVERVIEW 

[0003] The manufacture or fabrication of semiconductor devices often 

requires the careful synchronization and precisely measured delivery of as 

many as a dozen gases to a process tool such as a vacuum processing 

chamber. Various recipes are used in the manufacturing process, and many 

discrete processing steps, where a semiconductor device is cleaned, 

polished, oxidized, masked, etched, doped, metalized, etc., can be required. 

The steps used, their particular sequence, and the materials involved all 

contribute to the making of particular devices. 

[0004] As more device sizes have shrunk below 90 nm, atomic layer 

deposition, or ALD processes continues to be required for a variety of 

applications, such as the deposition of barriers for copper interconnects, the 

creation of tungsten nucleation layers, and the production of highly conducting 
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dielectrics. In the ALD process, two or more precursor gases are delivered in 

pulses and flow over a wafer surface in a process chamber maintained under 

vacuum. The two or more precursor gases flow in an alternating or sequential 

manner so that the gases can react with the sites or functional groups on the 

wafer surface. When all of the available sites are saturated from one of the 

precursor gases (e.g., gas A), the reaction stops and a purge gas is used to 

purge the excess precursor molecules from the process chamber. The 

process is repeated, as the next precursor gas (i.e., gas B) flows over the 

wafer surface. For a process involving two precursor gases, a cycle can be 

defined as one pulse of precursor A, purge, one pulse of precursor B, and 

purge. A cycle can include the pulses of additional precursor gases, as well 

as repeats of a precursor gas, with the use of a purge gas in between 

successive pulses of precursor gases. This sequence is repeated until the 

final thickness is reached. These sequential, self-limiting surface reactions 

result in one monolayer of deposited film per cycle. 

[0005] The pulses of precursor gases into the processing chamber are 

normally controlled using on/off-type valves which are simply opened for a 

predetermined period of time to deliver a desired amount (mass) of precursor 

gas with each pulse into the processing chamber. Alternatively, a mass flow 

controller, which is a self-contained device comprising a transducer, control 

valve, and control and signal-processing electronics, is used to deliver an 

amount of gas (mass) at predetermined and repeatable flow rates, in short 

time intervals. In both cases, the amount of material (mass) flowing into the 

process chamber is not actually measured, but inferred from measuring 

parameters of the ideal gas law. 

[0006] Systems known as pulse gas delivery (PGD) devices have been 

developed that can measure and deliver pulsed mass flow of precursor gases 

into semiconductor processing chambers and other processing tools. Such 

devices are designed to provide repeatable and precise quantities (mass) of 

gases for use in semiconductor manufacturing processes, such as atomic 

layer deposition (ALD) processes. 
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[0007] PGDs usually include a delivery reservoir or chamber containing the 

gas to be delivered during the ALD process upstream to the processing 

chamber or tool. By measuring the pressure and temperature of the gas in 

the delivery chamber, and controlling the flow of gas from the delivery 

chamber as a function of the pressure drop of the gas in the chamber during 

delivery, the mass of a pulse of gas delivered during the ALD can be precisely 

controlled. The flow of the pulse of gas from the chamber is controlled with an 

on/off-type outlet valve between the delivery chamber of the PGD and the 

process tool receiving the gas. The amount of time the valve is required to be 

open to deliver a pulse of gas of a given mass is a further function of the 

starting pressures of the gas in the chamber and the downstream pressure of 

the processing chamber or tool. For example, for a given amount of gas that 

needs to be delivered, the starting pressure in the delivery chamber at a 

higher starting pressure requires a shorter time for the valve to be open than 

at a lower starting pressure since the mass flow occurs more quickly at the 

higher starting pressure. The charge period and the delivery period of PGDs 

should be tightly controlled for fast pulse gas delivery applications in order to 

insure accurate delivery of prescribed amounts of gas(es). As a result, the 

upstream pressure of the PGDs as well as the charged pressure in the PGDs 

should be tightly controlled in order to meet the repeatability and the accuracy 

requirement of the ALD process. 

[0008] Further, the inlet and outlet valves in the PGD have a finite 

response time to transition from one state (on/off) to another state (off/on) 

when the valves are commanded for either charging the chamber or delivering 

the gas pulse. For example, a typical response time of pneumatic shut-off 

valves in ALD applications is between about 5 and 35 milliseconds. The 

response time of the valves can introduce a delay to a response to the valve 

command sent by the PGD controller, which causes either an overcharging of 

the PGD chamber or overdelivering of the gas pulse to the processing 

chambers or tools as illustrated in Fig. 2. For example, in the charging mode 

of the PGD, the outlet valve is shut, the inlet valve is open for gas to enter the 
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delivery chamber of the PGD, and the PGD controller monitors the pressure 

change. The PGD controller needs to send a shut-off command to the inlet 

valve early before the delivery chamber reaches the pressure setpoint by 

considering the response time (or delay) of the inlet valve; otherwise, the 

delivery chamber can be overcharged or the delivery chamber pressure is 

above the setpoint. 

[0009] More recently, certain processes have recently been developed that 

require high speed pulsed or time-multiplexed processing. For example, the 

semiconductor industry is developing advanced, 3-D integrated circuits thru-

silicon vias (TSVs) to provide interconnect capability for die-to-die and wafer-

to-wafer stacking. Manufacturers are currently considering a wide variety of 

3-D integration schemes that present an equally broad range of TSV etch 

requirements. Plasma etch technology such as the Bosch process, which has 

been used extensively for deep silicon etching in memory devices and MEMS 

production, is well suited for TSV creation. The Bosch process, also known 

as a high speed pulsed or time-multiplexed etching, alternates repeatedly 

between two modes to achieve nearly vertical structures using SF6 and the 

deposition of a chemically inert passivation layer using C4F8. Targets for TSV 

required for commercial success are: adequate functionality, low cost and 

proven reliability. 

[0010] Currently, there are two prior art approaches for high speed pulse 

gas delivery in a Bosch process. The first prior art approach is to use fast 

response mass flow controllers (MFCs) to turn on and off gas flows of the 

delivery pulse gases. This method suffers from slow delivery speed, and poor 

repeatability and accuracy. The second prior art approach involves using 

MFCs coupled with downstream three-way valves. The MFCs maintain 

constant flow and the downstream three-way valves switch between the 

process line and the divert dump line frequently in order to deliver pulse gases 

to the process chamber. Clearly, a lot of gases are wasted, which increases 

the process cost. The second method also suffers from repeatability and 

accuracy of delivery. Thus, it is desirable to provide a solution for high speed 
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pulse delivery applications, such as the Bosch process used for TSV creation, 

that reduce or overcome these problems. 

DESCRIPTION OF RELATED ART 

[0011] Examples of pulse mass flow delivery systems can be found in U.S. 

Patent Nos. 7615120; 7628860, 7662233 and 7735452; and U.S. Patent 

Publication Nos. 2006/00601139; and 2006/0130755. 

Summary 

[0012] As discussed above, the starting chamber pressure of the delivery 

chamber is critical for repeatability of pulse gas delivery. Hence, by tightly 

controlling the variance of the starting chamber pressure before the pulse gas 

delivery, one can improve the repeatability of the gas pulse delivery. 

[0013] Accordingly, in accordance with one aspect of the teachings 

described herein, a system for delivering pulses of a desired mass of gas to a 

process chamber or tool, comprising: a gas delivery chamber; a first valve 

arranged so as to control the flow of gas into the gas delivery chamber; a 

second valve arranged so as control the flow of gas leaving the gas delivery 

chamber so that the gas can leave the gas delivery chamber in pulses, each 

of a selected mass as a function of the initial pressure of the gas in the gas 

delivery chamber and the duration of the respective pulse; and a pressure 

control arrangement configured and arranged so as to control the flow of gas 

into the gas delivery chamber so as to precharge the gas in the gas delivery 

chamber to an initial pressure set point prior to delivering the pulses of gas 

such that the variance of the starting pressure of the gas in the gas delivery 

chamber is controlled prior to delivering the pulses of gas, and the 

repeatability of the mass delivery is improved as a function of the duration of 
each of the pulses. In accordance with another aspect of the teachings 
described herein, a method of delivering pulses of a desired mass of gas to a 

tool, comprises: 
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controlling the flow of gas into the gas delivery chamber, and 

controlling the flow of gas leaving the gas delivery chamber so that the gas 

can leave the gas delivery chamber in pulses, each of a selected mass as a 

function of the initial pressure of the gas in the gas delivery chamber and the 

duration of the respective pulse; and precharging the gas in the gas delivery 

chamber to an initial pressure set point prior to delivering the pulses of gas 

such that the variance of the starting pressure of the gas in the gas delivery 

chamber is controlled prior to delivering the pulses of gas, and the 

repeatability of the mass delivery is improved as a function of the duration of 

each of the pulses. 

[0014] These, as well as other components, steps, features, objects, 

benefits, and advantages, will now become clear from a review of the 

following detailed description of illustrative embodiments, the accompanying 

drawings, and the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0015] The drawings disclose illustrative embodiments. They do not set 

forth all embodiments. Other embodiments may be used in addition or 

instead. Details which may be apparent or unnecessary may be omitted to 

save space or for more effective illustration. Conversely, some embodiments 

may be practiced without all of the details which are disclosed. When the 

same numeral appears in different drawings, it refers to the same or like 

components or steps. 

[0016] Fig. 1 is a block diagram of one embodiment of a gas delivery 

system for providing high speed pulse delivery; 

[0017] Fig. 2 is a graphical illustration of the pressure with in the chamber 

of the PGD shown in Fig. 1 vs time during the delivery of a pulse of gas from 

the delivery chamber; 
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[0018] Fig. 3 is a block diagram of the use of the system coupled to a 

source of gas and a process tool; and 

[0019] Fig. 4 is a partial block partial schematic diagram of an ALD system 

incorporating the gas delivery system of the type shown in Fig. 1. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0020] Illustrative embodiments are now discussed. Other embodiments 

may be used in addition or instead. Details which may be apparent or 

unnecessary may be omitted to save space or for a more effective 

presentation. Conversely, some embodiments may be practiced without all of 

the details which are disclosed. 

[0021] Fig. 1 shows a block diagram of one embodiment of a system 

constructed to provide high speed pulse delivery of a gas. The system 10 and 

method carried out by using the system are particularly intended to deliver 

contaminant-free, precisely metered quantities of process gases to a 

semiconductor tool, such as a semiconductor processing chamber, or a 

plasma etching machine. The gas delivery system 10 reliably measures the 

amount of material (mass) flowing into the semiconductor tool, and provides 

for accurate delivery of the mass of a gas in pulses of relatively short duration 

in a reliable and repeatable fashion. Further, the system employs a more 

simplified operation, while providing delivery of the desired number of moles 

of gas over a wide range of values, without the need to divert gas to achieve 

the accurate, reliable and repeatable results. 

[0022] In Fig. 1, the system 10 shown includes a gas delivery chamber or 

reservoir 12, inlet valve 14 controlling mass flow into the gas delivery chamber 

12, and outlet valve 16 controlling mass flow out of the chamber 12. In the 

illustrated embodiment, the inlet and outlet valves are shut-off valves having 

relatively fast shut off responses, i.e., transition from an open state to a shut 

off state on the order of one to five milliseconds, although this can clearly 

vary. 
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[0023] The mass flow delivery system 10 also has a pressure sensor or 

transducer 18 for providing signals representative of measurements of 

pressure within the chamber 12 and a temperature sensor 20 for providing 

signals representative of measurements of temperature on or within the 

chamber 12. According to one exemplary embodiment of the present 

disclosure, the temperature sensor 20 is in contact with, and provides 

measurement of the temperature of a wall of the chamber 12. 

[0024] A signal representing the desired mass flow is provided at the input 

22 of the pulse delivery controller 24. Controller 24 also receives inputs 

representative of the pressure and temperature measured by the pressure 

transducer 18 and temperature sensor 20, respectively. Input 22 can also 

receive signals representing other processing instructions and various 

conditions. The system also includes one or more outputs 26 and 28 for 

providing control signals that are used to control the operation of the inlet and 

outlet valves 14 and 16, respectively. As will be more apparent hereinafter, 

the duration of the control signal used to open the inlet valve 14 is a function 

of the level of pressure that is desired in the delivery chamber 12 prior to 

delivering a pulse of gas, with the duration of the control signal used to open 

the outlet valve 16 is a function of the duration of the pulse of gas (which in 

turn is correlated to mass of gas delivered) delivered through the outlet valve. 

[0025] In order to provide a more comprehensive solution for fast pulse 

mole delivery, speed up the delivery cycle and enable a very fast pulse mode 

delivery operation, improve the range and the accuracy of the pulse mode 

delivery doses, and reduce the operation complexity for users of the system, 

the system further includes additional components configured to provide a 

more controlled starting pressure within the delivery chamber 12 prior to 

delivery of gas though valve 16 to a tool so that the measured flow from 

chamber 12 is more accurate and repeatable, and can be operated at shorter 

pulse rates. 
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[0026] As shown in the embodiment illustrated in Fig. 1, the system 10 

further comprises a buffer chamber or reservoir 40 for holding the gas to be 

delivered through the inlet valve 14 so that the pressure in the chamber 12 

can be precharged to a predetermined level prior to delivering a dose or 

series of doses of the gas through the outlet valve 16. In order to control the 

gas from a gas source 52 into and out of the antechamber or buffer chamber 

40, a control valve 42 is provided at the input of the buffer chamber 40 for 

controlling the flow of gas from a source of the gas into the chamber 40. Inlet 

control valve 42 can be a proportional control valve which is adapted to be 

controlled so as to maintain the pressure within the chamber 40 substantially 

at a constant predetermined level. It can remain open during the precharging 

step when gas is provided from chamber 40 through inlet valve 14 into the 

chamber 12, or closed as gas flows from the chamber 40 through inlet valve 

14 into chamber 12. Further it can be controlled so that the pressure within 

the chamber is maintained regardless of whether gas is being delivered to the 

delivered to the process chamber. A pressure sensor or transducer 44 

provides a signal representative of the pressure within chamber 40. A signal 

representative of the pressure is provided to pressure controller 46 and 

connected so as to provide a control signal to inlet valve 42 as a function of 

the pressure measurement. Finally, a main pulse gas delivery controller 48 is 

provided for controlling the entire system. 

[0027] The controller 48 is configured to provide data and instructions to 

and from each of the controllers 24 and 46, as well as data and instructions to 

and from a user interface 50. User interface 50 can be any suitable device 

such as a computer including a keyboard and monitor configured so that an 

operator can use the interface to operate the gas delivery system 10. It 

should be apparent, that while three processors 24, 46 and 48 are shown, the 

system can operate with any number of controllers to carry out the functions 

of the three illustrated controllers, with a single device being more efficient. 

The buffer chamber 40 has a volume Vi for containing gas received from the 

source 52. The gas provided in the chamber 40 is used to control the 
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upstream pressure Pi of the gas provided to the chamber 12. The starting 

pressure P2 of the volume V2 of gas or vapor in the chamber 12 can therefore 

be controlled. Thus, the variation of the initial charging pressure P2 of volume 

V2 prior to the delivery of each pulse can be minimized. The pressure set 

point of the gas in buffer volume V1 of buffer chamber 40 is a function of gas 

type, the pulse gas delivery amount set point established by the user through 

the user interface 50, Specifically, 

PI,SP = funotion 1 (gasjtype, pulse_gas_delivery_setpoint)m, 

(1) 

wherein Pi, SP is the pressure setpoint of the buffer chamber, 

gasjtype is the properties of delivered gas such as molecular 

weight, heat capacity, thermal conductivity, and viscosity etc., 

and 

pulse_gas_delivery_setpoint is the setpoint of the pulse gas 

delivery amount for each dose. 

[0028] Referring to Fig. 2, the graphical illustration shows the changes in 

pressure within delivery chamber 12 as the chamber is charged to a 

predetermined pressure level prior to delivering one or more pulses of gas, 

and then gas is discharged from the delivery chamber 12 during delivery of a 

pulse through the outlet valve 16. 

[0029] Specifically, prior to time t0, the inlet valve 42 is actively controlled 

such that the pressure in the buffer chamber 40, Pi, is regulated to the 

predetermined level such as defined in equation (1). At time t0, the outlet 

valve 16 is closed and inlet valve 14 is open so that gas flow into the chamber 

12 to the predetermined pressure P2,SP that is established by the pulse gas 

delivery controller 48 based upon the input provided through the user 

interface 50. Specifically, 

P2, SP = function2(gas_type, pulse_gas_delivery_setpoint)m, 

(2) 

-10-



WO 2012/044658 PCT/US2011/053614 

weight, 

and 

gas delivery 

wherein P2, SP is the pressure setpoint of the delivery chamber, 

gasjtype is the properties of delivered gas such as molecular 

heat capacity, thermal conductivity, and viscosity etc., 

pulse_gas_delivery_setpoint is the setpoint of the pulse 

amount for each dose. 

[0030] When the predetermined pressure P2, SP is reached, the inlet valve 

14 is closed at time U- As can be seen in Fig. 2, an overcharge (or overshoot 

in pressure) occurs during the time interval Ati (the time it takes for inlet valve 

to completely close), during which time the pressure will rise and then fall to a 

quiescent level. The pressure is allowed to settle. The system is thus 

charged and ready to deliver to predetermined molar amount of gas, delivered 

as a pulse through the outlet valve 16, which opens at time t2 for a 

predetermined amount of time, and closing at time t3, when the programmed 

molar quantity has been delivered. As seen in Fig. 2, it takes a finite amount 

of time, At2, for the outlet valve to complete close when it is commanded to 

close at time t3. As a consequence there again will be some overshoot (over-

delivery) of gas, before the gas in chamber settles at the final pressure Pf as 

shown. The cycle can then be repeated using the gas in buffer chamber 40 to 

charge the delivery chamber 12 prior to delivery of the next pulse. 

[0031] The amount of pulse gas delivered between t2 and t2 in Fig. 2, An, 

can be analyzed by the following equation: 

A n = \,Q-dt=['Cr(P-Pd)dt 
wt 9 

= C„0 [" (P-Pd)dt + (r C„ (t)dt) -(Pf-Pd) 
tit 2 »«3 

= cJ\P-Pd)dt + ICv-(Pf-Pd) 
^2 
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wherein Q is the flow rate through the outlet valve 16, 

Cv or Cv(t) the conductance of the valve which is a function of 

time as it opens or closes, 

Cvo the full open valve conductance, 

ICV the integral value of valve conductance during the valve 

closing period from t3 to t4, 

P the pressure in delivery chamber 12, 

Pf the final delivery chamber pressure, and 

Pd the downstream pressure of delivery chamber 12. 

[0032] As shown, the term ICv*(Pf - Pd) defines the amount of over-delivery 

in moles. Note that ICV is indeed a random variable, i.e. the closing time of the 

outlet valve is a random variable. If the system did not provide for precharging 

the chamber 12 with gas from a buffer chamber (such as 40) with a 

predetermined constant pressure Pi.sp, the starting delivery chamber 

pressure P2 could vary, so that the amount this error would vary since the final 

chamber pressure value of Pf would vary from cycle to cycle. The higher the 

starting pressure, the larger the affect of the error. By using the buffer volume 

of chamber 40, the upstream pressure provided by chamber 40 to the delivery 

chamber 12 is such that the variation of the charging pressure in chamber 12 

is minimized with a much controlled constant upstream pressure. This 

assures that the error ICv*(Pf - Pd) would be constrained to within a smaller 

range of errors. By constraining the error to be within a smaller range of 

errors, it is possible to provide better compensation for the errors in a 

repeatable manner so that delivery of the precise amount of gas in more 

accurate. By providing an upstream volume within a relatively constant 

pressure as a function of gas type and pulse gas delivery setpoint, the system 

is enabled to tightly control the charged pressure in chamber 12. Therefore, 

the variation on charged pressure is minimized which also minimized the 

repeatability error for pulse gas delivery caused by the valve time uncertainty. 
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[0033] One application for the pulse delivery system is to use the pulse 

delivery system, shown generally at 10A in Fig. 3, to control the pulses 

provided to a semiconductor tool shown at 100. 

[0034] Another application is to use two or more pulse delivery systems 

(two being shown at 10B and 10C in Fig. 4) of an atomic layer deposition 

system 110 such as the type described in US Patent No. 7615120, used in 

chemical vapor deposition (CVD) processes. For example, in such as system 

each system 10A and 10B is used to control the pulses of precursor gases 

provided to the ALD (atomic layer deposition) reactor 110. Specifically, gas 

is provided from either system 10B or 10C to the mixing manifold 112. The 

latter has two inlets for the introduction of gases from systems 10B and 10C. 

A carrier gas is introduced and the flow split at the mixing manifold. The 

carrier gas is typically an inert gas, such as nitrogen. In the example given 

chemistry A is a precursor provided from by system 10C and chemistry B is a 

precursor provided by system 10B. The carrier and precursor gases are 

mixed and provided to a plasma forming zone 114 for forming plasma of the 

mixed gases. 

[0035] The plasma is provided to a gas distributor 116 which distributes 

the gas within the ALD reactor 110. A wafer 118 is disposed on a wafer 

support 120, both being heated by a heater 122. A throttle valve 124 and 

pump 126 are used to control the vacuum in the reactor 110, and evacuate 

the gases that are provided from the systems 10B and 10C during the 

process. 

[0036] As described, the gas delivery system 10 reliably measures the 

amount of material (mass) flowing into the semiconductor tool, and provides 

for accurate delivery of the mass of a gas in pulses of relatively short duration 

in a reliable and repeatable fashion. Further, the system employs a more 

simplified operation, while providing delivery of the desired number of moles 

of gas over a wide range of values, without the need to divert gas to achieve 

the accurate, reliable and repeatable results. 
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[0037] The components, steps, features, objects, benefits and advantages 

which have been discussed are merely illustrative. None of them, nor the 

discussions relating to them, are intended to limit the scope of protection in 

any way. Numerous other embodiments are also contemplated. These include 

embodiments which have fewer, additional, and/or different components, 

steps, features, objects, benefits and advantages. These also include 

embodiments in which the components and/or steps are arranged and/or 

ordered differently. 

[0038] Unless otherwise stated, all measurements, values, ratings, 

positions, magnitudes, sizes, and other specifications which are set forth in 

this specification, including in the claims which follow, are approximate, not 

exact. They are intended to have a reasonable range which is consistent with 

the functions to which they relate and with what is customary in the art to 

which they pertain. 

[0039] All articles, patents, patent applications, and other publications 

which have been cited in this disclosure are hereby incorporated herein by 

reference. 

[0040] The phrase "means for" when used in a claim is intended to and 

should be interpreted to embrace the corresponding structures and materials 

which have been described and their equivalents. Similarly, the phrase "step 

for" when used in a claim is intended to and should be interpreted to embrace 

the corresponding acts which have been described and their equivalents. The 

absence of these phrases in a claim mean that the claim is not intended to 

and should not be interpreted to be limited to any of the corresponding 

structures, materials, or acts or to their equivalents. 

[0041] Nothing which has been stated or illustrated is intended or should 

be interpreted to cause a dedication of any component, step, feature, object, 

benefit, advantage, or equivalent to the public, regardless of whether it is 

recited in the claims. 
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[0042] The scope of protection is limited solely by the claims which now 

follow. That scope is intended and should be interpreted to be as broad as is 

consistent with the ordinary meaning of the language which is used in the 

claims when interpreted in light of this specification and the prosecution 

history which follows and to encompass all structural and functional 

equivalents. 
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CLAIMS 

What is claimed is: 

1. A system for delivering pulses of a desired mass of gas to a 

process chamber or tool, comprising: 

a gas delivery chamber; 

a first valve arranged so as to control the flow of gas into the gas 

delivery chamber; 

a second valve arranged so as control the flow of gas leaving 

the gas delivery chamber so that the gas can leave the gas delivery chamber 

in pulses, each of a selected mass as a function of the initial pressure of the 

gas in the gas delivery chamber and the duration of the respective pulse; and 

a pressure control arrangement configured and arranged so as 

to control the flow of gas into the gas delivery chamber so as to precharge the 

gas in the gas delivery chamber to an initial pressure set point prior to 

delivering the pulses of gas such that the variance of the starting pressure of 

the gas in the gas delivery chamber is controlled prior to delivering the pulses 

of gas, and the repeatability of the mass delivery is improved as a function of 

the duration of each of the pulses. 

2. A system according to claim 1, further including a pressure 

transducer arranged so as to provide a pressure signal as a function of the 

pressure within the gas delivery chamber, wherein the pressure control 

arrangement includes a controller for controlling the flow of gas into the gas 

delivery system as a function of the pressure signal. 

3. A system according to claim 1, further including a temperature 

sensor arranged so as to provide a temperature signal as a function of the 

gas temperature within the gas delivery chamber, wherein the pressure 
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control arrangement includes a controller for controlling the flow of gas into 

the gas delivery system as a function of the temperature signal. 

4. A system according to claim 1, wherein the pressure control 

arrangement includes a first controller configured and arranged so as to 

control the flow of gas into and out of the gas delivery chamber as a function 

of the pressure within the gas delivery chamber; 

5. A system according to claim 1, wherein the pressure control 

arrangement includes an antechamber constructed and arranged so as to 

receive the gas and selectively coupled to provide gas through the first valve 

into the gas delivery chamber by controlling the operation of the first valve so 

as to control the variance of the initial pressure set point of the gas in the gas 

delivery chamber before pulse gas delivery of pulses of gas. 

6. A system according to claim 5, wherein the pressure control 

arrangement is further configured and arranged so as to control the first valve 

so as to control the flow of gas from the antechamber into the gas delivery 

chamber so as to control the variance of the initial pressure set point of the 

gas in the gas delivery chamber before pulse gas delivery of pulses of gas. 

7. A system according to claim 5, further including a first pressure 

transducer arranged so as to provide a first pressure signal as a function of 

the pressure within the gas delivery chamber, and a second pressure 

transducer arranged so as to provide a second pressure signal as a function 

of the pressure within the antechamber, wherein the pressure control 

arrangement includes a controller for controlling the flow of gas into the gas 

delivery system as a function of the first and second pressure signals. 

8. A system according to claim 7, further including a third valve 

arranged so as to control the flow into the antechamber, and wherein the 

pressure control arrangement is configure and arranged so as to control the 

third valve so as to control the flow of gas into the antechamber as a function 

of the second pressure signal, control the first valve so as to control the flow 
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of fluid from the antechamber into the gas delivery chamber as a function of 

the first and second pressure signals, and control the flow of gas leaving the 

gas delivery chamber as a function of the first pressure signal. 

9. A system according to claim 8, wherein the controller 

arrangement includes a first controller configured and arranged so as to 

control the first and second valves, and a second controller configured and 

arranged so a to control the third valve, and a third controller configured and 

arranged so as to control the first and second controllers. 

10. A system according to claim 5, wherein the antechamber is 

selectively coupled to the gas delivery chamber so as to charge the gas 

delivery chamber with the gas through the first valve. 

11. A system according to claim 5, wherein the controller 

arrangement is configured and arranged so as to control the first control valve 

so as to maintain the pressure in the antechamber at a select pressure. 

12. A system according to claim 11, wherein the initial pressure set 

point in the gas delivery chamber is a function of gas type and the selected 

mass of the pulse of gas to be delivered. 

13. A method of delivering pulses of a desired mass of gas to a 

process chamber or tool, comprising: 

controlling the flow of gas into the gas delivery chamber, and 

controlling the flow of gas leaving the gas delivery chamber so that the gas 

can leave the gas delivery chamber in pulses, each of a selected mass as a 

function of the initial pressure of the gas in the gas delivery chamber and the 

duration of the respective pulse; and 

precharging the gas in the gas delivery chamber to an initial pressure 

set point prior to delivering the pulses of gas such that the variance of the 

starting pressure of the gas in the gas delivery chamber is controlled prior to 
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delivering the pulses of gas, and the repeatability of the mass delivery is 

improved as a function of the duration of each of the pulses. 

14. A method according to claim 13, further including controlling the 

flow of gas into the gas delivery system as a function of the pressure within 

the gas delivery chamber. 

15. A method according to claim 13, further including controlling the 

flow of gas into the gas delivery system as a function of the temperature of the 

gas within the gas delivery chamber. 

16. A method according to claim 13, further including controlling the 

flow of gas into and out of the gas delivery chamber as a function of the 

pressure within the gas delivery chamber. 

17. A method according to claim 13, further including receiving the 

gas in an antechamber and selectively controlling the gas flow from the 

antechamber into the gas delivery chamber by controlling the operation of a 

valve so as to control the variance of the initial pressure set point of the gas in 

the gas delivery chamber before pulse gas delivery of pulses of gas. 

18. A method according to claim 17, further including controlling an 

inlet valve to the antechamber so as to control the flow of gas into the 

antechamber as a function of the pressure of gas within the antechamber, 

controlling an inlet valve to the gas delivery chamber so as to control the flow 

of gas from the antechamber into the gas delivery chamber as a function of 

the pressure within the antechamber and the pressure within the gas delivery 

chamber, and controlling an outlet valve so as to control the flow of fluid out of 

the gas delivery chamber. 

19. A method according to claim 13, wherein the initial pressure set 

point is a function of gas type and the selected mass of the pulse of gas to be 

delivered. 
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