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CLAIMS

‘What is claimed is:

b
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6.

A puise gas control system, the system comprising:

a gas conceniration measurement svstem configured to measure a
concentration of a process gas in a gas mixture; and

a pulse gas delivery system configured to sense flow of the gas mixture and
control flow of the gas mixture and to receive the concentration of the process gas in
the gas mixture, rocasured by the gas concentration measurement system, and to
control an amount of gas mixture delivered in a pulse of gas flow based on the
received concentration of the process gas to control a mole amount of the process gas

delivered to a process chamber in each pulse.

The pulse gas control system of Claim 1, wherein the pulse gas delivery system is

configured to adjust a flow setpoint of the gas mixture during the pulse.

The pulse gas control system of Claim 2, wherein the pulse gas delivery system is
configured to adjust the flow setpoint of the gas mixture based on the received

concentration of the process gas.

The system of Claim 3, wherein the pulse gas delivery system sets an initial targst
flow setpoint of the gas mixture in inverse proportion 1o the received concentration of

the process gas.

The system of Claim 4, wherein the pulse gas delivery system sets the initial target
flow setpoint in proporiion 1o a process gas mole delivery per pulse setpomnt divided
by a product of a pulse duration period mudtiplied by the received concentration of the

process gas.
The system of Claim 2, wherein the pulse gas dehiverv systern adjusts the flow

setpoint, during a pulse duration period, based on a changed measurement of the

process gas conceniration during the pulse duration period.
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The system of Claim 6, wherein the pulse gas delivery system adjusts the flow
setpoint based on a relationship:

N
“Myp=fp, m (OHC{OAL

Qsp(‘ib) = :

(Bt {E-1)1C{E)

where Qup{t) is the How setpoint, k 1s a mole to flow unit conversion constant, Mspis a
process gas mole delivery per pulse setpoint, Qm{t) is a measured flow rate of the
pulse gas delivery system, {1} is the received process gas concentration, At is the
pulse duration period, t is a current time, and to is an initial time of the pulse duration

pertod.

The system of Claim 6, wherein the pulse gas delivery system adjusts the flow
setpoint over time during the pulse duration period until the pulse duration period is

complete.

The system of Claim 2, wherein the pulse gas delivery system maintains a constant

pulse duration while adjusting the flow setpoint.

The system of Claim 1, wherein the gas concentration measurement sysiem comprises
an optical gas sensor, a swrface acoustic wave device, an ulirasound sensor, a mass

spectrometer or a thermal conductive detector,

The system of Claim 1, wherein the gas concentration measurement system is
arranged in series between a source of the gas mixture and the pulse gas delivery
systern, to receive the gas muixture from a source and to provide the gas roixture to the
pulse gas delivery system.

The system of Claum 1, wherein the gas concentration measurement system is
arranged to recetve a sample of the gas mixture from a sample line that samples a gas

flow of the gas mixtwre from a sowrce {0 the puise gas delivery system.

The system of Claim 1, wherein the process chamber to which the pulse gas delivery

system is configured to deliver the process gas is one of: an Aftomic Layer Deposition
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(ALD) process, an Atomic Layer Etch {ALE) process, a Through Siicon Via (TSV)
process, a pulsed deep reactive ton etch {DRIE) process, a plasma enhanced chemical

vapor deposition (CVI3) process and a plasma enhanced etching process.

The system of Claim 1, wherein the pulse gas delivery system is configured to adjust

a pulse duration used to deliver the gas nuxiure to the process chamber.

The system of Claim 14, wherein the pulse gas deliverv system is configured to adjust
the pulse duration by ending the pulse duration when a total mole amount of process

gas delivered is greater than or equal to a process gas mole delivery per pulse setpoint.

The system of Claim 14, wherein the pulse gas delivery system is configured to adjust

a flow setpoint of the gas muxture during the pulse and fo adjust the pulse duration.

The system of Claim 1, wherein the pulse gas delivery system is configured to receive
the concentration of the process gas in the gas mixture at an update rate that is at least
ten times a pulse frequency that corresponds to a pulse duration period of the pulse

eas delivery system.

The sysiem of Claim 1, comprising a heater configured to maintain at least part of the

flow of the gas mixture comprising the process gas at an elevated temperature,

The system of Claim 18, wherein the pulse gas deliverv system is configured to
conirol the heater to maintain a substantially constant elevated temperature of the
process gas along at least part of the flow of the gas mixture between a source and the

process chamber.

A method of condrolling a pulse gas delivery sysiem, the method comprising;
measuring a concentration of a process gas in a gas mixture;
with the pulse gas delivery system, receiving the concentration of the process
gas in the gas mixture; and
controlling an amount of gas mixture delivered in a pulse of gas flow by the

pulse gas delivery system based on the received concentration of the process gas to
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control a mole amount of the process gas delivered to a process chamber in each

pulse.

The method of Claim 20, comprising adjusting a flow setpoint of the gas mixture

during the pulse.

The method of Claim 21, comprising adjusting the flow setpoint of the gas nuxture

based on the received conecentration of the process gas.

The method of Claim 22, comprising setting an initial target flow setpoint of the gas

mixture in inverse proportion to the received concentration of the process gas.

The roethod of Claim 23, comprising setting the mitial farget flow setpoint iv
proportion 1o a process gas mole delivery per pulse setpoint divided by a product of a

pulse dwration period multiplied by the recetved concentration of the process gas.

The method of Claim 21, comprising adjusting the flow seipoint, during a pulse
duration period, based on a changed measurement of the process gas concentration

during the pulse duration period.

The method of Claim 23, comprising adjusting the flow setpoint based on a
relationship:

kM —.;”t‘n OmC(t)dt

At (¢ to))CiE)

Qs;a (t) =
where Qsp(t) 1s the flow setpoint, k is a mole to flow urut conversion constant, Msp s a
process gas mole delivery per pulse setpoint, Qu(t) is a measured flow rate of the
pulse gas delivery system, C(t) is the received process gas conceniration, At is the
pulse duration period, tis a current time, and fo 1s an inttial time of the pulse duration

period.

The method of Claim 25, comprising adjusting the flow setpoint over time during the

pulse duration period until the pulse duration period is complete.
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The method of Claim 21, comprising maintaining a constant pulse duration while

adfusting the flow setpoint,

The method of Claim 20, comprising measuring the concentration of the process gas
in the gas mixture using an optical gas sensor, a surface acoustic wave device, an

ultrasound sensor, a mass specirometer or a thermal conductive detector.

The method of Claim 20, comprising using the pulse gas delivery system to deliver
the process gas to one oft an Atomic Layer Deposition (ALD) process, an Atomic
Layer Etch {ALE) process, a Through Silicon Via {TSV) process, a pulsed deep
reactive ton etch {DRIE) process, a plasma enhanced chemical vapor deposition

{(CVD) process and a plasma enhanced etching process.

The method of Claim 20, comprising adjusting a pulse duration used to deliver the gas

mixture o the process chamber.

The method of Claim 31, comprising adjusting the pulse duration by ending the pulse
duration when a total mole amount of process gas delivered is greater than or equal to

a process gas mole delivery per pulse setpoint.

The method of Claim 31, comprising adjusting a flow setpoint of the gas mixture

during the pulse and adjusting the pulse duration.

The method of Claim 20, comprising receiving the concentration of the process gas in
the gas mixture at an update rate that 1s at least ten times a pulse frequency that

corresponds to a pulse duration pertod of the pulse gas delivery system,

The roethod of Claim 20, comprising using a heater to maintain at least part of the

flow of the gas mixture comprising the process gas at an elevated temperature.

The method of Claim 35, comprising controlling the heater to mamntain a substantially
constant elevated temperature of the process gas along at least part of the flow of the

gas mixture between a source and the process chamber.



