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(57) Abrégée/Abstract:

Certain embodiments described herein are directed to generators that can be used to sustain a plasma. In some embodiments, the
generator comprises an oscillation circuit configured to electrically couple to an induction device and provide power to the induction
device In an osclllation mode to sustain the inductively coupled plasma in a torch body, the circuit configured to provide harmonic
emission control during sustaining of the inductively coupled plasma in the torch body in the oscillation mode of the generator.
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(57) Abstract: Certain embodiments described herein are directed to generators that can be used to sustain a plasma. In some embod-
iments, the generator comprises an oscillation circuit configured to electrically couple to an induction device and provide power to the
induction device mn an oscillation mode to sustain the inductively coupled plasma m a torch body, the circuit configured to provide
harmonic emission control during sustaining of the mductively coupled plasma in the torch body in the oscillation mode ot the generator.
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OSCILLATOR GENERATORS AND METHODS OF USING THEM

(OO0 | PRIORITY APPLICATION
{0002 ] This apphcation 1s related to, and claims prionty to and the benefit of, U.S. Apphication No.
15/146,294 filed on Aprd 27, 2010, the entire disclosure of which is hereby incorporated herein by

reference for all purposes.

10003} TRCHNOLOGICAL FIEKLD
{0004 ] Thas application 1s velated to generators and methods of using them. More particularly,
certain embodiments described herein are directed to a generator that is operative in one or more

oscillations modes to sustain a plasrna or other atomuzation/1omzation device.

(0005]  BACKGROUND
{0006 {zenerators are commonly used to sustain a plasma within a torch body. A plasma includes

charged particles. Plasmas bave many uses inchuding atonuzing and/or ionizing chemical species,

{0007} SUMMARY
{0002 ] {Certain aspects, atirtbutes and features are directed to generators that may be operated in

one or more oscillation modes. The ge

(o

rerator may be used to power many different types of devices
mchuding, but not himited to, induction devices.

{0009 In a first aspect, a generator configured to sustain an mductively coupled plasma i a torch
bady 1s provided. In certain configurations, the generator comprises a processor and an osciliation
circuut electrically coupled 1o the processor, the asciliation circurt configured to electrically couple to
an mduction device and provide power o the mduction device n an ascilation mode to sustain the
inductively coupled plasma in the torch body, the circuit configured 1o provide harmonic enussion
control during sustaining of the mductively coupled plasma in the torch body 1n the oscitlatton mode of
the generator 18 provided.

{0010 In certain examples, the circuit comprises a first fransistor configured to electrically couple
o the nduction device. In other examples, the circuit further comprises a hust driver electrically
coupled to the first transistor and configured to electrically couple to the induction device. In some
embodiments, the first driver is configured to electnically couple (o the induction device through a first
low pass filter. In other embodiments, the circuit further comprises a second driver electrically
coupled to the second transistor and configured to electrically couple to the induction device. In some
wstances, the second dnver 1s configured to electnically couple to the mduction device through a

second low pass filter. In other instances, each of the first low pass filter and the second low pass hilter
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15 contigured to filier a feedback signal provided to the furst power transistor and the second power
fransistor. In further examples, each of the first low pass filter and the second low pass filter comprise
a high order ceranuc low-pass filter. In some embodiments, the high order ceramic low pass filier 1s
configured to provide at least a 20 dB cut off at 200 MHz or higher frequencies. In other examples, the
circuit 18 configured to provide impedance matching withun about three RE cycles. In some nstances,
the generator may comprise a detector elecincally coupled to the processor and configured o
determine when the plasma 1s 1gmted. In some examples, the processor 1s configured to disable the
osciliation circuit if the plasma 1s extinguished. In other embodiments, the generator may comprise a
signal converter between the processor and the detector. In certain instances, the oscillation circuit 18
configured to electrically couple to an induction device that comprises an mduction coil or a plate
clectrode. In some examples, the osciliation circuit is configured to divide power evenly 1o the fwst
fransistor and the second transistor. In other examples, the oscillation circuit 18 conhigured t0 Cross
couple feedback signals from the induction device to the hirst transistor and the second fransistor to
divide the power evenly. In certain embodiments, the oscillation circwat cornprises a first feedback
resistor electrically coupled to the first transistor. In some examples, the oscillation circuit comprises a
second feedback resistor electrically coupled 10 the second transistor. In certain configurations, the
osciiiation circuit comprises a first DO block capaciior electrically coupled to the first transistor. In
other configurations, the oscillation circutt comprises a second DX block capacttor electrically coupled
to the second transistor. In some examples, the generator comprises a circut as shown m FiG. 37,
FIG. 38 or FIG. 40.

{0011 In another aspect, an oscillation generator configured to provide power to an mduction
device surrounding at least some portion of a torch body is described. For example, the oscillation
generator can be conhigured to provide power {0 the induction device to igmie an mductively coupled
plasma 1 the torch body i a first state of the oscillation generator and to provide power to the
mdoction device to sostain the inductively coupled plasma 1n the torch body 1 a second state of the
oscillation generator, in which the oscillation generator cornprises: an oscillation circuit configured {0
provide a st frequency to the mduction device in the hirst stale of the generator. In certain
configurations, the oscillation circuit 15 configured to provide a second frequency to the mduction
device i the second state, wherein the second frequency 1s higher than the first frequency, and 2
processor configured 1o switch the generator from the first state to the second state after ignition of the
inductively coupled plasma.

{001 72] In some embodinents, the oscillator circuit s conhigured to provide harmonic ernission
control. In other embodiments, the circuid comprises a first transistor configured to electncally couple

to an induction device.  In additional examples, the circuit further comprises a fust driver elecinically

coupled 1o the first fransistor and configured 1o electnically couple to the induction device. In further
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examples, the first driver 1s configured to electrically couple to the induction device through a first low
pass Tiiter. In some embodiments, the curcuit Turther comprises a second driver electrically coupled to
the second transistor and configured to electrically couple to the induction device. In other examples,
the second driver 1s configured to electrically couple to the mduction device through a second low pass
filter. In certain instances, each of the first low pass filter and the second low pass hilter 18 configured
to futer a feedback signal provided (o the first power transistor and the second power transistor. o
some examples, each of the hirst low pass filter and the second low pass tilter comprises a high order
ceramuc low-pass filter. In other examples, the high order cerarmic low pass filter 1s configured 1o
provide a 2{) dB cut off at 200 MHz or higher frequencies. In certam embodiments, the circuit is
contigured to provide impedance matching within about three RF cycles after the generator 1s switched
from the first state 10 the second state. In other emboduments, the generator may comprise a detector
electnically coupled to the processor and configured o deternune when the plasma 18 1gmited. In some
instances, the processor 1s contigured to disable the oscillatton circuit if the plasma 1s extinguished. In
certain examples, the generator comprises a signal converter between the processor and the detector.
In some embodiments, the oscillation circuit 1s configured to electrically couple to an induction device
that comprises an mduction coil or a plate electrode. In other embodiments, the oscillation circuit is
contigured to divide power evenly to the fust transistor and the second transistor. In further examples,
the osciliation circuit 18 contfigured 1o cross couple feedback signals from the induction device 10 the
first transistor and the second transistor to divide the power evenly. In some examples, the oscillation
circuit comprises a first feedback resistor electrically coupled to the fust transistor and a second
feedback resistor electrically coupled to the second transistor. In other contigurations, the oscillation
circuit comprises a fwst DO block capaciior electrically coupled to the first transistor.  In some
examples, the oscillation cirewt comprises a second DO block capacttor electrically coupled to the
second transistor. in some exarples, the generator comprises a circuit as shown n FlG. 37, FlG. 38 or
Fi3. 440,

{001 3] In an additional aspect, a radio freguency generator conligured o power an induction
device 1s disclosed. In some configurations, the generator comprises a circwmt configured (o provide
power to the induction device in a fiest oscillation mode and to provide power to the mduction device
in a second oscitiation mode.

(0014 In some wstances, the circuit comprises a first transistor conhigured to electrically couple to
the induction device to provide power to the induction device.  In other instances, the circwat further
comprises a first driver electrically coupled to the first transistor and conhigured to electrically couple
to the induction device. In some configurations, the first driver 1s configured o electrically couple to

the mduction device through a fust low pass filter. In other configurations, the circud harther

comprises a second dnver electrically coupled to the second transistor and contigured to electrnically
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coupie to the induction device. In some examples, the second dover 1s configured to electrically
couple to the induction device through a second low pass filter. In certain exampies, each of the fwst
low pass fiter and the second low pass filter 18 configured to filfer a feedback signal provided to the
first power transistor and the second power transistor. In some embodiments, each of the first low pass
filter and the second low pass hilter comprise a high order cerammc fow-pass filter. In certain exaraples,
the high order ceramic low pass hilter 15 configured to provide at least a 20 dB cut off at 200 MHz or
higher frequencies. In some examples, the circuit 1s contigured o provide impedance matching within
about three RF cycles after the generator 18 switched from the furst state to the second state. In some
examples, the generator comprises a detector electrically coupled to a processor configured to
deternune when the plasma 18 ignied. In certain embodiments, the processor 18 configured to disabie
the oscillation circuit if the plasma 1s extinguished. In other embodiments, the generator comprises a
signal converter between the processor and the detector. In certain exampies, the oscillation circuit 18
configured to electnically couple to an mnduction device that comprises an induction coil or a plate
electrode. In certain embodiments, the osciliation circuit 18 configored to divide power evenly (o the
hirst transistor and the second transistor. In some examples, the oscillation circwt s configured (o
cross couple feedback signals trom the induction device to the first fransistor and the second transistor
to divide the power evenly. In other examples, the oscillation circuit comprises a first feedback resistor
electrically coupled to the fuirst transistor. In some embodiments, the oscdlation circuit comprises a
second feedback resistor elecinically coupled to the second transistor.  In other embodiments, the
osciliation ciremt comprises a first DO block capacitor electrically coupled to the fwst transistor. In
additional embodiments, the oscillation cwcuit comprises a second DO block capacitor electrically
coupled to the second transistor. In some examples, the generator comprises a cireuit as shown in FIG.
37, FIG. 38 or FIG. 40,

{O015] In another aspect, a system comprising an induction device, and a generator electrically
coupled to the induction device and coniigured to sustain an inductively coupled plasma 1n a forch
body, the generator comprising a processor and an oscillation circuit electrically coupled to the
processor, the oscillabon cirewit configured to provide power 1o the induction device 1n an osciliation

mode 1o sustain the inductively coupled plasma n the forch body, wherein the circudd 1s further

]

configured to provide harmonic enussion control during sustaining of the mductively coupled plasma

I 4

i the torch body in the oscillation mode of the generator 15 provided.

{0016] In certain exarnples, the circuit cornprises a first transistor and a second transistor each
electrically coupled to the mnduction device. In other examples, the circuit further comprises a first
driver elecirically coupled to the first transisior and electrically coupled to the mduction device. In
turther examples, the first driver s electrically coupled to the induction device through a first low pass

filter. In some examples, the circuit further comprises a second dover elecinically coupled to the
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second transistor and electrically coupled to the induction device. In other embodiments, the second
driver s electnically coupled to the induction device through a second low pass fidter. In some
embodiments, each of the fivst low pass filter and the second low pass filter 1s contfigured to filter a
teedback signal provided to the first power transistor and the second power transistor. In additional
embodiments, each of the first low pass filter and the second low pass filter comiprise a hagh order
ceramic low-pass filter. In some contfigurations, the high order ceramnic low pass filter 1s configored {0
provide at least a 20 dB cut off at 200 MHz or higher frequencies. In certain 1nstances, circuit 1S
configured to provide mmpedance matching within about three RF cveles.  In other instances, the
system comprises a detector electrically coupled to the processor and configured to deternune when the
plasma s igmted. In further examples, the processor 18 configured o disable the osciliation curcuit if
the plasma 1s extinguished. In additional examples, the system comprises a signal converter between
the processor and the detector. In some embodiments, the induction device comprises an mnduchion coil
or a plate electrode. In other embodiments, the oscillation circuit 1s configured to divide power evenly
to the fhirst transistor and the second transistor. In some configurations, the oscillation circuit s
configured to cross couple feedback signals from the induction device to the hrst transistor and the
second transistor to divide the power evenly. In other configurations, the oscillation circuit Comprises
a Tirst feedback resistor electnically coupled o the first transistor. In additional contfigurations, the
osciliation circuit comprises a second feedback resistor electrically coupled 1o the second transistor. In
some embodunents, the oscillation cucuit comprises a frst DU block capacttor electrically coupled to
the first transistor. In certain embodiments, the oscillation cwcuit comprises a second DO block
capacitor electrically coupled to the second transistor.

(o017 In another aspect, a system comprising an induction device, and an oscillation generator
electrically coupled to the induction device and configured to provide power to an induction device
surrounding at least some portion of a torch body, the oscillation generator contigured to provide
power to the induction device (o ignite an inductively coupled plasma in the torch body in a first state
of the oscillation generator and 1o provide power to the induction device {o sustain the mductively
coupled plasma in the torch body in a second state of the oscillation generator, 1 which the osciliation
generator comprises an oscillation cuorcuit configured o provide a st frequency o the induction
device n the first state of the generator, 1n which the oscillation circut 1s configured to provide a
second frequency o the mduction device 1n the second state, wherein the second frequency is higher
than the tfwst frequency, and a processor configured to swiich the generator from the first state 1o the
second state after igmition of the inductively coupled plasma 1s disclosed.

{O018] in certain examples, the circuit comprises a fiyst transistor and a second fransistor each
electrically coupled to the induction device. In other exampies, the circudd further comprises a first

driver electrically coupled to the Tirst transisior and electrically coupled to the mduction device. In

A
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turther examples, the first driver 18 electrically coupled to the induction device through a first low pass
filter. In some examples, the circuit further comprises a second dover elecinically coupled to the
second transistor and electrically coupled to the induction device. In other embodiments, the second
driver 1s electrically coupled to the induction device through a second low pass filter. In some
embodiments, each of the first low pass filter and the second low pass filter 18 configured to filter a
teedback signal provided to the first power transistor and the second power transistor. In additional
emnbodiments, each of the first low pass hilter and the second low pass filter comprise a lagh order
ceramuc fow-pass filter. In some configurations, the high order ceramic low pass filter is configured {0
provide at least a 20 dB cut off at 200 MHz or higher frequencies. In certain instances, circuit is
configured to provide mmpedance matching within about three RE cveles.  In other mstances, the
system comprises a detector electrically coupled to the processor and configured to deternune when the
plasma 18 ignited. In further examples, the processor 18 configured to disable the osciliation circuit if
the plasma 1s extinguished. In additional examples, the system comprises a signal converter between
the processor and the detector. In some embodiments, the induction device comprises an induction coil
or a plate electrode. In other embodirnents, the oscillation circuit 1s configured to divide power evenly
to the Tirst transistor and the second transistor. In some configurations, the osculation circuit is
contigured to cross couple feedback signals from the induction device to the first transistor and the
second transistor to divide the power evenly. In other configurations, the oscillation circuit comprises
a first feedback resistor electrically coupled to the fivst transistor.  In additional configurations, the
osciliation circuit comprises a second feedback resistor electrically coupled 1o the second transistor. In
some embodiments, the oscillation circuit cornprises a hirst DO block capacitor electrically coupled to
the first transistor. In certain embodiments, the oscilation circuit comprises a second DO block
capacttor electrically coupled to the second transistor.

{019 In another aspect, a system comprising an induction device, and a radio frequency generator
electrically coupled to the induction device and configured to provide power to the induction device,
the generator comprising a circwt configured 1o provide power to the induction device in a first
osciliation mode and to provide power to the induction device in a second osculatton mode 18
described.

0020 in certain examples, the circuit comprises a first transistor and a second transistor each
electrically coupled to the induction device. In other examples, the circuit further comprises a first
driver elecinically coupled to the first transisior and electnically coupled o the mduoction device. In
turther examples, the first driver s electrically coupled to the induction device through a first low pass
filter. In some examples, the cucwit further comprises a second dnver elecinically coupled to the
second transistor and electrically coupled to the mduction device. In other embaodiments, the second

driver 1s electrically coupled to the induction device through a second low pass fiter. In some
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embodiments, each of the fivst low pass filter and the second low pass filter 1s contigured to filter a
feedback signal provided 1o the first power transistor and the second power transistor. In additional
embodiments, each of the fTirst low pass filter and the second low pass filter comprise a hgh order
ceramic low-pass filter. In some configurations, the high order ceramic low pass filter 1s configured o
provide at least a 20 dB cut off at 200 MHz or higher frequencies. In certain instances, circuit 18
configured to provide mmpedance matcihing within about three RE cveles.  In other instances, the
system comprises a detector electrically coupled to the processor and configured (o determine when the
plasma is 1gmited. In farther examples, the processor is configured {0 disable the oscillation cocuit if
the plasma s extinguished. In additional examples, the system comprises a signal converter between
the processor and the detector. In some embodiments, the induction device comprises an induciion coil
or a plate electrode. In other embodiments, the oscitlation circust 1s configured (o divide power evenly
to the first fransistor and the second transistor. In some configurations, the oscillation circuit s
configured to cross couple feedback signals from the induction device to the hirst transistor and the
second transistor to divide the power evenly. In other configurations, the oscillation circuit comprises
a Tist feedback resistor electnically coupled to the first transistor. In addibonal contigurations, the
osciliation circuit comprises a second feedback resistor electrically coupled 1o the second transistor. In
some embodiments, the oscillation circuit comprises a fust DU block capacitor electrically coupled to
the first transistor. In certain embodiments, the oscillation circuit comprises a second DO block
capacitor electrically coupled to the second transistor.

{0021 ] i another aspect, a mass spectrometer system comprising a torch conhgured to sustain an
womzation source, an induction device comprising an aperture for receiving a portion of the torch and
configure to provide radio frequency energy into the received torch portion, a generator electrically
coupled to the induction device and configured to sustain an imductively coupled plasma in the torch,
the generator comprising a processor and an oscillation circut electrically coupled to the processor, the
oscitiation circwt configured to provide power to the induction device in an oscillation mode to sustain
the mductively coupled plasma 1n the torch, wherein the circuit 1s further configured (o provide
harmontc emssion control during sustaining of the mductively coupled plasma in the torch in the
osciliation mode of the generator, and a mass analyzer fhudically coupled to the torch is described.
{0022 ] in certain examples, the circuit comprises a first transistor and a second transistor each
electrically coupled to the induction device. In other examples, the circuit further comprises a first
driver electnically coupled to the first transisior and electnically coupled to the imnduction device. In
turther examples, the first driver s electrically coupled to the induction device through a first low pass
filter. In some examples, the cucwit further comprises a second dnver elecinically coupled to the
second transistor and electrically coupled to the mduction device. In other embaodiments, the second

driver 1s electrically coupled to the induction device through a second low pass fiter. In some
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embodiments, each of the fivst low pass filter and the second low pass filter 1s contigured to filter a
feedback signal provided 1o the first power transistor and the second power transistor. In additional
embodiments, each of the fTirst low pass filter and the second low pass filter comprise a hgh order
ceramic low-pass filter. In some configurations, the high order ceramic low pass filter 1s configured o
provide at least a 20 dB cut off at 200 MHz or higher frequencies. In certain instances, circuit 18
configured to provide mmpedance matcihing within about three RE cveles.  In other instances, the
system comprises a detector electrically coupled to the processor and configured (o determine when the
plasma is 1gmited. In farther examples, the processor is configured {0 disable the oscillation cocuit if
the plasma s extinguished. In additional examples, the system comprises a signal converter between
the processor and the detector. In some embodiments, the induction device comprises an induciion coil
or a plate electrode. In other embodiments, the oscitlation circust 1s configured (o divide power evenly
to the first fransistor and the second transistor. In some configurations, the oscillation circuit s
configured to cross couple feedback signals from the induction device to the hirst transistor and the
second transistor to divide the power evenly. In other configurations, the oscillation circuit comprises
a Tist feedback resistor electnically coupled to the first transistor. In addibonal contigurations, the
osciliation circuit comprises a second feedback resistor electrically coupled o the second transistor. In
some embodiments, the oscillation circuit comprises a fust DU block capacitor electrically coupled to
the first transistor. In certain embodiments, the oscillation circuit comprises a second DO block
capacitor electrically coupled to the second transistor.

{0023] n an additional aspect, a mass specirometer system comprising a torch configured to
sustain an 1omzation source, an mduciion device comprising an aperture for receiving a portion of the
torch and configure to provide radio frequency energy mio the received torch porfion, an oscitiation
generator electrically coupled to the induction device and configured to provide power to the induction
device, the osculation generator configured {0 provide power to the induction device 10 1gmie an
imduoctively coupled plasma in the torch n a first state of the oscillation generator and to provide power
to the mduction device to sustain the wductively coupled plasma in the torch 18 a second state of the
osciliation generator, in winch the oscilation generator comprises an oscillation curewt configured to
provide a fust frequency to the induction device in the Tirst state of the generator, m which the
osciliation circuit is configured o provide a second frequency to the imduction device in the second
state, wherein the second frequency is higher than the first frequency, and a processor configured 1o
switch the generator from the first state 10 the second state after ignifion of the mductively coupled
plasma, and a mass analvzer ttuidically coupled to the torch 1s provided.

{0024 ] in certain examples, the circuit comprises a fiyst transistor and a second fransistor each
electrically coupled to the induction device. In other exampies, the circudd further comprises a first

driver electrically coupled to the Tirst transistor and electrically coupled to the mduction device. In
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turther examples, the first driver 18 electrically coupled to the induction device through a first low pass
filter. In some examples, the circuit further comprises a second dover elecinically coupled to the
second transistor and electrically coupled to the induction device. In other embodiments, the second
driver 1s electrically coupled to the induction device through a second low pass filter. In some
embodiments, each of the first low pass filter and the second low pass filter 18 configured to filter a
teedback signal provided to the first power transistor and the second power transistor. In additional
emnbodiments, each of the first low pass hilter and the second low pass filter comprise a lagh order
ceramuc fow-pass filter. In some configurations, the high order ceramic low pass filter is configured {0
provide at least a 20 dB cut off at 200 MHz or higher frequencies. In certain instances, circuit is
configured to provide mmpedance matching within about three RFE cveles.  In other mstances, the
system comprises a detector electrically coupled to the processor and configured to deternune when the
plasma 18 ignited. In further examples, the processor 18 configured to disable the osciliation circuit if
the plasma 1s extinguished. In additional examples, the system comprises a signal converter between
the processor and the detector. In some embodiments, the induction device comprises an induction coil
or a plate electrode. In other embodirnents, the oscillation circuit 1s configured to divide power evenly
to the Tirst transistor and the second transistor. In some configurations, the osculation circuit is
contigured to cross couple feedback signals from the induction device to the first transistor and the
second transistor to divide the power evenly. In other configurations, the oscillation circuit comprises
a first feedback resistor electrically coupled to the fivst transistor.  In additional configurations, the
osciliation circuit comprises a second feedback resistor electrically coupled 1o the second transistor. In
some embodiments, the oscillation circuit cornprises a hirst DO block capacitor electrically coupled to
the first transistor. In certain embodiments, the oscilatton circuit comprises a second DO block
capacttor electrically coupled to the second transistor.

{O0U25] In another aspect, a mass spectrometer system comprising a torch configured to sustamn an
wnization source, an indoction device comprising an aperture for receiving a portion of the torch and
configure to provide radio frequency energy into the torch, a radio freqguency generator elecincally
coupled to the mduoction device and contigured to provide power to the induction device, the generator
comprising a circuit configured to provide power (o the mduction device in a first osciliaiion mode and
to provide power to the mduction device 1n a second oscillation mode and a mass analyvzer Huidically
coupled to the torch 15 described.

{0026] In certain exarnples, the circuit cornprises a first transistor and a second transistor each
electrically coupled to the mnduction device. In other examples, the circuit further comprises a first
driver elecirically coupled to the first transisior and electrically coupled to the mduction device. In
turther examples, the first driver s electrically coupled to the induction device through a first low pass

filter. In some examples, the circuit further comprises a second dover elecinically coupled to the
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second transistor and electrically coupled to the induction device. In other embodiments, the second
driver s electnically coupled to the induction device through a second low pass fidter. In some
embodiments, each of the fivst low pass filter and the second low pass filter 1s contfigured to filter a
teedback signal provided to the first power transistor and the second power transistor. In additional
embodiments, each of the first low pass filter and the second low pass filter comiprise a hagh order
ceramic low-pass filter. In some contfigurations, the high order ceramnic low pass filter 15 configored {0
provide at least a 20 dB cut off at 200 MHz or higher frequencies. In certain 1nstances, circuit 1S
configured to provide impedance matching within about three RE cveles. In other instances, the
system comprises a detector electrically coupled to the processor and configured to deternune when the
plasma s igmted. In further examples, the processor 18 configured o disable the osciliation curcuit if
the plasma 1s extinguished. In additional examples, the system comprises a signal converter between
the processor and the detector. In some embodiments, the induction device comprises an mnduchion coil
or a plate electrode. In other embodiments, the oscillation circuit 1s configured to divide power evenly
to the fhirst transistor and the second transistor. In some configurations, the oscillation circuit s
configured to cross couple feedback signals from the induction device to the hrst transistor and the
second transistor to divide the power evenly. In other configurations, the oscillation circuit Comprises
a Tirst feedback resistor electnically coupled o the first transistor. In additional contfigurations, the
osciliation circut comprises a second feedback resistor electrically coupled o the second transistor. In
some embodunents, the oscillation cucuit comprises a frst DU block capacttor electrically coupled to
the first transistor. In certain embodiments, the oscillation cwcuit comprises a second DO block
capacitor electrically coupled to the second transistor.

{OU27 ] In an additional aspect, a system for detecting optfical emission comprising a torch
configured to sustain an tomzafion source, an mduction device comprising an aperture Tor rece1ving a
portion of the torch and configure 0 provide radio frequency energy into the torch, a generator
electnically coupled to the induction device and configured to sustain an inductively coupled plasma 1n
the torch, the generator comprising a processor and an osculation circwt electrically coupled 1o the
processor, the oscillabon cirewit configured to provide power 1o the tnduction device 1n an osciliation
mode 1o sustain the mductively coupled plasma 1o the torch, wherein the cucuit s further configured {0
provide harmonic emission control during sustaining of the mnductively coupled plasma in the torch
the oscillation mode of the generator, and an optical detector conhigured to detect optical ermssions o
the torch.

{0028 In certamn examples, the circmt comprises a first transistor and a second transistor each
electrically coupled to the mduction device. In other examples, the cucuit further comprises a first
driver electrically coupled to the first fransistor and electrically coupled to the induction device. In

further exaraples, the Qirst driver 1s electrically coupled to the mduction device through a fivst low pass

~
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fitter. In some examples, the circuit Turther comprses a second driver electrically coupled to the
second transistor and electrically coupled to the induction device. in other embodiments, the second
driver 18 electrically coupled to the induction device through a second low pass filter. In some
embodiments, each of the first low pass filter and the second low pass filter 18 conhigured 1o filter a

feedback signal provided to the first power transistor and the second power transistor. in additional

i

embodiments, each ot the first low pa

72

s Hter and the second low pass hilter comprise a high order
cerarmc low-pass filter. In some conbigurations, the gh order ceramic low pass filter 1s configured o
provide at least a 2( dB cut off at 200 MHz or bigher frequencies. In certain instances, Circuil 18
configured o provide impedance matching within about three RE cweles.  In other instances, the
system comprises a detector electrically coupled to the processor and configured to determine when the
plasma 1s 1gmied. In Turther examples, the processor s configured to disable the oscillation circwt f
the plasma 1s extinguished. In additional examples, the system comprises a signal converter between
the processor and the detector. In some embodiments, the induction device comprises an induction coil
or a plate electrode. In other embodiments, the oscillation circwst 18 configured to divide power evenly
to the first trapsistor and the second transistor. In some configorations, the oscillation circuit s
configured to cross couple feedback signals from the mmduction device to the furst transisior and the
second transistor to divide the power evenly. In other configurations, the oscillation Circuit CoOmprises
a tirst teedback resistor electrically coupled to the first fransistor.  In additional configurations, the
osciliation circutt comprises a second feedback resistor electnically coupled to the second transistor. In
some embodiments, the oscillation circut comprises a niest D block capacitor electrically coupled to
the first transistor.  In certain embodiments, the oscillation civcunt comprises a second DO block
capacitor electrically coupled to the second transistor.

{0024 in another aspect, a system for detecting optical emission comprising a torch configured to
sustain an womzation source, an induction device comprising an aperiure for receiving a portion of the
torch and configure o provide radio freqguency energy mnto the torch, an osciliation generator
electrically coupled to the induction device and conhigured to provide power to the induction device,
the oscillatbion generator conhigured 10 provide power to the induction device to ignite an inductively
coupled plasma i the torch 1n a first state of the oscillation generator and to provide power 1o the
induction device to sustain the inductively coupled plasma in the torch in a second state of the
osciiiation generator, 1n which the oscillation generator comprises an osciliation cireutt configured 1o
provide a first frequency 0 the induction device in the first state of the generator, in whiuch the
osciliation cwcuit 18 configured to provide a second frequency {0 the induction device in the second
state, wherein the second frequency 18 lngher than the hirst freguency, and a processor configured to
switch the generator from the first state to the second state aiter 1gmtion of the inductively coupled

plasmna, and an optical detector configured (o detect optical emissions in the torch.
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{0030 In certain examples, the circumt comprises a first transistor and a second transistor each
electrically coupled to the induction device. In other examples, the circwt further comprises a fivst
driver electrically coupled to the first fransistor and electrically coupled to the induction device. In
further examples, the tirst driver is electrically coupled to the mnduction device through a first low pass
filter.  In some examples, the circuy further comprises a second driver electrically coupled to the
second transistor and electrically coupled to the induction device. in other embodiments, the second
driver 18 electrically coupled to the induction device through a second low pass filter. In some
embodiments, each of the first low pass filter and the second low pass filter 18 contigured 1o filter a
feedback signal provided to the first power transistor and the second power transistor. In additional
embodiments, each of the first low pass fidter and the second low pass filter comprise a high order
cerarmc low-pass filter. In some configurations, the gh order ceramic low pass filter 1s configured to
provide at least a 20 dB cut off at 200 MHz or higher frequencies. In certain imstances, circuil 18
configured to provide impedance maiching within about three RF cycles.  In other instances, the
system comprises a detector electrically coupled to the processor and configured to determine when the
plasma 1s 1gmied. In Turther examples, the processor s configured to disable the oscillation cirawmt f
the plasma is extinguished. In addibional examples, the system comprises a signal converter between
the processor and the detector. In some embodiments, the induction device comprises an induction coil
or a plate electrode. In other embodiments, the oscillation circunt 18 configured to divide power evenly
to the first transistor and the second transistor. In some conbigorations, the oscillation circuit s
configured to cross couple feedback signals from the induction device to the frst transistor and the
second transistor to divide the power evenly. In other configurations, the oscitlation circuit comprises
a tirst teedback resistor electrically coupled to the fust transistor.  In additional configurations, the
osciiiation circut comprises a second feedback resistor electnically coupled to the second fransistor. In
some embodiments, the oscillation circut comprises a nirst D block capacitor electrically coupled to
the first fransistor.  In certain embodiments, the oscillation civcunt comprises a second DO block
capacitor electrically coupled to the second transistor.

{0051 ] in another aspect, a system for detecting optical emission comprising a torch configured to
sustain an iomzafion source, an induction device comprising an aperture for receiving a portion of the
torch and conhgured to provide radio frequency energy into the torch, a radio freguency generator
electrically coupled to the induction device and configured to provide power to the induction device,
the generator comprising a cirenit configured to provide power to the induction device in a Tfirst
oscillation mode and to provide power 1o the mduction device in a second oscillation mode, and an
optical detector configured to detect optical emissions in the torch is described.

{0032 ] In certain examples, the circumt comprises a first transistor and a second transistor each

electrically coupled to the induction device. In other examples, the circwt further comprises a fivst
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driver electrically coupled to the first fransistor and electrically coupled to the induction device. In
further exaraples, the Dirst driver 1s electrically coupled to the mduction device through a fivst low pass
filter. In some examples, the circui Turther comprses a second driver electrically coupled to the
second transistor and electrically coupled to the induction device. in other embodiments, the second
driver 1s electnically coupled to the induction device through a second low pass filter. In some
embodiments, each of the first low pass filter and the second low pass filter 15 configured to filter a
feedback signal provided 1o the first power transistor and the second power transistor. in additional
embodiments, each of the first low pass fidter and the second low pass filter comprise a high order
cerarmic low-pass filter. In some configurations, the high order ceramic low pass filter 1s configured to
provide at least a 20 dB cut off at 200 MHz or bigher frequencies. In certain stances, circuif 18
configured to provide impedance maiching within about three RF cycles.  In other instances, the

Fa )

system comprises a detector electrically coupled to the processor and configured to determine when the
plasma 1s 1gmited. In hurther examples, the processor 1s configured to disable the oscillation circwat if
the plasma is extinguished. In addibional examples, the system comprises a signal converter between
the processor and the detector. In some embodirments, the induction device comprises an induction coil
or a plate electrode. In other embodiments, the oscillation circuit is configured to divide power evenly
to the first trapsistor and the second transistor. In some configurations, the oscillation circuit s
configured to cross couple feedback signals from the mmduction device to the furst transisior and the
second transistor to divide the power evenly. In other configurations, the osciliation circuit comprises
a first feedback resistor electrically coupled to the Tirst fransistor.  In additional configurations, the
osciliation circut comprises a second feedback resistor electrically coupled to the second transistor. In
sorne ernbodiments, the oscillation circwit comprises a fust DO block capacitor elecincally coupled 1o
the hrst transistor. In certain embodiments, the oscillation circut comprises a second DC block
capacitor electrically coupled to the second transistor.

10033] in an addittonal aspect, a system for detecting atomuc absorption emission, the system
comprising a torch configured to sustain an wonizalion source, an duction device comprising an
aperture for receiving a portion of the torch and configured to provide radio frequency energy into the
torch, a generator electrically coupled to the induction device and configured to sustain an inductively
coupled plasma in the torch, the generator comprising a processor and an oscillation cwreuit electrically
coupled to the processor, the osciliation cucuit configured 1o provide power to the mduction device 1o
an osciilation mode to sustain the mductively coupled plasma inn the torch, wherein the circuit is further
contigured to provide harmonic enussion confrol during sustaiming of the inductively coupled plasma
in the torch m the oscullation mode of the generator, a light source configured to provide hight to the
torch, and an optical detector conigured {0 measure the amount of provided hight transmutted through

the torch 18 disclosed,

T
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{0034 ] In certain examples, the circumt comprises a first transistor and a second transistor each
electrically coupled to the induction device. In other examples, the circwt further comprises a fivst
driver electrically coupled to the first fransistor and electrically coupled to the induction device. In
further examples, the tirst driver is electrically coupled to the mnduction device through a first low pass
filter.  In some examples, the circuy further comprises a second driver electrically coupled to the
second transistor and electrically coupled to the induction device. in other embodiments, the second
driver 18 electrically coupled to the induction device through a second low pass filter. In some
embodiments, each of the first low pass filter and the second low pass filter 18 contigured 1o filter a
feedback signal provided to the first power transistor and the second power transistor. In additional
embodiments, each of the first low pass fidter and the second low pass filter comprise a high order
cerarmc low-pass filter. In some configurations, the gh order ceramic low pass filter 1s configured to
provide at least a 20 dB cut off at 200 MHz or higher frequencies. In certain imstances, circuil 18
configured to provide impedance maiching within about three RF cycles.  In other instances, the
system comprises a detector electrically coupled to the processor and configured to determine when the
plasma 1s 1gmied. In Turther examples, the processor s configured to disable the oscillation cirawmt f
the plasma is extinguished. In addibional examples, the system comprises a signal converter between
the processor and the detector. In some embodiments, the induction device comprises an induction coil
or a plate electrode. In other embodiments, the oscillation circunt 18 configured to divide power evenly
to the first transistor and the second transistor. In some conbigorations, the oscillation circuit s
configured to cross couple feedback signals from the induction device to the frst transistor and the
second transistor to divide the power evenly. In other configurations, the oscitlation circuit comprises
a tirst teedback resistor electrically coupled to the fwst transistor.  In additional configurations, the
osciiiation circut comprises a second feedback resistor electnically coupled to the second fransistor. In
some embodiments, the oscillation circut comprises a nirst D block capacitor electrically coupled to
the first fransistor. In certain embodiments, the oscillation civcunt comprises a second DO block
capacitor electrically coupled to the second transistor.

{00535 in another aspect, a system for detecting atomic absorption enussion comprising a forch
configured to sustain an 1onization source, an induction device comprising an aperture for receiving 4
portion of the torch and configured to provide radio frequency energy mto the torch, an oscillation
generator electrically coupled to the induction device and conhigured to provide power to the induction
device, the osculation generator configured to provide power {0 the mduction device 1o igmte an
inductively coupled plasma in the torch in a first state of the oscillation generator and (o provide power
to the induction device 1o sustain the inductively coupled plasma in the torch in a second state of the
osciliation generator, in which the oscillation generator comprises an oscillation circudd configured 1o

provide a fitst frequency 1o the induction device in the first state of the generator, in which the
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osciliation circuit 18 configured to provide a second frequency o the induction device in the second
state, wherein the second frequency 18 hagher than the fust frequency, and a processor configured to
switch the generator from the first state to the second state after igmition of the inductively coupled
plasma, a hight source configured to provide light to the torch, and an optical detector conhigured (o
measure the amount of provided light fransnutted through the torch 1s disclosed.

{U36] In certain exampiles, the circwt comprises a nirst transistor and a second fransistor each
electrically coupled to the induction device. In other exampies, the circunt further comprises a first
driver electrically coupled to the first transistor and electrically coupled to the induction device. In
further examples, the first driver 18 electrically coupled to the induction device through a first low pass
hilter. In some examples, the circoit further comprises a second driver electrically coupled o the
second transistor and electrically coupled to the induction device. In other embodiments, the second
driver 1s electrically coupled to the induction device through a second low pass filter. In some
embodiments, each of the first low pass filter and the second low pass filter 18 configured to filter a
teedback signal provided to the first power transisior and the second power transistor. in additional
embodiments, each of the fivst low pass filter and the second low pass Tilter comprise a high order
ceramuc fow-pass filter. In some contigurations, the hagh order ceramic low pass filter 1s configured 1o
provide at least a 20 dB cut off at 200 MHz or higher frequencies. In certamn instances, circuit 18
configored to provide mmpedance matching within about three RE cyeles.  in other mnstances, the
systern comprises a detector electrically coupled to the processor and configured to determune when the
plasma 1s igntted. In further exarnples, the processor 18 configured to disable the oscillation cirewpit if
the plasma is extinguished. In addiional exaraples, the system comprises a signal converter between
the processor and the detector. In some embodiments, the mduction device comprises an induction cotl
or a plate electrode. In other embodiments, the oscillation circut is configured to divide power evenly
t0 the tirst transistor and the second fransistor.  In some configurations, the osculation circui s
configored to cross couple feedback signals from the induction device to the first transistor and the
second transistor to divide the power evenly. In other contigurations, the oscillation circuit comprises
a first teedback resistor electrically coupled to the first transistor. In additional configurations, the
osciliation circuut comprises a second feedback resistor elecinically coupled to the second transistor. In
somme embodiments, the oscillation circwtt comprises a tist DX block capacitor electrically coupled to
the furst fransistor. In certain embodiments, the oscdlation circuit comprises a second DO block
capacitor electrically coupled to the second fransistor.

{0037 In another aspect, a systern for detecting atomic absorption emussion, the sysiem
comprising a torch configured {0 sustain an ionmzation source, an nduction device comprising an

aperture tor receiving a portion of the torch and configure to provide radio frequency energy into the

forch, a radio freguency generator electrically coupled to the imnduction device and configured to
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provide power 10 the induction device, the generator comprising a circuid configured to provide power
to the mduction device m a first oscillation mode and to provide power to the induction device in a
second oscillation mode, a hight source configured to provide hight to the torch, and an optical detector
configured to measure the amount of provided light transrnitted through the torch 18 described.

{0038 In certam examples, the circuit comprises a first transistor and a second transistor each
clectrically coupled to the mduction device. In other examples, the circuit further comprises a fwst
driver electrically coupled to the first fransistor and electrically coupled to the induction device. In
turther examples, the first driver 1s electrically coupled to the induction device through a first low pass
filter. In some examples, the circwat further comprises a second dnver electrically coupled to the
second transistor and electrically coupled to the induction device. in other emmbodirnents, the second
driver 1s electnically coupled to the induction device through a second low pass fidter. In some
embodiments, each of the first low pass filter and the second low pass filter is contigured to filter a
feedback signal provided 1o the first power transistor and the second power transistor. In additional
embodiments, each of the fTirst low pass filter and the second low pass filter comprise a hgh order
ceramic low-pass filter. In some configurations, the high order ceranic low pass fhilter 1s configured {0
provide at least a 20 dB cut off at 200 MHz or higher frequencies. In certain instances, cweuit 18
configured to provide impedance muatciung within about three RE cycles.  In other instances, the

Fa )

system comprises a detector electrically coupled to the processor and configured to determine when the
plasma 1s 1gmted. In hurther examples, the processor 1s configured 1o disable the oscillation cirowt it
the plasma 1s extinguished. In additional examples, the system cornprises a signal converter between
the processor and the detector. In some embodiments, the induction device comprises an mduction coil
or a plate electrode. In other embodiments, the oscillation circust 18 configured to divide power evenly
to the first fransistor and the second transistor. In some configurations, the oscillation cucuit 18
configured to cross couple feedback signals from the induction device to the first transistor and the
second transistor to divide the power evenly. In other configurations, the oscillation circuat comprises
a Tirst feedback resistor electnically coupled to the hirst transistor. In addibonal contigurations, the
oscriiation cirewt comprises a second feedback resistor electrically coupled (o the second transistor. In
some embodiments, the oscillation circuit comprises a fust DU block capacitor electrically coupled to
the first transistor. In certain embodiments, the oscillation circuit comprises a second DO block
capacitor electrically coupled to the second transistor.

{0039 In another aspect, a chernical reactor compnsing a reaction chamber, an induction device
comprising an aperture configured to recerve some portion of the reaction charnber, and any generator
as described herein electrically coupled to the induction device and configured to provide power into

the recetved portion of the reaction chamber using the nduction device is disclosed.

16



CA 03022428 2018-10-26

WO 2017/189702 PCT/US2017/029596
{0044 In an additional aspect, a matenal deposition device comprising an atormzation chamber,

an induction device comprising an aperture configured 1o receive some porfion of the atomization
chamber, any generator ad described berein electrically coupled to the induction device and configured
to provide power 1nto the received portion of the atonuzation chamber using the induction device, and
a nozzie fluidically coupled to the atomization chamber and configured 1o receive atomized Species
from the chamber and provide the recerved, atonmized species towards a substrate 1s disclosed.

{0041 ] In another aspect, a system comprises a torch, a first mduction device comprising an
aperture contigured {0 receive a portion of the torch, a second induction device comprising an aperture
contigured to recerve a second portion of the forch, a first generator electrically coupled to the first
induction device and a second generator elecirically coupled to the second mduction device, i which
at least one of the first generator and the second generator 1s any one of the generators described
herein.  In some instances, each of the hirst generator and the second generator 18 any one of the
generators described herein.

{0042} in an additional aspect, a method of igmiting and sustaiming a plasma with a single
generator comprising igniting a plasma in a torch body by providing power to an mduction device from
the generator in a first osciliation mode, and switching the generator from the first oscitlation mode to a
second oscitllatton mode any time after the plasma s 1gnided 1s provided. The method may use a
generator comprising the circoit of FIG. 37 or FIG. 38 or FIG. 40,

10043 ] in another aspect, a method of 1gmuing and sustaining a plasma with a single generator
comprising igniting a plasma in a torch body by providing power to an induction device from 4
generator configured to provide power to the mdoction device in a first oscillation mode and in an
second osciliation mode, and sustaimng the plasma using the second oscillation mode of the generator.
In some instances, the plasma 1s ignited by providing power from the generaior 1n the first osciliation
mode.  In other instances, the method comprises switching the generator to the first oscillation mode
after the plasma is sustained for some period using the second oscitiation mode.

{0044 ] In an addittonal aspect, a method of sustaiming an inductively coupled plasma, the method
comprising providing power 10 a torch in an osciliation mode using a generator circuit as shown 1o one
of FI(GK. 37, 38 and 44}

10045] In another aspect, a generator configured {0 sustain an mnducbhvely coupled plasma in a
torch body comprising a processor and an oscillation circuit electrically coupled to the processor, the
osciliation circuit configured to electnically couple to an induction device and provide power to the
mduction device 1n an osciliation mode to sustain the mductively coupled plasma in the torch body, the
osciliation cwcuit configured fo provide independent control of voltage and current provided to a

transistor of the osculation circuit 18 provided.
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{0046 In an additional aspect, an oscillation generator conhgured to provide power to an
duction device surrounding at least some portion of a torch body, the oscillation generator configured
to provide power to the induction device to ignite an inductively coupled plasma n the torch body 1n a
first state of the oscillation generator and to provide power to the mduction device to sustain the
mductively coupled plasma 1o the torch body in a second state of the oscillation generator, in which the
oscillation generator comprises an oscillation cucuit configured to provide a first {frequency to the
mdoction device 1n the first state of the geperator, m which the oscillation circut 18 configured to
provide a second frequency 1o the indoction device in the second state, wheremn the second freguency 18
higher than the hirst frequency, the oscillation circwat turther configured to provide independent control
of voltage and current provided to a transistor of the oscillation circuit, and a processor conhigured 1o
switch the generator from the first state to the second state after 1gmition of the mductively coupled
plasma is disclosed.

{0047 ] In ancther aspect, a radio frequency generator conligured to power an mduction device
comprises a circut configured to provide power to the mdoction device in a first oscillation mode and
o provide power to the induction device i a second oscillation mode, wherein the circuit 1s further
contfigured to provide ndependent control of voltage and current provided 10 a fransistor of the
osciliation circuit that provides power to the mduction device.

{0048 In an additional aspect, a generator coniigured 10 sustain an inductively coupled plasma in
a torch body comprises a processor and a cucuit electrically coupled to the processor, the circuit
contfigured to electnically couple to an duction device and provide power 10 the mduction device m an
oscitlation mode to sustain the mmductively coupled plasma in the torch body, wherem the curcuit does
not mclude a driven mode cucuit.

{049 in another aspect, an oscillation generator configured to provide power to an induction
device surrounding at least some portion of a torch body is configured 10 provide power to the
induction device to 1gmite an induoctively coupled plasma in the torch bodv in a hirst state of the
osciliation generator and to provide power to the mduction device to sustamn the mductively coupled
plasma in the torch body in a second state of the oscillation generator, in which the osciliation
generator comprises an oscillation circuit configured o provide a hrst frequency to the induction
device 1 the first state of the generator, in which the oscillation circuit 18 configured to provide 4
second frequency to the induction device in the second state, wherein the second frequency is higher
than the first frequency, 1n which the oscillation generator does not mclude a driven mode crrcuit, and a
processor configured to switch the generator from the furst staie to the second state atter igntiion of the
inductively coupled plasma.

{0050 In another aspect, a radio frequency generator configured to power an induction device

comprises a circurt configoured to provide power to the idoction device in a first oscillation mode and
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to provide power to the induction device in a second osculation mode, wherein the cucuit does not
include a driven mode circuit.
{0051 ] Additional features, aspects, examples, configurattons and embodiments are described 1o

more detail below.

10052 BRILE DESURIPTION OF THE DRAWINGS
053] Certain embodiments of the devices and systems are described with reference to the

accompanving higures in which:

{054 ] Fi(. 1 1s a block diagram of a generator, 1n accordance with certain examples:
{0055 FIG. 2A 158 a cuocuit suwitable for powering an induction device i a driven mode, in

accordance with certam examples;

{0056 FIG, 2B 15 a arcuit suitable for powering an induction device in an oscillation mode, in
accordance with certain examples;

{007 Fi(. 2C 1s another circwt suitable for powering an induction device in a hybrid mode, in
accordance with certain examples;

{O05E] FIGS 3A and 3B are illustrations of alternative configurations for use in the circuit of
FIGS. 2ZA-20, 1in accordance with certain configurations;

{059 FIS. 4A and 4B are additional dlustrations of alternative configurations for use in the
circuit of FIGS. 2A-2C, 1 accordance with certain configurations;

| G060 FIG. 5 is a schematic of an illustrative generator circuit suitable for use in powering an
mduction device i a driven mode, an oscillation mode and a hyvbrid mode, in accordance with certain
configurations;

{0061 FIG, 6A 1s an illostration of a torch and load coid device that can be used to sustam an
iductively coupled plasma, in accordance with certain examples:

{3062 Fi(5. 6B 1s an llostration of a torch and plate electrodes that can be used to sustain an
wductively coupled plasma, i accordance with certain examples:

{003 ] FIGS. 7, 8 and 9 are block diagrams of two load coils separately powered by two
generators, 1in accordance with certain exampies;

{004 ] FIGS. 10, 11 and 12 are block diagrams of two plate electrodes separately powered by two
generators, 1in accordance with certain examples;

{0065 FIGS. 13, 14, 13, 16, 17 and 18 are block diagrams of a load coil and a set of plate
electrodes separately powered by two generators, i accordance with certain examples;

| 0066] FIGS. 19, 20, 21 and 22 are block diagrams of two induction devices powered by a single

generator, in accordance with certain exaniples:
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{0067 ] FI. 23 15 a block dragrarmn of an optical emission systern, in accordance with certain
examples;

{0068 ] Fi(5. 24 18 a block diagram of an atormic absorption system, in accordance with certan
exampies;

{U06Y ] Fi(. 2518 a block diagram of another atonuc absorption system, i accordance with certan
examples;

{070 Fi(s. 26 is a block diagram of a mass spectrometer, mn accordance with certain examples;
{007 1] Fi(;. 27 18 a cirawt of a generator suitable for operation in a driven mode and 1n an

osciiiation mode and being operated in the driven mode, in accordance with certain examples;

{OU72] Fi(. 28 18 the circwt of FIG. 27 being operated 1n the oscillation mode, in accordance with
certain examples;

{OU73] Fi(. 29 shows a spectrum for hthuum and beryliium obtained using the generator and the
niass spectrometer, m accordance with certain exampies:

{074 ] Fi(z. 3{ shows a spectrum for magnesium obtained using the generator and the mass
spectrometer, in accordance with certain examples;

{O075] FiG. 31 shows a spectrum for imndivm obtained using the generator and the mass
spectrometer, in accordance with certain examples;

| 0076] FIG. 32 shows a spectrum for uranium-2338 obtained using the generator and the mass
spectrorneter, in accordance with certain examples;

{0077 Fi1(. 33 18 a table comparing the results obtained using the hybnd generator (driven mode

and oscillation mode) and a standard Nex{ON mstrument, 1n accordance with certain examples;

{0073 FI(. 34 18 a graph of intensity versus time for indium, cerium, cerium oxide and wraniuim as
the differential phase 18 imbalanced, 1n accordance with certain exampies;

{00791 F1G. 35 is a table showing the measurement of several elements using a standard NexION
mnstrument and a hybrid generator in both a driven mode and 10 an osciliation mode, in accordance with

certain exampies;

{080 Fi(z. 36 15 an dlustration showing an osciliation cicui, 1n accordance with certam
exampies;
{0061 FIG. 37 15 an dlustration showing low-pass filters that can be used, tor example, to filter the

teedback signal to suppress bigh harmonics, i accordance with certain configurations;

10082 ] FIG. 38 1s an llustration showing a switable civcunt for harmonic emission control, in
accordance with certain embodiments:

{0083 ] FI1G. 39 1s a graph showing the output capacitance of a typical device suitable for use as a

driver, 1n accordance with certain embodiments;
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{0084 ] FI1(G, 40 1s an illustrative cirewt configuration for balancing the input power to the power
devices, 1n accordance with certain examples; and

{OUB5] Fi(. 41 15 a graph showing the emission of a 34 MHz plasma generator at the harrmomces
(multiples of 34 MHz), in accordance with certain configurations.

{UB06] It will be recognized by the person of ordinary skil in the art, given the benefit of this
disclosure, that certain dimensions or features of the components of the systems may have been
enlarged, distorted or shown in an otherwise unconventional or non-proportional manner to provide a
more user friendly version of the figures. In addition, the exact length, width, geometry, aperture size,

etc. of the torch body, the plasmas generated and other components herein may vary.

{087 ] DETAILED DESCRIPTION

{0083 ] Certain embodiments are described below with reference to singular and plural terms in
order to provide a user friendly description of the technology disclosed herein. These terms are used
for convenience purposes only and are not intended to hmit the devices, methods and systerns
described herein. (Certain examples are described herein with reference to the terms driven mode and
oscitiation mode.  While the exact pararneters used in the driven mode and in the oscillation mode
may vary, the RE generator frequency for plasma generation 1s usually from 10MHz to YOMHz, more
particularly between 20MHz and 50MHz, for example about 40MHz. The RE generator output power
s typically about 500 Watts to S0kW. As described in more detail herein, in the drniven mode of
operation, the feedback loop can be disabled and the voliage can be selected to provide a desired power
to the mduction device. In the osciliation mode, the feedback loop can be enabled to pernut rapid
changing of the mmpedance. It desired, the generator can operate enfurely in the driven mode, which
can achieve a mgher sensifivity for mass spectromefry in certain apphications, compared to the
oscillatton mode. In some embodiments, the driven + oscillator hybrid generator may be part of P
OES or ICP-MS or other stmilar instroments as described herein.  In certain embodiments, generator
operation can be controlled with a processor or master controller in or electrically coupled to the
generator to control the generator, €.g., (o enable or termunate the plasma generation. While two modes
are possible with the generators described herein, it desired, the generator can be operated 1n only a
single mode, e.2., in only the drive mode or in only the osciliation mode.

{0089 Certain embodiments are also described below that use a generator to generate and/or
sustain an inductively coupled plasma. It desired, however, the same generafor can be used {0 generate
and/or sustain a capacitively coupled plasma, a flame or other atonuzation/ionization devices that can
be used, for example, to atormze and/or wonize chemical species. ertamn configurations are provided
below using inductively coupled plasmas to itlustrate varous aspects and atiributes of the technology

described herem.
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{0090 In certain examples, the generators described herein can be used to sustain a high-energy
plasma o atomize and/or 1onize sarnples for chenucal analysis, o provide 1ons for deposttion or other
uses. 1o ignite and sustain the plasma, REF power, typically in the range of .5 kW to HIOKW, trom a
RE generator (RFG) 18 inductively coupled o the plasma by a load coid, plate electrode or other
suitable induction devices. The plasma exhibiis different RF tmpedance during the ignition phase and
when the plasma 1s subject to duterent chenucal samples. To facihitate optimal power transter, the RF
generator can be conhigured 1o adapt the impedance matching to the varying plasma umpedance.

{0091 ] in certain embodiments, existing RE generators are configured {0 operate using only one of
the two methods: the oscillator method (or mode) or the driven method (or mode). Each of these
methods has advantages and weaknesses. in the osculation method, the RE generator 1s a power
osciliator circuil. The oscillation frequency s determined by the oscillator's resonant circuit. ko many
instances, the plasma impedance and the induction device are part of the resonator and teedback path,
so that the oscillating frequency can be rapidly changed to adapt to the varving plasma smpedance.
This attribute facilitates the analysis of different unknown samples at a high throughput rate. When the
osciiiation method is implemented during plasma 1gmbion, the RE tmpedance of the iduction device
can change substantially and abruptly from no plasma to successful plasma generation.  Prior {0
igrition, the mduction device behaves like an inductor such that all the RE power provided to the
inductor 18 substantially reactive power (1.e., no real power). After successtul plasma igmtion, the
inductive device inductively couples real power to the plasma. The feedback signals of the oscillator,
which are denved from the induction device, to drive the power transistors change abruptly as well.
As a result, during plasma ignition the feedback signals are poorly controlled, and there 1s a substantial
risk 1 darnaging the power electromics when the oscillaton method 1s unplemented for plasma
ignition.  The breakdown of sithicon power transistors, which are most commonly used for RE power
generation at the atorementioned frequency range, 1s about -6V to +12V at the gate (input), and about
+150V Tor drain breakdown. Older but slower silicon fransistors may have gate breakdown hinuts from
40V to +40V. Damage prevention of the electronics 15 particudarly desirable because advancements in
sermiconductor technologies is often achieved by device scaling {e.g., to a smaller gate length), such
that the transistor speed {e.g., umty gan frequency B, or the maxanmum oscillation frequency Fmax) 18
wmcreased at the expense of a lower device breakdown voltage limit. The increase mn the transistor
specd facibitates the design of 3 high efticiency power armnphifier (e.g., class {, class D, class £, class F,
etc. ), because the available power gain at the higher harmomces above the tundamental frequency can
used to optimize the signal waveform and current conduction angle. hmplementatton of these high
speed, lower breakdown devices can be weighed against the not well controlled feedback signal during
ignition. A rapid increase i the feedback signal amplitude can rapidly remforce an uncontrolled

posiiive feedback loop such that the transistors of the generator are destroyved. The excessive signals
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can be difficult to suppress or control because of the hugh frequency, high power and the inberent
instability in an oscillator for plasma igmtion. i the feedback signal 1s suppressed too nuwch to
safeguard the transistor, the plasma may fad o igmite. Furthermore, the oscillator design can manfest
tmgher RE spuricus signals and higher phase noise.  Such imperfections may compronuse the
equipment sensiivity.  To overcome these issues, a generator configured 1o mmplement only the
oscillatton method would typically include higher breakdown transistors that are more expensive
and/or fower speed and efhaency to avoid potential darnage to the circwitry cormnponents.

{0092 ] {enerators configured to implerment only the driven <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>