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CLAIMS

1. In a plasma chamber for processing a semiconductor wafer, circuitry for

monitoring and adjusting a pulsed RF bias voltage signal to be applied to a chuck inhe

plasma chamber, the chuck being configured to mount the wafer for processing, tjfc circuitry
comprising:
an RF bias voltage detector for detecting individual pulses of the philsed RF bias

voltage signal applied to the chuck;

a timing circuit for determining a time for sampling each of e individual detected

pulses;
a sample and hold circuit triggered at the sampling tirg€ for sampling each of the
individual detected pulses to determine and hold a voltage v#ue representing a characteristic
peak-to-peak voltage value of each individual detected pyfse, wherein the sample and hold
circuit is configured to provide a feedback signal reprgfenting the characteristic peak-to-peak
voltage value of at least one of the detected pulses;
a feedback circuit for adjusting the volglige of the pulsed RF bias voltage signal applied
to the chuck according to a difference betweefl the feedback signal and a desired voltage value of
the RF bias voltage signal.

2. Circuitry as recited in claipf 1, wherein the RF bias voltage detector is configured

to detect each individual pulse offhe pulsed RF bias and output a voltage envelope representing

peak-to-peak voltage values wfthin each individual detected pulse.

3. Circuitry as regted in claim 2, wherein the timing circuit is configured to detect a
rising edge of each offthe individual detected pulses and to determine the sampling time delayed
from the rising edfe so that the sample and hold circuit triggered at the sampling time samples

lope to determine the voltage value representing the characteristic peak-to-peak

voltage valy€ of each individual pulses.

Circuitry as recited in claim 1, wherein the sample and hold circuit is configured to

degfcted pulses to determine and hold a voltage value representing one or more peak-to-peak
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voltage values of an envelope of each individual detected pulse, the one or more peak-to-pgak

5. Circuitry as recited in claim 1, wherein the sample and hold circuit is co

average a plurality of the determined held voltage values.

6. A method of monitoring and adjusting a pulsed RF bias voltaggfsignal to be

applied to a chuck in a plasma chamber for processing a semiconductgr wafer, the chuck being

configured to mount the wafer for processing, the method comprighig the operations of:

detecting voltage values of individual pulses of the pyfsed RF bias voltage applied

to the chuck;

determining a time at which to sample a voltaggAalue of each of the individual
detected pulses;

at the sampling time with respect to each gh the individual detected pulses sampling a
particular voltage value of the respective indivigdal detected pulse and holding the particular
voltage value, each respective particular voltge value representing at least a characteristic peak-
to-peak voltage value of each respective igllividual detected pulse;
generating a feedback signal yfpresenting at least the characteristic peak-to-peak

voltage value for a voltage envelopg/of one of the individual detected pulses; and

RF bias voltage signal.

7. A method gf recited in claim 6, wherein the detecting operation provides the voltage
envelope represepfing peak-to-peak voltage values of each individual pulse of the respective

pulses of the psised RF bias voltage signal.

method as recited in claim 6, wherein the determining operation identifies a sampling
time gf multiple sampling times temporally spaced from a rising edge of each of the detected
ingfvidual pulses so that each sampled particular voltage value of a respective individual

etected pulse or the characteristic function that is an average of multiple samples within an
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individual detected pulse represents a characteristic peak-to-peak voltage value of the respg€tive

individual detected pulse.

9. A method as recited in claim 6, wherein averaging is performed for two #r more peak

peak-to-peak voltage values of the respective individual detected pulses.

10. Apparatus for measuring a pulsed RF bias signal applied to a bjfs electrode of a wafer
processing chamber; the apparatus comprising:

a detector configured for response to the pulsed RF bias gfgnal, the pulsed RF bias
signal comprising of a pair of ON mode pulses separated by anOFF mode, the detector
being configured to generate a detector signal comprising syfcessive envelopes,
amplitudes of a respective one of the envelopes being prgfortional to peak-to-peak
voltage values as a function of time of a respective OYmode pulse; and

a sample and hold circuit for sampling eagh successive one of the envelopes, the
sampling identifying one of the amplitudes of thf envelope, the identified one amplitude
representing the characteristic peak-to-peak ybltage value of the respective ON mode pulse
corresponding to the envelope, the circuit £enerating an output signal in proportion to the

identified one amplitude.

1. Apparatus as recited in£laim 10, the apparatus further comprising a timing circuit
configured to generate a trigggh signal for triggering the sample and hold circuit on completion
of a delay following a rise feriod of each of the envelopes so that each

identified one amplitudgfrepresents the characteristic of the peak-to-peak voltage values of the

ON mode pulse corrg§ponding to the respective envelope.

12. Appgfatus as recited in claim 11, wherein:
thf apparatus is also configured to measure a CW RF bias signal; and
he timing circuit is further configured with a watchdog circuit effective to generate the

signal upon generation of the CW RF bias signal in lieu of the pulsed RF bias signal.
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13. Apparatus as recited in claim 10, further comprising:

an averaging circuit configured to add the identified one amplitudes sampled
a preset number of the respective successive envelopes to obtain a sum and to divid
sum by the preset number to generate the output signal having a value in proporti

average of the characteristic peak-to-peak voltage values of the ON mode pulsgh corresponding

to the respective preset number of envelopes.

14, Apparatus as recited in claim 13, wherein:

the preset number is selected according to an update fr ncy at which the

output signal is to be updated; and

the averaging circuit is configured to update the oygut signal at the update

frequency, the values of the output signal being independgnt of a duration of the OFF

modes.

15. Apparatus as recited in claim 13, whergin:
the averaging circuit is further confjéured based on selecting the preset number
according to the durations of the ON and ¢JFF modes and according to an update

frequency at which the output signal isfo be updated.

16. Apparatus as recited in faim 10, wherein:
the sample and hold Aircuit is configured to sample envelope amplitudes having
ltage limit;

voltage values of the ON mode pulses exceed the voltage limit;

voltage values less than a

the peak-to-pe,

and

Apparatus as recited in claim 10, wherein:

each ON mode pulse consists of RF cycles; and
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the detector comprises a circuit configured with a storage device and a diode net
the diode network enabling the storage device to store for each cycle a value

representing the peak-to-peak voltage of the cycle.

18. Apparatus as recited in claim 10, wherein:
the pulsed RF bias signal comprises RF cycles;
the detector comprises a peak-to-peak detector circuit;
the detector circuit is configured with a pair of oppositely cgfiducting diodes and a
capacitor for storing a charge proportional to the peak-to-peak volyfge values of the cycles of the

ON mode pulses of the pulsed RF bias signal;

each of the diodes is configured with a capacity to gonduct current up to a current limit;

and
the detector further comprises a separate cirgfit in series with each of the diodes, the

separate circuits are configured so that each of the glodes conducts current up to the current limit

as the capacitor is charged.

19. Apparatus for measuring a pulseg/ RF bias signal applied to a bias electrode of a wafer

processing chamber, the apparatus co

a detector configured for rgfponse to the pulsed RF bias signal, the pulsed RF bias
signal consisting of pairs of ON pfode pulses, each pair being separated by an OFF mode,
each ON mode pulse consistipf of cycles, each cycle being characterized by a voltage
amplitude that varies with gspect to time, the detector being configured so that the

response is generating gflietector signal in the form of successive envelopes, amplitudes of one of

the envelopes consisging of amplitude values that are proportional to peak-

to-peak voltage vglues of the cycles of a respective one of the ON mode pulses, the
amplitudes of Zrespective envelope being with respect to time only during a respective

ON mode pAise, each envelope being independent of a duty cycle and of a frequency of

the pulsgd RF bias signal; and

a sample and hold circuit configured for operation with respect to each of successive
of the spaced envelopes, the sample and hold circuit sampling an envelope amplitude

aving an amplitude value proportional to a characteristic peak-to-peak voltage value of the
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cycles of the respective ON mode pulse and holding the sampled amplitude value until sampfling
of a next envelope, the sample and hold circuit generating an output signal having a val

proportional to the characteristic peak-to-peak voltage value of the cycles of the respgctive ON

mode pulse,

20. Apparatus as recited in claim 19, the apparatus further comprising A timing circuit

configured to generate a trigger signal for triggering the sample and hold/ircuit on

completion of a rise period and of a transition period of each of the reghective envelopes.

21. Apparatus as recited in claim 19, wherein the sample Ad hold circuit is configured
with:
a sampling module that samples a plurality of syfcessive values of the amplitude of the

respective envelope; and
a selecting module that determines which £f the plurality of sampled amplitude values

is proportional to the characteristic peak-to-peakAoltage value of the cycles of the respective ON

mode pulse.

22. Apparatus as recited in claim 21, yherein the selecting module is configured:

to make the determination#ith respect to two sampled amplitude values of the peak-to-
peak voltage value of the cycles ¢ the respective ON mode pulse and to hold the higher value
sample;

to make the deterghination with respect to the held higher value sample and a sample of

the next successive amp#tude value of the cycles of the respective ON mode pulse and to hold

value is less thh the higher value of the held sample and to hold the higher value held sample
for use in ggherating the output signal having a value in proportion to the characteristic peak-to-

peak voljhge value of the cycles of the respective ON mode pulse.
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23. Apparatus as recited in claim 19, wherein for each of the respective successive
envelopes the sample and hold circuit samples a characteristic envelope amplitude valu
proportional to a characteristic peak-to-peak voltage value of the cycles of the respecfive ON
mode pulse to which the respective successive envelope corresponds; and

the apparatus further comprises an averaging circuit configured to obtain a su
by adding the characteristic amplitude values of a preset number of the respgctive successive
envelopes, wherein the preset number is selected so that an update time p€riod during

which the output signal is updated equals the number of successive egfelopes divided by
a pulse rate of the pulsed RF bias signal, the averaging circuit being further configured to

divide the sum by the preset number to generate the output sign#l having a value that is

proportional to an average of the characteristic peak-to-peakfoltage values of the cycles the

ON mode pulses that correspond to the preset number of gspective successive envelopes.

24. Apparatus for measuring voltage values offa pulsed RF bias signal applied to a bias
electrode of a wafer processing chamber, the si
followed by an OFF mode followed by anot
of alternating ON mode pulses and OFF

successive ones of the ON pulses start, £ach ON mode pulse consisting of cycles, each

ON mode pulse and continuing in a series

des, a pulse rate defining times at which

cycle being characterized by voltaggalues that vary with respect to time and that include

a peak-to-peak voltage value of e cycle, the apparatus comprising:

a detector configuregftor response to each ON mode pulse of the continuing
series for generating a deteglor signal in the form of one envelope corresponding to each
of the ON mode pulses ghd spaced from other successive envelopes according to the
pulse rate, each envejbpe representing peak-to-peak voltage values of the cycles of a
respective one of e ON mode pulses, the detector being configured so that the detector
signal consists Af one envelope followed by a successive one OFF mode followed by one
envelope inA continuing series of OFF modes and envelopes alternating at the pulse rate;
and
a sample and hold circuit configured to be triggered for operation only with respect to
eagh successive one of the envelopes, the triggered circuit sampling a voltage amplitude value of

respective envelope and holding the sampled value during the next OFF mode, the held
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sampled value representing the characteristic peak-to-peak voltage value of the cycles of thf ON

mode pulse corresponding to the respective envelope.

25. Apparatus as recited in claim 24, further comprising:
a feedback circuit for controlling the voltage values of the pulsed J¥F bias signal
applied to the bias electrode, the feedback circuit generating a control sigfial at an update

rate, the update rate being slower than the pulse rate and defining a tigAe period between

updates of the control signal.

26. Apparatus as recited in claim 25, further comprisi
an averaging circuit responsive to a number of tfe held voltage amplitude values
representing the characteristic peak-to-peak voltage vglues of the cycles of respective successive
ON mode pulses corresponding to respective envelgpes occurring in succession during one of the
update time periods, the averaging circuit genergling an average of the held voltage amplitude

values to represent an average of the charactgfistic peak-to-peak voltages values of the ON mode
pulses during the one update period; and
the feedback circuit updating fhe control signal in response to the average of the held

voltage amplitude values.

217. Apparatus as recitedAn claim 26, wherein the averaging circuit obtains a sum of the

held voltage amplitude valfes held during the one update time period and divides the sum by the
number of the held voltfge amplitude values to determine the average.
28. A methofl of determining a peak-to~-peak voltage value of a pulsed RF bias signal

applied to an DA bias electrode supporting a substrate in a processing chamber, the applied signal

consisting of alternating modes, the modes consisting of an ON mode puise and an OFF mode

mode pulse that continue in a series of modes, the method comprising the operations

identifying a first ON mode pulse of the pulsed RF bias signal, the first ON mode

ulse being characterized by amplitudes of cycles that vary with respect to time;
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defining an envelope representing peak-to-peak voltage values of the amplitudes

of the cycles of the identified first ON mode pulse as a function of time during the first

ON mode pulse; and
sampling the envelope to generate an output signal representing the chagfcteristic peak-

to-peak voltage value of the pulsed RF bias signal.

29. A method as recited in claim 28, the method comprising the fupfner operation of:
generating a feedback signal for controlling the voltage valyf of the pulsed RF

bias signal, the feedback signal being based on the characteristic pfak-to-peak voltage value of

the output signal and on a desired peak-to-peak voltage value ofthe pulsed RF bias

signal.

30. A method as recited in claim 28, comprisinghe further operations of:
repeating the identifying, defining, and sgfipling operations with respect to
successive ON modes pulses of the series to upghite the output signal based on the

envelopes representing peak-to-peak voltagefalues of the amplitudes of the cycles of the

successive ON mode pulses.
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What is claimed is:

1. In a plasma chamber for processing a semiconductor wafer, circuitry for
monitoring and adjusting a pulsed RF bias voltage signal to be applied to a chuck in the
plasma chamber, the chuck being configured to mount the wafer for processing, the
circuitry comprising:

an RF bias voltage detector for detecting individual pulses of the pulsed RF bias
voltage signal applied to the chuck;

a timing circuit for determining a time for sampling each of the individual detected
pulses, wherein the time for sampling corresponds to a time when a characteristic peak-
to-peak voltage value occurs in each individual detected pulse, the characteristic peak-to-
peak voltage representing a maximum peak-to-peak voltage of an envelope of each
individual detected pulse;

a sample and hold circuit triggered at the sampling time for sampling each of the
individual detected pulses to determine and hold a voltage value representing the
characteristic peak-to-peak voltage value of each individual detected pulse, wherein the
sample and hold circuit is configured to provide a feedback signal based on the
characteristic peak-to-peak voltage value of at least one of the detected pulses; and

a feedback circuit for adjusting the voltage of the pulsed RF bias voltage signal
applied to the chuck according to a difference between the feedback signal and a desired
voltage value of the RF bias voltage signal to hold electrical characteristics of the plasma
steady during processing to compensate for a variation of an impedance presented to the

chuck.

2. Circuitry as recited in claim 1, wherein the RF bias voltage detector is configured
to detect each individual pulse of the pulsed RF bias and output the voltage envelope

representing peak-to-peak voltage values within each individual detected pulse.
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3. Circuitry as recited in claim 2, wherein the timing circuit is configured to detect a
rising edge of each of the individual detected pulses and to determine the sampling time
delayed from the rising edge so that the sample and hold circuit triggered at the sampling
time samples the voltage envelope to determine the voltage value representing the

characteristic peak-to-peak voltage value of each individual pulse.

4. Circuitry as recited in claim 1, wherein the sample and hold circuit is configured to
detected pulses to determine and hold a voltage value representing one or more peak-to-

peak voltage values of the envelope of each individual detected pulse.

5. Circuitry as recited in claim 1, wherein the sample and hold circuit is configured to

average a plurality of the determined held voltage values.

6. Apparatus for measuring a pulsed RF bias signal applied to a bias electrode of a
wafer processing chamber, the apparatus comprising:

a detector configured for response to the pulsed RF bias signal, the pulsed RF
bias signal comprising of a pair of ON mode pulses separated by an OFF mode, the
detector being configured to generate a detector signal comprising successive envelopes,
amplitudes of a respective one of the envelopes being proportional to peak-to-peak
voltage values as a function of time of a respective ON mode pulse; and

a sample and hold circuit for sampling each successive one of the envelopes at a
sampling time when a characteristic peak-to-peak voltage value occurs in each envelope,
the characteristic peak-to-peak voltage representing a maximum peak-to-peak voltage of
the envelope of each individual detected pulse, the sampling identifying one of the
amplitudes of the envelope, the identified one amplitude representing the characteristic

peak-to-peak voltage value of the respective ON mode pulse corresponding to the
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envelope, the sample and hold circuit generating an output signal in proportion to the
identified one amplitude, the output signal being used for holding electrical characteristics
of a plasma steady during processing to compensate for a variation of an impedance

presented to the electrode.

7. Apparatus as recited in claim 6, the apparatus further comprising a timing circuit
configured to generate a trigger signal for triggering the sample and hold circuit on
completion of a delay following a rise period of each of the envelopes so that each
identified one amplitude represents the characteristic of the peak-to-peak voltage values

of the ON mode pulse corresponding to the respective envelope.

8. Apparatus as recited in claim 6, further comprising:

an averaging circuit configured to add the identified one amplitudes sampled from
a preset number of the respective successive envelopes to obtain a sum and to divide the
sum by the preset number to generate the output signal having a value in proportion to an
average of the characteristic peak-to-peak voltage values of the ON mode pulses

corresponding to the respective preset number of envelopes.

9. Apparatus as recited in claim 8, wherein:

the preset number is selected according to an update frequency at which the
output signal is to be updated; and

the averaging circuit is configured to update the output signal at the update
frequency, the values of the output signal being independent of a duration of the OFF

modes.

10. Apparatus as recited in claim 8, wherein:
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the averaging circuit is further configured based on selecting the preset number
according to the durations of the ON and OFF modes and according to an update

frequency at which the output signal is to be updated.

11. Apparatus as recited in claim 6, wherein:

the sample and hold circuit is configured to sample envelope amplitudes having
voltage values less than a voltage limit;

the peak-to-peak voltage values of the ON mode pulses exceed the voltage limit;
and

the detector is configured with a plurality of stages, each of the stages is
configured to attenuate the voltage values of the ON mode pulses so that the voltage

values of the amplitudes of the envelopes are less than the voltage limit.

12. Apparatus as recited in claim 6, wherein:

each ON mode pulse consists of RF cycles; and

the detector comprises a circuit configured with a storage device and a diode
network, the diode network enabling the storage device to store for each cycle a value

representing the peak-to-peak voltage of the cycle.

13. Apparatus as recited in claim 6, wherein:

the pulsed RF bias signal comprises RF cycles;

the detector comprises a peak-to-peak detector circuit;

the detector circuit is configured with a pair of oppositely conducting diodes and a
capacitor for storing a charge proportional to the peak-to-peak voltage values of the
cycles of the ON mode pulses of the pulsed RF bias signal;

each of the diodes is configured with a capacity to conduct current up to a current

limit; and
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the detector further comprises a separate circuit in series with each of the diodes,
the separate circuits are configured so that each of the diodes conducts current up to the

current limit as the capacitor is charged.

14. Apparatus for measuring a pulsed RF bias signal applied to a bias electrode of a
wafer processing chamber, the apparatus comprising:

a detector configured for response to the pulsed RF bias signal, the pulsed RF
bias signal consisting of pairs of ON mode pulses, each pair being separated by an OFF
mode, each ON mode pulse consisting of cycles, each cycle being characterized by a
voltage amplitude that varies with respect to time, the detector being configured so that
the response is generating a detector signal in the form of successive envelopes,
amplitudes of one of the envelopes consisting of amplitude values that are proportional to
peak-to-peak voltage values of the cycles of a respective one of the ON mode pulses, the
amplitudes of a respective envelope being with respect to time only during a respective
ON mode pulse, each envelope being independent of a duty cycle and of a frequency of
the pulsed RF bias signal; and

a sample and hold circuit configured for operation with respect to each of
successive ones of the spaced envelopes at a sampling time when a characteristic peak-
to-peak voltage value occurs in each envelope, the characteristic peak-to-peak voltage
representing a maximum peak-to-peak voltage of the envelope of each individual
detected pulse, the sample and hold circuit sampling an envelope amplitude having an
amplitude value proportional to a characteristic peak-to-peak voltage value of the cycles
of the respective ON mode pulse and holding the sampled amplitude value until sampling
of a next envelope, the sample and hold circuit generating an output signal having a value
proportional to the characteristic peak-to-peak voltage value of the cycles of the
respective ON mode pulse, the output signal being used for holding electrical

characteristics of a plasma steady during processing to compensate for a variation of an
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impedance presented to the electrode.

15. Apparatus as recited in claim 14, the apparatus further comprising a timing circuit
configured to generate a trigger signal for triggering the sample and hold circuit on

completion of a rise period and of a transition period of each of the respective envelopes.

16. Apparatus as recited in claim 14, wherein the sample and hold circuit is configured
with:

a sampling module that samples a plurality of successive values of the amplitude
of the respective envelope; and

a selecting module that determines which of the plurality of sampled amplitude
values is the characteristic peak-to-peak voltage value of the cycles of the respective ON

mode pulse.

17. Apparatus as recited in claim 16, wherein the selecting module is configured:

to make the determination with respect to two sampled amplitude values of the
peak-to-peak voltage value of the cycles of the respective ON mode pulse and to hold the
higher value sample;

to make the determination with respect to the held higher value sample and a
sample of the next successive amplitude value of the cycles of the respective ON mode
pulse and to hold the higher value sample; and

to stop making the determinations when the sample of the next successive
amplitude value is less than the higher value of the held sample and to hold the higher
value held sample for use in generating the output signal having a value in proportion to
the characteristic peak-to-peak voltage value of the cycles of the respective ON mode

pulse.
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18. Apparatus as recited in claim 14, wherein for each of the respective successive
envelopes the sample and hold circuit samples a characteristic envelope amplitude value
proportional to a characteristic peak-to-peak voltage value of the cycles of the respective
ON mode pulse to which the respective successive envelope corresponds; and

the apparatus further comprises an averaging circuit configured to obtain a sum
by adding the characteristic amplitude values of a preset number of the respective
successive envelopes, wherein the preset number is selected so that an update time
period during which the output signal is updated equals the number of successive
envelopes divided by a pulse rate of the pulsed RF bias signal, the averaging circuit being
further configured to divide the sum by the preset number to generate the output signal
having a value that is proportional to an average of the characteristic peak-to-peak
voltage values of the cycles the ON mode pulses that correspond to the preset number of

respective successive envelopes.

19. Apparatus for measuring voltage values of a pulsed RF bias signal applied to a
bias electrode of a wafer processing chamber, the signal consisting of an ON mode pulse
followed by an OFF mode followed by another ON mode pulse and continuing in a series
of alternating ON mode pulses and OFF modes, a pulse rate defining times at which
successive ones of the ON pulses start, each ON mode pulse consisting of cycles, each
cycle being characterized by voltage values that vary with respect to time and that include
a peak-to-peak voltage value of the cycle, the apparatus comprising:

a detector configured for response to each ON mode pulse of the continuing
series for generating a detector signal in the form of one envelope corresponding to each
of the ON mode pulses and spaced from other successive envelopes according to the
pulse rate, each envelope representing peak-to-peak voltage values of the cycles of a

respective one of the ON mode pulses, the detector being configured so that the detector
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signal consists of one envelope followed by a successive one OFF mode followed by one
envelope in a continuing series of OFF modes and envelopes alternating at the pulse rate;

a sample and hold circuit configured to be triggered for operation only with respect
to each successive one of the envelopes, the triggered circuit sampling a voltage
amplitude value of a respective envelope and holding the sampled value during the next
OFF mode, the held sampled value representing the characteristic peak-to-peak voltage
value of the cycles of the ON mode pulse corresponding to the respective envelope, the
characteristic peak-to-peak voltage representing a maximum peak-to-peak voltage of the
envelope of each individual detected pulse; and

a feedback circuit for adjusting a voltage of the pulsed RF bias voltage signal
applied to the electrode according to a difference between an output of the sample and
hold circuit and a desired voltage value of the RF bias voltage signal to hold the electrical
characteristics of plasma steady during processing to compensate for a variation of an

impedance presented to the electrode.

20. Apparatus as recited in claim 19, further comprising:

a feedback circuit for controlling the voltage values of the pulsed RF bias signal
applied to the bias electrode, the feedback circuit generating a control signal at an update
rate, the update rate being slower than the pulse rate and defining a time period between

updates of the control signal.

21. Apparatus as recited in claim 20, further comprising:

an averaging circuit responsive to a number of the held voltage amplitude values
representing the characteristic peak-to-peak voltage values of the cycles of respective
successive ON mode pulses corresponding to respective envelopes occurring in

succession during one of the update time periods, the averaging circuit generating an



39
average of the held voltage amplitude values to represent an average of the characteristic
peak-to-peak voltages values of the ON mode pulses during the one update period; and
the feedback circuit updating the control signal in response to the average of the

held voltage amplitude values.

22. Apparatus as recited in claim 21, wherein the averaging circuit obtains a sum of
the held voltage amplitude values held during the one update time period and divides the

sum by the number of the held voltage amplitude values to determine the average.



