BANDPASS SIGMA-DELTA MODULATOR WITH ANTI-RESONANCE
CANCELLATION Technical Field The present invention relates generally
to a bandpass sigma-delta modulator, and more particularly to a
bandpass sigma-delta modulator using an acoustic resonator or
micro-mechanical resonator. The present Invention also generally relates
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Backaround Art

Celiutar telephone systems have become very popular in many countries
throughout the world. Unfortunately, the specific standards adoptied by different
countries are often different and cellular devices from ohe country will not be
operable within another system. Acéordingly, completely different handsets are
necessary if a person is operating in two different countries having different
standards.

As a result of this difficulty, there have been some efforts fo provide a
single device that is operable in different countries having different standards. A
technology known as software-defined radio (SDR) provides one solution to this
problem. In the SDR system, the entire band of RF or IF signal is digitized and
the channel is selected using a programmabie digital filter. Thus, the SDR can be
reconfigured through the softwars to syt different standards. However, this effort
has not been completely successful because it requires a high-speed AD
converter that must have not only high-speed, but also provide adequate
resolution. In the ideal SDR arrangement, the RF is directly digitized in the

receiver. It requires that the A/D converter have 3 speed in the gigahertz range,



and also have a dynamic range over a 100 dB, which is equivalent to a
16-bit resolution. Among the various AID converters, the sigma-delta AID
converter has promise in achieving the desired dynamic range. However,
it Is only achievable at a much lower frequency band. As the frequency
increases, circuit imperfections become dominant and degrade the
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modulator. These signals are also fed back to a D/A converter 4, and the
resultant analog signal is applied as a second input fo summation device 1 which
also receives the input to the modulator. The difference between the input and
the feedback of the summation device produces an input to the resonator.

Figure 2 shows a typical output spectrum from a fourth order bandpass
sigma-delta modulator where the quantization noise is shaped away from the

_resonance frequency, resulting in a very high dynamic range. The depth of the
notch is related to the Q value of the resonator. The higher the Q value is, the
deeper the notch. The noise shaping is also dependent on the order of the
modulator. Higher order modulators provide better noise shaping and hence a
higher dynamic range.

Typically, the resonator is made of one of three different electronic circuits,
namely, a passive L-C tank, a transconductor-capacitor or a switch-capacitor.
However, none of these circuits have been successful in the situation described.
The first two circuits cannot achieve a high Q value due to parasitic losses and

noh-linearity. Typical Q values are around 10 and 40 for the integrated L-C tank
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at 21 which is the series resonance mode. This occurs at frequency . A
minimum point 22 is the parallel resonance mode which occurs at the anti-
resonance frequency fa.

Figure 12 shows a typical equivalent circuit for a resonator. It includes a
static capacitance C, 23 which is connected in parallel fo a series circuit of
resistor R, 26, capacitor Cp, 25 and inductor Ly, 24. The static capacitance 23
alters the transfer function of the ideal resonator by introducing two transmission
zeros. In different applications, the presence of the anti-resonance may be
desirable, such as in filtering and making oscillators. However, in other situations,
it is not desirable such as in the sigma-delta modulator of Figure 1 discussed
above. The presence of anfi-resonance makes it difficult to realize the transfer
function of the modulator and therefore it is desirable that it be cancelled.
Likewise, in other modulators and in other situations, it may be desirable to cancel
the anti-resonance in order that the resonance peak is emphasized.



resistor Rm, 26, capacitor Cm, 25 and inductor Lm, 24. The static

capacitance 23 alters the transfer function of the ideal resonator by

introducing two transmission zeros. In different applications, the presence
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invention provide a method for the cancellation of anti-
resonance in resonators.
Embodiments of the present invention provide a circuit for the cancellation of anti-
resonance in resonators.
Embodiments of the present invention provide a method for the cancellation of anti-

resonance in micro-mechanical and acoustic wave resonators.

Embodiments of the present invention provide a circuit for the cancellation of anti-

resonance and micro-mechanical and acoustic wave resonators.

Embodiments of the present invention provide a circuit having a resonator and a

cancellation network providing inputs to a subtractor.

Embodiments of the present invention provide a capacitor which acts as the
cancellation network for a resonator.
Embodiments of the present invention provide a method and circuit for the

cancellation of anti-resonance in micro-mechanical, SAW and BAW resonators.



resonance in micro-mechanical and acoustic wave resonators.
Embodiments of the present invention provide a circuit for the cancellation
of anti- resonance and micro-mechanical and acoustic wave resonators.
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the resonance signal. Briefly, these and other embodiments of the
invention are achieved by using either a micro-mechanical resonator or

* an accoustical resonator as a bandpass filter which provides an output to
a quantizer. The output of the quantizer acts as 4a the output of the
modulator and is also fed back to two different DIA converters. The output

f the fwq converters is adjusted by a gain and applied o a summation
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considered in connection with the accompanying drawings, wherein:
Figure 1 is a block diagram of a prior art bandpass sigma-delta modulator.
Figure 2 is a graph of the output spectrum from a typical fourth order

modulator. Figure i0,ablgel @i 1 secnd dergardpass

sigma-delta modulatorusing a micro-mechanical resonator according to
the predem¥w entopleiri giacistioy cipho faverdiom enspaetnymiftoenatiendant
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diagram of a fourth order bandpass sigma-delta modulator using ] )
mHRRETROAR Y rEeBRads M EiplirvE e detrip drerdrdomihspeansigered in
froomacistionthatideidbassbpasssignaradeigsmokisieker according to Figure

S Figure 1 is a block diagram of a prior art bandpass sigma-delta modulator,
Figure 2 is a graph of the output spectrum from a typical fourth order
modulator.
Figure 3 is a block diagram of & second order bandpass sigma-deita
modulator using a micro-mechanical resonafor according to the present invention.
Figure 4 is a graph of the output spectrum from the second order bandpass
sigma-delta modulaior of Figure 3.
Figure & block diagram of a fourth order bandpass sigma-delta modulator
using micro-mechanical resonators,
Figure 6 is a graph of the output spectrum from a fourth order bandpass
sigma-delta moduiator according to Figure 5.
Figure 7 is a block diagram of the second order bandpass sigma-delia
modulator using an acoustical resonator.
Figure 8 is a graph of the oufput spectrum from a second order bandpass
sigma-delta modutator shown in Figure 7.
Figure 9 is a block diagram of a fourth order bandpass sigma-delia
modulator using acoustical resonators. '
Figure 10 is a graph showing the output spectrum from a fourth order
bandpass sigma-delia modulator as shown in Figure 9,



Figure 7 is a block diagram of the second order bandpass sigma-delta
modulator using an acoustical resonator. Figure 8 is a graph of the output
spectrum from a second order bandpass sigma-delta modulator shown in
Figure 7. Figure 9 is a block diagram of a fourth order bandpass
sigma-delta modulator using acoustical resonators. Figure 10 is a graph
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summingigliyH 7 is a graph of a frequency response for a resonator according to
the present invention.

BEST MODES FOR CARRYING OUT THE INVENTION

Referring now to the drawings, wherein like reference numerals designate
identical corresponding parts throughout the several views, and more particularly
to Figure 3 which shows a second order sigma-delta modulator using a micro-
mechanical resonator. The summing circult 1 adds the analog input fo fwo
outputs from two gain stages. The sum forming the output of the summing circuit
becomes the input fo the micro-mechanical resonator 2. The resonator
selectively passes the signal at its resonance frequency and attenuates signals at
other frequencies. The output from the resonator is adjusted by gain stage G1, 6
and fed to quantizer 3. The signal is quantized to form a series of binary bits as in
Figure 1 which form the output of the modulator. The output is also fed back as
an input to a pair of D/A converters, DAC1, 4, and DAC2, 5. The converters are
both one bit converters but have different output pulses. One is a return to zero
converter, whereas the other is a half returmn fo zero converter. As a result, they
have different fransfer functions in the frequency domain. The output of the
converters are analog sighals which are fed back to the summing clrcuit through
gain stages G2, 7 and G3, 8, The value of the gains in G1-G3 may be either
positive or negative and often the gains in the feedback path are negative so that

the feedback Is subtracted from the input signal in a similar fashion fo Figure 1.



becomes the input to the micro-mechanical resonator 2. The resonator
selectively passes the signal at its resonance frequency and attenuates
signals at other frequencies. The output from the resonator is adjusted by
gain stage G1, 6 and fed to quantizer 3. The signal is quantized to form a
series of binary bits as in Figure 1 which form the output of the modulator.
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these signals is used as the input fo the second micro-mechanical resonator 10
which alsoc selectively passes the signall at the resonance frequency and
attenuates the signal at other frequencies. This output is adjusted by gain stage
G4, 11 and its output is applied to quantizer 3. The output of the quantizer is a
series of digital bits as described above and forms the output of the modulator.
This output is fed back fo two converters D/A converters 4 and § in a similar
fashion to Figure 3. However, in addition to the analog feedback signal being
applied to gain stages G2 and G3 as in Figure 3, they are also applied fo gain
stages G5, 12, and G6, 13 as inpufs fo the second sumring circuit 9. |

The output is the output of a fourth order bandpass sigma-delta rnodulator
having a digitized form of the input analog signal. By having two micro-
mechanical resonators in the loop, this device provides fourth order nolse-shaping
as shown in Figure 6. This fourth order modulator using two micro-mechanical
resonators is able to provide digitization of the analog signal with high resolution.

As in the embodiment of Figure 3, the gain stages can be either positive or
negative, and either gain or attenuation, as necessary.



Figure 3. The output of the summing circuit is fed to micro-mechanical
resonator 2 which produces an output to gain stage G1, 6. This output is
then applied to the second summing circuit 9 along with two additional
feedback signals. The sum of these signals is used as the input to the
second micro-mechanical resonator 10 which also selectively passes the

signal at the resonance frequenc attenuates the signal at other .
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are two acoustic resonators in the loop, the modulator provides a fourth order
noise shaping as shown in Figure 10 and is therefore of fourth order, This fourth
order bandpass sigma-delfa modulator using acoustic resonators is able fo
provide the digitization of the analog signal with a high resolution at high
frequency.

Figure 13 shows the system with anti-resonance canceliation. An input
sighal from the signal generator X, 34, is applied fo both resonator 27 and
cancellation network 28. The output of the cancellation network is subtracted
from the output of the resonator circuit in the subtractor 31. Lumped loads Zy, 29
and Zy 30 are provided at the ouipuis of the resonator and canceliation network,
respectively. These consist of the input impedances of the subtractor as well as
parasitic impedances at the respective notes. Capacitor Cy, 33, is a lumped
parasitic capacitance at the input node.  The oufput of the subtractor X, 32,
provides a signal with the anti-resonance being removed from the usual resonator

output. This is accomplished as long as certain parameters of the cancellation
network assume the proper vaiues.



resonator 2. The remaining parts of the circuit operate in a similar fashion
to that of Figure 3. Since the acoustic resonator 2 Is a second order
system, the bandpass sigma-delta modulator shown in Figure 7 is of
second order and provides second order noise-shaping as shown in
Figure 8. This modulator using an acoustic resonator is capable of

digitizifiggtihe atéloghiopst signedrdutistiiidesscansaliation thaaui fadrtthe  first
odulatqr. Figure 9 shows such a fourth order, handpas
R s D RS MR DA R SR elered by o
ginttle! toitbisit sfiavresisiigamrdSsanacittses Hugs)siimdeRdriatohowstiseritividing
Gk machapic s&}ﬁ} incggher t ti (Sl
. g%: ﬁéo%%'?‘% 'éaér%b%ﬁ&ator prg\%e%sl'g Oél:I rthﬁoﬁ%@rs%ilg %a%%?s%%pﬁ‘ rﬁt' ?%%%%‘%ﬁnm
Fiérad cehAgliartherefbfe bf Rasratgemaniidherancelediopastiertds merely
S0maAat DoduRioMHaINARERISTS FeFRAMELS tsAkiguiga R VRN &uch as

digitization of the analog signal with a_high resolution at high frequency.

FIERNE 18 JHEWE tHed sy iR i R thes sriresnaiesIdioReaArRisled. it is
Sigoabamnithelsidoibgéneatatiidinedd.bs amplied to both resonator 27

and cancq,_L'IaLi twork 28. The output of the cancellation network is
subtracted ?ro(h&?%hn%"élﬁpdfgp f#e? e—s%?ﬁ%itor circuit in the subtractor 31.

Lumped loads Zip, 29 a_md Z12,30 are provided at the outputs of the
resonatph @i Acel YoM raLic 'ESPSSINEL 386eReNRISLORIR has no

r(ﬁ%t‘g;&m edances of the subtractor as well as parasitic impedances at the

i . ,

r RRoRDEIRURROF B W-TeSONERFRA parasitic capacitance at

the inpuVhedethEte epiifioFehricninipciar@us2therompas o signeanddiation

t i-res nce heing remqved from.the usual resonator output. This

iﬁ%nﬁ%ligﬁégea&s kI%c())ng%ae?s er teilar? tbn am éjrs&; H?E A %Ilgﬁo%) remove the

néitidasananasenng iolher valpiscur Fdinpenl theewsnatororel detailydmatching

CanephAkRREre \df aldNefiEeii-RBIPEHMER tAS ShANRRS HPRRAIRIE of the

29 and 30 are each replaced by a ,
resonaior part of the circuit, a sighal is produced in the cancellation network which
follows the anti-resonance signal. When this is subtracied from the output of the
resonator; the anti-resonance part of the output is removed leaving the resonance
part of the signal without having any anti-resonance. Thus, the output signal
shown In Figure 16 which corresponds fo the output of the resonator is then
changed in the subtractor to produce an output such is shown in Figure 17 which
does not inciude an anti-resonance.

Figure15 shows a second embodiment where the lumped loads 29 and 30

are purely capacitive and thus, are indicated by capacitors Ci4,36, and C,37. In

this case, the anti-resonance canceliation can be achieved by the following simple
condition:

S _Ce

cLl CLZ

I this case, it is only necessary that the ratio of capacitors Cp to Cy¢ be
equal 1o that of Ce to Clo. In this situation, the result is similar to that of the first



parallel circuit of a resistor and capacitor. Thus, load 29 is shown as

including resistor RL" 35, and capacitor CL1, 36. likewise, load 30

includes resistor RL2, 38, and capacitor CL2, 37. In this arrangement, the

cancellation network is merely a capacitor C., 39. The resonator 27

includes the equivalent circuit such as shown in Figure 12. In order for the

antbodinsnanskawrbim Cneelled athdsd oseiissdriy figtinesfol ewithgZonditions

to be %%Poﬁiaca?dcﬁtg%@ﬁ L6 ic% 1o|‘nls _ar? %agg?oﬁéesﬁ&%ﬁ%?fe&%t invention

parasitiC’capacitance 33 at the input node has ho efféct on

eapcuisile bf abtofithestiramecteastiogsthdbis $pexifivedtabengniesséoed that
:the.qu ft lat iIrqutis. applie ciing .

b aior Tt (e o e A practic=d

@f‘ﬁ\?@’ﬁ%ﬁﬁhﬁ@ psseRrabiratndeselinadteaainthe parameters of the

cancellation circuit to the parameters of various parts of the resonator

part of the circuit, a signal is produced in the cancellation network which

follows the anti-resonance signal. When this is subtracted from the output

of the resonator, the anti-resonance part of the output is removed leaving

the resonance part of the signal without having any anti-resonance. Thus,

the output signal shown in Figure 16 which corresponds to the output of

the resonator is then changed in the subtractor to produce an output such

is shown in Figure 17 which does not.include an anti-resonance. Figurel6

shows a second embodiment where the lumped loads 29 and 30 are

purely capacitive and thus, are indicated by capacitors C1.1,36, and _

CL2,37. In this case, the anti-resonance cancellation can be achieved by

the following simple condition: CP C CLI CL2 In this case, it is only

necessary that the ratio of capacitors CP to CL1 be equal to that of Cc to

CL2. In this situation, the result is similar to that of the first

10



9 embodiment shown in Figure 14 and described In Figures 16 and 17.
Numerous additional modifications and variations of the present invention
are possible In light of the above teachings. It is therefore to be
understood that within the scope of the appended claims, the invention
may be practiced otherwise than as specifically described herein. 10
CLAIMS 1. A resonator system, comprising: a resonator to receive an
CLAIMS$put signal and provide a first output signal at a first output; a

1 c}ar}ggg%g%} %2%%%k 681{13;9%% said input signal and provide a second

output” signal at a sécond output ; a subtractor having a positive input

caugkeniald fiesetvatgit ahsigrgamns ippoavideuplbtstevtigtseigoat at a first
outpuf?“tp“t to combine said first and second output signals and cancel at least

a portion of an anti-resonance from said first output signal; and a first load

apdansedghandriwelptedesaiHr Fait BplLsanalsand sueyifte augraond output

signal 8SRESHVERY dutpRystem according to claim 1, further comprising an input
capacitance coupled to an input of said resonator and an_input of said

cAnSHIRA N DRI SG. n BPSIENE 2 YR HPIBSintoL SR rdfs s pyteut and a
negai®eacalifiosopiverionsdigasea obapaaitencoupledhpimeaann fittield second

aid cancellatjon network and said second output. 4, A system according. , .
outpUl SRS, AN AR P LBt Gt BPLLD cah @A TRARBNE Colipflsaid first
outpLa sapatitande substantially equal to a static capacitance of said resonator

and. wherein parameters.qf said first logad and, of said second, load are
<api £&%ﬂf§§@aﬁemndqoag coup}eaatlo NG first outpu%and said second oufput,

respectively.

2. A system according to claim 1, further comprising an input capacitance

coupled to an input of said resonator and an input of said cancellation network.

3. A system according to claim 1, wherein said cancellation network includes a
capacitor coupled between an input of said cancellation network and said second
output.

4. A system according to claim 3, wherein said capacitor of said cancellation
network comprises a capacitance substantially equal to a static capacitance of said
resonator and wherein parameters of said first load and of said second load are
substantially equal.

5. A system according to claim 4, wherein said first load includes a first load
capacitor and said second load inciudes a second load capacitor, and wherein
capacitances of said first load capacitor and said second load capacitor are
substantially equal.

11



5. A system according to claim 4, wherein said first load includes a first
load capacitor and said second load includes a second load capacitor,
and wherein capacitances of said first load capacitor and said second
load capacitor are substantially equal. 11 6. A system according to claim
A(;hawherein said first load includes a first load resistor and said secon

I

| Sist ) d
6. SYSERMACEUE RN doflaiERidomdifisinctaifl fiEtideatdaciedar % first load
resistifachesisigidandsaidisesand laddesistor asesndsiantialhespstdal. and wherein

.. system according.to claim 4, wherein said first load includes only a firs ,
eIt o o RaI BELSIRE B0 FRLAECOT SRb GRT B e Substantaly
equalcapacitor, wherein a ratio of a static capacitance of the resonator to the

first load capacitor is substantially equal to a ratio of the capacitance of

the cancellation network to the second load capacitor. 8. The system
7. abceydiamteadaming twhelaimshiduleseiatosih G dsaal secledesironiy ef frst load
eS| ¥ I . itox, yherei ' i ircuit h irst ,
canadES S U A AR SO SRS R A v
of a saticecanpmitame fikthetrsoiabd iedbrafustaeadvicermsigitaids substantially

equal 85 afQr /5P ingl%%ria%gxiha%@ @%Ct}%egﬂaﬁgw%wt@"% 10 saiding ioad

series circuit betwee first terminal and said sec erminal. 9. A
capagifeithod comprising: receiving an input signal at an input of a resonator,

the resonator having a resonator output coupled to a first load; receiving

the input signal at an input of a cancellation circuit, the cancellation circuit

8. halRGutamcamstbrivg dGit S doupiedainassid gsgIoaieramFiudes a series
circuifBPYiRssiviara SyttRRRSs arfiish QuipaticgnalHeesmtkaigansallationE ¢ids a first

.output to a second OHHg)ut signal from the resonator output to remove an

ut !
termigalicRapRaitkihaRiLRPHbA HRSEESAATAIANEiGHeCOnd terminal connected to

said first output of said resonator, and wherein said resonator also includes a static
capacitor connected in parallel with said series circuit between said first terminal and
said second terminal.

9. A method comprising:

receiving an input signali at an input of a resonator, the resonator having a
resonator output coupled to a first load;

receiving the input signal at an input of a canceliation circuit, the cancellation
circuit having a cancellation circuit output coupled to a second load; and

applying, via a subtractor, a first oufput signal from the cancellation circuit output

to a second output signal from the resonator ocutput to remove an anti-resonance
portion from the second output signal.

10.  The method of claim 9, wherein receiving the input signal at the input of the
cancellation circuit comprises receiving the input signal at an input of a capacitor

having a capacitance substantially equally to a static capacitance associated with the
resonator.

12



10. The method of claim 9, wherein receiving the input signal at the input
of the cancellation circuit comprises receiving the input signal at an input
of a capacitor having a capacitance substantially equally to a static
capacitance associated with the resonator. 12 11. A wireless apparatus
comprising: a radio adapted to receive a resonance signal; and a

. SSRGS S RRBAT NSRS B adio, wherein the resonator system
CRIMAIRESHapRIPRAEES 0B O eshitneBtBidraiSigRa@l, wherein the signal is
filtered around a resonance frequency; anq?a cancellation network
OO S YR B PRI R JAra B PEfRV e SPRABE SHSlRcR

comparéion of the output signal to generate the resonance signal. 12. The

wireless apparatys of claim 1 herein the resonator system further
e e S AR RS IgR arouna »
resonanereinetieesacadiresonator is configured to pass the signal at the

reﬁoé?r(b%‘ié‘i?oq%‘ﬁ%&%&?cJJﬁe‘HiES'E% [%88%"{%%? Sy Egre"m%r?é 0% an
resonator IS one of a micro- resona

echanica or; an acoustic resonator,

anti-resarantgceoatonsiid eaveprd stipaab togENETsia it es apperatsigmticlaim
11, wherein the resonator system further comprises a capacitor coupled to
both the resonator and the cancellation network to provide an input

12. cdphacwiisiestoapeaaten sfcraify thewhnindhen xR, systehéurther
compHsBeaSsBBRAMRILSRLER Bb ddicwhs el theanseiatieadipivrrivhes e

or more parameters matched to one or more corresponding parameters
secopliigs pRebRatD FapfiatiRthie PaRRdNSIRIANGY AR eGB! 16.

The wireless apparatus of claim 11, wherein the resonator system further
comprises a first load coupled to the output of the resonator and a second
13. lodtecvuplesttapharatitpul ofaime thnebkaidonthetresdoator is one of a

micro-mechanical resonator; an acoustic resonator, or a surface acoustic wave

resonator.

14.  The wireless apparatus of claim 11, wherein the resonator system
further comprises a capacitor coupled to both the resonator and the cancellation

network to provide an input capacitance to the resonator and the cancellation network.

156.  The wireless apparatus of claim 11, wherein the cancellation network has one or
more parameters matched to one or more corresponding parameters of the resonator
to facilitate cancellation of the anti-resonance portion.

16.  The wireless apparatus of claim 11, wherein the resonator system

further comprises a first load coupled to the output of the resonator and a second load
coupled to the output of the cancellation network

12a



12a Bandpass Sigma-Delta Modulator With Anti-Resonance Cancellation
Abstract A bandpass sigma-delta modulator using acoustic resonators or
micro-mechanical resonators. In order to improve resolution at high
frequencies, acoustic resonators. In order to improve resolution at high
frequencies, acoustic resonators or micro- mechanical resonators are
utilized in a sigma-delta modulator instead of electronic resonators. The
uantlzed output is fed back usmg a pair of D/A converters to an input
ANABASE YIRS dis Mgl AntirRespaanpedanseliation
summation deV|ces in series. Such a sigma-delta modulator is usable ina
software defined radio cellular telephone system and in other applications
where high-frequency and high- &R8§i86k A/D conversion is required. A
cancellation circuit may remove the anti- resonance signal from a
resonator. An anti-resonance cancellation circuit removes the
A BRfqeRBhAIRANSIANBAOHBIR oftRE REVRIISTMBIIRh G irKigRgphanical
repdrigtors. mmmactednﬁmmmemmpuﬁ@tﬂﬂgﬁ@@ﬁ@tﬁegh@oea@met@émmrs In
orié?”ﬂ nGldss eS@B%SHC’% Whigh '?ré‘aaq&%'l‘?edstoat&?usf%“?e%a aelanee of; oo
e resonator. The loads of the resonator and cancellation network are
maeGhiraicireaneigigrérs utilized in a sigma-delta modulator instead of electronic

resonators. The quantized output is fed back using a pair of D/A converters to an

input summation device. In fourth order devices, the feed back is to two summation
devices in series. Such a sigma-delta modulator is usable in a software defined radio
cellular telephone system and in other applicatiocns where high-frequency and high-
resolution A/D conversion is required. A cancellation circuit may remove the anti-
resonance signal from a resonator. An anti-resonance cancellation circuit removes
the anti-resonance from the output of the resonators by providing a signal which is
stuibtracted from the output of the resonator. The cancellation circuit includes a
capacitor which is matched to the static capacitance of the resonator. The loads of

the resonator and cancellation network are also matched.

Figure. 3
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