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CANCELLATI ON Technical Field The present invention
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- As a result of this difficulty, there have been some efforts to 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 s selected using a programmable digital filter. Thus, the SDR can be
reconfigured through the software to suit different standards. However, this effort
has not been completely successful because it requires a high-speed A/D
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 a speed in the gigahettz range,



a much-l ower frequency band. As the frequency

i ncreases, circuit inperfections becone dom nant and
degrade the dynanmic range of the AID converter. At the
gi gahertz sanpling frequency range, the highest

dynam c range for the reported bandpass signma-delta
nmodul ator is 75 dB, which only corresponds to a 12.5
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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 successiul in the situation described.
The first two circuits cannot achieve a high Q value due to parasitic losses and
non-linearity. Typical Q values are around 10 and 40 for the integrated L-C tank



with and w thout Q enhancenent, respectively. The
enhanced Q val ue for the transconductor-capacitor
resonator can be up to 300 at a frequency of several
hundred MHz. The swi tch-capacitor resonator is
restricted by its |low resonant frequency (< 100 MHz)
due to the slow settling behavior of the circuit. The
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~ desirable, such as in fi ittering 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 anti-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.
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SAW ang\ f&r@‘nvgr object of this invention is to provide a method for the cancellation
of anti-resonance in micro-mechanical and acoustic wave resonators.

Another object of this invention is to provide a circuilt for the cancellation of
anti-resonance and micro-mechanical and acoustic wave resonators.

A still further object of this invention is to provide a circuit having a
resonator and a cancellation network providing inputs to a subtractor.

A stili further object of this invention is to provide a capacitor which acts as

“the cancellation network for a resonator.

A still further object of this invention is to provide a method and circuit for
the cancellation of anti-resonance In micro-mechanical, SAW and BAW
resonators.

Briefly, these and other objects 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




resonators. Briefly, these and other.-objects of the

i nvention are achieved by using either a
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as a bandpass filter which provides an output to a
quanti zer. The output of the quantizer acts as 4 the
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0t oSk T ol 58500 81 raset nvton
r esonafFigure 4 is a graph of the output spectrum from the second order bandpass
sigma-delta modulator of Figure 3.
| - Figure 5 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 modulator according to Figure 5.
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 outpuf spectrum from a second order bandpass
slgma-delta modulator shown in Figure 7.
Figure 9 is a block diagram of a fourth order bandpass sigma-deita
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 8 is a graph of the output spectrumfroma
second order bandpass signa-delta nodul ator shown in
Figure 7. Figure 9 is a block diagramof a fourth
order bandpass sigma-delta nodul ator using acoustica
resonators. Figure 10 is a graph show ng the out put
spectrumfroma fourth order bandpass sigma-delta
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i rﬁo Figure 3 whlch shows a second order sigma-delia modulator using a micro-
mechanical resonator. The summing circuit 1 adds the analog input to two
outputs from two gain stages. The sum forming the output of the summing circuit
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 galn stage G1, 6
and fed to quantizer 3. The signal is quantized fo 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 return to zero converter. As a result, they
have different transfer functions in the frequency domain. The output of the
converters are analog signals which are fed back to the summing circuit 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 to Figure 1.



Figure 1 which formthe output of the nodul ator. The
output is also fed back as an input to a pair of DA
converters, DACI, 4, and DAC2, 5. The converters are
both one bit converters but have different output
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stages G5, 12, and G6, 13 as inputs to the second summing circuit 9. |
The output is the output of a fourth order bandpass sigma-delta modulator
having a digitized form of the input analog signal. By having two micro-
mechanical resonators in the loop, this device provides fourth order noise-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 elther positive or |
" negative, and either gain or attenuation, as necessary.




4, 11 and its output is applied to quantizer 3. The
output of the quantizer is a series of digital bits
as descri bed above and fornms the output of the
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nodul at.or u acoustic resgnatqgrs. This arralpa%erre

o si IS 38 Shas S a¥stem ity ATB-Esonzes cancaliaton. An input
signal from the signal generator X, 34, is applied to 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 lqads Zi1, 29
and Zj; 30 are provided at the outputs of the resonator and cancellation network,
respectively. These consist of the input impedances of the subtractor as well as
parasitic impedances at the respective notes. Capacitor Gy, 33, is a lumped
parasitic capacitance at the input node. " The output of thé subfractor 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 values.
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of fourth order. This fourth order bandpass
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Figure15 shows a second embodiment where the lumped loads 29 and 30
are purely capacitive and thus, are indicated by capacitors Cy4,36, and Ci2,37. in

this case, the anti-resonance cancellation can be achieved by the followmg simple
condition:
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CL! CLZ

In this case, it is only necessary that the ratio of capacitors Cp to Ciy be
equal to that of C¢ to Cla. In this situation, the resulf is similar {o that of the first




circuit Is applied to the subtracting input of
subtractor 31 to renove the ant-resonance part of the
out put curve fromthe resonator. Thus, by matching

the paraneters of the cancellation circuit to the

par amet ersof various parts of the resonator part of
the circuit, a signal is produced in the cancellation
rembagiikenttshotvn i Figuoavé4 ehe destribedds Bigaresat 6sarghtl..  When

this i bt r act.ed o]y he out put of. the sona

e ahErrols G e tdRRoft i vatoht % 1S §EBH hvention

'lme\powblehn ligksshtas @bov@wdchmbst hteis thersfake W b qnderstood that
a |nq ntl-resonance q t he out put si E

36 3" Saope: o ‘6 vahmended: debisoribs mueRe BWRP BRctied

tdtRerihsthiah a5 sBéczﬁJm ) deSERAMIRbreR, e subtyactor ko
produce an output such 1s shown i n Figure 17 which

does not include an ant-resonance. Figurel6 shows a

second enbodi nent where the | unped | oads 29 and 30

are purely capacitive and thus, are Indicated by
capacitors CL1,36, and CL2,37. In this case, the
anti-resonance cancellation can be achi eved by the

following sinple condition: CPR = CC CLI CL2 In this
case, it is only necessary that the ratio of

capacitors Cp to CLI be -equal to that of Cc to CL2.

In this situation, the result is simlar to that of.

the first 9 enbodi mrent shown in Figure 14 and

described in Figures 16 and 17. Nunerous additiona
nodi fi cations and variations of the present invention

are possible in light of the above teachings. It is

therefore to be understood that wthin the scope of

t he appended cl ains, the invention may be practiced
-otherwi se than as specifically described herein. 10
CLAIMS 1. A resonator system conprising: a resonator
havi ng an i nput connected to an input signal and an

‘out put; a cancellation network having an input

connected to said input. signal and having an out put

and '
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a subtracter having a positive input connected to the
output of said resonator and a negative input
connected to the output of said cancellation network
and an out put; wherein an anti-resonance is renoved
fromthe output of said resonator. 2 A system
according to claim1, further conprising a first |oad
connected to said output of said resonator; and a
| oad connected to said output of said
canceflation circuit. 3. A systemaccording to claim
2, f uAtresonatomgystesn,rgpnaprisingout capaci t ance connect ed
to said input of aldreonator d said, i.nput of
anceP resqtBor A 21 npat ot Bt HERelaral s Gugut
of cl gicandellatiod netwolI9A\ahd ah Fhslit c@ﬂﬁé&bh% isay i‘ﬁPﬁFsigﬁal and
i ncl udes a capacitor connected between said inpu
$aving anmeyt abd on net work and said out put of said
cancell t :
of cl g %jsﬂt%{bt&ekwmer ZDOSA%%%/@{ capacl tcgéqug? tﬂgi pﬂp%f said
cesnretonanda reEgativetinputsconneatadetoctheautput ef sstidtancellation
ﬁeﬁ)@c*taace oft sai d resonator and wherein paraneters

IK AN ANAQUIPYL G and of said second |oad are equal .
6. A syifsreim Arafti-fisbfahce RMEnRVEd Honfihl cmi?ut df@al resonator.
wherein said first load includes a first
capacitor and said second | oad includes a second | oad

gapacht @ysidrh hageRAd CFaiff Faiigrthéf SdorhPAsing a flrst load
capacitor and said second | oad capacitor being equal.

connected ig saidrauipdaf said rasenaley; antasecendioad conngcked to said
[ i ncludes a first | oad

Wﬂ ug?g?ﬁéggpéél@%gggeﬁoad i ncl udes a second | oad

reS| stor and resistances of said f| rst | oad resistor

ndS|d econdladrelst 8. A.system .
Ceor BistsTaD Shaprang b niuRiner §3ubriging e i GPacitance
Ebﬁﬁéctleﬂado 26d] UﬂﬁﬁJtOny said | Fetlonkesd éﬁﬂpa%’i:lormﬁﬁﬁ of said
said second | oad includes only a second | oad

sapealiation cirgit h the ratio of the static capacitor of

the resonator to the first |oad capacitor equaling

" the ratio of the capacitor of the cancellation circuit

do tAesysleandchdooadingatacinyoone of claim 1, 2 or 3, wherein said

cancellation circuit includes a capacitor connected between said input of said

canc;ellation network and said output of said cancellation network.

5. A system according to any one of claims 1 to 4, wherein said
capacitor of said cancellation circuit has a value equal to a static capacitance of
said resonator and wherein parameters of said first load and of said second load
are equal.

6. A system according to any one of claims 1 to 5, wherein said first load
includes a first load capacitor and said second Ioad includes a second load
capacitor with capacitances of said first load capacitor and said second load
capacitor being equal. |
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9. The system according to any one of clains | to 5,
wherein said resonator includes a series circuit of a
resistor, an inductor and a capacitor, said series
circuit having a first termnal connected to said

I nput of said resonator and having a second term na
connected to an output of said resonator, said
resonator also including a static capacitor connected

rd pa?\aé\}s@ém%éd&rﬁﬁg oSy 8fe of iclditist1 E?B\’\@m@réﬁlséld first load
first termnal and Said Second term nal . A net hod

fntludema dirshigadrreaistar, saisbseonnd bagnmlud%s)ﬂrﬁq@nﬁdoad resistor
3555 AL IofL et AL 88l ol P cqua

i nput connect ed to said resonator «circuit input and

havi ng an out subtracting the sigpal at the out.

8 AP SYSTRRICITIBR 1A PR (o SR a8 dfersin said Hirst load
%ELGd’és Sy SPfidt ché%i%‘éﬁdéﬁoﬁhﬁ@ dhid $&oRHA84E tholudes only a second

tracter out put, wWherein the subtracter output
- doadd capacitar, mﬁbﬂmwt&tlcwfgm statio wapacitor efstbeaesenator to the first

i@%‘kg%ﬁ’ﬁgﬁ?f&lg@ﬁla' &S%al%mz’er et?\%aéaanaytgg -é@g?ﬁ%ﬁgéilatlon circuit to

¢hée setdnd iohdecapapit@i tor. 12. The et hod according to
~claim 10, wherein a capacitance of said cancellation
circuit is equal to a static capacitance of said

reS ONgthgr sysien according to any one of claims 1 to 5, wherein said resonator
includes a series circuit of a resistor, an inductor and a capacitor, said series
circuit having a first terminal connected to said input of said resonator and
having a second terminal connected to an output of said resonator, said
resonator also including a static capacitor connected in parallel with said series
circuit between said first terminal and said second terminal.

10. A method for canceling an anti-resonance signal, comprising:

providing a resonator circuit having an input and an output;

providing a cancellation circuit having an input connected to said resonator
circuit input and having an output;

subtracting the signal at the output of said cancellatlon network from the
signal at an output of said resonator circuit to produce a subtracter output,

wherein the subtracter output contains a resonance signal from said
resonator without an anti-resonance signali.

11.  The method according to claim 10, wherein said cancellation circuit
is a capacitor.

12. The method according to claim 10, wherein a capacitance of said
cancellation circuit is equal fo a static capacitance of said resonator.
12




