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Backaround Art
Cellular telephone systems have become very popular in many countries

- throughout the world. Unfortunately, the specific standards adopted by different
countries are often different and cellular devices from one country will not be
operable within another system. Accordingly, 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 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 programmabie 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 ig directly digitized in the
receiver. It requires that the A/D converter have a speed in the gigahertz range,
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: This digital signal of a series of 0's and 1's becomes the output of the sigma-delta

modulator. These signals are also fed back to a D/A converter 4, and the
resultant analog signal is applied as a second input to summation device 1 which
also receives the input fo 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
_fesonance 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-capaciior 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
non-linearity. Typical Q values are around 10 and 40 for the integrated L-C tank




“Technical Field The present invention relates generally to a bandpass
sigma-delta nodul ator, and nore particularly to a bandpasg1siMgnodel t a
nmodul at or using an acoustic resonator or mcro-nechanical resonator. The
present invention also generally relates to the cancellation of the
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at 21 which is the series resonance mode. This occurs at frequency f. 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 to a series circuit of
resistor R, 26, capacitor Cp, 25 and inducior L, 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 osciliators. 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 canqel

the anti-resonance in order that the resonance peak is emphasized.




resolution. A sigma-delta A/ D converter consists of a sigma-delta nodul at or
and a digital filter. Figure 1 shows a typical arrangenentiiMayp2dgsndpass
signa-delta. nodulator. The key elenent in the nodul ator is the resonator
2 which provides the quantization noise shaping. That is, the resonator
acts as a bandpass filter in a band around its resonance frequency. The
resonat or needs to operate at a high frequency and have a high Q (quality
factor) value. The output of the resonator is passed to a quantizer 3

whi ch produces a digital "1" signal if its input exceeds a threshold and a
digital "0" signal if the in i hreshol d. This digital
signal of a series of 0's an@iécgéggggrs%ﬁs eﬁﬂoﬁ put of the sigma-delta
nodul at or. These signals are also fed back to a DA converter 4, and the
resultant anal og signal is applied as a second input to sunmation device |
whi ch al so r edetowdiyy oladirstrappect biothé meemtind utharteds provided dibahdpasscsignet ween t he
i nput anddel he f gdpaﬁk Ot]:er'%h suommrtsilon devi ce produces an input to the
resonat or . ’88? t? SRR é%%%é?p bdl‘gput spectrum froma fourth order
bandpass si grmfigestramingtddvidecior ideeivingtdreinguiaatiirstdéédibackaigal bsd shaped away
fromthe resgﬁancg_’{‘gil fr.eauenc resulting in a very high dynam c range. The
depth of $¢fENdfigredack siopal andyoducing.2n 8FpUY ye of the resonator. The hi gher

the Q val ue i safilshmicréeaeppanitiloraod@iic rddtmatRireidh@riengitput ofbsio fitkkpendent
on the order of the nodul atoor. H gher order nodul ators provide better
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"L-C tank, a transconductor.-ccgaﬁam tor or. a, sw tch-cafacl tor. However, none
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and non-linearity. Typical Q values are around 10 and 40 for the
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Wi thout QeephafGRimid . respectively. The enhanced Q value for the
transconductor-capacitor resonator can be up to 300 at a frequency of
several hundred MHz. The switch-capacitor resonator is restricted by its

| ow resonant Whesginsaid firstandgecpg D/Asrnvegersihave difigrent trepsfegfupetelsi or  of
the circCuplthe FB8uHEE dBMairt hese types of resonators prevents the sigm-delta
nmodul ator from achieving a

According to second aspect of the invention, there is provided a method of
bandpass sigma-delta modulation of an input signal characterized by comprising the
steps of:

summing a first feed back signal, a second feedback signal and the input
signal to produce an output;

passing the output from the summing step through a first micro-mechanical or
acoustic resonator and producing an output;

passing the output from the first micro-mechanical or acoustic resonator

‘through a quantizer and producing a digital output; and

passing the output from said quantizer through a first D/A converter and a

second D/A converter and respectively producing said first and second feedback

signals,

wherein said first and second D/A converters have different transfer functions

in the frequency domain.

Embodiments of the invention provide a bandpass sigma-delta modulator
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hi gh speed and high dynam c range at the sanme tinme as is required in an SDR
~ situation. In order to achieve a workable SDR system it igingsesssry to
‘find a resonator which is usable in a sigma-delta nodul ator to achi eve

hi gh speed and high dynamc range. In these resonators, there are two.
nodes of resonance, nanely the series node and the parallel node. In the
series node, the inpedance of the resonator is at a mninmum In the

paral |l el node, the inpedance of the resonator is at a naximum The

f r equencyhatingihigic-bpédtearieigtegdyraasornmgee occurs is referred to as the
resonant frequency while the frequency at which the parallel resonance node
occurs is cal | é&sntbiddements i of ribe dneerttiohr prouidecy .bahipassesighardelia gpodplatos howi ng
the rel ationship.:bet . [ ency of the resonator and the adm ttance
(i nverse o&ﬁ%@éﬁﬁ%ﬁg wrrgaslfor'}gfrz#poi nt is seen at 21 which is the series
resonance nodeEnbiodineds wf shatinferdiqneproyidéra bandpassi sigmagtsltat m2@ulaier t he
parallel r I occurs at the anti- resonance frequency fa.
Figure 12 @ﬂ%ﬁgggggéﬁp&ﬂ‘gé&é@g?val ent circuit for a resonator. It includes a
static capacit Embed@mnt28f ke ioverition quovide Bestcond pedenlbletpadss sigreadelks
circuit of j itor Cm 25 and inductor Lm 24. The
static cap%%q@a;%ﬁa%@%glﬁgpg t g%t'ransfer function of the ideal resonator
by i ntroduci ngEmodimentss of ke dmventien ceek Itn provifle ra furtippidec aigromdelta he
presence Alving" i h as in filtering and
maki ng osglﬁ?(fljg?qgr S. Inﬂoh&é\%'gggﬁr?ﬁg%éh%ﬁ hé’??é@ [ oh’g?e\ﬁﬁ%' is not desirable such
as in the signeurdrtemhogitognis provide FistpmadeltalAdL osseder inbloding al$igmpr esence
~of anti-r o Lff .realize. function of
he modul arae TeRge i8Tnb ELra Sind R Blefiycalfr ckBiafpe. o |
Li kewi se, in dtmbedimedts af dng invemtipn pokide aimethod dies ,cantelingy thee adtisi r abl e
to cancel [ nce in order that the resonance peak is

enphasi zeé?gﬁsa@béﬁg@é%éu SCLOSURE OF | NVENTI ON According to a first
aspect of the Embedimeots, oft ther isvéntiopr prevideda sirgiintipdbs @ngetiation ef tamti-

nmodul at or. er conprising: a first summ ng device for receiving
an i nput, r&&ﬁ%ﬁ%ﬁﬁ%@%ﬁ%’k signal and a second feedback signal and
produci ng an dembedimentsfefrtse imvention pewfdena da¢thed ferctbe encellatien wh@ot-
~receivi ngrés%ﬁaﬁﬁtétiﬁﬁic@jme%ﬁélqcél'aﬁatacoﬁﬁmaogr&%ﬁétﬁ%. as an input and

produci ng an outp
Embodiments of the invention provide a circuit for the cancellation of anti-

" resonance and micro-mechanical and acoustic wave resonators.
Embodiments of the invention provide a circuit having a resonator and a
cancellation network providing inputs to a subtracter.
Embodiments of the invention provide a capacitor which acts as the
cancellation network for a resonator. '
| Embodiments of the invention provide a method and circuit for the
cancellation of anti-resonance in micro-mechanical, SAW and BAW resonators.
Embodiments of the invention may be achieved by using either a micro-
mechanicai resonator or an accoustical resonator as a bandpass filter which provides
an output to a quantizer. The output of the quantizer acts as
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a quantizer receiving the output of said first-'m cro-mechanical or acoustic
resonator and producing a digital output which is the outputl My 2006d

nodul' ator.; and a first D/A converter and a second D/ A converter, each
receiving said output of said quantizer as an input and respectively
produci ng séY‘H“z‘f"}f‘?lgﬁ and second feedback signals, wherei}CEHF03042%¢ st and
second D/ A converters have different transfer functions in the frequency

domai n.  Acfe rodngm of thes ARANRItEENATE alto feliback et differdridd/a dosvprtersi ded a
met hod of __ban E@ s sigma-del ta nodu] ation of an input si n@l dchar acterized
by conpri slfifg OUFRL Qft Hiss Twe - ctlypiiermgisaadiiplef e 5t iang gﬂ led 10 &cond
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resonat or anmtiepesAichpgt Entheuepenatorp aistha dountie oler sievicer YA fesenpiorst

m cro- mechgpi cal o) g%ﬁ&%&éé‘onﬁ%ﬁﬁﬂﬁzﬁﬁp q&ﬁb?%&gﬁew%ﬁmeﬁ%mm@@dUC! ng a
digital output; and passing the outpu romsaid quantizer through a first
D A convergogrmamihpat witie acrsomiter andayingsan euiput whipl ix subdiegtegrfodudieng sai d

conver t or S HPEREREr Mo iREe TR aiidhonhhcs. SO0 DC0 Gorm n

'Enbodi nents ‘of the invention provide a bandpass sigma-delta nodulator 4 11
May 2006 havi ng hi gh-speed and hi gh-dynam ¢ range. Enbodi ments of the

i nvention provide a bandpass signma-delta nodul ator wusing a

m cr o- mechani cal r esondBRIEF HESPORIPTHONOPTHEBRAWINGS on provi de a bandpass

sigma-delta noqulator utilizin n ustic . resonator. odi nents of the
i nvention provid@8°% Q%Blﬁtf 6?@8\%3%'3%@@&%%’5'9&- | gy ﬂgglb?l é\‘#‘%\%aﬂgvi ng two
DA converddeéﬁtag&rttﬁdteraserm Bé fcagily HbkhédNasSaRK $amerisstositesa betier t h or der
si gma-delta , nodul at or havi ng converters and two sunmption devi ces.

two D/ A /
Furt her ersdarsieast Ry pferpnge @ the ighewing delpiladl Weseririonen ¢RISIRAY ™ si gma-
del ta nmodybah&ktioRanin e AcESRPARIRY dralvidgaewRbel®- mechani cal or acousti cal

type: Figure 1 is a block diagram of a prior art bandpass sigma-deita modulator.

Figure 2 is a graph of the output spectrum from a typical fourth order
modulator.

Figure 3 is a block diagram of a second order bandpass sigma-delta
modulator using a micro-mechanical resonator according to the present invention.

Figure 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 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 showing the output spectrum from a fourth order
bandpass sigma-delta modulator as shown in Figurs 9. '




Enbodi nents of the invention provide a nethod for canceling the anti-
resonance in resonators. Enbodinments of the invention provildeMay 2doscuit for
the cancellation of anti- resonance in resonators. Enbodi nents of the

i nvention provide a nethod for the cancellation of anti- resonance in

m cr o- nechaM@94HM acousti c wave resonators. Enmbodi mentBECTéEGOYME6d nvent i on
provide a circuit for the cancellation of anti- resonance and

m cr o- mechani cagd a ' ﬁytyé | i nvention
provi de a ci r_cﬁ[%@ﬁg\;li %gayé@smgﬁ{nﬁﬁﬁa%%@gﬁcel I g"t’ﬁﬂ”ﬁ%@ﬁ?iﬁ& ovi di ng
i nput s t o ainyiipngeetaresomdbdi ments of the invention provide a capacitor

whi ch acts as IF@I.%Q%E ﬁ%h&@ﬁég&t%y}@f&ﬁfr or i rESSNAROT - Enbodi nents of the

i nvention provi ci rcul the “cancell ation of

anti - r esonance Figurei t3 ds ne cirauit clidgrasAw andirgAwnbedioeat @fsthe presesti nent s of
t he invent-"petrp‘tigﬁy be achi eved by using either a mcro nechanicai resonator
or an accoustical resonator as a bandpass filter which provides an out put
to a quanti zer Figlre 1dus putetailed tdreuit dimgtara of trecembadimbht Shogwr2 DOBgWNe

03/ 043198 RCT/ SA02/ 00266 t he output of the nodulator and is also fed back

to two di f1f3€rent D) A converters. The output of the two converters is

adj usted by a Fajure aBdisappbtaiet tipcuat disgramor ¢ genondesmiddingninbt thet he
i nput .~ The OUtnEUt of the summation device is applied as an input to the
resonat or Pr¥S¥E HVeARIMt h order device, two resonators are used along with

a second sumMmafFigife 46\$ aQyraph 6B Grehlidridyrdspeisedoka hesonatbracce@img® | nput
with a resonator and having an output which is subtracted fromthe output

of the reddmBirat@ndr ovi ded to cancel the anti-resonance. BRI EF

DESCRI PTI ON- OFFifjdie PRAY N of P 8 qGeHR! 18bSorafbes rédanabor Glecé@hg Byent i on
and many of the attendant” "advantages thereof wll be readily obtained as

the sane HMepresenbiaveion. under st ood by reference to the fol | owi ng detail ed
description when considered in connection with the acconpanying draw ngs,
wherein: Figure 1 is a block diagramof a prior art bandﬁass signa-delta

nmodul at or.  Fi gur e BESEMOREFSAPARICARRY NG QT THEIMVENHIPNom a t ypi cal
fourth order ﬁ%%hﬁé fibw to the drawings, wherein like reference numerals designate

identical corresponding paris throughout the several views, and more particularly
to Figure 3 which shows a second order sigma-delta modulator using a micro-
- mechanical resonaior. The summing circuit 1 adds the analog input o 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 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 fo 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 sighals 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 galns in the feedback path are negative so that
- the feedback is subtracted from the input signal in a similar fashlon to Figure 1.




Figure 3 is a block diagramof a second order bandpass signma-delta

nodul at or using a mcro-nmechanical resonator according to tfhesarmpent
invention. Figure 4 is a graph of the output spectrumfromthe second
order bandpass sigma-delta nodul ator of Figure 3. Figure 5 block diagram
of a fourthV&8&#31¥andpass si gma-del ta nodul ator usi ng AQASSIHEBEHani cal
resonators. Figure 6 is a graph of the output spectrumfroma fourth order

bandpass si grngehie nistdyhedBhicar Feofade 4 & Ei Satond Sordéi gystemy thes a bl ock
di agram of the second order bandpass signma-delta dul at or, u&ﬁg an
Pﬁﬂgﬂ" &pe froma

acoust i cabandpess anestulates ghewn dn iRgye g dpef dhe sge0 eyl
second orgel,nh sﬁi#ﬁ%%&ﬁcﬁ%mg*{g@{e% SinRobiNafdr BES] én thé gure 9 is
a ou an

a bl ock agram o r or der Sss sigma-delta nodul ator using
acoust i cainioreswethtnical. reSonatorisicapableactdigiiEinghbai anglachinpytielgngh d¥kct rum

froma fourth orde b a ' t d m kgure 9.
11 May ZOW%h \ﬂd%‘%‘%’fﬂ@gg@ﬁg%%@éé cﬁﬂ{%ué%ﬁ%%ﬂi%ﬁgs %r a H ?rld:étst rating
~ the rel atjnodslatdy deatiivbe tiektritadduiyw.aidwesehsinta doeQofalues efdba MioL: Fi gure
12 is an equjvalent circuit for prior art n [ E s a
circuit dMEERAMHS fre%rﬁqrs'?f‘"e‘?’ﬁ?&hﬂi%ﬁeq{?a@f%?%H(g@ggg‘i%"eri] ﬁ&g’ﬂé}fgé;smﬁ gure 14
3 2,5 ko) B ekl ) et Moo e s oigtn o, 1
is a-detailed circui i agram o e second. i ment o presen
‘i nvent i onthisyga ol rasonatorg Agsaiginabt the PF%&E@%@’@@@%@@#%@”S%@@%nat or
accor di ng Db e ; ' Mpling febale ahgea viithe goedicy
response ngmgwr?gtgoEg%g@gft:ctg?y%gh?? %ta‘h(za”p?esgﬁt ﬁﬁ\;engt I on. gEST_ MODES
- FOR CARRYIesAutluT. THE | NVENTI ON Referring now to the draw ngs, wherein |ike

reference numqhals S9RIsHARCa dofiRRbbiding TP SRRfdbAEpaSS siarhddettghout the
several views, and nore particularly to Figure 3 which shows, a second
order si gmeddetaraisingdumitromaghanigaldespnrater. Input summing circuit 1 adds the
input to the modulator and the feedback from 2 gain stages in a similar_fashion to
Figure 3. The output of the summing circuit is fed to micro-mechanical resonator
2 which produces an output to gain stage é‘l, 8. 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 fo the second micro-mechanical resonator 10
- which élso selectively passes the signal' at the resonance frequency and
attenuates the signat 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 to two converters D/A converters 4 and 5 in a similar
fashion to Figure 3. However, in addition fo the analog feedback signal being
applied to gain stages G2 and G3 as in Figure 3, they are also applied to gain
stages G5, 12, and G8, 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-
mechanicai 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 either positive or |

" negative, and either gain or attenuation, as necessary.




mechani cal resonator. The summ ng circuit 1 adds the analog input to two
outputs fromtwo gain stages. The sumform ng the output of]itNigy 300um ng
circuit becones the input to the m cro-nmechanical resonator 2. The
resonator selectively passes the signal at its resonance frequency and
att enuat es WNUFHH9%t ot her frequencies. The out put frorRGIEEREEENat or is
adj usted by gain stage Gl, 6 and fed to quantizer 3. The signal is

gquanti zed to f ri | ' ' ' [ armthe
out put of  the %%%?raﬁ@re . &STW%BS%FES{M%@%%SS%&?@S %{ﬁco%“éﬁcel;dr(lv@lleﬁga@et 0 a pair
of DI A comesenaters ardDAGIYsti¢, reapnbt@AC2A sBirfadd @cousiicevave SAWS resspaierone bi t

convertersg but have differ put S. i r ero

converter ?‘%ﬁéﬁ@%"ﬁ%eﬁe&@ﬁﬁw ngé\" ;?aq@%@?u tJtn&PE‘g h?g rachfg%t\gFe?{ Bé’rgpéAs a

[I' ﬁsul t, t He;ofoohﬁ\vrﬂmo&duk ec&nﬁtictremftcﬁ'r(FBARQ:haﬂasreéc\r,\nhmbﬁfrbqemwf mrf%‘)BOG(lzmai n. )
e out put converters are _a na iCc re agk to the

sunmi ngpci”r&-ﬁlio S’H‘Po@&ﬂ ag‘ii%"@f ﬁeﬂw 1§b§ndl'l'%,us§' oﬁ-ﬂlaes&aﬁ/ﬂgs o(‘f t he

gains in Gsodtordy: the Rindpess sigAri-dditeemedulaed also\fodudsad tigitaltdugpudai ns i n

the feedback path are negatjive so that the feedback |Is subtracted fromthe
| nput  si gMéth high rgsalpition alhigh #8AYRNASS Fi gure 1. 6 11 May 2006 WD 03/ 043198

PCT/ SQ02/ 00266rigqlen¢eshdifs M PaRdpENNSmaRcitaeRRGARr dsing ah 866wEd or der
system the banhdpass nodul ator shown in Figure 3 is of the sec%)hr%(% order,
S

. Of .
and provi dRsonavEgoriiediemaining pads ehigidguihePaminig 3 Fimtipglashion o fgts
modul at or pRRRe o) (difice Thé RolBK Ao 7250385 8onkiSofkRPANLBNE MG OF L 21 ng
the anal og input signal, but wth alimted resolution. Bétter resolution
can be obbandnegs sigmg-deltaomodlatardeownrisdFigwrer7 4% ofi §qcope @dec@nded bel ow.

. However, gj ..0f ' - | ga apn easily
be great ei@vﬁl‘;eﬁts%g%@ g‘?&@é'@% Sgéaﬁgg%h%ggw?gﬁ ﬂ@g%g h“‘sﬁi‘eg'@é@f ﬁ@ato have a
hi gh r esonamceudticeesmnater, is cppale af digiiaingrthe analeg maput signgl, bypwithieseesonat or .
Accor di ngl h e_of 1hj ' t resonator allows the nodulator to
oper at e a{é/ OpfémgF%ih%?‘f%sda{aﬁ%&é&%@g'quency range with good resolution.
Figure 5 il uskigaeed showssudsa fouttmgrdécharidpass digmabdelipmesulsiogusingel t a
the | npuPCRRE EsRAPa: T° 2HATOHEOR JSaBut: o o Rl ShuBa Bl )| =0
simlar faséd asoustic résaiaters JathEh thalinius-rfchiihiealsresomatorsci Siooe thére fed to
m cr o- mechani cal resonator . 2 whj ct] roﬂuces ein output to gal n %age Gl, 6.
og , 1 u a fourth order

Thi s out p@fe MO asustigJEEeRAIRSHIN; HE e modulator provides

noise shaping as shown in Figure 10 and is therefore of fourth order. This fourth
order bandpass sigma-delta modulator using acoustic resonators is able to
provide the digitization of the analog signal with a high resolution at high
frequency.
Figure 13 shows the system with anti-resonance cancellation. An input
~signal from the signal generator Xin 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 loads Z4, 29
and Z 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 respeciive notes. Capacitor G, 33, Is a lumped
parasitic capacitance at the input node. The output of the subtractor %o 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. ' -




second summ ng circuit 9 along with two additional feedback signals. The
sum of these signals is used as the input to the second midrMayeeisani cal
resonator 10 which also selectively passes the signal at the resonance
frequency and attenuates the signal at other frequencies. This output is
adj ust ed by YaPH4¥Whge 4, 11 and its output is applied REHWIZTer 3.
The output of the quantizer is a series of digital bits as described above
and forns the Blgupsit 14f shdﬂﬁs ﬁ@gnﬂg&é Odetaile_'ﬂh!clﬁnﬁﬂlaﬁbhhicﬁ*cu‘riedeEWﬂrﬁ two
converters converters n in a si ar ashion to Figu
However , %Hf‘ r}on):\?o'"“hF'P‘r@ g?ﬁi' eaé%%agb dgﬁélar%ﬁa replags % 8o gain
St ages GGp%MIeFBIr@ﬁt bfa TbSISEOP aRd cbbﬁiﬁoﬂr Thab,Sead By iseshowd &Rinbludiigages G,
and 13 as inputs to the second sunmm nq circuit 9. The output is the

out put of rasiegtRen 3ér @8f osRAsiRE SR, 536grrd-ﬂ@e’¥'$% pad 3P dndedesiyasistog Ruzdi gi ti zed
form of thyy hﬁlﬂ’h‘épé&ﬂér% $f79M@knis 5@@@ gé"‘&aﬁbéﬂ'énﬁdn ﬂgtg)aﬁnh%re&esonat ors

in the loop, this devicé grovrdes nol se-s as sShown in

Fi gure 6. aTﬁﬁi@OﬂQUﬁ}oh%r d éhe reehatar 37 u‘tﬁlﬁ’gstﬂn@ eAUivalentaindhisyeh as
resonat or %hb | npllgk r%ﬁ oﬂ%ng'fc# é@t bl‘?ﬁqr%fon%iﬂ@e qg%eog; feclBa! Wt h high

- resol ution. |nen Irgure e gain SF ages ‘can be either
positive mecemgaiorﬂ'lefc&nwnmmh@homorbeonefattenuat| on, as necessary. 7 11
May 2006 WO 03/ 0831y Iﬁ:TL%’.SO%A&)gZQBC Anot her type of resonator which has
superi or performafice’to ¢tront'” F¥sonators are acoustic resonators. A
surface acoustic wave (SAV\) resonator has a resonance frequency of 50 -

rosonator (Foa® PuheR S bR Rlodutignis 29 %Mo ool oRSas °

factor of effé€ onthd @AfcellBion ostheantilrbstmanty pes of resonators in the

Tasoluti on ot WRGh et serancesklopanibs o7 fis. BolaifnnBé Ergatalanl n O

modul at or cm@.htn@s %@:pﬂ@@ua:t ifife JUBEAGMEO INpat cfrheuusmmengtcpaémv@fthbhe
circuit operate in srmltgr f ashi on to that of Figure Since the

acoustic ﬁ@@&?gﬂapcezppgt of 18e CytRyt SHEYEY rwéh%rr?sqn@@r bﬂ?‘rlfp%é“%tpﬁlﬁﬁ delta

modul at or trrerrsar«amefbrEbgmeec%deﬁateﬁ cﬁ&ﬁ%@lh@ peRIm&REL of/aAhisigstseonad order
noi se-shapi ng as shown in Figure 8. modul at or using an acoustic

r esonat or r§senateppaIt&f e eircyit 7 siprgy i n@daﬁ%d inghe wpneelietion aetwopuwhight h | ess
resol uti og|biya M aheddhaRbd 8ignAP W& Mis 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 oufput signal
shown in Figure 16 which corresponds to the output of the resonator is then
changed in the subtractor to produce an cutput such is shown in Figure 17 which
does not include an anti-resonance.

Figure15 shows a second embodiment where the lumped loads 29 and 30
are purely capacitive and thus, are indicated by capacitors C, 4,36, and Ci5,37. in
this case, the anti-resonance cancellation can be achieved by the following simple

- condition: |

Lo Lo
CLl CLZ

In this case, it is only necessary that the ratio of capacitors Cp to Cy1 be
equal to that of C¢ to Cpo. In this situation, the result is similar to that of the first




Figure 9 shows such a fourth order bandpass sigma-delta nodul ator using
acoustic resonators. This arrangenent is simlar to that shiawfaynodg gure 5,
but uses acoustic resonators rather than m cro-nmechani cal resonators.
Since there re two acoustic resonators in the |oop, the nodul ator

" provides a f‘%(g?f%”c‘)’?der noi se shapi ng as shown in Fi gur ePGDSGRA0I6E
therefore of fourth order. This fourth order bandpass signma-delta

nmodul at or ambadimentshemindn Figion &4 and descridelddn Figures t/antk17.he di giti zati on of
t he anal og sig ' Digh r Lution at high frequency.. Figure 13
shows. ¢ he syst Naratoe af o Pl clitetbhe Aud vate s o A PRBRH GegHY 17 om

t he s: lgna!arg@nesilaltadﬂ liggt%f,tﬂé s:ba\moteiaeblifngs.hm's Iﬁqéreimfma; Ioes uaaeremE that

cancel | ati gn. net wor . e out pyt ,of the cancellation network is

subt 1 act ed I ghe 1 30PBPhARE GPRERASd celing, dhe chventiop av: e Sasteset or 1.
Lunped | oaftserdich tha? as epecifcbily d8sciibedhefdthded at the outputs of the
resonat or and cancel |l ati on network, respectively. These consist of the

i nput inpedances of the subtractor as well as parasitic inpedances at the
respective notes. Capacitor Cs 33, is a lunped parasitic capacitance at
the input node. * The output of the subtractor X0, 32, provides a signal
w th the anti-resonance being renoved fromthe usual resonator output.
This is acconplished as |long as certain paranmeters of the cancellation
networ k assune the proper values. 8 11 May 2006 WD 03/ 043198 PCT/ SG02/ 00266
Figure 14 shows a nore detailed cancellation circuit of the first

enbodi nent. As shown, the |unped |oads 29 and 30 are each replaced by a
parallel circuit of a resistor and capacitor. Thus, load 29 is shown as
including resistor Rya, 35, and capacitor Cu, 36. Likew se, |oad 30
includes resistor RL2, 38, and capacitor C .2, 37. In this arrangenent,
the cancellation network is nerely a capacitor C., 39. The resonator 27

i ncl udes the equivalent circuit such as shown in Figure 12. In order for
the anti-resonance to be cancelled, it is necessary for the follow ng
conditions to be net: Cp = Cc, Ru = RL2 and Cu = CL2 . The presence of the
parasitic capacitance 33 at the input node has no effect on the

cancel | ati on of the anti-resonance. Wen these specific relationships are
true, the output of the cancellation '

10




circuit is applied to-the subtracting input of subtractor 31 to renove the
anti-resonance part of the output curve fromthe resonator.1T\us 2008/

mat ching the paraneters of the cancellation circuit to the paraneters* of
various parts of the resonator part of the circuit, a signal is produced
in the cancellation network which follows the anti-resonance signal. Wen
this is subtracted fromthe output of the resonator, the anti-resonance
part of the output is renoved |eaving the resonance part of the signal

wi t hout having any anti-resonance. Thus, the output signal shown in Figure
16 which éeamﬁ§ponds to the output of the resonator is then changed in the
subtract or—to produce an output such is shown in Figure 17 which does not

i nclude an anti-resonance. Figurel 5 shows a second enbodi ment where the

| unped | oads and 30 .are rel acj tive .and thus, are indicated by
capaci tor q?@%”‘?jpaéﬁ&@%:d%&a _mc?lqy?ﬁghpgaregg&zgtg h¥ CamPrisiesonance

cancel | ati on GafirsbeufiIhG \dedicBYof Recdivihd QW iASLES TRbEreca BHKIdigHEl 478 __ CC
CL! Cat In this case, it is only necessary that the ratio of capacitors Cp

to Cu be 2 sermd fegdbank signal@ndiproduging an@uUiMits situation, the result is
simlar to thafg : ] : 266
enbodi nent sh(;%tvx}crll'%f nrﬁ'%?aﬁlra% chgazla#é %gé%ﬁ%ggxgﬁp%%igééﬁgggﬁg%g%Qﬁumerous
addi t i ondirshauimhingadevicesasanl inpag aad ippoducirig ameufpuesent i nvention are
possible in light of the above teachings.. It is.therefore to be understood
Chat i thin ehalabiseeren i e pndbar sriifiel Micra HerBRGPb AT ARGHINE

pract i cedesOhater whe orotadinga gipRAal ditgal Whicheisahk kRfiplresfesdid Méduldioivy 2006
CLAIM5 1. A bandpass signma-delta nodul ator characterized by conprising: a

first surﬁﬁdng device for receiving an input, a first feed back signal and
a second feedbagie: S3/angbn AR RIRCHCLABRANDM HBHYend, LA relbfIy Bghant cal
or acoustic resonator receiVving the outpuf of sai I'rst samm ng devi ce as
an i nput aupuipedaidi quardizeoaspan jnput and respectively producing said first and
second feedback signals, _
wherein said first and second D/A converters have different transfer

- functions in the frequency domain.

2. The bandpass sigma-deita modulator according to claim 1, further
comprising:

a second summing device receiving said output from said first micro-
mechanical or acoustic resonator and receiving third and fourth feedback
signals and producing an output; and ‘

a second micro-mechanical or acoustic resonator receiving said output
from said second summing device and producing an output which is received by
said quantizer.

3. The bandpass sigma-delta modulator according to any one of claims 1 or

2. wherein said first micro-mechanical or acoustic resonator and second micro-

mechanical or acoustic resonator is a micro-mechanical resonator.

11




a quantizer receiving the output of said first mcro-mechanical or acoustic
resonat or and producing a digital output which is the outputl May 3édcd

nodul ator; and a first DA converter and a second D/ A converter, each
receiving said output of said quantizer as an input and respectively
producing said first and second feedback signals, wherein said first and
second D/ A converters have different transfer functions in the frequency
dormain. 2. The bandpass signa-delta nodul ator according to claim1, further
conprising: a second sunm ng device receiving said output fromsaid first

m cro- nechani cal or acoustic resonator and receiving third and fourth

f eedback signals and produci ng an output; and a second m cro-nechani cal or
acoust i ¢ 4.esondteobandpsk\diggaskitd modyator atbcondirgpicdasye cnedf claims g Zevi ce

and produci an out ' i.ch is received by . said quantizer. 3. .The
bandpass &1 HIER, Seh e s SRkl 76 ceateticy oedtar abd SPRandimigte 5
wher ei n. skéhdrics or BbslisticreshadtbERrl arPicode s fddohatgesonat or and second mi cr o-
mechani cal or acoustic resonator is a mcro-nmechani cal resonator. 11 11 May

2006 4. The bandpass sigma-delta nodul ator according to any one of clains

1, 2 or g, V“Weeiﬂénﬁgia% fdighb-daIa! ﬂw‘d&%}&”ia‘&%rdﬂ‘igd%o‘éﬁi&m%f SFReraIer and
second micro- mechani cal or”acoustic resonator I's ‘an acousti ¢ resonator. 5.
The bandpsaid asdypie-rdstnatomis duduifase awovsliaiivave tasoohtirm 4, wherein said
acoustic resonator is a surface acoustic wave resonator. 6. The bandpass

si gma-delta nodul ator according to claim4, wherein the acoustic resonator

is a filrg.bul Krhecbasdpassr sigeiacdeia modulbier BERAEIAG Stosclalm-4]ekfiérelmthy at or
‘according to any one of the . preceding clains, erein said first DA
conver t er2GOYISHC ?Wﬂa?%ﬂ%@ﬁm@“m“é%(ﬁéoﬂémr- and the second D/ A converter
is a half return to zero converter. 8. The bandpass signma-delta nodul at or
according to any one of the preceding clains, wherein said first and
second D/7A corhher thandpass sigmabidita aoonuatoeraccosdinghto bamdpaes ofi thea- del t a

modul at Orprggé:cﬂrrléi ic@gmg,n\xhé)rréﬁ\ i HR& DATERIERG is a full return to zero converter

-and the second D/A converter is a half return to zero converter.

- 8. The bandpass sigma-delta modulator according to any one of the
‘preceding claims, wherein said first and second D/A converiers are one bit
converters.

9. The bandpass sigma-delta modulator according any one of the preceding
claims, further comprising gain stages provided between said first D/A
converter and said first summing device, between said second D/A
converter and said first summing device, and between said first micro-

mechanical or acoustic resonator and said quantizer.

~10. The bandpass sigma-delta modulator according to claim 9, further
comprising gain stages between said second micro-mechanical or acoustic
resonator and said quantizer, between said first D/A converter and said second
~summing device, and between said second D/A converter and said second

summing device.
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clainms, further conprising gain stages provided between said first DA
converter and said first sunmm ng device, between said second Naf20@dnverter
and said first summ ng device, and between said first mcro- nmechanical or
acoustic resonator and said quantizer. 10. The bandpass sigma-delta

nmodul ator according to claim9, further conprising gain stages between

sai d second m cro-nmechani cal or acoustic resonator and said quanti zer,
between said first D/A converter and said second summ ng device, and

bet ween said second D/ A converter and said second sunmm ng device. 12 11
May 2006 11. A nmethod of bandpass signma-delta nodul ati on of an i nput signal
characterized by conprising the steps of: sunmng a first feed back signal,
a second ﬁeedbﬂcMeﬂ}c@iﬂ&if ﬁaddpaﬁ&_ islm‘ﬂa-deﬁiaﬂlh&ldlﬂalioln][ ofuar _&pru"signﬁl; -
passing the output fromthe synm.ng sfep through a first m cro-nmechanica
or acoustqh@re?qli§'&?éjt%\fC‘%{Hﬂr‘%P%gl?c?'tﬁgs8' out put; passing the output fromthe
first mcro-machifinga fidt FEPHEIN GghS AnicBhd (EEUIRIASih YRR the Ghpdnd
producing a digital “output; and paSsing the output fromsaid quantizer

t hr ough &ignal o podaceamastpdr and a second DY A converter and respectively

D oo 09, $abk 3 TR ASEAIAES sk BBl MR Bbftbah e,
domai n. - 18 acoustic resonator and producing an output;
passing the output from the first micro-mechanical or acoustic resonator
through a quantizer and producing a digital output; and
| passing the output from said quantizer through a first D/A converter and a
'second D/A converter and respectively producing said first and second feedback
signals,
wherein said first and second D/A converters have different transfer
functions in the frequency domain.
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