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v=4{ (57) 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 2 sigma-delta modulator instead of electronic resonators. The quantized outpnt is fed back

“~. using a pair of D/A converters to an inpat summation device. In fourth order devices, the feed back is 10 two summation devices in
series. Such a sigma-delta modulator is usable in a software defined radio cellular telephone systern and in other applications where
hlgh ~frequency and high-resolution A/D conversion is required. A eancellation circuit may remove the anti-resonance signal from a
resonator An anti-resonance cancellation circuit removes the anti-resonance from the outpat of the resonators by providing a signal

a which is subtracted from the output of the resonator. ‘The cancellation circuit inclodes a capacitor which is matched to the static
capacitance of the resonator. The loads of the resonator and cancellation network are also matched.
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Background 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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resonator is passed to a quantizer 3 which produces a digital "1" signal if its input
exceeds a threshold and a digital "0" signal if the input is less than the threshold.
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
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electronic circuits ssive
tr anscondmonatocammet admﬁtanaes{wwr@a%mmﬂm@e) A maximum point Is seen

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.




However, none of these circuits have been successful in the situation
described. The first two circuits cannot achieve a high Quualse2ahse to
parasitic losses and non-linearity. Typical Q values are around 10 and 40
for the integrated L-C tank 2 11 May 2006 WD 03/ 043198 PCT/ SG02/ 00266 wi th
and wi thout Q enhancenent, respectively. The enhanced Q value for the

t ransconduct or - capaci tor resonator can be up to 300 at a frequency of
several hundred MHz. The switch-capacitor resonator is restricted by its
| ow resonant frequency (< 100 MHz) due to the slow settling behavior of

the circuit. The use of theﬁsgr@g@R fO maé,;nprevents the sigma-delta

nodul at or from achieving a high speed an am c range at the sane
time as is required in an SDR situation. In order to achi eve a workabl e
SDR system it is necessary to find a resonator which is usable in a
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frequency. Figure 11 is a graph showing the relationship between the
frequencysﬁmﬁﬁél%vlcgﬁrﬁé‘c'BEUtﬁ%B_p{‘PFngWQ?uatﬂ‘éte (inverse of inpedance). A
Mexi Mum poi nt 4 §u&kRBr redbiviby thBbatut 6f Jdiefisemics-nichanieacs agedgic Thi s _
roccurs at frequency fr. A. m.ni num BOI nt 22 is the parallel resonance node
whi ch occifsenalpr abPiRdticing ActgiphAtRUF WG S b optput of Sl BodlaloRARd a typi cal

equi-val ent  ci rgfist DIOEorveHBs i QBcorld DIAEIrNERST, BactS frbivingcaipsitbance O,
23 which is connected in parallel to a series _circuit of Tresistor Rm 26

capaci t orOfGRd QuankiEer e PYE andiespactivelyreduaingsaid frsbandsrReONd3  alters the
transfer fupeddkQiyis, t he ideal resonator by introducing two transm ssion
zeros. In different applications, the presence of the anti-resonance may be

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

in the frequency domain.

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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desirabl e, such as in filtering and making oscillators. However, in other
situations, it is not desirable such as in the sigm-deltqaimgpdadsor of
"Figure 1 discussed above. The presence of anti-resonance nmakes it
difficult to realize the transfer function of the nodul ator and therefore
it is desirable that it be cancelled. Likew se, in other nodulators and in
other situations, it may be desirable to cancel the anti-resonance in
order that the resonance peak is enphasized. 3 11 May 2006 DI SCLOSURE OF

| NVENTI O\nha\draptiigh-8geddoaral High-8naasgesigeof the invention, there is provided a
bandpass sigma- delta nodul ator characterized by conprising: a first

sumi ng devi ce Ehtrodireerds \af e dnventipat prosidei & stanfipesd Sigole-dalignmiodalatdr a
second fee i ing an output; a first mcro-nechanical or
acoustic r%gﬁépgér&?@égglg]\m/%%g&%ﬁé{%ut put of said first summng device as an
i nput and pr od&oiboginaents wf ghe ;inendoantroride a dapipassgsigme-daliapmbddéaiosai d
first mcrQn. i : stic resonator and producing a digital

out put V\hi@ﬂgﬁégﬁ%&%{tjgg%?ﬂ%wsai d nmpdul ator; and a first D/A converter
and a second DEmbodimants ef thedaedntiosqeovideg sabod oudep bandpassasigmardeltda | zer as

an i nput AeRiA r iL.ng said first and second feedback

signal s, \E/'ﬁ(gdr%ﬁﬁ sal}r{g\@%)pélgcgn ﬁ%’%&ond D/ A converters have different
transfer functEmbediments |oé the duveoticry se¢ekdd mrovide ar diunty duies efgmatdelépect  of
the inventj i i %ﬂ t.h ; S signa-delta

nodul at i Onﬁ%ﬁ?ﬂa&%ﬂﬁ\r@gtﬁg%ﬁéﬁ) C S’%aéf@e“%@%%@*ﬂ%?g@g%g%% ng the steps of:
summi ng a fi r sEurthesenthodkneity prividena sigmomdetta Adb eetvesteginaludimgd sitreai nput
"signal to t. i HF AR . 1 ng step

t hr ough a(%ﬁ?s n%ayggﬁg%éﬁ?@ﬁﬁod?%éa@%ﬂg I'C rnééagﬁﬁctgp&% foduci ng an
out put ; passi ngmbbdimentspof tiie dnvanien f progidend onethod cloartiacasling thecentit i ¢

resonat or i zer and producing a digital output; and passing
t he out putre Jrﬁ(%ﬁ]é%gir%sogﬂ?rﬁ'i zer through a first DJA converter and a
o Embodiments of the invention provide a circuit for the cancellation of anti-

‘resonance in resonators. _
Embodiments of the invention provide a method for the cancellation of anti-
resonance in micro-mechanical and acoustic wave resonators.
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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second D/ A converter and respectively producing said first and second
feedback signals, wherein said first and second D/ A conver eyigy fonée
different transfer functions in the frequency donmai n. Enbodi nents of the
i nvention provide a bandpass sigma-delta nodulator 4 11 May 2006 havi ng
hi gh- speed AYRYMHHAE dynani ¢ range. Embodi nents of the i nRGHI@HBFOYI de a
bandpass si gma-delta nodul ator using a m cro-nechani cal resonator.

E{T’Pfdi nente dutgud @{ jtrm/mmtihlalttirrwﬂwﬁE (r?tt)sogf_eb am?lams fswats Eﬂrev;erdemlfx_acumdméra; gr
utilizing gn acousti.c resonator. odi nents o e invention provide a
second or dﬁ'fe PR s they QW%-%VFﬁersn'@dH&ﬁ§t8F’ RW\A in mdmg&@&ﬁ%ﬂ ers.

Embodi ment g nithafidiedeviees Hid witle &e hBul’ PN dtpat bPtHd Sufiimdgsn Sedpgigiel ta
nodul at or having two D/ A converters and two sunmati on devi ces. Further

enbodi nentapplied @@ iapyl tnthedepenalay Ondlba Jawdie prdel deyigenivoaresogaRLs del t a

modul at or J}QYJFQ? ﬁgmp%ﬁ@]@&@éonﬂfsu%tmancd&rc@?W@Hc@ﬁétioﬂrne%ﬁ&ﬂqﬁvﬁ@a type.

Enbodi nents o nvent 1 on provi de met hod or canceling the anti-
r esonance dommess inpait witls a rEstrAderaNnet vty arheutpuiaghich énsybtieeieddram &g cuit for

the cancel gl apual c80llior KSSORRICE daobAIORAY Mednafiodi meNt s of the

I nventi on prov cance 'on" o resonance in

‘m cro-nechani cal and acoustic wave resonators. Enbodi nents of the invention
provide a circuit for the cancellation of anti- resonance and

m cr o- mechani cal and acoustic wave resonators. Enmbodi nents of the invention
provi de a circuit havi BRIZEFBESCRIPMOBIOF IHECBRAWINGS on net wor k provi di ng

PULS Lo 8 S R o SRR, e rerReS A el S SRR L e
i nventi on avkges ahsriohogillapd abmidbtdiféd tRE the aswed | isddontesotbetter
anti-r esorb%ggt%tcl)o% Ig?( gerfgfeggg ttlg ?hlecf%lﬂéwiﬁé \élve?arillgd %é\é\érrip%%?lnﬁe%r gdnsidered in
connection with the accompanying drawings, wherein:
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 Figure 9,




Enbodi ments of the invention may be achieved by using either a mcro
mechani cai resonator or an accoustical resonator as a bandgasdgaf 2006er which
provides an output to a quantizer. The output of the quantizer acts as 11
May 2006 WO 03/043198 PCT/ SQ02/ 00266 t he output of the nodulator and is

al so fed ba®O Y439 different D/ A converters. The out plRCTHGOLHREE WO
converters is adjusted by a gain and applied to a sunmation device, along

with the input Fiilie AUl HDSAMETRS! RILIBAMIS Behioer? RBhdcHty aaan | nput

to the resonator. In the order device, two resonators are used
al ong wi t ledinidaresel a(esaBatbbon devi ce. A cancel | ati on network having a

common i nput Wi "315%893%@5&,“@%}%@‘?@% ﬁbr%ﬂtrg natdp ch is subtracted from

the output of the resonat ance e anti-resonance.

BRI EF DESCRI PTH@NrerI I HE DRkiNGRgamood a dingll embodipent aif atheopresent he

I nvention ilfi\/r]at‘iintigﬁny of the attendant - advantages thereof will be readily
obt ai ned as thé sane becones better understood by reference to the

foll owi ng det aiFigaote ddds midetailed civbeih dizgrean dé thedembodimentslodwroim Mgk t he
accorrpanyi&g drawi ngs, wherein: Figure 1 is a block diagramof a prior art
bandpass si"gma-delta nodul ator. Figure 2 is a graph of the output spectrum

froma typical Figusetlf ieraldetailed owdiad digradm ofitiee S8edondaerhbadikeni ebthem of a
second order b anatss Ssigma-delta nodul ator using a m cro-mechani cal
r esonat or P&%%'im f8Y2% the present invention. Figure 4 is a graph of the

out put spect r UFguOIBHE FATPHTL %d@éncgaegm fobh GsEomadrtzRcomihy @t or of
ou

Figure 3. Figure 5 bl ock diagram of a rth order bandpass sigma-delta
“modul at or NeRINAKAHo- mechani cal resonators. Figure 6 is a graph of the

out put spect r Umdi k&Y 3s hYAPH 014 ﬂ@ﬁu&ﬁﬁ%@ﬁ&se&bﬂm&%@ ARSI Br

according to Figure 5. Figure 7 is a block diagramof the second order
bandpass d$hgpiesast inyenti®bdul at or using an acoustical resonator. Figure 8 is
a graph of the output spectrumfroma second order bandpass

BEST MODES FOR CARRYING OUT THE INVENTION

Referring now 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.




sigma-del ta nodul ator shown in Figure 7. Figure 9 is a block diagramof a
fourth order bandpass sigma-delta nodulator using acousti gaMdyempgat ors.
Figure 10 is a graph showing the output spectrumfroma fourth order
bandpass sigma-delta nodul ator as shown in Figure 9. 11 May 2006 WO

03/ 043198 P ‘B@)”Z?Q)OZ% Figure 11 is a graph ill ustrat iB¢J/8G400266

rel ati onship between frequency and admttance of a resonator; Figure 12 is

an equi val ent GrECHd ngﬁ&ﬁ-rﬁed?{ah%l fédonbRY A QrsedﬁhQLUrderlestsma tioa r cui t
diagramof a first e

odi ment of the present inventi re. 14 is a
det ai | ed landpass raedulatansbewn he Fé@\%’@dfﬁ%ﬁf the) SREOM Oﬁ?%'uﬁ q?)f OVigeHure 15 is
a detail ege hg&;ﬂ%&rlrgj U rflgjfa é]?ovﬁ%%@u@@oﬁhhi@mbd@lﬁtdr*basewbﬁsmt

i nvention: Fi of a frequency response for a resonator
accor di ngniomo-mémhapcalamsamat;)r anmnab@ﬂfedmlzlnﬁ fbegﬂnﬂﬁm pubsiopaly ey

response f spna r gl }@Qﬁé MODES
FOR CARRW&G 3['7?'?393[@ %%P%%g@ﬁpﬁg@ﬁ()% ‘?D;tg{ﬁhe L%r F\%gth ﬁh%girrel n like
- refer elncemﬁumétoﬁﬂa?i v@llﬁbe@i@aér?)edlbmwl y bla::veug'r smsptﬁ%&j@:‘:@h&mﬁghe mleraghoué t he
several views, .an particyl ar 0 . Fi LS 28 fpecon
order si gWﬁQ'B@T‘?%I oLt En "”c?ssﬂ‘n% aal"ﬁ?t@f'éharﬁité@a P&V 3§ n@fc
s ;m’m ng _?_dr)][ﬁ@ U fs éos%%‘}hstd ?ﬁ\reaﬁériigm {ésﬂ]@a?cé frefvencypup thgiga!wrlzsa@ \mn@a![ R
st ages. e sumformn e ou of the g Gl reul e
Tttt o {iReYRPF Ge3RuaiREn AcaoTIGe R 4P 91 TR BRtrE eaetor AP ER IS ol
~Passes thgogligps toaBRéFa& ra%stﬁgaélaﬁhér&e%blﬁiﬂﬁﬂg Freguehbe haedes withl goad s at

ot her frequencies e output fromthe resonator is adjusted by gain stage
“Gl, 6 ankgsplation.o quantizer 3. The signal is quantized to forma series of

oo 'S Sl SIS MURSORS Taut Ly it b The |
and DAC2, mbdul@toe usimg\/aermm-gnm:hemcal resonator. lnput summing circuit 1 adds the
input to the modulator and the feedback from 2 gain stages in a snmllar_fashlon 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 sugnals is used as the input fo the second micro-mechanical resonator 10
- which also selectively passes the S|gna1 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 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-
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.




both one bit converters but have different output pulses. One is a return
to zero converter, whereas the other is a half return to zardagoooerter.
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 sumM™P3¢#H8-Iit through gain stages &, 7 and G3,P@E/SGhkeo29@l ue of
the gains in GL-G3 may be either positive or negative and often the gains
in the feedbacK

r.e ' t f ted from
the. 1 mput i gral e yoe;of FABholE uifr BES subctfor EFFFRGHoq b SkbAE
03/ 043198 1¢x0TaeE) 21k aedusticSenamatolse Aistifecerachusiicosiaver tegongidrs a
second ordger _s em _the n S or, I N~ H h§ of the
second org%?,a éﬁ@wgﬁ%gﬁ&g&ﬁ%ﬁa 2@@2&%&&3@9@&@&% fggtuéﬁ%%rqb?n Fi gure
4. Thi s nugioar @ fillmeisekl acsusticeesonatardFBABN has aabsormamoa fiequency of 308bI e of
digitizing the analog in si gnal_, . hu 1.1.h |imted.reso Lon. Better
resol ution {Qalﬁ)oog/ﬁ'&?m%ﬁfjnggé uéf"%ﬁ of }@u&q H%bde?hedﬁsﬁupgtt%?seatyggf Icll? be
descri bed roingitrs iiotheViRindpasd Signichdeli@ mMedwiger afsotgredutiesrpdighmcugnitcal
resonator can_ easil reater than 1000 and even as high as 10, 000, it

: be gr
i s possi bwhmw&%’@%a g €BYRISS- f requency, up to a gigahertz using
this type of rg&5aRaY0Ehovs &L hehdisHss, sigma-qéaa RlodliRtey @ik eineatoustigonat or
allows the nodul ator to operate at the gigahertz sanpli r;% frequency range
wi t h good resossier gt iThe remaining parts pf thetqirayit aperatesinysipiaL biOPcS%HI or der
bandpass S G t & ' 1LhOBEMY S@der '§SRAALHAE. | nput
sunmmi ng c?’t%{gl@'a dg&%’ﬁ%@%%ﬁﬁﬁ%ﬁpﬁtgmﬁéﬁaﬁqr and@ite{]es?f eedback from 2
gai n st agbsndpesa sigmatdeltaf motulatort ghown juFigwe 7rie abuageend girdemhand umi ng
. circuit | ] 1 r : | &l output to
gai n st agBiditsgBodie bR RERENGPG 8 SADAHH Eighred, IHONMEET uBRoD
circuit 9aalacogstiniresonatar inddpable nhtigiteing tbe Rnalogirpu signak bytiwitbfesst hese

SOl i ol pldBlbel Babligefocens " oe; Mo cey fescnater 10
at tenuat es t heFigirgreabhaws stdtea fdurtroprdecharsipash signesdeliat mogulaigy usingd by gain
Stage. O apdylWohdriaforS S ahinGBRbGE skt B The SHov inFGuR S Rtk ©f the
: uses acoustic resonators rather than micro-mechanical resonators. Since there
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-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.




series of digital bits as descri bed above and forns the output of the

modul ator. This output is fed back to two converters D/ A cdarMey2@es 4 and
5inasimlar fashion to Figure 3. However, in addition to the anal og

f eedback si gﬁf?l being applied to gain stages & and G3 as in Figure 3,
they are al $°8d to gain stages G, 12, and G5, 13 BEI/SGIRN266to t he
second summng circuit 9. The output is the out put of a fourth order
bandpass si gmafitgié al4rodhbws 0oz moey i diaifeddi@nteligiant efrcniofoft tee ifigtut anal og

si gnal . avi m. Ccr o- hani,cal onators in the |oop,, this device
ot ovi des. RHAHMGR R RPUD. SH g 98 BOAR 0 Bre, Geeh EoPARRLDY Bur ¢
order nodyjapdllel chGitNGF & WBsiBiof GAd E@ﬁétﬂt@t Cathusrlaaam@t far gholwd a%binélu'ﬁfhgpr ovi de
digitization of the analog signal wth high resolution.

enbodi menteYOERyu S, @ndm@ae r@Lst?&ged-lwtsq;éoad ﬁﬂémclwtﬁs. r@w@r&z.

negative, zn r 06 WO
05 oas10n BRENELARICBH N 3 1AHHE {ype ofion t?@%?ﬁﬁﬁ‘?mm‘%ﬁ‘ﬁéhﬁéﬁﬁenor

per f or nan(?eC@R?CéP"eé}mr 88 cThe aseematasrdy Wciudgs dbst eaplivadend raircdt sUCinasur f ace
t t 000 MHz.
acousti ¢ WR¥fn gﬁ%ufe?s%)a iﬁ %'Sgﬁﬁfgthgggﬁﬁ“?éspﬁ?ﬁéfwB&C\Saﬁ’éeilég it &

-1t also has a tor acousti c' resonator
( FBAR) ha@eaessesoimaﬂtﬁafoﬂlowqumogmmSte(hxe met: 10, 000 MHz and a Q factor of 100

to 1000. The useof. shese_t f esonators in the bandpass signma-delta
nodul at or al so prcgdu(té"ésﬁ"é ﬁ%sﬁ%ﬁ”ou?‘ﬁut with high resolution at high
frequencies. Figure 7 shows a bandpass sigma-delta nodul ator using an

acoustic res . Th emalnln arts of .t.h ircui,t operate in a
ST ar Ctashi ol Sresencd"G, e RMAECA— AN 28" Brufbi nBhA B0 D [ -
second or @ﬁectsmstheﬁantéihtlob@ﬂtﬂﬂawﬁ—résdjﬂhcdeI ta nodul ator shown in Figure 7
"is of second aqrde

s second order noise I n hown in
Fgure 6. Thi SMABR DGR ABASH IFRORSER 268 ey o RSPU of Do apaetuon:
di gi ti zi ngirgie @rﬁﬁpﬁadltmpttﬁe sdudftadtingbitiput dh shisBactor” 830iditréabvd g @ fourth
order nodul ator. Figure hows such a fourth order bandp ss si gna-del ta

nodul at or aﬂ@ﬁ?@’“aﬁ%%ﬁl‘i‘ftﬁ@éﬁ’m GHve Wéh%rr?%?@g?ﬁan-f ‘1‘55 ¥|rﬂ'?tP gt o t hat
shown i n Hegsr8meter®BE 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 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




uses acoustic resonators rather than m cro-nmechanical resonators. Since
there are two acoustic resonators in the |oop, the nodul atarMpyegtdges a
fourth order noise shaping as shown in Figure 10 and is therefore of
fourth order, This fourth order bandpass signa-delta nodul at or using
~acoustic redOAEYBi s able to provide the digitization BET/EGRA83EI og
signal with a high resolution at high frequency. Figure 13 shows the
syst em wi temkdimentsshomirio Eigiee ¢4 bhd deseribedirin Figonds 1&anhd?. from t he si gnal
generator 4 34,1 | bath .r.esonator .27 an cancel i.on networ k
%5 “The out put NSITREP e riRikahERcaRs rubndty f BEFSEH BRI out pu
;fl 2t gg r emabeq:iglei(jn dight ofithe hbewtelatcpmgﬁ.orlt iaiheréimm@&ﬂb% ondersﬁllala*l,thaﬁ and
are provj ded at t out put t.he resonatgr and cancell ation
retvork . WD dhe SpoPy. O fu SrBshded i, 1S | Ao BesaRe cereGRcate
subtractomﬂﬁgwmghhaﬁgsSF@ﬁmﬁmyagaym@g¢@ﬁgﬁ§ at the respective notes.
Capacitor Cs 33, is a lunped parasitic capacitance at the input node. *
The out put of the subtractor X0, 32, provides a signal with the
anti-resonance being renoved fromthe usual resonator output. This is
acconplished as long as :certain paraneters of the cancellation network
assune the proper values. 8 11 May 2006 WO 03/043198 PCI/ S&2/ 00266 Fi gure
14 shows a nore detailed cancellation circuit of the first enbodinent. As
shown, the lunped | 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, load 30 includes resistor RLZ2,
38, and capacitor. C .2, 37.-In this arrangenent, the cancellation network
is nerely a capacitor C., 39. The resonator 27 includes the equival ent
circuit such as shown in Figure 12. In order for the anti-resonance to be
cancelled, it is necessary for the following 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 cancellation of the anti-resonance.
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When these specific relationships are true, the output of the cancellation
circuit is applied to the subtracting input of subtractor 3 Maypegpve the
anti-resonance part of the output curve fromthe resonator. Thus, by

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 renmoved |eaving the resonance part of the signal

wi t hout q§$hﬂ&;any anti-resonance. Thus, the output signal shown in Figure
16 whi ch ToOrresponds 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

i ncl ud t; . Fi | h d enbadi ment where th
| unped 1 ohas PARIFES Sdther sl e aaBn iR ALY BEPTERET nai cat ed by

capaci tors CLl fi@t sudftingdévizé for tdbeivify anGASE,; alfhtst RBH bacR AR
cancel l ati on can be achi%'\(/-jed by the f or:i!? oW r’r%ﬁmsi nple condition: CP Cc

CL! Cat |:seeans feadack signa asi grogeeeg eaoptauiat the ratio of capacitors Cp
to Cu be equd g -hat 0 1 ' j I r t is
si'miar to-that st niilimEensiosh Br eBusti BsbllafPp 3ding . chbLst 3
enbodi nmerfirstshummingrddviguasan inpas dnd gsadudiredan oupugur es 16 and 17. Numer ous
addi tional nodifications and vari aﬁf?n of i hlle R ese%@i nvention  are
possi bl e in | iGRIEHECE FECANE &G 8Y ﬂgg"?"dl s qrergy PE;HFBF BECYilGer st ood
that wi tlakonatbe afg qred@ding RedigRaiesatad: ahahne, thée hﬁu(tjﬂ)di’tvtﬁnééi@ﬂndiﬂi)latbﬁ
practiced otherwi se than as specifically described herein. 10 11 May 2006

CLAI M5 1.2 pandpass si gna-delta nodul ator characterized by conpri sing:
a first D/A 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 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.
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a first summ ng device for receiving an input, a first feed back signal and
a second feedback signal and producing an output; a first nilcviay 2@hani cal
or acoustic resonator receiving the output of said first sunm ng device as
an i nput and producing an output; a quantizer receiving the output of said
first mcro-nmechanical or acoustic resonator and producing a digital

out put which is the output of said nodulator; 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 domain. 2. The bandpass signma-delta
nodul at or4.accortei bandpass| signratelthunodidator @copndirg tmgan;aoseaxﬁrdh[marm;ﬂmg

devi ce rec ng said ut fromsa ical or acoustic
resonat or%'a d""?egg'@ﬁﬂ[%ﬁsﬁﬁ?'?'@ "R ??ﬂtolrl aF%‘éﬁlS’afgﬁon@Pbﬂﬂ‘l??eﬁW PYB%uci ng an
out put ; . afdciaries @R dcouisticreBBSdtaNisGR adushs Patdhiafor! esonat or recei ving said
output fromsaid second sunm ng devi.ce and produci ng an output which is
recei ved by said quantizer. 3. The bandpass si gma-delta nodul at or
accordinggl o o Mhfdphed | G0 b8! mRniEL LB dof Lleth B SkflergRehani cal
or acoustic resonator second m cro- mechani cal SCoUstTc resonator is
a m cr o- reithachusiic rewmﬁwnerasmacwcmwmeﬁe !Bsoﬁhtprbandpass sigma-del ta
nodul at or according to any one of clainms 1, 2 or 3, wherein said first

m cr o- mechani cal or acoustic resonator and second m cro- mnechanical or

acousti c §.esomHeObanhdpaRs sigeiasddia MYaRaéroaccdrdingh® HlaimilpRssherelnthedel t a
"nmodul at or accordlswg@to claim4, wherein said acoustic resonator is a

surface RPUSHE Eesphgior isa Himbylk aggustineesnRa@ass si gna- del ta nodul at or
according to claim4, wherein the acoustic resonator is a filmbulk

acoustic resonator.
7. The bandpass sigma-delta modulator according to any one of the

preceding claims, wherein said first D/A converter 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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7. The bandpass sigma-delta nodul ator according to any one of the
preceding clainms, wherein said first DA converter is a fullineypoesto zero
converter and the second D/A converter is a half return to zero converter.
8. The bandpass sigma-delta nodul ator according to any one of the
precedi ng clains, wherein said first and second D/ A converters are one bit
converters. 9. The bandpass sigma-delta nodul ator accordi ng any one of the
preceding clains, further conprising gain stages provi ded between said
first DDA converter and said first summ ng device, between said second D/ A
converter and said first sunmm ng device, and between said first mcro-
mechani cal or acoustic resonator and said quantizer. 10. The bandpass
si gma- deltla mpduinatied afc baddpasst Gigrhaideltd, nioduldtenh of oapr irpubgsighan st ages
bet ween s%i d secon rricro-_msct}%?i cal or acoustic resonator and said

hapacl G t

quanti zer® eYNPiisiag 1y HeeBAlert er and said second summing

device, and b ikt BRSO ; onv; i 1 ng
device. 12 11%}\'}}3@%9 %f"‘ii’tl. A Bn%%%@@f gbﬁcggggg%agﬁm- e t%g'eﬁﬁﬁa?%q{: on of

an i nput signphio prasiige aptatputed by conprising the steps of: summing a first

an output;  pallrsipB e OaREL B BRS L Ta o & s W MigrghindeBonibd P Ocue
m cr o- mechnacbostic resonatopasd iproduegnat outpat)d produci ng an out put; passing
t he output fromthe i chani cal or acoustic resonator  through a

e o DBk giG dhiuipdh form e JE GO AREC R 9 BoRES T rgRnadTam oot d

quant i zerthiollgREhuahtizkF hd Pfoﬁu%ﬁ@Va?Higﬁé[ Apuangecond D/ A converter and
‘respectively producing said first and second feedback signals, wherein

said first an@aseipgribie buput Fonveaid guantizercthmughea brat D/Axosverter anchat i ons in
the freq WeB6Hd ‘fﬂﬂadorﬁvel]tér 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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