;e3e$ | """HB6L$TSUZ6  Canl | nuousAl mei megr e~l ngnl nenwl nmi ni munpnesever| s~
‘n, en bandpass F~ nodul ator using such a filter BACKGRQUND OF THE | NVENTI ON

1. Fie m&\\\\%m/entlon s The invention relates to continuous-ti e
-filters\\W‘\\\ ticularly, it relates to filtering in a mmwmmm trol
| oop, for gxap®l e in a sigmadelta (Eerg) nodul ator. Anal og S

can be used, for exanple, in radar receivers or telecomrunicati*tms*systens,
in particular to inprove the resolution of analog-digital encoding. i o 2.

Description of the Prior Art The E~ nodul ation of a signal consists of the

encodi ng of cighthyd 1 tﬁhé’fhtég%é flllEF'Qﬂfh ﬁflnhhbfn BHEsé"'vaaﬁohaEnH' gher

resolution than t eoreti §| ven unber of bits. To this
end, a feedback controbandpass §An‘ﬁ§§u ﬁéuﬁmﬁlﬁpfbtq ﬁ“eﬂew ce, which linmits

the resolution, BACKGRANS OF THE NWERTION s | oop as can be seen in the
generic diagram gnal is a digital signal, the ~
nodul at or unit ifmmen t he d| gltal Si gnal at the
'bnfut gl(‘: tgen~0Nﬂrﬁdﬁﬁ rﬂron%lrméswaomnmiﬁt{mgqgkﬁh [ MG ncuﬁla rlseﬁa:\l
its i udj | | i ppul  si

of the int e'ér'glqt%‘ﬁ t@aﬁ\)ﬁ&@%ﬂ&ﬁ%‘?ﬁ?&g GQIrg);1e gp @q}edlgl'ﬁrﬁﬂs@f' ay hegl nput
and out put @éltd (EAY N@ﬂhlal@ilAnaldngoﬁuﬁaemcan belursedpfmrewlél inits and n

s o b LB Bt b I AR er B Wi e

ﬁthe

band. This ﬂmnesottnpnomﬂdrmldg?dlguabmcddu@ readers where the output of the
nodul at% I s obt EI LERR the input signal is encoded on about
20 bits.""However ¢ anal og signal, with the

anal og- di gi taI ciﬁhm{m modala(hansﬂtarmgnaifcoq:amm ot thei mddira_:, of this signalhe
resolution) [ N u f e, | | figure 1
(by. the reglie PoBligHg G1CHRY 1l withca 8P hiBfer PRecliaf dHap e

i nput | out puﬁ'le@mtmal lirait mbarﬁheymambanaﬂ d:gtSf i ITtOelhlﬁlgﬁndTva) feedbmckar i se.

The first isydifdlio {:ﬁ?Hﬂa@/ ﬁﬁehbsnﬁaaaﬁ QA{Y'IIEWQ ?f}Eé:;luﬁoﬁase the

signal may be sa he entry to
filtering 1§, plwﬁe@ it iottpeRf thisnloopag Ran chesie%rt e iherrﬁeﬂl%ﬂﬁaﬁlag(%f@l ofg
switched c t &S, for exanple), The second 2 possible case arises at

hi gher frequenci speci.al | n carr n this case the discrete tine
Lechni ques (s t ﬁﬁ@a 5 ool Sanale i o MoEHIETara i PRERRS.

fsloeCI al | y) diaital dowiper owHent the digitafl big halr aﬂmdlnmrbftimnmanéemhtdwouls time
A e T G o
done at 20utleast sigrificant diifs, (LSB), thefiopet signatwirtheziatégrati¢ranislvieg- di gi t al
cumil &t ed_ SEASHE PSPt Rl a2 SRl Tl e ”ﬁpgt%&g‘;t ‘*ﬂ;@gﬁa and of
t he di gi t al Qearniizatien ctaymﬁe?.tr@wmwemmﬂw alissanpl i ng
peri ods far smaller than N). Thus, the signal encoded at output of the ZA
modulator has a small number of bits and high resolution in the band. This
25 is typically the case in CD readers where the output of the modulator is
obtained on 1 bit whereas the input signal is encoded on about 20 bits.
However, if the signal is an analog signal, with the analog-digital
converter 2 (a source of guantization that limits the resolution) being
placed at output of the loop as can be seen in figure 1(b), the resuit is that
30 the filtering 11, which integrates the input/output error, is necessarily an
analog filtering. Two cases arise. The first is that frequency of the signal
is low enough. In this case the signal may be sampled at the entry to the
loop (not shown) before the filtering 11, which is then done in the discrete
time domain (using switched capacitors for example). The second



i nstead of being smaller than a single period. This problemdi sappears if
the encoding is done on only one bit, but then the very high non-linearity
of the encoding function neans that it is not possible to define a
«criterion of stability for the Ee nodulator with certainty. A nufti-bit
encoding is then ~ s preferred. For this encoding, the response of the open
| oop may be considered to be a first-older |inear response. The maki ng of
the loop filter 1 y nust then resolve the classic problem of feedback
control |oops: providing the maxi mumgain (and thus mnimzing the error

Che st abi 1 POSTPRTGESS Bhes an Pt tciiiher 28nelaf? By irkietilim 8" S0 L1 "
the total dedss the discodtettime techniqueassswilched-capacter oraswitchedscumant, s
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fitter in thbef saopingyisddhen ndopserat owpuabh the aep, | iush befors dbe to 1 in
t eens of ”DSUéH%alfﬁ%ﬁ (hﬂafggﬁy?%l&hw'&@)l nventi on proposes a

conti nuous-t'1 me er c out t bandpass integration of the signal
presented at itsFHAPBEMOk, fferithadain lPé’é%t’“Q@h&%F@%%ﬁFHW'%ﬂﬁse

variation keeweranairigs oftHe ﬂﬁbﬂé@-d??rail abhwster (ADCY 2hAd oF HEAgigitaRr | ation
ded phase, nanely the phase récaqgnstituted

I t I ts wh I 1
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t hese varia el . - . Jhl.s .problemis
resol ved byét:?gm?ér @8%5%8@%54%&"@%%&85& 2‘1 @ghgﬁ'k %ga?ﬁ"ﬁgég t %rr‘rpri si ng
at | eastisonprefessedan€oer dbisi erceding, the nespiomsen pfhttee openi laopomay| be
particul ar, o 'igefegﬁgwgﬁk%_goﬂ%ﬁn\gg}gﬁﬁégégym phase variation conprises a

resonator and a resistor. the invention is the feedback

| oop conprising &heomekingogé-the r*é%aflﬂlﬁﬁa% mustethem resplve therclassie hi s ki nd.

This feedb | dg(gﬂd Vi e i tor, For
exanpl e) aa?*.bsbl I%g%ga%{g@%owémgfﬁlgt r IP raviding hé%éﬁmgﬁ.@?@e(gﬁggﬁgﬁ ses an

ormng .a feg@b
anal ogdi gi t BNTEVADG: e erpr, Betweendthe (apubakl-eoilRdopicerl ang e
cont i nueys - ¢ontrlP WAl @86seriingaha istatdity iok tes 1oop. (ThisiskédpdeididificGiESCR! PTI ON
OF THE DRAW.NGS.The char cﬁ?r t|c§ and, advant ages, of t he nY ntion shall
appear 20 r & ‘P%%FI"&"—‘#E% %Lée'ﬁﬁl'wfn‘gedgg%rﬁﬁ I(B?I",""&F\;bﬁ %ﬁn%y of an
exanpl e) anmumbemis eestppeisdhe diffiguityesf findingifiitering fengtionsthat fedforand 1 (b)

are generic,dia Of, @ LQUQUR I ~ l.a

respecti velvyg#"org(’ henppgcgg%{éhseog g‘ﬁb {gﬂwqgﬂ‘gﬁg{ tggpg%él h@sﬁ%nal 23

Fi gures 2( a)ampared g, developmentrofgontingous-timedax modulatersous-t i me bandpass

integratikng filtgUMMARSLOESTIREINVENTION) are the frequency responses, in
%’T‘UM‘E—' h

phase and in anp ) , e filters of figures 2,
The present invention resolves the difficulties of continuous-time

fitering quasi-optimally by minimizing the phase of the fiter in the
frequency domain where the gain of the loop is close to 1 in terms of
modulus.

30 In particular, the invention proposes a continuous-time filter carrying
out the bandpass integration of the signal presented at its input,
comprising at least one element with a phase variation known as a
minimum phase variation.




Figure 4(a) and d(b~ show a first variant and a second variant of 30
first-order continuous-tine bandpass integrating filters according to the

i nvention, Figure 5(a) and 5(b), show the frequency responses, in phase and
in anplitude respectively, of the fitters of figures 4, as a function of

t he overvoltage of the resonator (A, 94 Figure 6(a) and 6(b) show a third
variant and a fourth variant of firstorder continuous-tine bandpass
integrating filters according to the invention, Figures 7(a) and 7(b) show
the frequency responses) in phase and s in anplitude respectively, of the

filters of fig”rﬁ/ﬁnlﬁw%rﬁjaﬁaéeuvéﬁét% eenﬁé}ﬁsca/rareaemewmosbhenfbwator Q)

Figure 8 shows a arlant of ﬁger order conti nug}ﬁs) ti e ndpass
integrati ngPhase.e pagehs ihe nphass tfﬁ%orisf'l adi by qult‘ﬁHlt\é G points CP rcuit
qu' ‘{a'D(eB; hﬁ'ﬁu ty, ?éﬁ%%eré%nﬁh@gré ené¢ tends RWapds Qéﬁot ofinglkig 10(a)
an S ow nts o qui val.ent .resonance

devi ce according RD g‘“gn‘sfe%tf'ﬁ%'“ R %Eéﬂgp%s%m?gf%r fURRS of a

hi gher 0rsdeghe:9mb|mogﬁcémﬁhrh@.@mehmmms ][tﬂfdarhtaefd tian@lld‘trfﬁedsfelnt Id gl
nmode usi ng i val e resopanc vice of fl.gure a | adder
structure, g'\‘/%‘i 5\Féﬂpﬁ"§a?f@ﬁtc%ﬂpr§"ﬂ H@‘I‘St l%agrt the

conti nuoust Bf&llhﬁ@ﬂﬂi@ﬁ:dpﬂtgﬂf td"@aljﬂdll?ﬂﬂhéﬂ C‘aff'atfl'fl?fsﬂrbllil'"(eﬂﬂﬁ,eﬂ'l'éSI ng the
equi val ent | adder structure Figure

eson ce of

T3 “and. 1BRUEHEe TRIAUERsq EHe ProSEnD R tasoliel BALSHS,A AinbATpl (' ude
respectivel umeOEﬁamdpasfsl |htegraﬁrig th&m@ﬁsmﬁla]ueth§mancémlc@uous time
bandpassmt rati.n modul_at ua F%{E | gher - order continuous-ti ne
bandpass’°| ni"’égr@ﬂ"ﬁg"? Ph?ﬁ? V@f'a’??'bur Lﬁ%é é%s @%‘“@ﬁ h vari ant
of a higher meldmmcphaservaaaﬂam cumpﬂse@arrdmor anegrrasistay. f i | ter in
differential nod L.V | 10 with
a bridge struct u?guwg%th @q?ke)'ﬂ ﬁﬁqrgfsg?{baﬁ%e&j/ 9@“ %%&@J&%ﬁéponses

in phase andonﬁmtmmktima@@ndpsmtmgremyg fider oibisthind.eThistfeptbatielonp. NORE
DETAI LED DER{gyl Ba! %\H tﬁdbﬁng IdF- By PN FheulSRRb! per té*% 1§ Gal

encodi ng of a’signa tlon i n the use band i's far
hi gher tAanPBRERAHHEA ’F‘i‘@ﬂ“ﬁt@h W&@sfe@d@ﬁ%d@@ qor@rrsem an lﬁfﬂﬁ'QQJn apart

from the di gigitar abhvener & fdigin d‘gutﬁh@@@égtdwwanantahaaé h@ﬁtuﬁl@é@setu’ﬁ@ that, in
t he usef ul Eaff‘ﬁ%ﬁt he, s eCtgﬁter oefr?ﬁls Iymo his noise is far smaller than the
noi se comnin
BRIEF DESCRIPTION OF THE DRAWINGS
The characteristics and advantages of the invention shall appear
20 more clearly from the following description, given by way of an example,
and from the appended figures, of which:
Figures 1(a) and 1(b) are generic diagrams of a continuous-time
bandpass A modulator, respectively for the processing of any signal and
of an analog signal
25 Figures 2(a) and 2(b), are prior art first-order continuous-time
bandpass integrating filters,
Figures 3(a) and 3(b) are the freguency responses, in phase and in
amplitude respectively, of the filters of figures 2,
Figure 4(a) and 4(b) show a first variant and a second variant of
30 first-order continuous-time bandpass integrating filters according to the
invention,
Figure 5(a) and 5(b), show the frequency responses, in phase and

in amplitude respectively, of the filters of figures 4, as a function of the
overvoltage of the resonator Qg,




5 encoder. This reduction of the spectral power density of the quantization
noise in the useful band is expressed by an equivalent gain in resolution
after filtering of the out-of-band noise and decinmation. La figure 1 is a
schematic of an exenplary continuous-tinme s bandpass F.~ nodul ator. The
continuous-tinme bandpass F6 nodul ator is a feedback | oop. On the direct
channel v1 of the |oop, the nodul at or éonprises an integration device 1
foll owed by an anal og-digital converter (ADC) 2. The integration device 1
conprises a filtering device 11 enabling integration and an anplifier 12 of

th inth b 3 " ; | at
compri ses & di o FUERPEGRIarPFa Ml Sinir? 2D Yegny S aright B dle ™ o
used to conomert tentionves-time diapdaassbirdégratingt fidenspaccofdingetd-.thenodul at or
to the inpu vﬁfﬂi&m s nodul ator. An operator 4 is placed at the input of the

| oop before the Tntegration device 1. It receives the signal to be encoded
present at the i fjgwes(a)and7d)ishowtieuirequancyossponseasoin phaspiagd fromt he

Lol econmni Tabratiie FEgetRolyer e ftom BPAUELE of & RERyRD A e Gl

coni ng fronPYRYOREEE P t@n@?ﬁ@ﬁt%ﬂfbr the digital -anal og conversion. This
operator 4 assesgpfble HosCERE aREHPeR d Mytehiiber cBRBhuGUAIME®
converted sbgnal o that the ?o0 bandpass | ntedration device carries out the
i nt egr at i onPaNFPAsRINtREAting hiteraccording toMialB¥eNtak out put signal and the

i nput signal . Theigipé® sHows & cREEPehGivalentid Mk BE6RAIOF atb@rting tothé he useful

band so nmuch,so that, in this useful band, tire error between the output
signal afd PR® &Mput signal is necessarily very low, this is the principle

of a feedback 2sFige®.10(8) angatpy show e RkempldrgemBbaitetts @ftthet of the
| oop to be rej.ec egl by a factor ea(;w v(gl ent .to this gain. This quantization
noi se at th&9d Mﬁ%ﬂ‘ r%"é\?&Pe VIgeACCPFYRY A theiRXeP i gi t al  conversion. The
?ﬁi n of tge | oopFigues e‘ﬁgsleoutwsat sibktm taari&ringﬁ @&igi@%rbéepohmw?mrﬁrné ;1 yit ew of

e periods e , e the | :~n._gonversions 2 an S
not possi bl ggé%é%%gdgtggéagﬁ‘&r glggPa'%g l erﬁﬁﬁﬂegﬂ’r d.usf'}ﬁjetgﬁ) eﬂH“’B%Qgti ce) the
| oop nusit nesionahee Meyigesf figureset@ with atadder strustutg, ven converters 2 and 3,

the stability of I } i 1 ; { i i 11 and
the gain 12 of th “?%J%S?%?gﬁ*éﬁ&?@% G Bg higheriifer EphfU. 1, B

to the filtWenBARGRaEss: hlagsating fitgr iy diftrsential raeddusing, thsr eguivaledbp, t he
bandpass fi tdsphahde Meeiceldt figurad 10 Wphe kikbesiudier, it is made as a

conti nuous-tine device. . This t?/:&e of cog{ﬁljnuous-tl ne filter may be
represented, in [Gsr53@) g, 13{B) shoustng)freguency: gspanges, 0 pBaskat or s
each san@w gheth BpRRidecretpadtilely, ioftise fllst Adighref pzMing a firstorder filter.
The transfer funglion % tEe assenblﬁ i S t@% sgméi n ter{é\s f Igg&irithn‘ic
anpl i tude and pha'9&® of 4t RROWAJRY QIS YBR s Q8NORFRR &N &%5}95 are

obt ai ned bymoidatitog ushngs ¢the dsgheatrder contiswousetimer bandpzssaintegratifget ween)
firstly) a mpé}egfq@gge ¢ with internal inpedance 51 and, ~o secondly, a |oad
7. The LC resonatdrs shown in figures 2(a) and 2(b) are envisaged for this
pur pose in the uEigare Waghowsdan @ghthuyanant o6 ahighes-grdeceonsinuosdime or . | t
CONPr i 595 pARIIRE iftefidih! FileP)inS BiffentANARAEC syl neNchddapher L 61
and a capacitor C 62. |, |%¥ e 2( illustrates a parall el resonator. It
conpri ses aS§aPaneepeyiee of figuies,iQ With 2 brislgestnudtureonnect ed with an i nduct or

il o LG r eapnor oresS18f) SHBR) I G HEUENCY Fedddmen, I Plissel !, 1Y oh @
practice, it" @?WBB@QSHPSE%WGMQ?B%&@?’%W@ WReturn to zero, at a great
di st ance f romt hrgo%mmasﬁg@@mwm)mt he anti -resonance f requency.
oo et meh RAPASS Ao SREES 3o (bt 8o HE i Bobh™ e
resonance owith cetesolutidrginr the Asefsl bahdnthal snfaothigher thardhath obtainge

frequency S ol i 1 I t frequency. The
phase pr osapie gl Galal ERohAE WS Feb (GRART ahfhs fin U BRRARa, BHBGT' Lnas o
toward 0 or't shapes dae iquaptizatiansnoise sehthatt inctherussidrizand, dhd sspectral ds
infinity. Ig&nint k I} | AL S t end
toward zero mé‘%’ ?h@%’ﬁgﬁﬁgﬁg?ﬂ?@n gﬁt%gav%?ﬁ géfrsgr%orrﬁ?ﬁff?ér}?t%c%t‘fce,
according to figure 3(a)) the filters with a sinple LC resonator as
proposed in figures 2 are not filters with what is called a "m ni nrum phase
variation. 30 Figure 3(b) shows the anplitude response of the resonance
devices of figures 2 as a function of frequency. The axis of the
frequencies is normalized with respect to the resonance frequency. The
anplitude does not get saturated at a great distance fromthe resonance
frequency. The




7 shape of the anplitude response, by a relation of causality, explains the
type of phase variation observed in figure ~(a). In order to have high
stability while, at the sanme tinme, having satisfactory gain, the filter 11
smust be a continuous-tine bandpass s integrating filter with mni mum phase
variation. Mire specifically, it has agtransfer function with the form
P2+Q P+t~0 H=P~ ~ Pz + Q P + cvo 0 The function achi eved differs according
to the values of ~N and Q . Indeed, if Q ? ONthe function achieved is a
band filtering function with phase del ay because the phase decreases wth

the frequeneﬁca@wtrﬁeereaﬁase gégaen we'ffdeﬂanggf% quififization{ e Made

Is a band rejector wt resents € naxinmim o
transfer fuRelseon e 'éﬁﬁill-“l bml%ﬁxﬁrﬁése@gﬁrﬁ{t 8nuigaledt galsimeasolitignyi ce) .

The ratio QafBr fiei §ﬁﬁb%&@ﬁaﬁﬂ'r@l§@éﬁ@€€0lh{ﬁloﬁax' mum and the m ni mum of
the is transfer fgﬂ lon in, agp u he resongtor 6 {or resonance

devi ce) The pres&Rt Wt 1% aiqt‘i‘ie@\ﬁég £hi & RISHRBYs RGPS WRee devi ces
6' Sy, 6'S2, banﬂ’pasﬁmano@ulsmrd ﬁwé’conmm mﬁemmd pasemA Acdufitoriige first,

second, thlrd an rth v of t.he i re | ustr ted by
figures 4(ap>® dg’ﬂ?‘? L’%?%) @fem'l@ar?&l?g 8&1&?% lbﬁ '899 aforg: S, ,
6'~ 6°p, ocompmaés tdmmeegiaummdewaODMBWémebpddlan:alog-dngitla%bﬁiréﬂdrcwt 6,

f t t of th
11 ter “accolaPRY o Begiplis odiond Efbilneds.a fgifavayis 1CEnatinalor 65 i s
pl aced i n pintegratibncand areamplifigret® whtthe etdi2n thaussefuhbanddi Ohahe 0]1: .

6 g .t t he
' esonancy d%j:gg ‘J;h@%gﬁépkz *ﬁﬁgjﬁgﬁ?ﬁ?&@ﬁﬁf“% sz?'adf'i %Hﬁ@%ﬁi@%&a@a’?t ons. of

f ispeiviecter iseysRthtcocors/pyf the ¢canvertedtsignal

resi stance 685?7@6 BURLE P IRE SAmoddRleY thShbih taf%%d?%guat;ﬁ& s(2) and
5(b). Figure HE w@r ? erent res ﬁﬂ I'S varl nt of 30
the filter oReEMOrA fslmlece@mme inpwt wfriquempem the mgretwgudevme 1The

responses I RPfRSAESthsidil BUbEeEn g:fr@éuilu_ & ﬁgﬁwgﬁ b8 %Ose of a

filter 11 for which the respective valu
frequency afledulalongeming i%ﬁ)mmerféemége inpHtstrgesaidhareseiverwhency . The

][esonance dhe 9:% ﬁvéﬂulagér ishmséd Mg Pﬁ@éeoﬁ/@élé@drhﬁﬂnﬂia@iﬁfﬁgt rhndhcaéed in
tonar d 0 o RS rec v RCoaVB e o G e ot p‘iﬁ “in
anpl i tude oaftemnbevargmhanalbgt raenvedstcmr 1This ape‘ramtnorasséssdse the equency
cor «Sspand §RIesE, o0 PR EREE soPR] S ToA SobtehBd a5 ik o -
10) 20 &Ad bandpass ialegsalinn devce carissutdbeiintegration] inzthg band) of dseect to
the resonangfo} GefWedMURBDUtput signal and the input signal.
The gain of the open loop is far greater than 1 in the useful band so
much so that, in this usehul band, the error between the output signal and
the input signal is necessarily very low; this is the principle of a feedback
25 loop. This causes the quantization noise at output of the loop to be
rejected by a factor equivalent to this gain. This quantization noise at the
output signal resuits from the analog-digital conversion.
The gain of the loop therefore must be as high as possible.
However, in view of the periods of time needed to make the two
30 conversions 2 and 3, it is not possible to choose as great a gain as
desired. Indeed, in practice, the loop must meet the Nyquist criterion.
Hence, for given converters 2 and 3, the stability of the loop is entirely

determined by the filtering 11 and the gain 12 of the integration operation
1.



In a dual way, a resistor 63 may be series-connected with a parallel-type

Tesonator 61-62 to forma resonance device 6'p, as illustrated by figure
4(b). The transfer function of this type of resonance device 6', has ~s the
followi ng general shape: 1 + C?Np + ~"' p2 +~?p +rue PONNo HP) _

_1+Q@p+~CPZ+~P+rvampQZ=LNRwth Cand; LC~0 =1 Qo
= R+ 2R Z for the series resonance devices 6's, ,and QN for the series
resonance devices 6'p~. @~ R+ ~0 ?0 By nodifying and placing the el enents
of these resonance devices 6' differently as shown in figures 6(a) and

6(b), the filtersomBirtnRavhe ¥eh/hkedl tBahé fltefing @htOtheréfofe, pifasévbead. In
i gure

the third variant .of the filte 1 accordjng to the invention of

62 o reoiie SRbHY ob We loer dharariipash VR 41 TESEEr AmVkRORAIS 01 62

pl aced in pwhehlies)mddeias d cordinueosdinid eddcef Thizsypent eonfimeusetirhet or 63
becones pre nderanb in the rking, of .the resonance device.6. ~. And) when
t he operati@ﬁeri diay, Pes Fecﬂ{?se@g?'hén sBARHBIE. (Thd CRSFRIe togef"ﬁhﬁfd(?énce of
the resopat msohaidi2 caeh eapdwitheatbyasefantasifievd ahd Bheh famiing arfirs3. This is
il lustrated_ b tfﬂef ency, r sanse of this, yariant of .tt}e filter 11 in
phase as shBWr THeF Bﬁ%e'%’(sﬁ‘;" EW& 1P 036%? Pﬁﬁ%‘@b&s'sgﬁg\ﬁqm AneegF @t 7(b) . s
]Ic:! lgure I(l a) loghrtkeidi &fnplitdde nad ppheses d:fnth:méwja'vidn?t m@mes?nﬂ’neé?the ‘
ilter c r ar vi.ce ,6' ~ a ctio t he .frequenc
far o vai ucusponSed e, pBRIRETIS, R JBefe bsBiHE! bh AsBes i iR5 and ob
correspond paraflebdetwéen, finstlyea gehefaior 8Biwith irternat impedancs §hlarg, of Qo =
2.5, 3.5,an ) e L.Send r |Z:eC: W 7 t.fo the
resonangg fgeec‘%l?g Cea‘O‘Lf'ﬁgfrZ@%A‘?lte}dé%\tﬁl}ges“gw&lﬁﬁgﬁléé#ﬁ’rﬁﬁgﬁzﬂévar| ation
el ement as em&méﬂ:riﬂﬂismugms;E in(th usuabweyl, the phase tends toward 0 when
the frequency tepgsrd ovfludrdlbs BUdrids' sofia@i! & dmbrdaPhiamaby ¢l fferent

responses in anplrtu vari ant conpri sing

resonance d@(RUicBs' sepiegcapnegias: wih ast inductaiel Blegtd @cyapasiton G Hue ON = 7.
The responsEigure B85 ficOeltdd at PErafisl Y&sonafor. CHt 8bfpfies f pasAIRNA ¢ O those

of a filter_ 11.for which the re tive I of = 2,5 3 and 5. The
axi s o:‘ l% hec"fq“étq%eHET%'?EFE"%?%W%%’& i%‘&duﬁ%tﬁir@si’g? CPBaF'ﬁ@chgonance
frequency. However, such continuous-time filters 11 with a simple LC

resonator 6 do not have a phase with minimum variations. In practice, it is
impaortant that the phase should return to zero, at a great distance from the
resonance frequency or the anti-resonance frequency. Indeed, if this is

20 not verified, the loop in which such a filter is placed shows instability.

Figure 3(a) shows the phase response of the resonance devices of
figures 2 as a function of the frequency. The frequency axis is normalized
with respect to the resonance frequency. The phase presented by figure
3(a) tends toward 90° when the frequency tends to toward O or it tends

25 towards -80° when the frequency tends towards infinity. Now, to have a
minimum phase variation, the phase must tend toward zero when the
frequency tends toward zero or infinity. Hence, according to figure 3(a),
the filters with a simple LC resonator as proposed in figures 2 are not
filters with what is called a “minimum” phase variation.

30 Figure 3(b) shows the amplitude response of the resonance devices
of figures 2 as a function of frequency. The axis of the frequencies is
normalized with respect to the resonance frequency. The amplitude does
not get saturated at a great distance from the resonance frequency. The



Hence, depending on the type of resonance device desired (for zo exanple a
phase del ay device, a phase |ead device etc), the structure of this
resonance device is nade in such a way that the function of the resistor 63
becomes preponderant over that of the resonator in one or nore determ ned
frequency bands (respectively, the freguency band excluding the resonance
frequency, the frequency band including the 2s resonance frequency etc). In
a dual way, a resistor G3 may be placed in parallel with an LC resistor
61-62 of a parallel type placed in series with a resonance device 6' p2 as

shown in fi ; NGy 1,0 | ce device
5" has 30 T 81 Mo ARG on ) g Peton B Sabtilfy RugidhppRzee C)
with z = C Wpe.of phase varighon obseyved infigue(a:l W- p o0 10 5i0 is 20 2s
IR, QN_ = Z11Ro_in ohder Ry rélé_nigh~stablfibf while, at the same time, having
satisfactory gain, the filter 11 must be a continuous-time bandpass
5 integrating filter with minimum phase variation. More specifically, it has a
transfer function with the form:
P +%P+f0§
H(p) o« —
0+ %o gt o?
Q-
The function achieved differs according 1o the values of @ and
Op. Indeed, If Q, > Q, the function achieved is a band filtering function

10 with phase delay because the phase decreases with the frequency about
the resonance frequency. If Q, <Q,, the filter made is a band rejector
with phase lead. Qp represents the maximum of the transfer function in
amplitude of the resonator 6 (or resonance device). The ratio Qp/Qn
represents the ratio between the maximum and the minimum of the

15 transfer function in amplitude of the resonator 6 (or resonance device).

The present invention achieves this by proposing resonance
devices 6'sy, 6's, 6'p1, 6'p2, 6°sand 67, instead of the resonators 6.

The first, second, third and fourth variants of the invention are
ilustrated by figures 4(a), 4(b}), B(a) and 6(b). To make a resonance

20 device 6%y, 6'ss, 61 OF 6', these devices propose the adding, to the LC
circuit 6, of a resistor either in series or in parallel.

In a first variant of the filter according to the invention as shown
in figure 4(a), a resistor 63 is placed in parallel on a series resonator 61-
62. Thus, in conditions of resonance, the resonator 61-62 is preponderant

25 in the operation of the resonance device 6's;. And, when the circuit is far
from the conditions of resonance, when the impedance of the resonator
61-62 is great, the resistance 63 becomes preponderant. This is
ilustrated by figures 5(a) and 5(b).

Figure 5(a) shows different responses in phase of this variant of

30 the filter 11 as a function of the frequency for a value Qy=7. The
responses represented by the curves ¢1, c2 and ¢3 correspond to those of
a filter 11 for which the respective value of Qp = 10, 20 and 14. The



1 Q ~+ R 2Ro for the series resonance devices 6'g2 and for the series
resonance devices 6'P2. A higher-order filter 11 is constituted by several
basi c el enents, nanely the resonance devi ces. Hence, the nmaking of a
higher-order filter 11 according to the invention may conprise a cascade of
one or nore of the first to fourth varpants of resonance devices 6' S-,

6' g2, 6'p~, 6'n2 proposed here above. This cascade, used to obtain a

hi gher-order filter, may be made either through anplifiers which enable a
mul tiplication of the transfer functions, or by direct assenbly to nmake

filters in {rag Sl 3 WS WIMBIhARRS with 13 ﬁ:x(eé‘lt?djthé‘ rEb&H‘ér’?cerreﬁ&e fey. assenbl y

in a balanced structure as il ur e ure 8 shows
only resonahB@ @@W‘é@@e gdayice &'sp, ’Scénﬂ\‘ﬁ'muﬁ'g maIS?eY@fﬂ%}'%l SIRSned BSt it is

cl ear that Irﬂﬂ:d‘té’d“lﬁWl eCS’ ] ”ﬁfdéé@ls th&Yp I{a%eetétrﬂ@»dib@vawmq}s‘ﬁerd'tﬁé' culty)
in any gene{ al %I a é) l’\i’ RQase | ead el ements 6' g2, 6'P2. They can
al so be applPBYEHTY teNEs oWl ¢ of NNy of figure 8 is a cascade) in a

I??der tC@m‘l glér atl OFigufé 5( tdé@iwmm &gﬁons@s%aﬁﬁﬂﬂﬁb bml-nst -
alternatl on a P, esonapce .devi .ces ~ T0OILnNe ction. e
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to have i ndllhe qes;:mnﬁés vaprgséntel sythe cunesct Rre andes3 coies @rﬁcﬂ@nt s the
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for the | oo‘ﬁhetaadm lof ttiye dfeqachdiesds uiomnalizee syitbciespegt tontheheesomancef hi gh
conver5|18n {régﬁéncfecause the greater this overvoltage, the | ower the phase
inthe critic o] This is the reason far the use of nonolithic or

i ntegrated resonat oin acdusovayi @ Jesialar B3 mayy baispriesweannectashwdh ahe

devi ces bel I@Eq:? ' | h bul k
ac\(;lustl C vva@ég%?%g gtr%rESﬁ?gFA\g/\; an Oftﬁhgﬁ f#ékﬁﬁﬁ?ﬁﬂ? ?ﬁ(ﬁ’ ?ng(')l?%ﬁt)ér@ olrJ FEAR
(f undament 2y Bavie 4bdusti c resonator) ar HBAR (high-order bul k acoustic
resonators variant sThg trdns?ersfdﬁf:ﬁ’&‘? o ERIE Spé o‘ﬂ@!@oda?ﬁ@déﬁé?'@t Ras

dielectric resopators (m croel ectroiechani cal systens) resonators and
the |iké? I—'(B‘\%PE?W""‘QEQ%P%H%WP% hese resonators are not sinple series or
parallel LC circuits 61-62 but rat
illustrated in figure 9, formed B
the LC conponents Gl-62 ang(p)#»
bot h resonance and anti resonange.
be nodified as shown in figure 1 (Oa:)
operation will be of a ~ o serial ty e°| iltering or of a paral l el type

i n phase | ead, ndg shown in figure 1Q4p)_#r an L~ resonator ~1-62 whose

rphav,); an eq vgh ent diagram as
Ll‘Jrrt' Péggnant branch with
HapacMVor 64 Thus, they have
re_:i naﬂgepzj_ﬁ\%c‘? 435 6 p can thus
seri Q, resofat or 61-62 whose

operation vm'_II be-of=a parallel type in |"’It¢:f|ng or of a serial type in
phase | ead.W se reGonance devi ces agds 6 p dinthe filter 11
which is either|[€d] estt-order filter, o f-ejaer filter as described
further above. There are either cascade |s aﬁin anplifiers or directly
coupled in tratedfor exanple in figure 11.
In this fi gfsflleﬁe:? gﬁ%{fgyofqg%égbﬁgﬁg§sﬂé :&(S:es 6"S, 6"p nay be different to
optimze th e.r rmance characteristics of the entire unit. It nust also
be notedtht ||Zth|sf| ure there is no ny difference of
structure b vve 'ék}%?"%%ﬁ%&@%ﬁﬁ%% gb-lead filtering, as
this differ T"s—"t rough the ratio of the resistance values to the

i npedance v Iues f thg resonators, the frequency band consi dered and

pl aci ngaef the reSIwcrhoﬂmﬁmaérﬁf pRiing 'tﬁetél@mEhEst o thEéél%@% el

therefore be seen_.a eperl and gure z el ther the
static capa‘ﬁq VGRS 8 éﬁéégn ?%§BH‘HHC'8 6]9}\7?55 (@) and @(@ dheiftiters; madss
capaci t ancensi@ mnummmatx?‘mm{wmmasé {Ieéchl m mqurd mﬁm of ﬂ’fte all t hle
resonance S en the s ctu use e khe mast genera
type of i ngﬁtﬁv o ﬁﬁﬁé@ Qﬁ' "Q’FPE%? 19& é@”reaé?%eécﬁeﬁﬁg?f Gigﬂ% SeOP¥r Iy with
ref erence tamnmgtadewﬁh an LC series resonator 61-62 placed in parallel. Thus, in

25 conditions of resonance, the resistor 63 becomes preponderant in the

working of the resonance device 6'.. And, when the operation is far from



30 Naturally, the generic structure of figure 11 may get symetrized in an
obvi ous way for operation in differential node as illustrated by figure 12
in which the resonance devices 6'p have i npedance doubl e that of the
resonance devices 6'p of figure 11. Furthernore, the inpedance 51 off the
source device 5S and the 12 inpedancg 7 of the filter of the figure 12
are) for their part too, double the inpedance of figure 11. A typical
frequency response obtained by neans of this type of filter structure is
shown in phase by figure 13(a) and in anplitude by figure 5 13(b). This is

the linear ggs rﬁ@%&@ﬂf&n@?tﬁé‘ﬁc‘iﬁ&i&e' &%eﬁ%%@ﬁ&t%‘? eﬁfesél tedorAedul at or

wi sh a center frequency l'i ng, frequency. An

exenpl ary stoFeRitas eorpared-withiheesister %c-ﬁh'éés i'Wﬁgaieg by thenfreguencyure 14.
In this fi gtﬁéﬂaoﬁs@b%ﬁnrsﬂm&rﬁwme tier PRiiK ph@rsm Shiowhen ewgaié)g(ajl gi tal

converter d the taI anal o ny ter 3 has a io cumil ated, overall
processi ng lai" ”@'r"m' §%1ﬁBPWHé" 83'1"9 o( Thi s response takes account of

t he s]pelctsr al aliasi ugé an?dﬂ?tﬁmMmdesllmphanEVﬁlseané?ntétﬂd theI

Si ne | eri I QV e e Lgl ta nverter exa e

pr oposed by"??gdﬁt {.L 0{'}%'5#%6 (t?qqr@lncglg@gﬁ% s & fﬂpcq%oﬁqﬁ%rsml)l

(2)tand 11 (:@)queﬁﬂplfomi vahes @y Vtﬁfhe fehpnsaseé)eembdmteddgdthmt@rvbbreg

sectl ons. 0 as a, n an

oc4) " one O EBcas c&iBlregpom 18R bl'R T o hiR the rebi<igben

al tF_r Pat i ogvamef of Bp anpl5, f3.6rari 1 )Thet freqrﬁ%m@t akisl isencﬁﬁallgz%)j) wiith?gg:ong

a 1Tl e e e e (0]

Fach of e Teshesk EotR iehapby | féquehvl) TH 5&%*%1?591@% 9 f

conpri ses tmnm.qor;m@e mmnceglemaet@saimcaie én figuredéfd)cdndeed, dhe t he

ot her Dei “gpf\aﬁé‘ﬁ@r\dselbm&?ﬂb%& fhe ﬁh‘&a '?:dg ﬁfo\n}égﬂﬁc;rlmﬂﬂ-ﬁg resonating
rgf

cells fiP(1 and 6§(4) are | ow ovet ecause_tHhey are designed

to mninize the effElgute Jib Hﬂ?"?%ﬁ%r@ tf@$@°§§@%ﬂ’? amplitadas chipr ovi ded
by z5 the apatige:- et metfatlerqqrb&msr@n ar’éaenam&uém@%'sgtag dATRIHtiBRQF | N

and t 3 5 M SRPRGUS0r el IQuriTg THbIESSGs aRssetEn Skanpl ary.
val ues of t baneses®nes afd E:Becdiré§p©hdnio taki oha fifert he for IWimels thd (2) and
11.(3): 30 r&% iy Cveallfiee\élf Gs = é§a§5 and 5. The axis of the frequencies is
standardized with respect to the resonance frequency.
Hence, depending on the type of resonance device desired (for
20 example a phase delay device, a phase lead device etc), the structure of
this resonance device is made in such a way that the function of the
resistor 63 becomes preponderant over that of the resonator in one or
more determined frequency bands (respectively, the fregquency band
excluding the resonance frequency, the frequency band including the
25 resonance frequency etc).
In a dual way, a resistor 63 may be placed in paralle! with an LC
resistor 61-62 of a parallel type placed in series with a resonance device
6'p2 @s shown in figure 6(b)
The transfer function of this type of resonance device 6'; has
30 the following general form:

1 a)
5 (or2) retea ]
H(p) = = 2 = with {€ = C and:

_1_+[_,D_+90_] P+ L p+ w? LCw =1
@, P @




/ RoaSectionSeries 65(1)0,408 ~ 10' 21. 460, 94No. 1Parallel 6'p(1 )- 3,395 ~
1020, 720, 78 13 SectionSeries 6"s(2)0,480 ~ 10' 21, 851, 54No. 2Paral | el
6"p(2)- 4) 113 ~ 10' 20, 520, 58Secti onSeries 6"s(3)0, 421 ~

10- 21, 871, 67No. 2Par al | el 6p(3) - 3, 690, 10" 20, 504, 59 Anot her structure may be
proposed in the specific case of an o ation in differential node. This
structure, whose principle is given inTigure 15, is a balanced bridge
structure. The bal anced bridge conprises s static capacitors 64 of the
resonance devices 6"S(a) and 6"5(b) and additional capacitors 62, and 623
with the safgejval®ge. Through the presence of the two resistors 63(a) and 63
(b) and of t FWE resonating arns 61-62 (a) and 6i-62 (b) of the resonance
devices 6"S %et "5(b), tfmreties apriesbabsmeencyf decicesi dgg, Ahds makes
it possible L__QQl B The io response in the band and furthernore to [imt
the responseQn the foranjof a pseudo-plateau in close-range rejection in

order to limit the phase variations. In the pass band) nanely around the
resonance o __‘l_h__e_g_esonance devi ces 65(a) and G'5(b), the conpensation for
t he i npedan @Ni s pf the additional static capacitors 62~ and 623 may be

obt ai ned by{t imnduct ors 6dr, tharsdries 3escriance gavinsis@l,i s then the opti num
operation for 1g :12+=._’Il__ ese bridge structures may be cascade-connect ed,
general ly with di\fRfe2@nt center frequencies to obtain a higher-order
filtering. ao Figures 16(a) and 1 s(b) give an exenplary frequency
response, respecti valhjgher-graeslitertl isrcomsfiluied, by severahbasigetlements, of a E~
nmodul at or hay C y 5 4 ey aal r

consi ot ng B e B e o R e e vert or
3 with aScuhliagcewingidthg inventier MAhEOMPHEE 8f cascade Afnnenyr mere ofls. The Ea

zs modul at oheAEPtPRURAI vEfants o fekBharlde @é\h@és;sglr%z,aa,g?@&aﬂepeéeé our

2 val uce: of MéiReap@eon s Saveats, usell o Ohleln @ Pigir-crdsrdilercpay ke
{hese 11 gurga te ) And TaD o e e A el Ee o TTe ol osed
| oop m)dgl a@gp&cpés, '?rzaa%f g"ﬁﬁgtt %Sﬁ%&'ﬁ? I"B%%S‘E%r'ﬂﬂﬂg&r SYNGURtIONsaS n phase
and 3 dB iitlusirgiedt indiguré®, ooby exsisemblyoin ahieal&needrbtidhatsiructerg general |y
exerpl ary BSHREGIT ORI E O S Gt or el ther one el ement of certain
el enents or all theFigueemBnsbBows amly resenanseutiavioes &'w, Bt axpmprising n a
sem conduct@fering elements but it is clear that the following combinations may be
extended without difficulty, in any generai application, to the phase lead
15 elements 6'sp, 6'2. They can also be applied jointly. The filter 11 of figure
8 is a cascade, in a ladder configuration, of resonance devices 6'sy, 6'py
placed in altemation. Each pair of resonance devices 6'sy, 6’y forms a
section. The filter 11 is constituted by N sections.
In practice, it may be difficult to have inductors with very high
20 quality factor values. This prevents the making (with inductors and
capacitors) of resonators having high overvoltages. Now the overvoltage
of the resonators is a fundamental factor for the loop stability of a ZA
madulator, especially in the case of high conversion times, because the
greater this overvoltage, the lower the phase in the critical zone. This is
25 the reason for the use of monolithic or integrated resonator technologies
having very high overvoltages. The devices belonging to these
technologies include, non-exhaustively, bulk acoustic wave resonators
(BAW) and their TFR (thin-film resonator) or FBAR (fundamental butk
acoustic resonator) or HBAR (high-order bulk acoustic resonator) variants,



The resistors 63 may either be made on a piezoel ectric substrate or nade
inside a ceramc pack or nmounted in it. The capacitors ~0 62 may be nade
inside a cerami c pack or nmounted in this ceram c pack. One or nore
resonators 61-62 may be either ceram c resonators or surface acoustic wave
(SAW resonators or bul k acoustic waveqfesonators (BAW, or variants

t hereof such as FBAR (fundanental bul k acoustic resonators) or HEAR

(hi gh-order bul k acoustic resonators) or TFR (thinfilmresonators), or
dielectric resonators, or resonators made of supraconductive material, or
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the above c saj iC ase variation
comprisds attelnaaBieitifhs® 3 oLBSRD XEURIEE dh 7 & ddds " bRRBBIRPER B naer ant
over that omusln&tedeﬁamrmtamplenndlgﬂr@rﬁtolnnﬂms fidgsre rirt, ragidthier ssgonanee bands. 4)
Afilter ac gghko e v I vice with
m ni mum phafsigv g%.%]l gﬁ’ #a? s?’g& ﬁ%éeﬁngwgé @éﬁ@/ﬁg tﬁ% ?}%ﬁﬁﬁpg'g *F of the
resistor i scmféstﬁi@éﬁanf thmeﬂﬁ@qmﬁhcﬁ masio@smb@tnded thatyim this digure eI at i ve
to the resofipsfs hb FShyt fag\gadwe@heéwgﬁgcmebé etaaaygegﬁr g > A

filter accor d| n erel n sal resonance
m ni mum2Bha@Rd P g‘taﬁﬁ’t"?%cﬁh BNGyi Qsh an edhioyeh: the ratio pkthey seri es

resonator i sesisiandd ebalubs htd I‘lﬁerﬁﬁpéﬁaﬂce %IuésSQﬂ‘l 0 [@SORA0ORY, BETPT | i ng
reson tor in

d
Sori o5 wi  r(EREeyGRERER i o 3R kg Be e RS isdpnator AT A Mencuct or

and a capaciiltesr in parallel. S. Afilter according to the above claim

devi ce whon the. f unpon’ bEaf HbrelbuP el PR BRntAE plf ooarel KB oncy
band co@dpr i & waichtsithee s static @patitanpecdrt pf ateséndndet device 64y 6°gr t o the
sbove 1 a1 s il SO Sa 4 e T IR0 2 7, o

seri es resona or i with the
resistor, <8l hesegsasancedevioss @enblvi thengtharstrueiures arseanareatheapast t or i n

series; general type of inductor and capacitor structures, as described particularly
with reference to figure 8,
30 Naturally, the generic structure of figure 11 may get

symmetrized in an obvious way for operation in differential mode as
llustrated by figure 12 in which the resonance devices 6", have
impedance double that of the resonance devices 6", of figure 11.
Furthermore, the impedance 51 of the source device 55 and the



30 - or a parallel resonator in parallel with the resistor, said parallel
resonator conprising an inductor and a capacitor in parallel. 16 8. A
filter according to any of the clains 2 or 3, wherein said resonance device
wi th m ni mum phase variation has an equival ent diagram conprising: - a
first armwith a series resonator, SaI% series resonator conprising an s

I nductor and a capacitor in series, - second armin parallel with the
series resonator of the first arm the second arm conpri sing a capacitor,
and - a resistor either in parallel with the series resonator of the first

arm and U Neinfaiictor oPtne MferSAAAE Hgdfeh2 e for 364t BN bG ydiile dRY 1 C©

formed by the to series resonator a t he capacitor. er according
to any of tifwedageawidiguee 81. wherein it is a higher- order filter. 10. A

fillver according toauhcabRiuesicglrsoeies shiairidry ﬁ@%@@%%ﬁ%é% wi th

mnlrrumphase vari ation are B either 1 n cascade or In dder
conf i gur at i HierStructirg is shawada Phase gy figyre i §(@) Aanddn.amplitude pyfig¥re accor di ng

to any of tt@®bpbpivie i€ tReé nlﬁeammbehﬁehbprﬁcﬁmm (fJ(Qérmd@ﬂ r'eTsPéﬁé’e grde on a

pi ezoel ectric substrate or inside a ceranic f§a g l'ter according
to any of th&Adpedulaieravive e canserdrenuansyof —rm ? W e@)fstlmhﬁr sDPIMDrs is a
resonator selected fromthe group consjsting - ceram c resonator, -

surtace acdfRAYaNCYad@ eXHTpRIANLSINYCYAROf a Zédﬂﬁd'é'étﬂﬁﬁupﬁ dﬁaW@ sgivetat or
(6AW, - fundaga FEGM EiHI h@qrguﬁélmlﬁmomddmétaa% ﬂ%ﬁ forik b Kier Bul k

Acousti c Reso at o Thin Fil m Resonato ectric
resonat or, a”qr éﬂi’f%rc 85f 2 séBga%dﬁ@fa\?@a éiqnéiﬁﬁtel bﬂ?&y-’pe
resonat g . c3.9nﬁ!§ted°~ B@@ﬁﬂﬂacdfoé@é%ﬁh Qﬂ‘ﬁé' Bf ng.82 fsbh’ﬁ:iﬂh aﬁéﬁéﬂ% NTHP any of
the cl ai ns cqrdln to.the above claim

conpri si ng 5 Pﬂ?%&?k%ﬁﬁ%‘?urgtq |tEFI§Pe§ﬁ'gb? s'f‘glem vided by the analog-
digital converter 2 and the sinc filtering provided by the digital-analog

converter 3.
In the example proposed by figure 14, the loop filter 11 consists

15 of two filters 11(2) and 11(3). Each of these filters 11 may be subdivided
into three sections. The loop filter 11 also has two resonating cells 6,(1)
and 6p(4), one on either side of a series circuit with the following in
alternation: a first amplitier 12(1), the first filter 11(2), a second amplifier
12(2), the second filter 11(3) and a third amplifier 12(3).

20 Each of the three sections of the filters 11(2) and 11(3) itself
comprises two resonance devices, one being a series device 6" and the
other being a parallel device 6%, as shown in figure 11. The resonating
cells 6,(1) and 6,(4) are low overvoltage cells because they are designed
to minimize the effects on the response of the spectral aliasing provided by

25 the analog-digital converter 2. The working of the modulator in closed loop
is then stable with the following margins: + 20 degrees in phase and + 3
dB in amplitude.

The following table brings together exemplary values of the
elements of the different sections of the filters 11(2) and 11(3):

30
w, - ),

Resonance device —— % %

W, 0 o

Section Series 6°(1) 0,408-10% | 1.46 | 0,94

No.1 Paralle! 6",(1) -3,395-102 { 0,72 | 0,78




17 15. A bandpass d nodul ator form ng a feedback | oop) consisting of a

f eedback | oop according to claim 14 conprising an anal og-digital converter
on the direct channel of the loop and a digital-anal og converter on the
return channel of the loop. s 16. A bandpass ~ nodul ator according to the
above claimwherein: either one or nn{ of the elenents formng the ~
nodul ator or all the elenents formng e F.o nodulator are inteurated into
a sem conductor, and wherein the filter is nmade either on a piezoelectric
substrate ~ o mounted on the seni conductor or inside a ceranm ¢ pack of the

FA dul at ACAr A
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0;(1(300/%?15; ((& ) sth'fu_: 1@(:).‘:\0/ pdtiters €4 of! Be rééag/ﬁasn&egﬂe'élbeﬁo(é §nd )6"'(b) and
1 109KX& ()2 qn%naﬁrﬁgéé&@rs( ;é%ﬂ, gnd f@( t%w? fame’ va ue. ‘?‘hgugh the
presence of the two resistors 63(a) and 63 (b) and of the two resonating
arms 61-62 (a) and 61-62 (b) of the resonance devices 6"s(a) et 6"(b),
there is an imbalance of the bridge. This makes it possible to obtain the
10 response in the band and furthermore to limit the response in the form of a
pseudo-plateau in close-range rejection in order to limit the phase
variations.
In the pass band, namely around the resonance of the
resonance devices 6°s(a) and 8"s(b), the compensation for the impedance
15 of the additional static capacitors 62y and 62; may be obtained by two
inductors 61, and 613, The operation is then the optimum operation for
LCw? =1,
These bridge structures may be cascade-connected, generally
with different center frequencies to obtain a higher-order filtering.
20 Figures 16(a) and 16(b) give an exemplary frequency response,
respectively in phase and in amplitude, in an open loop, of a A modulator

having a center frequency f, = 3% and comprising a pair consisting of an

analog-digital converter 2 and a digital-analog converter 3 with a
cumulated, overall processing time of 7.5 sampling periods. The TA
25 modulator also comprises a filter 11 obtained by a cascade of four bridge-
type structures illustrated by figure 15. The frequency and impedance

2
values of the resonators verily —"’—;—1:1—;-6, RCw, =0943 and
/1

r

ﬂﬁﬂ&:ﬁz,sm 0- and +2,9410-s.
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10%4H&" ()5- Opresent - dela9d/ltedterl Q! é'—&é&@%«_ﬁf&péﬂod In an exemplary
embodiment of the £A modulator, either one element or certain elements
or all the elements of the A modulator are integrated in a semiconductor.
The resistors 63 may either be made on a piezoelectric
substrate or made inside a ceramic pack or mounted in it. The capacitors

10 62 may be made inside a ceramic pack or mounted in this ceramic pack.
One or more resonators 61-62 may be either ceramic resonators or
surface acoustic wave (SAW) resonators or bulk acoustic wave resonators
(BAW), or variants thereof such as FBAR (fundamental bulk acoustic
resonators) or HBAR (high-order bulk acoustic resonators) or TFR (thin-

15 film resonators), or dielectric resonators, or resonators made of
supraconductive material, or GmC type resonators [capacitor +
transconductance amplifier). Furihermore, the piszoelectric substrate of
the acoustic resonators (SAW, BAW, TFR, FBAR, HBAR) may be
integrated on silicon.

20 The making of the elements of the filter (resistor, capacitor and
inductor) on a piezoelectric substrate resolves the problems of
interconnections between the elements and simplifies the making of the
fiter. One of the advantages of the making of the elements of the filter
(resistor, capacitor and inductor) on a piezoelectric substrate or inside a

25 ceramic pack is that it provides greater control over the transfer function of
the filter. Furthermore, the filter made on a piezoelectric substrate may be
mounted on a semiconductor comprising one or more of the slements of
the ZA modulator.

The examples of application given have been illustrated by the

50 ZAmodulator, They may be extended to application in any type of
feedback loop. Through the invention, a feedback loop comprising a
latency number strictly greater than 1 can be made without any risk of
instability in this loop.
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109%5& () - i&é)input, wherein this operation is done in real time and wherein said filter
comprises at least one element with minimum phase variation.
5 2. Afilter according to the above claim comprising at least one resonance
device with minimum phase variation.
3. A filter according to the above claim, wherein said resonance device
with minimum phase variation comprises a resonator and a resistor,
whose function becomes preponderant over that of the resonator in one or
10 more determined frequency bands.
4, A filter according to the above claim, wherein said resonance device
with minimum phase variation is a phase delay device when the function of
the resistor is preponderant in frequency bands that are symmetrical
relative to the resonance frequency and excluding the resonance
15 frequency.
5. A filter according to the above claim, wherein said resonance device
with minimum phase variation and with phase delay comprises:
- either a series resonator in parallel with the resistor, said series
resonator comprising an inductor and a capacitor in series;
20 - ora parallel resonator in series with the resistor, said parallel resonator
comprising an inductor and a capacitor in parallel.
6. A filter according to the above claim wherein said resonance device
with minimum phase variation is a phase lead device when the function of
the resistor is preponderant in a frequency band comprising the resonance
25 frequency.
7. A filter according to the above claim, wherein said resonance device
with minimum phase variation and with phase lead comprises:
- eilther a series resonator in series with the resistor, said series resistor
comprising an inductor and a capacitor in series;
30 - or a parallel resonator in parallel with the resistor, said parallel
resonator comprising an inductor and a capacitor in parallel.
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12. A filter according to any of the above claims, wherein one of more of
20 the resonators is a resonator selected from the group consisting of:
— ceramic resonator,
~ surface acoustic wave resonator (SAW),
- bulk acoustic wave resonator (BAW),
— fundamental Bulk Acoustic Resonator(FBAR),
25 — High-Order Bulk Acoustic Resonator (HBAR),
~ Thin Film Resonator (TFR),
— dielectric resonator,
~ resonator made of supraconductive matenal,
- GmC type resonator.
30 13.A feedback loop comprising a filter according to any of the claims 1
1o 12.
14. A feedback loop according to the above claim, comprising a latency
number strictly greater than 1.

& ()
& ()
& ()
& ()
& ()
& ()
& ()
& ()
& ()
& ()
& ()
& ()
& ()



10% & ()- 910% & ()-10 10 10 i L!10% & ()-. "L!10% & ()-. OL!10% & ()-.vw
Xy zz3{|[:vU410 0 10% & ()- 10% & ()- 0 10% & ()-M" 10% & ()-M 0 10%
& ()-M 10% & ()-M3{{||%}-~ ~{Z9, 410 970- 10% & ()- O- 10% & ()- - 10%
& ()-1- 10%& ()- 0 10% & ()- O 10% & ()- .~/ ~0~3~~80bA410 L 10% & ()-.
"L 10% & ()-. 'L 10% & ()-. L 10% & ()-. L10% & ()-10 10 o' |29A410 L
109% ()-.& 0L 10% & ()-. "L 10% & ()-. 'L 10% & ()-. 'L 10% & ()-. "L

10%- & () |{Zl\/@1010 10~ 10~ & 'L 10% & ()-. 'L 10% & ()-.. 'L

109VE () - L 10%#& ()-. "L 109% ()-.q| ZOM@1010 0 10% & ()-&! !

&Igw () " Headi ngpb'ftags(zé rélo%la%c%;/fgrﬁﬂq%ad ndﬁgﬁﬁ%@élﬁaaﬁ]% -

"Headi ng 53Eedba CdeHéQldClﬂgTﬂi%Fc comﬂmmg]garaasmalogmtalng 93] c" A

*%gﬁiwm W@%%ﬁépaﬁ@k@éﬁ%ﬂ@%%@dﬂq %} kI rmopqr s

tuvwxyz{ | } @rihee @‘W'ﬁﬂﬁﬁmﬂr@ e8Bri er New'h Root Ent ryW)rdDocumentSS
P #3%& (3" 16, ABkp é | ding to the ahave claim w
<=>? GABCDEFGHI JKL Q%g MoK aﬁr e bcher ?e ? vrmco%m} sP 3(/6\/'\g<yz{(
o either one or more of the elements forming the ZA modulator or all the
elements forming the ZA modulator are integrated into a
semiconductor,
» and wherein the filter is made either on a piezoelectric substrate
10 mounted on the semiconductor or inside a ceramic pack of the ZA

modulator.



