1 Qversanpl ed hi gh-order nodul ator Field of the Invention 5

The i nvenVOM834#®Sat es to an oversanpl ed hi gh- order nodul atPET/FIHNNEH al |y a
sigma-delta nodul ator. Background of the Invention In anal og-to-digital
converters (A/D) and 10 digital-to-analog converters (DA
utilizing noise shaping technique based on oversanpling and signma-delta
nodul ation a signal is quantized into one or several bits at an
oversanpling frequency in a signma-delta nodullat or. The resul ting
qguantization noise is shaped 15 = in such a way that the proportion of
t he quantization noise remaining within the frequency band of the actual
signal band is as Gvertsampledssigheorded mbdubater is transferred. outside
t he signal band. The performance of the noise shaping is mainly dependent
on the order and 20 oversanpling ratio of the noise shaper, i.e. the
si gma- delta nodul Bt®¥d &f hthe- Ehwentienul at or attenuates-the quanti zation

noi se on tige signal band nopget iRGention re18eesEVUAA! 8Gersiipled high-

hi gh- or der nodul at or rOVIgei a better siggil-to-00|se ratio ogghhe.5|gnal

band, but 25 GEAer medviefar, coFReStabiY; AoPIOMBr dedtan PPARLESRTO! se
energy outside the signal band. This quantizati-on noi se outside the band is

easy to renove by filterin r ' hi gh- order nodul ators woul d
t hus be 30 . cd%é+%§¥% ﬁ? g%ﬁ@%ﬁt%ﬁé@hggoysince they enhance the
signal -to-noi se ratio. HowelRr, K anhbog-toedigitaki t canverpess| efd/Pn and
stabilityjgAs '5_W@iéi%&?mﬁo-§n$9&§0rééﬁveftérsa_ib?ﬁ%'_ﬁ%@&&ziﬁ | 3b3ke | S
stable irrespective Of the |evel of 35 the input signal, and so Is a
second- order si gneSRRAP{Rg technique based on oversampling and sigma-delta

modulation a signal is quantized into one or several

bits at an oversampling frequency in a sigma-delta

modulator. The resulting quantization noise is shaped

15 ~ in such a way that the proportion of the quantization

noise remaining within the frequency band of the actual

signal band is as small as possible, and the noise is

transferred outside the signal band. The performance of

the noise shaping is mainly dependent on the order and

20 ‘oversampling ratio of the noise shaper, i.e. the sigma-

delta modulator. A high-order modulator attenuates the

guantization noise on the signal band more than a low-

order modulator. Thus, a high-order modulator provides

_ a better signal-to-noise ratio on the signal band, but

25 as a result there is accordingly more quantization noise

energy outside the signal bénd. This quantization noise

‘outside the band is easy to remove by filtering,

however. | N ' o

Using hiQhAOrder modulators would thus be

30-- considerébly advantageous, since they enhance the

' signalfto-noise'ratio. However, their use is limited by
problem$ in stability. _ _

| As is well known, a low-order, i.e. a first-

order modulator, is stable irrespective of the level of

35 . the input signal, and so is a second-order sigma-delta



2 nodul ator. There are, however, severe stability problens associated with
hi gh- or WO9583%%a- del t a nodul ators having an order of thr ETFO¥MZRer. The
stability of the high- order nodul ators is dependent on the anplitude of an
-5 i ncom ng signal. Wen the nodul at or assunes an unst abl e node of
operation, the output voltages/output values of its integrators increase
abruptly, and the bit streamfromthe outpyt of the nodul ator begins to
oscillate independently of the input signal. The high-order 10
nodul at or does not .necessar,,ly return to the |inear ope ,Qn. ran eyven
though the | nput RRABREFSRA ARS T B pavekeE s s e SERkLATY, RRGRTCREN .,
arrangenent ai ni agsaciatedtwith hdohhrordeztsigny-dél ta aododa tans hewingul |y
limts the volt r k¢ it e iy h t -
operation r ange?&'gl'h%é%erf)b?%m W t hqfll. rlﬁﬁteglﬂné&t't %ﬁ%ﬁ?’é’%@%ﬁg gpét ﬁgbﬁ
integrators is tPEARF aBPAUARTORS difcrieRrerient ARethedianmiddiudei e upns |
causing g nterfeigdemingoignabe when defe modulatdr abstmescadlf uhBeable

-modul ator, in which 20 _the sensitivity of the nodul ator is.at it

I gheat o Us Pt disde 05 pRerAtian: ddie obtrid voisReRaq ey valdes 4

hi gh- order si gnitslelihtegratiorst dncreaser isbruptdyorgrad atlve bitchtreamt s at
| east one integr LRt | a0 p el.ectl e :
nodul at or oper atgéglgt kg? @a " an ‘#ns?%%l @nggéi%ﬂ orr?églt'—ilt}aﬂhlé% 3%?%%%&8.@ 765
di scl oses a si niindependentiyt iof ctheuilinputihsignadn| yThehehighsorder

I ntegr angy s of mé@@lé"@gf” dods e ﬁ%&b_ss%@_ﬁ rreturh ¢Be -@{éie_iiﬂéai-he
nodul ator i s | owered. fuch resetti ng of the m&r%rs 30 S aE
effective way ofPEERBHPRg FAYH0BYFD: FRIYH M thE (HRPRD Si9nfde, would: ‘
there is also retgmftoathei stablerepeeatiiohheangetrati on of the

nmodul ator. 35 ' ' ' '

_ '-A-knpwn arrangement;aimihg at maintaining the
stability_of,fhe modulator-carefullyslimits the voltage
15 - range of the iﬁtegrators with;n the stable operation

' range. The problem with limiting the voltage'fange of
the integrators is_the_practical implementation, since
additional circuits causing 'interference_ should be
avoided in the firSt_stagezof_the modulator, in which

20 - the sensitivity of the modulator is at its highest.

L _ US. Patent 5,012,244 discloses a stabilization
circuit of a high-order sigma-delta modulator,
comprising a comparator. which resets' at least one

_ integrator in the modulator upon detecting that the
25 modulator operates at or near an unstable condition. .

Finhish Patent 88,765 discloses a similar stabilization

circuit, where only the last integrators of the

modulator are reset, however, i.e. the order of the

modulator is lowered. Such resetting of the integrators

30 - is an effective way of restoring the modulator from the

- unstable lmode,_ but there is also significant
interference in the operation of the modulator.

- 35




3 Disclosure of the Invention An object of the invention is such a

st abi | i zaW®9/3995% he nodul ator that requires no resetting GICLFIQ5/00312
kntegrators. 5 - : The present invention relates to an

over sanpl ed hi gh-order - nodul at or, especi al l'y a sigma-delta
nodul at or, conprising cascaded |ntegrators I n a nunber corresponding to the
or der of'the nodul ator, a quantizer, and a negative feedback fromthe
guanti zed 10 output of the nodulator to<he input of -at | east one

I ntegrator, a nean detect the uns bl e node of the nodul ator, and
neans for restorinéi ﬁﬂﬁﬁlﬁfoghﬁo EPQBI OBper ation, characterized in
that the neans for restoringnt hebjedt atef tthet aliinyemrdion | abs cospehse al5
nmeans for tenpora e Ld f ac

di rection which MA%F£§%§E§§gi§ﬁe §&25€§%%x§6§?%§?5 heegggsegﬁglnventlon
based on the di scofeFetthag afnthr- dngegratgrs-del ta nodul ator can al so be

20 stapilized in such Qhéfadréﬁéﬂt thifratitidh QElh'%%sf €SCH%§%lesaHiﬂed
integrators in the ator are tenp §Sﬁ§ y changed. Thi's

procedure is not EiggTEEgFFe a§°8HiaF8§ett|ﬁ§pﬁp oraallﬁﬁﬂﬂﬁmQﬁkﬁ%,
but it is suffiC|embduiatoresbomprisﬁablbaswadeauahhegfamers tilme a2 umber

erformance of the_gl nmo 0- noi se
Patlo for exanple 8r9€?ﬁgﬁgiﬁgerq#h ess éé;té? o%ﬁgh mﬁ@&h?&?ﬁ? i &
changed. Brief Des@uaptigerof ande abmegakjvegofeedback from thee quandritziesh
wi || be deggribed b@eghgaber %%&a&hf@@%&%@%ﬂ@é daw &Eagef Yrence

to the acconpanyin draMAng which Figure 1 1s | ock di agr am of
nodul at or accord|ngnF89FﬁE anén?ﬁéﬁs for detecting the unstab e mode °f

the modulator, and means for restoring the modulator to
_stable operation, characterized in that the means for
restoring the modulator to stable operation comprise

15 means for temporarily changing the value of said
- feedback to a direction which will restore the stable
operation.

The present invention is based on the discovery

that a high-order sigma-delta modulator can also be

20 stabilized in such a way that the value of the feedback

- of the integrators in the sigma-delta modulator are

temporarily changed. This procedure is not as effective

as the resetting of some or all infegrators, but it is

sufficient to restore stability. Furthermore, the.

25 _ performance of the sigma-delta modulator, in terms of

' the signal-to-noise ratio, for example} is the better
the less the state of the modulator is changed.

Brief Description of the Drawings
30 : The invention will be described in greater
detail by means of examples and with reference to thé_
accompanying drawings, in which
Figure 1 is a block diagram of a modulator
according to- the invention,



4 Figure 2 is a schematic diagram of an enbodi nent for one int egrator stage -
and itsWeeM498% in Fig. 1, Figure 3 is a block diagrrgwriofioosgnot her 5
nodul at or according to the invention, Figure 4 is a block diagramof a
third nodul ator according to the invention, and Figure 5 is a block di agram
of a feedforward nodul ator according to the I nvention. 10 Preferred

Enbodi nents of the Invention Sigma-delta nodul ators may be i npl ement ed by
utilizing either a nultiple feedback (MF) donfiguration, as in Figures 1
to 4, or a feedforward. (FF) 15. configuration, as in Figure 5.

Both an MF and an FF si gnBigeFea Roddisat & cshanatds a dbagesmconfiecehon of

n integrator sta@RSodiimeh®, £68,0ne Hhtef¥tor dthge RMYI iwe Fedl®atk ihhe
order of the rmdlglatn{) is equal to the number of the integrator stages. A

nodul at or - rising at least three integrator stages (a third-
.order rmdul ator) i s cal | eBigubegh3or fler aodbietkr.diagrhm Mofnodrbgher .

confi gur g I ons %og 9%]58?‘]:&003{%998 Foa}_ggeggﬁ hti gnal scal ed by a

f eedback coeffi cl en urat or i s subtracted
froman 25 i nput si ghbdgurerré o'-l‘-St ;3] mmat diagram soift r act shimdans

L1 before the sigsdh1hosUapbopdihg tBothb’ Shvbfitegha! ghast age HI.

" Sim | arly the input of each subsequent | ntegfator stages.-H2, H3 and
H4 conprises a respecti veF'%%BF?aét éF Redlocik diagram af anfeedfouwardcts a

30 f eedbackmo&iapatbr éﬁebfdinbytoathéesﬁeeﬁtyen,f eedback coefficient
b2, b3 b4 fromthe.output signal of the preceding integrator, and
applies the difference to the input of the next int egrator Sstage. The

nodul ator may Preferred Embodiments of the Invention ' : '

Sigma-delta modulators may be implemented by

utilizing either a multiple feedback (MF) configuration,

~ as in Figures ‘1 to 4, or a feedforward (FF)

15 configuration, as in Figure 5. Both an MF and an FF
sigma-delta modulator comprises a series connection of

n integrator stéges Hl1, H2, H3, ...Hn, where n is a
positive integer. The order of the modulator is equal

to the number of the integrator stages. A modulator

20 . -comprising at. least three integrator stages (a third-
order modulator) is called a ‘high-order modulator. In

the MF modulatdr configurations of Figures 1, 3 and 4,

a feedback signal, scaled by a feedback coefficient bl,

‘from the output of the modulator is subtracted from an

. 25 input signal A;, of the modulator in a subtractor means
11 before the signal is'supplied to the first integrator

- stage H,. S'im'ilarly, the ,in‘put of each of the subsequent
integrator stages H,, H, and H, comprises a respective
subtractor means 12, 13 and 14,  which -subti‘acts a

30 ~ feedback signal' scaled by a respective feedback
. coefficient b2, b3 and b4 from the output signal of the
preceding integrator, and applies the difference to the

"input of the next integrator stage. The modulator may

also comprise scaling means 16, 17, 18 and 19 which

35 scale the signal supplied from the input A, to a




al so conprise scaling neans 16, 17, 18 and 19 which 35 scal e the

si gnal sulY@I9S8#S5romthe input AINto a 5 summi ng neans PCY/FI9509312 he
signal of the preceding modul at or bef ore sunm ng neans 12, 13 and 14. The
scal ing coefficients of the scaling neans 16, 17, 18 and 19 may be, for
exanple, al = a2 = a3 = a4 = 1. For the 5 purpose of forming the

af orenent i oned feedback signal, the nodul ator corrprl ses a switching neans
20 which sel ects one of reference voltages [€9r] and. [err] as the feedback
signal on the basis of .the node of the di_gital output suF;nall?éer of the
quanti zer 15 (and BY"PLBIefie3Rs 131, anfpdthe: &ignadeaPfng eseding
23 and 24 scal e t hmodelatbed befobac lsuxingrgy Rgahbe mpremenhhdne]:ufeadimck

Forlowing: b1 = 1. Sgatind dalfesqiEnfOL e BiaaTRG BEHR 18771, Bd g |

to the inventionl9 maghbeanfonFexsuple,oeli s e2ali a3z &d aldy =c HanFlory thee

val ue of thg negat brﬁfpégédéﬁcEo?fnihpeti’i@dﬁlféi-%en %Behh okl Yicfider s
an unstabl e node. The val ue of th eedback may ‘be changed i n severa
different ways, twbP8f RRFEIALRT) c2’(‘3‘3-”:'isesc)ead|%"(‘E'd'i»"sl'E'd"Si nMgABE: o£0 dathdigh

bﬁl ow. dl) One)OrhSEéEféﬁ’tsf Gﬁdb@fikxﬁf&%rweﬁﬂicﬂ.ﬁﬁbeé)&vb 3 adid v ra«ls__}, the

changed, or 2) the_.re e.volta e e i, gures
1to3illustrate f‘ﬁ%dg ?igﬁgi 8Pntlgf’ %’b%‘rﬂ'éﬁ% cﬁhtagg‘%

t he out put vol t agebdtputasigbal D, \cefl mxeot;uaheilzest 15n( and adHrtHeeraritioed

compares 410 2 Phsdgs 8EELNCd lngsnlbatil up Koy VH8NahHeNEERNY tne

value is exceeded € COo utputs a contto
changes the coeffi §Péﬁ§§e§2f§ﬁ€b§9ko$ighél ¥ they mem:imﬁdzfeemck

conparator 25 may gbg@fs€ients BRNI 2] bHcandipd THe BBULEIcidH € nPodll,
K2 or K3 for example the following: bl = 1, b2 = 4, b3 = 16, and
b4 = 64. .

- 15 - - According to the invention, such an MF -
modulator is stabilized by changing the value of the
negative feedback of the mbdulator,, when the modulator
enters an unstable mode. The value of the feedback may

- be changed in several different ways, two of which will
20 . be discussed in greater detail below: 1) one or several
' feedback coefficients bl, b2, b3 and b4 are changed or
2) the reference voltages +V,,§ and Vﬂ,f are changed.
Figures 1 to 3 illustrate the former case. In F:Lgure 1,
a comparator 25 monitors the output voltage/digital
25 value of the last integrator H; and compares it to a
predetermined t-hr_eshold value REF. When the threshold
value is exceeded, the comparator 25 outputs a control
signal 26, which changes the coefficients b2 and b3 of
the scaling means 22 and 23. The comparatoi:' 25 may also
30 " monitor the output of another integrator H,, H, or H,.
| The modulator may also comprise several comparators 25
80 that the outputs of several integrators can be
-monitored simultaneously. In A/D converters integrators
" are analogous, and the comparator 25 is usually also
35 analog thén. In D/A converters the integrators are



‘The nodul ator may al so conprise several conparators 25 so that the outputs -
of sevewelosBgssgr at.ors can be nonitored si mul t aneously. POTAI9S003MVert ers
integrators are anal ogous, and the conparator 25 is usually also 35 .
analog then.  In D/A converters the integrators are 6 digital, in which”’
case the conparator 25 nonitors whether an integrator overflows or whether
‘the digital output word of the integrator exceeds a predeterm ned digital
threshold value. 5 The unst &bl e node of the nodul ator may

al so be detected by nmonitoring the digital output data of the nodul ator, as
Figure 3 illustddigitallf dpe Uhi-ght qnse ¢he hEORPANBRAOS 2BndleRiteran

:J?cfllgnged Stc :Leg:ﬂe&ez; tanI{ i %vdaa:lﬂ;&@s s&veﬁﬁétﬁéfm?aé ru:sgweew on,
e conclu noadul at or uns
"Several times" f"fﬁr‘gx%gp?:@et %'Esgfﬁﬁ% &éﬁc ?ﬁ‘?ﬁé‘?’é‘fﬂ) ne%i ch

Is already a po:aj.tgi\atm:u himsdtiold ivauectice. The out put of the rmdul at or

Is a digktal code both | a
enbodi meht of Figure 3t hlt'?&og{éqJ %Cie 3‘%“(‘1‘# g?hghﬁon@gﬁhgéealrshg p ‘é
first-in first-cateRteg Mmqnimrhnguthecﬂégﬂ-tpér osdpyt daka %eﬁh% he

content of -the ﬁ{aéidfat%foafg Fidifd & rlnauétﬁtéé 'ﬁfftﬁée&x u@n&aead the
sane code, the ulator 1 s unstable and the F g i es

control signal of the fedudator) TRRRias 3N, AR 'zgch?ﬂgeéu ?EﬁF ot -8t g‘HFe 3
i's otherw se i d&#aperaais WHd  $éife CE6AEI Bevbrhilgimel i Guccesstans ihe

ol crenpi ng 25 een By esadlided “HRER RS" manu)3to 4341 el Nmgtangs
integrator [errmddet HSevehdlattdimes™ Regmsefor rsmpliel twiceethe dsdand 23‘

sunmi ng means 1%@9:% HB&H&Q%BE.— "@hfch is already- a positive indication

" in practice. The output of the modulator is a digital

code both in an analog and digital modulator. In the

15 embodiment of Figure 3 this output code of the modulator

is applied to a first-in first-out FIFO memory for a

sufficient period of time. W_hen the content of the

-entire FIFO or a certain part of it is filled by one and

the same code, the modulator is unstable and the FIFO

- 20 supplies a control signal 26 to the scaling means 22 and

23. The circuit of Figure 3 is otherwise identical with

the circuit of Figure 1, _ _
_ Figure 2 shows the ‘manner according to a
_ preferred embodiment of the invention for impleinex_xting- '

25 the scaling means 17 and 22, summing means 12 and

| integrator H, in the modulator of Figure 1. The scaling

means 18 and 23, summing means 13 and integrator H, of

the subsequent integrator stage are 'real_ized in the same

way. In Figure 2, switches S1, S4, S5 and S8 are

30 controlled by the first phase of the oversampling clock

' (e.g. the front edge), and switches S2, S3, S6 and S7

by the second phase of the clock (e.g. the back edge).

In the scaling means 17, the switches S1 and S4 are

first closed, whereupon a sample of the output voltage

35 @ . from the previous integrator H;,; is supplied to a



t he subsequent integrator stage are realized in the sane way. In Figure 2,
swi t ches WI9584955S5 and S8 are 30 - controlled by the fiRCIVFIpSNOSE of the
oversanpling clock (e.g. the front edge), and switches S2, S3, S6 and S7 by
the second phase of the clock (e.g. the back edge). In the scaling neans
17, the switches S1 and S4 are first closed, whereupon.a sanple of the
out put voltage 35 from the previous integrator [err] is supplied to a
7 condensator Cl. I'n the next:clock phase, tHe switches' Sl and S4 are
opened, and the switches S2: and_S3_are:cl osed, whereupon the sanglg iB t he
valke

condensator Cl is GPpReREtET fd-i Aputthsr newr i Fhsds sep thee e§t 5
t he condensafjor ClsﬂeaﬁdWFme?ﬁélesml d hoandetheciswtitches > raridieS3 are
structure and operation,o : i ng N 2 J4s descr] 1L LS~hiGSt
assuned that the rr%a%‘ﬂ?g?br whggleﬁgﬁﬁe tgﬁg%%ré}'%r%édeinan%%s héélgt\?\ng?sé%{%g Fg 5’%
open. In the firstapphéedotottiee stmpit nof cthe ldntegratox dhes Th® yaduegodr e
closed, ang the S%ﬁéheanﬁénlaaféét? A’ AR L 'El?@dbé&fﬁiﬁggaébfkgbﬁhnﬁ:hen

charges the condensator C3. In the second phase of the clock signal, the
switches S5 and S83%re opened, and the switches S6 15 and S7 cl osed,

V\?er‘ﬁuppn t he sanple StOrEdwhan_tﬂ@gCsltlddﬁﬂﬁd&té)hn?obéra’lﬁﬂb?wlfttmhé he:aillﬁ.mgt_
of the integrator [err], ere i.t is ed to e_.sa e from scalin
means 17. Duri.ng n%?ﬁﬁ% &\g;r’a?iBﬁsf:ﬁég?gl'uéltof{?hgifgﬁdﬁfﬁqﬁ& Cgha% the
deterni nes the valmedolatbe fisediacth€@Ostablecnofiei @ndhtthe switecht 88 is .
nodul at or sumes un t tLpl L8l e il ch
1'ﬁer eupoégéﬂé %]abéﬁe wggs&%é\s@ 6€e§ﬁbg@mr‘élqlr§k€mf?ﬁﬂf h?ﬂet

S9 cl ose, condensat or S coup In pa
condensat or C3. Thewischesc8pagnfafBeare ciesed.-and rhezswifehes §¢ & he

condensator C2 is ggeheeabpkn. The feedback signal +V,,, then charges the
' '~ condensator C3. In the second phase of the clock signal,
the switches S5 and S8 are opened, and the switches S6
15 | and S7 closed, whereupon the sample stored in the
condensator C3 is applied to the input of the integrator'
H,, where it is added to the sample from the scaling
means 17. Dixring normal operétion the value of the
condensator C3 determines the value of the feedback
20 | coefficient b2. When the modulator assumes the unstable
' mode, the control signal 26 makes the switch S9 close,
whereupon the condensator C2 is 'coupled in parallel with
the condensator C3. The total capacitance is then C =
C2 + C3. The value of the condensator C2 is preferably
25 '~ selected in such a way that the total capacitance C
obtained is at least 1.5 x C3, whereupon the new
feedback coefficient b2' is also a minimum of 1.5 x b3.
If C2 = C3, then b2' = 2 x b2. In an unstable mode the
‘operation of the scaling means 22 is as described above,
30 except that | the sample is charged both to the .
condensator C2 and C3. When the modulator reverts to the
stable mode, the control signal 26 opens the switch S9,
whereupon the operation of the scaling' means, and thus
the coefficient of coupling become normal.



v

25 selected in such a way that the total capacitance C obtained is at
| east 1W®95/3&B5 wher eupon t he new feedback coefficient bPCTIFIOS®03R2 a
mnimumof 1.5 x b3. If C = C3, then b2' = 2 x b2. In an unstabl e node the
operation of the scaling neans 22 is as descri bed above, 30 except -
that the sanple is charged both to the * condensator C2 and C3. Wen
the nodul ator reverts to the stable node, the control signal 26 opens the
switch S9, whereupon the operation of the §cal i ng neans, and thus the

- coefficient of coupling bhecone norrra Figure 5 sh ows a

forward nodul ator confi gur@Hi®n. Tt%“?f'fﬁiul%t eed)nphoard hé“?‘?'ﬁ%%ﬁ%’ior
stages [err] and:c[rmirdumnm.t e'!!lhenmednllesor compriseisr atHerintedsatdr a

f eedback signal h ou f t | at IS tragted from
t he input signal t{giﬁ% gf’t 'm)dul a’% %‘ar%?ﬁwg%%cff g‘r‘ensceezs#é;&ap%ﬁ €8 to
the first integeubiragtor means Ak pa ggedback redgnal ofrjrerthe jouepyti ed
to the igtegratyr el }nodtull%ﬁait Eﬁt sQEtEB&téﬁt fﬂéﬁt Qﬁe "?n{:@tt Sfgndi qqr at or

[err], and the output of - the_integrator e|nterator

The outputs of tHet ’?ﬂé‘ﬁ?dd‘llrﬂ'?z['er"?’}d e [%#ﬁe‘ﬁ%c%l%,% kP t Bh
sunmi ng neans SEidEwUdterdtdly stEgw. The %tpﬁﬂ: aifdtﬁa mrtegaaa:urva

20° 25 and%aq e ChBBLRee)ied 'eudy LR BT Ble Kol L e,

signal to a quarntagrator vﬂu cto pthm fistegratort 8, oandutthei g:wliptﬁerof

whi ch i§qthe ou % e St %,.h;t al

connecte to a SL%G%I ng ans ﬁ \&?dﬁl r%\gﬁe %iég!g‘f orqgarrr}éeré 1£c}":mggfeedback
si gnal by 20 th%éﬂ#?@ﬂ@%l@walﬂzfeﬁa]aw Ro&me @lsn qgnnq%e%’em at o‘

al so conprises & S!ﬁﬁiﬂrigzﬁféa(ﬁ% (5|6r thrbughC ekl iagt fiebh8 58YEH8] 054 and

r r
consi sti. ng of a5C50 rrp(fil:'eastpoect::i.ve%. I:ll'he scaling coefficients of <the

. scaling means 52, 53, 54 and 55 are al, a2, a3 and a4,

IS

15 respectively. The sumﬁing,means-SG supplies a sum signal
to a quantizer | 57, which provides a digital output
‘signal D, which is the output signal of the modulator.
The signal D, is also connected to a scaling means '58,
~ which pz?ov;l.des the aforementioned feedback signal by
20 scaling the signal D, by coefficient bl. The modulator
also comprises a stabilization circuit according to the
- invention, consisting of a comparator 59 and an
- adjustable scaling means 58. The comparator 59 compares
the output signal of the integrator H, to a
25 predetermined threshold value. When this threshold value
' is excée'd'_ed, the modulfator is concluded to be in an
unstable mode, and the comparator 59 supplies a control
signal 60, which causes the adjuétable scaling means 58
to change the fee_dback coefficient bl. The adjustable
30 scaling means 58 may be realized in the same way as the
scaling means 22 in Figure 2. The unstable mode of the
modulator - may also be defected_ in different ways
described in connection with Figures 1 to 4. _
The figures and the description related thereto .
35 are only meant to illustrate t-he present invention. It



adj.ust abl e scal i ng means 58. The conparator 59 conpares the output signal
of the WOMSOr H4 to a 25 . predet er mi ned t hr esiROTFIO500382 \When
t-his threshold value is exceeded, - the npdulator is concluded to be in an
unst abl e node, and the comparator 59 supplies a control signal 60, which
causes the adjustable scaling neans 58 to change the feedback coefficient
bl. The adjustable 30 scaling neans 58 may be realized in the sanme way
as the scaling means 22 in Figure 2. - The unst@bl e .mpde of the nodul ator may
al so be detected in different ways. described in connection with Figures 1
to 4. The figures BHEt: e 3GansH9dy hewevRr hERatoths abovepdesgyiped

meant to illustratsollbeipheSenayi benhicdifidd in9 Vafiols Urdkps Shithout
however, that the ab§§?%% scrd_bed gﬁlutignitna be nndifigd hn marioqf ways
wi t hout departing P8Rt gséﬁ%ﬂ a §B5peCo SR NPT o PR ATTVER TP he
appended cl ai ns. def@n€daimsthe appendedr cdmimsd hi gh-order nodul ator, 5
especially a sigma-delta nodul ator, - conprising cascaded integrators (H1L,

H2, ... HN) in a nunber corresponding to the order of the nodulator, a
quanti zer (15, 57), and a negative feedback (21, 22,23,24) fromthe

quanti zed out put (Dout) of the nmodul ator to the input of at |east 10

one integrator, a nmeans (FIFQO 25, 29) for detecting the unstable node of

t he nodul ator, and neans for restoring the “nodulator " to st abl e
operation, char acteri zed in that the neans for



restoring the nodul ator to stable operation conprise 15 means (22, 23,
58) f.or WeMpWeSH-i | y changi ng the val ue of sai'd feedback tRCTAFI9S003L2 i ON
which will restore the stable operation. 2. A nodulator according to
claim 1, char acteri zed in that the means for 20
detecting the unstable node of the nodul ator conprises a conparator (25,

" 59) conparing the output |evel of at |east one integrator to a
predeterm ned threshol d value (REF) and acfPvates the neans (22, 23, 58)
restoring the stable operation when said threshold value is exceeded. 25

3. A nodulator according to claim 1, char acterv- i zed in
that the neans for detecting the unstehbg&¢mgpde of the nodul ator _
conprises a neans (FIFO, which nonitors the output signal of the nodulator
and activates the neans (22, 23) restoring the 30 -~  stable operation
when t he out put signal redsi ndAnn avegsampigdd shigh-order A mududlaioer,
accordin to chLai _ | i n&é@ | lal@r 1 NQ
nmeans i s$a seri a%é?%%é%yr} %Fﬁéﬂ%&hﬁﬁgﬁ n{n%iyugaetgoelld'vga a- tsﬁ@ Caltaled
predet er ni ned nukBERIERtArSi (HL Hddes - BNdmiPhe QURREr,E@rrespengdinguto of

the nodul ator, tR8dor8bet oft Rhe mREWlRtor NLrPishEizent (15 BpJul @har i s

I n an unstabl e npde wh at L east p e ntents of the register is
filled by one anf Pﬁgég%%?(%ﬁﬁﬁb%ﬁk ?55'95'53'2235?%?%nﬁﬁﬁa98?”§géﬁpding
to claim1, 2, 3oetpdt €Dbut)rof the modulator tb ithed Hampuwkiof att leastt one

negat i vg d eedbackngomedSesedr! id He: F0002501 £6 Pag. VAN i Yel .
26 sellecting there ol'tage

-Vref), 10 a_sel ect or erence
unstable mode of the modulator, and means for restoring ‘
the modulator to stable operation,
characterized in that the means for

restoring the modulator to stable operation comprise

15 means (22, 23, 58) for temporarily changing the value
of said feedback to a direction which will restore the
stable operation. ' |

| 2. A modulator according +to claim 1,
characterized in that the means for

20 detecting the unstable mode of the modulator comprises
a coﬁparator (25, 59) comparing the output level of at

least one integrator to a predetermined threshold value

(REF) and activates the means (22, 23, 58) restoring the

stable operatibn when said threshold value is exceeded.

25 3. A modulatof according to c¢claim 1,
characterized in that the means for
detecting the unstable mode of the modulator comprises

a means (FIFO)} which monitors the output signal of the
modulator and activates the means (22, 23) restoring the

30 stable operation when the output signal remains in an
unchanged state. | ' ' _

. 4. A modulator according to claim 3,
+characterized inthat said mohitoring means

is a serial register (FIFO), which may receive a

35 predetermined number of digital_codes from the quantized

¥5OCHE LR s * . .




on.the basis of the node of the nodulator's quantized output, a nultiplying
means (21 Ve@¥MSS!) nultiplying the sel ected reference vol tPgEFOS06B12
predetermned 15 -~  feedback coefficient prior to sunming it to the input
of the integrator, and that the neans for changing the value of the

f eedback conprise a neans for changing the first and second reference

vol tage when the nodulator is in an 20 unst abl e node. 6. A the
according to claim1, 2, 3 0.4, char acltler i zedinthat said at

| east one negative f eedback corrprl ses a multiplying means (58) nultiplying
the 25 f eedba@MtPuy gRfi  Thet hm°d‘ala15‘P§det éﬂ% ndhat { dhebactegister

coefficient prior tntetpretd ithd® the meAWLAbr! & | It eahatmetad1? thidde
t he neans for Chang’k’&%‘gt e vaI Ltue of the ;egdbaok conpr i sg a’ means

(S5, S6, S7,S8) for 8 PRt oL FRRFRPHERED Of cthlkagister is
coefficient when ftlﬂ-é.ed)dhyl M amd mhearsalrestcﬂﬂe. nmode. 7. A nodul ator

according &o claim 6, c 1??;_: éc fdfn# Fé géa{%@ tlrle ﬂg-s%aé)ll_e

node of the nodul ator the feedbac coe ci en
ti mes hi gher than i tRehs®abl@ @pllee ¥ i zCe d |in that sagd at*leastoe A

nodul at or accor di ngelgatife TeRdMadk &dompgidaddg. clains, char act er i
z e din that the nodul ator |s a feedfgrward Qr multiple feedback

si gma-del ta nodul ator. 5 irst an 955§°§§gﬁﬁfG€PP§eAM9]&§ﬂ%r‘;b‘(ref.
contai ning an over sdmelfad hi gh-order signma-delta rmdul_at or conpri sing

10 ~ a selector (20) selecting the reference voltage .
on the basis of the mode of the modulator's quantized
output,

a multiplying means (21,22,23,24) multiplying
_the selected reference voltage by a predetermined

15 feedback coefficient prior to summ:mg ‘it to the input

of the integrator, o
and that the means for changing the value of
the feedback comprise a means for changing the first and
' second reference voltage when the modulator is in an

20 unstable mode. '

6. A the according to claim 1, 2, 3 or 4,
characterized in that said at least one
negative feedback comprises ' |

a multiplying means (58) multiplying the

25 feedback signal with a . predetermined feedback
coefficient prior _fo summing it to the input of the
integrator,

. and that the means for changing the value of

| the feedback comprise a means (S5,56,S7,S8) for changing

30 said predetermined feedback coefficient when the
modulator is in an unstable mode. _ -

7. A modulator according to claim 6,
characterized in that in the unstable mode
of the modulator the feedback coefficient is at least

35 1.5 times higher than in the stable mode. |
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cascaded integrators (Hl, H2, H3, H4, H5) in a nunber corresponding to the
order ofwédbes4emelul ator, a quantizer (15, 57), a negative pEgo96ds12

(21, 22, 23, 24,58) fromthe 10 guanti zed out put (Dout) of the nodul ator
to the input of at |least one integrator, a neans (25, FIFO for detecting
t he unstabl e node of the nodul ator, and nmeans for restoring the stable
operation of the nodulator, c har act eri. zed in that the
nmeans for 15 restoring the stable node of the nodul ator conprise
means (22,23,58) for tenporarily changing the value of said feedback to a
~direction which will resta@re & hmoduabteromoninding 1€o Anyi giree delfft sthiad A

converter containi 0 ver ed highso ry Sl del;ta
modul at or conpri F%%eggg a(fel_(?inlts?ft 'egc?gtqgésp %ﬁhﬁzéﬁghigég i r:llk athnal}:nber
correspondi ng t othige mpdkateri s dieedfprvarduan  meltiplesfeedback
negative feedbackighh-4€143 fbsiatiordm the quanti zed output of the

modul ator_to the input of at 25 east one integrator, a_ neans (25,59)
for detec?ing the unstabl g"mﬁjes’cﬂmﬁTéﬁmlﬁé?o??mé%ﬁ%ﬁﬁaﬁgnﬁ:gng'@gt Mt ng
thg - st ablﬁ oﬁ)ﬁ&@aiﬂpdbd high-ordebesigmsodel ta moduldtar comprising | z
e in that _the n for restori I erat i

nodul at or conpri Sgsgedg%a %3@5???%3,@%’%%’%&5?& Ii?;‘ c(hg;ng'{ ng e
~value of said feedrxelsponding toctherrndsxjpfiithe medubatorhea quantizer

operati on. (15, 57), a negative feedback (21,22,23,24,58) from the
- 10 quantized output (Dout) of the modulator to the input
' of at least one integrator, a means: (25, FIFO) for ‘

detecting the unstable mode of the modulator, and means
for restoring the stable operation of the mbdulator,'
c ha ract erized in- that ‘the means for
5 restoring - the: stable mode .of the modulator comprise
means (22,23,58) for temporariiy'changing'the value of
said feedback to a direction which will restore the
stable operation. SR ' '
10. A sigma-delta D/A converter containing an
20 oversampled high-order sigma-delta modulator comprising
cascaded in#egrators (H1,H2,H3,H4,H5) in a number
corresponding to the order of the modulator, a quantizer
(15,57), a negative feedback (21;22;23,24,58) from the
quantized output of the modulator to the input of at
25 . least one integrator, :a means (25,59) for detecting the
unstable-modé of the modulator, and means for restoring
the stable operation of the modulator,
characterized in that the means for
restoring the stable operation of the modulator comprise
30 means (22,23,58) for temporarily chahging the value of
said feedback to a direction which will restore the
stable operation. |
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