WD 2010/ 014086PCT/ US2008/ 071595 DELTA- SI GVA MOCDULATOR AND
DI THERI NG METHOD | NCLUDI NG A DI THERI NG CAPABI LI TY FOR ELI M NATI NG

| DLE TONESyBagk@ipgnd of the Invention 5 1. Field of thgdwMeRihdss
The present invention relates to a delta-sigma nodul ator, and nore

particularly, to a del ta-si[ﬁg’rra nodul at or and dithering net hod
i ncl udi ng a dit her i BELd@p8H-MA MODUIATORANDhBITHERINGNMEETHOID

ol act 1 oni dYRLPRING R AT rp RN AR TR S SRR Y es

conprises a wdely used anal og-to-digital converter (ADC). FIG 1
shows a del ta-signma nodul ator_according to the prior art. The prior
art delta-si gma nodul at or i ncBaekgrognd ofthegnyewiiomt t he anal og i nput

and th% out %teldog tﬁgﬁw&[};o%grator is 15fed into a bitstream processor.
The bi t'st réeam pr c{cessor recei ves the anal og i nput and generates a

correspondi ng (RBempraknt idvgitioalrelatet puid déitd-sgme amdulbag, aid poie pattidotely,
bi t st ream processor cog{?ri ses the digital output of the delta-sigm
nodul at or .10 A deBntignadnedulaennditras egrodingludipe agditherdag eapabilignor

nodul at or ééﬁqihélﬂa?iﬁfé%ﬁ’éé.t put typically includes unwanted noi se. The
prior art delta-sigma nodul ator as a 20consequence includes a

dithering signal that is fed back into the input in order to at | east
somne t random ze t nal og i nput signal. The dithering signal can
_havewg%! ov@él Iei"F’fffd%lJt]’gqﬁrt‘ﬁéﬂ”gt he dithering is only effective at |ow
i nput signal anpliifudssa HoduBte cbiifBiSes ANEcHoathRGtce Of cRolf thaf didltizes

del ta-sigma nodulator i s that erroneous outputs can 25 be generated
when t he ianpotlogsnpudhed comptisediarvgdeélsiveed amadog-tohdigita cenyeiee (ADEY TWHenl

Dur i ng. sucheRer PgEroEry Mol Giass it B ot e o HiRerite i s
rodl a1 o AOMIGERCA Ry OGRS St AU S AT AL
Anot hdf driedhizae k bitsireaeprpeqsser. arhe hitstreqya prachsorireceized thg anglog ingay and
performed g%ﬂ&aée? a corresponding (serial) digital output bitstream. The output of the bitstream
processor comprises the digital output of the delta-sigma modulator.
A common and known drawback of a prior art delta-sigma modulator is that the
output typically includes unwanted noise. The prior art delta-sigma modulator as a
20  consequence includes a dithering signal that is fed back into the input in order to at least
somewhat randomize the analog input signal. The dithering signal can have a low
amplitude so that the dithering is only effective at low input signal amplitudes or idle
times.
One drawback of a prior art delta-sigma modulator is that erroneous outputs can
25  be generated when the input is idle, including idle tones that are generated when the
analog input contains direct current (DC) values or signals. During such periodicity, the
output of the prior art delta-sigma modulator produces idle tones comprising noise
spikes in the output. These noise spikes can be erroneously interpreted as digital values.

Another drawback in the prior art is that the dithering is always performed and is

30 not activated as needed.



30 not activated as needed. WD 2010/ 014086PCT/ US2008/ 071595 Aspects

of the Invention In one aspect of the invention, a delta-signa
nodul at or wcloudilmigsa di t hering capability for elim natPCRUus0807t¥hes
conpri ses: a bitstream converter configured to generate a

di gital signal output substantially. 5corresponding to an anal og

si gnal input; a periodici gy %:é ‘gtth ﬁ E‘Hﬂ'ﬂ“ed to the bitstream
converter and CRMnkasReof Be dRAEN, Relt@dighhd ModlatohBrcHidid aditisdripal
output; a dithering sequence generator connected to and activated by

t he peri od¢apebifity for elighinading ittle fHeh cemprigest i odicity is detected,

‘;‘QSL;Q et h:ng' t ht‘?Es'tJ%%n CSﬁHe%?E d@fé%‘?éﬂof%g&%t%@% s g%af‘m%ﬁ@s%%ktg&f%la

to the i thridspsh %uemca@agg@@rnatmpu@nd receiving the dithering
sequence, wherein e PWM generator npdul ates the dithering sequence

onto the anal oga RYT wltymﬁfﬁﬁorspunl%mépﬂv&stgqagh@nw%%naafi@ﬂn irgd to detect
dltherlng di theri ng sequence generat or
su 3 an?’:}D a‘ﬁé@lggﬁg%%ﬁﬁllﬁt [

generates heri ng sequence.
Preferably, theadidictiag sécgmﬁceTgthfaaﬁrGronﬁwémlerand @ofvatsiesy mn_pbfibagit}at or

configured to inpu he anal. og. 5| put the ditherin nal
into the bdett%qtfpre\ﬁhﬁncf@ﬁv%mq gity wﬂg abwﬁeremﬁﬁe glg?qr@aisewew%%g
conpargs age%@f“ﬂt?és'a’lﬂth‘é‘nﬂ Qé’&su%ﬁcet he d| gital 20 signal output to one or

nore predetermned patt and t e periodicity is detected if 'the
sanpl i ng w ndove pr$ccwakh atodhipten (W pzenertar cofipled o thaditberimmseguence

det d tt f bl ty detect
Preke one Brorbnend s dn e HEnGrareie ¥harh i Atk eshpaip: syt
mor e pr edehgiithagth ERHRe bRIARE @ﬁﬁ&gs@ﬂﬁ 19;5ut@5?&f% d@ﬁﬁjﬁ%z@&oﬂ’&lﬁﬁok 9@@

and conpares a remnalni ng digital contéent of the one or nore masked
portions tditheripgegsaler m ned mask threshold, wherein the periodicity

Ipf eggt ';neﬁ eldf r‘gﬁ% atbﬁfnzlé%%lﬂ%mng %cleci[_uaencé: (g)enr;[eleart](gr g%)r(lgr%Fessa shgseiantially random

dithering sequence.
Preferably, the delta-sigma modulator further comprises an integrator configured
to input the analog signal input and the dithering signal into the bitstream converter.
Preferably, the periodicity detector compares a sampling window of the digital
20  signal output to one or more predetermined patterns and the periodicity is detected if the
sampling window matches at least one pattern of the one or more predetermined
patterns.
Preferably, the periodicity detector masks one or more portions of the digital
signal output with one or more predetermined masks to generate one or more masked
25  portions and compares a remaining digital content of the one or more masked portions
to a predetermined mask threshold, wherein the periodicity is detected if the remaining
digital content exceeds the predetermined mask threshold.
Preferably, the periodicity detector filters one or more portions of the digital
signal output to generate one or more filtered portions, processes the one or more
30 filtered portions to determine the presence of harmonics, and compares the harmonics to
a predetermined harmonics threshold, wherein the periodicity is detected if the

harmonics exceed the predetermined harmonics threshold.
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Preferably, the periodicity detector filters one or nore portions of
the digital signal output to generate one or nore filtered portions,
processes wheongwae nore 30filtered portions to deter fFdiaisheRo71595
presence of hannonics, and conpares the harnonics to a predeterm ned
har moni cs threshol d, wherein the periodicity is detected if the

har moni cs exceddeferbly thedeariodicith datepter aomb dbtersme shsroge porjipns of the
2010/ 014086PCT/. e i odi ci

det ector R FIERARALPd Bebra one oEBIELE Mrerkd BorRBh, 3FUCEl o one or
out put t o rgerebaibefilmnel portiony @ derideithé preechcp of hardvdics pAmicRsHasesithe
one or nore conb filtered portjons to determ ne the presence. of .
har moni cs,hagRenigsigapedetemanehharmenics thrgshold, wawerin theinsaigdighy fodtecsed if
t hreshal d, ' | odhGLty: i t he harnoni cs
exceed%t hé:h%\@%{cfg}tn g:rstr%ag%%%%ﬁ%%%%%%ﬁ?ﬂ@ﬁgﬁ%meéﬂo}é I n one aspect of
t he i nventi on, Iaodehdpeetsifghminradidnat deltdsiphamotiylat@t diddringadetdidng a
dithering .c bility for eljmnatipng.idl e tones conprises:

det ect i ng 1 éﬁ&‘&&iaﬁ%{}r‘%ca&aﬁﬁ?&i iaoéleﬂlg‘i“&‘ﬁ'ég “@Ett%’&? C%‘?qg"tlsr% del t a- si gna
modul ator | act igakiifgn@iddidiReh b6kt 6i3Ak Aigeof BY RME-ichh hoRMART
the delta-sigm rmélu %t lor 1Lgduriraggrﬁ pe%?o sltﬂv\hen t he pe1 I ooii J(S:](lﬁtyoi’s
det ect ed; genenativatigga dthbstgsignaldirgcted noioransappuef de dedtaaighna medilatgr
sequence; and . nmpdul ati ng,.t.he. dithering sequence onto an i nput
of _thg%de! ‘&Pégl’ﬁ%d%%%tg?B%W‘%A‘gpydsgﬁﬁeg@dw dth nodul ated (PW)

di gi tal ditherigggergtigt@bubsitNaI8) Anddif sERRAEALT ditiRRdg BRfHshat ang are
activated during periods when the periodicity is detected.

15Pr ef er abl y, deadedating ghe dithepag setiiensa 9nté an irnpat obibegdeltssigmeangdulitoly a

or edet or mehad et vdBodiied R SLA B 2B il o din TR fopgrating and
sanpl i ng \haW@MngRE€ Kefart dhaﬁgge@@tg Wiadntthé Perifdidityels aeected. nore
predeterm ned patterns. Preferably, detecting the periodicity further

conprilSes maskiPifeishly. detestngdho peruicifyoiysther compuises epmparingjagampling
out put w . 1 re
masked por Pgér}g Og%hc? @%%E%ﬁﬂg&lgﬁéﬁgﬁnﬁﬁg%lpéﬁ a%%er%)gﬁgﬁgﬁ 8‘? H{egoone
or nore nmaskedicippiddetsrsedtibihe spmeting edndovenhatrhsdatldaseaieqiatdermdfah€bie or
the periodicity jis det gct ed if the remaining digital content exceeds
the predet®¥RPHEGtHANEIPAEBhol d. Preferably, detecting the

periodicity fuplhghyGOaRedeThe bdddhidiBOuARE YmpgfREEmasking one or more

20  portions of the digital signal output with one or more predetermined masks to generate

one or more masked portions and comparing a remaining digital content of the one or
more masked portions to a predetermined mask threshold, wherein the periodicity is
detected if the remaining digital content exceeds the predetermined mask threshold.
Preferably, detecting the periodicity further comprises filtering one or more
25  portions of the digital signal output to generate one or more filtered portions, processing
the one or more filtered portions to determine the presence of harmonics, and comparing
the harmonics to a predetermined harmonics threshold, wherein the periodicity is
detected if the harmonics exceed the predetermined harmonics threshold.
Preferably, detecting the periodicity further comprises comb filtering one or
30  more portions of the digital signal output to generate one or more comb filtered portions,
processing the one or more comb filtered portions to determine the presence of

harmonics, and comparing the harmonics to a predetermined harmonics threshold,
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25portions of the digital signal output to generate one or nore
filtered portions, processing the one or nore filtered portions to
det er m ne WO0prdd4iice of harnoni cs, and conparing the PEVERIEE196 a
pr edet ermi ned harnonics threshold, wherein the periodicity is

d dif,th . . . i ics .
et et 9. o DRI G, SYBREH B RUFAR PLORE RARABRL o o

conb filteghrdiioldne or 30 nore portions of the digital signal output
to generate one or nore conb filtered portions, processing the one or
nore conb filtered portions td¢seriptign gfthesBrayyisgence of har noni cs,

q . ; . . . d
W0 2050, 014086 P BRSORE G55 hiuBaPEpiechiy gt BRLMILE fu HPARRAOUE
i f the sharghonldis exiesesbdttha the ddetiggsrraact rea¢ssmily ¢s sdae. eshol d.

Description of the Draw ngs, . The sang reference nunber
represents the &S SE‘]"@%%?“%?\‘%&&II’“W%&’WQMF% todhopHiYf Bk under st ood

that the d i | | |
a e draw Qﬂ% AlsfoWeh d&%ﬁg&?gﬁé%lﬁ& &E&Jdg“ﬁtj_g aﬁelﬁboog%é’iﬁ S?ghﬁa

del t a- si gma nodul at or accor e prior ows a
del t a- si gnmvenshml at or according to an enbodi nent of the invention.

FIG 3 is a gr f del ta-si.gma .output both with and w thout the
di theri ng 10ac2pgfhid8ﬁ§;a Etspfiod oF o wae Bt Borh Wik e ithcl: A ngEig o
of a dgj t ;3| FRAMREXordi t hering method according to an

enbodi nent of the invention. Detailed Description of the Invention
FIGS. 2-4 and tH6&. fids & Onivolpriefadélptdigma deditorsipbetifg method aptarding do
teach those 15 ‘?de | | e(% i n. thet. art how to nmake and use the best node
of the i nvEhTTRGIMEOThGHINERYS

Jse of teachi ng i nventive principles,

some conventional aspects ptsildiEREcEiptBhiotitRdIRenoht t ed. Those
skilled in the art wll appreciate variations fromthese exanples

that fall withiFGShe-4sdibe fflomies deserptionodepictiprraliceaamles toricachsheset
Wil appreg) t(ﬁn%lge?%%t %ﬁ tthI %%Iéé‘aﬁdgus%%ﬁgﬁés?%%dQ%k%‘@ GBS, FOMRL RS

: i
vari ous Wa%/s %% varirations
of teaching inventive principles, some conventional aspects have been simplified or

omitted. Those skilled in the art will appreciate variations from these examples that fall
within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations

20  of'the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents.

FIG. 2 shows a delta-sigma modulator 100 according to an embodiment of the
invention, The delta-sigma modulator 100 comprises an analog-to-digital converter
(ADC) capable of converting an analog voltage signal into a corresponding serial digital

25  representation.

The delta-sigma modulator 100 includes a processor 105 connected to an
integrator 104. The integratof 104 includes an analog input 101 that receives an analog
input signal for conversion to a digital signal output. In some embodiments, the
integrator 104 can include multiple states (i.e., orders). For example, the integrator 104

30  can comprise two integrators where the delta-sigma modulator 100 comprises a second-
order modulator. However, it should be understood that the delta-sigma modulator 100

can comprise a modulator of any order. The processor 105 further includes a digital
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20o0f the invention. As a result, the invention is not limted to the
speci fic exanpl es described below, but only by the clains and their
equi val entwo 20100140861 G 2 shows a del t a-si gma nodul at orpck@Akfgeeis6d Ng
to an enbodi rent of the invention. The delta-signa nodul ator 100
conprises an anal og-to-digital converter (ADC) capable of converti ng
an anal og m@qtééétfﬁtgﬁabe ¢ammected toamyaspued phefheidavide agd gifeesiback path 126

25
or ocessor He® ptes ot FifrfS i ShRiTR-BIEl bk Hos Hokds URGiBA S e
i ncl udes aﬁlt;an@lo@gmerhﬁxgﬁreah@&oﬁv’@ﬁér Y(EFGRIck @ifto @it dp@ (ghd Bipteadicgiadrtet Or

conver si on to a digital signal output. In sonme enbodi nents, the
i ntegrator 1004 can include nulti ple states (i.e., orders). For

exanpl the i t he
ol t o o grm oA arbag e 136850 TRILaR S BhaRh M ohia IS f04
However , idndsioinkabrarer mﬂd@mﬁilmﬁdhct Jinﬂtcringelghal With shicgmaloginpt aiganl. 12
can corrpri a nodul ator of any order rocesso 105 furth )
"ncl udes b @P@ﬁlg gignal ﬁ@@@i@/@fﬂ@@%@@ﬂﬂ@@%ﬁﬁ@ﬂ@% Iy tangein sl ks
can be co

126 that TeeesusPadn gty FRANR. Ble Oh e BP0 [f AR B

f eeds t he adingirsiah. si gnal out put fromthe bitstream converter 107 back

into t e |nput t he bi ream onv rter 5The fee ck path 126
al so fideds a di ﬁé’F‘?“r‘f@S"ét@%&?“ ‘BH’@?&“‘? W?F@S%eﬁZ‘B’éP%F Yym @6%@ ‘FPO“

i nt egr at orrrkQdoRaR ineedd 6itstleh @bh G1ed 1| INa peMolifRit ABtealdAN Pﬂ al d?ﬂ?xb'ﬁng
signal . The dithering signal conprises an intentionally appli

subst ant i abdp;enr:ag@t@mtgﬂ bifaind hawlsé-width eapdudation BBy generaten lrii9mTi_1e

idle tones/ eri oi resent in B e D converst
10The. pr o d5EEs1oT 138 R AT RER drasherebp e B Beinit, d Bl PRTRE iR s
conver si ONegid BRcE Qzﬁldn%ﬁbdiﬂ@lrﬂegbhtké tir@dMos OoMe biher gekéral parpose or

periodicity detector 111, a dithering sequence generator 116, and a
pul se-li dtcnstﬁwm@ff@@ﬁm(@wcegeﬁ@rm@ssor 195 crnnchids©88 $6MOTOB OeHIng
conprise r

ogr ¢ of r dsrEegy e B AgIA S UR M Rlac of MabaRYRRER BEpuRESY T
ot her geneilalroficspesg MEdiline Hivevis, etcbhpnlddﬁaslﬁa@tddd\ﬂhea ¢he prbeessor 105

processor 105 can_inc)ude one or nore FOCESSIH% devices. The
pr ocessor “#05IEBHIhePurrBlasrd byihnehde discrriegrafnbresisnge breptém the
el ectroni G %%er age medium However, it should be understood that the
processor i can alternatively be replaced by or include discrete
circui2bry desi gheditstoeapecdnyenert 198 rpcedes sisemal a0 sigriabploe any
converter s&;?e@uﬁpeo%&'i \éﬁﬁer}n%%i ga}lraltﬁl "P}(I:]e léipsg'léetlmsclo \De%ll:er ?b%}%er?onr}{‘ls the A/D
conversion and generates a serial digital bitstream on the digital output 123. The serial
digital bitstream comprises a digital representation of the analog signal at the analog
input 101.
25 In addition, the bitstream converter 107 is coupled to the periodicity detector
111. The digital output of the bitstream converter 107 is used to detect periodicity.
Moreover, the bitstream converter 107 is further coupled to the PWM generator 119.
The serial digital bitstream provides a gain factor that is used to control or set the
PWM output from the PWM generator 119. The bitstream converter 107 can provide
30  the gain factor to the PWM generator 119 without the need for any external gain-setting
or gain-determining external elements (i.e., resistors and capacitors), as external

clements could introduce temperature drift or other noise.
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superinposed dithering signal. The bitstream converter 107 perforns
the A/ D conversion and generates a serial digital bitstreamon the

di gi tal ouwpuni0i2886 The serial digital bitstream conpriBeBUIRIE0GIOA
representation of the analog signal at the anal og i nput 101. 25In
addition, the hitstreamcagonvert 107 i oupled to the perjodicit
etector 111 T RFGREY BFesne b heRs i LRl B obieRer | Qb the

used to dediﬁfé?ing%d&ﬂ&&%&lﬁratd\ﬁﬂgpmé petibdicity d&bdteRM ICio WRidiREd tbQétdcs
further coupled to the PWM generator 119. The serial digit

al
bi t st r eam periodicifedn theghigifnl bafsrenm owiget afshedelig-sigme srodplsrord00s dyhenrbe
PWM out put__framt PV r r.119 . ' - t 107
can provi dE8 lcftﬁg%t <0 1? gg?tggtgg 811%%2@%@@%@% 10?1’%@8){\\}”3%?,&%%,[ t he
need f@ afyiodit9rderktogail Nesettanp@ itobutgal vihetedrer ddh RbitgspoxtiidpRadctivate
el enents (i.e., resistors and capacitors), as exterpal elenments could

i nt r oduce adrfseacvefe shagdiftrering seqteRes samsTaier, 1 10ybhe ability of the periodicity
2010/ 01408 . Ladi ci 1
coupl ed t oé3 t%gér'tﬁt% g{’) rgéet%%eg%ﬁlvdeer_ %Cgfv a%’@e %ﬁ{g h@ g s?ﬂ%ﬁcﬁ?@%ﬁ#%l lis ée(l}l 3@%%%16
gener at or petiodicipelereror adi o iqtivartaadideractdste ite dithofihgsiped. t 0 det ect

periodicity in the digital bitstream output of the delta-sigm
modul at or 100. Ngawripdis Ity deiesiar &1t (Rngletest peiodially HopBerSWRYY iIBanei ty

in thedi gi DLt 5 Add-can
change 1 S B e ey O 0\ o R ey
de- act i vatdetdéche (1 Hhenipacps segqmpliog wietver of the digitd] sighed oatpuk ia gneafr mdre
periodicit etector 111 to .activate.and de-activate the ditherin
Sequence. qURMALSHTERSPAoABH 8L ROrURY o 8FiEqEs TS Eeuye pinag'g mdihes
activat e afifedesRGiatt¥Rl & thd'ndbl A6lel fRElei BNl paltBisP §hb Y9 ddv Yan be of a
detector 111 can detect periodicity’in various ways. In one 10

enbodi mentpreddignpesd ok dasigned ¢t eaptwe desinedgeppdipiy.aThablimdowois kngyed Dier

eriodicity detector, (111) co res sampl i wi_ndow o he digital
P o Sttt S epRied ot BORP RUER i AR Rets i pRESHRGL Th8mE' O
peri odi ci tymbedlidents e Sblb tabld@ash Mty lRGuWidisie b @iedias patiodieigs buone

pattern of the one or nore predeternined patterns. The w ndow can be
of a predealiemetively is piher gabpdrsaispoulbplstigteleydudyrnegd e be &Wdi ty. The
W ndow i s nove [ j nd. I rd |l e
are iterativel ?/F u;?)t\érg? %%g%ﬁé{ngﬁ%%s%ﬁg?gﬁgéﬁfon@%@ % %&@?ﬁgf&e&n agl %\gﬁat ch
may be sufdxafipt)borhe madaéradtayag gingror doégrhtig maybe pbifemslt orvahtyhing table
ot her enbodi nents nultiple natches, may need to be found. Further

procesdl ngtnEsP IR SEGET tQU aﬁ'éYfi_éﬁeﬁ%@e@_ﬁﬂ?@Eﬂﬂﬂ table entries. For
exanpl e, some riggﬂ&he%m@d’d?ﬂh@&, fh%p@fioﬂi?f(tf@ét@ét}apgll F‘%&gé&%ﬁfﬂ@@@ﬁe@&

mat chi ng tabl e entries 1n order ‘to ultimately dete
peri odi ci tperiodicity. The aadddieity detbasoli (e ht madkdsenper inpdi portipndefitbe digitall 11

erforns nasking to detect periodicity. The periodicity detector
(111) s KSZEHBYBHE Wilh ane 8 ok edgerpHcdmpTke 59 ESTR5HEO1G O BEe HrakAd

one or ”Dr&rﬁ’&?sdaﬁﬁ%ﬁmp%%g a TR KR idei GRN @bALR: STMRe Bfie SNEreTREKEHportions

portions and conpares a remaining digital content of the one or nore

mask eR5portbiagmedetermined mask threshold, wherein the periodicity is detected if the remaining
digital content exceeds the predetermined mask threshold. Alternatively, the masking
may be performed over a plurality of windows. The masking result (7.e., any remaining
digital values) is averaged or summed in some manner, such as by taking the root-mean-
square (RMS) value of the results and then the remaining digital content is compared to

30  apredetermined mask threshold. If the remaining digital content exceeds the

predetermined mask threshold, then the periodicity detector 111 determines that

periodicity has been detected.



25 to a predeterm ned nmask threshold, wherein the periodicity is
detected if the remaining digital content exceeds the predeterm ned
mask t hr esyel@io/0Mdsgr nati vely, the masking may be perf ardiaek 606@5159
plurality of wi ndows. The masking result (i.e., any remaining digital
val ues) is averaged or summed in sonme manner, such as by taking the

r oot - meansquar dnyrR\VEothes cmbodiinenh ¢he pesiadicityaistectond | filiersrtberdigitalaptput
digital conptent | red to. 30 r-edet er m ne sk threshold. If
the romai e in R ERTRF BRIl AR TREE PRl BC B RR g M

t hr eshol d, detdringighantiFemeddihtbdiys, dateample. ITht pdabaicity a&sctbh@ll 1) filters one
periodicity has been detected. B W) 2010/ 014086PCT/ US2008/ 071595 .

I n yet anolrHeere PaBids of fhe digitnd sigali quémi ita gengeate encer mere filiered portionsye
digital: o [ ' | 0diqCl ' '

can bo i rERsea e by lederddhhbtEh ARELREE bksentVBe idrrbBick A
The peri odionipayesdied Batrmonick 1d 4 prddeletraingd bmencdicsithreshgldwhaeia tf t he
digital signal, output to %enerate one or nore filtered portions, 5

L P | :
processes HeHEIGHY iodeteriedi the hagnapich graced H nredegamanadi hsamenies Yresbalde o
of har noni ) , r LiC Tn 1Al ni cs
hr eshol d. PaREF o Lo PSS T et SRS, AR R A RE e
exceed t hegplpmbgeifentdhesthahbie hetnieers atheiprsdddiatmonios sHite sampliad fremtesacy of
the filterjng .conprises di gi.t conb filter th features a
ol ar al 6 y 55 e S le Frufoeen 0 Fha diroimanehs e A p RS SE S He
sanpl i N9 THEQUEAGY deferkietiepdSink o PhaBnB LR OBy 4RPagi %ﬁal&ﬂ% RiiVES
of the conb filter can subsequently be processed to determ ne The
presence ofalusamiegratong, osotbervase uantifpengie ddter vatkithg a RVS val ue,

under st 00d i hatt PRARHEFaaRHRA b SrigtReity deleflar 1 R hgeands ™ © ¢
per f or m ngePRfnki dnb Of 8RAULBVEIEIEGIoNAPpdsY MBS perl i ciBLAd@&HiogichY include one

detection can include one 15 or nore of the above ‘detection schenes.
For exXéanplos marpef hembow dqtespionsehasmesr Fongxameme,goe paiadigityl degsciaid 1 asan

then can RRHLR Mt gRheubg A5 RLRRL Sl TBRG AR OPREAN bAoA LNE: e

filtration resu ering sequ enera

provi des dilgatidrereiulg. sequence to the PWM generator 119. The dithering
sequence generator 116 is activated and de-activated by 20 the
periodicity detldgdiheringsequense gengiaer hip Royidena ditbenecssapmcs & te PWM
predeterm g%ﬁ%al%?qlt@.n‘fﬁe diltlﬂarﬁlg%@ RRPO %HEE{E&SIJ 6ti9§ctﬂ}ateta%l'l ng-aéﬁ\%fgcpg)?
gener at or generates a substantrafly random dithering sequence.

Al t er 28t i i periddivétydictdearilid. Taqdehamegeqemat oan dibiprsan pregetemendd a
predeterm ned patiern or tterns dgiigegned to have a |g]£l | evel of
repetiti o4 He "HRRIC Hpgs, Taodifiering Seuches P nSRIeTId AEeBePisd 2 by
the dit hershsaalﬁﬁgy%fa%lmn%ﬁg@éqeu%&&:. ARGnitvedy, ﬁmiﬁieﬁﬁgﬁédﬁgn&“am es
a higher dithering frequency. The PWM generator 119 receives the

di t heri ng generatend €6 taromtl ereerdiatphiedetarpiseqadamergetiema tiesigricio et a low
gener at es 1 dithering signal therefrom The pul se wi dths of the
di t heri ng ‘€{%GRYIPEH e feedback path 126 are therefore sufficiently

randonxsi n ener gye POCOINLeRBatd-Q 19hEAKpIA t8and bhHARY :bﬁl'tlﬁé/diﬂ{eﬁliig géqdeﬁéee

tones (or other quantization errors) at the digital outpu
generator 116. Use of a PWM dithering enables a higher dithering frequency. The

PWM generator 119 receives the dithering sequence froim the dithering sequence
generator 116 and generates a PWM dithering signal therefrom. The pulse widths of the
dithering signal on the feedback path 126 are therefore sufficiently random in energy

30  content to break up or substantially prevent idle tones (or other quantization errors) at

the digital output 123.



WO 20101014086PCT/ 1182008/ 071595 The PWM generator 119 in sone
enbodi nents can performtrinmmng, reducing a pulse width of the

di t heri ng/ Weedingaossi gnal provi ded to the anal og i nput.PGEUSZIISASIAS
of the trimmng, the pul ses of the dithering/feedback signal are

narrower than i t rior_ar Advant agequsl this.qgives t.he ADC.

Gai e Furt ner, Thie TaEEReraBhlR SRgRE RS PR R P riNG s isine
stream t haj hElQewidiRbf HR\EtheriflgTeeietk sfgn@lptenilkd atheiahslog athut.cAL Wremlia
broad frequency spectrum However, the dithering/feedback signal does

not cont ai of th¢ frinming, theemtlseg pEjhedatherdeg/ feprleack gignabire aamowelihpbHete | n

t he ditherjng/feedbhack signal,.does t t %ot
digitized I?Té(gﬁ'lﬁt ,ﬂgfgvagégg?@@ctt}gﬁgw%%‘%éﬁ @%?% aﬂlgtrhg%ﬁﬁ%%%&ﬁ?a- Si SQI%%a I
out put 3ot fendkakdy addheod pillediétrdatitthall ddes hbtithva aciondhal filequéd@ and instead
invention. The | ower curve conprises the output w thout the dithering

accor di ng featurase hrpadbiiequsncy mrstrap; kkavavar dmeithesiagiferdbagkorignal daegnot
appear at : - Sl o} i | i ods.
Properly, éven%garngglr%% cgﬁgﬁg@%iﬁgg'sﬁ%%?gg%g)lr%%dglgpdqnglhﬁgl Egzer 0 out put
val ues, t héithdtigptreddbsdkosigal dosgmit caswthowdcudes of the dgitikebreslbtoTHee

spi kes can he erroneously interpreted as digital "one" val ues by
subsequentaf&CFe@uitry. Thi s noi se can corrupt any further neasurenent
or actjpn perf : ;B i t ke SBVERS

t he noilds?e can ?g@rigéél)gg%gh%(qg%? Sclgfgg oh?“ﬁgbtgﬁgght%\lggﬁ%uon&(ﬁe%t sgt hat
are not evasodingistthemventdort. HEhedettoesvgomnmprinds ket contpud exithoet thF ldeghering

upper curve in.the graph co i seg output of .a dithered deltas-si
20 modul at SEORIIOANHGVERIAho NGNket forPmmriys 15 sees deal pees oS deie

devi ates fgom thdduftor! dullfrt dihhE RIVPHAS DOrdpRAY) WGk dRUHRIG iBhutksheuld
del ta- si gna~ nodul ator where the anal og i nput {0 the del ta-sigma_
modul at or gemesthdipHaltdesd dyipgiabesghe dighelwigmal outphibnelv fimdudsd the spikes.

delta-sig nodul at oy does not .exhi bit the.valtage.amplitude of the
pi kesthndr ke Enes SPE0P SR RTRH b dSEM TRl S on B PR Bl

i nterpret edr@fin? PHighbite caNGrMpt b fuHAer @B of A@iohYel@Emebodasby
been spread out and rendered inoffensive FIG 4 is a flowhart 400 of

a del t a- si Gedigigbizizeal outrui Hepyarg thensisricaceordiaked and pigkee i byicisionic
of the invenflon, llﬂat%rt‘ee%t%sgéﬂ do%vr%yrleﬁﬁ'o I%t&ltg%%@ﬁl'o Qla{o?mic@' gnal

S eompenents t . ;
is initial 7280 “8Gc S durihg power-up or 1hnit I zatron of a device
that includes tTiR uppbt arse gnhe gratlcaimprisesfautpirvdapithered delta-sigma
initialization can include initializing a 30start.i ng pul se width,.

i ni tiadd zi medwatgnipeergiag (e inteation. Theupper gyrypd inodevies Bama H3f line,
detection \g?icﬂ%vrofu?c[ BE6he iddA¢ oRBh (ﬁqhggcgbﬁ\;ﬁglﬁg%d\%%t&%hér@ﬂlelﬁﬂglo input to

det ection Idle tones during perio al ues are presgnt on
t he anal ogthe \WtREFHAARBERGE SWUB2H0IBIY difeSent. However, the dithered delta-sigma

modulator does not exhibit the voltage amplitude of the spikes and therefore is much

less likely to be erroneously interpreted as a digital one value. The energy of the spikes
25  has been spread out and rendered inoffensive
FIG. 4 is a flowchart 400 of a delta-sigma modulator dithering method according
to an embodiment of the invention. In step 401, a pulse-width modulation (PWM)
signal is initialized, such as during power-up or initialization of a device that includes
the delta-sigma modulator, for example. The initialization can include initializing a
30  starting pulse width, initializing a pulse period, etc.
In step 402, periodicity detection is performed. The periodicity detection can

include detection of idle tones during periods when DC values are present on the analog

8



signal input. The generated bitstreamdigital output (and feedback)
wi Il often contain periodic portions when the anal og i nput contains
DC val ues. whdbaydiaees are seen as noi se spi kes in the dicdinigahos@ispyit .
The periodicity can be detected through use of a table | ookup,
masking, or 5filtering, as previously discussed. A sang)l e W ndow s)

can be capﬁlgnaéwp&hdf her grerpdecbifsirear dligitel ewtppioang fesdeagk) will often eontainep

403, if pe eR
404. O her BQ C[{OI%%O %{/Iﬂegléﬁfg%%go ﬁ:gﬁtgc El%%lsrﬁ{:h]gﬂl[e ﬂﬁ%@ﬂé‘sé én[l nues
to noni torndi@rspﬂ&l@hmthie@hgiml odphnn step 404, where peri odicity is
detected in the digital output, then the dltherln? capablllty s

activated. The T&&nwa@%m&bﬁ dseried heoughnee af ¢ BvIcdpolsuns malghe. or
di t herisng Geauer “ uﬁ%g f(‘s@éd Aﬁﬁmpﬁ%ﬁlﬁw 298{ B@&ﬁ@%@(}’%{fkféﬁob%md

nodul at ed onto sl gna turn onto
t he anal Ognltlmi)altﬁe(mmmpi'm:csh t herl ng signal. The 15subst antially random
nature of the ditheri

Q gn br eaks p an%ﬂ vents eri o% ity
and idl e tones [PA®PHA et CIBw&ﬁEeCf& anechodpigfredsiunrn
dains. IlondHed bk lﬁbﬁﬂﬁb%@h%saéaeﬁ up 10N umﬁtﬂédﬁanaes%& 'it'of‘ﬁ)r

capability for elimnating idl e tones, the delta-sigm nodul ator
(100) corrmensdmgy 5a bitstream converter (107) configured to generate

S anal O nput - 3" 58P0 e Prratie Bor Y ERiE 7 Baaetr pyPuh B e fhezive
converter dadibilityd@8ctivated. The activation can comprise generation of a random dithering
sequence.
In step 405, the random dithering sequence is modulated onto a PWM feedback
signal that is in turn modulated onto the analog input as the dithering signal. The
[5  substantially random nature of the dithering signal breaks up and/or prevents periodicity

and idle tones in the digital output of the delta-sigma modulator.



configured to detect periodicity in the digital signal output; a

di t hering sequence generator (116) connected to and activated by the
10periodicity detector (111) when the periodicity is detected,

wherein the, dithering sequence generator (116) generates a dltherlng
sequence;Clagif®s:a pul se-wi dth nodul ation (PW) generator (119) coupl ed
to the dithering sequence generator (116) and receiving the dithering
sequence, wherein the PWM generat or (119)generates a PWM dithering
signal friom t he déhs @f‘gﬂl&/ﬁddﬂhﬁoﬁ“{[@ﬂ)%@ﬁﬂﬂgwt ﬁ tﬁ‘w B ehefihdifhg
signal is conbined with the anal og si i nput o e delta-sigma
modul at oridle10gs, thexdelmiregrde maguditomd 0 dmmws;ng,( 100) of claim1, with

Fandom di t hor 1413 CERUG 829@3‘1 05 b P S Bl She b o

claiml, further c f:igured to i nput
%H’B£th§tﬁsﬂ e g(s kpané 6@&?@% b P

t he anal og signal input an | ng sign into the bitstream
converter (10@)perdadkitjietabedit(d]s) mled)mbuhabnstre(ahﬁ)ac)m@ﬁer:(leﬂ7bnaﬁd

wherein the periodici %y det ect or (1 npares.a sanpling w ndow of
the digital signal “SBiBwediedgiset I?ﬁrl 16’ 1ﬁrth‘€i€’tgét|ah$lﬁé%i PaR4ter ns and

the pert odi ol LB EleAe bindlie PRIED NG I MATRIGHES 9yl o2

one pattern o mne terns

del t agsi gnma nodul at hoﬂibQS))demfctcﬁl(alm\ﬂzhery\ﬁhe thfbi’t? iPeste@ed Gilhdtein the
detector (111) rrasks one or nore portions of the digital si gnal

output with one or %ﬂ@ngs@m@n@&mm@m@l&@g@mﬁrgt@méndgth@nmeequcnmﬁed
masked portion wher nten i,n the.one or
nore masked p&rlj["il%n‘é’b‘:ﬁhﬁ}ngﬁlo& (S)ngp Oﬁé %:8 t%yhet‘ﬁgleﬁ]ﬁ‘gkl ng
operation, and CoNRagRhcd gERFRORY 1) qhalré&hwﬁgﬂ&eeduhewng%aué&@ WhGeR
nor e masked portions'to a predeterm ned mask tThreshol d,” wherein the
periodicity is det ¢ot BWMfgenbmtord b gengratds gitVWM didindriang signead deoas thiehe

predeterm ned nmask threshold.. 5 6. The ta-si nmodul at.qr 0
of cHai m 1, wher ei RGO eHH%éF%%F“&%?%&ﬁ&%%%EW‘F& %sgaldﬁééwgm)ed
nor e portlons of t IhdloeS
filtered portions, Q‘gggﬂélgsasglg t?}%ﬁg#]ng%%pﬁ%r&gﬁ?%ﬁ}% g%(aB%r&ﬁi(gn
determ ne the presence of har noni cs, and conpares the harnonics to a
pr edet er mi ned_har npni ¢s threshol d
2, The delta-sigma modulator (100) of claim 1, with the dithering sequence
generator (116) generating a substantially random dithering sequence.
20
3. The delta-sigma modulator (100) of claim 1, further comprising an integrator
(104) configured to input the analog signal input and the dithering signal into the

bitstream converter (107).

25 4. The delta-sigma modulator (100) of claim 1, wherein the periodicity detector
(111) compares a sampling window of the digital signal output to one or more
predetermined patterns and the periodicity is detected if the sampling window matches

at least one pattern of the one or more predetermined patterns.

30 5. The delta-sigma modulator (100) of claim 1, wherein the periodicity detector
(111) masks one or more portions of the digital signal output with one or more

predetermined masks to generate one or more masked portions, wherein a remaining

10



10 wherein the periodicity is detected if the harnonics exceed the
predet erm ned harnonics threshold. 7. The delta-sigma nodul at or

(100) of claim1l, wherein the periodicity detector (111) conb filters
one or mof.e.pnortio f th I Qi ' | .

00 o U BP B Rt L B op Rzl B BAA e PRt by

filtered (aEkidsPIG dperdRhesnd Empdies REEESALER dfitAlaonrmk G&thi@ e one or more
conpares the harnonics to a predeterm ned harnonics threshol d,

wher ei n tihaskedpoudinsite p predefemdned thask thrpshold rvhsngioshe persedicithis detected
pr edet er mi.ned harnoni.cs threshol d. 20. 8. A delta-si dul at or

G Cher | ngt HETSBRIR (Eaich g0 Soth s Pbe piagehriie) ok SRtpfbe | ng

idle wones, conprising: detecting periodicity in a digital signal

out put of the delta-signma nodul ator; activating a dithering signal

di rect ed &nt o Hie dedpudigmt niduwlater (1903 bfjataimm dwhatedn thiyreriogiqigrdadetsor

when the periodicity is detected; 25generating a substantially random
sequence @41 bfikers wag Phgpose godions of erigialerghal RYtrat mygsnsTats &R gymore

. | . : il . :
R b e e R R

gener at i ngf e ofRs Wndtdofthaddsetha @il o ipiedgteRained darmbeias threshold,
periodicity is detected. 30 9. The nethod of claim8, with

det ed0i ngvhdreingbe pododicity i datedied ifgberbainginies exsaphiliernyedetemmiped hgrmonics
wi ndow of thﬁ igital signal output to one or nore predeterm ned
pat t erns BH§®!e periodicity is detected if the sanpling w ndow

mat ches at | east one pattern of the one or nore predeterm ned
patterns. 5 10. The nethod of claim8, with detecting the

periodi city f urtehdditacsigme insodudatonéldk) nfclaime lowhemie theqreariodnstyodetedier

di gi tal signal out E)ut w th one or ,rmre\xﬁr .detFr.m' ed masks to

gener at e GAY) GrbHtErs ARSI MYFSMTERRS olibefigital SZpelAURHILY SaRgREAne of

cont qit 'Iﬂgfe[@ngd;ﬁuafedggﬁgo@&%gsseﬂﬁean Soggﬁn(geaalﬁeﬁlée% ng(lﬁrrti.%hs fata

not renove € nms ration; aring are ni ng
di gi tal cdundrfihe Wetpredentd ef barendwicsyanid comphes thedidrinonistto agredetermined

predeterm ned mask threshol d, wherein the periodici tﬁ is detected if
t he remailnmgnigs giresholdonbesam the pedadicitnes %x@a@q drthe haanorigkexceed the

t hreshol d, 11..The, net h f elaim8, with detecting the periodicity
further %ﬁ%&?@lﬂafh?ﬁqqng‘%tﬁlﬁesgﬂgf'or nore portions of the digital
signal output to generate one or nore filtered portions;

20 8. A delta-sigma modulator dithering method including a dithering capability for
eliminating idle tones, comprising:
detecting periodicity in a digital signal output of the delta-sigma modulator;
activating a dithering signal directed onto an input of the delta-sigma modulator
during periods when the periodicity is detected;
25 generating a substantially random sequence as a dithering sequence; and
generaﬁng a PWM dithering signal from the dithering sequence and combining
the PWM dithering signal with an input of the delta-sigma modulator,
wherein the generating and modulating are activated during periods when
the periodicity is detected.
30

11



processing the one or nore filtered portions to determ ne the
presence of harnonics; and 20conparing the harnonics to a
predeterm ned harnonics threshold, wherein the periodicity is

detected 4 f t har i ¢S, exceed  t redet erni ne ar,noni ¢cs . .

o echerd ! 1 i AL N S A5G ith S RhpE iy R Safbuising ¢
further bSOk Bt BT h A ; ' i
Wt e SR Wintoh! dTthe 8igHAPsiRlial TR RIDL 8P ot plodfiermined

processi mutteins andéhe pemutieityrshdctédiedrfehe ponplingnsindowdatiehes atdeddhene
presence of harmonics; and conparing the harnonics to a
pr edet er A3HELH FORF O Mase BEdlgicgmi W5 he 30periodicity is
det ecEed I f the harnonics exceed the predeterm ned harnonics
t hr eshol d.
10.  The method of claim 8, with detecting the periodicity further comprising:

masking one or more portions of the digital signal output with one or more
predetermined masks to generate one or more masked portions, wherein a
remaining digital content in the one or more masked portions comprises
10 digital data not removed by the masking operation; and
comparing a remaining digital content within the one or more masked portions to
a predetermined mask threshold, wherein the periodicity is detected if the

remaining digital content exceeds the predetermined mask threshold.

15 11.  The method of claim &, with detecting the periodicity further comprising:
filtering one or more portions of the digital signal output to generate one or more
filtered portions;
processing the one or more filtered portions to determine the presence of
harmonics; and
20 comparing the harmonics to a predetermined harmonics threshold, wherein the
penodicity is detected if the harmonics exceed the predetermined

harmeonics threshold.

12.  The methoed of claim 8, with detecting the periodicity further comprising:
25 comb filtering one or more portions of the digital signal output to generate one or
more comb filtered portions;
processing the one or morecomb filtered portions to determine the presence of
harmonics; and
comparing the harmonics to a predetermined harmonics threshold, wherein the
30 periodicity is detected if the harmonics exceed the predetermined

harmonics threshold.

12



