;e3el 61 2234@ 26661 6T6V 9- r Circuit including a discrete tinme oscib|eder. v
21.06.02 a The invention relates to an electronic circuit which includes a 1
di screte time oscillator or DTO as described in the introductory part of
Claiml . Acircuit of this kind is known from European patent application

No. 0 619 653. A DTOis inplenented, for exanple by nmeans of a register and
an adder which operate 5 under the control of a cl | n each clock cycle
the adder adds a fixed amount "f' to the content OWJ% A nunber

of least significant bits of the sumis stored in WI nst ead of

said co sum eeds t he maxi num " M*chhat n be stored

in thi s%tﬁrgﬁﬁél}cy\h(ﬁ% ﬁfﬁg{}emg?a% 5 the DTO si gnal s the&%egl nni ng of a new
oscillation period. Each period of the DTO thus has a I ength anpunting to

an integer number of 10 clock cycles between the be |nn|ng of successive

peri ods. The nean durl&gii@tentign F\%ﬁte%lloc%ll@ lesyrenisircpiy . %F‘fh igglpndesa gigaretg time

i nt eger ter around the nean

val ue. &pﬁ?ldégpﬁf?%gﬁggm%& 6‘?‘%‘%@@%@ﬁ§eﬁwrpo{ :ll on of the instants of

t he peri od begi nni N virdud of thib kirkl io kiowy GloRSEWOpem patent aphlicatiéNof 0 61%r .
However, this constitutes an anal g{g? solution which is sus&gptl ble to
f I uct uafpdris DTGistmplementeds fos gxam éﬁysr@ea@ﬁp‘éef@%ranma addes wiich ereradgit put

S1 gnale Shade e Qo bt QR PRSI e RIQPAER £ SHRAEPYE d treheficen

suggest o I nsert a phase-locke the in order to
| ock t hefWeCegstgna mohba of daakt smgmﬁ&mt biteofbi©strm ig steredut thetregistgnanistead of he

DTO. The ,YCO sigpal thus constitu a versi .0f the ou t. SI nal of .the
DTG i n #Hf CAERE NTIBYAT s ik i BT W fhgtcal be ROV 1Y Aafin e

pr obl emghiney s@ﬁdlbfﬁi&lm(*))élg‘ﬂﬁﬁ'?h@béﬁlﬂﬁﬁg 65 ﬁ@%@@scﬂiat%ﬁ%n%“ Ch are not very
stable. This problem occurs notab in optical disc read or wite devices,

i.e. during the regefachpéenod offthe B&O/mhus baa:a bogth@mquhtangmnotegclknurmbcrgﬁne
ui r.ed red

{.
oo ad § BloRR Pl PR bBknSRe OL pighive sRE04s. TG FD Wi i TSN §bom,
i n ordepyi @ MAANR a8 80 e@ttheau@ﬁo@oﬁa@ﬂefe@t paRIdavifl ljieKaroldid #@\iedan vhﬁﬁ
frequency 2 5 of the PLL is not related to the crystal cl ock of the device.

It is inter alia an difjestate @ﬁthchJéprcmsoéwtth@mt@rpo\@h@wpﬂ@eamﬁt@n%@ﬁthgmr@od

C! reuit b%\gnﬂﬂg gcl% lg e oeastu!) redu ff 1ltt%; g—fovyg@'{ﬂc Ql% Ecé’&ﬂﬁﬁés Jnea%ﬁl

di st ur bi T Oonl ¢ Ci rcul cor e I'nvention

char act edslluzield“a&;hds suslcqaﬂﬂh tonflicheatiohar act eri zing part of Caim 1. Accordl ng
to the invention, noise shaping is applied to the 21. 06. 02 engt h of
the pPériods of the DIAE NG bes adygise gHe qt%foaﬂ%ee%rﬁf&tfeowtérgnalsofwh%m%}Jﬂ Al D

and D A cRRYSEctOfhid osY@fnCh)r e&amﬁlgqif;% btegn gggu&@d PaEd @hhé%@%&@@'fﬁo% of

roundi ng errors occurring durlng A conversi o i cation of
noi se siiRBLnehind thé ®TIkimgirtlerad lgukrthe ¥Cigndl @f a gbptirtuogs gle@tD to the dUif@t

f Egp; rezg{egéﬁa tflee B'f%)n ‘ﬁlle (s)lréga“tthgsf cc;[n?t?tu{es falvte%%n otr{h}: Qgtput si a of the rDelt(§ s bl'y
which the jitter has been smoothed. The jitter, however, remains problematic, particularly when
20 use is made of VCOs which are not very stable.

This problem occurs notably in optical disc read or write devices, i.e. during
the regeneration of the write clock or the read clock. In some cases an analog representation of
this clock is required. A PLL is required so as to form this analog clock signal. The jitter of this
PLL must be low in order to enable generation of a stable analog clock. Moreover, the frequency

25 of the PLL is not related to the crystal clock of the device.

It is inter alia an object of the invention to provide an electronic circuit which
includes a discrete time oscillator which produces less disturbing jitter.

The electronic circuit according to the invention is characterized as disclosed

in the characterizing part of Claim 1. According to the invention, noise shaping is applied to the
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conponent which would lead to problens during further use of the oubtppd.oz
signal of the DTO el sewhere in the electronic circuit. 10 When a PLL is
used downstream fromthe DITO for exanple notably the | ow frequency
conponent (at and/or around the frequency zero) of the fitter is annoying,
because it cannot be filtered out in the PLL. If this frequency conponent
does not occur in the fitter, or only hardly so, the |locking by the PLL
will be much nore stable. An enbodi nent ,of the electronic circuit according
to the invention is 15 disclosed in Caimd4. Therein the DTO i s succeeded

by a fi TSk whi ¢ TO.  Th wn P,
itself |s su(l)(;flgg%a%rb‘)dt% O?Q.‘ t@hﬁoﬁﬁgh%ﬁ% %t 1un l%k?' %re‘gﬁj(: na /A
si gnal . cdiverdianthwich 1tq§ udddao $QIuea Spatrhl d&)poh&ﬁﬁl oPRUAHIAE @FrofsbdGrring Idyiring
narrow so that fluctuations in the external signal are elimnated. This

nar r of BERARAIYA BEYSINBt | ead to stability problems in the DTO, because

the DTOis a digital E i ocK| th

of the first PLL can é’ﬁ‘gﬁ%&sne%‘#%e\égﬁﬁ{’@?a‘%%é‘%h@ﬁkﬂﬁ Jif}ﬁgtgg% fﬁgﬂl sﬁof

t he VCOtleeDTOsupperessesd fieyudneg cobmpsiienPbf the Notepincthé teagtha) preferdbiy fnesfnqnéncgf

crosstal k of Iowfre fitt r fr phase f the DTO to_th

becaus e CPREOISHO I.Fﬂi‘ﬂﬂ‘ég@ g"é‘d legnst rglg]t}pqﬂ@eérus%g the QR ubsigea o Q‘eg?ﬂécal ng.

Anot herfggg, %%?%&éc%ﬁ cn@{mt his kind is particularly suitable for use in
0

a read r-wite eV| ce for data carriers. These and ot her
advarittageous aspect s Whert BLL ris/esetlidownstrdaim fremdbes DA éat axemphirmtdbly the low
hereinafter with reference . to the Fiqures. Therei 1 sho an anal og

PLL accdieghsiyy comppuent {at and/gr aropnd thedreqpency zsra) of ﬁgeﬂwg iSAnpEwng.cheganse i
bandwi dichne be 6iltkRA oufinthEPHL. B 1185 fdGuedc| b&ﬁﬁ@ﬁeﬁt a(se%opé@duk treheittef bBonld

illustrates fitter in a discrete tinme oscillator; Fig shows an i1 nproved
PLL; Fi garddy sthitlwsloeking by thefHdgwdhbymucnmerg stable. 21, 06 02 3 Fig. 7 shows a

di screte time oscill strat.esttte

e foct of notse. shapieodftenththe HEHHRH Syt hfinbing 5 gikinpeiieB S "

char ag} Qischlsédin Elalin 4 1theéiaV e DTG & subdeededbyta Bist PLLRAiSIE108ka4d tRDTO. The 12
shows a further value/frequency converter; Fig. 13 shows a digital

osci | | atlbiO with thg downsiregmy %segfnastsccmdedé)maes@m@ RIdewbish ﬁ@sﬂqSéhﬁ BT Ogopn|_.

Fi g. ed
fo the SBbrLSEpaLEhe el o dicRERR A By Trlfte hofind8 b Vol oM oflio]
wite clfiactoatidfisain@heckxtérflglrsighal dreelimingued. This raeropl lﬁﬁdwidlbdbé‘saiot\!uaﬁho an i nput
for thelsyvgqble ock 6, to a phase detector 3. .The output of the phase

det ect oftaBUitgp i theDIOp berapss the BV 15t dighad cirewit with vary sahle F¥0F igg. The 15
The bhRdWRItHPS the Afst PL.L caf %@ ems@%go b GM ek %%%qmtéamﬁe/ssaf%e vl @l S

mut andi s the sane system can al so or a reading system Tracks of a
CD- R hawe removsidiiyetheirst RLLsNd grahd¢mslating imesspect of crosstalkrod ddov rﬁtgqucmny jitter

o e e g'%@ﬁ%ﬁ@ it V0 Beos o8 1t G Sty R iteh b TaethE o

rate i s ofgaisé for exanple by locking the wite clock speed to the

wobble 2 0 cloc The frequency of the wite clock thus anpbunts to a
mul tiple of the f r equiather slectramicwirpeit ef bisddnd isrmarticnlarlysuitable Jor use in a read

appr%ﬁl %@Bl‘%’ﬁlte eéﬁeglhgat;{\@m%e% clock is also used to encode addresses and

poss
These and other advantageous aspects of the invention will be described in

detail hereinafter with reference to the Figures. Therein:
Fig. 1 shows an analog PLL according to the state of the art;
Fig. 2 illustrates the effect of bandwidth selection;
30 Fig. 3 shows a discrete time oscillator;
Fig. 4 illustrates jitter in a discrete time oscillator;
Fig. 5 shows an improved PLL;

Fig. 6 shows a value/frequency converter;



information. To this end, a frequency nodulation (FM wth a nodul abi g4
frequency in the kHz range is provided on the wobble. This FM nodul ati on
must not be included in the wite clock so 2 5 that it nust be suppressed
as well as possible by the PLL. However, it is a problemthat the frequency
of the FM nodul ation is rather low. In the conventional set-up of the PLL
the outgoing clock signal is generated by an analog VCO 1. This VCO nay be
any type of oscillator. The VCOfrequen%y is locked to an incom ng anal og
clock signal via the divider 2, the phase detector 3 and the loop filter 4.
3 01In order to realize.an effective.systemit is inmportant that the
outgoing fitter on tﬁzég'vfﬁhf’gséﬁjbs&et%nv%oécélw?t(? as possible. The j fitter on
this wite clock is qagssfiuityatds jittert er produced by the VCO 1 and by fitter
on the incom ng anal\%%gv\obbl e clock signal 6. The bandw dth of the | oop
filte® 4 determ nes Whg-Orshows theeffeshokndisashaping ondlamiitiesnt in the  21.06. 02
4 outgoing wite clogk: fi f |l og wobbl e cl ock is dom nant
bel ow t he bandwi dt h ﬁg'tlk(%esw‘ggﬁlé&p%lfet?ecpéxja&eﬁﬂg’fi tter of the VOO is

dom nant beyond the Irgdw stibWs fitted dfe PILLL dfedr.nolse shapifg;obl ematic that the
anal og wobbl e cl ock contains a | arge amount of |owfrequency j fitter. In
order to filter out tHgd2jshpws adurthes valuaifrequency&peNestesf the filter 4 is
requi red. However, | fg. i 4€1]: . filter is small, the fitter
contribution by the \l/:&%h? %’g@g%ﬁ@g‘@b%c%%&fant. The foregoing is summari zed
in Fiig 2: "b" repredigntid shoes bighdle illusaating theopedatibyy of ABLKCO as a function
of the bandwidth of the Iqop filter and "a" represents the fitter
contribution by the V&bl §1°MS%@aIPaP&ﬂée%r%we@g§ a Watesicorhigh silpeked to
smal |, e BBtk HRTPIich8BP, UICD PBttas B o3fFRL b for NGl dd e v
contribution by tohe incor% n§“aﬁsg? og cloc célrsllaﬁg ﬁgduc(g 15l eon y ihaatlhi S
manner . dioden2ethe dutpu iieupted, togetbert With fn irtpat for dlmet wolbhle clonk BytotaghasGidtented | |

the fil bandw t .b ide. In th ti | t t hi
G T ermn 5 ThOONpRLSIhe PR GECSh At coipish 6 r EOBTOIBaMR R thery CP TR lnog st 2. °
reduce the j fitter ofneti1q. foRGOPRES, ThiASHEmpldla COIRIOBLIcESAMBIESy3Rm. Mutatis

expensi ve, stable VCO which exhibits little fitter also in the case of
narr ow barandisithh same system gan db) be usedffor reafling systé¢ronTtackseafla GDR baysiasal ent

of 1 oguntPLIET Rt oo EISIRERS of heeoking sdnl e 284 Regfyi hel's 8R! "¢

i mpl enmeRfobbleadlockldt apptoxith &8 MR AHOWhich wliskess the fatiesucicly dnaliine beomyteant er 1
whi ch recei ves _t he wobbl e clock. The output of the frequency/val ye

conver t eptothe €0-By Fhisgate és replizedy fon examnplg by deskingthg avrite elock snaed to thepyrbbls
the spymy V{ ' Lot a4 el ' I nput
of a val udg Tflgeqflﬁgcﬁ‘gbéyc%ﬁggrtlerflxﬁﬂ%%g%{g?t%é Hru:lat l}%é{:t&%glg v/er?tglrmllencl udes
an addemwdbblndocknandds typidaly appréxinsatelpdtNiHr. of the accunul ator 7 and the

control input of the yalue/frequency conyerter arge coupled tq respect ]
“hpUt s of "Lhe adder GIPRHINAHG Palrsrhd Sau AErsetg ostol dute COR
accunul a¢Bfmadtion! 8 t1KS eHdI4! f?éq%rhcgz d‘l&ﬁﬂﬁi(;nr(?l\/ﬁ' WifRh ndAufafién %fpﬁ%ﬁ%y U@ekHzhe

control of the systemclock. Thi's takes place at a system clock” frequency
whi ch nagngeas provided ondhgywoblfle.t Ens Fivf mptiatiqtheausiutop be instuded én theovrite clock so

val u requency,converter constitut th ry, out put .of t add 6. It
'S oo AT b RTESE] =SVER Ao bl e B VigBE Ll i piefeni b e

cl ock. ThqueisyRftheFMiheIudiRngs feke@téwr 2 is coupled to a further input of
the sunm ng device 3. In the frequency neter 1 a frequency neasurenent of

an arbitrary type is Inthe ¢onvesiqual Stpof therRld b onigoingrdockgsigiab i genetatedy .
The measuyr r Ya1.:Q&) i ai S| | .

cor oot PSAnaPaRE AT 6y TR Ry Hdbl BesriRlieh THENTS eifudnd 183G o
succeedes ilyonfingakkley Elatk sigel vabthe Wivide2, the phase detddidri3edndi the 1dop fllream ng
signal is renoved by choosing a small bandw dth for the di Tgi tal filter 4.
The 13w fitter frequdR®ydasitgfealiz an effstive systenp this wapaitagt thaf the jouteeingiites

val ue/ fr 3 t.er ' . ' . LSGr '

Coci 1 oy Sle A8 S oy RS pBssfRE il bif s BHZ ARORBRa B, o
around tphaluacdiby tie \AOO 1tdnd bygittenoh slicdincaningaealbg @obble dlouk sigrtapGt s. One

cl ock out pyt J§ connected tg the carry.qutput of the adder 6 and a 10
phase oﬁﬁhﬁ&a“%widih ?:Tgtrl‘ﬁ B&petﬂtefg defremung JHB?' ﬁﬁ‘i‘mBT‘t‘?rh’é%QHH‘éa}m & ﬁl‘le n a
first approxi mation the behavior of the value/frequency converter is as
shown in Fig. 4. A sawtooth signal appears on the phase output 8 as shown
in Fig. 4/ A A pul seshaped clock as shown in Fig. 4/ B appears on the carry
output 9. The advantage of this enbodinent resides in the fact that it is
insensitive to 15 lowfrequency j fitter of the V CO The | oop bandw dth
can be chosen to be as small as necessary, without the fitter being

S " o, o r




The duration of this delay is between 0 and 1 system cl ock periods angs.o2
causes fitter on the outgoing clock signal. This fitter nakes the

enbodi ment shown in fig. 3 practically unsuitable for use. Fig. 5 shows an
electronic circuit which utilizes a DTO according to the 3 0 invention. The
set-up shown in Fig. 3 is used, enabling the fitter to be filtered fromthe
i ncom ng cl ock; however, in order to convert the frequency 5 to the wite
cl ock, use is nade of a new val ue/frequ%rll_cy converter which perforns this
conversion without the j fitter of the O of Fig. 3. The advantage of the
i nventi . ate of the art will be evident: 21.06.02 6 the
advant ag’gt%“gw‘f‘ﬁg“}%gi tal inplenmentation consists in that a better

val ue/ f requency abhajiti¢riofithd shaltgedbolsble élbéit istdomiharit belowathe bartiviitit cfuhalobpg

cl ock di iappear s; 5 - the advantage over the anal og inpl enentation consists
in tha e filtering of the fitter of the incom ng clock signal takes

pl ace in the digifghs.f } b I gl }g@ﬁﬁnot lead to
an increased fi tt{élr@p(t:%{n{)ﬁt%l}ﬁ%% y l‘fl et%g a (}ge@%@yﬁﬂg&t S eori/vs a first

i mpl ement ati on of t hdt isgreldématéntheithy anaog ewobble clobkicentaims adange amouimtadfudes a

digital illator. 100Q, h det ect . 101, | | fillt 102,
02l a3 bty ik b oo e S Bl e E PR Ry s Srufds, 2"
frequengy, Rt the BhgRAbit SRR filkG i85dhi ahe h&%oﬁirlbh%n by pgcfw'&t lf?lel_cgrlntes

oscillator 100 operates In synchronismwth the systemc
out puto adnpottantdi gi tal oscillator 100 is coupled to the phase detector,

together with an outpyt of the.divider 1.05. An,Qutput of th hase .
detector 101 4 coupl MY PEEIREBANGIZRHB Fignd! gy TPHGH e ERciigatitgion

out put thd "¢ COOAM fuhétid of HRZbariva AU @k 1b6p AlteoHdmar rdphiabits efe jithe anal og
15 VCO 103. An output of the anal og VCO 103 produces the wite clock and is

coupl ed coptribhtiombathe wibbleceleek. I erdente keep thecqutacisg jittergmall te bardwidthaefghe 100

convert ' ' e val.ue.into.a.1l-bi ielit c ianal . A
convent feSfeRE b iy ARG B PR R ko Rihe el BposCor e UBRE . &
of a 1haal idehie aiadher] Blbweder, DOgrdér tbikeép the JitteACoraribltivg byEh: VD ansll, ahdfiérder
in the return path 2 0 1 G5. The digital oscillator 100 is a discrete tine

osci | | aterdwid8smug bepride dn ghagonventigpahanalpg systsmcthisdilemumcis selyed by yeing a
spectr al_.di i i ] i i S " R -NOj i .The

| owfre c? H%Hgéléﬂc onp cl)) (r%gcrl\‘?{dgi’ q@ﬁrféde%littﬁ % eéiru ce tsh%gh%% §feitshse \é%éoglr%gg %lﬁgk,ﬁ? gﬁ‘l“P?‘S‘d‘-ﬁf‘g ncy
conponemtith an éxpansive, stabkk. VQOSvHitleexibips little jieter dIfRin the tdse ofinadrawg bBhdwidths.

succeedi.ng the, DTQ 100 renoves {he RF.cC onent .of the fitter. .
Consequdhi) ,Oglé_CF gééﬁﬁ%mﬂw chievs FuivarBoRany by rergtiot #hgexpansiye V601 he
anal ogy VCO 103 i s filgigreghoista AnhdiRetRORLOQeElckatidnd Reitd 168K Thisnih&a
digital clock signal is filtered out by noise shaping. Fig. 7 shows an

enbodi meancests 4 digitali igiplemtentation| This émplemeniation invetvea affrequencatvabie ceneertedl, an
out put of,.which is,cou d,t first upgul at or, 104. The out put 0of the
o Slnifieitut B HoBbR IR, Tt il AR R RBE VR sonbefer Uis ety o 5
The di giihdt 008 GithindhiOdevidesSR The GuHRIESS the SQBATIEE Al is Edpled Rida/dipital fter whi ch
is coupled to a second accunul ator 108. The out put of the secon

accunul 4@ acontd inpht of @ valusiiisnuency soryeriehput of the second adder 107. The

first, @nd the second The value/frequency converter includes an adder 6 and an accumulator 7; an

output of the accumulator 7 and the control input of the value/frequency converter are coupled to
respective inputs of the adder 6. The output 8 of the adder 6 is coupled to the accumulator 7. The
accumulator 7 loads the signal on the output under the control of the system clock. This takes
place at a system clock frequency which may be in the range of tens of MHz. The output of the

30 value/frequency converter constitutes the carry output of the adder 6. It is connected to inputs of
a phase detector 2, together with the wobble clock. The output of the phase detector 2 is coupled
to a further input of the summing device 3.

In the frequency meter 1 a frequency measurement of an arbitrary type is



21.06.02 7 accumul ator 104, 108 load information in response to thea)syséem
clock. Qutputs of the first and the second accunul ator 104, 108 are coupl ed
to 5 respective inputs of a "summ ng device" 103 (which actually determ nes
the difference between the content of the first and the second accunul at or
104, 108). An output of the summ ng device 103 is coupled to a threshold
circuit 106. The output 115 of the threshold circuit constitutes the output
of the digital oscillator. Afirst further input 5 of the first adder
receives the frequency control signal. 10 A second further input of t he

first a [ 0
R S S e
accunul as the phase @lﬁxféct@oxf prbﬂﬁ@ﬁ bynhelphasé détbetos 2 Clheduamsiag dédide 3 Tsf‘ﬂﬁcdfﬂd:ﬂéd byier
multiplies the content of the first accunul ator, 104 by a factor a. The

product ddgitabw-pepsiiter ﬁeT'%f‘eléT&Fﬁdn gedatoming sighphjis refmqwé byishaasieg fasreiﬂ% cui t
106 det I _ I he
supply. SPyidtitfor beBaldlARSE e, Thelgs-RRE Ry SRl b Bighicd'ffh B g et
suppl y itsa sylnbitieuady bynwertet. dfhnxscohv@te‘r is ADX'Q ([istrbie "ﬂ’lmeﬂscﬂlaCbr) Whlchexweﬂ

adder 13 14 The e .0f this qgscillator is_copparable to tof
t he osci my Jistate ‘}i‘gnﬁferé?é 1§ gonsgrucieq a “nﬁg"el gddepg pn |a§°‘W@H1%t°E%

This is ﬂmﬁysst%vot SitFut® rie dl@&%@i@' iy @&ﬁleaeee tHg chHSr SafpRt 6f the AR %%g%nd
107- 108, whereas the oscillator has only One’i nt egrator

out puito @haSerwtmeegcmctedm?th@@&nmngowpumfghezatdar 6t he operation would be
identical to that shqwn 4 . Thi i f.ied is shown in.Fig. 8
A sawt oot h vol t age aaﬁézf’rrg agn tbﬁb%lang’élogm ag‘ff% uﬁn%copﬁgqrﬂ%ﬁ%g
edges O0fshé W irBYi gt £ Sdvaelbth s@ﬁﬂgpyp%hrstdﬂﬁthé/ phdde ohtpﬂaPS 8X RAASINARE. Qla/AaAqiu%k

pul se is applied on 115, via 105-106. After each clock pulse, the 2
accurul shanedelgckas shovwn@ Rigs4/Bapgeass enthetcarty wutput fe swi t ch 1 Ol The

position of this clo R nat Jrre N ition. A
gi ven del ay occurs rglhlatalﬁv ?e(feiﬁléls em&gg H%EknthF r%?cl%hag 3‘8?%%“'“0
osci l1:lew-fréq@éncy jister 6Nthe V. Th 166p Bﬁﬁwmthean deahoseR 0 bé Asmdll AQHcestirys,
there is a time error 202. Because of the constant slope of the sawtooth,
this ti rv@ﬂ@me@pn’rtgrw@wcgqa@ﬁda| to the height of the p0| nt 203. 3 0 The
digital oscillator s t rror
remains small. This hgwedar?\"ﬁ%tg%tﬁrgt&eﬁ@e}Hl%tdﬁe&\% ue 0 ﬁ#ﬁ%faglﬁﬁi 203,
at each peactice te sgiteoalclquklis ﬁomu&ﬂligMGhan the authngccltockQﬂd theve aregihghdrad¢na

i nt egrat ichis built u round e adder 107 and the storage el enent
108 STheih e grease qff?ﬁbﬁ}@?&ﬁergg@asvﬁga@séﬂlwmt he sawtooth in 105,
21. 06402 8 and hence ;i hega{l@é Bt & ﬂiltlﬁréi'&Pi'nSFlth gebéd%é bPﬂleJc@cﬁ:ke& Hé{ﬁre of

ensuring that the value of the integrator around 107-108 remains |imted.
Thi s camhmwlwfrmacy mvwer@fﬁngs?as oot alksvalugsiofvhe, samoth heFlguﬁ/s‘%e@e célculated,

d | k hol d. ci i b nb ith.
ey i St e VAN s i e S g BB S i o ety RO e eb "
peri od gfg. T41/A[)3 Foetherame réiSo tHeSrrly i9415b Edeulpud St@oHatd" ardea &My @lurkibetwddns 1S

an integer number of systemclock cycles Tx is formed as follows.

| mredi atted §dess okthe {"idgald digital flogk as shewagnFim¢/Band the "agusl! digitabdeclhan shown
has bgen decpaent ed by an amount M Thus, the follow ng amount renmains in
t he accunulfator -M+ ek ~ + Yk _i where ek-i is the residual val ue by which
the threshold was exCEedRﬁatidmdfhlasﬁbllagﬁhﬂt@emOaxmIsyas&ﬁnalbdkp&mdslaadthe
content of the second accumuyl at or ?t t he pul se k- ek-~ wi || ftbetween 0

and f, T8usgR#fter n the opteeime dorkengnpl dibuiteripakes Bip Wdewtéh@wwn & first
accurml %&%ﬁlcé}?@%ﬁﬁaﬁléf@ds@“emm ed (| ncluding 0 and excluding fJ. The
of t

cont ent rst accunul ator 104 is incremented each tine by "f'. After
Tk system cl ock cycl dag. 3 Hhevwsantetertronit cirbeit frhichiutdizesiallTA arcoiddde withe be

equal_to: - T he akeof siplicity . it is.
oot Soyeafon. Thése-ypfiovin ingFigat s aSed SramE i rdq bF CHBrerdia e pioraine
shoul d Qfockeﬁ&véd@ 8n Tol’tﬁer fHBErt fth@ﬁ‘é‘c{ueﬁ'é‘y 53{0%3 wiefeé bl@@l@ us@ i Rat difa delie
product of and Tk). This anount in first accunulator, m nus yk, then

exceeds vahe/frdqugg:}y(ﬁodveb‘;er avhichr pecfoains thlS-?(Nl-VﬁrS-l(yk\ﬁw the jitter of the DTO of Fig. 3.

The advantage of the invention over the state of the art will be evident:



The nean length of the periods Tk is Mf and the fitter in the | engbhod® 2
5 fitter = ek - ek-i + yk - yk-i The value yk is determ ned by summ ng the
content of the first accunul ator 104 when the threshold is exceeded. This
is the residual value ek plus the content yk-1 of the second accumnul at or
108. Yk = Yk ~ + a(ek + Yk_~) 3 0 (a~0)yk thus constitutes a running
average of ek which is subtracted fromek in order to formthe fitter. The
integration time of this mean value is determned by a. For exanple, for
a=-1/16 the integration tinme amunts to 16 periods of the wite clock.
Because yk is a £ aeks. f the fitter
is 21.06.02 9 ?Eean%hyé@‘!agf%‘?er%}ﬁeed‘%ﬁ{]?‘é‘h% éf%'ﬁ%%o?%*y@‘*%%tiﬁ@%}c tr“ﬁ‘rr) it hol ds
that 5 yfldg/freqaeney Ednverter ib-udeddido thnckhé §ittet drourid the etatgoinglddotsdisdppéars;
itter%Z):( 1-2)/ (. 1-Z+a) ( 1-2Z)e(Z) As a result of .the use of the second
adder 5107 and t héhedvaniaeaeves i analog implementatioa sepsisty in that the diltering of the

whi ch j ( = -' ' :
Factor " Tat e BEGREN o bck SR, picinlhe dufCiek ih SR ShaiPbordadn
Z=1) i sdodsumt fsagpe es feckasethjittericontibutiasbylths analbg ¥ @rei n perforns an
operation on the j fifter error_which is i,ntr?cléce into the outgoi
digital clock due tofihé sowsadird implameniption of theeyays/ YALONVEHIGT S BTl

shapi ngem%&%eﬂ?{?ﬁleufd% 2 t&{eggalfxs/énﬁwmo,sd ]%{hae J&g@ctg{ {RCtn a1t RoPRARE 16, an

di stribution of I's shown In ar eas ere the spectral
fitteao asalopNEh03 droka dividef 1@y Thedigml ostilkitgy. 108, rededveliarfstquenayeontrol sgnal

hapi ng .t akes pl. the fitter of Fig 7. Fig. 11 shows the closed |
char act GPTSF STeSE! on Hliee Tt il olleromntA0sipemisd ip appeanise vAghe SRE, der

| ow pas §1ofc1'<.lAqrbimﬁj?ﬁtg)f%eragﬁﬁros&igmoﬁ 160 istobuplidg tPthe PhastRtectbordBghaadyingdt h
is fl . Above this frequency an attenuation by 40 dB/ decade takes pl ace.

Fi g. 12ashvipyt eftbe dividpsilAg An putputof the phase detgetonti@l isfcoupled tawn puiof thhi s

Figure illustrat erat.i 2 Q chaty.sm t dj gi . i W th
the ot eaRldoBiriRs 107 PRSPy BRET 153 § St bR umirbde bl
t he sWbSETIEN3. Anahtpa: dflthe drall dgEVE 003 préduchs te-virite ¢leRR @id jis doupledito thehi s
results in a reasonably fitter-free clock. The choice of the nunber of
system @h@ﬁ@l@e@y@re@tb%&w%il@ﬁ t he roundi ng noi se is averaged during noise
shapi ng determ nes t f [ £ 1 . Bn The
conbi nati on of the bgﬁ%{t%@ig@%ﬂg’g@c@&%&?@ 1?1'&?:%1@% qeﬁuwwﬁﬁﬁqgﬁc? 1tzhlés
nunber dfgital do&k signdieA cosventiosatanalog Phitis tifed tb eegepara the s clbelk discomvists t he
filtering from¢the ngise shapjng, at |east 0 t he f.reqguen wher et o

noi se. sABpPRGdEeEish D B 150h Blsol B pm s YEXENS An AL et R inRl o
is thenipkosen to be at |east so high that instability of the VCO can be
renoved under the control of the PLL. 3 O It is to be noted that the

bandwi dt h of the anallhg digital nscsllatorel (e e discete timgoscillator whose output signal is

adapted in such a manner that the spectral distribution of the jitter is "colored" with noise

shaping. The low-frequency component of the jitter is suppressed and the high-frequency
component is transmitted.

25 The loop filter 102 in the analog PLL succeeding the DTO 100 removes the
RF component of the jitter. Consequently, a reasonably jitter-free clock is formed: the jitter of the
analog VCO 103 is filtered out by the analog PLL and the jitter in the digital clock signal is
filtered out by noise shaping.

Fig. 7 shows an embodiment of the digital oscillator. It includes a first adder

30 103, an output of which is coupled to a first accumulator 104. The output of the first accumulator
104 is retrocoupled to an input of the first adder 103. The digital oscillator also includes a second
adder 107, an output of which is coupled to a second accumulator 108. The output of the second

accumulator 108 is retrocoupled to an input of the second adder 107. The first and the second



the digital fitter is adequately filtered out. This is not the sanejzags.dhe
filtering out of the fitter of the incomng signal. The bandwi dth of this
PLL may be many times higher than in an anal og only inplenmentation.
21.06.02 10 It will be evident that the noise shaping can be perforned in a
variety of ways, w thout departing fromthe scope of the invention. I|nstead
of using the circuit showmnm in Fig. 7, 5 for exanple a different

mat hemati cal ly equivalent circuit coul dsbe used or a mcrocontroller which
cal cul ates the various values Tk in order to control a tinmer counter

t her ew tap “t"|l E,Fﬂﬂ; 9{) %g{;{nﬁg qu}gésgjpnstéqggﬁlegsygﬁ glrcqgek cal cul ated by neans

of the |er AR e'used. If a different
spectral Cormonent OfOtﬁﬂSlﬁsQﬁtﬂhéﬁrétlahﬂﬂ{edébl@iddwumﬁﬁttﬁﬁld4 108dreashpldd tbhe nean
value (cal cul ated essentially according to a | owpass fil terf) a (narrow

band- éaﬁ%‘PﬁqthFélﬂpuiﬂ)Of@aﬁu@@m% deviee) 193 (whichmetuglly d‘B’?“%lGE?t thg diffesepoe hetwesat ent

yk of t t tor
104, es % ERERFCF AERMTANE I codHR o LR 168 MRS APbubiorihd SimARE UL, T
hence all§d® 1stdmapkehas e threshold c1tdil£tt106sTlha)ot£tp1yt 5o dad theeshdld icirenic cotistititesahe t he
first accurruq)ﬁf:ltj§ 104 at which a pulse is generated in the digital clock.
Evi dent PYPUE ¢ e digiakessillatofgapt ati on can al SO be 15 performed in a variety
of ways, for exanple f e
103" and  he ¢ hr eshol d I Rster fhgBPSPRIR fhty duien i the e HETRF BERAD
be nade Aosfecmchﬁmhbi input afnthefirst adder WO3 coeivet qodd:csemermsmna] Thi digitaboscillator

output o unmm device 103 exceeds a multipl I n that se. t he
cont ent 2 EP qi'éfeﬁﬁﬁg‘ﬂga%ewhﬁ sspunlsd beriean sroupal agﬂteé‘ﬁétrﬁcewn@atﬂﬁlﬁ‘? pdang
SECOND E\VB@P NI BE sdddRd YAk 0T REQUENCY CONVERTER Fig. 12 shows a rel ated
enmbodi nrent of the invention. This enbodiment is the dual version of the
enmbodi ment of Fig. 6Thlemilﬂtlgller&ulhellqshh%eomt@tﬁﬂmrﬁmcmhobwedOébyezfamoredge
of the gn . .

Sgee of ThoPreatinls Aifel OB sodi HOARTI Y ROl cRuif | 06 heittrHnab T

pl ace snvetireshdbd mSmeaeéxdeyd@t diighls@holas I:‘drhh@é@j)l)\/\(fﬂtﬁélde@éiﬂ@ﬁﬁhonttb%dﬁx%t dual
quanti zation error to hlgher frequenci es by neans of noi se shapi ng

t echni qadder 103 gThig condditénpal supplyis symbelized iy swiehesol01, t@?efov&tq}érﬁt #"th%ncy
convert ki gital oscillator 100 having a nufti-bit output. The
val ue/fséecé)hg%é&gggg\/le@t er also 3 0 includes a PLL which includes a phase
detector 101, a | oop Theloperatidf)adf this décillaldd3s cc&nmaMé ﬁfthiﬁ(& tha dsclldtéirshetal d

i it.1 tput, of the digital i) | ed t
b oot Fihs Fisma@ndh b et ik wordessopiog, TR 5 PECRype IMGOSU I areTHs T
coupled jkieerhiass fd3C ARlad 05l lr()%u{NBerI:Qsﬁthe bognaut M1FO§ has &ﬂyl oneoiﬁte%?atgrl t hOel

threshold ¢ircuit 106 is coupied to an input of the phase detector
li ke the syst em cl ocHf thelostpusiof e invegraton 107188 werg always zono,phe omﬂrattdmevq’nﬂése

d |,ed | 5 fi.l 2 and
of che PebtprirE MR LR 58 4. IR iRt P nyon B 8 SoRou b
out put _abpdafiorh10 Afieh &nastudet 6ty bihe WolrgdgbaMh O clote wrserekzaqhe

coupled to a clock input of the counter The out put of the threshold
ci rcui t valge 1116 exepgds eaoarleckepulssad appimsitonoIrISt i@ 108ufbepftensch Tlosk phlsedhe

dete f Oth 4P chh€

oot ety WG B sl PR S RO IR sl S AR Akl

The di gldbed nd@$6irkdpahd to thoOidealN positiomt L piven Eielay dedurerelnivpad &teO'ﬁdew&lyback of
determ ne the edges_at which, clockjng takes place. The freq uency of .th

si gnal ¢ apEoaliopesqildaior. §°tﬁ&§’eﬂPW'éI§HlSB§9brtBe wsplpositionis 29Q: Hbppdh %rwaem
| ock
gl Slct a: lﬁrﬂ%ﬁﬂqgte %?Séllg%& usi né&l%%t %ngesﬁtﬁé\:/gﬁggﬁl %gst Eﬁbﬁ?xdi ?ﬁeﬁo Etgounr]‘]a? ter 105

each ti e helginof therpetiet208al ues generally vary, but yield a nmean divisor

whi ch corresponds to e.desire uenc ratio of the VYCO and the system
cl ockO Furthernore, Th'@ @i@?‘:l&f’éﬂé’gw&rlg i, j <08 ‘Eréﬂth@b%ﬁé‘i‘@%ra? MGG ¥o

that theed},au §rﬁ§lﬂ§3ﬁ§ﬁé rEzﬁ'ﬁPc‘PB Fesain %hﬁe PhaSEr the bB@)’E{s St QtCéa%H‘ dgthaf é]SclPhaS €

detector 101 1sr ecouter 1 Osis e, a down
count er pulsaonddpaond matansveta:hﬂ 02) tocakdlgmtg entegraton svhiddQs buiie‘.lp:mnmdethe\nddidr 167t her

count da 0 erf l1el 1o The era ion sen is lson
of 'he. a0 fths SR et PR The Valus SGis ifGEreRtES FipBRef A5t e sPvPolnid Tys:
counter val ue snaller than or equal to 1, parallel |oading takes pl ace
while a "set" is generated for the phase detector. In other cases the
counter will count down. The phase detector is "reset" in 2 5 response to
each negative-going edge of the systemclock. This principle results in the
operation shown in Fig. 14. A shows the outgoing VCO cl ock, B shows the
systentclock and C shows the output of the dlgltal oscillator. This

o N . o o o,



- The set for the phase detector is generated via 105, 106 (Fig. 12).06bbe
logic is such 3 0 that the set arrives a nunber of VCO cl ocks after the
previ ous set. This nunber is dynamcally determ ned by the digital
oscillator and is changed in response to the positive-going edge of the
system cl ock. The reset takes place in response to each negative-goi ng edge
of the system cl ock. 21.06.02 12 - |If the set appears before the reset,
the phase detector output will change oyer fromO to +1 and back to 0. 5 -
If the reset appears before the set, the phase detector output changes over
fromO J I
oscil | 4 hécéﬁﬂhﬁi?ﬁénéﬁé*?%%eﬁéﬁgét&@?Ofp T A A b oL fﬂ‘f%‘a&? of
t he di garbaxhd 7108 wiminsflimmitadse i n the 10 val ue/ frequency converter

includes a first adder, 131, an outPut of which is coupled to a fjrst

accumBl ator 132. An ohissaa bemathematically;expressad asdplpws: 35t the pulses %%ES}%I to
an i npu ROGE fin

second {%118 e?tttﬁ%%‘?t %tﬁ;f(gut putSh%lgl Jc\/\/lgl‘l]_lcizlﬁ ﬂis"gg%)lg%l e% tolhgéxgé(cii ﬂééclgﬁ%uggﬁjgr
134. Anparigkdp of the D TDahatds tnshy dloe periodatf timell@dween the pulse bapd gt putsednl ibeput  of

t he seco 133. The out put e first and the second accunul at or
132, 13@%@?2@15666‘&”&%36{8“ hg" f%ﬁﬂ?rgchCsz Yel6¥mi ng device 13 5 (which
actual |y deternines pg fshﬁé@ésqﬂn@wp%mmtélpﬁﬁmﬁé passkAaf tﬁe%nﬂ‘ehféftth@nd

t he second accunul ator 132, 134). An output of the summ ng device 135 is
coupl édfitsbacenmulatqnitas béent mr@n@tctddiy eumcbunatvt) rThyisghe fajleanng ameunt 3@mailhim
first a@%er reLﬁetl ves not only the output of the first accunul ator, but also
a frequ o signal f and an output of the quantizer. The out put of

the first accurrul at orM2- § 13,0 s coupled to a further input of the second
adder 133, via a nmultiplier 137. This nultiplier 137 nultiplies the content

of the wh¢rstek aisdheesigual valwobypyhigh ﬂeedh@shdd WhH ex¢deded inghejthrésboldeaivgni 106

accumul e per ital
s 11 sV ST Y sfollf SRR G R e B PRE FILER vBydel® %, .2
cont eBt whéretfhethé lﬁreqnemy@mmhammeﬂﬁﬁhe lcantantsofsheeﬂtschmmutay@i iceadhitime is 2 5
denot ed, by the nunber "n", and | et yn and zn be the content of the second

accumul wetsmegted (ncliding Gand eicyine Bf t he quantizer 136, respectively, in
this systemclock cyghe oﬂtﬁnt%@ﬁ{ém&%uﬁl{]ﬁbrl lzils inGNMiRedheh (e b5 "¢

quanti zation function hi's case yields e quanti zation Of xn yn:
30 Xn- yAfMOM systeyndleekncyclescthe icontemrofitise ﬁﬂseaocenmlatmiell()4pv1ﬂdmcaqdalby i nt eger

di vi sion of xn-yn bydgl (en Iarge than or equal to zero and snaller than
M. In the systemcl k" T’J‘s}c Bl 1‘ ", succeeding the cycle "n", it holds

t hat 5 o Xpgrlf 5m<l¥%@§fnab11cu }t 19 Qsskhed hat B fslmVda BfVaridd) 84 Blidlcontext ke hilf vahleue of

the control signal e digital oscillator.
of f should be read (use the sum of f over Tk clock periods instead of the product of f and Tk).

This amount in the first accumulator, minus yi, then exceeds the threshold by ex:
fTk + ex-1 + yk-1 - Yk =M + e
The mean length of the periods Tk is M/f and the jitter in the length is
25 jitter = ex - €k-1 + Yk - k-1
The value yx is determined by summing the content of the first accumulator 104 when the
threshold is exceeded. This is the residual value ex plus the content yk.1 of the second
accumulator 108.
Vk = Ykt T ek + yi-1)
30 (a<0)yy thus constitutes a running average of ex which is subtracted from ex in order to form the
jitter. The integration time of this mean value is determined by o. For example, for a=-1/16 the
integration time amounts to 16 periods of the write clock.

Because yk is a mean value of ek, the low-frequency component of the jitter is



5 For the explanation of the operation it is handy to introduce a phaseo:
val ue un for which the equation corresponds to that for xn if the term M zn

is omtted: un+i = un + of un nay be considered as a phase of the digital
oscillator which increases in tine. un can be related t0O Xn aS: 10 Xn=un-M
Vn_~ in which vn is the total accunul ati ve phase of the output signal zn,

defined as the sum of the individual values zn: Vn = Vn-1 + Zn. It can be
deduced therefromthat 15 un-yn=M/n+en. This neans that, except for a
roundi ng error en, the cunul ati ve phase of the output signal is equal to

t he pha of the digital oscillator, which increases in tine, corrected
by the phase Timt shift yn. For the phase limt shift yn it holds that:

yn+1d: yn + a(en + yfF)ortl&@ﬁhwfom)/@f)i(ihé/isp’etjtlﬁllith]lﬂhbl&&ha%ve&age of the
roundi ng error en~ For_exa e, | =-1/16, en is averaged in yn over 16
syst e cl ock cycl es. y@e‘gg&)&/rﬂ'g%"gf the shift of the phase linit and the

roundi n t@g . um wherefrom in conparison with the spectrum of
t he roun ??f{;rq%er 'oF 1?1302@ %{the | ow f requency conponent has been renoved. In

terms of the Z transfidtertZ)Ha-Z)(lkongl-dp(Ze is nultiplied by a factor
1-2)/(1-Z-a). This factor approaches_ze for lLow frequencies 25 (Z=1).
(Becazjsfa Sr?ere%rm %&k? Hsa Hiahe svance %1%@%{@6 §?C@na|acwa§‘05h%ﬂ§s@sﬁ,(rurpﬁ

noi se i : : j I i l&0 : &y gnal
T et M Ao AR hesetyRA nof il T OO RUBD BB Red BV R CRMRNIZRLOT

i s f/N @ad Natably theflpwrfsgmenayncomponersf(atonnd Zil ) is thustsuppuggsedhi ch is 3 0

equal to the difference (entyn)-(en-i-yn-~) which is suppressed with a.
Factor (1-2)/ (1. 2-a) Lhe HEMt i deroanred Betn pedbiiscsh STBFRHRP O hotsr Semma Piish
noi se eRs Bftoluceliehtd ShSO@pbiRg digdtal LYk ARAL RAdiEQete MMl bedhPRwPds t he
digital oscillator. Wien uséed 1n the val ue/frequency converter shown in

Fi g. 12/neibeshapipel athen ugetl o6 AMD-IVA ewayersioat Blre ¢ffret opthewspeisal distrdwtiodiof theor

of f/Mon the, VCO.W.th,a fitter, whgse | ow f.requenc nn. nt i s suppressed
by shi f SRGoCEBHEER P dreyMhataihe Sarctl it sfotidaat Sl rdendies g o
134) -15Tm'@stl@@arfoidetsﬂapigg)&kwgaéee@ﬁmajﬁtbleofrmg.h?.frequency conmponent of the
fitter so that a lowfitter PLL is achieved. Fig. 13 shows nerely an

exanpl e of the inpl edd@itldtshows de dhesed dooprrhragtsrisic pithaanalog PhE. The analog

i npl emert aty] f ' S A4 restri | I in
g, 13 LMY s AR ARATRAR IO daSs Bt bl s ECIOM el HEOELPTRE NS 0
by meanbandwidthnis €t octve tigk fiequekidy an dtérvationby 40 dB/debsiepthlaseldce b, 1yshpwscan

be realized in a variety of ways. Furtherppre, y".can also be determ ned by
ot her t yifeRutging jterpidhe ¢aspade gt e w@ﬁﬁéﬁ@@ﬁflwe lksuraist the qmerBBEant ot hod

of nGisenRARLAGNE Hfgi'ﬂaﬂi)&ﬂla%rr\%h 1k Pbfse %hzﬁﬂ} KL GRE ji{%@r ehd P{igﬂerf rom
t echni ques which are known per se for A/Dand/or D/ A conversion. |If another
spect r alfrequensimsewhereds the suhsequetamlggPlds filiers cat thehdigiafrequenty pitercBhis besults ed

I nst ead i fa reeglscl)ﬁ)a\glhpj?l%esr-f;eielcﬁoeck
The choice of the number of system clock cycles over which the rounding

noise is averaged during noise shaping determines the frequency whereto the jitter is suppressed.

25 The combination of the bandwidth of the low-pass filter in the PLL and this number of clock
cycles is chosen so that the low-pass filter takes over the filtering from the noise shaping at least
beyond the frequency whereto noise shaping is applied. The bandwidth of the low-pass filter in
the PLL is then chosen to be at least so high that instability of the VCO can be removed under
the control of the PLL.

30 It is to be noted that the bandwidth of the analog PLL must be chosen so that
the digital jitter is adequately filtered out. This is not the same as the filtering out of the jitter of
the incoming signal. The bandwidth of this PLL may be many times higher than in an analog-

only implementation.



21.06.02 15 CLAIMS: 1. An electronic circuit wwth a discrete tinme 21.06.02
oscil.l ator (DTO, each of the periods of an output signal of which has a
Fespective | ength amounting to an integer nunber of clock cycles, the
di screte tine oscillator including facilities for suppressing a | ow
frequency part of a spectrumof a fitter in the | engths by neans of noise
shaping, the electronic circuit including a first and second phase | ocked
| oop, the first phase |ocked | oop contajging a continuous time VCO the
first phase | ocked |oop | ocking a VCO signal of the continuous time VCOto
e UL o 9l R bOGELA SR YR doi B850k thbOhorrdilita SPE ARpRARG OCked
| oop i ncluding a phase detector for neasurrng a ase relationship Het ween
Eo he VCOv@i'tllgmgﬂe[ﬁﬂdmgfmrﬁxlie&rcbpé ofsthg mla.le_nti@n Imuiaﬂldﬁ u@ig_g &Hi&itﬂﬂ&&_hoﬁﬁﬁxeﬁgloll
eing coupled to a frequency control  input, of t iscrete time oscjllator
' or dortof exampga &rﬁérqait gerhefnation heeduiont sireit qayld breusediog miFrosprffelier 2. An

el ect r oqjifcicbdiGihks fha ﬁl@ﬁmﬂlés T $h Qlld'ar']t"o coinﬂor“g‘{iﬁ'lgr %lﬁtéﬂl?&é\?ﬁﬂ. ThétdR of
oscillator is arranged to generate a phase val ue and an out put signal for
each of uaingehé simpldf rudhmgreetgd cdtdated by nfeensosfthé hmitipliec hudlray inmegn tvaklnepbfee
val ue each {i be e uccessjive in confarm wi.th a desired frequen
of the GEBRISPHE §oa. P GRIBLIPECH) FaMPPBITt 21 e RAVSEUS ROISEA FHERde HEIEAG Of
whet her tH@Hé&‘r?Valﬁé‘&alcﬁfaieﬂrﬁssé‘iﬂglcljﬁaé@oﬁﬁﬁ% {0Va RWEFRY MG aNRAREW) E&gfﬁgﬁ?ﬁ%ﬁe

val ue has passed a phase limt defined Tor signhaling’a new perio

di scrid ean berpsavidoideteamine ykt he di screte tine oscillator being arranged to
vary the phase limt fromone riod to anqther, so as to ress the | ow
frequency part of t ndLPILRrUN B comgntdff e oprdacednubigs i f rom tha gottent
el ect r onjfeheChirs€atichmamtd! 194 & GeritiAl 1R tHredhol @ 0P HedR™sMYIA Bireui(¥8 8 Rdaed,hiRS €

| ocked | oop for synchronizing the VCOw th the discrete tinme oscillator,

t he phadentenlstbeipbess liveit.ibatas fonay the Yaducdfithaeantent vétherfanicscemylatar 108 ah
transit Wgt% 9@51%% }é%%)néﬂa%ﬁ% hhefq'fgl“r;a? gfo'tcié.eE\?iﬁé}{?ﬁJbHis esg&d.taﬁ%tytg?% fe{%agaﬁ‘s@'(%be' ng

o)
sel ecte ari’son eac r~a nurber” 0 erio
si gnals pefformethiner vabietynsf vk sfonexuntplé b 0iag adoippirawt idstem D ticsuptiniag val ue
of the djscrete tine oscillator has exceeded the (ggase l[imt between the

i nst ant dgwige d A apd the thneshold giseuit 149- Instead of a threshpldygirayst, uss can bamadsafandi or
wite dey . i it j rON B wobbl e
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The phase detector 101 of the analog PLL is clocked at each edge of the

10 digital system clock. It is also clocked at given edges of the outgoing VCO clock. The digital
oscillator 100, the counter 105 and the comparator 106 determine the edges at which clocking
takes place.

The frequency of the signal of the VCO 103 is thus divided before
comparison with the system clock in the phase detector 101. The divisor is determined by the

15 digital oscillator 100, using the preset values loaded into the counter 105 each time. These preset
values generally vary, but yield a mean divisor which corresponds to the desired frequency ratio
of the VCO and the system clock. Furthermore, the preset values are subjected to noise shaping
so that the low-frequency component of the phase jitter detected by the phase detector 101 is
reduced.

20 The counter 105 is, by way of example, a down counter. In response to each
clock edge of the VCO, the counter will either count down or perform a parallel load. The
operation chosen is a function of the output signal of the comparator 106. If this comparator finds
a counter value smaller than or equal to 1, parallel loading takes place while a "set" is generated
for the phase detector. In other cases the counter will count down. The phase detector is "reset" in

25 response to each negative-going edge of the system clock.

This principle results in the operation shown in Fig. 14. A shows the
outgoing VCO clock, B shows the system clock, and C shows the output of the digital oscillator.
This results in a phase detector operation as shown at D.

- The set for the phase detector is generated via 105, 106 (Fig. 12). The logic is such

30 that the set arrives a number of VCO clocks after the previous set. This number is dynamically
determined by the digital oscillator and is changed in response to the positive-going edge of the
system clock.

- The reset takes place in response to each negative-going edge of the system clock.
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shaper.
Fig. 13 shows a feasible embodiment of the digital oscillator for use in the
10 value/frequency converter. It includes a first adder 131, an output of which is coupled to a first
accumulator 132. An output of the first accumulator 132 is retrocoupled to an input of the first
adder 131. The digital oscillator also includes a second adder 133, an output of which is coupled
to a second accumulator 134. An output of the second accumulator 134 is retrocoupled to an
input of the second adder 133. The outputs of the first and the second accumulator 132, 134 are
15 coupled to the inputs of a summing device 135 (which actually determines the difference
between the contents of the first and the second accumulator 132, 134). An output of the
summing device 135 is coupled to an output of the digital oscillator via a quantizer 136.
The first adder receives not only the output of the first accumulator, but also
a frequency control signal f and an output of the quantizer. The output of the first accumulator
20 133 is coupled to a further input of the second adder 133, via a multiplier 137. This multiplier
137 multiplies the content of the first accumulator 132 by a factor a. The first and the second
accumulator are clocked by the system clock.
The operation of the digital oscillator shown in Fig. 13 can be illustrated as
follows. Let xn be the content of the first accumulator 132 in a system clock cycle which is
25 denoted by the number "n", and let y, and z, be the content of the second accumulator and the

output signal of the quantizer 136, respectively, in this system clock cycle. It then holds that:
n= QM(xn'Yn)-

Qu is a quantization function which in this case yields the quantization of Xn-yn:

30 Xn~Yn=M Qum (Xn - Yn) + €n.
Therein, e, is the remainder produced by integer division of xa-yan by M (en larger than or equal to
zero and smaller than M). In the system clock cycle "n+1", succeeding the cycle "n", it holds that:

Xn+]=Xn-MZn+fn
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for which the equation corresponds to that for x if the term M z, is omitted:

Un+l =Un T Ur
un may be considered as a phase of the digital oscillator which increases in time. u, can be related
to Xq as:

10 Xn=Un - M vp
in which vy is the total accumulative phase of the output signal z, defined as the sum of the
individual values zn:

Vo = Vo1 T Zn.
It can be deduced therefrom that

15 Un-¥Yn=M v+ en.

This means that, except for a rounding error en, the cumulative phase of the output signal is equal
to the phase u, of the digital oscillator, which increases in time, corrected by the phase limit shift
yn. For the phase limit shift y, it holds that:

Yo+l = yn T 0€ + ).

20 Thus, ya is a running time average of the rounding error e, For example, if a=-1/16, e, is
averaged in yy over 16 system clock cycles. The sum ynten of the shift of the phase limit and the
rounding error has a spectrum wherefrom, in comparison with the spectrum of the rounding error
itself, the low-frequency component has been removed. In terms of the Z transform the rounding
noise is multiplied by a factor (1-Z)/(1-Z-a). This factor approaches zero for low frequencies

25 (Z=1).

Because the noise in the cumulative output signal vy is suppressed, the noise
in the actual output signal z, is also suppressed. The output signal z, is the difference of va:

Zn = Vn - Va-1.
On average, the output signal is f/M (the mean difference un-un-1 of un), with a jitter which is

30 equal to the difference (en+yn)-(€n-1-yn.1) Which is suppressed with a factor (1-2)/(1-Z-a) at
low frequencies in comparison with the rounding noise en-en-1. Noise shaping is thus applied to
the output signal of the digital oscillator.

When used in the value/frequency converter shown in Fig. 12, the digital

1
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that a low-jitter PLL is achieved.
Fig. 13 shows merely an example of the implementation of noise shaping;
evidently, the implementation of noise shaping is not restricted to the version shown in Fig. 13.
For example, the various values z, can be calculated, for example by means of a microcontroller
10 and the shift of the phase limit by yn can be realized in a variety of ways. Furthermore, yn can
also be determined by other types of low-pass filtering, or use can be made of a different method
of noise shaping (rounding error processing) which can be derived from techniques which are

known per se for A/D and/or D/A conversion. If another spectral component of e, must be

suppressed, a bandpass filter can be used instead of a low-pass filter.
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1. An electronic circuit with a discrete time oscillator (DTO), each of the
periods of an output signal of which has a respective length amounting to an integer number of
clock cycles, the discrete time oscillator including facilities for suppressing a low frequency part
of a spectrum of a jitter in the lengths by means of noise shaping, the electronic circuit including
a first and second phase locked loop, the first phase locked loop containing a continuous time
VCO, the first phase locked loop locking a VCO signal of the continuous time VCO to the output
signal of the discrete time oscillator, the second phase locked loop including a phase detector for
measuring a phase relationship between the VCO signal and an external signal, an output of the
phase detector being coupled to a frequency control input of the discrete time oscillator in order

to lock the discrete time oscillator to the external signal.

2. An electronic circuit as claimed in Claim 1, in which the discreet time
oscillator is arranged to generate a phase value and an output signal for each of a series of
discreet instants, the oscillator changing the phase value each time between successive in
conformity with a desired frequency of the oscillator, the output signal for a relevant instant
indicating whether between the instant and a directly preceding instant the phase value has
passed a phase limit defined for signaling a new period of the discrete time oscillator, the discrete
time oscillator being arranged to vary the phase limit from one period to another, so as to

suppress the low frequency part of the spectrum of the jitter by noise shaping.

3. An electronic circuit as claimed in Claim 2, provided with a VCO and a phase
locked loop for synchronizing the VCO with the discrete time oscillator, the phase locked loop
being arranged to compare a reference signal with transitions of a VCO signal, successive
transitions of the VCO signal being selected for comparison each time after a number of periods
of the VCO signal, the number being determined from a number of times the phase value of the
discrete time oscillator has exceeded the phase limit between the instant and the directly

preceding instant.
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including an electronic circuit as claimed in Claim 1, the electronic circuit receiving the wobble

clock signal as the external signal and generating the clock with the VCO.



