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’mmmmﬁmmmmm scription 5 Method and apparatus foft NOV 2008
deteﬁ% g period length fluctuati ons of periodic
signal's The present invention relates to a nethod as

wel | as an ﬂﬂaratus for detecting period |length

;Igg‘mmmmﬂmmu 10 periodic first signal and/or of

signal, whereby the period | ength of
t he seconmghosixgnal is shorter than that of the first
signal and a reference nunber of periods of the
seeamndpstgnal , which arise during a certain nunber of
periods of the first signal is obtained. 15 In the
case of periodic signals di sadvantageously

'Megabeaghengpgsrsh@sp§5+0@e£seetHga#éﬁl@é'féngJﬁ'S can
|lead for exanple in digital tech ogy t

édyetuentrokl ed practiPehs dePngleriggered too early or
too | ate causing 20 mal functions to arise. If for
exanple in the case of serial data communication with
dakapresenevahventaopr ectlet esntoed meyksbe ivewalBl £9 an

value or the digital state of _.a_line nust be scanned,
FEPESEPENgOR ﬁgueFEAPeoﬂg*deth@ngeanﬁlhatV%&%on%aﬁr a

hRa3d dliQ ce R eEs @EbﬁbmgaHHYbﬂgo@aEap5§EBB?¥aéec§ﬁ@C@l&éal
scanning 1 s carried out at an incofrect tinme. In order

teereRyuicéet Reripdciaagrbnsfotneheeperiodiveayt hs ofonter
EQ%%%t pskhélgqggt E%ﬂhggkggﬁnatgegggggég £$£?er of

uratlon of a peri o i rst signal Severa
e riodseads tbok aependodngnaécowﬂlshgaahsothErpﬁgl@dcertain
qug}h of.

er Of periods of the first signal is obtained.

In the case of periodic signals disadvantageously
fiuctuations of the period length also arise. This can lead
for example in digital technology to edge-controlled
actions being triggered too early or too late causing
malfunctions to arise. If for example in the case of serial
data communication with data retrieval in a pre-determined
cycle the analog value or the digital state of a line must
be scanned, period length fluctuations of the scanning rate
can lead to er~ors arising during data retrieval, since

scanning is carried out at an incorrect time.

In order to measure the fluctuations of the period length
of a periodic first signal, it is known to measure the
duration of a period of the first signal several times by
means of a periodic second signal, the period length of
which is shorter than the period length of the first
signal. In this case, a reference number of periods of the

second signal, which arise during a period of the first
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which is shorter than the period |length of the first
signal. In this case, a reference nunber of periods of
the second signal, which arise during a period of gheygy 2006
first 01 NOV 2006 2 signal and/or can be inscribed in
a period is obtained. The périod |length of the first
signal thereby corresponds to the reference nunber

mul tiplied by the period |l ength of the second signal.

In this case, a quanti zati.on . error arises, .5 sjince the
Sdé‘ﬂagd ai“@?fé’trhc e FISFSE P8 gnRI 2i BebnP§ 1FeSBFYERed. The
pétiban dndfcegod chentFer-sef spehhodshetebhiecseee8donds to
signal, the quantization error falling with decreasin

G0t i 75t ATERGEh PHIOERe TR EoRd 16FgREI Ehenpagdpei dangth of the
P&I-Rd sslpnat b 4 yetuatiqns of qhaﬁt?c@ggggnsgggék 2805,
have an I0 effect on the neasurenent, ereby In
Figledt itde trertied leagend ofi ghal firbe acguall asednperi od

| engt.h fl uctuatiqn make it possible to.realize that

1 ThhaTEnen S0 phireBe: PpFhgeR or e fona
figtetyatdrenspuehtife tieheeefoe AuIbengawethaddede 9818y
Ifer,iods of the second signal. The period | ength 15

FdAUATES OF the secohd Sigral -t her efier & Ravepariod
WHRALer 1 .EhRet BR Uie cReasurepENt i?ﬁgyl Lasbheabi gber
the reference nunber. Fig. 1 illusfrates the basic
riard pire the Msesursdsttenwhierey procedstipn thishe
refare i efiined.Ln_. peciods of .
TS gnal 2 AR Can Be PSP UBBg fhia g ione
npete ddk gfostshidlfel tst reiagrial thathénper medslhieageht opet hed

first si | 1.1 ided with_th f nbol 3
e ertets eS80 ot e rShecenee ouptel ...

S @A 2 piiolien dfi ke sklkokAOWAgRBLNOGS: HBrohdelength
to detect the period length fluctuations of the first
%]i%atf.orﬁ ﬁfgﬁ_élle second” signal therefore have a greater

effect on the measurement result, the higher the reference

number.

Fig. 1 illustrates the basic principle of this measurement
process. In this case, a reference number m is defined in
periods of the second signal 2, which can be inscribed in a
period of the first signal 1. The period length of the
first signal 1 is provided with the reference symbol 3 and
features period length fluctuations, which are shown as
broken lines; In known methods, in order to detect the
period length fluctuations of the first signal 1, a signal
2 with very short period length fluctuations is used, so
that the period length of individual periods of the first
signal 1 can be measured with high precision. Vice-versa if
the signal l.is present with high precision and very short
period length fluctuations, the accumulated or added period
length fluctuations of the second signal can be detected.

By multiple measurements of reference numbers m, the period
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2 .wth very short period length fluctuations is used,

so that the period | ength of individual periods of

the first signal 1 can be nmeasured wth high

precision. Vice-versa if 30 the signal 1 is preseft NOV 2006
wi th high precision and verysshort period |ength
fluctuations, the accunul ated or added period |ength
fluctuations of the second signal can be detected. By
mul ti pl e neasurenents of reference nunbers m the

1 et 190F Dl NV 2808 o3 EEEQEBrE\:U%E%ﬁta'lo%% hd he dddSlatea

signal_ or the accunul ated period I'ength fluctuations
P%Ifl%el%%%lﬁdf%u@ﬁaateans phetbrosecbedmedgmedd,can

t%%@%ﬂ%ﬁort perlgg %PUC Rt | gggglgan§§ CISIOnfﬂwyéH high

piik sstiant ageoos| yi thovavet, pébuadrequb&@&tabdéﬁxﬁ Present.
high precision signal with a very short period | ength
fluctuation. 10 The underlyi ng object of the present

Dldﬁﬁﬁﬁﬂéggé§u§9y pﬁ@%é@@ra Fgogeﬁﬁ%chta%sfﬁést high

appar at us wi t h whi ch peri od engt uations o
pqﬁﬂlixpm $1gs¢lswghhlaaverpeahuredpeatoHOWem@&m.by
£RouUNti 2 reference nunber, inscribable in the

perlod: Bthe first signal, of periods of a higher 15

frequent periodi c second signal W t hout requiring any

hi gh _precision reference signals. In accordance with
Tf’c%éﬂi@ﬁﬂ@m% obhegt opf ekhei Brashnevedveby l@nmsIShdth

p%\;lﬁj t he r%%ggticyuélg :azs gfegg‘iﬁg1 %ﬁagg‘ée sun g%&l ﬁg%ﬁ'ﬂ G ed

legagsh defuamugtr ebes refl andeativantageods gﬁ@ﬁd&”@ﬁ%ﬁn@%sured

t he present_invention. In accordance with the present
aq éEfFBﬁ Qmec?%@%+%%0% reference number, inscribable in

the period of the first signal, of periods of a higher
frequent periodic second signal without requiring any high

precision reference signals.

In accordance with the invention, this object is achieved
by a method with the features of Claim 1 and/or an

apparatus with the features of Claim 10. The sub-claims in
each case define preferred and advantageous embodiments of

the present invention.

In accordance with the present invention, the reference
number of periods of the second signal, which can be
inscribed in one or several periods of the first signal is
obtained. In this case, the measurement of this reference
number is carried out for two different period lengths of
the second signal. Dependent on the period length of the
second signal also the reference number and the effect of
the period length fluctuations of the second signal on the

measurement precision change.
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25 nunber of periods of the second signal, which can
be inscribed in one or several periods of the first
signal is obtained. In this case, the neasurenent,of
this reference nunber is carried out for two 0 hov 2005
di fferent period |l engths of 4the second signal.
Dependent on the period | ength of the 30 .second signa
al so the reference nunber and the effect of the
period length fluctuations of the second signal on the
Fngastrehews precasionsthangsalviNgVa2@d6end geirg.o®? length
shows foqr first signal with a given period |ength
C RS SFRAGES dOBEVRELPBNC OS] SEUGERA TRERSTEBIRRS f the

. | of. . ) si g _ . _
pbSeaneLhots! S30L0o0k FOp LGB 90 R GOUH D sbab
reefedenct noebsecomd5sTheast andaepd dae atiferemce number m.

therefore relates to the entire error of the '
Theastrederd, dekiehiaBpentsepefRrenrpapitesd ticeridieh entire
tuations t first sigpal. 1 and al on the .
L o 28 e b B ehby BT BaPeBRC o e e i o
lengnal f12ctTheiortecenckenfibet BLgsapr Qperid enald Yon the

dependent _.on 10 the recjprocal value of the period
a?%ﬁ@?ﬂaﬁe%fP?ﬁéogeéﬁﬁathsféHSFuéFl?ﬁeO§téﬁﬁaﬁﬁcond signal

2 devhat L 0fc Ao hSe t AkRBeLNH0; 8CEOHBL RS @]
t he per?o% Ienath flﬁctua%?o%sag%ﬁe 88?&2%??%g%§&%?t on
thanrgeigiocaedvahte vhir ebezpaesoA flenGrh 15 dfn thenesekond

on the basis of the | ow reference nunbers mthe curve
S} he? st HRgaf H2BEIF &t F8H1AE18BsEnt Palpyredefiitey asipount as

t tgzaty j [ .ignal to the
e duee L8l L) SLieks Wbl BancoROsLne
vi ce-versa proportional to the reference nunber m In

SBIR A P, 20e8h b AR SO LS o
It 2N | dn Z6N€ Basis of the low reference numbers m the
curve of the standard deviation is essentially defined by
the guantization error, which is proportional to the period
length 4 of the second signal 2 and/or vice-versa
proportional to the reference number m. In zone A the curve

of the standard deviation falls with increasing reference

numbers m and reaches its minimum in zone B.

In zone B the standard deviation is defined both by the
period length fluctuations of the first signal 1 as well as
of the second signal 2. With rising value of the period
length fluctuations of the first signal 1 the curve is

raised and flattened out in the zone of the minimum.

Subsequently, the curve of the standard deviation rises
with increasing reference numbers m. The curve in this zone
essentially behaves proportionally to the square root of

the reference number m.
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I'n zone B the standard deviation is defined both by

the period length fluctuations of the first si I

as well as 25 of the second signal 2. Wth risﬂﬂGNO% 2006
val ue of the period length fluctuations of the first
signal 1 the curve is raisedand flattened out in the
zone of the mninmum Subsequently, the curve of the
standard deviation rises 30 with increasing reference
nunbers m The curve in this zone essentially behaves
proportionally to the square root of the reference
nHnhetortiafte NOWVcR00Be DntdnalsQ done endwdlrddent is now

i nvention, the neasurenent is now _carried out severa
FRABSSF oPUE WBCHEF R er BRTCYaf Qest WP Ehkfepert ol wajtaf 4he

gtrt be §s§ﬁeﬂ 5i gpatne. sEQsnad g&gﬁf@i S FefelenNseain

nunber mthe standard deviation a for the entire
mredsuepoenhunisedenhet he ngetdandatdl dewsat 7@x0s +26y poty h-ire
For rou hlg normal ly split geriod | ength fluctuations
REAFHTSLRREf 1 PsECSPHRATSY 3MdTAZIB¥Sthe second si gnal

2 a regression coefficient r can be calculated as
follows r= p-x 15 whereby x=y/a,y=di and a-G' rn

Det ermi nation of the st &i&®’d2axvixtion a for the

entire neasurenent at places nD and m> nD leads to

the equations rs- 0-o0 +v?nm0 m (1+2r)(1-A) 20 mm and
€br=redghPyCnbimd) 1A P11t heePEHE 0UhGPPt Mluctuations o, of
fluctuations of the two signals 1, 2

the first signal 1 and o, of the second signal 2 a

regression coefficient r can be calculated as follows

r=p-x
whereby *=¥/4Y=0, ang a=c,-Jm

Determination of the standard deviation o for the entire

measurement at places m0O and m > m0 leads to the equations

a=\/0’°’ +02my = (1+ 2r)(1 - A)

m
0 and

o =40}/ A~ci (- A) A

for the period length fluctuations of the two signals 1, 2

and/or their standard deviations o2-ym, equal to the
accumulated period length fluctuations of the second signal
2 and the period length fluctuations and/or the standard
deviation of the first signal equal to ol dependent on the
measured guantities my, G, and m, ¢. The regression
coefficient A is composed of the regression coefficients

My, Yo and m, r. In this case, A is calculated as follows
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r- and/or their standard deviations d2'Jnmu equal to
the accunul ated period | ength quctuatLon of the
second signal 25 2 and the period | engt uctuatio
and/ or thg standard deviation of the first signal rbs1 NOV' 2006
equal to al dependent on the neasured quantities no,

aoand m a. The regression Soefficient A is conposed

of the regression coefficients nm, roand m r. In

this case, Ais calculated as follows 01 NOV 2= 6

(m- 1+42roAT(m 1+2r) Nin the follow ng, the regression
coefficients resulting e &g ¢ shown for severa

ratios of mto nb. 5 Rlﬁ A BO2210 2,47 4,0 r 0,0323

0, 0189 D, 0094 0,0009 ro = 0,1601 A 0,7361 10, 6387

0,5267 0,331 For greater clarity, Fig. 3 shO\st ﬁ

[ am). i aj.ch dar.d devi ati.on an of the |,
e S h e O RN F O G Pl e o v
tiseceby signaho@ni sopl ettedatowardsst kg o itthtmand the
standard devi ation ac of the entire neasurenment for a
second shorter period length of the signal 2 is

plotted upwards. A specific point in this diagram

figmOcert ai n| vales of tiBedst andar d davi at i onlz h,ef .15

trhe peri od fl uctjyag| of t nal n €

;20 p at ed f?%% ard deyfgéggn CTzqﬁy?bgf t he gé??%%
U&ﬁéﬂgl fluctuations off the second signal 2, |
reproduces fdherael ues [hogighe st grdargqdevi al pops; aB
and ac of the entire neasurenent error, which result
when the neasurenent is

For greater clarity, Fig. 3 shows a diagram in which the
standard deviation oz of the entire measurement for a first
period length of the second signal 2 is plotted towards the
right and the standard deviation o of the entire
measurement for a second shorter period length of the
signal 2 is plotted upwards. A specific point in this
diagram, for certain values of the standard deviation o, of

the period length fluctuation of the signal 1 and the
o m

fluctuations of the second signal 2, reproduces the values

accumulated standard deviation of the period length

for the standard deviations oz and oc of the entire
measurement error, which result when the measurement is
carried out with the two different period lengths 4 of the
second signal 2. As an example, two groups of lines are
drawn in the diagram, which represent the standard
defiations of the entire measurement for the two period
lengths of the second signal 2 in the case of constant

standard deviation o; of the period fluctuation of the

first signal 1 and/or in the case of constant standard
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20 carried out with the two different period | engths 4
of the second signal 2. As an exanple, two groups of
lines are drawn in the diagram which represent tlgg Nov 200
standard deviations of the entire nmeasurenent for the
two period lengths of the second signal 2 in the case
of constant 25 standard deviation al of the period
fluctuation of the first signal 1 and/or in the case
of constant standard 01 NOV 2006 7 deviation '~'ZqFM
et e e ufaNated mer ieddengtdea Heugbuatbansof the
second signal 2. The substantially horizontal" and

st a6 Gt FUrhi Hy e e damilgpalepr-esent s t he case
where the standard deviation of the accunul ated

period | ength fluctuations of the second signal 2 is
comrs tuits tartel i Inedtdmizdnt athiacld tsheastardaudning curve

viation of the accunul ated. period |ength o )
?‘f %rié:?f At ons. O netst he Ss &651Td e&ﬁal"g‘? Fitgél,daﬁéii Agviation of
| rick catatnidted e @O Wehg tpoifmticRaaupwakds s WhkChebsng
identified with d2 . The ot her substanti al

pErPEdi T W SrdSR SR ERT NG Pen A 1E s REA @S iﬁr@hééﬁcﬁhﬁeStandard
foatd ot TQprEs e dRRkASe Hee ithe 18handakd o \qr 3
devi ati on of the period Iengt%efﬁuctuét?gﬁs%chtHStlons o
fihestse®ng gngnal i2s réeest detingt hedarrowdpeinhi et arrow
the right, which is identified with al, show ng-the
oot imen, ubgwardshi ehitdhe ist dadard £fikbuctuati ofes ¥of |t he
period length of the first signal 1 rise. An

essential ly angle-bisecting auxiliary straight line

PEISS | St N TRUHE 48 20N iR e n@li 8012014/ %Hﬁh%ﬂgegndt B‘gwards
sl ope of which is the recCiprocal value®of the“rootf o
1SRy rBYSI0IF 28Rt irePariseAtanthahcehe whpresehessthadard
asypiot s, far dhe qurve fl%mgjt¥1 ffgﬁ coostant st ?Hga%grst
devi ation al of the period Fengt flruétuattof o

signal 1 is constant, the arrow pointing to the right,

which is identified with o;, showing the direction, in
which the standard fluctuations of the period length of the
first signal 1 rise. An essentially angle-bisecting
auxiliary straight line passing through the origin is also
illustrated, the slope of which is the reciprocal value of
the root of the regression coefficient A and which

represents the asymptote for the curve family for constant

- standard deviation o; of the period length fluctuation of

the first signal 1.

In accordance with the invention, the values for the
standard deviation of the period length fluctuations of the
first signal 1 as well as the standard deviation of the
accumulated period length fluctuations of the second signal
2 can now be read off in the diagram for 2 values oB and oC
of the standard deviation of the entire measurement for two

different period lengths 4 of the second signal 2. For this



10

15

20

the first signal 1. 25 In accordance wth the

i nvention, the values for the standard deviation of

the period length fluctuations of the first signall11NOV 2006

as well as the standard deviation of the accumnul ated

period l'ength fluctuations of; the second signal 30 2

can now be read off in the diagram for 2 values 6B

and aC of the standard deviation of the entire

measurenent for two different period I engths 4 of the

second signal 2. For this 0 1 NOV 2006 _ 8purpose, the
DEUPYes, athe comseant;andconstiant Tvhd= Tondt aat conthent,

oi nt . of tersection .of ich marks the wanted pl ace
2 Ghe ot

P PREpI he 1BBELGECEAR DO s SRSt oo e WaRF UrREACe
iﬂa@E%ngﬁangh %e %%l%%%h%%ns@f§%égac¥¥o hecg o,curve
arit tical y usi ng the equations m W t=
f2n) (lesA) TNEs€lvaiAesl@afhrmaugh D asidafeiedM th t wo
different period |en ths of the second signal 2 the
aﬁé??%%tF%ﬁ t¥ PPd8su p@oﬁguﬁéﬂ@néf the first signal 1
and also in accunul ated formof the second signal 2
can therefore be cal cul ated i ndependently of one
anot her. This nmeans that advan 'y no high 15
preci sion referenogvswgdgﬂ=m l'y short
period length fluctuations {& pequiaed) In this way,
the period length fluctuati onmof the first .signa
and/ or second signal can be detected at |OMICOSt, as
oA

o-l= —

1-A4

Through measurement with two different period lengths of

the second signal 2 the period length fluctuations both of
the first signal 1 and also in accumulated form of the
second signal 2 can therefore be calculated independently
of one another. This means that advantageously no high
precision reference signal with especially short period

length fluctuations is required.

In this way, the period length fluctuation of the first

-signal and/or second signal can be detected at low cost, as

a result of which the method in accordance with the
invention can also be implemented economically in
integrated semiconductors as a self-test routine. For
example, this is useful in the case of phase-locked loops,
in order to be able to check the period length fluctuations
of the output signal. Such a phase-locked loop can be used
in data transmission for data retrieval in DSL data

transmission systems for example.
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20 a result of which the nethod in accordance with the
i nvention can al so be inplenented economcally in
i ntegrated sem conductors as a self-test routinegqR@v 2006
exanple, this is useful in the case of phase-| ocked
| oops, in order to be able to check the period length
fluctuations 25 of the output signal. Such a
phase-| ocked | oop can be used in data transm ssion
for data retrieval in DSL data transni ssion systens

T OLmS¥EAPH € t Re IndN-4008 agcggdéHEEeWE%EbE%%'qﬁJg%kion,
i n accordance with the invention, it is basically

1§ nhatkeasatahbdbw bhnenerhelnbawupéhrent the mearsuiretheoitt ,is

ince.evaluation of the standard deviation as .a ., .
R R L e v b LR B E e R e ced: et g ion as
a steissté cabrnpbhodd adMagnhagequsliyth be sMeasiHemRNts

for the two different period | engths of the second
St ghaf 122 bePpplof epeay @Ot 889eral Yt Fhes MepsUseg@ntiso for the

£ RGN BY Lo PR € ﬁ%££38|fen&gﬁglg§'tﬁ@tgggbhﬁfsH.%aﬁreF%%%ng
can therefore be run in“an” intégrated circuit or “a
repeaesporevagatievimesconhr okied by &6h§eﬂ%ﬁﬁmkm§(nyﬂﬂnble
for. exanpl e whenever these are swtche on. Up to
r?ﬁﬁ&t?hgﬁ%ﬁgﬁaﬁﬂﬁretPﬁepﬁﬁﬁgﬁFeﬁ@Http§r8ﬁPVec§¥?P%%P in an
iRthgtOFed Wi ghhier 6nt apeptpdshengt As ée@&c%h%d#?¥HYied by

signal 15 2 has been described. HowWwever, in addition,

aml¢soabsedtdncef vabéranhae vherever tbesediafieersernittched
yalues for the period length 4 of the second signal 2
are neasured, as a result of which other equations
foll ow and under certain circunstances a redundant
equation system ensues, from 20 which an optim_ zation

UR Urie t 7o neye beaservyeds FhetReagusemest wsi omlvocarried

o X aFpl et\Iiclj]edJ\!ﬁfé@éntf_%e%bgdpﬁéhgghgeﬁgglﬁ the second signal
2 has been described. However, in addition, it is also
conceivable that three or more different values for the
period length 4 of the second signal 2 are measured, as a
result of which other equations follow and under certain
circumstances a redundant equation system ensues, from
which an optimization function may be derived, in the case
of which for example the values for the period length

fluctuation of the first signal 1 and the accumulated

 period length fluctuation of the second signal 2 can be

determined according to the minimum error square method.

The invention is described in more detail below on the
basis of a preferred embodiment with reference to the

appended drawing.

Fig. 1 shows the time-related curves of a first and a

second signal with different period lengths.
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fluctuation of the first signal 1 and the accunul ated
period length fluctuation of the second signal 2 can
be deternined according to the mnimm error squ8rleNOV 2006
met hod. 25 The invention is described in nore detai
bel ow on the basis of a pref®rred enbodi ment with
reference to the appended drawing. 30 Fig. 1 shows
the time-related curves of a first and a second

ignal with different period | engths. NOV 2006_ 10
Flilgg 22 SERYRs ThRe CEAM Fe Cof tPﬁeSEf"ﬁﬁaE?ddI@W’éWB nopfthe

ddy%ur@%@§er%%e@heoﬁe&h%dDQEhgghl8@95h59§n§18b9n6$uﬁwlng
counting periods of the second signal Wwth a shorter

peeriiodd leénghle. seching. s3gshéwyithor shprbes period length.
conmbi nations of the period |length fluctuation of the
first and of the second signal, the values resulting
Hiamaneasusi, ngot fiketients pembadaktengthsfothet persegonehgth

ignal, .and 10 Fig. .4 shows the circuit diagramof an
ﬁ;ﬁﬁgwﬁﬁ&gnfeﬁ t@&lé&F&FlﬁBdtﬁé peFi 88°PBAgERonal. che

Jueluatisons 10 Bobh ®legBaksSng Rigrelehn Békﬂéﬁplgngths of
shows the curvé of a periodic first signal 1 and

ther isegiondsedonalsi gadl 2, the first signal 1 15 haV|ng
a period length 3, which is |longer than the period

l ength 4 of the second signal 2. The period length 3
Ffg .t He showissthei griadcul ti sibgrbe détennhnpdrbyusoﬂoring

d f th d, si 2, .which j :
DS sl SRR cH, PRk NS RS migpete,
nunber of these periods 20 is designated in the

fO||0MAng with m_ In the case illustrated m= 8. The
ﬁé%l&dlmeﬁ§ﬂﬁcépéﬁ SRS F8€ §Pgial ©F PnPeRiedégseirst

signal 1 and a periodic second signal 2, the first signal 1
having a period length 3, which is longer than the period
length 4 of the second signal 2. The period length 3 of the
first signal 1 is to be determined by counting the periods
of the second signal 2, which arise during the period
length 3 of the first signal 1. The number of these periods
is designated in the following with m. In the case

illustrated m = 8.

The period length 3 of the first signal 1 in this case
features certain fluctuations, as indicated by broken
lines. Equally, the period length 4 of the second signal 2
features certain fluctuations, which however are not shown

in Fig. 1.

In the following the case will be examined where the
average period length of the first signal 1 is
subétantially constant and will be measured by means cf a
second signal 2 inscribable in the period length 4. When

the period length 4 of the second signal 2 falls and/or the



10

15

20

25

30

freatures certain fluctuations, as indicated by broken

25 lines. Equally, the period length 4 of the second

signal 2 features certain fluctuations, which however

are not shown in Fig. 1. In the following the case01 NOV 2006

will be exam ned where the 130 average period | ength

of he first signal 1 is substantially constant and

will be neasured by neans of a second signal 2

inscribable in the period Iength 4. When the period
fremgéhcyd of the second signall 2 ftakks,arteomuntt®®n, which
. 2006 11 frequency of the second signal 2 rises,
l?“%‘f%h%ae?e aam?%ﬁerggcaeg}l@ﬁsredm%tr eRETERcE -

nunber, must increase. In Fig. 2 the curve of the

error in this period length 5 nmeasurenment is shown
InVEFIt he teferente AlinbBe, ewhPehivi c¢&isveresd dds leegajtrh

iopal _t jod, lLe h 4 of the, secon .

TSRS L S e e s e
véhea pes | agalengtbpbdtuconali 06 abeopdirigd Qe h 4 of the

af orenenti oned nethod, the standard deviation a of the
SQPHE S IFRIEN? - rRSURt TCRRLER EASUESCWRER OFhahen

tey e S a Lnes . t
CPREBYATED P PRI o B g YR AL BE AR B Lo e

af ot @méit beng@nest AodP 8Rd EStanbBrgonevAattherpey iy the
l ength 4 of the second signal 2 is high, so that |ow

MR eI eR E eS8l indviheRefBPECENENED Shand@egurement is
cé%?Qéﬁl5@tasé§e95fd9g%€§nggy ggEgéglgggﬁgééggeand below.

quantl zatl on error Ch vite vérsa
Fig oporshonal tiye tortvhespeier ence oumber zdnes A, B and C.

Accordingly, the cyrye for a falls in zone Awith
T} Reast o PPR: S8nLo RSt hed caF vRer SeCRBTs Fdmlaa 2 1S

hilgy] add OPhPOSESSES1 881 A PUBL1WhELEDY LR RS 2G,Z0Ne

the standard deviation substantially equally depends
standard deviation ¢ is predominantly determined by the
quantization error, which vice versa behaves proportionally
to the reference number m. Accordingly, the curve for o
falls in zone A with increasing m. In zone B the curve of
the standard deviation possesses a minimum, whereby in this
zone the standard deviation substantially equally depends
on the period length fluctuations of the first signal 1 as
well as the period length fluctuations of the second signal
2. In the case of the period length fluctuations of the
second signal 2 it is to be stated that this always
concerns accumulated period length fluctuations, since
during a measurement length several periods of the second
signal 2 arise, the period length fluctuations of which are

added together.

With increasing reference number m and/or falling period
length 4 of the second signal 2 in zone C the curve of the

standard deviation again rises, since in the case of high
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on the period |length fluctuations of the first signa

1 as well as the period length fluctuations of the

second signal 2. In the case of the period length

fluctuations of the second sngnal 2 it is to be st8iepv 2006

that this always 25 concer nst4accunul at ed period | ength

fluctuations, since during a neasurenent |ength

several periods of the second signal 2 ariseEJI t he

riod length fluctuations.of which ar adde ,

rPEEL it PYPor: i PHEY BEoTigry EPEDBRCE InGABBE o RidiGas of
thal séogn@esighall enghh drebcthersesangesiignal e24th

zone C the curve of the standard deviation again
flieksatsppgecfnthReseasedopifingh 01bROVTEE0Grepzer. In

e e [ hj mber _of count

D P R R L B0k 5 B OB PR 2 iy co tne
spextodrbengbh thkuetBareans atimbbe second signal 2

beconmes greater. In this zone the curve behaves

roughly proportionally to the 5 square root of the

e C u r Y+ QUt n

T r T B | Shgt P a8 on ST ot 2t B4 “aRor Sy T he iy o
cpkribaté@ngvhersbgetbentnedt prrsodhlangay tisatdetlkemined

. correspondi ng,_reference nunber m 10 during the

R Rty F Bt aF BB n EoRF RPRERMS: hE CEREvE SoPuThsg ™

det nglat e devhatienedci Digengt Brandut RensRcord rval ¥erele of
the period length is ower and lies in zone C. For the

thewstyadaed déviheipertodnl engehB4anfi the second value of
signal . 2.the eriod,l ength surenent for the first

i3} haride | SnghR 58 CAPPFEa B LSB0erEl 2P ReS -akaT e two

vBhateSof Ofhé hge 81 8RdaEA gt Heyi ki BReaB.aRA32GCi8M81 2 the
obt ai ned, aB being the value of the standard

P%ﬁ%@@tl%@thMWQﬁsuﬁgmaétefﬁrnédef6irshe§ﬁeheﬂeﬁces now
c%%ﬁ%ﬁ? St V091012008 B- afBe: 388, 30RLI @8, f @het R angara

deviation oB and oC are obtained, oB being the value of the
standard deviation, which was determined for the reference

numpber m lying in zone B. The same applies for the value

cC.

Fig. 3 as already described above shows a diagram the
surface plane of which is covered by the values for oB and
cC. In this plane, the places, which in the plane of oB and
oC ensue for certain value combinations for the standard

deviation ol of the period length fluctuation of the signal
0'2 "\/;

period length fluctuations of the second signal 2, are

1 and the standard deviation of the accumulated

indicated by way of two example curve families.

The substantially horizontal and straight running curve

family represents the curves on which the standard
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aC. 20 Fig. 3 as already described above shows a
diagramthe surface plane of which is covered by the
values for aB and aC. In this plane, the places,

which in the plane of aB and aC ensue for certaild NOV 2006
val ue conbi nations for the &Bandard 25 devi ation al of
the period length fluctuation of the signal 1 and the
standard deviation 0'1 of the accunul ated period

| ength fluctyations of the second signal 2, are

dAJEHéfgﬁdob MBXYO %M§e§§%§ph%nggky?1Léghakegn 39 Tﬁ
substantially horlzont [ an i'ght “rannrng curve
SEfQImCll ySI%bS%HIS ¢dres teurtv,esvimrass athet h:elrsﬁeaﬁdaaﬁdyOl

3 deviation ~~

of the erlod | en
R AR I SRR L G H%wards
1 e £ass thes G M& 4 ald |%1Jkurﬂﬂé1%%wtde%l 1on ol of

per pendi cul ar and arched upwards indicates t e pl aces
tha ey dd t henstlantarat wevicat i 6tk o?flv&tt ke gperli ad is
C#é?gg fuafion of. the first S|%p 1.is constant

e aﬁbwf%bi THG ROH%thlngrl B S Gt & S erered

with i gdi G RSadde g eagtﬂeq;rudh WH Gnithe t%r\e@&\»@lst idn a
hi gher standard deviation of the period | ength

hyghes l@ﬁar&arfbfdﬁt\rﬂ@tfmrstofsutgmlperuqde lefwe hsdimctuation

10 t
Gt i 1For (e edel g & af?“?lgfs 2 ST

deV|at|on of t he accunulated erlod th
PR IRfck At IRIP S tad Gasorad egﬁawltzl i(—’or t héogr aphkeasing

vé%ﬂé§'6¥1¢ﬁ69éﬂéHH%raMHéU%§€§§4té%f JyaTﬁﬁgbé%pperlod

nmeasur ed val ues for 6B an or t e two eren
lengtilpdt herigndisiof ehelsecmwbrsi gnigina2, 2can be nar ked
in this diagramshown in Fig. 3. Subsequently, it is

For the graphic solution the place, which results from the
two measured values for oB and oC for the two different
period lengths of the second signal 2, can be marked in
this diagram shown in Fig. 3. Subsequently, it is

determined which two curves of both curve families

intersect at this place and depending thereon the value ol

for the standard deviation of the period length

fluctuations of the first signal 1 and the value 0}~ﬁ; for
the accumulated period length fluctuations of the second

signal 2 can be established.

Fig. 4 shows an arithmetical solution, whereby the case is
illustrated where the first signal 1 is the output signal
of a phase-locked loop 5 and the second signal 2 is the
output signal of a reference oscillator 6, the period
length and/or uency of which can be varied and/or at
least switched between two values. The two signals 1, 2 are

fed to a counter 7, which can count the number of periods
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determ ned which two curves of both curve famlies
intersect at this place and dependi ng thereon the
value al 20 for the standard deviation of the perlod
length fluctuations of the first signal 1 and the01 NOV 200§
value Q7 nt for the accunul ated period | ength
fluctuations of the second Xignal 2 can be
established. 25 Fig. 4 shows an arithnetical solution,
whereby the case is illustrated where the firsg I
nal 1 is_the output sjgnal of a phase-Ilocke oop
oé g%% ?ﬁ%oggcﬁhﬂnéﬁgaaltﬁngcﬁﬁebeo&P§GF1§ﬁ§n&P(ﬁ pgriod
ofeéﬁéeﬂﬁﬁs@sgm%ﬁéioi SnayBe Q@Eb@ddukgﬁ%tghﬂ%d&Q%e span.
f requency ich can be varied and/or "at 30
Tl @’eh@él‘be@m@ngemn‘vabaewn TheFtigo i gri&los cbmpzmees a

unt h can_coun e
%@?I%ﬁ% %ﬁgiﬁﬁﬁgoﬁgntiﬁ of ST hECse éﬁ&g Cﬁﬁ&FQQStqﬁi
vEiole tomsohdedsi tnaapeni edb1ef whe TheStesis@hanehts are
and/or arise during this tinme-span. The circuit
CHFFERGePEht DEheR FAUFEFgr 2 épgotb@npmsdsféier@Mt values

I ntrols th
L el ALenaroneel O2VLee, sHLAR CO0RY' 3 LIS Bnssee
o@n@ ac@abmb@tnmg byothesconnWEﬁcH Eaé thattwdical

ferent Iues for the Eerlod ength of the second

e%ﬁ Tl%naﬁ DAsBEYC ont'9 hfﬁbﬁPgtFﬁﬁ bP&ckwe i fferent

pav & 1 §E§tb§tt§@|se@&ﬁﬁu§§§ﬁﬁltngﬁepgﬁgﬁda¥@ this
end for e two different 10 period |l engths of the

d%‘éve@%%ucgﬁatph@ neesyrandar dredeltat and/ofr the counter

R SR L ATRe RuitertoodPatT U nER Foehet: osmyotively

in rtl’ﬁehetatlablﬁztaim@gbbcb@]e ks 8. THBet&Bbmla@tthngb@‘kk 88 therefore
therefore <calculates the two values aB and 6C, which

C%%C%%%% ot ot 4B %%@%l ¢Rat #BA ey cwhichd. iFr pmssles onto

6B and 6tC§

an evafhéklon clrcul From the two values oB and oC this

calculates the squared standard deviation and/or variance

c1? and o02? for the first signal 1 and/or the second signal
2. In this case, the reference number m is considered in
the evaluation block 9 and regression coefficients CB and
CC which have been previously calculated arithmetically or
experimentally and stored in the apparatus are also taken

into account.

- The apparatus shown in Fig. 4 can be implemented in an

integrated circuit for example and an estimate of the
period length fluctuations of the first signal 1 of the
phase-locked loop 5 can be carried out whenever the

integrated circuit is switched on as self-test routine.
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cal cul ates the squared standard devi ati on and/ or
variance 612 and 622 for the first signal 1 and/or

the second signal 2. In this case, the reference 01 NOV 28
nunber mis considered in the evaluation block 9 and
regression coefficients CB amg 20 CC whi ch have been
cpeewisousl y cal cul ated arithnetically or
experinmentally and stored in the apparatus are al so

ltbakﬂ_%@hloidntf%tragfé_ctlé@t-in-e;%eaﬁ_ tﬁﬁf alteuﬁ;t dt&h_CiVM’lud:’d’hafrtijQ)n% SAn
e | enmented in an integrated circuit

pe)rawgiﬁe: &rid sdn sdgnianat @ lofandyer ;%ﬁ’i%&qrg:@i{?orsecond

f.l uctuatj,ons of t i st si I e

Sﬁﬁéléa‘é- Ia(t(')zé ked 16SH 5 tf:haeg %beeﬁc%] ?‘l eéﬂ? tglLt (t4\r/\3h S Reond
slifnegr aed iei rstisidtdrs twirt aited periasi seldgitest3) of the
IS8 2008 5 A B2 gy s -
Jddoild Yegadeddd AHO Of) b PeHOHLr SREONE Shgnedcond
(2), whereby the period length (4) of the second 5

siggred]l  (22), ivehisHorarlrse high e tPeis vParerit e (FyLefence
th first si. ) a. first ferenc -
n(uﬁ;%e an dts g ellslg}(r:hgén f}e%kgep gfnlgresfﬂnu gergael( n; ﬁo’f eaf’}:@e%?l()%esd’
dfa e esgicon irsignat {2)d fncth erfeseenee thhenber (m0) in

ti me-span of a referenc nb f i od f.th
19 S5 al® (1950 arke HR WO P L acter i el (2

dhpts sl ddddst Feference mumber (RP)ih Nthd Neasasef odecond
a first period length of the second signal (2) and
e icb & ook I ef &k Sheee munbeen (Hye | fl 1o Raskodflergbhd of

eriod |lepgth, djf f ' ' :
S TR €l LS s PR RR T Bl PP e
oirdtheadd dédsid andf second mefilesence, mbbes feasubdymant for

measurenent. for the period Iengt@hélyf}:ggtisggngi r(pg

"fr}ﬁ—ﬁe%}%alrer(a h fluctuation o

and/or of the second signal (2) is calculated.

2. Method according to Claim 1, characterised in that the

reference numbers (m0O, m) are determined several times.

3. Method according to Claim 2, characterised in that as a
measure for the period length fluctuation of a signal (1,
2) the standard deviation of period lengths of the periodic
first signal and/or the periodic second signal (1, 2) 1is

determined.

4. Method according to any one of the preceding claims,
characterised in that the first period length of the second
signal (2) is selected in such a manner that the effect of
the period length fluctuation of the first signal (1) is
greater than the effect of the period length fluctuation of

the second signal on the first reference number (m0).



10

20

25

30

and/ or of the second signal (2) is calculated. 2.

Met hod according to CQaiml1, characterised in that the
20 reference nunbers (nD, m are detern ned severa
times. 3. Method according to Claim 2, char act er i $egN0V 2006 .

in that as a neasure for thf period | ength

fluctuation of a signal %) t he standard devi ati on

of period | engths of the perlodlc 25 first signa

and/ or the periodic second signal (1, 2) is

determ ned. 4. Method according to any one of the

preceding clainms, characterised in that the first
5péMeonﬁeagthrdﬁnghEOSengndnesafsm@@mpﬂéaedﬁhdﬁﬂkimﬁﬁ

uch a ner t hat Ehe effect of the period | ength

AR URT 1 SRC0F At REFi FEF SPGREA PEFics lgmedtert

sébenef Eeshaof (bhe;peciodc-Lenoth Eh%%t%ahkﬂ%éﬁ Sﬂgga;Fe

second signal on the first reference nu
eN®cR006 the Eerwedhédnacbofdunguaa1amycﬁheﬂnﬁ fiihest signal

d h that, th d
T Eal P gr R cbhc BE B bna e GRaP=r3r S  Stetiod i n

£ Buehu g 1BANSE thatséh@na efifaet ab)tbe perd eddsnoth
fluctuation of the first signal (1) is less than the

refeeRRcofNeRRePefPdd | ength fluctuation of the second
signal (2) on the second reference nunber (n). 10 6.
Met hod according to any one of the precedi ng cl ai s,

6 chiégtlcv@rasedrdnnghad &hg oaéebénchenmmmaedﬂhgxaﬂaﬂhs

of _the first.signa is_1. 7. Method according to
e S hénpggiédéﬁé ERAFRERC e BUBRsTa Qe HeTdPdS of

thdatitde igss1signais(1) is the output signal of a
phase-| ocked | oop (5) and the second signal (2) is
t he out put signal of a reference oscillator (6).

7. Method according to any one of the preceding claims,
characterised in that the first signal (1) is the output
signal of a phase-locked loop (5) and the second signal (2)

is the output signal of a reference oscillator (6).

8. Method according to any one of the preceding claims,
characterised in that the method is carried out in an

integrated semiconductor as a self-test.

9. Method according to any one of the preceding claims,
characterised in that at the start of determining a
reference number (m0, m) the first signal (1) and the

second signal (2) are in phase.

10. Method according to any one of the preceding claims
characterised in that the period length fluctuation of the
first signal (1) and/or of the second signal (2) is
additionally determined dependent on previously calculated

regression coefficients (CA, CB).
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8. Method according to any one of the preceding

claims, 20 characterised in that the nethod is

carried out in an integrated sem conductor as a

self-test. 9. Method according to any one of the 01 NOV 2008
preceding clains, characterised in that at the start

of determning a 25 r ef er enck’ nunmber (nD, m the first
signal (1) and the second signal (2) are in phase.

10. Method according to any one of the preceding

| aj t d in that the period | ength
L PR AFRDRE of OEnECCS6 R PPo ot Ga S Parbde st ke of 2
pSecoadcsEgnat ég%nbi adoi bihenak! % %%&qwﬁﬂ5ﬁéé33%3“§%§nal

on preV|ousI cul ated regression coefficients
ZB) . qurﬁhw be peried Agpacat Ué)f of @éEE@BQQQQMamgnhl (2)
e u t S | flr )

A E?%?t%*péﬁﬁﬁdkggs e5ides PERaRY (3 Tnapiy e siomal
perand teaghhpésntab tbed&e&gﬁédsugn@bc®2b wa@-&nQ&IQk can
t han the peri d Ien h (3) of the first signal 5 (1)

dahgrTHee gpﬁ? ?E%nF gEEPgHRed™On ElcK remvdEniess iaf the

sé@@ndd§i§ﬁ§1n@2§ r@ﬁ?&ﬁ”%@l@%”?ﬁrt%gotlﬁ%—%r%HQQﬁ{|0ds
of the $Second signal , arise in the

r@fﬂ@eggann@mbar péfe&emoésn@ﬁbeheoﬁipemi@dgn@ﬂ the ,

st sig 1) haracterised in.that the paratus
Cﬁé %%%?ﬁne |% oG : %%6 ﬁﬁﬁﬁEPgPﬁaﬂs %eééﬁ rmShE R
m@nﬁéfSthaefEteﬁﬁﬁ agabenihB0h riRsthegasefe dunidest |
period | ength of the second signal (2) and a second
ir eflof efR®e nOfber L Epti Rerhedcasagsh ef §@@om@qmad(ﬁignal
n d e rlod Ien th of the
(AENGES o TLoLBRETL FLARMLACLEESE RR)! R3S mrfldehelor
seedrd epeeiodnbength)) dandeirbatseecond thef ererge
lgxflgtl'gngf atggaggégngnglggg C?l S:L” g%g tdg%e%%taln?:d olnert]:%e first
reference number (m0) and the second reference number of

(m) a measurement can calculate the period length

‘fluctuation of the first signal (1) and/or of the second

signal (2).

12. Apparatus according to Claim 10, characterised in that
the apparatus exhibits a reference oscillator (6) for

producing the second signal (2).

13. Apparatus according to Claim 10 or 11, characterised in
that the apparatus exhibits a phase-locked loop (5) and is
designed in such a manner that the output signal of the

phase-locked loop (5) is the first signal (1).

14. Apparatus according to any one of Claims 10 to 12,
characterised in that the apparatus is an integrated

semiconductor.



fluctuation of the first signal (1) and/or of the

second signal (2). 20 12. Apparatus according to

Cl aim 10, characterised in that the apparatus

exhibits a reference oscillator (6) for producin81trf1'qevZm6

second signal (2). 13. Apparatus according to Caim10

or 11, characterised in 25 {pat the apparatus

exhi bits a phase-locked |l oop (5) and is designed in

such a manner that the output signal of the

phase-1 ocked [ oop (5) is the first signal (1). 14.
18ppapphustascacdionding ary aoRe e @ aIdHE: Ik 100 12, 130

characterised in that the apparatus is an integrated
CE_RAPEDRYHERSr 1N0E ROV tHGOGPPES alBis Apspates isnead chrdi ng

0, 3Ry O0RE+O ) 3., (Gharacterised in that
T he9ap ar at ué ﬁgﬁh‘gg é%é:?}fdé%g & raﬁyngorb%tog (Jfrg?h%% 1 to
9according to any one of Clainms 1 to 9.



