i.\w,,—":

WO 03/081779 PCT/ US03/ 07707 FREQUENCY CONVERTER AND
METHODS OF USE THEROF FIELD OF THE | NVENTI ON The
present invention relates generally to frequency
converters. More particularly, the invention relates
to a dl%lta| frequency converter that precisel
WE%%IEPa reference frequency. BACKGROUND OF S03/07707
INVENTI ON In many types of electrical systens it is
desirable to generate clock signals wth various
frequency and phase rel ati onshi ps synthesized from
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anal og phase | ocked lOOpﬁ?IﬂI% &requency converter.
Accordingly, FIG 1 shows Q tional analog PLL 100
that takes a digital source frequency SCLK as an i nput
to a source divider 104 that divides SCLK by an

i nteger value S to EIESI@F THEENUBNEION requency fang. A
negati ve feedback PLL control loop 105 is fornmed by a
phase detector 106, a charge punp 108, a | ow pass

1 oop fiTht ehﬂﬁverﬁowmt@@gen@ﬁ 16 @bdiRlcy @f¢drelsd Mire
(VCO 112pﬁznd a feedback di v%er d114y Phase det ector
100 sularl bﬁ%m%?n“ﬁhﬁéa@sdﬁ’ ? ﬁlsﬁvé AERIeBREIOaY TSR hBHPTEREEEY and
f eRfRAG fefbeRAYRAEN.BACK. That is, phase detector 106
generates a phase error signal UERR t.hat is zero when
fanF and fBACK are equal, and varies inversely with
their differ enC%AEI@GRb@%(BP‘THB'TﬁVEﬁtﬁbﬁW of the

PLL control |oop génerates an output, or destination,
frequency DCLK from VCO 112 whose out put frequency is
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_p rolsc?l(fator?VCES) (ljlth aenrdnzl feed%ack divider 114. Phase detector 106 performs a

phase difference operation on frgr and feedback frequency faack. That is, phase

detector 106 generates a phase error signal Uggg that is zero when frgp and fyack are
-equal, and varies inversely with their difference. The feed-forward path 107 of the
PLL control loop generates an output, or destination, frequency DCLK from VCO
112 whose output frequency is controlled by Ugrg through a voltage created by
" charge pump 108 and low pass filter 110. Specifically, charge pump 108 converts
Ugrr to a voltage signal that is smoothed by low pass loop filter 110, thereby
providing a control voltage to VCO 112. The feedback path 113 of the PLL control
loop feeds frequency output DCLK into feedback divider 114 which creates the feack
Sig_nal by dividing DCLK by an integer value F. The output frequency of DCLK is a -

- multiple or fraction of source frequency SCLK as determined by the ratio -g- .
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by the anal og charge punp 108 and | ow pass |oop filter

110 conponents. Capacitive elenents in these anal og

PLL conponents introduce significant [oop tine

constants and phase jitter that result in |oop

‘&@ %%%gﬁ that is difficult to understand, and(ﬁyedlct
Pl'y when the source frequency SCLK radi 03107707

changes. One reason for this wuncertainty, for

exanple, is that capacitors are subject to therma

variation of their electrical characteristics.

Mor eover, practical inplenentations of anal og PLL
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DTO output signal 206 contains information about the fractional part of each period.

The DTO oscillation period is determined by the MODULO of the DTO adder, the
value of SF, and the RCLK frequency Freik according to the following Equation (1):

SF

Fpewx =WXFRQK (1)

. - where SF is the n-bit scaling factor that linearly determines the output frequency of
 the DTO. Typically, the RCLK frequency and the MODULO are fixed, and the




desired DTO out put frequency is dynamcally controlled
by the value of SF. The value of MODULO usually
equals 2", where n is nunber of DTO adder bits. The
staircase DTO out put signal has to be converted to
%%g gciirgnal by sone output nodule. Thus, the first
UnZe R of the output nodule is to create reRGAHYIEY
wavef orm of DCLK. The second function is to reduce the
jitter of the DTO output period to be equal to TRCLK.
A known exanpl e of an output nodule is illustrated by

. way of the block diagramin FIG 3. In the diagram an
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‘unit 402 adds the n-bit value SF stored in SF register 404 to the n-bit value from the

output of phase accumulator 406. The sum is synchronously updated upon each rising

edge of SCLK. Phase accumulator 406 feeds the n-bit DDS frequency Fpps to the

output module, and feeds back Fppg to summation unit 402, thereby generating; over - -

- some number of SCLK cycles, a staircase periodic signal 408 with a frequency given

by the formula in Equation (2) below:

SF

- Fppg = o Foork ' @
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. Tscu< is the duration of the source clock period; and

3 WD 03/081779 PCT/1JS03/ 07707 where FSCLK is the
frequency val ue of SCLK. Qutput nodul e 410 converts
the DDS frequency signal FOGS to a destination clock
DCLK. Qutput nodul e 410 could, for exanple, convert

t he staircase waveforminto a binary clock signal wth
WPaHWdHey FDDS. It should be noted that the BOTtUSeHOT70Y
the period of staircase periodic signal 408 is equa
to the SCLK period. If the SCLK period varies over a
wi de range (i.e., has high jitter), then it my be

“difficult (or inpossible) to design the output nodul e
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CRT and LCD monitors. In such devices, the output clock period Tpcrk and input

clock period Tseik follow the Equation (3) below:
Shrora * SVronu * Tsere = Dhrogy X DVpory X Tpery (3)

Where

- ShroraL is the number of SCLK periods in the soturce line; ™~
SvroraL is the number of lines in the source frame;
Dhrorac 1s the number of DCLK periods in the destination line;

Dvroral is the number of lines in the destination frame;

Tocix is the duration of the destination clock period.




PN

:\‘Jr

5 Phase detector 4

| using only digital components is provided.

4 WO 03/081779 PCT/US03/07707 Frequency converters in
devi ces where frane rate conversion is used, generally
foll ow Equation (4) below. Mx Shnmr% X Svnr AL XT. scu;
= n x Dhr AL x DVTOTAL xTDcLK (4) Were m n are

i ntegers. The maxi num val ue of SDIV required in
YPOYUACy converter 450 is equal to in x ShvPCI/USEH7707
SVTOTAL, and the conpare period is msource franes.
The SDIV and conpare period can be reduced if val ues
m x ShTOTAL X SvrorAL and n x DhTOTAL x Dvnr AL have

commbn denom nator. I n sone cases, however, it is
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gradually w Il converge to a new stable state. The
time it takes to converge (i.e., response tine)
dependsSigy,, 489, pRTa) e eDk oM < The hanger the conpagp
period, the nore tine it w t ake frequency
converter 450 to converge, which can be up to several
fr m n'ﬁl%“?ﬁt}!ée'iﬁ.. in many CRT/LCD nonitor applications
a long fespons ime is not acceptable. Phase
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reguency conver esigns. In particular, there is
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It woul d be desirable for these frequency

chani t
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achi eve the foregoi ng and ot her objects and in
aElewreRit Bapy CRTAKD Bomiton applicaions #long respense timpisant i on,
aadBpdd and apparatus for digital frequency

conversion usi n5q only digital conponents is provided.
4 has to correctly resolve a wide range of situations. One

such situation, for example, is when Tpcyk is greater than two times more or less than

Tscik. As can be appreciated, phase detector 454 performs both logical and

calculation operations, and is, therefor, generally difficult to design.

Although frequency converters generally work well in many cases, there is a

. continual need for improved digital frequency converters designs. In particular, there

is a general need for frequency converters that have a fast response time, and simple
phase error detection mechanism. It would be desirable for these frequency
converters to work well in CRT/LCD monitors applications as well.

SUMMARY OF THE INVENTION

To achieve the foregoing and other objects and in accordance with the purpose

of the present invention, a method and apparatus for digital frequency conversion
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- signal in some embodiments. In these embodiments, the phase detector unit includes

~ output the first frequency setting signal to the frequency value generator.

WO 03/081779 PCTI US03/ 07707 1n one enbodi nent of the
i nvention, a target phase accunul ator unit generates a
target phase signal to a phase detector unit. The
target phase accipylainr unit receives inputs froma
reference signal input, and a target phase input
VaRY®1"*he digital phase detector unit is cASTU§HHEH?
to receive the reference signal, a current phase
feedback input signal, and the target phase input
signal. The phase detector unit outputs a first
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first 1PPURRERRaH f‘éltstﬂiwrﬂ“as elsAiF it 2eleaies eﬁﬁbgﬁwsw&

| setting SEpRaleid @rspRRioRal 16 (10 dFRAGRe BRNEHIRY cusidhl phhdqbdaB R

| | input signal and the target phase input signal. Moreover, in other embodiments the

phase detector unit generates a second frequency setting signal that is proportional to
the difference between the current phase feedback input signal and the target phase
input signal.

The phase detector unit can control when to output the first frequency setting

a multiplexer that uses the first reference signal as a select line to choose when to
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a multiplexer that uses the first reference signal as
a select line to choose when to output the first
frequency setting signal to the frequency val ue
generator. 6 WD 03/081779 PCT/ US03/ 07707 The
reference signals used in the present invention may be
WOMSPHI®D in a variety of suitable ways. |n SRERAUSO307707
enbodi ments, a source clock is fed into a frequency

di vi der, which generates the required reference
signals. Furthernore, in sone enbodi nents, the digital
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descri ption, i ch shou read 1n conjunction w
t PRase e R plNAg dr awi ngs. BRI EF DESCRI PTI ON OF THE

- DRAW N@é)mputing system and software product that implements the present

_invention is also provided.
Other features, advantages, and object of the present invention will become
:more apparent and be more readily understood from the following detailed

description, which should be read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and not by way of
limitation, in the figures of'the accompanying drawings and in which like reference

numerals refer to similar elements and in which:
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The present invention is illustrated by way of

exanple, and not by way of I|imtation, in the figures
of the acconpanyi ng drawi ngs and in which Iike
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| MR EIRPEINER DDS servo system according to an

embodi ment of the present invention; FIG 6

illustrates a flow chart detailing the basic nmethod to
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DIEFF&MOBD DESCRI PTI ON OF THE EMBODI MENTS The present
invention will now be described with reference to an
enbodi FIené itlukth@ds@Qowashark lbthifihg Rb Bkid MetBSEBIPREN difltal

dltravvi ngs. In the follow ng description,
equency conversion according an embodiment of the present invention;

FIG. 7 illustrates a block diagram of an all-digital frequency conw;rersion
system implementing a DDS servo system according to another embodiment of the

present invention;

FIG. 8 illustrates a block diagram of an all-digital frequency conversion
system implementing a DDS servo system according to another embodiment of the

present invention; and

FIG. 9 is a diagrammatic representation of a general-purpose computer system

suitable for implementing the present invention.

DETAILED DESCRIPTION OF THE EMB ODIMENTS

The present invention will now be described with reference to an embodiment

thereof as illustrated in accompanying drawings. In the following description,
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Detector 502 outputs a Freq_set signal that is substantially proportional to the

difference between ideal the DCLK phase set by Target_val and observed current
DCLK phase indicated by Phase current. A frequency value generator 506

accmﬁulates the Freq_set values from detector 502 and creates the output value
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accunmul ates the Freq_set 'val ues from detector 502 and
creates the output value Freq_ val that is the input

of DTO 510. DTO 510 has fraction and integer outputs.
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- aright shift of the difference may be used instead of multiplying. The Freq_set values
and current Freq_val are converted, at 612, to a new freq_val that feeds the input of -~ - -
DTO 519 during next compare period. By way of example, the new Freq_val may be

the sum of the previous Freq_val and Freq_set values. Depending on the application,

- the DTO output signal is conditioned, at 614 into the appropriate signal for external

_ system use. In some embodiments, step 614 is optional as the DTO output signal may

“be used directly by other system components. It should be appreciated that in several

10




- details of the present invention w
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Dependi ng on the application, the DTO output signal

is conditioned, at 614 into the appropriate signal for
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of DTO 711. The output of register 714 is the staircase signal 718 (DTO_frac) that
feeds the input of the output module 720. The signal Phase _current is formed by the
concatenation of DTO_int and DTO_frac, and determines the real phase change inthe -
DTO output signal from the start of the servo process. Qutput module 720
impiements any desired signal conditioning operations on DTO_frac, and depends
upon the particular application.

Implementation aspects of the present another embodiment will be presented

- in more detailed below. Beginning with the Phase_target control input, it is the target
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concatenation of DIO_int and DTO frac, and determ nes
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~no additional input is required-in phase accumulator 703 for compensation. However,
- if the accuracy is insufficient, a Phase_correct input (not shown) to phase accumulator
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' FIG.5 can be realized in many different ways that best suit the particular application.
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DTO 711, DTO _int, taken to gether with fractional part, DTO_frac, represents the
current phase, Phase_current, of the DTO, and represents the full phase change of the

~DTO output signal from the start of the servo process. The number of bits-in the -

integer part of DTO 711 has to be enough to determine correctly the difference
between Target_val and Phase current.

It should be appreciated that the various DDS servo system blocks shown in

An embodiment that is directed towards frequency conversion in the computer display

monitors is illustrated in FIG.8. This embodiment is the same as previous
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triggered | ow pass filter as an output stage as shown
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t g5 Nbgﬁt?ﬁﬂﬁ?lbfp AT sl ePAT QLRI vatiest Fisfleselrangd fipq_set2.
Debefitiats 1 inERP bRichstantsTothd @eleRmddib2 it ri%lﬂ's}ﬁﬂln@hﬁ§
the difference (diff) between Tar%et val _and the

f B ERtcad *gfﬁ%nﬁ(lwgé%@%r%ﬁ@imm hasP eqepliqients g prample,

apd vé hjuatbPio deRAiné the qﬁé1§,6&%5w§ lyfstehﬁ afPihe Waliermbe. ..
detect or output values: Freq_set

Cl ) and Freq_set 2.
CBEBIIOR PEOgess (1es, system RPoRPedinGnst ants for the current
nmode. o 7Y jfter '

ol £ BBl e e e St Plue S e tERDIAM AR R eLK
f pariod pegwping at the gnd ofn catlipars peripdt @ fiksmencyivalue gereragur i t y

- OfncRfds\AR 28365 %ﬁ;r}egf%ﬂ:g Sif gddépﬁﬁgmﬁfmton&mt register 826. During

_each compare period, the value in the register 822 is changed by value Freq setl. In

the servo system’s stable state, the value in the register 822 is substantially equal to

- Freq_val at the input of DTG 827, which is required to achieve a DTO output- -~ -~
'. frequency that corresponds to the Phase_target. Register 826 stores the sum,

Freq_val, of the value in the register 822 and Freq_set2 from detector 811. It should

- be noted that both adder 824 and register 826 are optiorial. They are included to make

the transition process fast and stable. Accordingly, they may be omitted in

~ applications that do not require these features.
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transition process (i.e., systemresponse tine).
Mul ti pl exer 818 passes the Freq_setl value to the next
bl ock during an RCLK period occurring at the end of a
conpare period. A frequency val ue generator 819
%ncludes an adder 820, register 822, adder 824, and an
H@ﬂﬂ?7peg|ster 826. During each conpare perfi(E@S0yH&7
value in the register 822 is changed by val ue
Freg_setl. In the servo systenis stable state, the
value in the register 822 is substantially equal to
Freq_val at the input of DTO 827, which is required to
achi ev®TH 837 corsiptynfian addes 828 register 53, arsior qoustonsAds Adder 828
t hgq R s PlefiElont i ghetlofiAl tpﬁl% Br @il BT &g\g P Butpur of the-

Fre e value I n e reg

Frremstsrém isfthosticteteartiosig@l DTO| ﬂracshm) ud ué.ed danpo tettle binpuit

r 26 are al.. They are
St ey DA RS e A e L 74
Stlmlmbmnteﬂdngmardﬁ sigia}js fronhtby adﬂ%ySZEE mﬁbérfc&féndhﬁn of the counter
applicatio 0.NO uire these features.
o%%g‘fv%n %gﬁ,go 550 5% Syrreah e s fed bagk taﬁnmb?f
8 A8tectoreglil S The PHAgH curtdtl feadiabll RN reBrddentsARKIRN pRAR chitde 8

f&r 830. represgnt the fractional part of the
E‘%p‘i WP sigha! iomm e ster af scriograsesr 830 is the

stair CRSlﬁ)uRi'Bélnbteﬁ el O feRiGn FIR Axﬁv&ﬁ%én&ﬁ
to the out$ nodul e § &h%gun?er 8%2 represen ?ﬁhy

i i) afpte St the grrationeof e apsitiqmuprocesstcan be ddcrrasedrsignifisdnthyif
f
Rk b Sk OOl BE R IRV
prsRhage, eyreent is hist) the mmarmta Rf Tapgedrval lnphﬁtreglﬁter gldtandt or
8 haes pts. th
PhseeriiR BB S oAL: ISR 3b B8l F 30T Rl 0°
seqrparegieriod r Asa st deontpht ofshiﬂmbtdr 3@ remvesents thealifférbree
t]y f
S acat 60 bfleck e SRPN GP Ribectinrt B compre

ppamés Sthemapphecice or @ratingihg phafse dlﬂ’efehge WiliI be@ppdré@ td these

LR TR0 el PRSI BEB5 3RS B ST Ry mbrn
i wsic PRtenspapimeters giit ba&&keni EhlcuRbed by G5 o bxBdpie. any

| the, c r.832 re set_to zero
P ErEont ¥ sgrelenll siger SVIapEopal Phamrkowpves my
rsuitablé valieheill ekl U SDEV ssLibi tb a%taESh%ﬂ\% ahE1HE SREK Fedulfey is
dlffer@g@ bet en i deal hase change and rea
F‘i‘ﬁﬁ% fhen Phase. t%‘ﬁﬁw@ deframingd by Bgpatien
qppm@a@hes to calculatlng the phase difference will be
apparent to those skilled in the art and are
contenplated as within the scope of the present
i nventi on.
Phase _task =

JA

Tewe _Bx Dhyoras X DVrory

Q)

Tocwx M SVory

Detector 811 in FIG.8 calculates the appropriate values of Ffeq__setl and

~ Freq_set2 based on the difference between the Target_val and Phase current values at
- the end of a compare period, The general formula for calculating Freq_setl is given
- by Equation (7) below:

Freq_setl=KlxdPh | Q)
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Sonme basic system paraneters will be herein cal cul ated
by way of exanple. To sinplify calculations it is
preferable to select SDIV to be equal ShTOTAL,
however, any suitable value wll work. If SDIV is set
{"g’ 5%7@9 ShTOTAL and the DCLK frequency is equal to
& out put frequency, then Phase target da&d/Us83/07707
determ ned by Equation (6) below Phase task = TCW =
n x DhmTAL x DyWIAL (6) TncLx m x SvWOTAL Det ect or
811 in FIG 8 calculates the appropriate val ues of
Freq_setl and Freq _set2 based on the difference
bewheredPH is he Diffgaice betiveantdsifd phme chungentd Rhatc@sreiat the
the .end of a compare.period. The general . faormula for
e S ey heP RSB R A Ao T e e orp v
Fr Agimikefokmela Kr cXlcalRing(Ffdq_sekbis\WWeRBY BHEAGD(]) below:
PCTI US03/ 07707 where dPh is the difference between
desi red phase change and Phase current at the end of
conpare period, mRg_Khrbxaggnstant for particufggr
node of the servo system A simlar formula for
calculating Fregq_set2 is given by Equation (8) bel ow

_ el ow
- ¢ no Ripueutl 8 Bt lose RN 1O Ry i G

f orlepisf deffichamtsK KIK2. Kdwetioyorebyst Ediverzattd % a stable state, K1

con ence.to a.staple state, Ki F and K2 are )

R G S R e T ATy A
byelguati on (9) below KUAX = TRCLK (9) TCWP where
TRCLK is the reference clock period, and TcMP is the
duration of conpare period -the time between two
consecutive Ref line si gnqimgt in FIG 8. The val ues of
coefficients K, K2 &amx h?c-al cul ated as shown b§ t he
follow ng Equations (10) af# (11): K = ni XTRCLK |
Tcn, P

where Trevk 1s the reference clock period, and Teup is the duration of compare period

—the time between two consecutive Ref line signals in FIG.8. The values of

coefficients K1, K2 can be calculated as shown by the following Equations (10) and
C(1):

K, = By X Toepg
Tewr
(10)
K, = .nz 3 -
Temp
an |

where m;<1, n;<1. It should be appreciated that the smaller coefficients nl, n2 are, the

longer is the response time to jitter in source SCLK period.

. An initial consideration in designing the present frequency converter is determining

the application’s acceptable phase error during a given compare period and

desti_n_a_tion frame. One deterministic factor effecting phase error in the present
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(10) Kn2 x TRH 2 TCGW (11) where nl<l, n2<1. It
shoul d be appreciated that the smaller coefficients

nl, n2 are, the longer is the response tine to jitter
in source SCLK period. An initial consideration in

desi gni ng the present frequency converter is
‘Wgﬂgﬁﬂ?ﬂing the application's acceptabl e phd€a/uspigror
during a given conpare period and destination frane.
One determnistic factor effecting phase error in the
present 16 WO 03/081779 PCTI US03/ 07707 enbodi nent is
the nunber of bits, n, in the fraction part of the DTO

(| embodinaitlig thedndBnbePdTWits, dinSRecfacBDpart oF (IR IBER.N ARER2S
of hits is used in the fractional part of phase

ac®RegIsiar §p0k i The samg agbst o bitgisypedin theifigctional pegfrof phiasef

frReusnsy: (8l ¥eiskePR) aldih theCTfpRPofMRl |
prefer ablre(yto las{ve ?%e samg nEprrber %mf)*tgagﬁﬁs%enfrﬁtgr

f-r&eedi aha it ipprcforaifle to bavedhe same gumberof bitsan e fradoriahpmtof

ofp : ated to DTO
e B O bR P e pREPRERRUEBL, Ll O o
descr i hepectsiygieted o EO designgil bp distussetl it mereldEil baloputAs

r ' , d the fr [
S ey DU ST LTS gy B Bl
diag¢ thetfiectonpart agsplvesthe agporptiasepftie DTE@odtp@stith a discrete

significant bit qof .the DIO_. Thus, | mym phase
o APl s gbnaty sl o s B T EL B ot
E phise erraf caﬁ)lEéD.‘légiglnﬁd b)na'\;/)ggg‘iﬁtelﬁl s?%& ﬁl_lqd:ﬁanDCL éﬂgjf =1 lﬁ}sé, n,
ation el.ow, r Freq_va
(1H° %B%%e%ﬁ?rwmgz@awmﬁ&%wnd MODULO=2". Tf the
| east significant bit of Freq_val is changed then the
error per DCLK period due to the change (dTDCLK) is

det er m ned j@é{(EﬂqMﬂq(&p}%&)ﬁ bel ow: 2n dTDC g,xTRCr x
(13) Freq Fregq _val

where 1<Freq_val<MODULO, and MODULO=2".
If the least significant bit of Freq_val is changed then the error per DCLK period due
to the change (dTpcik) is determined by Equation (13) below:

21‘!

dT oy = ——"——x
bAX " Freq_val®

Thew (13)

Assuming that Teup is the duration of the compare period, dTewp is the error
of compare period that corresponds to dTpcyk, and that dNeyp is the number of

DCLKX periods that corresponds to dTemp, then dNgyp is calculated as shown by

--Equation 14 below: .

dNewmp = dTemp/Tocik = [Teme! (Tocik)® 1% dTperk =+ Temp/Trek X 2° (14)

For example, if the compare period is 100*10**6 ps and Treyy is 4000 ps then
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Assum ng that TCMP is the duration of the conpare
period, dTCMP is the error of conpare period that
corresponds to dTDCLK, and that dNCMP is the nunber of
DCLK periods that corresponds to dTCWP, then dNCWP is

%alculated as shown by Equation 14 bel ow. dNCWP =

GBINTOCLK = [TOWP/ (TDCLK) 2 | X dTDCLK = + TROWRUSTROIK
X 2" (14) For exanple, if the conpare period is
10GeN®0seveps and TRCLK is 4000 ps then 17 WO
03/081779 PCTI US03/ 07707 GENSP005. WO 25000 dNcmv = 2
Thus, if the nunber of DTO bits in the fraction part
is &;20,2ﬂhbs approximately translates to a 0.025
erf peri—BNE" DCLK period per conpare period. The
i deal phase change in the DTO output (Ph_frm.ideal)
during msource franes is determned in the phase

accumnul-at ot..as. sho ' uat,i . 15) bhel qw: . Ph

frmi dgglflgéﬁ%ﬁugg’-e{\%nﬁg@ E& ’P&Pe%}’éﬂ'(gf‘ﬂﬁs ‘F%g) this\fer e

FW?W@WSE;@ gi' ﬂ-miﬁ!ﬁdr @thDGBKipg@?dltﬁ% corh]faﬁe period.
ract.i o art of ,Pha arge s n hit then e

c hﬂﬁd%ea[;&‘ﬁ%ﬂrf ML @%@Wﬁ,& é"rbp?meﬂﬁ%ﬁim m Jpurcg fapes is

d Rietetrhitied e phiadeaiccinful 46 R sRIwiaH Egt{atigﬁ g@t) b&Bw( 16)

bel ow. dPh_task = (mx SVTOTA4)12' (16) By way of

exanple, if the variables are chosen as foll ows: ne31,

S\ ALideal 206 P8 xHRSviohhien dRfisf ask equal's 0.06

of a DCLK period. The Phase - correct value in input
of phase accumul ator 803 is used to exclude the error

duhetePHhfiCrarge ¥ a&kﬁgnéaf@natﬁaiohggget- FIG 9
illustrates a conputer System 900 enpl oyed to
i mpl endfrikactiaagartiofifkase itayget hags bisthowtht changewr theletsh sigaifitant

R e e o L P O e

typically to transfer data and instructions in a

bi ngi f &Gt er. CPUs 9 may general ly include
agﬁq%%%bé?gn%%u%abcessors. Bo@ﬁ)prinary st or age

devi ces 904, 906 may include any suitable

conputgr - abl La. . A secopdar orage  medi um _
05, it B RaREae R Jariss £ e Ghetet ol Sraors 5.0
C 3009, sl 520,dhanei®hi taskadqliats 0.06 GRIBCOR Perivild TRE PHisE @orrect

_ value in input of phase accomulator 803 is used to exclude the error due to the

rounding of Phase_target.

FIG. 9 illustrates a computer system 900 employed to implement the
invention. As is well known in the art, ROM acts to transfer data and instructions uni-
directionally to the CPUs 902, while RAM is used typically to transfer data and
instructions in a bi-directional manner. CPUs 902 may generally include any number
of processors. Both primary storage devices 904, 906 may include any Suitab]e

- computer-readable media. A sccondary storage medium 908, which is typically a
mass memory device, is also coupled bi-directionally to CPUs 902 and provides
additional data storage capacity. The mass memory device 908 is a computer-
readable medium that may be used to store programs including computer code, data,
and the like. Typically, mass memory device 908 is a storage medium such as a hard

disk or a tape which generally slower than primary storage devices 904, 906. Mass

memory storage device 908 may take the form of a magnetic or paper tape reader ot
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addi tional data storage capacity. The nass nenory
device 908 is a conputer- readable nediumthat may be
used to store prograns including conputer code, data,
and the like. Typically, mass nenory device 908 is a
éﬁ;@gﬁ medi um such as a hard disk or a tape which

‘ﬁ 4Py sl ower than primary storage devi cedCIG§03/07707

© 906. Mass nenory storage device 908 may take the form

of GENSRRGWEX | ¢ or paper tape reader or 18 WO 03/081779
PCTI U803/ 07707 GENSPOO5. WO sone ot her wel | - known

d es\ﬂin% Sthet &r%‘!ﬁdwﬂﬁvﬁp Pt G4 ﬁ:taﬁgre&glgﬁ il WRe B‘x@%ﬂxaﬂ&} ﬂe&ﬂled

ret ai ned In the mass ne evl ce
apphipitic ataes memay deties Siﬂﬁ,omypmraap@plnatmases bandapmtate&m

Cf
s%ga%? fa%ﬁmg%aé stp‘(lair%%\/b devi crlgért@%% éggi%i%l’ram&b?‘?{éﬁﬁ

medgviaé 9@;1 spah;a adEID%ROM mayd als@pdss dnatitidirt@ioh&1R t& TR 202,
CPUs 902 are al so coupled to one or m)re input/out put

devi t d but

Cey:C ot gt B B a5 58
keryihuh‘ 8023 arenﬂot:lgmndﬂamdewcds@unhfas sﬂmmbmuﬁs @macataﬂys:nce
tra cer r ers aper ape

. %ﬂ’s ”Ela'i?a]ré S? d@Fﬁﬁ@&%ﬂ Véé"’&f‘{“ﬁg{ﬁg’(ﬁﬁi’%“?‘ﬁg‘na@e*w

r er:p@ﬁr tapa" 1%adefy, taerefsedtyluééﬁlvbmk BhaRdwdHalre &8 or e
course, other conputers. Finally Us 902

oeﬁe}l ¥ PR vIGes U781 Glgowraes AiherhoRisrs. Sinally, CPUs 902
t BpRHAITMEY BASPIRS to ol orSelSbomnRicatidHs REMREK, BEL YOI K

or an intranet netmork using a net wor k connectlon as
s FRSGAC ngRdioek o ap et ggtwork\RyIRg SRREWOrk cprmteginnies shown

c QEH%&‘HS/ 092, Wit RiciEPRROR caleBlidnNR s ct)&@mﬁ}éﬁ tha?@ng C Us

m recelvelnforrratlonfromthe net wo
ﬁ{?zngtght wedvenforpatiop fromtibe nefvseriuonT imight otfpat mf@unamnm the

p
P b AN RE HRS B Bl SRR
ofnfarmetion, which ioften rapeesentesios b seljuencs iofipsiBiRUensa0 Be exeaytede
wor k
oS IR0 20 O eR A g bR O Bk PG Fixampte, i
elsb datinad aicpmputeratataisnalwebedieding cabiey wavke Sthe Ial‘it@d described
deyi t be f L i rtoth of
VB g IR B el 3 S BT i Bt B Gre anc
Adoﬁhmgakts.onl y a few enbodi ments of the present

i nventi on have been described in detail, it shoula be
under stlthoulght dvdst a fewempodisents of thy pn&kdnt)ihvémijbn heve bearbodi ed

Bl R o PR B PRS
seatbodied yfsmam speoifiddres WikHvar depirfibig fr@ (IR IR 68scoPeS 1 Bl
r}gwt/ention. Particularly, the servo system may have other input parameters that do not
substantially change the described servo looping mechanism. Moreover, some inputs
shown in the illustrated embodiments, such as Phase_correct, may not be included by
some embodiments of the present invention, while not substantially changing the
described servo looping mechanism. Similarly, other embodiments may have a

multiplicity of Ref inputs as inputs to the phase accumulator. Additionally, in some

- embodiments the Phase_current feedback information is split into more than one

input, possibly due to separate integer and fraction counting units, whereby the servo.

- system is configured to accept and use this split feedback information as deseribed in
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substantially change the described servo | ooping
mechani sm Moreover, sonme inputs shown in the
illustrated enbodi nents, such as Phase correct, may
not be included by sone enbodi nents of the present

i nvention, while not substantially changing the
WRUISIFEd servo | oopi ng mechani sm Simil arl y,PCaUse07707
enbodi ments may have a multiplicity of Ref inputs as

i nputs to the phase accunulator. Additionally, in some
enbodi nents the Phase current feedback information is
split into nore than one input, possibly due to

S eh@ilmbteatdd e Emeds dMbfed ¢dr] AMoEMURY iliRGratéd icknbodiMBRE QB
- the servo systemis conflgur to accept and use this

s phpwn fodin Hequency vakipgenceor anit srparete fandatestorgt 9o
0 %o%ﬁmﬁlzd%d R idid BR36EHE %@ ale p}égﬁ'h tidvEMRh rtl%tt fid detectcdr could

enbodi ments. Mreover, the illustrate
e rftifseryrannug thmmom@ﬁcmp frsqm%evaime@fq theagput of the DTO.
g I 1L & L
0 RIS R o R TSR sl B ot resricive,
i o theiimmentidngs nat he lingedottos details given birein,dut maybd wodifiedh e
1) ency value into the input of the
E#%ﬁﬁp%% g?%hgb %ﬂH P@sent exanpl es are to be
consi dered as |IIustrat|ve and not restrictive, and
the invention is not be limted to the details given
herein, but may be nodified wthin the scope of
appended clains. 20 WD 03/081779 PCT/ US03/ 07707
claim 1. An apparatus for digital frequency
conversion, the apparatus conprising: a digital phase
detector unit configured to output a first frequency
setting signal based on a multiplicity of input
signals, the multiplicity of input signals including
at least a first reference signal having a first
frequency, a current phase feedback signal, and a
target phase signal; a digital target phase
accunul ator unit coupled to the phase detector unit,
wherein the target phase accurmulator unit is
configured to output the target phase signal based on
a multiplicity of input signals including a second
reference signal input, and a target phase input .
value; a digital frequency val ue generator unit
coupled to the phase detector unit, wherein the
digital frequency value is configured to receive the

-; first frequency
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configured to receive the firs

‘bas &b espillptpeunitys eqndigese

setting signal and output a frequency val ue signal;
and a digital oscillator unit coupled to the frequency
val ue generator unit, wherein the oscillator unit is
configured to receive the frequency val ue signal, the
ﬁ,i %\)@L” oscillator unit being further configured to

2 digital output signal at a second fr eRfR¥REF07707
that is directly fed back to the current phase
feedback input of the phase detector unit. 2. The
apparatus of claiml further conprising: An output
nokhidiss: coupl ed to the oscillator unit, wherein the
output nodule is configured to receive the digital

out pgté g@%nal of the oscillator unit, the output

for digitad frequsrayi cgniyeasion, herppiratys comrisingi t al

out put @Qpl}, ash il R by

The apga?; at ush of Ee@tgfar%ﬂttco% rel notﬁgta%% gﬂcgae%émg

f eedtgrakbasedioms meltinkivity o€ wputtsignals] the mgkénphambfﬁﬂpacmmnal

h 11' !i@;}s t al t
gp SZ@%?@%Q% Qﬂrs ffel\é széngi a% glgf% eﬂﬁc!élgg gﬁwent phase
Settfe"@a@‘lﬁm aﬂf‘éa@rwnﬂlasascgma! to the difference

PCT 5081 ﬂl?;._tﬂget phase ddtemalapa it i¥ Sorizufdddd Hitdut WRAEPE Phase
t he h tect {}punlt is further configured to have

o SCUBR lety pf ingpt siegals including 2isecopd exsencr sigad!
to tm@t%ﬂhﬁr@ﬂpﬁseﬁ@ﬁt\wﬁe the current phase feedback
i nput si all and the target phase input signal. 6.
The aph ‘A‘g’éil GEasPeYYadiepencTatpratndticaunler toéhm@sed@mf@t wnit,
uni twHettirl {he algﬁgrmaae%eﬁv@léwbaﬂﬁ%ln%&% rebiiNd tné BAT & %qﬁenc
eference signal” as”a
contsFHpe m%ﬁéﬁo%%aﬁquwvﬂueﬂgéﬂmW setting signal

f i T 1) alue T ETCT
contj gur giedmb’m&?"*"aﬁ;“gﬁ"tf‘ué?“i Bl ¥ endifNabuo B0 ol WG
ohecetvg rﬂ!erfoﬁqumcg N‘alh¢ sxgtaé,rthaa dlgltalh e
|
Mul G gl it gﬁhggfrnhl?rscr ¢ AW hk Jcl-:leaac{ élglﬂglﬁ}}\&%lﬁﬁg 3t &'Second

generator unit er ca cu

app Segnegey bat igdicactly fed hinkrte the ctent phass feedlefck inpCE the phase
si g@akethrungienerated by a frequency divider unit
receiving an input signal having a third frequency. 8.
The apparatus of claim1 V\herei nthe multiplicity of

iqp .phase accunul ator unit
f:purt]L e@"l ngl:ség‘gé a phtﬁegé 61?59 tion input val ue.

An output module coupled to the oscillator unit, wherein the output module is
configured to receive the digital output signal of the oscillator unit, the output

-module being further configured to modify the digital output signal and output a
modified output signal. '

3. The apparatus of claim 1 wherein the current phase feedback signal comprises

~ ‘both integer and fractional phase information of the digital output signal.

4. | The apparatus of claim 1 wherein the first frequency setting signal is proportional
to the difference between the current phase feedback input signal and the farget
phase input signal. - | ' |
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9. The apparatus of claim1l wherein the second
reference signal input to the target phase

accurmul ator unit does not have the sanme phase as the
first reference signal input to phase detector unit.
10. The apparatus of claim1 wherein the target phase
WOHREF Gt or unit further conprises a nulti plRETEISOieT7a7
that is configured to receive the second reference

Si §iNghe &fpardtus BAILIR] 1 ﬁﬁ&&gﬁyg phi\€ db@l it R afferic ed to

value as a first input, a information derivedTrom
a pha acerond Bequencyi safing siged! thet iaproporsionad tthé tiffetence he

mul t ' ' . . ' sel ect.
one. RSt ttithe PR HbR I (BRI Bltcl PenSiE bigna
of the control signal, wherein the selected input

sign is used.by .the targe se acg | ator unit
8" Bhe deBaratiE S i BhasR ARy AR e st a
f r eqoehipiexeranit ﬁfaSis @mihtéﬁked d &erecdvd é ﬁ@ﬁre&f‘e;nf:é ﬁgﬁfﬁh‘(%’csontrol
conver si on, e. et hod conpri sing, the steps o a) .
det e?ﬁa:‘]?'ﬁg}h%éfﬁ‘i fregpency ﬁ%ffgg*}g@éff}ségifﬂmk demyliplexer pmit
C ONPbdiry fRlicr ohfigired a8 dAn o@Putdhdt biipihts 1R RS BPEbaSiONAhe
haV|ngegﬂ£|rst frequency; (b) calculating a target

phas¥® Reontol signab whergin fheohyitiniexgsowpw 7565pd by e frequency

cal celRlgehtatér dnkttsit firthes GAIGI¥nSEL L1 Ng par anet er based
on the difference between a current phase val ue and

the target phase value, wherein the current phase

val Uﬁleia?ﬁdxﬁﬁjﬁff clafth ¢ $3Erefitfle Eﬁﬁ%g&eﬂ[?@ii%gyﬁég?eaaeted bya

information; (d) calculating a freque

sui tigapency divisler wndtadcebyingandipyit sighal baviig 4 third frequency.
produce an out put signal having a correspondi ng second
frequency, wherein calculating the frequency val ue
u$esTheppatitysof chine { wherein themultiplipity af oupet sighals 2ontle tafg)

dag| I i) 1 at ith the f
vor kil Sk 8RR LS Bl sl el ey o1 n
the calculations in (b) and (c) occur during the
fi ipd, 13. Th t hod ited i
e i PR PR, TR e e e s S SR et
(b) phase acousuhtor thiedebs hbtTgveaths 60 YhasQE BRI fRstREfkleRdd signal

wher.ei n t he second conpare period is based on a
secéW&PﬁQé’F%ngﬁtE‘éms‘}"&nal. 14. The method as recited in

claim 11 wherein cal culating the target phase value in
( P& Thl: Q}fplar%(tju% %f Hgiirnnlgwﬁergg %zséetargf?t rpEu?s% taéc?u%uYa?clr lilneli't further
comprises a multiplexer unit that is configured to receive the second reference
“signal as a control signal, the target j)hase input value as a first input, and
information derived from a phase correction input value as a second input, the
multiplexer unit being further configured to select one of the first and second
inputs based on the state of the control signal, wherein the selected input signal is

used-by the target phase accumulator unit for further calculation.

11. In an all-digital frequency conversion device, 2 method of frequency conversion,

the method comprising the steps of:
(a) determining a first compare period, wherein the first compare period is based
on a first reference signal having a first .fre_quency; o

() calculating a target phase value;
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15. The nethod as recited in claimll further

conprising the step of calculating a second frequency

setting paraneter that is proportional to the

di fference between the current phase val ue and the

&@h&ﬁéﬂ hase val ue. 16. The nethod as recited in claim
in calculating the frequency val ue i nP¢yS03/67707

further conprises using the second frequency setting

par afgteeleulating. a ficktdreqidnbpstitafy paédeted Hasded of i@ difefohce between
wherein the f{lrst fr@auen% setti nl%épararreter S

pr opor t% YAENt Phase value 4 fthed Shherdie the guiranh phase
phase walubtcRiék ihtBger bRl BRtioRd ?%e infGHrdfon, 18- The

nmethod as recited in claiml wherein fhe val ue of
the {9 caleulptingq feequspeyealud syijablptorbeveeddry a chglméoamllatmm d e
of the 7. as re
"n ol a P anRlFRQfaAR dcortCepprdhfe, i B lhey, et
condi t iceipnlstipgiiedrequency valusisgntk firsy ﬁ‘pqlmdtb_i,(’settlag parameter; and

e A 4\ e R sy

conversion, the system conprising: a processor

ar ed det a st. ¢ re period, wherein

£ Ha" PR3ehS 8 ostidlh i oL e S eufrubern i emd (6 osour

r ef eheing ehedirgoathpdiapdriog a first frequency; a processor
arranged to calculate a target phase val ue; a

processor arranged to calculate a first frequency

s @B THgndBRdAERCR iR aBRd 1 PRherbi RSk R VS hedn (b)

current phase value and the target phase aI ue,
wherfis atthrduging a éfi‘r‘tmdgﬂ?a?éfﬁu}&mfg wherein e sscpnd aotwarepatod
fr aGt bRBPdn PREGA réBlkRl,L0ON; a processor arranged to
cal cul ate a frequency val ue suitable to be used by a
digital oscillator to produce an output signal having
a f in.c IcuI
e A RRR L Rl AR L R BN DS R T
par apydss usingaphasesonention waluar r anged to update t he

d| gital oscillator with the frequency value. 21. A
comput er program product for digital frequency

c bhbe giethnd at raeited @nqjaimelrl furshicn gmamqmgxdmtép sfeaphlatig

norinfl sE ety s0ihe BRI Ropprd i S Aol bribtn

-1 ef ¢reengent phgynadludadittegageffphastvafueequency; conputer

code that cal culates a target phase val ue;

16. The method as recited in claim 15 wherein calculating the frequency value in (d)

further comprises using the second frequency setting parameter.

17. The method as recited in claim 11 wherein the first frequency setting parameter is

proportional to the difference between the current phase value and the target phase

value,

18. The method as recited in claim 11 wherein the value of the first frequency setting

parameter is zero outside of the first compare period.

1 9.. The method as recited in claim 11 further comprising the step of conditioning the

output signal to produce a conditioned output signal.
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conputer code that calculates a first frequency
setting paraneter based on the difference between a
current phase value and the target phase val ue,
wherein the current phase value includes integer and
fracti onal phase information; conputer code that

YA M1EPes a frequency val ue suitable to be UEdSKYO7207
digital oscillator to produce an output signal having
a correspondi ng second frequency, wherein calculating
the frequency value uses the first frequency setting
patthAesyeiem fo digitat feequensy eortviamiony ipelsyses domprisingyi t al

osci | | | Leguency. val ue: and .

Cormut Ariecly dkabi o SR ort 2piifire Bio, Shesein he st
codecondifre pricdisbaded on | fiexg Fedigrenet sightt haisCHfigi @by,
claim?2l1 wherein t C uter- r adabl e mediumis one
sel ect é‘é’@?%?ﬁ%‘?gi‘b?ﬁgcr{'@é%‘iﬂ%‘i Se3RUS: data si gnal

enbodi a@rdcessér aBafigeld € caldu¥o a RrsiGhgiRa settihathnsttet base@ on

fl sk, a tape drive, and sem conductor menory.
2 40 pﬁ% d&}erence betweere a current phase value and the target phase value, whe¥ein

the current phase value includes integer and fractional phase information;

a processor arranged to calculate a frequency value suitable to be used by a
digital oscillator to produce an output signal having a corresponding second
frequency, wherein calculating the frequency value uses the first frequency sétting
parameter; and

a processor arranged to update the digital oscillator with the frequency value.

21. A computer program product for digital frequency conversion, the corputer
* program product comprising:

computer code that determines a first compare period, wherein the first
compare period is based on a first reference signal having a first frequency;

computer code that calculates a target phase value;

computer code that calculates a first frequency setting parameter based on the
difference between a current phase value and the target phase value, wherein the
current phase value includes integer and fractional phase information;

computer code that calculates a frequency value suitable to be used by a
digital oscillator to produce an output signal having a cerresponding second
frequency, wherein calculating the frequency value uses the first frequency setting
parameter;
'. computer code that updates the digital oscillator with the frequency value; and

a-computer-readable medium that stores the computer code. - - S

22. A computer program product according to claim 21 wherein the computer-
readable medium is one selected from the group consisting of a data signal
embodied in a carrier wave, a CD-ROM, a hard disk, a floppy disk, a tape drive,

and semiconductor memory,
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