WD 03/ 081779 PCT/ US03/ 07707 FREQUENCY CONVERTER AND METHODS OF USE THEROF
FI ELD OF THE | NVENTI ON The present invention relates generally to frequency
converterwo osbseg79 particularly, the invention relates to @cdigposei7o7
frequency converter that precisely adjusts a reference frequency.
BACKGROUND OF THE I NVENTION In many types of electrical systenms it is
desirable to generate clock signals wth various frequency and phase

rel ati onshi ps synthesized fromcertain reference signals. A commbn way to
synt hesi ze_der FREEQISENC Y CONVERTERMANDMERHODS OFgSal og
phase | ocked | oop (PLL) frequency converter. Accordingly, FIG1 shows a
traditional analog PLL 100 that takePHEgj@Ft al source frequency SCLK as an
input to a source divider 104 that di'vides SCLK by an integer value Sto
create reference frequency fREF. A negative feedback PLL control |oop 105
is formed by a phase detector 106, a charge punp 108, a | ow pass | oop
filter 110, a voltage control IHELDOQETMHERAINYENVEON 112, and a feedback

di vider 114. Phase detector 106 perforns a phase difference operation on

f REF and feedback frequency fBACK. That is, phase detector 106 generates a
phase error signge %E%tﬁﬁ@htibﬁr&ﬁé@géﬁ@ﬁﬂ ftREEqRndy téVelteR! Morequal , and
varies inversely with their difference. TKe feed-forward path 107 of the
PLL cont r ol partioplagpribe mvesticarebtaspoe digital freguenancomsrter thatpreeiesty DCLK f r om
VCO 112 whose outgut frEf uen%y is controlled by UERR t hrough a voltage
created by UHHP 4L IHTAE ‘473 | ow pass filter 110. Specifically, charge
punp 108 converts UERR to a voltage signal that is snoothed by | ow pass

| oop filter 110, thereby Brovi ding a control voltage to VCO 112. The

f eedback path 113 of the PBAGGR IQFnBiﬁéE}.Y@il&ﬂuency out put DCLK into
f eedback divider 114 which creates the fBACK signal by dividing DCLK by an
i nteger value F. The output frequency of DCLKis a nultiple or fraction of

sour ce frequencyliSihiy 8peslef aedticut dydwyms indgs desiralsle & gendat®SlociBdigndls

PCT/ US03/ 07707 PLL phase jitter, loop stability. ang_ response_tine are
princi pal | y vdbtvaraisigeguency and phase relationships synthesized from certain reference

signals. A common way to synthesize derivatives of a reference signal is based upon
the analog phase locked loop (PLL) frequency converter. Accordingly, FIG.1 shows a
traditional analog PLL 100 that takes a digital source frequency SCLK as an input to a
source divider 104 that divides SCLK by an integer value S to create reference
frequency frer. A negative feedback PLL control loop 105 is formed by a phase
detector 106, a charge pump 108, a low pass loop filter 110, a voltage controlled
oscillator (VCO) 112, and a feedback divider 114. Phase detector 106 performs a
phase difference operation on frgr and feedback frequency fgack. That is, phase
detector 106 generates a phase error signal Uggg that is zero when frgr and fgack 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 Uggr through a voltage created by
charge pump 108 and low pass filter 110. Specifically, charge pump 108 converts
Ukrr 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 fgack
signal by dividing DCLK by an integer value F. The output frequency of DCLK is a

. . F
multiple or fraction of source frequency SCLK as determined by the ratio R



by the anal og charge punp 108 and | ow pass |loop filter 110 conponents.
Capacitive elenents in these anal og PLL conponents introduce significant

| oop tinewoansseame s and phase jitter that result in | ooppPogh@es/orothat is
difficult to understand, and predict, especially when the source frequency
SCLK rapidly changes. One reason for this wuncertainty, for exanple, is
that capacitors are subject to thernal variation of their electrical
characteristics. Mreover, practical inplenentations of anal og PLL based
frequency converters are often limted to a small conpare period (i.e., a
smal | val ues of PEL@hdseS)tteb,elsqusebiﬁty ardgespoaspiane agrinoipatlggeicrmmed | ar ger
capaci tor |nf|Iter 110, which ossible_jin a I|c |0ns For at
| east t heseby 8igspalog Cﬁﬁr&FBBmPLll% aggliprrwpp@s>}ocm ﬁlf‘?fégﬁtcgwg‘g *Z'P&F‘I Weuse for

accurate freaHepGyn BROY & ngmL esm &de%{m rAiRE s{g@mcaﬁﬂ%ﬁﬁn{erc%w@lﬂgy SCLK

is not a constant v many types o syste digitally controlled
gener at or ofndghase jiterrthapuresudtdn loopsbeélaviooﬂiaalsfdlﬁﬁedlt to enfeestand, ambpredict,
oscillator, for. ﬁxanpl e}m One conventi t con‘(?op % of the
generator  Fegially sden the soprce fredpeney qué &Cﬁ%ﬁ IGHASTSOLHBWn by way
of exanpl e {pcehhfaty, for BAmPIDiAHE: caphiGtokiT{ie ZQQedt%{Héﬁﬁﬂ vabiafloPbf thaidder 202

that adds a n-bit Tncrenment value SF (scale factor) to the 1p;rew ous out put
val ue of regliestmal @emetwmmseb@mh@r wactirat lmmrn@it@ﬂons@éiamleg BbAdaged updat ed

o ock. oi gnatHey comereny et iRl S St MR FERF ey Bl Moc e
n-bit stairegppan®B) &Eauée&ﬂé%&%h%d relperidt getplire2 @ farddre apabitonin ﬁllt‘erqfloeach step
in the staircase output signal 6 IS eg_m to the RCLK period TRCLK.

After each paéidhgg lrnpossme 1@1@nwppman§n@ r 2 trgst thesgapasgnyjapalog BLg are
d f
gener ate an(\j’e%rc{lﬁ'lcp ttto é’%g‘%d’aﬁ%f? Fo@taéc%ﬁ%‘ ﬂeﬁﬁﬁggggg\q’ﬁ‘&l I? esé&:?al&o é?llﬂ'lp ut

peri ods, he stair out’put “'si gna contdin rmation

about the f santd feqlenPASCLK s patci copetahiochlue. Timabyl Qpes of dylseehispa digitallpd i s
determ ned by the MODULO of_the DTO ad&“ t he aI ue of SF, and the RCLK
frequency FR@H@”&@(SS‘P@?%QOEIBCP@SF‘?ﬂuFIS ‘ﬂi}e@cﬂfé‘t fregypenc 9% = SF MODULO

X FRCLK (1) ngtgr R e'x?mb ﬁ %?8)5%?&1%11512)?? ;ﬁﬁ&t‘?ﬁnt %&ﬁkoﬂén@@?fhle%eﬁ&ﬁt%f m nes

t he out put frequency o Typl € frequency and the
MODULO ar e fs calidd a disdreteatm2 oSil13¢Y (BN, andPSEhB0 By Wayf exaleplerir#I@TD out put

frequency | Ss S)f?)%oc aIlhe)i)"lC(g I}b{) 1ncll edcei:s BX ntbrljtead\(/i(félrI &)92 t%l;t a%lczié a-Il-ln)elt increment
value SF (scale factor) to the previous output value of register 204, whereby the
output value of register 204 is updated with the newly incremented value upon the
next rising edge of a reference clock signal RCLK, thereby generating, over some
number of RCLK cycles the n-bit staircase output represented by signal 206 The
duration of each step in the staircase output signal 206 is equal to the RCLK period
Treix. After each period of the DTO output signal 206, a carry bit 208 is generated.
Carry bit 208 represents the integer part of the DTO output periods, and the staircase
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 FreLk according to the following Equation (1):

SF

Fpeik =mXFRcLK (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



val ue of MODULO usually equals 2", where n is nunber of DTO adder bits. The
staircase DTO out put signal has to be converted to DCLK signal by sone

out put nwduwiBes17Thus, the first function of the output nodaitaiS0s01707 creat e
rectangul ar waveform of DCLK. The second function is to reduce the jitter
of the DTO output period to be equal to TRCLK. A known exanple of an
output nodule is illustrated by way of the block diagramin FIG 3. In the
diagram an n-bit value SF sets the frequency of the n-bit DTO signal

FDTO, which is fed into a formnodule 307 of an output nodul e 305 for

si gnal condi¢sired DT oktpunfreqendieis Pangicaldy eintrollad baths taheer of SEavdlhe f orm wi t h

t he sanme peri.od Kin out ut of, DT menory

addr ess forV?IB%R%CFﬁEQ%Eﬂ% ‘@'8@{2\/\#1 ﬁi)’ﬁl‘lnéb g@g%?‘i‘%l’gﬁﬁe val ues from
each corr esm@@m&se BT e ESTelaP skl th BB cbméated k@ DAK signAN sefeGRPGEr t er
(DAC) 310, which thereby generates the desired waveformthat is snoot hed

by | ow passmbilileeFhuszthe. firgtHgnetign Oélfmi' (flitPlttéliiOChlﬂQalslﬁ@ axghieyre¢tangulpied to reduce

har moni ¢ frequ he. DT.O fr e hi ghest
har noni ¢ fr@’aﬁejnﬁgngp 1?erﬁef?rf 1tb""‘Ctborn lﬁé? lgeﬁ%ﬁh @!?(gggutp&equency
to pass thrpai tolbeRged Yo ThGR. MERMW T kantpld oﬂu}ioutﬁltlnﬁﬂdm@éisnmlstr@féd?o? jitter.
Schm dt trigger 314 converts the anal o%qre presentation of FDTOinto a

bi nary freqwenefthebiyokidagramtin FEG 1% dnjthe diagiam, 3n g-Hibyalpe 3 shthg _
conver si on. ffzg&e%gé% It &L ¥t DPY %%aﬁﬁ@“}?&h%féé lﬁ%éfbﬁn%dﬁlégﬁde anM t hout

PLL 316 in |ca I ons useful "conponent requency
conver si on oﬁtpudnsmﬂetses SirgipmbBcondit@nihigl @otmdn@iulal 07sgenelaesian erbi(riiyS) |

shown by way of exanple in FIG  4a. The S usual | erforns a frequency
st ep- down f tA¥S fos. w1§um?§9m5ﬁen%astFmg§yé£gg ﬁ’ﬁé’uFP“%PED\TQ a8 stored in
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in the DTO frequency by blocking the highest harmonic frequencies and permitting
principally the main clock frequency to pass through, thereby also reducing, but not
eliminating, phase jitter. Schmidt trigger 314 converts the analog representation of
Fpro into a binary frequency DTO_CLK that is fed into PLL 316 for frequency
conversion. Alternatively, DTO_CLK may be used as the DCLK output without PLL
316 in some applications. Another useful component in the frequency conversion of
discrete signals is a direct digital synthesizer (DDS), shown by way of example in
FIG. 4a. The DDS usually performs a frequency step-down function. Summation
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
Fops = 2—“F SCLK 2)



where FSCLK is the frequency value of SCLK. Qutput nodul e 410 converts the
DDS frequency signal FDDS to a destination clock DCLK. Qutput nodule 410
coul d, fowooewsutpd e, convert the staircase waveforminto @chiusasyr7ot ock
signal with frequency FDDS. It should be noted that the jitter in the
period of staircase periodic signal 408 is equal to the SCLK period. If
the SCLK period varies over a wide range (i.e., has high jitter), then it
may be difficult (or inpossible) to design the output nodule to reduce the
jitter effectively. Another kind of relevant DDS frequency converter 450 is
i |1 ustrat edwhyreviay, ko theefrequehey vaineRfSCI4L. O8tput owddieAlfeonvd’ thie DD$es SCLK

b i nt | ue, SQI.V t t f i | REF. tlnati
7 Vi der 464TBINBE SEREL 0P AT AR DG Ge QY s AT ETaback
signal . Phaggndat @ehedrt f}é4ta9@Qaaaw@%f&ﬂqnmihwrwocmigdgh@itﬁzﬁ%ﬁamyFeedback

signals to each conpare period where the conpare period is the tine
bet ween t woFomndesheuht beREredihghthe HtterTindhepasipdadistaggassperiodic gienabd08 b e

phase detector,ar al | rtional to the differenc et n_.conpare
peri od and%‘g’éﬁb@g%@i{ P%H’?a' ICFilE @gﬁgﬁ‘é@p%néﬂdu\gmﬁseﬁ‘é?r&%l eﬁ%%egg%uﬁrf%ﬁlé%hes t he
Freq_set vajies, théd R Mayrseffidat eatigipodidepodesips #esutpliencalilgiotredirkue
Freg_val that is fed as an input to DTO 457. DTO 457 consists of adder 458
and regi st ethe4BEr effedivBIFO out put is then conditioned by output nodul e 462
to produce the f t e ent ters
are often used %ﬁ&géﬁ@gﬁgﬁ%{%\?&% %e@éﬁ% %}g‘iﬁf&?ﬁgﬁ;@g&gﬁﬁbgg\gyggs t he
out pgt | cl ocaﬁwé 0FTTNA@bK Satrte idivider 452 ddddes(STLI0 8y abGitEgdr vhlue BOINeo Equat i on
3 - ShTOTAL X SVTOTAL X

SPTOTAL 1's SHelerpiReaee SRS parsioaion MCRELIMIEs DIGIA BV SHDIoGeT | 5 ¢ he
nunber of || j : bStof 51 S Gk asher i ods
in the dest ilrzﬂg?%ﬁ#ﬁg@%ﬁ%&%&%ﬁnaﬁ%ﬁéﬁ%ﬂgéooﬁ I nes?(?sr%ﬁé Re dessti nation
frame; TSCLS the REfeardiifeatibak sighals e cabioompars meiod pdrerotiie camgare pedbKis s t he

i f th i i od.
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phase detector are generally proportional to the difference between compare period
and feedback period. Frequency value generator 456 accumulates the Freq_set values
from phase detector 454 and creates the output value Freq_val that is fed as an input
to DTO 457. DTO 457 consists of adder 458 and register 460. The DTO output is
then conditioned by output module 462 to produce the DCLK frequency.

Important areas where frequency converters are often used include computer
CRT and LCD monitors. In such devices, the output clock period Tpcrk and input

clock period TscLk follow the Equation (3) below:

Shrorar % SViora * Tscix = Dhrorar % DVyorar X Tperk 3)

Where

ShroraL is the number of SCLK periods in the source line;
SvrotaL 1S the number of lines in the source frame;

Dhrorat is the number of DCLK periods in the destination line;
DvrotaL is the number of lines in the destination frame;

Tscix is the duration of the source clock period; and

TpeLk is the duration of the destination clock period.



Frequency converters in devices where frame rate conversion i s used,
generally follow Equation (4) below m X ShTOTAL X SVTOTAL X TSCLK = n X
DhTOTAL XwDwB@8¥tz9 X TDCLK (4) Wiere in, n are integers. Paa/usaxdtmam val ue
of SDIV required in frequency converter 450 is equal to mx ShTOTAL X
SVTOTAL , and the conpare period is in source franes. The SDIV and conpare
period can be reduced if values mx ShTOTAL X SvTOTAL and n x DhTOTAL x
DvTOTAL have conmon denoninator. In sonme cases, however, it is inpossible
to have | arge common denom nator. If there is a step change in the SCLK
peri od, TSCEtquetgronvateBCnkiepies wtigre TidBickatei confersiqnesiesedcgamemilyer 450
gradual |y Wll onv.erg‘g t;) a new stable state. The tinme it takes to
converge (i 1low FQabignid befo¥s)  depends on the conpare period. The |onger
the conpare period, the nore tine it will take frequency converter 450 to
converge, which can be up to several frames. However, in many CRT/LCD

moni t or appl i cati Sns,a Heng rRepovseDhipe xiymat< Tagcept abl e. Ph@de
detector 454 has to correctly resolve a wide range of situations. One such
situation, for exanple, is when TDCLK is greater than two tines nore or

| ess than ﬁ(ngm A%eci%{% Qr«g appreci ated, phase detector 454 perforns both

| ogi cal and EaY Cul* at5 ongop'erati ons, and is, therefor, generally difficult
to design. Al thoTghnfakiesiue Ralic 00 PDEV k&jusred dneqlehyy vavikrteed 30 is equaty cases,
there is a continual need for inproved digital frequency converters

desi gns. | n"padhibeix &Y rprt Héddhe pamparg peréqdals nhaqagce Fames: WV ashverters
that have a fast response tine, and sinple phase error detection

nmechani sm FeMpaE Perigskcandsirpdusied if wwlues Hex Shbrefweney Bdnverters to work
well in CRT/LCD nonitors applications as well. SUMVARY OF THE I NVENTI ON To
achi eve t he ""dPlgei N Vand HEVRFOYBPRASNOMIAYOT. NNHERIEICAHICROWGVER it Be pur pose
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accunul at or " uni t gener ates )
will converge to a new stable state. The time it takes to converge (i.e., response time)

depends on the compare period. The longer the compare period, the more time it will
take frequency converter 450 to converge, which can be up to several frames.
However, in many CRT/LCD monitor applications a long response time is not
acceptable.

Phase detector 454 has to correctly resolve a wide range of situations. One
such situation, for example, is when Tpcik is greater than two times more or less than
TscLk. 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

using only digital components is provided.



a target phase signal to a phase detector unit. The target phase

accunmul ator unit receives inputs froma reference signal input, and a
target phaeasiosppa¢ val ue. The digital phase detector unitdrarsoanfmogured to
receive the reference signal, a current phase feedback input signal, and
the target phase input signal. The phase detector unit outputs a first
frequency setting signal to a frequency value generator unit. The

frequency val ue generator unit is confjgured to output a frequency val ue
signal to a di git ene gabodimentnf theinventiohs a Wegré PhIss aceurpatos ypib seneriedi gi t al
out put si gnal I.S.:..dire ¢t dback

i nput of thgt%%gg%a%g?%g%g}gh%%fBagﬁgpggﬁéﬂgﬁggﬁfﬁgﬁgggz eégﬁéﬁgnt phase

f eedback si gitaives imputsdasn beéforentd dgedl irpnd anfl naateiplake ppaselia)fTirenat i on. I n
ot her enbodi nments only fractional phase inforpation nmay bhe required. In
sone cases, digial phase deteqiprunt i cenfighred 19rrecriye thagsfeienes sigpalon pHESE

correction kﬂ&ggeeﬁgé%ﬁgt)ﬂlgsﬁgﬂai Mg ad thxgegﬁﬂﬁé Rt §i§ﬁalaﬁm5 gﬁf&%ﬁa&%&@t

phase signa cases, t t'arget phaSe acc ator unit may
use a secondutpefsarfentciegicgriadettirigrgnati mesfrempientiavalue penessorumphdde as t he

first reference signal input used by.the phase tector unit. rther, the
target phas e%t‘be@ﬁ}‘rgglﬁta 5?“%?{9{ URL CBéﬁ%‘Hﬁq f%’g‘mi%‘& RN W’i 1gr@§tjq dns with
a mul tipl ex@fgitNdscillafRtunitIRe geh@ate €8 0oeespSARAE BpRaBh P! sigtl Matignt r ol

signal to select one of two input val ues for subsequent cal cul ati ons by the

t ar get phasdirecilydadrbick tortheigirtent plaase ésedbgpkanputted thaphaspleiseer wain Ibe used to
sel ect either the targe hase .i hput. val ue .or .al t.ernati.ve us

ot or a1 on < FoRRRRREl w8 SARE BB et B oo SEEOLY Bsket R
generating fhagidnal fieise Pfameatidng hiabthetébEdimbs SAIyErRtbA4iphest iafdmhatighase
detector unit generates a first frequency setting signal that is

proport i onamay®eaemuigis f er ence between the current phase feedback i nput
signal and the target phase input signal. Moreover, in other enbodi nents
the phase det ectrosomméaseyydhreciargetphase scsonmthtémumdfusay inchdeaiphgsesi gnal t hat
is proportional to. the difference between,the current phase feedback input
ST ghal | and EHEHAR JRet Sle hat s HEET o geRaTe the AR BRBAE Mgt ebps gkl e an
control whegettdh@hs¥d! tht RRgdtiphtde dcE@AMBIIE Yini$ BlalyiRE a sééoglaaéfeidﬁc@ggm

enbodi nents. In these enboglnents, t he phase detector unit includes a

mul ti pl exer thehdeesmobbavertbe $3mephasepethe fic referpned sigralanpysused by thaehass choose
when 1o oubuliof (e Mirier, thE BT Siast BdlnflGaidt $Phal Be tOFH EAMBRE val ue

gener at or.
applications with a multiplexer unit that uses the second reference signal as a control

signal to select one of two input values for subsequent calculations by the target phase
accumulator unit. For example, the multiplexer can be used to select either the target
phase input value or alternatively use information derived from a phase correction
input value to use in generating the target phase signal output.

In some embodiments the phase detector unit generates a first frequency
setting signal that is proportional to the difference between the current phase feedback
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
signal in some embodiments. In these embodiments, the phase detector unit includes
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 value generator.



6 WO 03/081779 PCT/US03/07707 The reference signals used in the present

i nvention nmay be generated in a variety of suitable ways. In sone

enbodi nerwe,03a8seur ce clock is fed into a frequency divi @emjusesrony
generates the required reference signals. Furthernore, in sone enbodi nents,
the digital output signal fromthe digital oscillator is conditioned by an
out put nodul e to generate an output signal suitable for the particular
appl i cati on. OneAunadiARedl. Relh MO dRIIRYE nldy HURAGKAGRYCr ST on 11
the foregoing apparatus erbodi ment's | erm ne“a fi1rst conpare period
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drives the % ital oscillator at the corresponding output frequency is
derived fro F@éfﬁ’éﬁﬁ@l §€?’%| ng paraneter, and is used to update the
digital oscillat %etealb@&ﬁieh{@ftaemaﬁlodwecmmaﬁeqdeﬁdy%wa@mnsﬂﬁel ng. In some
enbodi nents, the frequency val ue and frequency setting paranmeter are

cal cul at ed Buegoiwg mp@ra‘nismmbodmmqs & tpdetenuine jarfirgfrdemparanssididrhesedson the

cal cul ating.the . tar e npar e
period that ﬁrs% r%%?%aﬁgs Calglglg{;\jeaa &1 eP%ar?%é’glggH{alt% ?d % 8£&q%tg§es t he
target phasgey@nog sétﬁng:pdr@mbtat eThaisdldidativn 1P Baee ofi Giig dicfeiedbe bétivden the
conputing system and software product that inplements the present

i nvent i on i SurEnd phiseelugand thotriget phage wrles Wlﬁ-‘a%meafglé@m g ¥Hpect of the
t di| der st ood
P o T R0t aREEOTR oS, ARRALANY, ASRSFALfer Rl v, under stoo
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whi ch |ike fr@&@eﬁ@? E&iting parameter, and is used to update the digital oscillator to oscillate at

the updated frequency setting.

In some embodiments, the frequency value and frequency setting parameter
are calculated during the first compare period. In other embodiments, calculating the
target phase value occurs the during a second compare period that is based on the
second reference signal. In some cases, the target phase value is calculated using a
phase correction value.

A computing 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:



nunerals refer to simlar elements and in which: 7 WD 03/081779

PCT/ US03/ 07707 FIG 1 illustrates an exenplary block diagramof a known
phase | ocwedslosopy (PLL) frequency converter; FIG 2 is ardragoaovhat
illustrates an exenplary digital circuit inplenentation of a conventional

di screte-tine oscillator (DTO; FIG 3 illustrates an exenplary bl ock
di agram of a known DTO based frequency converter; FIG 4a is a diagram
that illustrates an exenplary digital circuit inplenentation of a

conventi onal i 1 egs chlikdks BYERHY Block HRSlim oFd GroWiPphdscdodicd@ichm t hat

illustrates an exenplary digita i npl enent ati on of anot her
convent i onalPldi)fespentygonsa¢rtgynt hesi zer (DDS); FIG 5 illustrates a bl ock
di agram of an all-digital frequency conversion systeminplenenting a DDS

servo system acc i tp an iment of th r t. i.nvention .FIG 6
illustrates a f|g\§6g-£§ﬁt£%gé?‘8i%i‘n%qh NS S8‘&51‘%“@%‘8&@%‘?@8“8%‘&f%@%mﬁfr‘]%‘ﬂ?’él
frequency cenyesifieffiord¢ 8RE”tMEMabsENRODEDY, of the present invention; FIG
7 illustrates a block diagramof an all-digital frequency conversion

system i npl enent kﬂg a_DDS servo system accordi ng_ to another enbodi nent of

the present invEHeib#usteates angexepiplasy plock diagragm gt kapwy P4R-Brsedn

all-digital version systeminplenenting a DDS servo system
accordi ng tgjegﬁegl'?ﬁg@%eeﬁglgdi ment of the present invention; and FIG 9 is a

di agrammati c representati on of a general -purpose conputer system suitable
for inpl ementi ngFiGetaps edegram thaeitusoates DERNpEDY DESEREIETIION OF THE

EMBODI MENTS, The present _invention will now be descri WwWth reference to
an enbodi neHPPICRRRARN} O%CQI‘IVFWW}&%M%W fj’rglt\é\ic%ﬂﬁﬁfﬁ%dqgf Pawi ngs. In the
foll owi ng description, 8 WD 03/081779 PCT/ US03/ 07707

FIG. 4b is a diagram that illustrates an exemplary digital circuit

implementation of another conventional direct digital synthesizer (DDS);

FIG. 5 illustrates a block diagram of an all-digital frequency conversion
system implementing a DDS servo system according to an embodiment of the present

invention;

FIG. 6 illustrates a flow chart detailing the basic method to achieve digital

frequency conversion according an embodiment of the present invention;

FIG. 7 illustrates a block diagram of an all-digital frequency conversion
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 EMBODIMENTS

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

thereof as illustrated in accompanying drawings. In the following description,



specific details are set forth in order to provide a better understandi ng
of present invention. It will be apparent, however, to one skilled in the
art, thatwolwopriesent invention nmaybe practiced w thout ®emasosoabt of
these specific details. In other instances, well-known steps and/or system

conmponents have not been described in detail in order to not unnecessarily
obscure the present invention. In view of the foregoing, and to achieve

ot her objects of the invention, an all- digital frequency converter is
provi ded that has fast response tinme and rel ati vel simpl e design. The

general di r gerifth dptdillarssen foréhsinordapisproyiteabatigs vrder darslingiofnyesent  an

enbodi nent of the pre t invention is.illustrated b of the, bl ock

di agram'i n ”\YF@OI‘:S% Yﬁggw@a&%‘ﬁmwﬁ‘f@q&e‘?{? ?(blkﬁ\}%ﬂée! %h\‘@/(gfee%esse%m in the
figure is ainvbR@EHEREYe pRBNGIIIhJUDEMEM WP thedeiPediiPEtaBO I 6@ee! OCk SCLK
having a first frequency to an output destination clock DCLK at a second

frequency. ®stanees, welliknewn5@as and/prwstemciormpeneria haye ke deenydgsgabsiony t o
create a reference signal Ref. The i e conpare period
(TCWP) t hat 8%}@1[1 &?rgﬁr tggjf?uﬂ%eégssg%lytqr?%q{r? ﬁrr{eeq)\?\n@r?ag@v ?%}oglbrrpar e the other

i nput signal s anth gererf@icfotdpingeirtbaichigve otlitpoljecs aftht snveatifigan all-

enbodi nents, however, may not have_input source clock divider 504, and,

i nst ead, pr Bigitakizequengy qoayperpgproyidgd dhat hgs Lastrgsronseimg 3BAFEIatlishr oach. The
Ref signal [; t ot - ; Phase
target i npu%lﬁi\?gfgeéﬁ%ﬁ O%@%ﬁ@ﬁ%ﬁﬂ%ﬁ?@ %%&Q{Slf&?@tﬁﬁgs%%ﬁg}%s% 9§c8?£§) It’dtb\l cul ar
node that aetmbodimest dfitthe presdie invehti@CsKllystraieddsy wayr oftberplock dpgranoth For a

gi ven Phase-target input, phase accunul.ator 503 accunul ates .t he phase of
DCLK t hat hgg%. 5(‘g”k?eDﬁgﬁﬁ‘a(Ptf@&“WY§8PY/%S@9§¥sé‘?ﬂl sheyen i ‘agﬁEKFdFaout put of

phase accu gg'le@;e‘ﬁfzy 2B eltSr thﬁ%niv%?sith? %Ks&ﬂ@ésﬁoéﬂ SELK Ha?fngeifikhase) that

detector 5 onpares the actua t phase Phase-current agai nst
duri ng eachfreqanay ® peoutput destimiéive cluck ®GLIe abpgecopd fraquencyPhase- error and

Freq set control outpyts, Phase:gcurr is a, feedhac ignal . conprisin
int gﬁer and frac§?‘Hﬁ§51Vtﬁ?5§§3§Wf(f?g§§§1?{#f/5‘?"‘8‘?{%8% Pf ER?{’ %Cﬁgat(?l?t gEtI.SI )
Det ect or  SO0¢ef&Hehd¥4iSnal RET. EPheSIRES sfundNddts thB3bmbpsre PeRSd et jpitay ddi6@ROIR2I onal

to the difference between ideal the DCLK phase set by Target_val and
observed cunsee@s thepOnKwptdavetoicaaipargttbelothyr hulsegnaly andrgenerateithedetester/s val ue

gene 2o C0 Sy CFHIL b eI GER% ATl A S B 20 o1

has fracti ogjvaig s0MtapdEhsteatd, Prdvades a suitable Ref signal by some other known
approach. The Ref signal is fed into a phase accumulator 503 and a detector 502. A
Phase target input value to phase accumulator 503 is the constant for particular mode
that determines the number of DCLK periods per compare period. For a given
Phase_target input, phase accumulator 503 accumulates the phase of DCLK that has
to be supported by servo system. The Target_val output of phase accumulator 503 is
the ideal DCLK phase (i.e., target phase) that detector 502 compares the actual current
phase Phase_current against during each compare period to determine the appropriate
Phase_error and Freq_set control outputs. Phase_current is a feedback signal
comprising integer and fractional phase information of the current DCLK output.
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
accumulates the Freq_set values from detector 502 and creates the output value

Freq val that is the input of DTO 510. DTO 510 has fraction and integer outputs.



9 WD 03/081779 PCT/ US03/ 07707 Integer part accumul ates the nunber of DTO
periods that have occurred since the start of servo process. The fraction
out put ofwDIQ®081®9 i s t he phase of the current DTO out put Poarisosip7707
exenplified as the staircase signal 512 that is fed into an output nodul e
514. The conbination of the integer and fraction outputs of DTO 510 is fed
back as the signal Phase current to indicate the actual phase of the
current DTO out put. Qutput nodul e 514 appropriately conditions the DTO
fraction output signal in knowmn ways. For exanple, DCLK frequency can be
condi t i onedIrteges gamlacaumyjatepihe numbar of BT OtpesodTDaf haygwesryed sincetthestart npl est

case, output _.nodule 514 i.ntai ns .the r eguenc bst ant.i y equal
to the DTO Pfﬁeﬁﬂ%ﬁr_é’ﬁ? S LBe frgctign %P‘ﬂa"c@g‘gﬂ@ﬁ&ﬂ%ﬁléﬂﬁ%"@ eé’lufTFlﬁtgﬁJ_gbprocess
600 to achi gy@uelpdiddabxeniplitidt an e sEMRUKY SN 5 Y2 that RIVd o an b@bathy@lly smal
response time according to an enbodi nent of the present invention. The

process 6005 beglhscambiggiongf thaintagar and frastion apipyissof YEQ Sh jrofied haekedss
i at .- } t bi : i it
port oot “DresiGRLERAS Btens o1 CHE BistacBloh B SEOE BRRERGHTTOIAEE | TLE0PT

t he regi st eCutpud nfodapsadcppioptibelyghditidhe theTVBO draetiGiebutpot difial & latosvrt hat
corresponds to the desired DCLK frequency. User-defined constants, such as
Phase- t ar geVaghdFasmrempleg PChkafippusncysan b copditignedes equaberpropgrtigpd tq he
servo syst efe b likqRnc§O%n HilsithpRstiGW 88@@%&&1@%3@ G0 e the
start of a new conpdare -peri ocf, %rocesé procee orward to wher e

t he phase afrequmncptaystansibliybqiabto the DTENMTEquegey. val by addi ng Phase-t ar get

to the previous g val , there datin t he | deal K DTO.out put phase at
the end of corrpa}g;'p(gl]fuét&?te% O‘Hichréaéﬂ@é‘giag’ro@éﬁﬁ tQtav_SBl,eV%l_fthtG% bet ween
Target _val aRgudnRf 68 siR@8E h¥in I%lﬁ’tli‘@e?ﬁsrﬁm fe%ﬂénseﬁﬂliesacclgﬂdirfget()%ce I'S

converted, at 610"to the proper Freq_set Vvalues, by nultiplying, for
exanpl e, t hembpdifrentofdbe pyese mmvieanon.c bl procdse ADQ begihg atrGdtbiyuritiplizing ot her

enbodinents__a right shift of the difference e ysed.j nstead of

Ul €1 Pl y1 ng VoS PRy BT TF ARESPAAE S BPT TP diF Pl RbRePTEe, at
612, to a neyhklifeget phrté HADTOSHDSNE PRadeBoim@htor BIPare k8t @ukiodlg next conpare
period. By way of exanple, the new Freq val nay be the sum of the previous

Freq_val anddpitiegaldsithergeistess infeqquentiyrmglusrgeneraion 906 aresset torthe statedh®TO out put

stgnal is condl ) oN&Y melesRe DEMICHL e AP defth & Sndffls, LRk o§Xt &7 nal
Phase target and SDIV, for example, are also loaded at 602. At 604 the servo system
waits at 604 until a new compare period begins. Upon the start of a new compare
period, process 600 proceed forward to 606 where the phase accumulator calculates a
new Target val by adding Phase_target to the previous Target val, thereby updating
the ideal DTO output phase at the end of compare period. The difference is
calculated, at 608 between Target val and the real phase of DTO Phase_current. This
difference is converted, at 610 to the proper Freq_set values, by multiplying, for
example, the difference by constant coefficients. Alternatively, in other embodiments
a right 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
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system use. In sone enbodi nents, step 614 is optional as the DTO out put
signal may be used directly by other system conponents. It should be

appr eci atwd wfat779 n several 10 WO 03/081779 PCT/ US03/ 0770 PCTaiS0s/ 0Tt ances,
the order of the various steps may be changed, sonme steps elimnated, and
ot hers added. Having described a general nethod to achieve digital
frequency conversion in accordance with the present invention, a nore
detail ed DDS servo system according to another enbodi nent of the present
invention is illustrated by way of the block diagramin FIG 7. The DDS
servo fr equeinmynsmrwsa rthsa mldesqfsthemmhlempﬁ may fbe chirngged soniesst¢selisamatedys t he
DDS system s in Fl 5, except that sone inplenentation details of the
phase accunﬁ’F‘g%l’\{SFrséﬂﬁe TO bl ocks are shown. These differences and ot her

i mpl ement at i on dﬁtaaingsie&fnbteb% gyaﬁ&ﬁﬁﬂ&thb@mhme dvdital frEQUALY chfvetbigitissed in
the context of FIG 7. Phase accunul ator 703 conprises an adder 704 and a
regi st er 70@ccordanee ertashe pras@étnvmqmm amrenéet@ﬂeqoﬁ cnoRystgmaacoerdm@3, is

t he constan f or rtic det er.n t he nupber . of DCLK

per i ods. per St eRePERt 8t PSR s EnipR LSRR ¥ alelREPiRh "ok
perl ods (i . @iagrdnhf FIG. §0ehe DS Yerdd defiltncPeddd ePaB &y stentlsHowa ifi Wi Bf\ire per i od
(i.e., the fractional art% The out put val ue of adder 704 is

synchr onous Isyth¢ gang ai the I @(SmﬁhOMGHWGV\é’WXé?PtﬁWé smag implgmgntaient he edge
of a const t ranG06
accunul at es@?%ﬂJ Sﬁﬂggﬂ&zfa C%‘&Etgl nc I@ﬂ‘%éo% %1;52% erpllhg”ﬁled(ﬁ ?@%@%&onaparts of
t he phase t bder mlqﬂememm@on walseiﬁthﬁpl’eﬂmaﬂﬁbm wi]m{éréiﬂlbeidmus‘seaniuhen and
integer parts DTO_frac_ and DTO i respectively. The integer part

DTO i nt, isCoHextodsp. hihes acevmpivbrae?» CORBriteR an BdRrc 04388 ars@isies 104 he DTO
t put f DTO

glilpluncl 33es adgarkl a‘%‘%t g?ﬁ’&?%g% ‘g{%h}lggicﬁ glft ?Jettgg}rlér?‘l&%{g?m ﬁ}rg)?&ﬁgsﬁgr gf t he

current DTOnmodt |thatt daem'linels thémambar o:fdb@yKlp&ngmlmrabmpanypemdd end ﬁﬂ:mdas t he

end of a erl od, ter one, there t he

i nt eger pgrf e aicfﬂmu%q‘n“é{ ﬁéL&HGHB§ 8@9 ithe igfegey parp) an y eé@(kﬁg’é

signal 718 (ﬂﬁ@xﬁfr@r@peﬁ@@b e. ftﬁ@§§ct¥otﬂ§1 PARYUTHhObuth v @Bﬂddml i¢ 720. The

si gnal Phase-current f or med concat enati on of DTO.int and
DTO frac, asyhclmsmnensty rﬁ@lsmtdwaaretgcseﬂr 7@6&3@8&@@@R¢fmlgmbat thraigsfput si gnal

fromthe st gcgrgsta%]; ﬁ%gt?en%)g retreREESIGES RC%E. p’i’lhat is, reglser 770% accumulates the

phase of DCLK, including the integer and fraction parts of the phase that the servo

system is to achieve. DTO 711 has fraction and integer parts DTO_frac and DTO _int,
respectively. The integer part, DTO _int, is the total number of DTO periods that have
occurred in the DTO output, as accumulated by counter 716. The fraction part,
DTO _frac, of DTO 711 includes adder 702 and register 714 and it determines the
phase of the current DTO output period. When a carry is generated by adder 712 at
the end of a period, counter 716 increments by one, thereby generating the integer part
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 in the
DTO output signal from the start of the servo process. Output module 720
implements 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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i npl enents any desired signal conditioning operations on DTO frac, and
depends upon the particular application. |Inplenentation aspects of the
present awotidesi7esrbodi nent will be presented in nore det @cratobet7ow.
Beginning with the Phase-target control input, it is the target 11 WO

03/ 081779 PCT/ US03/07707 DCLK phase change per conpare period TCWVP t hat
the servo systemis to achieve. The value of Phase-target is determ ned by
the ratio of TCMP and TDCLK as shown in Equation (5) bel ow. Phase-target =
TCWP / TDCLK (5) Thus, to achieve a certain target DCLK frequency for
frequency cDmlé&plmseohangblpermmmper@rdﬁEtﬁlipmnhe sehne wwneimtojediigmer sel ects

t he appropr' te SDIV_val ue i cl ock.divider,, 702 nd |nputs
Phase-targe{r §alE%1P E}paa@éarggbla@gtepﬂmgéE&?treorﬁtlo() I)il Bﬁa“ﬁ
initializedg Wto t he phase accunul ator the part of full phase
change at th start of servo process. It should be noted that the nunber of
bits in the integer part of phase accunul ator regi ster 706 has to be
enough for g t ect or 7&8 correctly resggve the difference between

Tar get _val CPRESE™ GP"F PCLDet ect or conpares Target _val and Phase
current at the end of each conpare period and calculates the correspondi ng
Freq_set values to the feed-forward path of the DDS servo |oop. Unlike
known phase cont This, sechicveasgaintaptdd CEK fiequeraybiae egyapry) sonvicrer ¢fe

f eedback dback
put o ol arREhERbdens AEWEh BElaR Rtk BleBBlonfike 9 bl poedbac
det ect or 70fheRRb@iec cReRIditid@702] aidanpms Phase_tRpesss cilvulaed abovasi Baiaioaous! y

provided by DTQ 711. The sanpling, resolution of the Phase- g}l urrent signal
is a small fYadbe &TQPUMIR”BB?IVGG to bseuakto thephasgiagsiimylator the

accurate Cyéllna%ﬁ B %%591 fheRDRSS s@{vﬁ%oéé@é Li?§hou-ﬁ1§é ﬁ‘otb& it m&nbefjc?fl’ﬁfsm nistic

error in th ase target signa at corresponds to the |east significant
bit of DTO ihlthe infédes pan ofiphasg asrunoratoetegister 186 haste beembughniof detqetenyB
setting accur acy Phase cura ufficient _for a

t If th
particul ar HIVFﬁlgt‘??f%‘E‘in%mt‘tvg% grety ﬁ%jtanag ﬁ?st:’?qﬁti“?eé‘& PRFRhse

accunul at 0r7(7§3€mf1 reypﬁganwah@phas'ekettawat thel dnd ot a A OMRAEYpdridd and
insufficient, a Phase-correct 1nput (not shown) to phase accurml at or

calculates the corresponding Freq_set values to the feed-forward path of the DDS
servo loop.

Unlike known phase control servo loops, there is no feedback divider in the
feedback path, between the synthesized output signal 718 and the feedback input to
detector 708, instead the present invention feeds back to detector 708 high-resolution
information, Phase current, instantaneously provided by DTO 711. The sampling
resolution of the Phase_current signal is a small fraction of DCLK period, and is
sufficient to calculate accurate cycle-by-cycle phase error values. There is a small
deterministic error in the Phase_target signal that corresponds to the least significant
bit of DTO 711. This rounding error determines the maximum frequency setting
accuracy Phase target. If the accuracy is sufficient for a particular application then
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
703 may be provided to compensate for this resolution error. The correction is made
one time per several compare periods, for example, after the end of frame or after the
end of m frames accordingly to Equations (1) and (2).

To generate the control parameters for the feed-forward loop path, detector

703 determines the difference between the DTO output phase change and the ideal
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703 may be provided to conpensate for this resolution error. The correction
is made one tinme per several conpare periods, for exanple, after the end
of franme wooahgerothe end of in frames accordingly to Eqwatiuseso(7dj and
(2). To generate the control parameters for the feed-forward | oop path,
detector 703 determnes the difference between the DTO out put phase change
and the ideal 12 WO 03/081779 PCT/US03/ 07707 phase change set by phase
accurrul ator, and cal cul ates the Freq_set correction values required to
bring the DTO out put phase to be equal to ideal Target val phase. As an
exanpl e of phaseohogeiseriygl pheer scwusybt@nandrrabmplates the brdqd st eovadtion aluss by

[ tiplyi th i tant., T F t t I
par anbt or o s R e DIT PRGN AiberloR8 audd sl TabtCaBas A &) et
and are hel gy bPNpropBitichal R FHYSter, FRYXSet COME D RaRalatcdthy mﬁltipﬁﬂﬂgﬂ d be

appreciated that a | onger TCMP can increaSe the response tine of the
cont rol | oophe pBassaifferedes leica oons®®8 r ecei ves i nst ant aneous, hi gh-resol ution

phase informati rom t he Phase-current fee i_gna | oop_stability,
Poaover o mot! s BN ARG R e RO NS O boppp R |1

Freqg_val i sTCME, ¢btayeRlef, ait@e haldedo)starktuintinge @Bd ©f néxt cem@utechetiod Nt ed t hat
the val ues of Phase-target and TCMP_coul d be appropriately varied, as

gi ven by Eqthauldbe appreciaiebthaig lrageraHgMP gan ircreass thetrssnonpgyting of thesi r ed

out put freq n J; i . of the
DS servo. | Sanro loshe  POGuRE gkl RIS Mol St SR BRP 11

Det ect or 70fhferianioh $rohhthe Phasq ceeént e bkt stgmal, loog iabifitye hoeay, ivadtue
generator 710, which calcul ates the value Fre al required by DTO 711 to
generate t h8sadspbdepgRgsat on the WOéchmakﬂ%‘f[[yﬁm gék‘ﬁ‘&h‘)fi’“&ﬂyscr ete-time
oscill ators; Futtheht) (Frle b { | £Ph pgyond t he
usual fract}%ﬁgﬁﬁt?l ut si Sna %ﬁ%ﬁu?d;%%(?%ﬁp@gﬁ@%?ﬁto atsﬁ'gﬁlitgﬁpﬁ%ﬁ of a
known out puTcupculdbeprémiataly gaadd, eogidten by Bgnaion®§), wagr wideearmepilele t o
convert OUtgPUt .s.ig al DTOcrfracH%ro a binary clock signal, output nodule 720
coul d have Famigpieg e dasired QHRULITUERSY: t 0- anal og converter (DAC) as an

i nput stage, andpphsphibitlemboliBéRtRE fde@WorRasEpith bF Bl MDSABVEWdt stage as
shown in FIG 3. The integer part of DTO 711, }E)TO int, taken together with

fracti onal pemprisepI@efnersy vamsrzeneraios 7thand DTO 71 1. Detector 708 outputs the

Freq_set parameters to the frequency value generator 710, which calculates the value

Freq_val required by DTO 711 to generate the desired output frequency of DCLK.
Unlike known discrete-time oscillators, the DTO 711 includes an additional integer
part beyond the usual fraction output signal DTO_frac, which feeds into the input of a
known output module 720 for signal conditioning. By way of example, to convert
output signal DTO_ frac to a binary clock signal, output module 720 could have a
lookup table and digital-to-analog converter (DAC) as an input stage, and a Schmitt
triggered low pass filter as an output stage as shown in FIG.3. The integer part of
DTO 711, DTO _int, taken together 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
FIG.5 can be realized in many different ways that best suit the particular application.
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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current phase, Phase-current, of the DIO, and represents the full phase
change of the DTO output signal fromthe start of the servo process. The
nunber ofwbiB®si7m t he integer part of DITO 711 has to be eamush3/oo7
determ ne correctly the difference between Target val and Phase-current.
It should be appreciated that the various DDS servo system bl ocks shown in
FIG5 can be realized in many different ways that best suit the particul ar
application. An enbodinent that is directed towards frequency conversion
in the conputer display nonitors is illustrated in FIG 8. This enbodi nent
i s the saneembodimeni, excepilSHn3Rh0BIbIEhaPEDEdISOROTe0ed wahipadicniant , except

sonme system bl ocks have bheen_inplenented wth particular hardware
conponent s AHEVRIfSOmPLRgNnts ard the ?aﬁ?‘i\mﬁ%\qqp&}tsttﬂéhm%a%mﬁmwﬁﬁ? 3uch as
ref franme apgd EHaSSiCPRAsE orrettn this conputer nonitor enbodi nent of the
present invention, a phase accunulator 803 receives two input reference

signal s: a Ref |Imthistdoaiputes nidnetos embodimentRERh¢ prepenGieention azphRgef fr ane t hat

marks the end of .th franme wher e is .inte ~ 14N hase accumul at or
el udes. anserutaid iV g e i St et et uknd § B BRERTS10. “The
new Tar get _R&F ih FIGI605Ra RBf fildfetRdingdrky th8 £Rd 8f themn 6daRs,Giheré Afier ence cl ock
RCLK t hat occurs when Ref |ine signal is active at the end of conpare

period, whemiegReL Rhéphnse accarudaion ingludepaaradder 8Me nudtiplexes 806, agden 808s act i ve
duri K i h f f i L.S:acHd t f
75 onc 5,1 bEF T TR A B B,

ot her conpardfereferrdlésksR ChEIBattoac@eivhes RpAdivedighal it hetiveryutiic @id cddder 808
t hrough nul tipl exer 806. Detector 811 contains a_subtracter 812 that
cal cul at es £¢1BPAF Perigde MehsTe REEK hap acarstant fregueey. Jhp Refdinesienebis aptiya

si gnal Phasg- ¢ - Ml 4.0l . 86 in detector
811 to cal cgllng{g(’a&it%hr%c%gﬁ%g%'r ff&ﬁ% %gft‘?rva%él gﬁﬂgra eq_s@%ﬁthgﬁgﬁ%feq_set 2.
Coef fi ci ent Bhdét tarpdt &Rl Rltase @onsttanpresdnd at thh énputipf adder #0% eln dthergbmpareght

R R N N T G T e T e
servo syst efecaRdsi NEortRREY sftrdchie 813 IANSIEIIABS e ASBSendel (dfT) beB¥hem
response ti t) . Multiplexer 818 passes the Freq_setl value to the next
bl ock duri ngargat ROL4dd the feedback signal Phase_current. Two multipliers 814, and 816 are
used in detector 811 to calculate the detector output values: Freq_setl and Freq_set2.
Coefficients K1 and K2 are constants for the current mode. Simple right shifters may
be used instead of multipliers in other embodiments. These coefficients, for example,
can be adjusted to determine the quality of servo system, and the speed of the
transition process (i.€., system response time).
Multiplexer 818 passes the Freq_setl value to the next block during an RCLK
period occurring at the end of a compare period. A frequency value generator 819
includes an adder 820, register 822, adder 824, and an output 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 DTO 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 optional. 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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period occurring at the end of a conpare period. A frequency val ue
generator 819 includes an adder 820, register 822, adder 824, and an

out put regioawBee17826. During each conpare period, the val PeTiUSOs/NE0T €gi St er
822 is changed by value Freq_setl. In the servo systenis stable state, the
value in the register 822 is substantially equal to Freqg_val at the input
of DTO 827, which is required to achieve a DTO out put frequency that
corresponds to the Phase-target. Register 826 stores the sum Freqg_val, of
the value in the ' - - : uld
be noted t hat  boPH Caeioras ofAn dedirRgeehis ST AT, S6L00: Fadde 526

i ncl uded t oantbdegister 880 tepaessntithe fragtionabpat fiathe DAGowpath| Fhe otmooflihegl y, t hey
may be onmitted in__applications that dgo not require these features. 14 WO
03/ 081779 P@ﬁ%@épWtﬁe?talrm%@?sl%ﬂg?@séwﬁgds usrdes 1 to the guiputr g3,
and a count g, 48R3%34 AddGheSEH APLsRIIR iRk 83T A0l NS, firigct i onal part
of the DTO oS’flg%t%g?) ng oSt put ggstlﬁe reg%s?’er o830 'S toﬁeﬁgt ailrcase n- bi t
si gnal DTO fncesndnkesitby qrnyseghalssram phet adder §28e Thetcputatenatidu béti83éunt@ount er

832 represe t he i nteger t of the DTO output. ,lLt_i increnented b
car v o anabi ovni anfl sl o s i se cumERt Al it fed gk BARIPRR Olgag
out put and g&edist €. 53 Fhdbd BhirréR TERIbENAS a8 Heph&Rhts ATfulIhhagccaagkint 0 an

i nput of detector 811. The Phase-current feedback signal represents the
full phase tiedlbe obiput sipral P thetspat ofsexyeairodesdm t he start of servo

Drocess, It SO b Rehe o B UG R

process caningal e rasecdugatith Jfitkerthnsition procbds Edithd dw@rdabéddigni fiaglyaf
transition process (when the difference between Target val and

Phase- cur r efringthp figf ptage ef iranstiparprpeass evisn theydidlerenge between fargeb gkt er 810
d int i . t th tart
and In egeﬁndjﬁl{r?%%_r %fgnQEft(?ls hghs gag @%gé;r g@ﬁg §§§%@%€ v@% tﬁeox%eéfg;ﬁeg ts% g{?& e star

of each new co peri od. out put o racter 812

represents intsgetlprt ef BMOdn tixedovaren 882l arl seibQephafte tidhwimgef éued newal DTO
phase change fromthe | ast conpare perjod. O her approaches to cal cul ating
the phase df9mRATeReEOdyAS 2 raulbihepwiput of subtirsder 814 kenreseytsithe diferelice and are

cont enpl at ef@ge ey I?T%?ﬁﬁs%(‘c‘ﬁﬁﬁ’g dtrg?%% ig&te chE&Yg%}[ﬁdxﬂ The ]]a§(%'5ﬁ}18 ic

system paraneters w | erein calcu y way of exanple. simplify
cal cul at i onperidd. iGthgrapberaakdsdo talcsleting the pbhdé diffedsrceagilbbe Gipafdhnto thosewever ,
any skilled in the art and are contemplated as within the scope of the present invention.
Some basic system parameters will be herein calculated by way of example. To
simplify calculations it is preferable to select SDIV to be equal Shrotar; however, any
suitable value will work. If SDIV is set to equal Shrorar and the DCLK frequency is
equal to the DTO output frequency, then Phase_target can be determined by Equation

(6) below:

Phase  task = Tevp _ n X Dhyry X DVpor,

(©)

DCLK mx SVrory,

Detector 811 in FIG.8 calculates the appropriate values of Freq_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 = K1xdPh @)
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suitable value will work. If SDIV is set to equal ShTOTAL and the DCLK
frequency is equal to the DTO output frequency, then Phase-target can be
det er m newolyg/o&xyoat i on (6) bel ow Phase task = TCVWP = n »PCDURGH#LZ0X
DVTOTAL (6) TDCLK M X SVTOTAL Detector 811 in FIG 8 cal cul ates the
appropriate values of Freq_setl and Freq_set2 based on the difference
between the Target val and Phase-current values at the end of a conpare
period. The general fornula for calculating Freq setl is given by Equation

(7) below Freq . setl =K x dPh (7 VO 03/.081779, PCT/ US03/ 7707
where dPh |§’hﬁ%éﬁ) ailf Ft@rdéﬁﬁrén‘ffelf%@%‘ ‘ifég?‘fwsf)ﬁha"élge ‘;ﬁbﬁge&ﬂge’ﬁlﬁ current

at the endepd oPéHHiﬁFee?eQﬁfd' 2t K87, Eohstadit R)r?%&ﬁﬁﬂhoﬁ@%fﬁéfs%%‘é&ﬁémmde of

the servo system mlar formula for culating Freq set2 is given by
Equat i on (8)A dmilenforrAniador ca@iding Hdq xetdfhgiva) by ngatgme(&bth are
experienced in the art can readily determ ne the suitable values for
coefficients K1, K2. However, for robust convergence to a stable state, Kl
and K2 are preferably sel egyegd babavgaxgepi mum val ue KMAX gi vegy by Equation
(9) below TRCLK (9) KMAX - |7 TCW where TRCLK is the reference cl ock
peri od, and TCIVP is the duration of conpare period -the tine between two

consecutive Ref line signals in FIG he val ues .of. coeffjcien K1, K2
can be cal cul at elPesigngh ¥R ab‘i/e’ﬂ’ﬁéle?“(?ﬁlubgher?& g geadiy etermgie the gpit a%’%l K -

nl x TRCLK yhidQ¥Pcodft@knts K1, K2. However, for robust convergence to a stable state, K1
and K2 are preferably selected below a maximum value Kmax given by Equation (9)

below:

_ TRCLK (9)

where Trcik is the reference clock period, and Tewmp 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
(11):

n xT, -
K i RCLK
1

Tepp
(10)
K, = ny X Tpcrk
Tepp
(11

where n;<1, ny<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

destination frame. One deterministic factor effecting phase error in the present
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K _nz x TRCLK z TCW (11) where nl<l, n2<l. It should be appreciated
that the smaller coefficients nl, n2 are, the |longer is the response tine
to jitterwon3ssuree SCLK period. An initial considerationpcm/usesdyni ng the
present frequency converter is determning the application's acceptable
phase error during a given conpare period and destination frane. One
determnistic factor effecting phase error in the present 16 WO 03/081779
PCT/ US03/ 07707 enbodi nent is the number of bits, n, in the fraction part

of the DTO (i,e,, adder 828 a egi ster. 830 S u f bits is
used in theerF’P%‘é‘f’}e%‘élthﬁ)%Hmb%P?g’ﬁ%élem téﬁgrﬁfﬁlﬂ fetf‘e g% {]\?gl g‘ﬁeégzélo) and
In the outpyfqgy mﬁér%@yfn@yes\éﬂietﬁ%nm,%fl@m%sqg use(dFﬁ%l%_ﬁ‘?étl)onal ril F pREgf erabl e to
have the sane n ts in the fractional part of hase target as are

i n the i nputccaomuldter (phasegiserdd]Mbat wrthe Mpethfsfraqebmye(ahte(gem@odey gn will

he. DTO out PUF.cOnTLPrachigs paisis sube Bilebct SRS o e fiadiordhapar

resol ves t hepgdr tafidt aphie setielingud 8f IAE@hasH Retimwatdr. & discrete accuracy
corresponding to the |least significant bit of the DIO Thus, a maxinum

phase error can Bepuésiclptestol)TQdpsigpwilhbediscussedintmerg detad belavbeAs of DTO
bits, n, C L. MODULO
x TROLK (12 Ef ot e LT, BE oPhe LA il AR bes B Derips. he

| east si gni hhdehBifrabiidén pirt FesEies/ib cuﬁemfpaa@&ﬁthéﬂpmadiﬁp@wlma diecrefeCLK peri od
due to the change (dTDCLK) is determ ned Equat i on 13) bel ow. (13)
RCLK dTDCLKacCUragy orFesnogging t@ﬁ@é@%&@%hﬁﬁaﬁtbﬁatf ht“ﬁ’ea HAKEUDN of the

conpare per bf?a@e efg% 3 de%i}éﬁec%y Qﬂpropnately selecting the number of DTO bits, #,
which can be determined by Equation (12) below:

MODULO T,
T — RCLK 12
betk Freq val (12)

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 (dTpcLk) is determined by Equation (13) below:

2”

Wocx == Freq val’

X Tpcrk (13)

Assuming that Tcvp is the duration of the compare period, dTcwmp is the error
of compare period that corresponds to dTpcik, and that dNcmp is the number of
DCLK periods that corresponds to dTcmp, then dNemp is calculated as shown by
Equation 14 below:

dNemp = dTemp/Toeik = [Teme/ (Tocik)’ 1 x dTpeik =+ Teme/Treik x 2" (14)

For example, if the compare period is 100*10**6 ps and Trcik is 4000 ps then
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of conpare period that corresponds to dTDCLK, and that dNCWVP is the nunber
of DCLK periods that corresponds to dTCMP, then dNCWP is cal cul ated as
shown by wbBguasizen 14 bel ow. dNCWVP = dTCMP/ TDCLK = [ TCVP/ PCTDGSL¥) 207 X
dTDCLK = + TCWP/ TRCLK X2 n (14) For exanple, if the conpare period is
100*10**6 Ps, gg@ ;I'@gLK is 4000 ps then 17 WO 03/081779 PCT/ US03/ 07707
GENSP005. WOU25008> YONCMP = 2 Thus, if the number of DTO bits in the
fraction part is n=20, this approximately translates to a 0.025 error in
t he DCLK peri od per 8rrpare period. The ideal phase change in the DTO
out put (Ph_famid during msource franes is determned in the phase
accunul ator as”showd’ i n Equation (15) below Ph_ frm.ideal = Phase target x
m X SVTOTAL (15) where Phase-target is determ ned by Equation (6). If
fraction part of Phase-target has n bit then the change of the | east

significant bit 78}y ¢St REmBES D EGRiLE [tk $Gatior piad isinS20@hRr M ned by
Equation (16) below. dPh_task = (mx SvTOTAL)/2" (16) By way of exanple,
i f the vari appresinmtely thudaies tos: §.029 evwy:in theFDCLEPEGPApeEcompooperidd n=20,

then dPh_ task. |s Q.06 of, . a K period. Th ase-correct. val.ue in
nput - of ~phabtidzabitiney e Soud O SuRe GRCgm ife) CRESE iR S it e
roundi ng of jRBAsGed afm@PhasEla&un%lmb% BSdHoMng s BauSiiubEbelswst em 900 enpl oyed
to inplenent the invention. As is well known in the art, ROMacts to

transfer data and instructions uni- directionally to the CPUs 902, while

RAM i s used ical ly_ t ransfer a and in uctions in a
bi - di recti oﬁ%i'#%’ﬁ)ﬁ%’?'f%{ﬁﬁ%?%‘n’gs‘a%gwa ally ﬁtr?él ude any nunber of

processors. Both prinmary storage devices 904, 906 may include any suitable

conmput er -r eadabl e nedi a. A secondary_stor age medi um 908, which is typically
a mass nmemdhgreddippe dargetds determniped,py Eguationdf) ecti onal Iy to CPUs 902 and

provides additi gflodaba 8t PRAESGRPRE'F bit thh thd BaRgdBIMRE YeallQTgrfificaAP8 15 2

conput er -
bit gives the error dPh_frm_ideal that is determined by Equation (16) below:

dPh_task = (m x SVTOTAI)/Zn (16)

By way of example, if the variables are chosen as follows: m=31, SvroraL =
2000, and n=20, then dPh_task equals 0.06 of a DCLK period. The Phase_correct
value in input of phase accumulator 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 suitable
computer-readable media. A secondary 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 or

18



readabl e nmedium that may be used to store prograns including conputer code,
data, and the like. Typically, mass nenory device 908 is a storage nedium
such as awbawsa@s17d® sk or a tape which generally slower tharCgriSosoyost or age
devi ces 904, 906. Mass nenory storage device 908 may take the formof a
magnetic or gaﬁg)as‘%vﬁpe reader or 18 WD 03/081779 PCT/ US03/ 07707
GENSP005. WIPEY ot'ner well-known device. It will be appreciated that the
information retained wthin the mass nenory device 908, may, in

appr opri at esaasether Well-known devied. €t wiilh be spraaciated thah $ivi informstigaretaindd RAM 906
as virtual neppry. A specifi ripgry st.orage .device 904 such as a CD- ROM
may al so pag’étﬂg’af%l‘ﬁnl?ﬁ? B‘GWP@&&?V&‘? yX‘f%’ 1P RRPTEPYIRLE §355S, t@j[‘féor%rftegr“é al so
coupl ed to QBR1R fA¥RIOR a5 PRYbF RUIMPYb6 BEVikEESmEhOryt NRkpddRk pridisry WilRagebut are
not limted to, devices such as video nonitors, "track balls, mce,

keyboar ds, déwdcaHomel as & GIEROM msiytalspaasy date nyisdirectiommlye the CBY# 9% ader s,
magneti c or paper tape readers, tablets, styluses, voice or handwiting

o ey e %, oy PRUS T AR s R OB oA SRR N Bvip 8 01O i3 O 0"

conput ers. Final y nay 0 ‘a conputer or

t el ecommuni gRhidesut AR MR iknited t§).devizBs suchtag Kideb niiitory, krack balks, midel anet
network, using a network connection_as shown generally at 912. Wth such a
net wor k con prgs, micropheness Hushnsensitee dispiays Hansdyegs cargaoadersy Ragpeticei ve

i nformation it O e lg) e Wt L0010 net wor k
i the. cour SPR GE rABLENES o2y et boiBe bbb Pk RE ek o fer,

i nf or mat i onwelMkinoWwniispudidedtes sapli ass efit@dsg sther segpeace FafallynSPUs602 ons to be

executed using Us 902, maé be received fromand outputted to the
net wor K, foPPt%ﬁgP&Y BerFOURIRE 1 JEGHIRIFETLT CERTATRBHNIGaHONS SPYYREK %Fb¥ti ed in a

carrier wvmtixgi{:\ﬁmf\p&%%r%%fain@ﬁ%twsl&yhﬁﬁgaﬁa@voeiaégmeali&l:yy'slhbwhe famliar

to those of s In the conputer hardware and software arts. Although
only a few gereoadiyrat @12. Wfith dueh pmetyenmk commeetner, otnis hervemphagad thatdbe CPbled i n

detail, it ul.d be understood that th resent .i nventian e. enbodi ed
in many s peg&fomg 6‘?9?15"6\/\%1{"%&?0 REPS ‘?fg""g‘ikoﬂ{ Pight Qb'ip?‘f ’P9?5P1r£§§’6 Boetth t he
invention. Rabheltaé bdursd SepetPiMRgINSIRVe MRYcribRY enctliditstesNBUEh par anet er s
that do not substantially change the described servo | oopi ng mechani sm
Mor eover, suvermationt which is often represented as a sequence of instructions to be executed

using CPUs 902, may be received from and outputted to the network, for example, in

the form of a computer data signal embodied in a carrier wave. The above-described

devices and materials will be familiar to those of skill in the computer hardware and

software arts.

Although only a few embodiments of the present invention have been
described in detail, it should be understood that the present invention may be
embodied in many specific forms without departing from the spirit or scope of the
invention. 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 described in
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shown in the illustrated enbodi ments, such as Phase-correct, may not be

i ncluded by sone enbodi nents of the present invention, while not

subst ant i wiolog/o8itangi ng t he descri bed servo | oopi ng mechamcarmsospTmt arl y,
ot her enbodi nents may have a nultiplicity of Ref inputs as inputs to the
phase accumnul ator. Additionally, in sone enbodinments the Phase current
feedback information is split into nore than one input, possibly due to
separate integer and fraction counting units, whereby the servo systemis

configured to accept and use this split fee bac informajign as descri bed
in 19 WO 03thsdlysitatedcembodynerss: 7M?re°te ﬂi‘?‘t@gtq’ea’t lgﬁraéﬁ‘{)%‘f)?@ﬂ’?% IS W®¢ eover,

al though theyduld i@ iRyl oshE BB BatdPufi segammfr&rﬁ deR¥R:fif gauency val ue
generator unit separate Trom det ctor contenpl ated as within the
scope of t heorpempkamd as withimt fhe scapeatt thdwes@t mybmnombatl the deteeteceduwyd out put t he
appropriate fre uency val ue 1 t he input .of efore, the
present exaff ?16" %8“1?6‘:‘?5’1 lé'gbgaqugnqﬁ ‘Faﬁtﬁtlfl%?t f’?/glpghgt%ﬁhﬁ%st rictive,
and the i nV?HEI‘eRﬁ‘e 'tﬁe PRbenP8xdmpibd &€ td Be EdiRideRIdads i Bustiad faliBh @ iréstridiive, may be
modi fied wthin the scope of appended clainms. 20 WO 03/081779

PCT/ US03/ 07 7@ thelinxsntipmris nbf balimatod 4 thedstails given getei, bat mavibagpdifisdver si on,

t he appar at us co risin ?ﬁ» ital phase detector unit configured to

out put a fl?g?“* aﬂﬁﬁ 3ag% F%&bugﬁgnal based on a nmultiplicity of input
signals, the nultiplicity of input signals including at |east 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 accumul at or
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 value generator unit
coupled to the phase detector unit , wherein the digital frequency val ue

is configured to receive the first frequency setting signal and output a
frequency val ue signal; and

20



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, twewiogival oscillator unit being further configwoadsotrave a
digital output signal at a second frequency that is directly fed back to
the current phase feedback input of the phase detector unit. 2. The
apparatus of claim1l further conprising: An output nodule coupled to the
oscillator unit, wherein the output nodule is configured to receive the
di gital out p##e"&j gnal of the oscillator unit, the output nodule being
further configured to nodify the digital output signal and output a
nodi fi ed out pu i I 4 Th chai Lot he current
phase feed bg'c I(A% ?%%g?qusc%)ﬁgﬁﬂg gfsrgq[hggz{)ﬁ&%ﬁ%grgfé)g P {hg S gb z%r?fgg t% {)%hgﬂc'lh% hase

information of thdigiappiadt dewétptiiniséopfighred4o odipat afipdraucpbetth@i m 1
wherein the first_ frequency s,et_t_ig)g,s;;lgn,al is proportional to the
di fference betsighahbasad o ampwhpliqitypd dnmub signalethe pliplisity 94 Impyhsignale t ar get

phase i nput si: . 3L.Q7Q7 r of
C1'ar m 1 wher of pe ptne Shletoa B fhte Kbl RO I roduop BRBRGAE 0
second f.r equerfegdbaek sigmd, aidgitatget piase signgdy oportional to the difference
bet ween the current .phase feedback i nput .signal, and the target phase input
signal. 6. The aawéfgﬂka&ef BRasg pegumat wte‘n%pquiéo @{fﬁ«é@%éﬁtgg?r&*ﬁ@amt
further conpriggseid the”ﬂel}gtet Bﬁa‘%é QEcuttildtor (Rt is kon&aREd Q)Ltﬁx%htttl% tafeplRe he

first reference signal as a control signal and the first frequency setting
signal as a fisigial baspdibn atndtiphidityioflirpué signals inclisknghg sdcand refereneardiggdir ed

wi th an out put. t hat .outpu the firgt input based on the state of the
control si gnallflp'ilxrrfé’rdeqtﬁpgtehéhaﬁﬁﬂﬁutﬂ’%%’er output is used by the frequency
val ue generator y@jgitaf REquicHES Pte %‘@Eﬁ%ﬁinﬁ%upl%d td 1R phBRAdeddctby waft .cl aim 1

wherein the first reference signal is generated by a frequency divider

uni t recei vi ngvherein thadigisal dregrenvaviahig incartigueedite sepgedhe figt fipguengppar at us
accuml at or et Ra AR adtelef YRR L AT | Mout “val ue. o, "The
appar atus of cl ah figltalbeilRitdt unhi@ossied tkhe Elegiliiad & akie gBRdraton phit, Wierdihe
target the oscillator unit is configured to receive the frequency value signal, the digital
oscillator unit being further configured to have a digital output signal at a second
frequency that is directly fed back to the current phase feedback input of the phase

detector unit.

2. The apparatus of claim 1 further comprising:

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 target
phase input signal.
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phase accumrul ator unit does not have the sanme phase as the first reference
signal input to phase detector unit. 10. The apparatus of claim 1l wherein
t he targewophasg7accunul ator unit further conprises a nulpCirpiSexer7ouni t
that is configured to receive the second reference signal as a contro

signal, the_t hase_i npu al ue a rst for tion
derived from glrhgﬁag a‘&‘éPF%‘éﬁ‘i‘iﬁV em{he\pga%éeé%cto& Lg’gtdﬁﬁ'ﬂ%\eﬁﬁ?ﬂfnguf

mul tipl exer unj;te Peldagd iale% &y 8y s&ang blgﬂileﬂatw%@gb%halqa enediffeRt@cd i st and
second inputs based on 't ate he con signal, wherein the

sel ect ed i nputbebvegndhe ¢usrentipleade faedbavk input gignaldndshe tacgal phasstiputisignel. f or
further calculation. 11. In an all-digital frequency conversion device, a
met hod of frequency conversion, the nethod conprising the steps of: (a)

det er m ni ngga TfHeraﬁf)arﬁthBﬁélﬁuﬁ)?MHéE’em Weghaid ddiéteorfuniturtBergeateisees i od i s
based on a first reference signal having a first frequency; (b)

cal cul ating amlelnglexerpmasr,batvsam@gu@ tovpogBEdha firsorafrenigsugiab zym yontyod )
cal cul ating a f1rs tflgﬁ%??r%éue%ﬁ%ts tﬂggggrgg?tag{{stq Q%Jlgﬁe%rukﬁrence

bet ween a CUI’FS ase va erein the

current phase beit@ﬁdﬁhctrl’o‘,@hﬁglﬁsd iniith g @futpain chat bﬂphﬂs@mﬁrsphlpﬁ'ebasadeRtl on; (d)
cal cul ating a frequency val ue suitable to _be used b a di gl t al OSCI | | at or

to produce ar&'ta(%@fﬁb? cQiteph Slenpla hargiythe gruliarl e n iy ésé@%
wherein calcgJ?& Q?uﬁﬁﬁQQQR%¥cﬁﬁhﬁﬁ ofises the first frequency settlng

par anet er ; atln t he Ital oscillator with the frequency
val ue. 12. The method as reC|ted in claim1ll wherein the calculations in

(b) and (c)_occur during the first are period. 13. The t hod as
Feci ted in & AhapnaTiie PLPIATE AWisreiR Mg T ateos SEnahia sensraied BY A ( by

occurs at the h&@&&@ﬁﬁﬁ%@&ﬁﬂg%&@%{slgﬂalh%%geltﬂu&heqe&ﬁgand conpar e

period is based on“a second referéence signal The nmethod as recited in
claim 11 wherein calculating the target phase value in (b) includes using
a phase cor i on val ue

conpri si ng %ﬁ taBBarBtF]s 8&?18{“1 étwqﬁbeu&%he mul%phcl?y otI 1nputlspgn%ls%o He a;rge{J rther

phase accumulator unit further includes a phase correction input value.

9. The apparatus of claim 1 wherein the second reference signal input to the target
phase accumulator unit does not have the same phase as the first reference signal

input to phase detector unit.

10. The apparatus of claim 1 wherein the target phase accumulator unit further
comprises a multiplexer unit that is configured to receive the second reference
signal as a control signal, the target phase 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, a 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 frequency;

(b) calculating a target phase value;
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second frequency setting paranmeter that is proportional to the difference
between the current phase value and the target phase value. 16. The net hod
as recitewoio/ogi’ad m 15 wherein cal cul ating the frequency \alruesos/nr70d)
further conprises using the second frequency setting paraneter. 17. The

t hod ited,in.claimail wherein.the first, f tti t
15 ot omor t 1 o) caloTing T ARt Beditie HRiERRARAE bSO e e B the
target phase Vvaj Mgrent BhasERAIERII G Bel Sifsé @4lué,Rwitdréth Mheldurtiepifise t he

value of the first frequency setting paraneter is zero outside of the
first conpare peyaleglinclides integenandnoattigralpheseigtbrinatien;ai m 11 furt her

conprising the,st f conditioning tk ut_signal .t.o produce a

condi ti oned oEg)pfﬁ?guéﬁa}ga‘”’l Ee%nwaé‘%%‘gﬁwg%%ﬁiﬂ%%%%‘fsg Gf_jor system for
di gi tal frequencyrodaever st signhlhas il £eoreepading tgondfr@{uREes WiHerei I anged
to determine a first conpare period, wherein the first  conpare period is

based on a firstcal@fgmgibe requpmay vHHG seg the fisst Bequepay sdtieg paramgics @@dsor
dt . tar. 3 dt
ool curare o 7 PCHRNE B ALOT o AAS SR IS ARARIREDT B LAIOT  once

bet ween a current phase val ue and the target phase value, wherein the
current phase value includes integer and .fractional phase information; a

processor ak¥ dimgaecthes esareitnddn slayml ]l gvhisesie jhecalquations i) end ) 9ecWised by a

digital oscil 'dﬁhﬂé tﬁethQtr&ql’dﬁ? ioQut put signal having a correspondi ng
second frequency; wherein caltulating the frequency val ue uses the first

frequency setting paraneter; and a processor arranged to update the
digital osci]Jlator wth the frequency wval.ue.. 21. conput.er pr.ogr
product for i%i@ﬁ"t‘%qth‘? Bggeirdyn Gg’fﬂ}gﬁ s Rsein Fﬁl@‘_ﬂ@éﬂ%@‘t"é?rgg%@er gq}v%«ngﬁt ct
conprising: cQupuk &f the@HAng Ralcol@bEmPArBPeridd, WHebdin GRIRBHRL RMPasperifaer ei n
the first conpare period Ts based on a first reference signal having a
first frequendybasedonpstendeoldenchsignalal cul ates a target phase val ue;

conputer code that calculates a first frequency setting paraneter based on
t he

14. The method as recited in claim 11 wherein calculating the target phase value in (b)

includes using a phase correction value.

15. The method as recited in claim 11 further comprising the step of calculating a
second frequency setting parameter that is proportional to the difference between

the current phase value and the target phase value.

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.

19. 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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di fference between a current phase value and the target phase val ue,
wherein the current phase val ue includes integer and fractional phase

i nf or mat iwo;03081TpUt er code that cal cul ates a frequency valpag/isusabt e t o be
used by a digital oscillator to produce an output signal having a
correspondi ng second frequency, wherein calculating the frequency val ue
uses the first frequency setting paraneter; conputer code that updates the

di gi tal oschh | LAk 4ilE £hh RMF BEW Y3 Bhe BEm CrHEMY: er - r eadabl e
Hwﬁ gr code. 22. A %@

medi um t hat stores the conput conput er program product
accordi ng to cl aapro2ésseharanigad thdeteronpaa Erst corepatalperodydienem ithe finse sel ect ed

oA, 8 CUR el 208 ool SRRl TR R PR 1 °
menory. 24 a processor arranged to calculate a target phase value;
a processor arranged to calculate 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;
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 setting
parameter; and

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

21. A computer program product for digital frequency conversion, the computer

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 corresponding 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.

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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