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One known way to reduce phase jitter in the DTO output frequency is to use a

+ digital-to-analog converter (DAC) as illustrated by the exemplary block diagram 300
in FIG. 3. In the diagram, an n-bit value N sets the frequency of the n-bit DTO signal

" firo, Which is fed into output module 307 for signal conditioning. Ou_tput modﬁle 307

- generates an arbitrary waveform with the same period s fyro by taking the output of

30 DTO 304 as a memory address for lookup table (LUT) 308 which inputs the

appropriate values from each corresponding LUT address location into digital-to-
- analog converter (DAC) 310, which thereby generates the desired waveform that is
smoothed by low-pass filter 312. The LUT and filter are usually included to reduce
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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
30  numerals refer to similar elements and in which:

FIG. 1 illustrates an exemplary block diagram of a known analog phase locked
loop (PLL) frequency converter; - A _
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FIG. 8A illustrates 2 flowchart of a general method to achieve a substantially

20 synchronous frequency converter according to an embodiment of the present

‘invention;

FIG. 8B illustrates a flowchart of a detailed method to achieve a substantially
synchronous frequency converter according to an embodiment of the present

' invéntion; and

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

suitable for implementing the present invention,
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output signals of time-shifted RCLK generator 670, and creates the set of time-shifted
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- will appreciate that the pulse signal generation in pulse generator unit 608 and the

pulse sel_ection mechanism in pulse selector unit 608 can be implemented in several
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I'ment, delay el enents 704 have the sane BGLAEY3/03067
time delay equal to the STEP above. In sone
enbodi nents, however, delay elenents 704 have a 30
sel ectabl e tlne del ay. Referring Paln to FIG 6a,
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: Zﬁlneﬁsﬁwﬁméﬁﬂpulses t hat correspond to the desired

rising f ck si gnal
are used a't%lgg%éﬂ ) aglﬁgvr‘@lr%gt e aéle#]?lgtﬁ%égﬁgﬁ?ﬂac Wi ng
edgabstafiallshamdunmpustfregiengycosvegtrakcordhiisto pii aniRBneheqraRt S
at ﬁ%%n#&eﬁﬂeﬁ‘ﬁé ﬁes‘éxp ?requency conversion process begins at 852 by .

determining the appreciate frequency setting N_val and the number of pulses between

30 two front edges of RCLK D_val. The multiplcity of time shifted reference clocks is

| produced at 854 and corresponding multiplicity of time-shifted pulses at 856. The
coefficient K=D_val/N_val is produced at 858. The process starts after the rising
_ edge of RCLK at 860 by incrementing the DTO by the value of scale factor N_val at
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out put clock signal for the next output clock period.
Moreover, it should be appreciated that the described
steps are exenplary, and that in several circunstances
the order of the various steps may be changed, sone
‘ébégs el imnated or conbined, 25 and others added.
MIESi | | ustrates a flowchart of a detai | e@CREBHIEIST

850 to achieve a substantially synchronous frequency
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25 c .O readebimegisd (BT udP Be R8P RG] g?anis@éll%gn% complger code, data,
' and the like. Typically, mass memory device 908 is a storage medium such as & hard
disk or a tape which generally slower than primary storage devices 904, 906. Mass
mermnory storage device 908 may take the form of a magnetic or paper tape reader or -+ -
some other well-known device. It will be appreciated that the information retained
30 within the mass memory device 908, may, in appropriate cases, be incorporated in
 standard fashion as part of RAM 906 as virtual memory. A specific primary storage
device 904 such as a CD~ROM may also pass data uni-directionally to the CPUs 902.
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invention. As is well known in the art, ROMacts to
transfer data and instructions uni-directionally to
the CPUs 902, while RAMis used typically to transfer
data and 20 instructions in a bi-directional manner.
CPUs 902 may generally include any nunber of
%P&E’@éyars Bot hpruri ary storage devi ces 90£CTIH03/¢pa87
i nclude any suitable conputer-readable nedia. A
secondary storage nmedium 908, which is typically a
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to CPUs e to ang QT mpis ipptonhdevicey 46 éat may
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15 software arts. Although only a few enbodi nents of
the present invention have been described in
significant detail, it should be understood that the
present invention nmay be enbodied in nmany other

‘Qgg%éﬁy%fforns wi t hout departing fromthe spirit or

the invention. For exanple, althoudififysas/ises7
illustrated enbodi nents were shown to 20 have one
ouf .clock period per DTO output period with certain
pre eteérm ned positions of the DTO output signa
.e., Qand Q2 correspondlng to the edges of

cl oc it.s | d be understood that in other
d‘#‘i-@ﬁ?ré#‘f UnCH RAVELSISR, theapppiug fAmpRSnge . |
changedaawhhﬁsmﬁmé%ne&nﬂg%a&d&mt M iRy bthERRA -

Therefore,  the present exanples are {o be considered

Sas Hﬂﬁ%ﬁﬁ%ﬂ@@% and not restrictive, and the 25

i nvent i piigits3 p ﬁ]@ébge!a@r lgf ?ﬂl{ %ﬂ%&&’ﬁt gi?aﬁ afnle%hl%\gf it wherem

her ei n, but scope
appe leedtigite] mkpgenmmns magarastoﬁeﬁawmlﬁxan@bf tline

cony ey areterile BRRH AR PRI Rl BRI B 11 o

shi f ti redigital phasmlfalygernmﬂ cmq;ledub mm@amu%@bmdratomﬁutt i me

10 3 oner e e BGF it B és Gnfted Brrdhlreaipres siga

uni t hamm Bishirequfity dhdiotodipuPi e iHRARIRLAS th%fai%tal pulse
confi d to receive the plurality of tine ifted
ref ef §P§nals and output a plurality of tine

shi f t ed dasitabRfse salestbtinitabuiiis qle@nggemyzeywnt KPR biide
to the digital pulse gfnerator unit, 10" wherein the

di gi eeheraion yuib whergin the digigliplse scleston migjiseranged to eput o gcta

15°SOUT §8na bkl Wdeset S@Nd1 Bfhed ufdn'tHd pltlrtﬁgt‘[a %?ﬂﬁ?l ¥ SERREd pifls é] o8 AL

a phase information to the digi er at or
uni tP %F@#@W%Wmm #l se selector unit coupled to the

hase o
' aherelﬁgﬁge dﬁ%??%ﬁﬂ ﬁﬁgbhgﬁP un| %%&%%}gﬂ%% ?b

30

out pertpe module 151@@3@@ Benarate aadlglaé ettpui isignallhabiag @ decombn
the pl m%%'b%ééd%éo&éhg?et% 16 e f}”d the phase
1on; and a digi

i nfor F58t e coupled to
the digital pul se selector unlt wherein the output

and t he czl@dstion aniy a@dnge&ﬁ calculate a second value based upon a frequency
setting value corresponding to the source signal and a first value ;
a multiplier unit for providing a pulse selection value based upon the second

value and the phase information; and
a pulse selector module arranged to provide the corresponding time shlfted
pn.lses fo the set s1gna1 or the reset szgnal based upon the pulse selection value.

3. 'I‘he apparatus of claim 1 wherein the time shifiing unit includes a delay-line.

4. The apparatus of claim 1 wherein the output module includes a set-reset laich.
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2. The apparatus of claim 1l wherein the pul se' sel ector
unit further conprises: a calculation unit arranged to
cal cul ate a second val ue based upon a frequency
setting val ue corresponding to the source signal and a
first value ; a multiplier unit for providing a pul se

YR IUHT8n val ue based upon the second 25 valR&E/UsH#s067
t he phase information;. and a pul se sel ector nodul e

arr.anged to provide the,corre ing tinme shifted
s sty Siaso iicec mERGritefenty Gifoipnefimetiod
upon doﬁlpﬂﬁug&esﬁpg@pti on value. 3. The apparatus of
claim1 wherein the _tinme shifting unit includes a |
del ay@) qe@miningy plurality of HHPSRSEENHPUENHPT 1. wher ei n |
t he braf RO ATk S ShiRePbmlseset 1atch. | 16 VO |
03/ 081775 P 03/08067 5. In"a frequency conversion |
Sdevi de), selectiigt amagptoprite Emersnsd signalie sefiao optpbtsignabhasesion a |
conpri;&ggmﬁggkéﬁgﬂf of. (a) determning a plurality g
~of frequency settTndg paraneters; (b) generating a |
pl ur &f)i selectirig aniapproprivitd tireelstifigiigdnst to Pesfidhe wepra cighal asmd on |
appr oprt'héélg te'grre%-ghif _eddsi gnal to set an out put %
si gnal SHUE° SN QPC r of er ence signal ; (d) |
Sﬁl ecd)i gegeratmget@@crwjﬁn higga& that @ﬁ@i@?ﬁdt&ﬂ‘w&%f@ﬂa& tifhe-skiftsddet %
t he out put. si.gnal . based an e first reference ;
105i gnal ;SP%‘ﬁ]o““(lglFsﬁlg?f@‘f%P"ﬁlﬁﬁ Esohiieifht signal t hat "
corresponds to the selected tine-shifted set 10
. sign&% and the selected tine-shifted reset signal. 6.
The rhet mgtod as reeited inelaimyy whessinhs sigael gsnsrationdn &) dpther

genegahhr@s the stepdr: f urther  conprises the step of. (f)
generating a plurality of tine-shifted signals derived

f r onffh 2eeEding apbrdlity phléme-sified ignals derived fiom auseonddefgrsnce
15 I eci teqiginglcl aim6 further conprising the step of: (g)

generating a plurality of time-shifted pul ses derived

fromthe plurality of tinme- shifted signals, wherein

. . Limen shith e al s, wherel
50" o pe by S BB SPUNA Cntad Banardei abPS 1, ()
8. Tt gresriting agbirality v tine-shifted|palses drivivciran theghlrelity ofigne-

t he appL.apri. e~ shift signals..in .6),further
conpr S et WhEn 0L b8 fhe B b0 ofifile Sl P
20 of t he séledtsfrom dephenlite oStirperstifiedanibes.

8. The method as recited in claim 5 wherein selecting the appropriate time-shifted

signals in {(c) further comprises:
(h) determining the start of a new period of the first reference signal; and
25 (1) selecting the appropriate time-shifted signal to set the output only when at the
start of the period. '

9. The method as recited in claim 5 wherein selecting the appropriate time-shifted
signals in (d) further comprises:
_.30  {j) determining the middle of a period of the first reference signal; and
(k) selecting the appropriate time-shifted signal to reset the output only when at

“the middle of the period.
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25 (i) selecting the appropriate tinme-shifted signal
to set the output only when at the start of the
period. 9. The nethod as recited in claim5 wherein
selecting the appropriate tine-shifted signals in (d)
r conprises: 30 (j) determining the mddle of a
%glp{f/ghj%gf the first reference signal; and (k)PCT/US03/08067
sel ecting the appropriate tine-shifted signal to reset

th ) .m.ddl e .of .t h riod. 11
s Foneoth Bt Dol bl bl oty e B b ety
r eci tseiting pararhetersina)faethice comphiseethastep 6y t he plurality

of fre ncy. settin araneters, i a) further . )
conpr i gﬁ% ' gsatfté‘f} SS%fgﬂé?%tPW?ﬁuﬁﬂiqtagf‘?'q@?@éﬁ”W of time-
par aRkified sighaid) whreid hefirgQBQF parBmbthe iftiudedht itowk of trh®-
shifted signals, wherein the first set of paraneters

i ncl G]Hg@@a’én&%‘?}'ﬁfd@we@ﬁ%ﬂ% shift and the nunber of

del ayed signals. 11. The nethod as recited in claim10

wherein determ ning-the plurality of frequency
selk Themetipd preeied n elainal0 hereithdaterminve- the pluraityef Segsncy

b |f %g@ﬁ%’éﬁ%ﬁé@egsg%a({giﬂé@%gﬁﬁn}ﬁ}%e HAor ?Z) t hio and (d),

wher ei salchlatifg a fixst constat asetl by Sheliamediifizd sigosliselecting in both ()

freq [ E.". correspondi ng tq.the

1 r oG okl APt s or R BT R g gt e

Si gnedreespondiidg tohths Yist esforémoe sighad hidothe fuibtspd of\ddlayed signals.
conversion, the system conprising: a processor
arranged to determne a plurality of frequency setting
par2a Ny ees for diditaBir@uaee Sebersivh] BAG8RN Rniesegat e a
plurality of time-shifted signals; a processaor

ar r ang@dToEsserATERRed:in determine ylyrality of freavendy; spHagATRHF:
t0 set agiocefdbi dtahgeditg E@Jera&aﬁﬂrﬂ'aﬁ? oftikbSiked 8hRIsENCE

signal ; a processor arrang]g to select the appropriate
ti me- sRiPFcedoRgReAd te Fplecb e prvepsiatedimeptpifiedisignalito srhaked
on t Afptisipadl vl Oh 8 Mek reddrliRakignand 20 an input/out put
devi ce arranged to generate tRe out put signal that

cor r es prgessonarangrd te gelcchihel appeepsiptedingraiified signal fhesset the
syst A SichA®hd=8dn | Al rejqgn the generation
of the pl_ll%lal %gtey g%l{éﬁértre- s%ci%fs}tgé%’%dgnal s further

conpr i gepuiiBinut gevincatanped tr geaergte thetoutpybsignad thet carresponds

' p'l"urﬂltﬁééétﬂdréée{@g}ﬁm“ed signal s derived.
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13. The system as recited in claim 12 wherein the generation of the plurality of time-
shifted signals further comprises: |
~ aprocessor arranged to generate a plurality of time-shifted signals derived

from a second reference signal.

' 14. The system as recited in claim 13 further comprising:
a processor arranged to generate a plurality of time-shifted pulses derived
from the plurality of time-shifted signals, wherein the signals selected to set and
 reset the output signal are selected from the plurality of time-shifted pulses.
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froma second reference signal. 14. The system as
recited in claim13 further conprising: a processor
arranged to generate a plurality of tine-shifted
pul ses derived 30 fromthe plurality of tine-shifted
‘@Qg&{%? wherein the signals selected to set and

He out put signal are sel ected from t h&CT/US03/08067
plurality of time-shifted pul ses. 18 WD 03/081775

P S03/ 08067 15, C ut er. program pr.odyct for

R T e b N o
pr od peigreOpmict bdhipriskigPut er code that determ nes a
plurality of frequency setting garamters; comput er

code t HaMRBETRode thatdeterpings plprality g Tequeacyssiting perameters;
Si gnal SomputePBRMHIEE gchQE8s 4 PiRtatif s il SnibDE siBfil: OPr | at e
time-shifted signal to set” an output sign ased on
a firstcomputercede takselgeia fhe appraprintetime ghikedtsignnl tg edt@n vutput
the g _g&reh?ﬁgﬁ;sit +oHab fLegl signal to reset the

out put sigha ased on theé Tirst reference signal;
conput epmpuwecotidthit sglecte tha pmopriate hud-ghitedsiggaiab rdsétahe

corr t S cted 10 set and reset signals;
and g@%ﬁ%ﬁ?@%ebgg&%%rﬁrﬁﬁﬂﬁn at stores the

conput esmpwieleodeltfiat ghixtatesaihPpoiiiput sighsl GiabEorERRCt tisSselected
recited . in,cl imallgmlvﬁ]erein the generation of the

pl ur al FEtgadFeses ted signals further conprises:

15 conpubmputeraeiable aledNBA RIS i dohphidt dddy, Of |
time-shifted signals derived froma second reference
signal. 17. The conputer program product as recited in

c118i Thel@miptiet fi8Era®PRodubish Rited 6 QRN $Wh&eflthd alration of
generates_a pluralit time-shifted pul ses derived
f

of
r orife Elﬂfaﬂiﬁ@fﬁ‘lﬂl‘?rshiﬂeg yigedls furthercemptisesd si gnal s,

wher el gorhifer 8h &t tds ??Lg‘aﬁ SHfed ]

out put signal are %g ectg ro@ofﬁge% uraﬁ?éltg{?d%l?%dﬁoma
t i mescemndpefegngsisigsals. 18. A conputer program product
according to claim15 wherein the conputer- readable

mediumis one selected fromthe group consisting of a
dd¥ albsicgmpiteryBogarh priiduet a5 reciteddn clainet6 fete comp@igOM a

~hard dj x %eg Fédﬁe%?rag%“ .aieg a pﬁ:réli%? §e - HShea p%fsgs derived from
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sem con
the plurality of time-shified signals, wherein the signals selected to set and reset

- the output signal are selected from the plurality of time-shifted pulses.

18. A computer program product according to claim 15 wherein the computer-
readable medium is one selected from the group consisting of a data signal
embodied in a carrier wave, 2 CD-ROM, a hard disk, a floppy disk, a tape drive,

-and semiconductor memory.
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