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| NTERPOLATI ON BACKGROUND | . Field [1001] The present
wOonesnBsan rel ates generally to el ectroni cs ci PCUiUS3004/034241

and nore specifically to a direct digital synthesizer

(DDS). I1. Background [1002] In a nodern comruni cation

device, nmultiple clock signals with frequenci es that

are unrel ated may be needed for various functions. For

exa a cl ock %Eﬁgal with a first frequency may be
tleé&ﬂ-h B@lv\éEkR DIRE€TBDIGYEAds ﬁYNTlHE&IZElE WITH
anot her cl oc y may be
needed for a smg%ﬁwméeﬁmso on.

[1003] Multiple clock signals with unrel ated

frequencies may be generated in various manners. In.

one conventional desi PAGKEGREOUNderator with a

singl e phase | ocked | oop (PLL) is operated at a high
Ifreqﬂ%ﬂ@y The cl ock signal fromthis generator is

nfre uenc |fferen te val ues
(0N el el BT o s BB B SRERonif PPty and more
specERpdBN €l £8irect diGtallgmiisizal @IBS). st ri ngent requi renments
on the PLL in ternms of performance and power

consunptlon h anot her conventional design, a separate

E rOVI ed for each subsystemrequiring a clock
|gn di fferent frequency. This design is

[MﬂdPSl flﬁm ﬁo@ﬁﬁ usniiidatibR devibd, Laukiple dlwkt diphas GhtR Qi%quencws
ignals normal ly consune a Iarge anount of power and

th@t; g@pp\}nrglategrlg@y gp agedad1 o Aprioys i}@pﬁmt Feirexample, a clock signal

w?tﬁr}ivﬁfg{ ﬂﬁ‘?&& aﬂe@(? Nig)lr ,3%%1021 1§n%L;%§ce6 >} g %? Vltglgll, another

cMall: s@lhlowﬂbTaBSeEbrﬁinfréqmbﬁw may beknesdd@ntol aWailplddndhalog subsystem,
desired frequency. The di vi der value is a ratio of two

md§ePbr values Mand N (i.e., NNM, where M< 2 N for

LG RRERY SRkCaghdh® M, SRR Uit TY P Bl in

vairpousahamamwrrd. nfregee conventibnal siemgh ea cldek ms&tortvhlﬁn atdi@le phase

GRS GRSt S3 By S S AP o
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where j x iS a Tldor operato at provi des
sigaals agth diffesent|fitquganiesvallhie designxplaced stripgest aequésieinenty on the
tor t:hat. provides the nearest higher .integer.. .
POkt s, ot pertolibdicn AT e CREFHTDURM | Ut G Gaton desien,
alsepdrdtk PaMdis Wrdvlidddelu bidh sibbReen® WdqRiitingCh Bkk SiglAIAkith a different

havi n
ﬁequenC}g This design is undesirable because multiple PLLs for multiple clock signals

normally consume a large amount of power and occupy a large area.

[1004] In yet another conventional design, an MN counter is used to divide an input
clock signal (e.g., from a PLL) by a divider value to obtain an output clock signal with
the desired frequency. The divider value is a ratio of two integer values M and N (i.e.,
N/M), where M <2-N for proper operation of the MN counter and N/M may be an
integer or non-integer value. If the N/M divider value is not an integer, which is often
the case, then the desired frequency is obtained by dividing the input clock signal in
frequency by |_N/M_] for some of the time and by | N/M | for the remainder of the time,

where Lx_| is a floor operator that provides the nearest lower integer value for x and fx_l



inherent jitter that can be as |arge as one period of

the input clock signal. For exanple, if the input
wohoisk3gasequency is 100 MHz, then the worst-caBeTjuStdoan34241
for the output clock signal fromthe MN counter is 10

nsec. [1005] Various methods Zor reducing jitter in

the output clock signal froman MN counter have been
_proposed. For exanple, sone nethods reduce jitter by

i3 cpifing iopgratas dhairmsovidesothe pharess higher tintngerdethel for sahis division
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jitter performance is mnim af f'ected by I C process
opaphsalito{yoliagy eyder ety aebranse nigvelhetodpsifgm the phase shift

chni g d I hereipn. [1008] In.a specific. .
AR SRR aBE L Por AT Taleo A RRRES dhpBtatiog due to
citcliheomgerer @isaiatchas ahdiepsRediditduit (BCYProtdsP vin@dtiond

el ay generator, and a current generator. The dither .
Iﬁt&%r at Berp psgiereare 4 ngpd Hé?hes%%a techiages t» ganprsites slock signal
[ ignals in the output clock signal caused by

h%@??kﬁ?@“??tter. The MN counter receives an input
clock signal, the dither signal, and M and N val ues,

accunul ates M for each input clock cycle using a
nodul o- N accunul at or, aﬁHgBIWLﬁﬁﬁg an accunul at or

e apd.a.counter .signal..The countefr siqgnal has a
[HR2h ety R e i e e beferir df JsPisy 2aifa “MNA
cbiifter®) aRfatile Vel URBerafifd 4nN GLiRle SclaciP Wishi V‘l‘iﬁ%ﬁ‘g’%ﬁ&%d jitter

modul o- N accunul ator wraps around. The inverse un
peifesmages; isadeyexibgd bereinat Thesjitier perfoemencenis minimhldy affected by IC

i.pli (wWhi be i.npl.ement e i th | ti.pl .
ot Al s S R b ER R st gestfeiugein.
[Y008] i pllhes spdrfia@abotin@ngr thy NN Wbidlert R14ded ahUINABSUnter, a

provides an L-bit caontrol signal. The current
SRR APARY e ut, pandtipligrea delpy senerdton andha cumentgenerator.
' e nt er .
THPORLR ncreld PR o R TR0 LEERS YRRk ARl Slnals in he
outgittf ¢leclesignal|cassegrini pgder jitteed Thad @untddeeediss tagfinput clock

an ontrol .signals, an rovi des the
signal, {he %ﬂﬁer s1gna9, andSM and ?\I \Ff)alues, accumulates M for each input clock cycle

using a modulo-N accumulator, and provides an accumulator value and a counter signal.
The counter signal has a frequency determined by the input clock frequency and the M
and N values, and includes a pulse whenever the modulo-N accumulator wraps around.
The inverse unit provides a Q value that is an inverse of M. The multiplier (which may
be implemented with multiple pipelined stages to achieve higher operating speeds)
multiplies the accumulator value with the Q value and provides an L-bit control signal.
The current generator provides a reference current for the delay generator. The delay

generator receives the counter signal and the L-bit control signal, compares a



out put clock signal. The | eadi ng edges of the output

cl ock signal have variable delay determ ned by the
waQ-205t0383mt r ol si gnal and the reference currenPCT[USQDIP34241

The del ay generator may be inplenented with a

differential design that util3zes two banks of

capacitors. The capacitors in each bank nmay be

i mpl enented with binary decoding or thermal decoding
. differentia stanhbgenstiited based los the tiuntaramtircohtreli gerels, afidhprovides the

sel ected capacitors .in one bapk are charged one .
PR HIRE < Th ik S8y BERE My TGl o goriable delay
mmineamykhammoﬁoﬁg’ami?@d ahy thetefe@ke BMERNT SoOur Ce.

The differential signal is defined g¥ the two vol t ages
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[101Q] The current generator may be inplenented with a
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d'agﬁiﬂ'ofsainQEé Bhel BARE Qt.reclfiscﬁ%%.e& ‘3? agé’&{@r d6sing gmﬂ'ée.t e differential
del ay generator and is configufed to provide a
sgrat st dafimed by therbwm voltdgesieh dlye {edectrd, capadtdiaif thertpotbanks. The

cl.ock ri.oq of delay), when th roper reference

N R R O fcrr&gﬁ by vpldgegs to cross

dabie othef. D ERITELOGHE HERY coRrithddre HBRHBELHALR! M ned anpunt

of del a}é is obtained. The capacitors for the replica

[d81Uy géhercarent generatmatme e iwplementedpeith taorepli¢aodela generator
I ratqr, and the capacitors for both dela

S BNB0E00p e Kife A0AF bes o P st as the detay

geaeragr and QEENTigaAId! to Previl@ ¥ Prddetedmarhi aRme 60delay (e.g., one half

mat chi ng. Low-power is achieved by enabling the

. g. . .
ipipiciock neEpA P!t delark when thy pserer refpienee FHIFmEfS tgpeiyed: gThe current
. S 1t )
ok 1biP s Aok AR BERDlo 18 R Fholefitled il of detay is
abeaimgdat Biie edpheitort Her tlh(lﬂ::I agdichidelayi %nf:x@tmlaeé ﬁlatihé@ hid.}he capacitors
Var.i o aspects, ephodi nents, .a eatures of the .
ORISR oTe 809 setPPRGIOFS, farthoth delpy Sengslopare srpRgsd in a
T, éjm 113 f .
tﬁgﬁj}?} Elli)s-(géf)rgti\lhaggl r@e nt 1| nvent i[con whllgyfléctgﬁ{é&%%?e%q matching.
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when taken, i.n .conjuncti on wi.th the draw,ngs in. whjich . ..
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th&fPUEN@ILy geadrathieitRl the tahOdidh isddmpldieshows a cl ock
[generatl on subsystem [1014] FIG shows a

Bkhlent Venieys PpStnicntbodimaus, ead fratires of the invention are described in
further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[1012] The features and nature of the present invention will become more apparent
from the detailed description set forth below when taken in conjunction with the
drawings in which like reference characters identify correspondingly throughout and
wherein:

[1013] FIG. 1 shows a clock generation subsystem;

[1014] FIG. 2 shows a conventional DDS with an MN counter;

[1015] FIG. 3 shows a timing diagram for various types of DDS;



[1015] FIG 3 shows a timng diagramfor various types

of DDS;[1016] FIG 4 shows an innovative DDS with an
wonrosmasnssber; [ 1017] FIG 5 shows an MN count ePCWiUSHIOR/034241
the MNA counter; [1018] FIG 6 shows a nultiplier

within the MNA counter; [1019 FIG 7 shows a del ay
generator within the I\/NA counter; [1020] FIG showsa
current | ocked |oop for the MNA counter [1021] FIG

[8816d howEIG: 4t shavagn mn@gafam BBE withearcMNAegounttastked | oop;

ISR I e Ry a8 sGRRRC Vi s O el o

[WI&}CI t BIG. lﬂﬁhbw‘ﬂa&rﬁlllﬁplidﬁ@wﬂﬁpﬂﬁlm dadter; [1024] FIG
ows a _capacitor array for the dela I\%}J enerat or and

H@ﬁ&]. caFHe|7zhoye adelay generator withoptbp Comeéhoms a
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[1624] heFKi.ri8B showeaniniiag didghgn s thacuareaniucked foopf ance,
i.1lus t|on ' Any e ment  or design_descri bed
1§02 " BS Bk amapeitbE Db G doeF PP Boigglay somerator
tru
SO 1 nant 20 SRORL S5 S Hor U MALARER FapRUCL 0BT L
[61024r anTHF. H sovcka ggreitat amay forkthy sitlam geh@@tarteat] replica delay

i ncl udes .a phase | ocked [ oop (PLL) 110 and a direct
gingeton nt hesi zer (DDS) 120. PLL 110 receives a

16531 enERs. ShGRsws (aRelfelesaa&&eﬁe&r@ﬁaéss%mnﬁkﬁﬁéatﬁh@?&em
signal (CLKin). The input clock signal has its

frequency and/or phase | ocked to that of the reference
signal. PLL 110 ' j
phase- frequency MJL%SE%@I%P}& ter, a

age ld pol ) r
R0TREN A8 SRl 2 Ao B0, 246 Bt

indnmCBnqnuﬂlus:tkmh S IAgnyadm‘t&mldngﬁrt&rchklgﬁ daseribad peieirc hotkemplary”
naI Kouﬁgpahaw ng a frequency that is a fractiagn

i3OI b GERTPY gRiBirESrred or gelggmtpgegus over il egpbodiments

Ogldgé;%nsdl agram of a conventional M counter 220 that
used for DDS 120 in FIG 1. M counter 220
[l@ﬂél veElGht showsita lbbdc Idi@'ragmavlf aacldck Igendvhtiomdsubsystem: 100 that

S oRE Do B e SS9 ] SSRGS o) 120,

mﬁﬂllﬁfé@éﬁv&sh@iefér%nM Mral (ST Eﬁkﬁge&faté% 1'n ﬁ’tLﬂloélJ @&ial (CLKin).

ignal. Wthin MN counter 220, a summer recei ves

%dﬂb@d@ow tignal rhag dis ueguanor awwa@ﬂdx@ketﬂ rt@ i of the reference
9. SPEf. 1%%%5%;]6&3 E)ljép }n%reltsed Wlh’ll 5% ase? requency Xe%eclfor 6P\413) a loop

a sumer
ﬁlter, a voltage controlled oscillator (V CO), and a divider, as is known by one skilled in

the art. DDS 120 receives the input clock signal and generates an output clock signal
(CLKout) having a frequency that is a fraction of the input clock frequency.

[1028] FIG. 2 shows a block diagram of a conventional MN counter 220 that may
be used for DDS 120 in FIG. 1. MN counter 220 receives the input clock signal and the
M and N values, each of which is an integer one or greater, and generates the output
clock signal having a frequency that is N/M times that of the input clock signal. Within
MN counter 220, a summer 224 receives and adds M to an accumulator value (ACC)
from a register 222 and provides a first combined value (V1) to a summer 226 and to a
‘1’ input of a multiplexer (MUX) 228. Summer 226 receives and subtracts N from the

first combined value and provides a second combined value (V2) to a ‘0’ input of



"1'" input of a multiplexer (MJX) 228. Summer 226
recei ves and subtracts N fromthe first conbi ned val ue
wanwspsesss des a second conbi ned val ue (V2) to BCTAS2004/034241
i nput of nul tiplexer 228. Slinmer 226 al so provides a
one-bit inverted overflow signal (OVFb) to an inverter
230 and to a select input of nmultiplexer 228. The OVFb
gnal is logic lowif there is an overflow (described

nb@lmw;er 23R8 S@gm@r RP¢ Rlso Prdgsseonenbit mvpttedeyerfoy signal (OVFb)

ARG 8t L BB U6 T R BT iy v

1w Hithéro e aRe@irBéwe (dedeiRbadertiwemddogc Sigr @Bertvive. WadltiBlexer 228
fron1nu|tiEIexer 228. Inverter 230 recelves and

Providss tle fisecqyppedsyalwmit ﬂaﬁwlweafé% theseeand combaned value
TR an evDSN NoeERb DY Shrocrets SBERAES e aletiond itipigrer 225.

Ixmttbemd reediyes andlieveets thaONHY lsigna]\hﬂqﬁuwdbsame outphttlock signal.

alue r n n fro t ON_- each in
Soutfer 22 R 1 OPlat by REERIoE 223 SIFRRETE Bo and 226,

aﬁ&'fxﬁﬁfﬂle@? QQ@UJ)I?JCB%IX ahpRnfRta Hfo%ﬁlodﬁsac&ﬂﬁulﬁﬂof #at stores a value
nbi ned val ue I'S stored back in register 222

rm@]frmmeO td ¥w lhaBomerch aopeutraled. cy&hs the adduowladercapcsmulates M

GG e ge R RRE RS GRAIP Dty T o0 GPE R, Yo itehich s

s@fedO &K irp?ég‘i’ﬁéiuﬁﬁz 11Na1'1 oveHdW aad edt focamddne Al 68drflow occurs
conbi ned value and the result is stored in register

vameveAtmﬂrsfecqnﬂonmdoW@e@cmdﬁTﬁ andigtipdieated by thed) i bignal being
n I 1
<10, B PR R B et pablrat AR iR v
aﬁcZ@he fedult {shored &H’ﬁﬂg@t&m A pulst G pbvided onNhe ontpabelock signal
the divider ratiois MN = 3/8 . the first input clock
“@V@%OV?T@QWSQ%WSZZZ is reset and the accunul ator val ue
)
HEEF S Bgpl s B8R G MG MLl pliion of MN gounter
220. | iFor rtbeutexainptek slooped én 4FIG. hg, NII:rStN ec&]bambd:ha/ ﬁi\d@erl ftio is
nine, which exceeds N =_. A value of eig is then

MObER4Bt el thedist meut flogk beﬁﬁsb’ieﬂ@EFr\?&Pdé ressh g, theapqgamulator
lefueQ 351? %{1192[1%5; 76, T P SLutAor véﬂﬂ? CE&E%@SE%W%% fPBach of

rocee each subsequent 1T nput c
m;iu@ clockuwyslkes i2sardr Bv ilnl égbud reldckecyolet huthe dirsicdonsiggiiatalue is nine,
ever an overflo$% %urs and eig t |s subtracte

“fhll ¥95eds iN 8- cénb \Fightds ﬂ[le_po ated grqm the ﬁrs(;[i combined
V%ﬂ:l]lg uaﬁfd;aaﬁ' Te of QR R4fored 1nctlegi§{§r gc ) ?’he Qﬁﬁe Both gﬁgﬁ@'[‘ﬁ%ceeds for

tinmes the 1npu requency
gcélmbsﬁtqadntbypldlclno&thyglet Reclodpptlseisqravidedyormtheiomtput clock signal

frequency by 3, then . 3,. then nd.so on.. The
WGEURE B Bucttig osiis Rl iehtis suEfastat S Tk o3 Cocgibinel Vet
[H33) I edAs S rEianeatés) tétlough ¢locR 8ghithas HaY&RMEIoy tBe!i’cQs 3/8 times
out put cl ock si gnal has i nst ant aneous periods of

tigTinpt refocknfe@racyandhis generated by dividing the input clock signal in
frequency by 3, then by 3, then by 2, and so on. The average period of the output clock

signal is 8Ty, /3, as desired, where Tcixin is one input clock period. However, the

output clock signal has instantaneous periods of 3Tcixin, 3Tcrxin, and 2Tcrkin, Which
give a worst-case cycle-to-cycle jitter of Tcrxin. Moreover, the jitter has a periodicity of
8Tcrkin since the jitter follows a pattern that repeats every eight input clock periods.

This periodic jitter results in spurs appearing in the spectrum of the output clock signal.



give a worst-case cycle-to-cycle jitter of Mbreover,

the jitter has a periodicity of 8Tc since the jitter
woabdsmass3a pattern that repeats every ei ght i npar/uskmak34241

periods. This periodic jitter results in spurs

appearing in the spectrun1of‘ihe out put cl ock

signal . The spurs can have relatively large anplitude

and may be detrinental_ for sone applications (e.g.,

Thegtpugti &R thpve uglaby clynlstee applitgde saslc nraal by dstiimeengalofor some

i . ; i t .
Ppaoy cie dieh g RO A0l eBPBlHne doptsigmlyic.
[1032f er AndMBmouster Tth dialdygcoterictitiont (ag YPMISAtcuntefYeen be used
jitter by shifting.th sition of the |eading edges. .
th zede i o smiigadP SN RneoaieF iemelicieiedicsriior SicRifing the
pofifibn Bk theQAdINE e8dR%K oD ﬁ%}ﬁ%@?ﬁ?} &f 1o R locihr%iéntal Such that all

achi eved by determning t ant of ase s
optput lack periasiscie detspme. Thisdkadyeied by detnmining thh @mount of phase

ired.ut put clock periad and then advancing th .
sPEShteR BB oBlE AR 5YaE 18 58 fig Gsiral Gubh cioSk period and
thdn d&&hﬁ@ﬁ?&eﬁ&ﬂiﬁéﬂ%@%d&diﬁﬁy@n i deal MNA counter for
the exanple in which M= 3 and N = . The output clock

[5033hal Fiomh alsnaillpgieatds thivapasation efraniideat MOWA chamtenfpr the example

. i od 4 of f.or ~each ¢ k. cycle. The a f )
BRI M M N e TBE Bt 28 S o e HFRL BB pounter is
sBéwn BeviR¥ RRESEOf 8%, A Lhorfeal-£108k cydfe.J THE 8h6urte®phsse shift to
the accunulator value at the tine of overflow The

atleiadk thg iddyeutphit dlbuk puiopdhn B¢ egitedsed aflvanced by T / 3
when the accunul ator value is one, advanced by 2T / 3
when the accypul ator value is twd, and not advanced
when Ahe ac Lftor value is zero. [1034] If theEq(D
phase ¢Hl'ft can b™& denerated exactly and if the

| eadi ng edges can b e advanced by this phase shift

i th error then all of the o t_.clock cl es
et RHE B B8 a5 il fela & DTSR SRRV S deain e of the
hd . del 0
U TRRES, J oG by TR B SR B R o S Sk advanced by
ofhe . A8l aend80 8t RAlIat6ATIRE sAGD! ot RvaERE rv@}feg RN ARG mulator
shi'fts in discrete steps. H ghér accuracy can be

valutad gl for the delay generator with greater circuit
conplexity, nore die area, and hi gher power

[ unpif it phasr sbift edebe generated exatdlyoifl ibéhanseding ledges can be

) d h t .
P T
eqed] boriodhmadbthe fideah MBNA comtst @11l Mavelrerd 3ttdl tA deh@yenerator can be

enerator for the exanple in which M= 3 and N = . For
uggd to geppra ﬁfi@&lr’edephase shift for the MNA counter. The delay generator can

be designed to generate phase shifts in discrete steps. Higher accuracy can be attained
for the delay generator with greater circuit complexity, more die area, and higher power
consumption. Thus, there is a trade-off between the accuracy of the delay generator and
other system considerations.

[1035] FIG. 3 also illustrates the performance of an MNA counter with a 3-bit delay
generator for the example in which M =3 and N=8. For this MNA counter, a
fraction of 1/3 is estimated as 3/8, and a fraction of 2/3 is estimated as 5/8. Using these
estimates, the output clock period is 21Tqy;, /8, then 22T, /8, then 21T, /8, and



fraction of 1/3 is estimated as 3/8, and a fraction of

2/3 is estimated as 5/8. Using these estimtes, the
woub@uesasbock period is 21T / , then 22T / , t ReWUR10D4/6034241

, and7 so on, as shown in FI.G 3. The worst-case

cycle-to-cycle jitter is T /78 with the 3- bit del ay

generator. 11036] For a delay generator with L-bit ‘

accuracy, where L > the required phase shift can be, :
soemy asrstomch nFIGaBe r Biepwetsuense cyejetBEye Attehiis busi& withghe 3-
~advance the output clock edge (i.e., a negative phase
bilsjelan gengwtprbe obt ai ned by operating the del ay

era i Ky ¢ I n i

GSIS, ke SPGBl WL XL ey, el Ot Rle b phase
shifigdribe chlimatidlagy may be expressed as: T delay,! -

ACLKin _ T -~ 1* (XKin Eq (4) 2 [1037] In general,

for an L-bit delay generator, the worst-case

cyclgTLQELy@le jitter is , which is a reduction IBy@)

factor oR'2 G¥er the jitter generated by the MN

counter. Jitter is thus exponentially reduced for

| arger val ues of g assum ng no degradation due to
whirkCHI L +d g;we ijjon) . However, circuit conpl exid )

area,’ and power &ngunption al so increase

gx?onentiglLy m%th L. A suitable choice for L can be

eterm ne ased on jitter requirenments and other .. ~
AfghesoRkift o18B8pceihe OUPEHIIES S8R B PSR XmATECarfien be
i f BRR i :

ot{}ﬁ{ E(Ii ﬁgl l?/ﬁ%gté%% %%eer Og%eﬁ&ﬁ/oﬁegg% nt ercq(4 Sle{beagl Igig‘ \1/1 g ;g e? %rgtlng .
délaxptibt is lcomiplenientray to Bk Kigative phaseishifhdl ¢ dedayiiasy bagrepressed as:

dither signal froma dither generator 440. The dither
signal is used to SFED s large anplitude spurious

signgl s i:nrcggne_gyitﬁ = T - Eq (4)

delay,i 2

[1037] In general, for an L-bit delay generator, the worst-case cycle-to-cycle jitter is
Teri /2", Which is a reduction by a factor of 2L over the jitter generated by the MN

counter. Jitter is thus exponentially reduced for larger values of L (assuming no
degradation due to circuit implementation). However, circuit complexity, area, and
power consumption also increase exponentially with L. A suitable choice for L can be
determined based on jitter requirements and other factors.
[1038] FIG. 4 shows a block diagram of an MNA counter 400 that may be used for
'DDS 120 in FIG. 1. Within MNA counter 400, an MN counter 420 receives the input
clock signal (CLKin), the M and N values, and a dither signal from a dither generator
440. The dither signal is used to suppress large amplitude spurious signals in the output
clock signal caused by periodic jitter. MN counter 420 performs accumulation of M
with a modulo-N accumulator to implement an “M divided by N” operation, as
described above. MN counter 420 provides an accumulator value (ACC) and a counter
signal (Ce2). The counter signal has the desired frequency and is derived based on an
overflow signal within MN counter 420. A D flip-flop (D-FF) 422 receives and delays
the Ce2 signal by one input clock cycle and provides a delayed counter signal (Cel).
Another D flip-flop (D-FF) 424 receives and delays the Cel signal by one input clock



cl ock signal caused by periodic jitter. MN counter 420

perforns accunul ation of Mw th a nodul o-N accunul at or
woaoisrmpsaeent an "M di vi ded by N' operation, aBCT/US2004/034241
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Wien N is not a power of 2,
2 offe reghieve bighaipksating speedffor MM@unmtbmom highf spebdisireigtrp is used

to 1mp5”n96n’t\|thegrworﬁﬂl 3<9erré. as descri bed above for FIG

[1041]  Within MN counter 420, a carry-save adder (CSA) 524 receives and
combines M, the dither signal, and the accumulator value (ACC) (i.e., three input terms)
and provides two output terms. A CSA 526 receives and sums the two output terms
from CSA 524 and subtracts N and provides two output terms. A carry lookahead adder
(CLA) 528a combines the two output terms from CSA 524 and provides the first
combined value (V1) to a multiplexer 530. A CLA 528b combines the two output terms
from CSA 526 and provides the second combined value (V2) to multiplexer 530. CLA
528b also provides the Ce2 signal. Multiplexer 530 provides either the V1 or V2 value



2. To achieve high operating speed for MNA counter

400, high-speed circuitry is used to inplenment the two
woéuabds/astder s. [ 1041] Wthin MN counter 420, a PCT/US2004/034241
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for glener ating the one-bit dither, signal maybe used
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nver se unit may be T npl emente a seria
MiNA iceirder 4l0gorBIGhd Multiphér-460 apsidtes wien sooeerfioweccurs in MN

CSTAF s W BRE TS BRI g i Sarey PRQT e ¢ RfiGough the
acliRtty QatBRYayIR 1B Vel cidionawiadbly X hitiier 460 M\M&yual to the input
counter 400. For exanple, a controller can conpute and
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oy 250 R B oGP R RBR tBhE T | of 460
[10pSY at @or Wie firse pigeliet fstape, facies H120 aMN a10brTheh HEACC and Q

whi ch na¥ be infrequent, for_some val ues of Mand N
vaApeshEsSRAFLiyehg, with the Ce2 signal. Latches 612a and 612b mhibit the ACC value

from rippling through multiplier 460 if no overflow occurs in MN counter 420. A

partial product tree generator 614 performs multiplication of the ACC and Q values by
generating partial product terms and accumulating these terms in multiple accumulation
stages. Partial product tree generator 614 provides two partial product terms.

[1046)  For the second pipeline stage, D flip-flops 622a and 622b store the two
partial product terms from partial product tree generator 614. A carry-select adder 624
combines the two partial product terms from D flip-flops 622a and 622b and provides



activity rate may be |l ow, the execution w ndow for

multiplier 460 is equal to the input clock rate, which
woayoshmasasel ati vel y hi gh. To support a hi gh i npRCTIS®K/034241

frequency, multiplier 460 ig.inplemented as a
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SB. Dflip-flop 638 _provides the P value, which is
delppgensiataican be exprassed 8s:ACC/ M and quantized to L bits.

For illustrative ease, the bit inversion to obtain the
term(1- £ 2.y in equation (4) is not explicitly shown

in FLG, 6—3H2ljer 460 may al so be inpl enent edBgSHh

ot her designk: (e.g., a |ook-up table that is indexed

by the accunul ator value). [1048] A del ay generator

t f. dj te d by ch i .
wiE CErob o 5ot Ceph SEAGhRal o Rl ftpuin e
b)) 1R es BllcairBRthsy td dHabddtahd @ischirg® the 184 847ab#Eh) and Vi, is the
di Tferent conbination of capacitors in the bank. The

valapa swigans the dedeyhgeneratord dqagtiqreide skavet thetthe gelay is dependent on
thf@épga?ﬁﬁ&grsqmt'are in turn dependent on the IC manufacturing process. Since

accurate generation of the delay is needed to achieve good jitter performance,
techniques are described herein to mitigate the effects of Cioad, Vswing, and I on jitter
performance.

[1049]  FIG. 7 shows a block diagram of a delay generator 470 within MNA counter
400 in FIG. 4. Delay generator 470 uses a differential design to provide good rejection
of power supply noise and to mitigate the effects of circuit component mismatches.
Delay generator 470 also uses a reference current from a current locked loop (CLL) to

accurately generate the charging current.



T (5) ch where oad the | oad capacitance (which is

dom nated by the selected capacitors in the bank), L
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capacitor, and Vi is the vqltage swi ng of the del ay

generator. Equation (5) show':,1 that the delay is
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oI RES I soE BRTPL A SrBerSP st Gy e G A TAC Capmgpouee
74 6bupRY R Eigbulitraumipde V via switches 724a through

724s, respective[gg/. A switch 732 has one end coupl ed )
[1081Inod e sprappaaton ¢ bhase noangversng iyt e¢rpded toutode é}goamayemng
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de’Eb&erl(m@aeclza'm th? PC\tﬂlﬁeaﬁrbm&ﬁmltiﬁEeﬂmha?ﬂLgﬂne&tds g:oﬁtrol sliglglls for
supply voltage (VDD). A swtch 742 has one_end cqupled, .
s %ﬁ%ﬂé4\ﬂ51n324 He %‘lq% thes Sesitedupapaeiiary andsdgselept fhgsremaining

c%@@it e end coupled to node V and the other end
oupled to one end of a current source 746. The ot her
[1662] of (hmwenestturceoiBoceceivd thorghérescet annent Giy frorg rcotrewt. generator
1051]. A copparator 750 H;Z ?%non-i nver
o Higer

A0 BTSSR, o g AT G40 Pl bohAgatrence
cufrent NG Bdin QRME obRGhtoP48Y1 HRISpidiRIcO Ut Rch&LRGKcurrent of I,
Si gnaﬁ . A decoder 770 receives Fhe P val ue from ®
Crmgéntispiuices 76 ancaiidd gaydedmplentantad with sprgtatitgxfarent sources or
some other types of current sources. Capacitors 712 and 722, switches 714 and 724,
and decoder 770 may be implemented as described below.
[1053] Delay generator 470 operates as follows. When the Ce2 signal is activated
due to an overflow in MN counter 420, switches 714, 724, 732, and 742 are éll turned
on for one input clock cycle, capacitors 712 in bank 710 are discharged to circuit ground
by switch 732, capacitors 722 in bank 720 are precharged to Vpp by switch 742, node
Vj 1s at circuit ground, node V, is at Vpp, and the output clock signal is at logic low.
One input clock cycle later, switches 732 and 742 are turned off and only selected ones
of switches 714 and 724 in banks 710 and 720 are turned on by the P value from
multiplier 460. The selected capacitors in banks 710 and 720 are those with their

associated switches turned on. In this same input clock cycle, switches 734 and 744 are



switches 714 and 724 to select the desired capacitors

and desel ect the remai ning capacitors. [1052] Current
weawsmas6386 recei ves the reference current | f POmMUS2004/034241

current generator 480 provides a charging current of

Current source 746 receives flhe reference current from
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: pe doubl ed, and the output signal from conparator
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clock signal. The maximum NMratio is
and corresponds to Cig in equation (5). The unit capacitance Cyyy; and the charging

current lgg are selected such that delay generator 470 provides one input clock period

(TcLkin) of delay when all capacitors in the bank are selected (i.e., when Cy = 25 Cu)-

The capacitor size directly affects jitter, area, and power consumption. A suitable
capacitor size can be selected based on a tradeoff of all of these considerations.

[1056]  The accuracy of delay generator 470 is dependent on the accuracy of the unit
capacitance Cynit, the voltage swing Vpp, and the charging current I3, which can vary

due to IC process variations. A current locked loop can be used to generate a



then limted to 0.5 for proper operation of the MNA

counter. [1055] The del ay generated by del ay generator
wa2Msmaga3e expressed as: ACC V. p , DD del ay. PCTAISE®4/034241

(6) M where Cit is a unit capacitance. In equation

(6), the factor is the volta‘ée swing for the

capacitors in each bank with the differential design

and corresponds to V g in equation &5) The factor 2
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Oin d
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thedlvd 2., An.AND,gat e, 814
G 5 B oA T2 b DGR TRt i bt r
hiSHOVA 98 Rage-toShuBeRNGL 1) Qokveited 820 c&ﬂerts fnd Ritab€ 8n d@paritor 834
generator 870 del ays the CLK2 signal té%one hal f i nput
Sc]

bad;lo o pequrxmt amlg pmvntdegroas ded ayovdrd kefaicnerapurteys s and
Lrem 1’Vto rep%ca H&ay genera of &7 d: I lgephca ’defag eﬁ%rlé%r %'79 Ié{@_ilusts its delay based
" on the reference currents Ls, and Lesm such that the delayed clock signal is time-aligned
with the reference clock signal. V-to-I converter 840 also provides the reference
currents s, and L, to current sources 736 and 746 within delay generator 470.
[1059] FIG. 8B shows a timing diagram for current locked loop 480a. The
reference clock signal is the input clock signal divided by two and delayed by one half
input clock period. Replica delay generator 870 generates a delay of one half input
clock period for the divided clock signal when the correct reference current is received
from V-to-I converter 840. The current lock loop adjusts the reference current such that
the leading edges of the reference clock signal and the delayed clock signal are time-
aligned.
[1060] The closed loop transfer function H(s) for current locked loop 480a may be

expressed as:



may be provided to a dumry AND gate matched to AND
gate 814, and the output of the dummy AND gate can be
wonresiodedet o del ay generator 870. [1058] A PCT/US2004/034241
phase- frequency detector (PF%) 830 conpares the phase
of the reference cl ock S|gn and the phase of the
del ayed cl ock signal and provides a phase error. PFD
830 may be inplenented with an early-|ate detector
that is knowdgi nlthe art. A charge punp 832 converts
the phase errgr(tn ia current. A loop filter,
|npléﬂ@hFig;IgEZEa—s%ﬁg%e,capaC|tor 834, filters Ea&)
current fr gE PUp 832 and al so converts the
current intom ¢gltage. "Capacitor 834 can be a snal
capacitor if the input clock rate is high. A
voltage to current. (V-to-1) ver er 840 converts

%falé@ plearg%swnaéé% "G g capicHanie qfsqa%cﬂor 834 for
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gfiansTrapida &wy AélieurdS8T( Gn dalttayf ha@gmp nEqmlone(ﬁ)a irglivetes that
currents | and such that the delayed clock signal is

CRIrens- ]@Ir:k‘giw é@ppm%ﬁa tihea siele @atee sysigRkthal dghameongitinally stable.
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for current | ocked | ogp 480a. The reference clock
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Icg hm;rl%enﬁ;éd @dti1or totdoRiedlé wsdbdkmg 0 @ksisilyaatenihag bbhneed thereafter
correct reference current is recelved from, K%
tQ PFAvERt e oazrent Ippkedclopp dipm PEERhOEBE ddjeusi Kynds adjusted such

tﬁa‘f g:%&?er gslcé %{T gﬂ@%dﬁaﬁ% l)figd f‘ﬂlglﬁgtg ;ﬁg% delay for
tlaer ealtirea regk loﬁr@uit clbdlﬂﬁ@c_iueiﬁbnes ehdoen all popeess amaérar The gain Kyg is

fun t ked | 0 b
cemlieéiaorﬁ'%glza af the ApaAyTSmAREY ERERE tur romt of
[0yl 9¢ bﬁlﬁ:a&%fa bhel A6 Qﬁpﬁﬁé Hﬁn%eoﬁes?épﬁ‘@ aé1ay g8sdator 470.

or ‘the ["oop ter I's the gain of V-to-I converter
W@el(avrgemrateé bereme)ﬂayanmratgr 8 Hemgyi ba expressedps:ca
del ay generator 870 (in units of nsec/ mA). Equation
(7) indicat%§ t hat rrent | ocked |loop 480a is a
si ngle 9 _SﬁéyﬁhL i.s unconditionally stabl eEgq(8)
Howev €72 %s mllai2 to a2del’ ay | ocked | oop, the current
| ocked Ioop can false lock to a zero tine period or a

doubl e tine period. False |ock can be prevented b
véreseCiap iy thi aapacﬁ@qemdémsgb@ pharging grrredor gpljea d@h%é generator

8%t hﬁephca (?eq %Vl!lé}gto} I§l7§ 1§ Sdegﬁné:cf)% 'i)%wag]ﬁ &elﬂﬂr 8F Terxin/2 with

capacitance Cygg and current Lgg. Delay generator 470 is designed to provide a delay of

Terkin With capacitance 2%.C . and current Ise. The capacitance to current (C/I) ratio

unit
for replica delay generator 870 is thus one half of the C/I ratio for delay generator 470,
since the same voltage swing Vpp is used for both generators. For example, the same

charging current may be used for both delay generators (i.e., I ), and the

rdg
capacitance of replica delay generator 870 may be set to half of the total capacitance of

delay generator 470 (e, C, =2"-C,,/2). In this case, the accuracy of delay



punp current | (e.g., from5mA to 40mA, in 5mA steps).

A large charge punp current | p may be used initially
woaoamissve fast |ocking. A small current nmay BeTwS2m@4/034241

thereafter to prevent the current |ocked | oop from

overshooting. The gain is adpusted such that del ay

generator 870 is capable of producing one half input

cl ock period of delay for the entire range of i nput
genbratok 4770 éxydrependant onrtle wetshing|betyrendhs sanasitanse ©f dylgy generator
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ica y generato % I's thus one ha
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otb hal. f Eadh ¢dpacitartialselectpdior tlessbeetedfbaded ay agespecévapit of the P

470“'(\ .e., C=21/2). Inthis case, the accuracy, of
vale¢ dphbmydtipdicad6p. 47Gmpiher epbedizent, dherpisb dagading jsgrsed for the

bet ) th it f del i ]
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plRfdEa ol 8RR HBRAI MR @PRISS hidtheakfrRdapadifantdief Cun. The 2°

supply vol tage the charging current and the accuracy .
cafacifiers aypngemeratghed MOE ¢asily decausp dhewgll t}}an Hgg S imension.

araneters, | | : i .
CPRiRRNRLS: Rpal o ERhige bl (R 50 E IR dbnieved.
ABCRNNREY 11 2'dehi¢itasnes atletted 46 riescsdaycededpnahe thhealue.  The

mat chi ng of the capacitors for generators 470 and 870 .
selpasecbeapagHors FEYCHELERT R e 2o M dIBYE SHaHad) %‘P@%ﬁ fgéil?a"“"fs

t%- gq%gyea eﬁleetpg Eig?a?r@g Sﬂﬁgay glgﬁin% Ok afsgtgteﬁﬁﬁc 8Bt h&idss an IC die
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[{Oo6r3] FIG. 9 shows a diagram of an embodiment of capacitor bank 710 and
decoder 770. For this embodiment, delay generator 470 has 6-bit accuracy (i.e., L =6)
and thermal decoding is used for the capacitors. Bank 710 includes 64 capacitors
arranged in a 4x16 array with four rows and sixteen colunins. Each capacitor has a
capacitance of Cynt. Decoder 770 receives the 6-bit P value and generates the controls
for the 64 capacitors. Within decoder 770, a thermal decoder 912 receives the four
MSBSs of the P value and provides to a D flip-flop 922 sixteen column controls for the
sixteen columns of the 4x16 array. A thermal decoder 914 receives the two LSBs of the
P value and provides to a D flip-flop 924 four row controls for the four rows of the 4x16
array. D flip-flops 922 and 924 provide controls for the columns and rows,

respectively, and ensure glitch free transition in delay generator 470.



the capacitors in each of banks 710 and 720 in FIG 7.
For this enbodi nent, each bank includes L capacitors
woavisrngsdss nary wei ght ed capacitance of Cunit >2@CTHUS2004/034241
4Cunit, . . and 2 . Each capacitor is selected or
desel ect ed based on a respectiive bit of the P val ue
frommltiplier 460. In another embodi ment, thermal
decoding is used for the capacitors in each bank tq
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d'eﬁgx BIRPLAL 390, USoNGcHifier BBdd (ilﬁﬁé}ﬁh \Jthe gitb8r foe ehdth delay

I's for one row of oné colum of the 4x16 array
geharators 4V0Fing. 879 . cathp awplementisd (as ong gway w@m@ésn a two- dlmenswnal

acitor anN-channel transistor 714x, and a
@i@“@%ﬂ@%@%@l ¥Mbaci tor 712x is one of capacitors
']1| N PREK1T $owdd diggad fopaetdngias iafpléndrtaticanek a capacitor

annel transistor 714x is for one of switches 714
aimay bR forodelaso giereratar 147918 Fepdien viskaya 2enssatpp 879 gpsing a 2-D

9‘%@ %%agéh(,j SRR Yestrb A afdt Ui s B0End1E aeldyORBnERERIED has 6-bit

accuracy, and the 64 capacitors for each of banks 710 and 720 are arranged into four

rows, as described above. Capacitor array 1100 includes twelve rows — four rows for
the capacitors in bank 710, four rows for the capacitors in bank 720, and four rows for
the capacitors in replica delay generator 870.

[1067]  For the exemplary implementation shown in FIG. 11, capacitor array 1100
includes six sections 1110a through 1110f. Section 1110a includes capacitor row 3 for
both banks 710 and 720, section 1110b includes capacitor rows 1 and 3 for replica delay
generator 870, section 1110c includes capacitor row 1 for both banks, section 1110d



generates a gate signal for N-channel transistor 714x

based on the three input controls. To individually
weebwsmssBdd capacitors in the 4x16 array for baRKT/IEN04/034241

64 control signals would be needed. To reduce the

nunber of control signals réguired, the capacitors in

the 4x16 array are selected one colum at a tine. For
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Inrows 0, 1, 2, and 3 for bank 720 are coupled to
of previding bi-directional communication via a receive path and a transmit path.

[1070]  For the receive path, signals transmitted by base stations are received by an
antenna 1212, routed through a duplexer (D) 1214, and provided to a receiver unit
(RCVR) 1216. Receiver unit 1216 conditions (e.g., filters, amplifies, and frequency
downconveris) the received signal and digitizes the conditioned signal to provide
samples, which are provided to a digital signal processor (DSP) 1220 for further
processing. For the transmit path, data to be transmitted from wireless device 1200 is
provided by DSP 1220 to a transmitter unit (TMTR) 1218. Transmitter unit 1218

conditions (e.g., filters, amplifies, and frequency upconverts) the data and generates a



when enabl ed. The capacitors for replica del ay

generator 870 are always on and no controls are
woeeradsesas i ndicated in FIG 11. The capaci t oPETiUS2(0m®34241

rows for replica del ay geneﬁ tor 870 are coupled to

two correspondi ng nodes and % wi thin the generator

870. [1068] The MNA counter design described herein
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transn1tte by base stations are received by
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i BERE NG IicH OMRE eV 8ddefident N ERC epecffd: degpalofadP 1220 and the
dlgltlzes the conditioned signal to provide sanples,
cmmeaﬁenaysmmded to a digital signal processor (DSP)
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rat?’guglllx%xer Ha Bk h§é1£b‘i‘a\knthVﬁHaﬁJ§ iferbOMESN (i, the MNA

ugh 214 and transmtted via antenna
counter) described herein may be implemented in an application specific integrated

circuit (ASIC), a digital signal processor (DSP), a digital signal processing device
(DSPD), a programmable logic device (PLD), a field pro grammable gate array (FPGA),
a processor, a controller, a micro-controller, a microprocessor, and other electronic
units. The MNA counter may be implemented within the one or multiple integrated
circuit (IC) dies and in the one or multiple ICs. For example, all units of the MNA
counter may be implemented on one IC die. As another example, the digital portion of
the MNA counter (e.g., MN counter 420, dither generator 440, inverse unit 450,
multiplier 460, and D flip-flops 422 and 424 in FIG. 4) may be implemented on one IC



1212 to the base stations. [1071] DSP 1220 i ncl udes

various processing units such as, for exanple, an
wonovwroagdsc control | er 1222, a processor 1224, aPAEMS2ON4/034241

unit 1226, a bus control unit 1228, and an audio

processor 1236, all of which%are coupled via a bus
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the MNA counter (e.g., M\ counter 420, dither

generator 440, inverse unit 450, nmultiplier 460, and D
wohkb@p/Bsaps 422 and 424 in FIG 4) may be i npl eqemusams/034241

on one 1Cl9 die and the anal og portion of the MNA

counter (e.g., delay genera@@r 470 and current

gener at or 480) may be inplenented on another |IC die.

[1074] The MNA counter may al so be fabricated with

various | C process techndlhdl®Ssuch as CMOS, NMOS,

BJT, and so on. The MNA counter nmay al so be fabricated

using different device size technologies (e.g., 0.13
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may heoung @reaive do ieveivefaniapu cldelsignabwith welitst frequency, an M

e s et SRS Gey vl B Rl eapratges. ma o
obfieatl YHRGHAO S8 B&YihE 8 SedbRl HeduenthyRletphintarns thONEGali@nd the

e stored 1n a nmenory unit (e.g., nmenory unit 1226 or
NieAR; amd FI G 12) and execut ed by a processor (e.g.
pr oces 1224 or contr 1
é15 f e@F@Fﬂre(H’eWt]tvﬁ rF‘heéve ﬁ‘g Ogn%rf g‘ 51%/er na bl{ gontrol

s1tgﬁﬁ RHOCES &0, inteBeVbesibr 638 @né,tto ¢aflerhte a&ﬁffﬁibﬂh@l:’ﬁgmébysed on
coupled to the processor via various neans as |S

thmcqwn@eramgnal e 1g Lleé cpniaeli Berplaanktq pes e @ﬁfefqugal onal to
quyrl | agg&ﬂﬁ%“ﬁggg %alv RhOYI LGS s ﬁ{ ﬁu&ﬁ?b%eﬁw 1cR&ihg @ges of

e or use

the BRIt icitk siganl e Sarﬁﬁhﬂiy télapddiin ascdrdarict wsﬁa therbeéudi comfrpbsignal.
will be readily apparent to those skilled in the art,

and t he generic pr|n0|ples defined herein may be

appl hed tgyother b ?Llll 18  WfRlin GRARIdy %&efaﬁ&'ﬁlcludes

the sSpirit or stope e 1 nvéntion. Thus,

pr es erfirstitavik of camcitersneich capgagitoteid thofitse bhikbeinglslestalieby the
enbodi nents shown herein but is to be accorded the
Imk@é@%q§@§5@-00n3|stent with the principles and nove

feat yrpg s s‘dﬁl%‘é opBfaBEto dhhE kI MEATapaBiteisAh m‘euarst bank, and
1S:20 CLAIM5 . An integrated circuit conprisin

c 0 u nepmppRtaEtopurtiveto provide themtpuislack i gpekbased pmp p first voltage
i a, first uenc |l ue and an N val ue,

SW’F@ Celtthﬁéelﬁﬁ?/‘g g§%8¥4§?8%l§?¥\?sﬁ‘fje are each integer

val ues, and to generate a counter signal having a

second frequency determ ned by M val e and the N

vaI ué; andhg 1@@%@%%@4&%@%91%9& éYlile\V@ntt (dslay; geuerafy further

unter signal and an L-bit control
11’1011 €S:

a second bank of capacitors, each capacitor in the second bank being selectable
by the L-bit control signal; and

a second current source operative to discharge selected capacitors in the second
bank, and wherein the differential signal is defined by the first voltage signal on the
selected capacitors in the first bank and a second voltage signal on the selected

capacitors in the second bank.

4, The integrated circuit of claim 3, wherein the delay generator further
includes:
a first switch operative to discharge the capacitors in the first bank to a low

voltage; and



signal, where L is an integer greater than one, to

generate a differential signal based on the counter
weoeigisaBsand the L-bit control signal, and to uBeTHIS2004/034241

differential signal to provigé an out put clock signa

havi ng the second frequency, hherein | eadi ng edges of

the output clock signal are variably delayed in

accordance with the L-bit control signal. 2. The

i nt e@rged BViiduerRergivedp Arashargaihe caPHLioHe gl Sycond bank to a
hggpﬁﬁﬁ%gr includes: a first bank of capacitors, each

capaci tor in the first bank being selectable by the

L-bit control signal, a first current source operative

to charge, sel.ected capacitors in the firs n nd a .
con‘pgr at or ﬁ’é@@ia%é’“t%“&f 1, ’t"ﬁl?r‘?}ﬁtﬂb%{irsg S%@i‘)fa Capacitors 1s
i #ARNtdAASRE (1RANA ddebdihgVd WEG R BB RhpRRoks'R tBE % HRAK have
capacitors in the first bank. 3. The integrated

thé samnd qapaditagtai m 2, wherein the del ay generator

further includes: a second bank of capacitors, each
capacitor in the second bank being sel ectable by the

L- bi t6, contimelinsiaeal circatbf1H@CH) Rehetéih it tirss BUIIC 6f capacitors is
operative to discharge selected capacitors_in the

implenteatadayith bindy Waeading: andevkareindhe dirstabank;igplafdes & capacitors
[ fi 3 tage signal on the selected

h%ﬁ{l)l c%??daggéle%%i{%tdhcgﬁ%ﬁtra}s{%’bank and a second vol tage

signal on the selected capacitors in the second bank.

4. The integrated circuit _of claim3, wherein the

del ay’- gendm&iBeeRisdciept phelpiny dsturther Gmpristig:  ch

oper gf | Oo HeREN2EGGatE 1 PGS U Fetbindd) RuirbdiStor the del

bank%%gﬁgm#o%?%o ta e;aand21%g secondasmftch operé?ivg ey

denerptoec iral ghetehe theapaiableodslay ot the lsadiogadpesnéat the eutput clock

high. voltage. 5 The integrated circuit of claim 2,

S&Wg B tat"i‘f%%?‘?‘%‘fn ‘E‘Sﬁﬁg@flgec%@f't ors is inplenented

with thermal decoding, and wherein the capacitors in

the first bank have the sanme capacitance. 6. The _

i nt edt at edlhsi mgegratedfciehidi of 2laimhér sthareithdhe jchenth generator 1s

.of _capacitors is i epented with binary decodi ng, and

! gWﬁ%%iWé@??W@?nﬁg%ﬁgﬁﬁ@ludes L capacitors having

bi nary wei ghted capacitance.

9. The integrated circuit of claim 7, wherein the current generator includes:

a divider unit operative to divide the input clock signal in frequency to obtain a
divided clock signal,

a replica delay generator operative to delay a first version of the divided clock
signal by an adjustable delay and to provide a delayed clock signal;

a phase-frequency detector operative to compare phase of a second version of
the divided clock signal against phase of the delayed clock signal and to provide a phase
error;

a loop filter operative to filter the phase error and to provide a voltage signal;
and

a converter operative to generate the reference current based on the voltage

signal.



7. The integrated circuit of claim1, further

conprising: a current generator operative to provide a
woebm@resse current for the delay generator, angCwuse@isn34241

the variable delay for the | eading edges of t he out put

clock signal is obtained bas¥d on the reference

current. 8. The integrated circuit of claim?7, wherein

the current generator is inplemented with a current

| ocké&@ | o@pe irdegrathé cirenibgf elaisn 9 cwhereint the flivédegjumit s operative to

rat.or. i ncl udes

i el et sl it ARDEHE IR rbiened” g, Bpéteif! 4R reled detay

géﬂe@ﬁaﬁﬁfdpeia@iv@bé délay hedfint dedionl d¥tke Sivided clodk $igiil b§ane half
elayigenerator operatlve to delay a first version of

petied ofi the iwyt dpdesigiilgnal by an adj ustabl e delay and to
provi de a del ayed cl ock signal; a phase-frequency

det ect or operative to conpare phase of a second

ver sitpn ofThé heegthted daduic bd c]lalrﬁ i7g wédkreitgthe natrephgeseratdr includes
t he del ayed cl ock signal and_ to provide a phase error
agenlisa ;sle}awgmraf@b eperptiNEdomEoYIle & gredeteamingd smoupt, ergeéawﬂh the
rdiBreRELMiAG: @ vol tage signal; and a converter operative

to generate the reference current based on the voltage
S|gnal 22 10. The integrated circuit of claim9,

}qu] SL cl og’Ee gitéé]l'gtgcrl Bi;l‘gllilé\%fl (ﬁﬁmf fLat ¥ 69 %heacf?gaybéj?glpr@?q{ includes a

fitfiSanR e Epabitdrdindane rra§1wa délayp rg@ﬁe%aﬂoy endifdeded B¥cohBSank of
first version of the divided clock signal by one half

cpEaciton, wherelnethp ppacitetsde khes figgh hpuk are matpked; tatteq)eapeeidors in the
st e S BB e AERTHE bl Bt SR need ina wo-

dithésicahel ardyr edet er m ned amount of deI ay with the

reference current. 12. The integrated circuit of claim

, Wherein the delay generator includes a first bank of

capagGht or 0

secogg baﬁk@ﬁﬁt%gﬁggﬁ QFEQ) é?%f% é%%%ggﬁPé%rs mﬁ&mnrls

ehdbded prict toleactk ladmgrmlge lof€ thet mltplllteclmﬂ:pmgmaﬂ o6 genenatt h)m reference
and V\,herel ond banks of

cﬁ%%ﬁg?&'gﬁ ge 13y ge%r%f%@%t ngaélééa‘q[f Pg &%y .

14.  The integrated circuit of claim 1, further comprising:
a multiplier operative to receive and multiply an accumulator value from the
counter with a Q value, where Q is an inverse of the M value and is used to generate the

L-bit control signal.

15.  The integrated circuit of claim 14, wherein the multiplier is implemented

with a plurality of pipelined stages.

16.  The integrated circuit of claim 14, wherein the multiplier is operative to

perform rounding for the least significant bits (LSB) of the L-bit control signal.

17.  The integrated circuit of claim 1, wherein the counter is operative to
perform accumulation of the M value using a modulo-N accumulator for each cycle of

the input clock signal.



13. The integrated circuit of claim?7, wherein the
current generator is enabled prior to each | eading
wedys/008636 he out put cl ock signal to generate tRET/US2004/034241

reference current for the del ay generator and then

di sabl ed after each |eadi ng ©dge. 14. The integrated
circuit of claiml1, further conprising: a nmultiplier
operative to receive and nultiply an accumnul ator val ue
fromthe counter with a Q value, where Qis an inverse

f the M I d,i t. t - Di ]
Cont 1) " R iffecili b £ AR felcbfind lfudes:
14, mét%iaﬂ?lisﬁl& aadet bpdrhteve foSaddrind Mredlhe drithi dnhacaumulator value
0

plurality pi pel i ned stages. 16. The integrated
and toqupvidep fisst gprbmed valier ein the nultiplier is

operatiyve L f.ar | f.or | g@s 1 the first

Si gn?f%eg%rhalt g%r?fg‘&@é{epo% g%allgige Lt8 bslut‘bﬁgcc;[nt r o]l(I ‘éal,' ]é%a o.m ° e

cdibind evalurt &gt 3 edovidé cliséconll w@hdhiimdl yaluhemdi thet ¢namter signal,

counter is operative to performaccunul ation of the

whareirethg SRS R incg1dkes A BB EREYET B PV AR %ﬁ‘&HSéﬂsﬁMhe first
o ; WalnT-1 a4 10 flReN vALegr ated circuit

céﬁﬁgﬁegi&}%h? Béﬁ%&%@?ﬁ% ocg:%ant er incl udes: a first

car r ynsdtipleastdperatipe teapriovide tflee sedond ¢rantinsdiyalee iiovpr ko occurs

accurul at or val ue .and, t roovide a, first combi ned

ag(gqugpv@e ﬁbcoénahl?‘ifl-‘_éai £ QURFEPVSIPSs B4 &M 8" Ut r act

the N ualue ffeMven® kioksithe FiFli 6 dedbnliUgonibifled Galue from the

provi de "a second conbi ned val ue and the counter

nyilgplexer anh ér priomide the arsumpkatorsiaigal i ncl udes a pul se

whenever an overflow occurs due to the first conbi ned

val ue being greater than or equal to the N value; a

mul tijpl exdhe degratel ¢iclioopelom tefuithe cdapasmgeonbi ned

value if overflow occurs and to provide the first }

conbiarker, gangeatqroperagive Fuponisie s dibier fgralyand yprem the counter is

[l SRt Ibnel fheSdi i RECAR the N value t

co riorg’g%au\?gﬁ%g%b{;{%lr% ?’ﬁe&lﬁrr% ts%ggﬁleivg?stgﬁgﬁt‘% pr ovi dg th‘(laa bt

cen@uRthatounter dignel. 19. The integrated circuit of claim

, further conprising: a dither generator operative to

provide a dither signal, and wherein the counter is

furt her O%Eaﬁl'tég? th® GRURI Seclals M, I WBEredl eHealitMert Benerator is

the M val ue and The N val ue to generate the counter, )

isiptpnadnted20ith T hieedrfemipncit siftcegistar (LHSR)cangi wiherein the dither signal

i%ﬁ?}gleerlllgntteg tGO gddtz%reg ﬁé::]cleur<lare1cr:§;jl (t)f%sret tS’the second frequency.

21. A device in a communication system, comprising:

a counter operative to receive an input clock signal with a first frequency, an M
value, and an N value, where the M value and the N value are integer values, and to
generate a counter signal having a second frequency determined by the M value and the
N value; and

a delay generator operative to receive the counter signal and an L-bit control
signal, where L is an integer value greater than one, to generate a differential signal
based on the counter signal and the L-bit control signal, and to use the differential signal
to provide an output clock signal having the second frequency, wherein leading edges of

the output clock signal are variably delayed in accordance with the L-bit control signal.



i mpl emented with a |inear feedback shift register
(LFSR), and wherein the dither signal is inplenented
woao@ddseser o frequency offset to the second frequaseod 034241

2 . Adevice in a comunication system conprising: a
counter operative to receive2dn input clock signal

wth a first frequency, an Mvalue, and an N val ue,

where the M value and the N value are integer val ues,

and 8. gefiae dedcamotaaint 2F, vdietpvm thehdelayrggneratns denkedes:

frequenc et er imi ned the M.val ue and a e
and éﬁﬁg\éé’g ng?rgt%’ﬂ’?%lbeé‘?% YV{;]%%?G gg%clo@{eh%[ %Léc\{lcég ﬁ%?lteog in the
bEhiOBEhg Sektadle by Riell-6RAbARI] sfnglNald hawhgraurlit dapacitance;

i nteger value greater than one, to generate a

di f f @rcarrentourse gheiptivatoechargs seleeted senacersdn ehank;nd

the L-bit control .si i f td

si ndh R bl s R BpltaF ok sfibl BERH A voltage
sE@abRht keastedeapacitdieieihe bheladi ng edges of the out put

cl ock signal are variably delayed in accordance with

the L-bit control signal.24 22. The device of claim,

wher gi,n t . ' - oa bank of

capag3t or gqﬁe?g%g%%%?g%{ %I’?Eﬁ%ﬁgkﬁgﬁglggbodi ng, each

capaci taterit ngenhatdraoperiteientp pedvads abtederoycet lqwrréntbfor the delay

trol sj | . and hayi it it ;
SEioR: b HREEITOfer VDS St ot (6 Baiing AR ot pugpg olock
sighat REbRANE baSIhAhE RYBRAAS Qire@Rer ative to provide the

out put clock signal based on a voltage signal on the
sel ected capacitors in the bank. 23. The device of

claim,21, further c FiS{-NQ; . e e .

per &% ve 18’ 56t BE Rk okl PR e BEeRY ypaplggpents o
AEBRY BcREd 1600 and @hdtiidest Haeplivai ddihe gdpdratyr foperative to provide a
| eadi ng edges of the output clock signal is obtained
sedesrmanediamoupbekdelaycwith thereferenco gurdife  devi ce of

claim 23, wherein the current generator inplenents a
current | ocked | oop and includes a replica del ay

generxt or Tipelkaict véclhin pi outtter conprsibet er m ned anount

of delay with the reference current, 2 . The _devi cle %

I ai A TUHR GOttt SoRtye A Rl i rogRHART yalp Jrom the
doBfifeh ¥EthaE Viulel Wk BP GeLHEW At fivertlodend KPRIEEd is used to
counter wth a val ue, where the Q value is an
denematesthe Dfbit domth] sighale and is used to generate the

L-bit control signal. 26. The device of claim 2.1,

wherein the comuni cati on systemis a Code

26.  The device of claim 21, wherein the communication system is a Code

Division Multiple Access (CDMA) communication system.

27.  An apparatus comprising:

means for receiving an input clock signal with a first frequency, an M value and
an N value, where the M value and the N value are each integer valued;

means for generating a counter signal with the input clock signal and the M
value and the N value, wherein the counter signal has a second frequency determined by
the M value and the N value;

means for generating a differential signal based on the counter signal and an L-
bit control signal, where L is an integer greater than one;

means for comparing the differential signal; and



Division Multiple Access (CDMA) communi cati on system

27. An apparatus conprising: neans for receiving an
wonpstosgd3eck signal with a first frequency, anpdirasboose/o34241

and an N val ue, where the Myvalue and the N value are

each integer val ued; neans f 8¢ generating a counter

signal with the input clock signal and the M val ue and

the N value, wherein the counter signal has a second

f r equBRAEY f@eqr@wmngeaaa@gi ontthe fOMRATING, alh QuipHbCIRCK, signa having the

[ [ e

R Reate SRR MaRe by bpuE80E R 360 Biatfc detay

ddﬁﬁmmadmwemeLJQMEmharmgﬁmm one; neans for conparing

the differential signal; and25 neans for providing,

based on the conparing, an output clock signal having

t he on | frt ﬁ@%@gﬁl es of the

outpE%pclg%ez§?%%§%$£g%%ﬁ32rlab I ay "det er mi ned by

t he Lméins formhbrgolg wiagtesl ane@ 8f caphateapimenr Atstbardd awd ai m

27, furth ri.sin ans for chargi ng sel ected

ones 1B S AERBeLTs Fiketed s of GieSiingh fiergd PRI and wherein

tﬁé aﬁt@érgiangl 88 %ﬁﬁe@ﬁ?% okt G@l&%@'sﬁ@%ﬁ oh @el@ct%@ %%Héltors in the
bank erein the differential signal is defined

fiypt lwnkuan@ 2 sqaond aghagsi signal ow pelent¢deenpecitarajpeibe senosd bank.
the first bank and a second vol tage signal on sel ected
capacitors in the second bank. 29. The apparatus of

cl ai mo27, Therdppgttue @fplaire 2NYfurthBaddsnpriztnggener at | ng a
reference current used to obtain the variable de
for tReans &EcHE 2y a selsrenegeuresnt pied te ek @Fgﬁlaable éday for the

further conprising: neans
]gornggﬁgégf@%gﬁgughﬁgg%égélned anount of delay, and
wherein the reference current is generated to obtain
t he predet rm ned a . The apparatus of
cl ai m%27, ﬁ?ﬂ@?ﬁ€gﬁﬁﬁﬁggﬁggm%@aﬁ§ﬂ Pﬁﬁeneratlng an
aC CUNHLAL Ofor Valnugiith t 4 h
i nput cl ocl?rs??én 1}Ly‘tgan&;rrneans or rrultl p?y %ﬁ wherein the
rafecence curent 1a/@namte¢si tbh)bmnqhwaolreubtemﬁmd@@unsohielay

inverse of M to provide the L-bit control signal

31.  The apparatus of claim 27, further comprising:

means for generating an accumulator value with the M and N values and the
input clock signal; and

means for multiplying the accumulator value with a Q value, where Q is an

inverse of M, to provide the L-bit control signal.



