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ANALOG | NRERROEMSBEIAN BACKGROUND 1. Field [10011 The presastoosnment i on
rel ates generally to electronics circuits, and nore specifically to a
direct digital - synthesizer (DDS). Il. Background 11002] In a nodern

comuni cation device, multiple clock signals with frequencies that are
unrel ated nmay be needed for various functions. For exanple, a clock signal
with a first frequency may be needed for a digital signal processing
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unrel ated frequenci es mm&%ﬁg{ﬁlw@mgﬂﬁnners. In one
conventional design, a clock generator with a single phase |ocked |oop

(PLL) is operated at a high frequency. The clock signal fromthis generator
-is divided in frequency by diffecBATKIGREPENDal ues to obtain nultiple
output clock signals with different frequencies. This desi.gn pl aces
stringent kequiFieldents on the PLL in terns of perfornmance and power

- consunption. In appther conventional design a separate PLL is provided for
each subsydP&Hh r egg? PRoSERla Y PRiign ESlgjpmeengtally o &1%&@#1@?1plfc‘#1¥5edﬂ‘éﬁé‘%e Thi s
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normal | y nsunme "a | arge a n and occupy a large area. [10041 In
yet anot her conventional design, an MN counter is used to divide an input
clock signal (e.g., froma PLL) by a divider value to obtain an output clock
siignal w tH. tHRackgseundd frequency. The divider value is a ratio of two
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frequency is obtained by dividing the input clock signal in frequency by
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and so on. :
[1003]  Multiple clock signals with unrelated frequencies may be generated in
various manners. In one conventional design, a clock generator with a single phase
Tocked loop (PLL) is operated at a high frequency. The clock signal from this generator
is divided in frequency by different integer values to obtain muliiple output clock
signals with different frequencies. This design places stringent requirements on the

5 PLL in tertms of performance and power consumption. In another conventional design,
a separate PLL is provided for each subsystem requiring a clock signal with a different
frequency. 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 fN/Ivﬂ for the remainder of the time,

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



is a ceiling operator that provides the nearest higher integer value for x.
This division wth two integer values of LN84] and rN ML results in the

out put cMRROS{0%H63¢ having inherent jitter that can bd@<US28HEEHE one
period of the input clock signal. For Exanple, if the input clock frequency
is 100 WMHz, then the worst-case jitter“for the output clock signal fromthe
MN counter is 10 nsec. [1005] Various nethods for reducing jitter in the

out put clock si.gnal fro n unt er have been propagsed._For _exanpl e,
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shift estimation and/or adjustnent and are thuS prone To perfornmance

degr adat i énthdimput elock iflequincy o hb e, tinstiravahesasniitdrrbetheatgat clockui t (1 C) »
process varl altfi ong_.f MOO% ThEere is therefore a need in the art for )
t echni que&'&d TERSFATS KRUEIOEK YAGhal  having less jitter. SUMMARY [1007]
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counter") capabl e of generating an output clock signal having i|nproved

jitter peptmenhane bedngpropnsed.i Bekxaeply, somd tetljolds refucqyeitdrdnyrestnaatingstheri ni mal |y
af fected hy | rocess, varj ations and system of fsets using.the sign '
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multiplier, a delay generator, and a cCurrent "generator. ™y
gener at or opr ehspliés (goltige herd/agi gmadnthigefdrence deaysls de spesfoumi tesphdsgnalis in thej
out put claock signal, caused b riodic jitter. The MN counter. receives an
i nput cl o€ ﬁnm%fﬂg’n%d,jgrt ?@usgf?lf’%e&%s?rﬁn%}m, ]p’éﬂ?ﬁ o %ﬂEDIN%I ?dgg%giﬁﬁlt%t es M
for each icfiput cahmmkniGieh@tchesSirnitinte grisidiRuil (AOGH#HEk P Rlatioald Provi des an
accunul ator value and a counter signal. The counter signal has a frequency
det er ni ned1¥p] t hellisipisttherebak a meed nethe yrtalor techaiqigs tarpdndtatesd dlock sigredl
i ncl udes %aglgl fegsvilggrnever the nodul o-N accunul ator waps around. The
i nverse uni %r v'd8s a Q value that is an inverse of M The nultiplier
(which may be inplenented with nmultiple pipelined stages to achieve higher
operating speeds) multiplies the accunulator value with the Q val ue and
provides an L-bit control signal. SGMMAR¥Nt generator provides a
reference current for the del a%lngenerator. The del aéé enerator receives the
0

counter sillPfl antm MY qonpier vatingnalng Biegpription Gafsae erein as an

counter”) capable of generating an oufput clock signal having improved jitter
performance is described herein. The jitter performance is minimally affected by IC

process variations and system offsets using the design techniques described herein.

o

[1008]} In a specific embodiment, the MNA counter includes an MN coumnter, a
dither generator, an inverse unit, a multiplier, a delay generator, and a current generator.
The dither generator provides. a dither signal used to suppress spurious signals in the
output clock signal caused by periodic jitter. The MN counter receives an input clock
signal, the dither signal, and M and N values, accumulates M for each input clock cycle
using a modulo-N accumulator, and provides an accumulator value and é 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 mulﬁplier (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 teceives the counter signal and the L-bit control signal, compares a



WD 2005/ 038636 PCT/ US2004/ 034241 3 differential signal generated based on
the counter and control signals, and provides the output clock signal. The
| eadi ng edy@S0G5f034ce out put cl ock signal have vari abl e dsITaR20EEBEAN ned by
the L-bit control signal and the reference current. [1009] The del ay
generator may be inplemented with a differential design that utilizes two
banks of capacitors. The capacitors in each bank may be inplenented with

bi nary decodi ng or thermal decoding and are sel ectable by the L-bit control
si gnal . Thehifegentiad siedalcgeparsiaddrased on Breecobbink amd eontivh rigeds.tyndqmevidesrthent

source, and_th ct capacitors i he ot bank .are di sghar,ged b
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vol t ages ornictdi@ine bt baapaeHIlsdns] hill thbeftdR.RARks:. The variable delay is
determ ned by the anount of tine taken for the two voltages to cross each
ot her. Det a{ﬂﬁ@]of Thve deley pneeins mazso be ampledesited el D éifforentiall Gedgn T

" current generator be. i npl.enment.ed Wi t.h a repljca delay. generator.. and a
current Igoc‘%élgleii tgfgpr?% ¥]’fsh%f Craggﬁlﬁ’(% cé“?acd%ﬁselr“aetagb {’ﬁ%s"“"'lx}h@%é%ﬁ@nﬂjg%‘fﬁﬁh as the
del ay genesindrpdecdthg o thafal GitolRholaBd RfOMIGRLR 1Y BE eLEf SduhRd sighMUThe Of

-delay (e.g., one half input clock period of delay) when the proper
reference cgkeledtcapapitpscia) ydbakhare cergsftby omcketnl sopcadindstis seleeted

reference current .sq.that th redet er mj hed unt of del ay.i s....0bt ai.ned.
The capaci t6 %Oltf’gsrmﬁﬁeeoﬁgﬁt’?@(a"%agfsgéméjg% Q%a%e%ﬁowgd% @eitiflacitor s
for the delgyhapentifiatdby i ehvd HEitagaPas tHeefcle@ capRitbrsdg tRY S PaIkal ahe are
arranged in a two-dinensional array usi ng a conmon centroid | ayout to

achieve goodigkiedklands deteowingd e the @amersihoe oy thkenciva Bl titg dliegesdplcresa del ay
gehetator a _suffici 4N er _.of e.qg. W), | t clock cycles prior to
each out puteagﬁgcﬁr'ed‘g%ﬂsto an%?kflig%%?n%{%%nm%laessﬁ%ﬁdr}%&jwf'he replica del ay
generator afibes] t heghd cangiitdedraios €M ehflembdOd WithVarkies @ Srator
enbodi ments, and features of the invention are described in further detail
bel ow. BRI ERIPERSeRATeed low. TRaepipaidiosspepiarihas e spagdgries asihd daldyur e of

doscri pt orE Bt ohERs MnrieuE MR £ rRBRLRR b G FSTRE- B ilngs 1 n

which |ike inphieleigeriodaf ety whérd@e pidper cdtren@nonehig ryceird o Thb euttrerand
wherein: [1013] FIG .1 shows a clock generation subsystem ' .
locked loop adjusts the reference current so that the predetermined amount of delay is

obtained. The capacitors for the replica delay generator are matched to the capacitors
for the deléy generator, and the capacitors for both delay genérators are arranged in a
two-dimensional array using a common centroid layout to achieve good matching.
Low-power 18 achieved by enabling the replica delay generator a sufficient number of
N (e.g., two) input clock cycles prior to each output clock edge tramsition, then disabling
the reﬁlica delay generator after the transition 1s complete.
[1011]  Various aspects, embodiments, and features 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 takén in conjunction with the
drawings in which like reference characters identify correspondingly throﬁghout 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;



[1014] FIG 2 shows a conventional DDS with an MN counter; [1015] FIG 3
shows -a tW@eg/0dseagr am f or vari ous types of DDS; WO 2005/100R666034241

PCT/ US2004/ 034241 4 [1016] FIG 4 shows an innovative DDS with an ANNA
counter; [1017] FIG 5 shows an MN codnter within the MNA counter; [1018]
FIG 6 shows a nmultiplier within the MNA counter; [1019] FIG 7 shows a
del ay generator within the ANNA counter; [1020] FIG 8A shows a current

| ocked | odi0%6dr tF&. Mdhowoaminapyative I023 ithlaGMBEB ®hotws, a tim ng di agram for

the curre ck op; [10 FIG 9.sh capaci tor bank and a decoder
Wi t hin thgi%{gﬁaye@éngfg?‘g‘%?n%%mﬂl@nm OUBIE capaci tor unit within
the capacifters)banki. 1024 » FhGipltl wHiaWse ANGARBGILET array for the del ay

generator and replica delay generator; and [1025] FIG 12 shows a wrel ess

devi ce i n [80W8 r el BIEs 7cbomumilday corersysyihm the M tEDIHESCRI PTI ON [ 1026] The

word "exe "o ed herein t "ser Vi s an exanple, instance,

or illust E‘%@i% hi}n§ies ‘35?ﬁﬂﬁ?ﬂtg?cchgiqoé’ﬁﬁég%gé@“ﬂ@;ei nrrpas "exenpl ary"

i's not neqegmari IMG.@B@ﬁoﬁ@ﬁlﬁhﬁh‘gi&ii&gﬁnpfo%t}%rau%@nﬂscléé\iacg}-ageous over ot her
|

enbodi mrents or designs. [1027] 1 shows a bl ock di agram of a cl ock -
gener at i ol1€3sysFk sho®s ¢ haptacitimivhl ded a de@idaswithindkedeldogamefaRirt) 110 and a -

direct digi Sy izer (DDS) 120. . PLL.110 receives a reference signal
(Ret) and%@iratwgﬁ Sﬁ%énecq%?ﬂit%P@lﬁgfl&{rﬁjﬁkﬁﬁa@tﬂ input clock signal
has its fWPM”CYFWQ/I%OﬁQ%S@dﬂaﬁ%eﬂTaEfOf&%d8£¥ Lher kit Qﬁ@?«fp‘ﬁcal tgpal . PLL

110 may be inplenmented with a phase-fréquency detector (PFD),” a | o0
filter, ageotrei@gemdontrolled oscillator (VCO, and a divider, as is known_- b

one skill ' t t. DDS 120 receives the input clock signal and

gener at esﬁggééiut pﬁ%‘ﬁ&@(w%?gﬁﬁfess ‘%C‘fll_‘igdﬁf‘)“”?j?ﬁis ﬁgmﬁm?“rcéﬁ%??@ Mhat is a
fraction of the input clock frequency. [1028] FIG 2 shows a bl ock di agram
of a conventional M counter 220 that may be used for DDS 120 in FIG 1. M

counter 220 receives the i MPETAIDED DESGURBEPEFION M and N val ues, each of
which is an integer one or greater, and generates the output clock signal

havi ng a fll@flencVha Herd i“gxapmemyi e srsedderaxt te aeannfratvied et lensexpmagle, W t hi n
mstance, or illustration.” Any embodiment or design described herein as “exemplary”
is not necessarily to be construed as prefeﬁed or advantageous over other embodiments
or designs.
[10277  FIG. 1 shows a block diagram of a clock generation subsystem. 100 that
includes a phase locked loop (PLL) 110 and a direct digital synthesizer (DDS) 120.
PLL 110 receives a reference signal (Ref) and generates an input clock signal (CLKin).
The input clock signal has its frequency and/or phase locked to that of the reference )
signal. PLL 110 may be implemented with a phase-frequency detector (PFD), a loop
filter, a voltage controlled oscillator (VCO), 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 ome 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 tolan accumulator value (ACC)
from a register 222 and provides a first combined value (V1) fo a summer 226 and to a
‘1” input of a multiplexer (MUX) 228. Summmer 226 receives and subtracis N from the
first combined valwe and provides a second combined value (V2) io a ‘0° mput of

A}



overfl ow occurs

: operatlon O counte

MN counter 220, a sunmer 224 receives and adds Mto an accunul ator val ue .
(ACC) frWHe 2OFeyP3t er 222 and provides a first conbi neBCY&ERLO4/(3241) to a
sumer 226 and to a 1" input of a nultiplexer (MJX) 228. Sumrer 226
recei ves and subtracts Nfromthe first conbined value and provi des a
second conbi ned value (V2) to a "0' input of WO 2005/ 038636

PCTI US2004/ 034241 5 mul tipl exer 228. Summer 226 al so provides a one-bit
i nverted dvepless % gr%@@@ﬁé)algot%oﬁﬂeﬁ howeribinvedd evsalav sigraldl03dtb)i nput  of
mul ti pl ex I ther rflow
(descri be?Bb%I%gv ﬁ-gggglé)l}{g@;[%h%?@tlme&%h]ggple%jtis I@%e@vggffgmr Svides the
first contioweﬂﬂw&l isen nﬁerﬂbﬁr(éesicﬁbmmyafddqmgqamfghtdﬁ]&rﬁrﬁeomﬂxlﬁﬂﬁi@éﬂag val ue
if there is an overflow. _ Register 222 receives and stores the value from
mul ti pl exdfronges the firss spmbined yalup ¥ therg dsnogierilon end hesprondwrmbinegralueand

ol Vove: ek ghRGK gy el RS d ObOUR S TR SRR BLEP

col | ect i velnyertaxfiBe neeatyeaminid uérts-the S8 TbrEgnal ard ﬁrbﬁﬂeﬁh@bﬁ@u@cwcad dignal.r angi ng

- fromO tolhl For_each input clock cycle, the accunul ator accunul ates M
C

with the cdff8nt HEE GRte 0 eerales %?n@llﬁ‘t"ﬁvi&ﬁé@fef Ré2.fsupaners dbprb &2 al ue,
whi ch i d.
ich is stond @ﬁa@zwoﬁ&gﬁé@ﬂﬁlg&%ﬂ%l Ry M%&%Q@égﬁ%@ﬁ RN An

enever t val ue excee

i ndi cat ed faygihpdrofV/Blio ¥ -ghalFobeidhginpait clbakgéld, ake addheinlatstr Rvenhilatwndccurs, N
is subtracted fromthe first conbined value and the result is stored in
regl ster 29dh the pyrag sogupplaior d’é](‘}e odimavides Bist fist sembigpd yakue, Whish ign

71| ow O aclL 1930 st@z%z 31'[‘: rf?ov& 2k % aam EA.EI érel_rgtlwvl\}fccﬁées the

exarrplesownln N = 8,
and the dl wheteverrths first b(&nblwéd\lvalue?ae}ice&is N and h&n{hbfﬁsd by tl]lélﬂVEB sighal byiabe,
regi ster %9| s.res and t he_accunul at or _val ue equal to zero. The

accunul at oft 198F iRV NEheB A0y efow pecuss, |N115e%}éﬁa‘5?d frPWﬁ%}f’ ﬁE\‘It(‘iEWbEVéIVé@eZ and 3.
I ninput clpcke ¢%al8s SorddnB ré%%c&t 220 ad 1y ?td%ﬁ%e'd%n%@ Butpm ga@ \5}1 eeds N =

8. A value of eight 1s then tracte rom TSt conbl ne ue, and a
val ue of owben & stediedocaars. egi ster 222. The sane conputation proceeds for

el ock” si onlS0he RETe? Shitves itne piegiatta: ihararefit oPerotubtt M 6o Fom | he
first combined wal e cxdd Mot & H1G33iMIUSIN LS B AHERY ebOsk ST gnal
has a frequency that 1s 3/8 times the inhput clocK frequency and
gener at ed BNk ¥i&di thy thehfirst mgut chickalycle] ppaieri 222 1s reset and the accumulator
value (ACC) is equal to zero. The accumulator value increases by M =3 in each of
mput clock cycles 2 and 3. In input clock cycle 4, the first combined value is nine,
™ which exceeds N=8. A value of eight is then subtracted from the first combined
value, and a value of one is stored in register 222. The same computation proceeds for
each subsequent input clock cycle. A clock pulse is provided on the output clock signal
whenever an overflow occurs and eight is subtracted from the first combined value.
[1031]  AsFIG. 3 illustrates, the output clock signal has a frequency that is 3/8 times
the input clock frequency and is 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 ‘STCLKjn /3, as desired, where Tcrxs, is one input clock period. However, the

output clock signal has instantaneous periods of 3Tcrxm, 3Tcixin, and 2Tcrkin, which
give a worst-case cycle-to-cycle jitter of Tergin. Moreover, the jitter has a periodicity of
8Tcrm 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.



frequency by 3, then by 3, then by 2, and so on. The average period of the
output clock _signal is STerx;,, /3, as desired, where TclLxin is one input
cl ock peM® .3pﬁa§Ver, the output clock signal has indt3ASaNeEEE4beri ods of
3Tclxin, 3Tcucin, and 2TcLKin, which give a worst-case cycle-to-cycle
jitter of TcLxin. Mreover, the jitter has a periodicity of 8Tcucin since
the jitter follows a pattern that repeats every eight input clock periods.

Thi iedic jit i i in,th t f th
oot pub Cel S8, St LT nb B Sk el 1R R RRS b e 56 N RS LR N have
rel ativel ypplibgesdep), highdgaydudiy thaeredeis bPRBARY plietloeRERral@PP! i cati ons

(e.qg., hi WUaI ity audio) that require spectrally pure clock signals.
[ 1032] An b ourteMNeoyter sty gnaleg wigypolation fan ‘SNAMGNEE) we be jusehn be

used to e i 1ter r The N NA counter .atte s to.reduce jitter
by shifti ﬁogpepﬁ‘ge jl%%siﬁflisgﬁgbfiﬁé’h%ﬁ\{%ﬁg?%r %E?Eé"gs Eoe?%‘?‘?e ﬁ?%fbwgs%af&aggﬁe of the .
out put cl peditici @it ladily ddbas (e | risikiédpet) ¢l B6 bupaf £10618:184:2 shdrehapdte. Thi s
is achieved by determ ning the anmount of phase Shift needed for each out put
cl ock cycPeriirlopkineriads #re %@m%&w@g@emdd@kdmwag thedmouhesf plasanci ng

t he | eadi i . 0 Fl 3.4l so.illust S _the, operation
of an i deg[? ﬂﬁﬁ%&gg%ﬁt% ééjl Qg#%tcllue[’e&e gir?pﬁoeo t?lﬁ t@\%la%sﬁreﬁ/log%\?{ g#?gk Rlello%.mg)aﬁ'he

out put cl amk a8vagoalg the Radihf edgedeadrdMeNA counter is shown having a period of
8Tc, Xx;,, r_each clock cycle. The anmount of phase shift to achieve

/| 3 fo
the i deal Idd8but o2 rlspdiushates the operabiap pars wigaladNAeovpter for igcxagwfex; |, |

Eq (1) wh i | | ye.at the L f flow. The .
Feadi ho' elndnsl Vired SUTNTRE el Rt o ble sl Mo )
accunul at giovdAhaieng SpQR ofaﬂi‘éﬁﬁqngbp%}ch%?&k cSrélle‘."’fﬁ@ RS AT PRRY RiRk, val ue-i's

two, and not advanced when the accunulator value Is zero. [1034] If the

phase shi ht¢hieenhdRegengiatRek suaed day bardpickselihe: | eadi ng edges can be
advanced by this phase shift without errors, then all of the output clock
cycles will have } equal period and the ideal Iv[ NA counter will have zero
jitter. A del a)Mgengr%@Gr_ an be used to generate the desi rEgl 1phase shift
for the MNA count® . The d&F8y’ generator can be designed t nerate phase
shifts in discrete steps. Higher accuracy can be attained for the del ay
generator with ‘great er circuit conplexity, nore die area, and hi gher power

consunpt i FRECTUS: 1S ihppceumglator valigett dhe tipa oheurriione Hhedgrdingedge alitke del ay

generat or ogtlaﬁjt clock is advanced by T, /3 when the accumulator value is one, advanced by

2T xw /3 when the accumulator value is two, and not advanced when the accumulator

value is zero.
[1034]  If the phase shift can be generated exactly and if the leading edges can be
advanced by this phase shift without errors, then all of the outimt clock cycles will have L
equal period and the ideal MNA counter will have zero Jitter. A delay generator can be
used to generate the desired phase 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. o
[1035]  FIG. 3 also illustrates the performance of an MINA counter with a 3-bit delay
-generator for the example m 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 21Ty, /8, then 22Ty, /8, then 21T, /8, and



ot her system considerations. [1035] FIG 3 also illustrates the performance
of an MNAVQ2#SEsssH th a 3-bit delay generator for the y@xamph@esH i ch M=
3 and N = 8. For this MNA counter, a fraction of 1/3 is estinmated as 3/8
and a fraction of 2/3 is estlrrated as /8. Using these estimtes, the
out put clock period is 21Tcrx;, /8, then 22TcLKi" /8, then 21T ,, / 8, and
WD 2005/ 038636 PCT/ US2004/ 034241 7 so on, as shown in FIG 3. The’ -

wor st - cas & encisshvency ¢I@ 3.i Thewors-caeloyhlel 8- oyblefjlttehfs B PI& wainlthy 3-
generator. [1036] For a delay generator with L-bit accuracy, where L > 1,
the requi Pé@ebﬁﬁ%ﬁfﬂ@hlft can be estl mated as: ATs = F . Tclxi, Eq (2)

where F = M A pha d h
Clack cdgtCh ! o8 el FpEriatis’ L 190 ‘ﬁﬁere%?é\ WSy e 1 ng the

del ay genehiétoas bes@ihA@iMs: ¢l ock cycle early and generating a delay that is

+ conpl enent ary to the negative phase shift. The del ay maybe expressed as:

Tdei ay, i Tcuuo - ATi =( 11- iLl TclLtw Eq (4) | / [1037] In general, for
an L-bit delay nefator, the worst-case cycle-to-cycle jit TcLK;, ,

e
- /2L, which is a l'edg}ct%lh by a factor of 2L over the jitte @uerated by the

MN counter. Jitter is thus exponential Iy reduced for Iarger val ues of L
(assum ng no degradatl on due to circuit inplenentation). However, circuit
conpl exi t . %f onsunption al so increase exponentially with
L. A sult hoﬂ“&%l L an be J determ ned based on jﬁ:-(f) (2? requi renents
and_ ot her fact ors. [1038] FI G" 4 shows a bl ock diagram of an MNA counter 400
t Hafy may be used for DDS 120 in FIG |. Wthin MNA counter 400, an WN

court er 420phaeehifes bdvanca the outphioclkcls edgeali.of, Gl Kegalive theseMhafidcaN bal ues,

“‘and a dithgr si.gnal from a dither generat.or 44 The dither signal is used

to suppr eS8RIEA XY PRTAINE hfedda BrstrorgriaPe dlopk ayeleqatly pnd sepgalingss gnal
db f IVI th
caused by dpgg i ua@';sccoupﬁérﬁat ﬁl%'ﬁ@gaﬁf\@%ﬁ%se%ﬁfdi gﬁgésd wg&%@%éﬁ with a

modul o- N acc l'ator "t o 1 npf ement
descri bed above. M counter 420 provides an accurruI ator value (ACC) and a

count er F
. T&slay,i = TCUG.U - AT} = (1 _2_11_,'] . TCLKin ' Eq (4)

[1037]  In general, for an L-bit delay generator, the worst-case cycle-to-cycle jitter is
Terxs /2" , which is a reduction by a factor of 2" 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 consumpti‘on 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 MINA 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 Signalcaused by periodic jitter. MN counter 420 performs accumulation of M
with a modulo-N accumulator fo muplement an “M divided by N” operation, as
described above. MN counter 420 provides an accumulator value (ACC) and a counter
signal (Ceé). The counter signal has the desired frequency and is derived based on an
 overflow signal within MIN 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



signal (Ce2). The counter signal has the desired frequency and is derived
based on va@ 2005:8%6Bé ow si gnal within MN counter 420. A DrdWigedsosg4i D- FF) 422
receives and delays the Ce2 signal by one input clock cycle and provides a
del ayed counter signal (Cel). Anot her® D f1 i p-flop (D-FF) 424 receives and
del ays the Cel signal by one input clock WO 2005/ 038636 PCT/ US2004/034241 8
cycle and provides another delayed counter signal (Gout). The Cel and Ce2

si gnal s af¥sle agmrgvides Eﬁloﬁ@é paayed: unise sigaait(Cefgndhe 5?1 6hé CaR diznels afenput

cl ock cyc t esi natlons
Si nce theéa?ﬁra“sf@?sﬁgﬁ éfzctt't needs ?ag%él%?engragg “QX Hﬁﬂf%lP gk C%SO\Eeésﬁ?ﬁtW%Yb%sgur S,
shown in iﬁﬁﬁateabytﬂliﬂé“awum éez”ﬂeggﬂiuaneomnwtr&q;mﬁmﬁ A2dsits belgdraygsh by tWO
i nput clock cycles to obtain the Cout _signal. The Cel and Ce2 signals are

used to ebripreehyonedlap eisubs 2% Movae sl FEg Hdbagowieraianad ft@ﬁél\@%@@u@prgnm
[1039] D ﬁfﬂa{s &Eﬂgtﬁ%k% ilé%tgﬁﬂﬁr El%§m Q@aﬂ't}ng@’ouﬂx aﬁl ﬁl@cb 1 %eégl bed

bel ow. An ~1nver recei Ves an nverse 0

provi des gpndlnaensel ivahside g€erationhidftie: @snéddé%yﬁldmbtherltmﬁ@l@ﬁo recel ves the
ACC value, the Qvalue, and the Ce2 signal. Miltiplier 460 multiplies the

ACC val uelMP9h t Rither generasor %@eﬁ@n@w&@l%dlﬂgﬂrﬁmal a0 s desghhed beloid. g¥ovi des a
P value ! atoR0uha B8 (00LT Al 03han3h s TE XA GRALEAANIS. V40 (e tor™

(1-F;/2L) in equati value 1's 0 i zI'ng

product ofvh&SQ@) =antl] Q AlsidlgpHer BEO Sedeek Fhe ATANANE:, mthud aa@thesa:@ﬂl ficant
bit) and inverting all of the L bits. The P value is indicative of the ~

amount  of sigeilapliiplicarp§ muliswies ﬁImiAﬂﬁ}vai&ﬁewiﬂmMNaluuhphml alabled byyld e. A J
del a en tor 470 re i ve t d, Ce2 I d:
genJatgesEPﬂélga%h A PrET RS v oy 8 b oo P ARy o e PR P g *hae

h 1 eadj t
Goner at or 15 SAE GOR/LS Iﬁyeqé%‘%reﬁﬁbzyz%%‘?;n?ﬁee% PhpibS bf}%% Fing 48 Gol oy
gener at or p/AQct FB&DCOEnd DEudiiY L%ltw(\»{%&ﬁ&mg%r ﬁﬁolehsi ﬂ@ﬁﬁ&@bsﬂ) bt fur t her

det ai | beI ow. [1040] FI 5 shows a bl ock diagram of an enbodi nent of MN
count er 40emingalnof WN/L bisuniTee P4oduc Wisdichtivesohidie amquoivef deley 2if anyp fuII

adder s operat e, s ogggerf%ﬁyoiq"‘g&%yté?ﬁé}gf?ﬁﬁi@ﬁgﬁ"gﬁ%&? Y%P? ng speed

:1

accunul at GA%ES Oaéfé %ee

for MNA cawmtniigr cé08nd f@egmgﬁgempgé@mégmel Sutpg adockt ﬁgh ATnicarent). titge two ful
adders. [1041] Wthin M counter , a carry-save adder (CSA 524 receives
and output clock signal has each leading edge shifted by the delay indicated by the P value.

A current generator 480 generates the reference currents, L., and Inm, for delay
generator 470. Each of the units in MNA counter 400 is described in further detail
below. |
[1040] FIG. 5 shows a block diagram of an embodiment of MIN counter 420 within = j
MNA counter 400. When N is not a power of 2, two full adders operate serially to
perform accumulation of M using a modulo-N accumulator, as described above for F1G.
2. To achieve high operating speed for MNA counter 400, high-speed circuitry is used
to implement the two full adders. '
[1041] Within MN counter 420, a carry-save adder (CSA)_ 524 receives and
combines M, the dither signal, ahd the accumulator value (ACC) (i.e., three input terms)
and provides two oufput 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



conbines M the dither signal, and the accunul ator value (ACC) (i.e., three
i nput termR)2o080skely ovi des two output ternms. A CSA 526 pe¢gisy®soaqngh suns the
two output terms from GSA 524 and subtracts N and provides two out put
terms. A carry | ookahead adder " (CLA) B28a conbines the two out put terns
from CSA 524 and provides the first conbined value (VI) to a nultiplexer
530. A CLA 528h conbines the two output ternms from CSA 526 and provides the
second cohbpAegistvapitedqpending onrthe Ceplsisnel 5BY cowtt 429288 bl eperpedot des t he

Ce2 signak; i.n] exer o\ i t-her .t o1 V2 val u

2005/ ossa%@%ﬁ%ﬁ%%ﬁ%ﬁé %'t g%égr"éfgcﬁ‘é?’esjrgs%géd%%p%na‘iaﬁa %ﬁl\‘/éf\?ﬁ%d Ce2

si gnal . MidéasinHewedz htieadefign0pgy dik€He adeddor MNMbuaRerad ng speed because of
the use of carry-save adders and carry | ookahead adders. However, other

desi gns mad¥42l so Phessgeackisy 440 rvdes: thexene-inh gither mieadlethaldnased do 440
_ o O S . : I e g
Peduce. t natioffif e bt datiladl A0l Mnd358: Lol BIBRNACHAS ot or

420. The diNhentsi 420alThe dith&esi gahemtbegnbaseithasdt ¢h PpRUAEO rdndogobnibaaber
. (PN) sequence. Dither_generator 440 may thus be inplenented with a |inear

f eedback (BN Fequewsgi doiBier genesryr 440amay shusdrsrimplaresntadowithg| lowanicedbagll ynoni al
t - : . I 6- hi = t i I t
ool ynorn aiSLsBisE (L POERES ol £ W By fenBucodhorbia Bl ERINEC: 40

The dit hersegicgonl Eanpiandés @ 2666PEFSRNehap sieidondandopvlsesinaenabiorl and -1

and does not in4tr02%luce an average frequency offset to the output clock
f reguency. X Or-iér+ He gilgnsy bonsedeine didhdr pgnarhier 44 Bhe dithtirtshimal singies amy be

used without affecti.ng the scope of e odi.ments herein. [1043] I|nverse
ini't 450 guifeRaF SEHEoTHE SROBTC"PS 11 FpRvar el T R gerinye 5B SHSFenent ed
with a serfbesby\dritab tid @ﬁ;.lmtfcm%k fRqh@Rl: WRhérakhiens B sRNEIM e bndBRNET .
Since the Qvalue is typically conputed once and does not change for a given
oper at i ng dithediagnal triag be asadevithopt pigeqing Whakedpdyf the embedisentsheedint o MNA

Ta e eqntel " SRR o 450 S BRHE w neoB GR EMar ERe or
Thve 2 iR o DAL g e ol b dthuger s
val ues of Sihanile N vahietib ogpidally kempaiet ioucd ynd dies nnbghahge fovw, givdneopexaiogt | on
o o Pyl do o B By LBl B0 mot ™ O
a controller can compute and provide the @ value via a register.
[1044]  FIG. 6 shows a block diagram of an embodiment of multiplier 460 within
MNA counter 400 in FIG. 4. Multiplier 460 operates when an overflow occurs in MN
N counter 420, which may be infrequent for some values of M and N. Although the
activity rate may be low, the execution window for multiplier 460 is equal o the nput
clock rate, which may be relatively high. To support a high input clock frequency,
multiplier 460 is implemented as a three-stage pipelined multiplier.
[1045]  For the first pipeline stage, laiches 612a and 612b latch the ACC and Q
values, respectively, with the Ce2 signal. Latches 612a and 612b inhibit 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 accumnulation
stages. Partial product free generator 614 provides two partial product terms. |
j1046] 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 flhip-flops 62221. and 622b and provides



multiplier 460 is inplenented as a three-stage pipelined nultiplier. [1045]
For the fwosiogispeki ne stage, | atches 612a and 612b | at ebrabmedeGand Q

val ues, respecti vely, with the Ce2 si qﬂﬁ Lat ches 612a and 612b inhibit the

ACC value 111" fromrippling through ltiplier 460 if no overfl ow occurs
in MN counter 420. A partial product tree generator 614 perforns
mul tiplication of the ACC and val ues by generating partial product terns

and accu nﬂleéiqahﬁ’s‘flh e$ke pEHAEPTPANGArqupHEionde et memtwaspiagles stgess i al
duct t F
Phe " second 1o RAEEL S bl 0ROl ASRia0 485 KAy RESOU ST BauadEF) 200

pr oduct t'ﬁﬁammferthmmqoaﬂgesédn arbnb@idw;:teritﬂlgapgﬁherator 614. A carry-sel ect

adder 624 caonbines the two tial roduct ternms fromD flip-flops 622a and

622b and PY4v] de§ov\tb62b@@pms agocy DUbpoibom @3asipresibe mqﬁbslmﬁ@ant Bsult. The

partial M??Bfﬁl‘éw El‘t%n éargjl élége‘rl’?g%%e?%?ztta!ﬁ@ aﬁ??ﬁ&y] 6§§1?9t%?esttg support -

hi gher op ng speed he "mul tTon can

partiti onwst digtificamdbe (tUS@r) otfvrhe ﬁhalgﬂ:SultorAlemm agh634 padiralki npeiated.
[ 1047] For the third pipeline stag a Dflip-flop 632a stores_the nost
si gni fi caffNIbiof dhe P%Bﬁo%f])tﬂiﬁ“ﬂ%n@%r@ﬁhlﬁ R?F%ﬁ@@iﬂ?ﬁ%@l eét C84d830 624 and

?e?ur !tl y E&ﬁ%ﬂg ?Msggéﬁper glrrﬁélﬁgﬁ‘%%g?g'{aq ﬁbl%ﬁ% "?fﬂ% %ﬁ%tﬁr om Dga{tc% |ng|-f | op

632b wi t haad Eﬁﬂlpﬂvﬁl&alﬂheecmlgﬂﬁi reslt 54 15 B6p-flop BB ndhetrbendfiBodihetiiel f i nal
result fromD flip-flop 632a with the output of AND g ate 634 and_ provides
the conbi H@HtP@éEﬂdPC? amacaeomeﬂersrh)sbb/%fa@ Fhén-Hom e hgromdesibe Pivalie. resul t

can red“@vh‘i{i}fi@ﬁﬁﬁbﬁﬂm%}%@ﬁ} by Ajﬁf@M- o0 1 B G?I Fith &%’dtﬂg%gl fhe P

val ue I sTrappr oxi y equa AW and guan ts. For

i 11 ustr at ipehiems&sion t&8biintthé RYQN GLEY A9 iR @gﬁdﬂant%stn%f @gﬂﬂm@, shb¥nid in
equation (4) is not explicitly shown’ i n tiplier may al so be

i mpl ement SUEGW.t Mdtipiedr 46OSigy als6 bedmpldanddakwith othallegighh@d | g losldaxed by
the accunul ator value). [1048] A del‘% %ener ator can generate a nunber of
di screte @é’l%@%ﬁlbwdéﬁ%}@%a‘é?ﬁ@mﬁ% ¥4)gi ng a bank of capacitors. Different

del ays ca obt I10g

conbi nat i (Tlndhg} ce{%gm ?g@ 13s{eﬂ&[ﬁlr W@Qﬂ&éé?%ﬂ%{eﬁ%}&g@%g at E('H())Bg Eﬁg 3% aIl%el ay

gener at or dasgharpag @Xjank sfedpritors T duiffarent d€hBehnsbootEainéd by trning on (ie,
selecting) different combination of capacitors in the bank. The delay generated by the

delay generator can be expressed as:

C oad V-swintr
Tdelay = 1 dI = ] Eq (5)
ch

T

where Cioag 18 the load capacitance (which is dominated by the selected 'capacitors in the
'bank), L1 1s the current used to charge and discharge the load capacitor, and Vg, is the
voltage swing of the delay generator. Equation (5) shows that the delay is dependent on
three parameters that are in turn dependent on the IC manufacturing process. Since
accurate generation ef the delay is meeded to achieve goo.d jitter performance,
techniques are described herein to miti gate the effects of Ciag, Vswing, and I on jitter
performance.

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

accurately generate the charging current.



ch where Cload is the | oad capacitance (which is dom nated by the selected

capaci t or syo fuok/szesbank), lIch is the current used to chapggsandoshschar ge
the | oad capacitor, and V,,i" g is the_ voltage swing of the del ay

‘generator. Equation (5) shows that t he ldel ay i s dependent on three

paraneters that are in turn dependent on the | C manufacturing process. Since
accurate generati on of the delay is needed to achieve good jitter

per f or mand&9501 t e Py Bensraipied ebeidpredvthbends witcapanitorsg i @ anchd2®f Betk s of
C4oad, Vswi : [.] er f.or 1.l 1049] ELG 7 ows a. bl ock

di agr am ow]gqno%?%g %ga g&%‘% %?5%@1&1@ hﬂr% %ﬁchgkln e'c’rrle %Ocquﬂlealqﬁmﬁl.m Del ay
gener at or gfotddug@sthe sthéf eierbiptd desi g6dd ¥, PFHoWwERNGP M &ir6edh Qrus, of power
supply noise and to mtigate the effects of circuit conponent m smatches.

Del ay gendp@e@ivelyyo Salssecnsadant ooy Brecpunhes ofubiteft) pndrihe detigy dont delatked | oop

" b Uszoo P HEBA TR TR AN SRIGRPUR AR D B e o

capaci t or spupldd t@bigculRrouBdakd thel dthemelducanidcd Bapasid O Svid dwacHehrough 712s,

. each having one_end coupled to circuit ground and the other end coupled to

ahnode Vp Hioughs W4s cisarecuyddy  Anpoishy32 has one pusksgpaplediiempde %, pud thepésdent on
t b f_bi : I | 470. k 720
ot udes €8 soibd o BB blE A5G0 792 alEn tng SRR odk Vi a T

circuit grogwidn@obshpidietoivRend @fd wavR Bdrde0/38. Maher i dF Sirért Rescd 24a

t hrough 724s, respectively. A switch 732 has one end coupled to node V. and
t henot her 738kaupieiisl 2epply wiltegni(Yomr chaditcin7dhvheconerayl papled de nedei Veoupl ed

to rfode V| t t 736.
e ot e a0 8 LG 6 LB PR R Lo B AR VSRS C,
sw t ch 742ihasnd seuptatiochi¢ing df taacuneiesoVrce A6d THeeotBérhel ogotkrenupied t o VDD.

A switch 744 has one_end coupled to node V. and the other end coupled to
one end of744 cewHesdacireyligoand46. The ot her end of current source 746

couples t {4h CUI A [ Nz & 11Nng input
coupl ed tglﬁ% e vg,cg%ﬁﬂr{%%\;ggj %Iﬂgs;':l n@n%&%%%&ﬁ%gzﬁge%gog%ﬁ%%’ aﬂa%gggl%éout put
that proviiggs dobpledud pidide CV.0ckd singodtbut that gRsAdterthe ditpue oRickesigiane £ val ue
fromnmultiplier 460 and generates control signals for switches 714 and 724
to sel ect eR¥lcadD Fsgivenpiech velpe amymykipdipedel andeesmsrabesiiongol signals for

switches 714 and 724 to select the desired capacitors and deselect the remaining
~ capacitors.

[1052]  Curent source 736 receives the reference current Leg from current generator
480 provides a charging current of Ig;. Current source 746 receives the reference
S~ current Is from current gemerator 480 and provides a discharging current of Igs
. ) Current sources 736 and 746 may be implemented with constant-gg, current sources or
some other types of current sourées. Capacitors 712 and 722, switches 714 and 724,

and decoder 770 may be implemented as described below.

-[1053]  Delay geﬁerator 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 ‘all turned
on for one mput clock cycle, capacitors 712 in bank 710 are discharged to circmt ground
by switch 732, \capacitors 722 in bank 720 are precharged to Vpp by switch 742, node
Vp 1s at circuit ground, node Vy, is at VDD,' and the output clock signal is at logic low.
One input clock cycle later, switches 732 and 742 are furned off and only selected ones
of swiiches 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 turmed on, In this same input clock cycle, switches 734 and 744 are



- source 74

capacitors. [1052] Current source 736 receives the reference current lrefp

from cur{,‘gﬁmg%g&ator 480 provides a chargi ng currentpcafush@giosLur r ent
recelives the reference -current Iref" fromcurrent generator 480

and provides a discharging current of I2ag. Current sources 736 and 746 may
be inplenmented with constant-g,,, current sources or sone other types of
current sources. Capacitors 712 and 722, switches 714 and 724, and decoder

770 may bemhddEHERt €1 aknde 86 dehef dkepLworslid 063 71%drayhagneiontaal V0 _
operates as follows. Wen the Ce2 signal is activated due to an overflow in
MN count eby spment sopree {at, thre seleckelicapzgiors mrink 420 greedigghergediprserd cdmvif or one

| nput ol OBk B unBRRARIL 918, B30T A0 ALe lhsRhanEedoh gasl feut !

ground by Sw capacitors I'n are pre "VDD by

swi t ch 743ropaodedifipential dgnatiis Gefired Pyotpeoltapes enViodessVaind/BD, Vaih thbe out put |
‘clock signal is at logic low. One input clock cycle later, switches 732 and -
742 are t upkaeg avrodant exaesds $ka wltage opmede Vol auivbahihs twoyolieges PP¥Sk n banks

710 and 720 t & v fr Lipli he sel ected
capaci tor gh g (ﬁﬁﬁ%{pﬁﬁ%ﬁ%ﬁ%gggg S}é%%érgeb%% kg?s%] Wﬂ?%}le?ﬁé? r Eééa‘gfstgggg é%c@\?\nﬁt ches

t urned onsigh#l it Mus deRfBided PYtheiaclkat ©Y dbley pfovidedBsdela3 g cnbitof 4402 MRe WO
2005/ 038636 PCT/ US2004/ 034241 12 turned on by the Cel signal, the selected

capaci t or §nahie Bgnils Zo0daler sehapige ¢ 7P cwadalaymbapmyriadiely datingour weth7de, t he
sel ected capacitors in nk 7 [ i scharged toward circuit ground by
current s&ﬂ&?@é@%? Sf%@f@%ﬁ%‘égp@?ﬁrque Vp rises, and the voltage on node V"
drops. A ¢idsupr entheabuphgRicki Sgefiroaded byt fday Pebasies 40 wEBRSMKAand V.

Wien the voltage on node V. exceeds the voltage on node VW (i.e., when t¢t
two vol tage@nt@rrég@sq«zes nphkave JOPuEuEICHAIR- dogbidin an aRwLt Flasks sigealvgEl $0%i gh. The

| eadi _ | . . . :
ot ay or oS lerclsy M Ph Y UL AR do e A e bR ABNE DA BBl BTN ©
gener at or pdefbeatiBdeteh-Ayas(23 Ppsigpin thd @llltﬁuﬁdbodld sikthall TV thbixibduen NAVIfriticas  of t he

P signal fromnultiplier 460. [1054] The output clock signal provided by
del ay gendhestlgritepsio O fomproPRNEDEL fdhe MOB\ e9E¥eTnot have 50% duty cycle. To

obtain an ﬂzﬁs@’“t 0 i 1 0 | ue may be
doubl ed, a{n he ouet&péé%féﬁglg%gﬁd ﬁ%%%pc%éﬁ%%tbgtﬁgg%gm egﬁgﬁsgt\)gg\é%l vi ded by two
(2) to obtain the output clock signal. The maximum NMratio is then
limted to 0.5 for proper epg&i@.gnf the MNA counter.

delay,i ___P - '%mﬁt f ”A‘_@@l?' \% 2., Eq (6)

" M |I,-2

where Cyyit is a unit capacitance. In equation (6), the factor Vpp/2 is the voltage swing
for the capacitors in each bank with the differential design and cormresponds t0 Vwing in

equation (5). The factor 2" -C_, is the total capacitance for dll capacitors in one bank. ) )

it
The factor [1— ACC,/M] corresponds to the P value from multiplier 460. The factor
' Coq = 2b.c_, -[1-ACC,/M] is the capacitance for all selected capacitors in one bank
and corresponds to Cieq in equation (5). The wnit capacitance Cupyt and the charging
current 1y are selected such that delay generator 470 provides one input clock period

(Terkio) of delay when all capacitors in the bank are selected (i.e., when Cy, =2"-Cypy )-

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.

tl 056]  The accuracy of deiay generator 470 is dependent on the accuracy of the unit
capacitance Cuy, the voltage swing Vpp, and the charging current I, which can vary

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



[ 1055] The del ay generated by del ay generator 470 may be expressed as_ r
Taet ayi =W0200503863ACC, VDD L1 M| 22 ' Eq (6) L J dg, whiarss266uozs24d 1S a
unit capacitance. In equation (6), the factor VDD/2 is the voltage sw ng

for the capacitors in each bank with tHé differential design and corresponds
to Vsu;,,g in equation (5). The factor 2L C,,,,it is the total capacitance
for all capacitors in one bank. J~ The factor [1- ACCT / M corresponds to
t he P val uedbrrenemudurtiept thet trd@&B. pritees vagiton datle delly geftmidr cifelitryATS, / M
is the capacj.tance far all. selected capacitors in on ank and corresponds
to O oaa it ?ttﬁ%?ﬁ?%%c?g%%ﬂﬂﬁ? PIERP @i@dﬁ%@cﬁaﬂ” ??9‘3%86r{e%°f(4ﬁ9r gi ng
current |dgoate sSqfiec ta; t i I nput

cl ock peri gld FT cLxt ogsgg%‘hgggFg%hdéﬁﬁglﬁ?bfgggggl?tlg({kgéiz%ﬁ%\éb‘gﬁiﬁh gsp(glelsel ected
(i.e., wheemBagimenaf hiasCutrent deneratbind 8¢ apdei. tio Wihiz evotent dotkey @b f864,: jitter,

baced on aliSiRes R relg ek hiim e daRaeshes Stk SERMHE Secithcy of
del ay genepaffies4fviasd depEBURALCIR M herACSU Y uRf tréiﬂﬁ% g‘g'gets of%%gﬁtt ance

.Co"it, the voltage swing VDD, and thé charging current , Which tan vary
due to | C plock eigsahiapedHtimotis. divide-by12endn ATk gate 806 pedanmsbelogeedAND gener at e

a WD 2005/ Q38 . PCT/ US2004/ 41 3 requirenent. current tha racks
process vaa}eaé %}ﬁ;ﬂ#ﬁggg@] @@eﬁ@%tﬂ%{ﬁ p Vﬁ‘%ﬁiat T C??ﬁﬁfﬁlaﬁi Qé)'t
effects of (d4ines @elhiﬂfg%%rﬁl&r SRS R C‘L}j@ St bieYe H!él(i:‘ uB¥i0ge pe Ha 470.
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[1057] FIG "8A shows a block didgramof a current |ocked |oop 480a, which is
oné™y enbodprivndes afdehiyad clodk signd] (§Jenddthoegh %B8Ghdwn f# F1G.AA, Wit GLRK2 signrlent

| ockied | oop 480a, a. divide-by- nit 812 receiyes an ivides the input

cl ook s oo edepifedlp s it ils EGnaT i HRELaRE K e R at Do)
Unit 812 ugRsivhi ?\E@%dt@%rﬁ%ﬁviﬁédﬁo@eléy%&lérato@%?@.k signal to performthe
di vi de-by-2. An AKID gate 814 perfornms a I'ogical AND of the CLKin signal and

the CLK2 siHis8] antl ppbassviradipency detsfctnrdAER) 883G chmpargmnthe phRde. ofAbe redplenea del ay
generator 870, del ays .t he .CLK2 si gnal ane hal f ,i nput cl qck peri od. and
provi des ad@g}\g@%@ﬁ ?P}ﬁs%ﬂgﬁe%@%yeﬂ@ﬁ%ﬂéﬁﬁﬁﬁ@ pE‘ﬁ'éﬁglﬁﬁ AR 01'8%, Dhe cLk2
signal  Mag3heRHRVHeehdRdayidH Y AN ORER 17 hA REBndveh ANRe GAL & e and the
out put of the dumry AND gate can bé provided to del ay generator 8

pump 832 converts the phase -error into a current. A loop filter, implemented with a
single capacitor 834, filiers the current from charge pump 832 and also converts the
current info a voltage. Capacitor 834 can be a small capacitor if the input clock rate is
high. A voltage-to-current (V-to-I) converter 840 converts the voltage on capacitor 834
back into a current uwsing current mirrors and provides the reference currents I.s and
™ Liemn to teplica delay generator 870. Replica delay generator 870 adjusts its delay based
" on the reference cutrents Ieg and I such that the delayed clock signal is time-aligned
with the reference clock signal. V-to-I converter 840 also provides the reference
cuarents Jres, and I, to current sources 736 and 746 within delay generator 470.
[1059] FIG. 8B shows a fiming 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 recetved
from V-to-1 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:



[ 1058] A phase-frequency detector (PFD) 830 conpares the phase of the

r ef er enceWQ@ER38§3gnal and t he phase of the del ayed cl eck/iszgnabsand

provi des a phase error. PFD 830 may be inplenmented with an early-late
detector that is known in the art. A cHarge punp 832 converts the phase
error into a current. Aloop filter, inplemented with a single capacitor
834, filters the current from charge punp 832 and al so converts the current
into a voltage. Capacithy 83%can be a small capacitor if the input clock
rate is high. A voltagg-t@-current (V-to-1) converter 840 converts the

vol tage on capaBiter pack—nto.a current using current Egifrors and
provi des the referengg_muriemgs_.j{r efp and Iren to replica delay generator
870. Replica del ay generaligr 870 %dj usts its delay based on the reference
currents lrerp and Irern such that the delayed clock signal is tine-aligned
with the reference clock signal. V-to-l converter 840 al so provides the

r ef er ence Witig fefft e cpaep ofviange ey §38, Cuiy batcapasitraesofzagaciiod 8746omwi t hi n

ockad " oahe yRBeneh? Bty v wnirgradd ( 5o 0 el ey

di vi ded by, ' | f e c i : i.ca.del ay
qener at or E7b0L Ao BIRY SEn ol BRY O ity of Pe/ AP CKaPRIG () B AR D
di vi ded claeknisigiad lobe80heiscorsigtd porf eyeanethauns emtonditidralei stgsle. from

V-to-1 converter 840Q. The current | ock | oop adjusts the reference current
such that HeWerer.sugilfigo edigky lesket fropy b sruapridogdieddronseagrialse Jacl te Rechel ayed

| ock si - I i .10 - ti £
Fy o or e Bifod biPaofte B0 Rk, Hie GhaRsolanh iy ANSHREWLUREL Lon )
PCT/ US2004608434hin ikdnot li6p 14cedVDne thiits)d of fshidving tHis Is tventisy gic' ddegge C e

where IT is the current of charge punp 832, C is the capacitance of
capaci t or BEIp Brent foh (-8 oBpf IHA B 4004, 1 SpA sieps). A Iargsfchazse FUmpCHFvRr t er 840
(in units of_i and [ St i n_of i el enerat 870 (in
(o a7t i 0 e B0, 5B L PSP RS

to prevent the current locked loop from overshooting. The gain Ky is adjusted such

that delay generator 870 is capable of producing one half input clock period of delay for
the entire range of input clock frequencies and over all process corners. The gain Kqg 18
confrolled by the size of the capacitors in delay generator 870.

[1061]  Replica delay generator 870 has the same design as delay generator 470.
The delay generated by replica delay generator 870 may be expressed as:

g 'VDD - TcLan ' ' Kj

Tde]ay,rbg = I .2 9 ? Eq (8) i

1dg

where Ci4g is the capacitance and I, is the charging current for replica delay generator
870. Replica deiay generator 870 is designed to provide a delay of Tex/2 with
capacitance Cygg and current Ly, Delay generator 470 is designed to provide a delay of
Tcrxsn With capacitance 2" -C,, and current Iy;. The capacitance to current (C/I) ratio
for réplica 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 =1, ), and the

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

delay generator 470 (ie., Cg,, =2%.C_,/2). T this case, the accuracy of delay



-for replica delay generator

current |l ocked |loop 480a is a single pole systemthat is unconditionally
stable.  Hy¥QNE38sE M | ar to a del ay | ocked | oop, the Cuﬁ‘fﬁggmﬁﬂ‘ﬁﬁq | oop
can false lock to a zero tine period or a double tinme period. False | ock can
be prevented by ensuring that the D fb¥ward gain is not too |arge. One

met hod of achieving this is-to control the charge punp current Ip (e.g.,
from5A to 40A, in 5A steps). A large charge punp current |M may be used
initially geocmhdgdé dashddnook ilrgnatéhingabiweet tienbadiRyicdelf ddglzdnbatgal t er

to pr eventﬁt hedc rrent. Iockgd &_oo&ifrom over shooting. The ggpn Kv2i is
adj usted sUCHTA{RREAPAEH e Ghtretst SHlapgmeraocgfiant eret loskedipopr§lafeshal f

i nput ¢l ockReed B Hocled ke fsef%tvggﬁg%é%ngﬂg%h@%g,:g{\@%;eg{y:&dgcggldf fequenci es

and over all process corners. con he siZe of the
capaci t or sactwadebhyegrenattr 400s vol O6pictde plyithee deloayargaserat Otr§d0 has

*the sane desi as  del nerator 470. The del ay generated by replica
del ay genglPétegﬂo@ﬂg%’a%gcbgg%’yﬁ?l&%@ﬂveé@e extery of thplyad capasomhel 8 ¥isg = 11 ag

"2 2 Eq ( j i ! C i urrent
AP S TR0 dehenlf (S0R Reptioeh Bl bond b RORARALE Lo (o
provi de a ghetmjorod70Taldk 7 2steudtdf thecapadishanefthéedgpmitdiscur rent I rag. Del ay
gener at or ﬁé? i's Si gned to.prqvide a delay of TcLT,n with capacitance 2L
C,,,, and KlPHent 1§ P%f%%é@ﬁ sreRiordt T padgrpliceceley geaepler SQMmayepl i ca

del ay genegatMichfed & 14 I 2 - rator
470" S nos pleied & 48 SRETE Tfhe EiBoShlol My HBlodiy RbsdPRELD
exanpl e, tthe camniors dheachiof famitsr F1€nnd MAY DEIGSE dFdrakis kabbdidehgagdehekat or s

(i.e., replic el ay. generator 870 may

ldg =l,gg), and the . capacitance of
be set to lﬁ‘éliufigsg[f c%ﬂi‘%ﬁ‘?fé[ﬁé?mﬁ%’é‘ﬁ Wgyg@‘@d(;ppaca@p%f’yo o oy H4ap -(iand, |
Ct hg=2LC, ngs4, (-2) . this.case, .t acgur f..del ay WO 2005/0 3
PCT/ US20047 03 ?&)41 Hay 03 RSERGeIGBE qrsd%%é%’g%%g?ﬁegé’ﬁ Y pespeeive ﬁfwﬁ%?men t he
capaci tan I . . i -0f . i el ay
Gonor at or Y0, R PURRCIR) Tl abiity SR oliafer WBEkA FEREEE if PR EFUES, P
suppl y voltapgstosDid exct Hahle te apgive dinearity.e For Ithig endodinidne 2 acpaciweyaref del ay
generator 470 is_not | cted by these two paraneters. Current | ecked
| oop 480a EP?@B‘gfqref@F]F gp@ﬁg, a}lgﬁ‘% %apﬁ?i@réﬁa? s sie ¢apaciiapsg "f:é?papi { rZQCdg, and
the accur(%,g)ﬁc()(‘?iﬂ's g B¢ HaBRlaChile 8y TecHREMES I PR JRChEsG. the

capacitors
Consequently, smaller matching error is encountered and greater linearity is achieved.

- As many of the 2" capacitors are selected as necessary based on the P value. The
selected capacitors may be dispersed (e.g., randomly selected) among the 2" capacitors
to reduce gradient linearity error (if any), which is a systematic error across an IC die

' } caused by manufacturing. | |
[1063] 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 columms. Eéch capacitor has a
capacitance of Cyyir. 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
‘MSBs 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
V'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 fransition in delay generator 470.



generators 470 and 870 instead of the capacitance of these capacitors.
110621 Theocmpaeisssrs for del ay generator 470 and repli gardgh@Noggper at or
870 may . be inplenented in various manners. In one enbodi nment, binary
decoding is used for the capacitors ik each of banks 710 and 720 in FIG 7.
For this enbodi nent, each bank includes L capacitors having binary weighted
capacitance of Cit, 2Cnit, 4C;t, ... and 2L"1 C'o;,. Each capacitor is
sel ect ed ¢106d¢sel EF.etD Basade dmgmnt ém‘p@@tdapecitmirtunﬂfﬂ@lﬁeanﬁbngm ttpaditodm

mul tiplier _46?. I'n aﬁgoﬁzgﬁ{) odi rrenf, t her mal . decodi ng is.used for the
capaci t or % G LEpeRgh THUSK 3% dmpiemeniafipy usipg therpal desodgi feappctiop|

capaci tor i \ ‘ Cd.t a ane
capact t anca of S R olE o O o R S O b Fecause
they all hka¥éighachdera cipreingiZany, asndorREAGUERidsistorSak | 0 aBdic gl ror is
encountered and greater linearity is achieved. As many of the 2L capacitors .
are sel ect@@a%@f%é%%wfﬁwoﬁnﬂtzﬁé bpnk; 2] Qand Iase capasivaeenl Capa®it ors may

be_di sper SefhbfioDiand AR0PMYis 5Bt ShE B kyATRAOUNG Pl CARACELAL Sy Agk cduce
gradient I'tnearrty error (if any), ich1s a systemati ¢ €rtor across an IC

di e causeetebyss npdutrat tarrowg: addL&ndbisHoGcoRnanpuel A-1dfragr dovddr 790 gfbodi nent
of capacitor bank 710 and decoder 770. For this enbodi ment, del ay generator

470 has 6-3speratge epaiecsional far N-channehjransighey T hesgd eethedhieg it geedEPl.or t he

capaci tor Bank, 710 incl udes 64 capaci S_.arran inn.a 4x16 array wth
Four rows erteihhE G N ebeSet APRE A3P Rerd ISR D el e B0 1"
Decoder 7%hul®66n¥&Red! Ny Raiéd thE nt@ibee oPBEhtDE RO AL 98qliRed, MRRkpRAtSrs ihOr the
64 capacitors. Wthin decoder 770, a thermal decoder 912 receives the foun\j
MSBs of t Hee Bx{alarmyaad pietiddese tcohmDaf lai pmkl ofo®2Ramplet ¢éersclea vma
controls for the i xteen cglumms, of, the .4x16 array. A thermal decoder 914
recei ves tARAAIRES @@Béub]caﬁaﬁlgorspn\;gq: Fastang é}?m}fa%l d 3 Efﬁ?clt? -aflﬁcﬂﬁleQM f our
row contr QLSaciSf if AR AU cohMF iOkelddiR. 41 4§ cagﬁéif&/ in hd hé}ﬁ‘cfc)hﬁlﬂ?jﬂzi% and 924
provi de controls for the columms and rows, = respectively, and ensure glitch
free transekected, then ddl apagone mather cud@Ot codNBQOirt G8B6IRE. PUIEUSED), 0B4241 16
[ 1064] FI 10_shows a.diagram for one acito nit.,718x a 2L

capaci t or %hﬁlme! _zfafl%}?t%&gé%i%%? eﬁ)&?ﬂ?“‘fﬁrog%rmaﬂo embt-e et 375 SERE&%dt her mal
decodi ng. {ARaEk9x chPitfect #R%itle? réd%&ﬁ&ﬁ&gﬁlﬁm)%f R ERta00f A HRa1x16
array showmn in FIG 9. Capacitor cell 718x includes a capacitor 712x, an

N- channel sizedfshamel tratkistqr 7dAd can proyide bettértjittza performance.

[1065] With the current locked loop, the accuracy of delay gemerator 470 is

dependent on the matching between the capacitors for delay generator 470 and replica
delay generator 870. To achieve good matching, the capacitors for both delay
generators 470 and 870 can be implemented as one array arranged in a two-dimensional )
(2-D) common centroid layout. -
[1066])  FIG. 11 shows a diagram of an exemplary implementation of a capacitor
array 1100 for delay generator 470 and replica delay generator 870 using a 2-D
interdigitated, common ceniroid layout. In this example, delay generator 470 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



Capacitor 712x is one of capacitors 712 in bank 710 and has a capacitance of
C'nit, andVOPeoeM3Besfel transistor 714x is for one of sw trehas200kdsi9; bank
710. Logic unit 716x receives a contr for rowi and controls for colum |
and j+l from decoder 770 and generateS’ a gate signal for N channel

transi stor 714x based on the three input controls. To individually select

64 capacitors.in the 4x16 bank 710, 64 control signals would be
needed. Td PBeRECaPIcHer FH.WTB l?ﬂth g%‘ﬁisr gcter dhHjesinpladen sapepitor Feve&pae Pt or s i n

the 4x16 apf fplidk %elﬁ? @ﬁé@f& }AE, & warﬂo@tmoft@eﬁdem &ﬁf}Btvgz 50p36! ect

nine capacitors, our capacitors in the first and. secon ums are
sel ect ed, tnks.che capapacs toows A, .11 abé Bridr bolkuri arsccs@[le&m)eﬂdempmyi

t t | +1 t.h [ it inth
cafrent Of;oﬁingwﬁge F SeREREE B Wl 3naBl dor RETHLflh eI PP RAdP G088 Vidx
- coupl es capgg érﬁ'f)lealz?ﬁet &gﬁﬁ%?s ¥irve ﬂ-&ede?é)z ge&kﬁ\l% gﬂaﬂféeél\xrﬁ%sr 8‘19}[1& Lgr 714x

can affect the jitter reduction cap count er smal | - size
N- channel dontolsiast oecdéddas umlmamdamf(‘i@ tiét t"élne paptatiters pe tioravenfoe re;ﬁlﬂcﬁGS] Wth

- . the current_ |l ocked | ogp, the uracy of del gener or 470 is pendent
on the nmatEiNeHE%e ?Tﬁe"oeéﬁgé?t SCOTGPP %f’%@ V@?ﬁ’“ﬁﬁh%ﬁepl i ca

del ay genefAat@f,-87. To achi eve good matchl ng, the capacitors for both del ay
generators 470 and 870 can be inplenented as one array arranged in a

t wo- di nenslilo6gll (Re D)NAmmmnﬁar desigr desdnbealyoartin Jra@66 gdeldGerformsivevwmda .
di agram of an | ar ment ati an of. a capaci t.or arr 1100_for del a
ge'ﬁat or 9?% @anng@ﬁr ?/E%rm eé?/“t{j‘gﬁlﬁ’lg‘? loﬁ’?(fa Eé‘l 15guction ip %’”lrﬁZ@rQﬁ et at ed, g
compon centhlifled RYQMy odidrdidts 976%A0ARYE, BRI RYa1ReRSaka" 1£e71Q51h%51n616§%' t

accuracy, and the 64 capam tors for each of banks 710 and 720 are arranged
into four pavendeingscasswed beendraieahe Crpagsi ﬂdayarMa;cotaIO@ jmadlendes: tswel ve

- f f. it in. f th
Capaci t or SEHHAIREAFISBITERG SRR AP RSR { N Cisab PR HOTRIRpET B del ay
generat or &fOndchdP6f 1/015%’?: sWig ﬁ?&edﬁﬁll@{g}/cdrf%{ SRR Ahireves oM uiQy bF the 11,

capacitor array 1100 includes six sections |110a through 1110f. Section Il
Ca i ncl udedelayageaciatayr Toowdaeefower bonsmripéink.sthy torrenidocked logpeandi mwltipliarob

i ncludes ca ws 1 and .3 for re enera 870 ection
1110¢ | ncl HbEe i?%%@rc‘i“} Bre o 01111?‘&01%"&‘% k’éﬁﬁg" Blsa ToRceHed e viB % 038636
PCT/USZOO4CQ§£%4%QS%imkwg&yﬁ@§dqu@@kkﬁé;FOM/O for both banks, sectlon 11l Oe
i ncl udes capacitor rows 0 and

[1069] FIG. 12 shows a block diagram of a wireless device 1200 in a wireless
communication system. Wireless device 1200 may be a cellular phone, a terminal, a
handset, or some other devices or designs. The wireless communication system may be
- a Code Division Multiple Access (CDMA) system, a Global System for Mobile
_> Communications (GSM) system, a multiple-input multiple-output (MIMO) system, an
' orthogonal frequency diviston multiplexing (OFDM) system, an orthogonal frequency
division multiple access (OFDMA) system, and so on. Wireless device 1200 is capable

of providing bi-directional communication via a receive path and a transmit path.
[1070]  For the recetve path, signals transmitted by base stations are recéived 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
downconvéﬁs) 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 1s
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



for replica delay generator 870, and section 111 O includes capacitor row 2
for both WShHWRE038THe capacitors in rows 0, 1, 2, and 3 feef/dzankodhd; are
coupled to node Vp when enabled. The capacitors in rows 0, 1, 2, and 3 for
bank 720 are coupl ed to node V. when 1&nabl ed. The capacitors for replica
del ay generator 870 are always on and no controls are needed, as indicated
in FIG 11. The capacitors_ in the rows for replica delay generator 870 are

coupl ed t Brofipeted gignal poikel iyravtrdalroveh dunplgxe 1344 mdnranseittegeyia raatepna 870.
[ 1068] Th w QH[% . i gn described herein provides good performance and
ot her advg‘?ﬁ “aaétg. %g{aggrﬁer ential design allows for a reduction in the size
of the ceat) t orsSH mehayidgenebal gosesding vahd s&chls, fbhex st | @ringapaci t or )

size results in |l ess power being consumed to generate the desired del ay.
Nbr eover , CRREONET 1242, apaerepsor 123 qinpaepty dwitnigZne s ecmirobwal 1238 ng an

Canac { O gy J e SULE ARG ! 98 KPLA0R SIBKES P pyISPROTSGY 181 ¥RLRGE Wi ng

and charging curren I Nproves accuracy e delay

To reduceiemies £®ISUMRO Ohat tdieivedrar esferehos kithal G0, aR6mml teinpbiagie My be
turned on one or two input clock cycles before they are needed (e.g., using

the Cel &vrdp@stedichistal opcilipigr (TERPY 91k sensartenp medster [ciggopr BINE 13, shows a

0 0 SL B0 BN Eh e 5 AL 0.8 VLRLT SR Svotem

Wrel ess a cetiular r andset, or

some ot hegiffbeait GERp@T vARS) S the ecating eSS WFHTIUDSE 4020 Rng okdblynRy be a
Code Division Multiple Access (CDVA) system a d obal Systemfor Mbile 9
Conmuni caPTesasingaeny estpsad iy D P (98- mapugonixgiler 40 2pd apain oMLy  syst Qﬁ}
an orthogon re I Vi Si Ll exi t hogonal
Frequency Siig ) o SOFA ittt (B B as ot b SYSRRT, B, Y 030
devi ce 12@@eid Gockonghll €or Miidyrossslirng3di AdivIBe! ¢omadr 12oNthtiveCcht noRteyi a a
receive path and a transmt path. [1070] For the receive path, signals
transni t t 6¥ckhyng seperaieap) sspendalow-jittes clerkosipgal iy anpthesirecesang it {gged

thr ough 2 ofAeh X8l Dot 2K A RLOVLAGH, 19163, "BES1Sha'Bidna BOMRY 1216

Recei ver uni condi tions ers, Ies, f'requency
downconveklos) sighels hace iifgers iggedncRAd il pgickilz e%e MNA condértmaneelusadgaal to
provi de sanples, which are provided to a digital signal, IDrocessor ( DSP)
1220 for werg#ecachdyftaey deck Fenueppithal An5a% en Rieger IB@PH et the Taskhisi tt ed

Crviey 1o tBRR MANAR R I o 2 ASFK  PaRpRR S fNRNRR0 U1 L
and frequen@IGUECOMST 11820 trhey dirhre avidioge neoaksag amits and perform various
finctiops, which may be dependent on the specific design of DSP 1220 and the
commupication system.
{1072]  FIG. 12 shows an exemplary design of a wireless device in which the MNA )
- counter described herein may be implemented and used. The MINA counter described
herein may also be implemented in other electronic devices.
[1073] The direct digital synthesizer with analog interpolation (i.e., the MNA
counter) described hérein 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 programmable 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 implerﬁented on one IC die. As another example, the digital portion of
the MNA. counter (e.g., MN counter 420, dither generator 440, inverse umit 450,
- multiplier 460, and D ﬂip-ﬂops 422 and 424 in FIG. 4) may be implemented on one IC



WO 2005/ 038636 PCT/ US2004/ 034241 18 nodul ated signal, which is routed

t hrough dupl exer 1214 and transmtted via antenna 1212 to the base
stations. TQi)O"‘?] 3&e 1220 i ncl udes vari ous processi ng unP¢BUSWEH03asLE f or
exanple, an internal controller 1222 processor 1224, a nenory unit 1226,
a bus control unit 1228, and an audiolgrocessor 1236, aII of which are
coupled via a bus . 1238 DSP 1220 further includes a PLL 1230 that receives
a referenc %nal , froma tenperature conpensated crystal oscillator

(TCXO)) an b GHicR OF they MR PRSP 2 St EoppIaior 25 A PUGEHer at e
vari ous clg&ltgm%drm@a § Be rplehlYoid ¥h dhifkri0GERS T € ¢ ook with  different

i nteger vafues) for”the pro essing units wthin DSP 1220 and possibly for
processi ng[id@dlk s é?)hbem% tanBRBPmh 26ls¢ ebeg fabrécatmdi widonatiobd 6C pRdé6ssand a

mai n menor uni t 1242) IWNA counter 1234 re |ves the master_ cl ock and
gener at es chnologiey F@Eﬁ% RIMERY, Bilq A sG - EW&QS’@@‘%B}&YEEQ@E An MNA

* count er é]%ngﬁgc?ﬁérﬁ%%%nﬁﬁévﬁ&rwzeqmﬁbl @{&e(eggnsﬁ foﬁﬁczgﬂgo oy jitter

clock signal for a processing unit g”, analog-to: Ita
convert er s|Mi7Shi n Poeimss wé thelVINIA dadiie)y (.3 hmvéise stit 460 aﬁd&ﬁﬂxﬂtﬁjﬂﬂeﬂ%(}) metyer

~clock signals have differepnt frequencie neral, one ter may be
used to E%é]ina eglefhing SeEsTEnt FET Geko %ﬁd@%’ Fyation; éhwodalf? feger

multiple o | ok 4

i mpl ement e%r V\n&tﬁ]ﬁé%ﬁ:ﬁ‘i&lg&&jn@g S%WWE% g5§d4%g%§ga§g2%%%a§ﬁi%¥ecﬁ%§epvari ous
processi ngdesaiibei Meinpéﬂfecnom t@lies mayurcttoedsn awhembrymmyit e depgendent on
the _specific, des of DSF 22% and the onmuni cat i n system W?Z] FI G

12 rs}ows améié%% PRy a8y 5% b aél XF%‘FtE‘%gycPeBIIOE%SS% Ghi BIPCEEF Ycount er
descti bed '11 'TQX be'[hm:ﬂl p Ot?\ﬂbsr BteNRitERUHe r09é§§&rblbed

herein may a | ement e el ec ron| c devices; 11073] The
direct di gextaﬂnabj;mﬂtaepnozmsomm hwldnalcew it rtze ripotehinonicéiivedy comﬂei Ni e

counter) described- herein mag b i‘gﬁ nted in an application specific
i nt egr at ed?™CFFRUY'E VEABPE)SHE %I‘isg?‘? ‘{}T‘S processor (DSP), a digital

si gnal proggmgj N9 ﬂﬁ\ﬁr&ﬂous(deﬁprff)ﬂon%f ﬂ{quim%ﬁo&%n& 1§|§¥dvfd%d(t63 bidbie @ field
programebl’e gate array (FPGA),” a processor, a controller,

m cr o- cont ey |personaskiiled oprﬁicemdp nmke @t e thd eﬁt&euhlmvenuamt s Valifres NI NA
count er | eme ted hi n th one rrult i nt circuit
(PO G s HnndtienbBaedS ot Grtofhthepe i} Rereadtly Sekerd rE hody FERE Fbaitt he Ma
and the generic principles deﬁned herem may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the present invention is not
‘intended to be limited to the embodiments shown herein but 1s to be accorded the widest

scope consistent with the principles and novel features disclosed herein.

[1077] WHAT IS CLAIMED IS:



counter may be inplenented on one IC die. As another exanple, the digital
portion of the MNA counter (e.g., M counter 420, dither generator 440,
inverse unit 450, rmultiplier 460, and D flip-flops 422 and 424 in FIG 4)
may be inpl emented on one | C WD 200- 5/ 888636 PCT/ US2004/ 034241 19 die and
the anal og portion of the NINA counter (e.g., delay generator 470 and
current generator 480) maybe i npl e(:([lﬁn 18" another IC die. [1074] The MNA
counter may al so be fabricated with pus | C process technol ogi es such as
CMOS, NMOS, BIT, and so on. The MNA counter may al so be fabricated using

di fferent device size technologies (e.g., 0.13 nun, 30 nm and so on).

[ 1075] Portionsjof t : winverse unit 450 and nmultiplier
460) may Dbe i ml)l ene%%elgq%r? @g(?{cﬁgrcé&pggpg'a software i npl enentation, the
modul es (e.g., apboctedopesiveltonetdionan inpaticleck sighalmeith befirstsieluencypanf or m
some of the functions__described herein. The software codes may be stored in
a menory uMﬁ’alP%-a@‘-? an Mg Whse theMglusrandtho N yalyg ae epoly indeger valietit ed by a
processor . r ntr r . Y ikt may be
i npl enent e (il/\ng? ﬁf"ﬁéf{f’}ﬁ?%@%"éﬁé I}é?ohraV& x% gér?dr?zllal‘lﬁ f{e(j)q%té%%’ %}&(Qﬁ%@gg‘rg? tlhﬁ rNIWhi ch
case it camalpeasdtheNvslaéiandl y coupled to the processor via various neans

as is known in the art. [1076] The prevjous description of the disclosed
embodi ments is Brd§lAY Esactor apsitize i rspelye tho poutar signgl ppd e d-bif contepl nake or

use the present . Il i di f] I Oy; 0 i ts wll
be readil yglgg%awg%e?gg %E%)nstegae g ?#l’f‘eé' I@ln&ﬁﬁg@gér%?&e %nddﬁ%gﬁ%%%?gg%?i nci pl es
defi ned hebgitlfe famidd&ighabiridedie Tobiottrol eipallafid s Ssevtht diffdrentthe pigndlitog from

the spirit or _scope of the invention. Thus, the present inventiagn is not
i nt ended t 8rayéda angutpe cleskesignabhyoeg therecondrismbenss siharchuleadise edgselaccor ded

t he w dest ;. s i 1 Lnel

di'scl osed s SRRE: FRRCSRGhee"aRe RIS 8 BhgReee \OR e, LR U081,
circuit cogpnilsivhgicinnthe duly genamer iicludes:t o recei ve an input clock signal
with a first frequenc an M.yvalue and an N val ue, where the M yval ue and

y . ) >
the N val ue areadishbinktefgapacitoryeash capasifor & Herfaphbankabing selestabls Gial
havi ng a s%e%_%itfcggg&es@% determ ned by the M

a first current source operative to charge selected capacitors in the first bank,

and
a comparator operative to provide the output clock signal based on a first

voltage signal on the selected capacitors in the first bank.

2. The integrated circuit of claim 1, wherein the delay generator further

includes:

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.

3. The integrated circuit of claim 2, wherein the delay generator further

includes:



val ue 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 greater
than one, to generate a differential signal based on the counter signal and
the L-bit control signal, and to use thd differential signal to provide an
out put cl ock signal having the second frequency, wherein |eading edges of

the output clocks fitsysaitclabperutivd abdliyctaedeathe tapatidacor €aras MinkhotdBwl- bi t
control signal, wherein the delay generator 1ncludes: a first bank of

capaci tor, WHe#@8pacitor in the first bank being selectable by the L-bit
control signal, i : r rat | har ge. .sel ected
Pl bbb SRk NS ARETAL LYSeh G DNOBSE BRACH .

capacitors in the tfirrst bank, or operative

out put cl odliglsvaltsgk. based on a first voltage signal on the selected
capacitors in the first bank. 2. The integrated circuit of claim1, wherein
t he delay generator further includes: a second bank of capacitors, each

capacitor in the sec : I:ng: ta -bit.contral.signal;
ang a second cu$4r'ent 0@%&?@8}%%31%?{[\?2%{&?%&?scgrg%tggglthlebgfbliéaf83&)6316?r§ Bsrsgi n

the secondnipbmientaindithvierabindecbding] Andavienéih ae Gipgtitdrs ithd giritnagk Byve he

first voltage signal . on the selected capacitors in the first bank and a
second vol B8RS (ARAFIIAHREt he sel ected capacitors in the second bank. 3. The
integrated circuit of claim2, wherein the delay generator further

includes: 21 a first switch operative to discharge the capacitors in the

first bank to ad.ow Telihegeleduicdtult ofebind, shedefhthe Prstadiahl 6f Epasikashar ge the
capacitors in_ the sec§£d,bank to a high voltage. 4. The integrated circuit

of claim 1, mplsapcated Wil binarg degoding. end edstedn theriirsi bank inpludes hicepaoiiorsh
t her mal de%@in@%n@?%%ﬂde%a aéi{}?cecapaci tors in the first bank have the
e. b In

sanme capacitan grated circuit of claim1, wherein the first
bank of capacitors is

6. 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.

7. An integrated circuit 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 each integer values,
and to generate a counter signal having a second frequency determined by the M
value and the N value;

a delay generator operative to receive the counter signal and an L-bit control
signal, where L. is an integer greater than one, to generate differential signal based on
the counter signal and the L-bit control signal, and to use the differential signal to
provide an output clock sighal having the second frequency, wherein leading edges of
the output clock signal are variably delayed in accordance with the I.-bit control
signal; and

a current generator operative to provide a reference current for the delay
generator, and wherein the variable delay for the leading edges of the output clock

signal is obtained based on the reference current.



i npl enented with binary decoding, and wherein the first bank includes L
capacitors having binary weighted capacitance. 6. The integrated circuit of
claim1l1, wherein the counter is operative to performaccunulation of the M
val ue using a nodul o-N accumul ator for22ach cycle of the input clock
signal. 7. An integrated circuit conprising: a counter operative to receive
an input clock 8i gnallhevittegmteidi cisduitf p£glaémc,, whereinMheatureentng@neratoN ival ue,
where the Mval ue and.the N val ue are each integer values, and to generate
a count er SPRJFRFIR \W”r]i‘g"%m?@f:@ﬁféedflf’%uency deternined by the M val ue and
the N value; a delay generator operative to receive the counter signal and
an L-bit control signal, where L is an integer greater than one, to
generate differ@ntialthsiigkgtatéthseduibnof then chumthereisithaaturzent! geherator bi t
control si %nla\l, and to use the differential signal to provide an out put

cl ock sign clydsyi ng the second frequency, wherein | eading edges of the

out put clock si gRalid@nfitdetARE Yo ARG GE m;)@t UoTR LK ff&{%@%@hg drbgght

control signal; and a current generator erative to pro erence
current foedivideddddckysigmgbner at or, and wherein the variable delay for the

| eadi ng edges of the qutput clock signal, s obtained based..o he yreference
current. 22 8. aﬁi’élcf‘af’u]égrgﬁ?@ﬂmﬁf’?@ﬁ? ¢ igrde@y St?‘fermgrogiﬁf? qlﬁgeéﬁlolc nt

gener ator LignalibiRhSARRLSE A 16 AN a UOEkadIdRWmal. The I nt egrat ed
circuit of \ I%i 7, Ial]v?‘\blh@erei n t'he cu:ISrent %eng)regt or ?%ﬁ?lgudes: a divider unit
operative to di viptesetfhapenpudetedtiacdpesitiyadd compdre phaenafia teconbiasion ol di vi ded

clock signgl; .a replica.delay .generatof operativ o.delay.a first version
of the di vﬁl?e‘%}"’éf"&?l@"ﬁs%l@%?g@gﬂ aﬁd?fjg’ﬁéﬁaé’eé %ﬁ@k@édﬁ?m"d 4 del ayed
clock si gnghése@rr hase-frequency detector operative to conpare phase of a
second version of ~ the divided clock signal against phase of the del ayed
cl ock signal and loap fltervwipdmtiae tehitterthe phase; erar land o pravidera egepatsignel;t o
filter them;l)yase error and to provide a voltage signal;

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

signal.

10.  The integrated circuit of claim 9, wherein the divider unit is operative
to divide the input clock signal by two in frequency, and wherein the replica delay
generator is operative to delay the first version of the divided clock signal by one half

period of the input clock signal.

11.  The integrated circuit of claim 7, wherein the current generator
includes a replica delay generator operative to provide a predetermined amount of

delay with the reference current.

12.  The integrated circuit of claim 11, wherein the delay generator
includes a first bank of capacitors and the replica delay generator includes a second
bank of capacitors, wherein the capacitors in the first bank are matched to the
capacitors in the second bank, and wherein the first and second banks of capacitors

are arranged in a two-dimensional array.

13.  The integrated circuit of claim 7, wherein the current generator is



and a converter operative to generate the reference current based on the
voltage signal. 10. The integrated circuit of claim9, wherein the divider
unit is operative to divide the input clock signal by two in frequency, and
wherein the replica delay generator i83operative to delay the first version
of the divided clock signal by one half period of the input clock signal.
11. | T ge [ ném@le[dtrﬁiibrgd f:awhi leadifig edgei antle omp@rcbidk sigial augarerite henefcainoe

i ncludes a replic ay generator, operative to provjde a predeterm ned
amount of CIHEqné@f\an‘ft &Fli‘)h%me@*‘érr é@%ﬁ%@i@%ﬁm@%ﬂﬁ@l%mﬁ ated circuit of
claim11l, wherein the delay generator includes a first bank of capacitors
and the replica delay generator includes a second bank of capacitors,
wherein the capb&itoAs intaghated first bank are matched to the capacitors in

t he second bank, and wherejn the first, and secqnd banks of capacitors are
arranged in a t#WEOFREMSTYIVEItC dpGeaNe amigputiglack vgpa) witheq fiest fraquencys ag| ai m 7,

wher ei n_t gy CHLE BT aIRNRRAL Vhofet S MSAARIAD IR\l B ihRAG R cdge of

the output c signhal to generate the reference current del ay
gener at or amitd parrate satdumtbradigiel haoinh 4 srdhddreqdgey determined by el M ed a
counter operative to receive an input clock signal with a first frequency,
an M val ugalgsandthe NV Yalvgie, wherein the Mvalue and the N value are each

i nt eger val ue, t r . . j I C guency
dot o ned by’ ¢ ooy SafEAFLRLaR SRHOLEE o Rl A e R T e
recei ve t hgigndiiwhere Is isgnninteppel geoatel thnt orep it g@lerats b gifidrentidl @ighal bassd an

i nteger greater than one, to. generate differential si%nal based . on the
counter si ghdic eonater rigntl axdthe bt emtel gigasl, anthip v the dittorentiaf figaldnt i al

si gnal to PRM) ! %ugﬂn QBEFHEIa?éCPﬁl%cg&h S il h@F SRt SRS s?r{ap a{nﬁe L-bit
control, stgnal; and a nmultrptier operative to recelrve andmiltiply an
accunul at or val wemiltipliartdperatioe wh reeiveianll mul@plvadnisccunnbite Qluesfram thaver se of

the Mvalue and is used to griegera_te .the L-bit _control signal. 15. The
i nt egr at edoyntgryith 3Q ¥alug. pwhete Qu dpdryersad theM vplur @pd jssused 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.  Anintegrated circuit 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 each 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 greater than one, to generate a differential signal based
on the counter signal 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, wherein the counter includes:



inpl enented with a plurality of pipelined stages. 16. The integrated circuit
of claim14, wherein the multiplier is operative to performrounding for
the least significant bits (LSB) of the L-bit control signal. 17. An
integrated circuit conprising: a count & operative to receive an input clock
signal with a first frequency, an Mvalue and an N val ue, where the M val ue
and the N val uea dirs# @ayksavetaddar opesdtivesto addnthet M gdonendtheam acammiletor si gnal

havi ng a second frequency .deterp ned by the M value and the N value; and a
del ay geneYag'tleo?n (P?%W%éﬁf%c?’é‘g}é?gé'alp' counter signal and an L-bit control

signal, where L,isscodll daRlyeQeE aﬂﬂ&%ﬁaﬂd&% Qberact! ﬂlegﬁ“@ilﬁé ?ﬁofh dief figf enti al

si gnal based on the counter signal the L-bit control signa and to use the
di fferenti ca:lm‘rsngh ahlue cnndmoopnouieleam seushp u:tond:hmmikvaiug mall thaconugtet kignalecond
frequency, E/ne n Ie Eei sdof the?l ut cloc si gnal né;lr vtgrlably
del ayed i n"atedy ﬁﬁ'e%“ PRI E%qpll:l Ve’é?‘bﬂ?ﬁ?r Wn B A4eH8 S unt er

i ncl udes: @y cdmbineBalG@blidg sAMRT AAHS QRE e ¥ ev|Ge;2dd the Mval ue with an
accurmul ator value and to provide a first combi ned val ue; a second
carry-save addea nml‘aplaxarvqnaranvsum peeidet the decoral nembinednvehe ifiavstflovconbi ned

val ue and to OVI de a. d conbi ned val t he counter sjgnal,

wherei n t h&¢ éﬁ)pgq ?‘Fﬁ‘:'lc qegy étgo‘iﬁﬁgﬁ’é%‘?s%oﬁ%ﬂqdow occurs due
to the first cp ﬂ@fiopeﬂaﬂee be@ls&qegﬁ@airaroﬂ@&% dwuéf}fonl}lm?l ue; a
mul ti pl exer oper at o provide the second co value 1f overflow

occur s andmubipbexeyamtktotprevifle thetaccontlatoe dalval ue |f overflow does not occur;
and a register operative to store die first or second conbi ned val ue from
the multiplexer and to provide the accumul ator value. 18. An integrated

circuit conpri Slﬁ‘%nﬁté:g%wﬁlfc isM§- to receive an input clock signal
with a first frequency, an Mvalue and an N val ue, where the M val ue and

t he N val ue ar ea eawtter opfeeaioe tvatueee, an mput almlgsigmiamiﬂn a ficadreqeencyi gmal

havi ng a sgeco det er ue and the N vgl ue;

del ay geneg’éi“g B‘i!fg Nn\’f”iu% Shere n%‘f"ﬁ Vi @rvai:‘feﬁﬁlea%’&’t‘?ﬁﬁr EﬁB?Sk control
signal, Eﬂcjftd- gér&reﬁ@ a Eﬁlﬁ%rmg{a?%ta@ihgtehQ&oﬁ@‘?feqh&cg'e&lﬁ&ﬁhﬁe@b? thd gfenti al

si gnal bas
value and the N value;

a delay generator operative to receive the counter signal and an L-bit control
signal, where L is an integer 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; and

a dither generator operative to provide a dither signal, and wherein the counter
is further operative to combine the dither signal with the M value and the N value to

generate the counter signal.

19.  The integrated circuit of claim 18, wherein the dither generator is
implemented with a linear feedback shift register (LFSR), and wherein the dither

signal is implemented to add zero frequency offset to the second frequency.

20. A device in a communication system,
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



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 |eading edges of the output clock signal are variably
del ayed in accordance with the L-bit c8htrol signal; and a dither generator
operative to provide a dither signal, and wherein the counter is further
operati ve tcogamerdit aeouhier dighﬁieha@ﬁgmabconﬂtfmqtth@:yl\ﬁetatnuﬁechbsd the®f Malvel ue to
generate the.&guntgr SI 19. The integrated circuit of claim 18, wherein
the dither 2k PQ@§ |nplenented with a linear feedback shift register
(rPoR). and, heh Sefhy el DpbrariSh 4'kely® dhBIGIE M2 bl 88 GELAulf SOUnCY
offset to the secon requency evice 1n a nmuni cat1 on sys a

count er opesigadlj wheﬂe(i mmemt@eamallua dater| thark oisd, g@gbnemttzta diffetengitl digiuency,
an Mval ue, and al ue, where the Mvalue and the N val ue_are, integer

val ues, anhasgd ong ege%%ﬁlene AGUHE drbig .C@Wﬁtl %Rﬁil n@ldaws'&?dha differeriihcy

determ ned u eratl ve
to receive gﬁalttg 5%%%5@5%&%%& S ﬁ '&?thc(%n rolﬂje%hs'lgﬁlc 1f/vli:r[ef%gldl E

i nteger vakdiesgfaht entpubavcknfgnat aregediabbt éelayedi nf ﬁ:rcefﬁaned vs&uhgnhalL blbased on
the counter si ?nal and the L-bit control signal, and to use the differenti al
signal to pewtal gignalnwherepLihe delgy igensrginninchidéiing t he second frequency,
wherei n | eadi ng i ed in
accordance wt hatb ﬁ@gﬁ(@%‘n{(ﬂ&r&a&ﬁg&e& W%h&%%?g%wa r%eg%ﬁl c@@i&l’ gﬂgr a

i ncludes: darladingiclatadbiechy e - bmblﬁﬂﬁetgedl mudtﬁavm@ermﬁaﬂ caggdndtag, each
capacitor in the bank being selectable by the L-bit contro] signal and
having a unit cAgHEPRlaRwEe OHeTéUtYer'@r?ﬁla%ééﬁlé‘éte‘é)ﬁ@aﬁF‘i’r\$én’El’@ tepkyayd sel ect ed
capacitors in th 0, t put

cl ock signal basgaglg%tor\a/d;’lg aglé/gqgg%‘% ﬁle ﬁ{tﬁk O%Fecé?l gﬁﬁ%s‘éh%@ﬁocgga%?n t he
bank. 21. },’igﬁaldﬁl\,thegelaj‘te(pd;a@amﬁgmmhemn the communi cation systemis a Code
Division Mil'tiple Access (CDVA) communi cation system 22. A device in a
conmuni cati on system conprising: a counter operative to receive an input

clock signal R' val u %%Vf::é %9?&%&0‘/&’?}&'6{}4 t‘hglc%&nﬁ?&tigﬂ s%té{lﬂliyg’CO\ﬁger e the

M val ue and the are” rnteger ues
Division Multiple Access (CDMA) communication system.

.I..

'22. A device in a communication system, comprising:

a counter opetative 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; _

a delay generator operative to receive the counter signal and an I-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; and

a current generator operative to provide a reference current for the delay
generator, and wherein the variable delay for the leading edges of the output clock

signal is obtained based on the reference current.

23.  The device of claim 22, wherein the current generator implements a



to generate a counter signal having a second frequency determ ned by the M
value and the N value; a delay generator operative to receive the counter
signal and an L-bit control signal, where L is an integer val ue greater
than one, to generate a differential s&gnal based on the counter signal and
the L-bit control signal, and to use the differential signal to provide an
out put cl oakreai gouked Hayp mod tihdudsscomeplich efglignganerave spdrativee ad pfigideeslges of

t he out put clock signal are vari a@i del ayed 1 n accordance with the L-bit
control sipRdsternyn WE‘WI"SHF“&@H ¢ BHCTBPRer A to provide a reference
current for the delay generator, and wherein the variable delay for the

| eadi ng edges of the output clock signal is obtained based on the reference
current. 23. Th24.devAckviet ichaommddicatitvesysiem tdrepdsang:ent gener at or

i nplenents a 26 current |ocked | pop and includes a repl.ica delay generator
operative to prd§PYLCILPPERHIYALP E755 YR 1&%}7&?0 1204k R %viﬁfsr‘i%{eﬁléel}%f &t ence

current. 2 oA.deniGs N Qaﬁe,%H%CFF (’i)!ﬂéiﬁf LAl ﬁﬁ’cﬁﬂl%rﬂ[ g&ﬁ?ﬁ? 'hifesin?%:eer FaltOL AhE"

operative to receive an I nput signal wth rst quency, art M
val ue, andtoagenbraiah weunteh eigealt lveild ¥ atavad dradutdgy deteraling] by ¢hd M eglae val ues,
and to genec{ﬁtgla counter signal having a second frequency determ ned by
the M val udd QRN YA N val ue: a del ay generator operative to receive the

counter signal apgy, %ShérQﬂoE 0 %ﬁ‘&é)#o recbidd Me cd’éﬁlf‘e&%}énaibén@@ LiPGGHoy 2l ue

greater than one, to“generate a differential signa ased on the counter
si gnal andsigird, Wheretl tsomt inddges vgnealgreatardhdroones eo gheerate faf differehiiall sigmil gnal to

provi de an  out put  cl ock signal having the second frequency herei n_ | eadi ng
edges of th@e@@pﬁb@ cew&ewgn%rﬁava 'é?gd'blétc%tﬂﬁflgf@lhaﬁﬂéldmi weéb%wfgqﬁ@@lm th the
L-bit cong; bLERAe tk i Bl i e| tiply an
accunul at o%l%@egltﬁg frc?n%ntaﬂgp&é:%ﬁﬁe@ aﬁ%"ﬁ@%@%@}qgée%e é{wtl{1 rgﬁ%%(gﬁ%e is an
i nverse of edges d¥lthabupuaptbck signabdret variagbndelaged inhaecbrdahte oathtthelL-5itgnal .

25. An apparat us, conprjsing: neans for receiving an input clock signal with
a first frequohsignalaandy value and an N val ue, where the Mvalue and the N

value are each L%ﬁﬂﬁfervo?}[aﬁﬁ% to receive and multiply an accumulator value from the
counter with a Q value, where the Q value is an inverse of the M value and is used to

generate the L-bit control signal.

25.  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

means for providing, based on the comparing, an output clock signal having
the second frequency, wherein leading edges of the output clock signal have variable

delay determined by the L-bit control signal.

26.  The apparatus of claim 25, further comprising:

means for charging selected ones of capacitors in a first bank; and



means for 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 frequency
determ ned by the Mvalue and the N value; nmeans for generating a
differential signal based on the count@f signal and an L-bit control
signal, where L is an integer greater than one; neans for conparing the
differential sigrahs fandiscieagiag felectrdomedi sfcapasiserd iAna tsb@ndobRR( iaR@, an

out put clock signal having. the second frequency, wherein | eadi ng edges of
the out put WAFEEK (RS guderenialesighdl fpfdinedehnye dettereliagedsignalt o seleped cont r ol

signal . 26c?p-59i‘?0 Ql?ﬁ{eaﬁféf bk &ﬂ(ﬂ[i Rednd vhik ehﬁél%a?% ele%’ceﬂg:'a g&%?ssinf &
chargi ng sel'ected ones of capacitors inadTir bank; "an B neans for

di schar gi ngecoad baitked ones of capacitors in a second bank, and wherein the
differential signal is defined by a first voltage signal on sel ected
capacitors in the first bank and a second voltage signal on sel ected
capacitors in tQ? S§(0 a@ﬁpgoféﬁ%mi W%ﬁh}ﬁ"“ﬁf claim 25, further
conpri sing: neans for géfterati hg a rererence ctirrent used to obtain the

vari abl e del ay hrtns foR@eh@atihdg ref@ase airrdnbascdutobtait tRcKarkbinddiay 8. The
apparatus of claim27, further conprising: neans for generating a

pr edet er mi Hedeadingereespt thelosput sloak sigatlein the reference current is
generated to obtain the predeterm ned amount of delay. 29. The apparatus of
claim 25, further conprising: neans for generating an accunul ator value with

the Mand N val ggs ame bpiratuplidlaied O Kusheg damprising: means for nul tiplying
t he accunul ator value with a Q value, where Qis an inverse of M to
provi de the L-bimeagnohetr senesatifgap predetermined amount of delay, and wherein the

reference current is generated to obtain the predetermined amount of delay.

29,  The apparatus of claim 25, 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.



