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a variable RF output signal. This output signal is generally coupled to an antenna
of the communication device by way of one or more mixers which modulate or
demodulate the signal for transmission or reception respectively. The synthesiser
20  is programmed by a control unit such as a digital processor to produce the controlled
oscillator signal at a range of frequencies as required by the device. Frequency
synthesisers are also often used in power amplification systems for radio
transmitters.

25  Indirect frequency synthesisers use one or more phase lock loops (PLLs) to generate
the variable output signal from the frequency controlled oscillator. The phase lock
loop contains a phase discriminator which generates an output according to the
phase difference between the reference signal and a feedback signal. The feedback
signal is generally produced by dividing the frequency of the output from the

30 controlled oscillator. Output from the phase discriminator is applied to a loop filter
which provides a control signal for the controlled oscillator. Voltage rather than
current controlled oscillators are normally used. In general terms, a feedback loop
of this kind attempts to match the frequency of the controlled oscillator to a multiple
of the reference frequency and stabilise with a predetermined phase difference

35  between the reference and feedback signals.
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in analog-to-digital conversion and has since been widely used in electronic

20  communication devices for a range of purposes. It involves feedback to improve the

effective resolution of a coarse quantiser and allows shaping of the noise which

arises from quantisation. In general terms, input is fed to the quantiser via an

integrator with the quantised output being fed back and subtracted from the input.

The output of the modulator therefore contains the original signal plus the first

25  difference of the quantisation error. A first order process of this kind may be
implemented wholly or partly using digital signals. A detailed discussion of sigma-
delta techniques can be found in Delta-Sigma Data Converters, IEEE Press 1997.

Higher order sigma-delta modulators generally use two or more integrators each
30  receiving feedback from the output to improve the overall noise performance. A
cascade is also sometimes used whereby the output of two or more modulators is
combined in a way which cancels the noise that they individually produce. In a
cascade of two first order modulators for example, output from the integrator of the
first modulator is fed to the second modulator. The output of the second is
35  differentiated and subtracted from the output of the first to provide a net signal. This
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20
In a second aspect the invention may also be said to consist in a frequency
synthesiser comprising: a synthesiser loop including a programmable divider, a
divider control means which provides a signal to the divider to cause fractional
division and thereby produce a required output frequency from the loop, wherein the

25  control means includes at least one digital modulator having an adder, a latch
coupled between an output and input of the adder, and an output logic stage which
carries out a logical operation on one or more bits which are output by the adder.

In a third aspect the invention may further be said to consist in a frequency
30  synthesiser comprising: a synthesiser loop including a programmable divider, a
divider control means which provides a signal to the divider to cause fractional
division and thereby produce a required output frequency from the loop, wherein the
control means includes at least one digital modulator having an adder, a latch
coupled between an output and input of the adder, and a feedback logic stage which
35  carries out a logical operation on one or more bits which are output by the adder.
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Preferred embodiments of the invention will be described with respect to the
20  accompanying drawings, of which:

Figure 1 schematically shows a frequency synthesiser having a frequency
divider which is programmable with integer division values,

Figure 2 shows a frequency synthesiser in which the divider is modulated for
fractional division,

25 Figures 3a, 3b respectively show a conventional accumulator performing as
a sigma-delta modulator and a corresponding quantiser transfer function,

Figures 4a, 4b respectively show the Z-transform model of an ideal sigma-
delta modulator and a transfer function corresponding to an ideal two-level
quantiser,

30 Figure 4c shows a Z-transform model equivalent to that of Figure 4a for
comparison with Figure 6,

Figure 4d is a further model indicating how dither signals may be added to
a sigma-delta modulator to reduce limit cycles,

Figure 5 shows a three stage sigma-delta modulator formed by a cascade of

35  first order modulators such as shown in Figure 3a,



Fi gures 4a, 4b respectively show the Z-transform nodel of an ideal signma-
del ta nodul ator and a transfer function corresponding to an ideal two-I|evel
guanti s | gure 4c shows a Z-transform nodel equival t of

Fi gure j.}gof)@gugécorrpari son with Figure 6, Figure 4d is a flﬁdrjlt/%ie@m%%el

I ndi cating how dither signals may be added to a sigma-delta nodulator to
reduce limt cycles, Figure 5 shows a three stage si gna-delta nodul at or
formed by a cascade of 35 first order nodul ators such as shown in Figure
3a, WO 00/62428 PCT/NzQ0/ 00054 -5 Figure 6 is an accumulator circuit wth
logi ¢ st ages F{girdth MdarPdtcufitl QYA rduit Wwith 16716 8fagsd iRkl Anproded &l
according,to.the | ventlga?, Fi %u%e*s 7%. , LC denonstrate two, four and
ei ght - | QURAT Sigmardelta MAdHIAOT,IRCOTdAE ¢f R AVERLPRY | enent ed by the quanti ser
i n Figure 6, Figuregla,e/l Tcsdemdmtrare shw\fougaid vighdeved glaastet fgesiont t he
nmodul at Qf;..J L, QUr: ' rma two-|evel quantiser,

Fi gures é%tpg%&g)lrée]ﬁ}pé%flg@gg?g\}mh%gh%%%ﬁgﬁ%‘é%g’ stages of the nmodulator in
Fi glre 6 mayFigure 8gb erteble showing bowthe fagie stageebf theanodueletor irFggure 10

i ndi cat %%ahfb%QHg?é}‘g}Er}t@PYé ?c?xﬂ{‘a‘f\i"bl{%ellﬁ{}ﬁﬁ%&? by a nodul ator having 10 a

gquantiser w th evel transfer nctli:)n,such as _shown in Figures 9a,

9b, Figure Ti18WpHWA W 2 tables showinglew 4he fogie stages pfthe madulater iBf i r st
order nmpagthratoahsy Be aapbnhtédto o £fdurdacél qiraskd y having different
gquanti ser | evels Fi gure [:ELZ is a.table indi ca%ll n bscal e . factors. required
for i nput andigRe poindices fietionaf Gy Rikn valich Aratced Y A apduiper BeVigen 1 he
quatl i sarquahtiser with & downleveltransifer fufictien stich aFshpwein Bigusesda, &bl e

Sa . p : 1l evel
cuanti sor o EERE 1SR SR SRR Ol ortorAitIDY casBBRP Py BHldr | Ve
nul ti-s latpgscagcarding &g/ Eigune 6 srclrpgssiely Imving diffayentj guantisardeyvels,an
al ternative E3bas ahasie dn@Bati Pitate fackorswhisibed RRIBARKN ARPALDE

ti .dit , d. _. . .
quant! ¢ e individua errn%gula?or}s in Figure 11 when the quantisers have different output
15  levels,

Figure 13 is a table summarising properties of modulators for a range of
possible multi-level quantisers,
Figures 14a, 14b respectively show sample output from the multi-stage
modulator systems of Figures 5, 11,
20 Figure 15 is an alternative modulator based on Figure 6 in which feedback
from the quantiser is dithered, and
Figure 16 is a table indicating a possible implementation of the quantiser.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
25
Referring to these figures it will be appreciated that a frequency synthesiser
according to the invention or more particularly a sigma-delta modulator can be
constructed in various ways within the scope of the claims. The preferred
embodiments are described by way of example only. The known components of
30  synthesiser and modulator devices will be understood by a skilled person and a
detailed explanation of their function need not be given.

Figure 1 shows a simple frequency synthesiser using a phase liock loop (PLL) 10 as
a feedback control system. The loop contains a phase discriminator 11, a filter 12,
35 reference oscillator 13 and a voltage controlled oscillator (VCO) 14. A
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altered from N to N+1 during a cycle determined by a controller 27. In this example
the modulator simply involves a K-bit accumulator which receives a control word
20  k from the controller on line 21. Each output pulse from the divider clocks the

accumulator on line 22 and adds the input word to the accumulator contents. If the
contents exceed 2* then an overflow signal is generated on line 23 and causes a
single division by N+1 rather than N in the divider. For a constant input word the
accumulator will overflow on every 2¥/k clock pulses. This creates an average

25  division value having an integer part IP = N and a fractional part FP = k/2¥ < 1
which are determined by the controller. In normal operation the loop stabilises so
that the signals input to the discriminator has an average phase difference equal to
zero and the output of the VCO forms the output of the synthesiser with £ =(N +
k25 £

30
Figure 3a shows the accumulator of Figure 2 in more detail. An adder 30 has two
inputs one of which receives the control word k from the controller 27 on line 21.
The second input receives the output signal ¢ of the adder through latch 31. An
overflow signal from the adder is passed to the divider on line 23 while the latch is

35  clocked by output from the divider on line 22. The accumulator acts as a first order
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known mmequerss i$ addeditola digitdl clatd stream sncioiwce thealikéldmod thateanyeychoalom
pattern will develop. The mean value of the sequence is zero so there is no overall

effect on the output. In the present case a cvclical output from the modulator will
20  be passed to the frequency divider and cause spurious frequencies in the output of
the synthesiser. If required in a particular implementation a dither sequence d may
be added either at the input to adder 44 through an extra sum function 48 or at the
input to quantiser 40 by way of sum function 49. This randomises the quantisation
noise signal e more effectively. The sequence d must normally be pre-filtered to
25  preserve noise shaping by the modulator, preferably by a transformation (1-z'").

Figure 5 shows a three stage modulator 50 formed by a conventional cascade of first
order modulators 51, 52, 53 such as the accumulator shown in Figure 3a. A control
word X produces a relatively complex signal Y which may be provided for the
30  divider 25 in Figure 2 to determine the average division value of the feedback loop
10. The contents of each modulator stage forms an error signal which is provided
as an input to the next stage while each output is passed through a pair of respective
delay elements 54. A selection of outputs from the modulators and delay elements
is passed to a combination stage 55. These outputs are selected and combined so



sequence is added to a digital data streamto reduce the likelihood that
any cyclical pattern wll devel op. The nean value of the sequence is zero

so ther overall effect on the output. In the pre

cycli caI%Vd&{/&g%s fromthe nodulator will 20 be passed to ?ﬁgﬁﬁzﬁ@aﬁgﬁcy

di vider and cause spurious frequencies in the output of the synthesiser.
If required in a particular inplenentation a dither sequence d may be

added either at the input to adder .44 through an extra sum function 48 or
at the input to quantiser 40 by way of sumfunction 49. This random ses

the qhanaﬂ matsugml Ylnf?d)r&@lél%j[agﬁ heleor'@éié ?ngfaét‘g(frg g aam&hﬁ)t?;&%&%t hen%aggl gggﬁ
nor ma i|ter 0 r.es
prefer Jﬁ?‘sﬁﬁg’ rgn Fﬁ%‘#gf%ﬁ{r?‘b‘? %)‘iloﬁk‘ﬁd by wtgugoagthsﬁéwgert hree stage
nodul at or 50 formed by a conventional cascade of first order nodul ators
51, 52, ' ' control. word X
produces}égt o?ngﬁl &i%lsﬁ&ebf&l gygghg%gén u olvgﬁﬂfé&%‘%gg%%@l [SEPH Mt he 30
di v? derF lg@eﬂdeﬁdsqgrspmzouggweeﬁm i thetmitputerfabe @Qllél dieseaspwes arfe t he
Leeﬂgf‘c‘*ff*ﬁﬁgﬁn““Qf‘éﬁ“eﬁ‘éaﬂé@tﬁ B e 20,3 2% ini 1 Een Ol e
i i
i sgpass\é}g"etsr?fﬁ S}%}Hﬁgéﬁfowldpglgi)gﬁdJWth @léqhﬁ yoen é%é%??e@ﬂenﬁa@élbé(ct i on of
out put ghé ﬁiTm 1heAddidiohal ¢itciainds d@ineadd I}Eﬂgquﬁrer% $0 récﬁm@@ﬁ@s@v\o g& h%zﬁhféﬁ”bl hation
t age ct.ed and gonmbi ned so
ISDCT /g NZ / g@iethgglg ;ﬁ‘?&@dﬁhg‘né IMFEaSHit §°’§pfﬁx§1‘i¥e?"%rc&’§? izglreect i on for
quitht i santhesiser.r DindsiofEaddulaed byanusputanomethe lvastakdayn Figuraistis ifseeddfocked by
the outpuuiofi s Bﬁfs £8} MoSed ntrof%?&%ﬁnqjlowegégv‘h%'s%)afw VRV taREs gp%r%gcurml at or

overfl ow, arrangenent  as s own_in Fi gure spuri ous guenci es
in t he dRtBgRr vatues gad taeglivider 35 auist by eapab @fpeémgmnamlen@d@hxsput

fr equeﬂﬁVlsfdh hytheflody. 2t %@r@sﬂs %h8 fraktioal p?art FP-of the@avérdkdivi¥idhues of n
t he spur 10 angd are attenuated by

the fi |V@§+e lﬁlmlgﬁfiﬁotl?eo'ﬁa eE‘?‘?g?u’m ?%/?‘Prsanﬁ'o@?fﬁqllu}}ggeécﬂﬁnr d to reduce those
splf s whlch lie within the bandwidth and this increases the conplexity and

i ou EE 6 JopX KSR mofhbhol AT aTIBMB S i BN bk GOMRL B “Tovever.
the si gwed tofe>ﬁmd ﬂlslr@tg@ﬁthﬁé@cuonah parefRB of vhe segagndividien dahauedmal ﬁSb BT?] t
2,3 Ol M Y o e B T R 2
iein § &t 1ERaegans4pgure pre digital and a
20  in two=s compliment format. An n-bit adder 61 has two inputs one of which
receives the control word. The second input receives an error signal e derived from
output of the adder after various feedback processes applied to groups of most and
least significant bits. An output logic stage 62 receives a group t of msbs from the
adder 61 and operates on the bits during a quantisation process which produces the
25  modulator output. A feedback logic stage 63 also receives the group t from adder
61 and operates on the bits in a feedback process which determines overload and
stability performance of the modulator. An m-bit adder 64 receives a group of m
msbs from the adder 61 and a group of m bits from the feedback logic stage 63. A
latch 65 receives a group of n-m Isbs from the adder 61 and a group of m bits from
30  the adder 64 to form the error signal. Latch 65 receives a clock signal which moves

the modulator from one state to the next through addition processes in each of the
adders 61 and 64.

The output and feedback logic stages 62 and 63 in Figure 6 may be provided in
35  various ways. A dedicated Boolean operation on the bit group t is one approach.



15 Figure 6 shows a preferred nodul ator 60 according to the invention which
may be wused to extend the range of the fractional part FP of the average

divisio in a frequency synthesiser. A control Worq ﬁ r es an
out put &'@l\ﬁ‘i/@ﬁz%y be used to nodul ate the divider 25 iR gi&to}eag(%. Al l

signals in this figure are digital and are 20 in two=s conplinent format.
An n-bit adder 61 has two inputs one of which receives the control word.

The second input receives an error sjgnal e derived from output of the
adder after various feedback processes applied to groups of nbst and | east
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m bit adder 64 receives a group of m nsbs fromthe adder 61 and a group of
i n Bi t sAfdither sigealf is ecHlilyladded)iacthetragdul8t®r il\Figua¢ 6 hf BGuired eithesataher oup of
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e sor b fafimRieey bR togitGy 3V Pl AR e o Mafn e 53, T
readi | youigpaedf adder®d. nodul ator in Figure 6 if required, either at the

I nput to adder 61 with control word X, at the output fromthe adder 61, or
ribed bel ow. A_dither signal

as part_of the_feedback | ogic stage 63 as . des
will geREUESS J{} 7{31{@? 3@@@1 iWap transéer ynctieps @(lejrfaI tyQ fRur amd pight s added.
G Mén t hevel quaneissre desplttivdly,cdach of avtgeh edayt heinpplesented AUt atcduléor ext r a
adder e{ji XiJienrt r§t oEsg]fn%l}luPct lon, 10 48 iln Eegurg 4£d woul clrfbe gﬁg&ssar y to
add a dPPREF €15 0BRGN Rradises 2 Spultiplisfevehquipu signal £ acgarding
equi val tmwhers theimpui signdlou lieavithimeonesofid seetts fof decisidn reginonstefiied by
points d. In general the range of possible decision regions and corresponding levels
in the output signal is determined by the number of bits in group t from the adder 61.
20 One, two and three bit groups provide two, four and eight levels of quantisation
respectively, for example. That these implementations are possible is indicated by
a comparison of modulator 60 with the model of an ideal sigma-delta modulator in
Figure 4c. Adder 61 performs the sum function 44. Output stage 62 forms the
quantiser 40. A digital-to-analog function implicit in the feedback of Figure 4c is
25  performed by feedback logic stage 63 in order to allow this comparison. Adder 64
performs the sum function 46. Latch 65 performs the delay function 47. The
properties of the quantiser 40 are determined by an appropriate selection of
parameters within the output logic stage 62.

30  Figure 8 is a table outlining a selection of parameters for the output and feedback
logic stages which will implement an ideal two-level quantiser in the modulator of
Figure 6. In this table B=2" where n is the length of adder 61 and group t contains
a single bit. Column (i) contains possible values of t which are required to produce
the two levels. Columns (ii) and (iii) give the corresponding decision regions in

35  alternative decimal and binary forms. Columns (iv) and (v) set out functionality of



out put of adder 61. Figures 7a, 7b, 7c denonstrate ideal transfer functions
&%y)hfor t wo, forr and gight 15 | evel quantisers respectively, each of

iC enented by the nodul ator 60 of Figure 6, ction
producegxﬁ‘Wﬁﬁgyple | evel output signal f accordingg to %ﬁgﬁﬁ%wag nput
signal u lies within one of a series of decision regions defined by points
d. In general the range of possible decision regions and correspondi ng
levels in the output signal is detesm ned by the nunmber of bits in group t
fromthe adder 61. 20 One, two and ree bit groups provide two, four and
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control word X. A high overload point allows a wide range of control values but
20  degrades the performance requiring a balance of considerations.

Figure 10 demonstrates a range of fractional division values which may be produced
in a synthesiser by a modulator such as outlined in Figures 9a, 9b when
implementing a four level quantiser. In this example the value of FP ranges over {-
25 1.5, 1.5} about an integer part IP which is shown with three successive values: N-1,
N, N+1. The corresponding values of FP are: 1.25, 0.25 and -1.25, so that the sum
of IP and FP equals N + 0.25 in each case. It can be seen that this average division
value can be achieved in three different ways by an appropriate selection of FP for
any one of the three different values of IP. Still greater ranges of FP are possible
30  using other parameters in the output logic stage 62 of the modulator. Values of IP
and FP may be selected with greater flexibility than possible in conventional
synthesisers where the value of FP is generally limited to {0,1} at best. The
extended range for FP provides an advantage in situations where a change in
frequency of the synthesiser would conventionally require a change in both the
35  integer and fractional parts of the average division ratio. Changes in frequency



10 nodul ator of Figure 6. The fractional part FP of the division value in
this exanple ranges over {-1.5, 1.5} as shown in Figure 10. Figure 9a is an

exanpl ev{,(?gé/%%d ng a selection for decision regions whi q,l&g%%/ {08 t| mum

noi se per Figure 9b is an exanple indicating a's havi ng
fewer bits for optlnun1hardmare efficiency. In each table the left hand
portion represents decision regions for input 15 to the quantiser, the

m ddl e portion represents n-bit outgyt. by the adder 61, and the right hand
portion shows feedback ratios f and output signals Y. In general for any
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and the overload point of each modulator.

20
Figure 12 is a table outlining a selection of scale factors for possible
implementations of the modulators in Figure 11, assuming that the adders 61 shown
in Figure 6 all have equal length. Overall resolution of the arrangement is
determined by the first stage which must have sufficiently high capacity. Capacity

25  of the later stages can be reduced without substantial loss of noise shaping ability.
A preferred arrangement is shown in the fourth row of the table, where a modulator
having a quantiser with 4-levels is followed by two each with 2-levels. Scaling by
a power of 2 is straightforward in binary signals and by careful design can be done
without additional hardware.

30
Figure 13 is a table outlining some properties of a small number of possible multi-
level modulators of the kind shown in Figure 6. The table includes an indication of
the range of possible output levels in a third order modulator such as shown in
Figure 11 when formed by an arrangement of first order modulators having identical

35  properties. Ranges of up to {-3.5, 3.5} in the fractional part of the division ratio



Figure 11 shows a three stage nodul ator 110 fornmed by a cascade of first
order nodulators 111, 112, 113 such as that shown in Figure 6. Overall the
cont rol produces a conpl ex signal Y which may be j or the
di vi der W%Mé gure 2 to determne the fractional part PEgﬂg(%()i;tfaﬁoesnaver age
division value in the feedback 10 | oop 10. Each nodul ator may have a
different quantisation function, and in this exanple they are seen to have
1, 2, 3 bit outputs respectively. '_I'ffbs_ arrangenent is generally simlar to
that of Figure 5 except that scaling functions nust now be included so
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Only a finite number of feedback signals are generated by the logic stage 63 and a
new stage 153 is readily formed by combining the dither signal d as an additional
input. As before a group of t msbs is received from adder 61. An m bit output from

20  the logic stage is selected from a set of predetermined coefficients according to the
values S and D. The output of adder 64 now a quantisation error signal with a
dither signal to reduce the likelihood that a limit cycle will develop for a particular
control word X. A cascade of modulators such as shown in Figure 11 may include
one or more dithered stages.

25
Figure 16 is a table indicating a possible range of coefficients for the feedback logic
stage 153 when the modulator 150 implements a two level quantiser function. F is
the coefficient value which would be passed to adder 64 in the absence of dither.
L represents the value added in response to the dither signal d. The value of L is

30  limited to avoid overload and an increase in background noise.

A modulator according to the present invention can be used in a variety of electronic
systems other than frequency synthesisers. In digitai-to-analog conversion for
example. It is possible to use the modulator in various cascade arrangements such



whi ch can be achieved in a frequency synthesiser are indicated, by way of

exanple. Still higher ranges are possible with other inplenentations. This
tabl e i nodul at ors havi ng both even and odd nunb tisation
| evel s gﬁguaﬁéﬁ;a | i near rel ationship between deci sion ﬁﬁéﬁﬁﬁﬁﬂgﬁg

feedback |l evels. Non-linear 5 relationships can also be created if required
to avoid output of particular spurs. Figures 14a, 14b are output sanples
for the nodul ator arrangenents in Fyjgures 5, 11 respectively. Rows I, |1,
[1l in each case represent output fromeach of the three first order
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delay elenents 54, 114, Row | V.i,n each, case . .réepresents out m t he
combi nat PBWP)EE Qoltgxggdgé,torifg&lpﬁ\oxpfimgtsuggpfeetsepgéq out put of the first

nodul ator stage is indicated and causes fractional spurs. Figure 15 shows
a further preferred nodul ator 150 fornmed fromthe nodul ator 60 15 of
Figure 6 by addition of a dither signal in the feedback process. The dither
signal is preferably pre-filtered as nentioned in relation to Figure 4d to
avoid a noise floor. Only a finite nunber of feedback signals are
generated by the logic stage 63 and a new stage 153 is readily forned by
conbining the dither signal d as an additional input. As before a group
oft msbs is received fromadder 61. An mbit output from 20 the | ogic stage
is selected froma set of predeterm ned coefficients according to the
values S and D. The output of adder 64 now a quantisation error signal with
a dither signal to reduce the likelihood that a limt cycle will devel op
for a particular control word X. A cascade of nodul ators such as shown in
Figure 11 may include one or nore dithered stages. 25 Figure 16 is a table
i ndi cating a possible range of coefficients for the feedback |ogic stage
153 when the nodul ator 150 inplenents a two | evel quantiser function. Fis
the coefficient value which would be passed to adder 64 in the absence of
dither. L represents the value added in response to the dither signal d.
The value of Lis 30 |limted to avoid overload and an increase in
background noi se. A nodul ator according to the present invention can be
-used in a variety of electronic systens other than frequency synthesisers.
In digital-to-analog conversion for exanple. It is possible to use the
nodul ator in various cascade arrangenents such WO 00/ 62428 PCT/ Nz00O/ 00054



-13 as shown in Figure 11. It is also possible to forma higher order
system by nesting a nunber of nodul ators and providing suitabl e feedback.

WO 00/ 6 / NzOQO 00054 -14- CLAIMS: 1. A frequency i
conpri s%ﬁ%@lgﬁghase | ock 1 oop including a programuabl e f?égye}ﬁ%@%l{vi der,

and 5 a controller which determ nes average fractional division values for
the divider, wherein each division value conprises selected integer and
fractional parts, and the selectedjfractional part varies over a range
other than {OQ 1} . 10 2. A synthesiser according to claim1l wherein the
range @LAIgStractional part is substantially symretrical about {0}. 3. A
synt hesi ser according to claim1l wherein the range of the selected 15
fractional part is greater than {-0.5, 0.5}. 4. A frequency synthesi ser
conpri sli.ng: Anfielaercy symihdstsep compiisnligng a pr ogr anmabl e di vider, and a

di vi der conty gl 0paRs|o 'iﬁ&uﬁ@%\’d greﬂ'nﬁl'agﬂeaﬁ-e &n&?%iﬂh&t,q]ﬁa to cause 20
fractional JQINVISTon an “thereby produce a_requrred’ outpu requency from
theSl oop, Wheemrellerhwhichndetermingaryeragel faetiongl divigion valuesiifen thel

nodul atgiyideavi ng an adder, a latch coupled between an output and input of

t he adder, and an ouf put. .| ogi stage which carries out. a.logical operation
on one or nOYETHACIMIAFORY éﬁk‘ﬁﬁ%‘&ﬁnﬁ SelfgtefiHBteﬁﬁﬂé?&nﬁgptlwag)Pﬁftﬁesi ser

accordiang to claim4 wherein: the signal fromthe control means includes a

fractional ignal roduced by th | gt tor and an integer
control sigﬁg‘??élgﬁaaéﬁﬁﬁﬂn?g@%ﬁ?ﬁrg%oo‘yelrﬁgg?g%githiegk}g{p oLf‘r ol signal the
di ¥0der carries out a division process which produces a divide ratio

having 2 fragtjaRadisdaktorigtd disin® EhietaR iR raf¥e0f the' @RGfRnal faf id han 10, 1

substantially symmetrical about {0}.

3. A synthesiser according to claim 1 wherein the range of the selected
15  fractional part is greater than {-0.5, 0.5}.

4, A frequency synthesiser comprising:
a phase lock loop including a programmable divider, and
a divider control means which provides a signal to the divider to cause
20  fractional division and thereby produce a required output frequency from the loop,

wherein the control means includes at least one digital modulator having an
adder, a latch coupled between an output and input of the adder, and an output logic
stage which carries out a logical operation on one or more bits which are output by
25  the adder.

5. A synthesiser according to claim 4 wherein:
the signal from the control means includes a fractional control signal
produced by the digital modulator and an integer control signal, and
30 in response to the fractional control signal the divider carries out a division
process which produces a divide ratio having a fractional part which is selectable
over a range other than {0,1}.



} . WO 00/62428 PCT/ NZ0O/ 00054 -15 6. A synthesiser according to claim4
wherein: the digital nodulator includes a feedback |ogic stage which

carries ogi cal operation on the one or nore bits i out put
by the a‘ggtg(r)/gz‘%é?. A synt hesi ser according to claim®6 V\he]}rlge)l:ﬂﬁ#oo OQS“I atch is

coupled to both the output of the adder and to the feedback logic stage to
produce an input for the adder. 8. A frequency synthesiser conprising: 10 a
phase | ocked | oop including a progragygmble divider, and a divider control

means which provides a signal to the divider to cause fractional division

and t hereby p[g}dﬁﬁ@,i@rra@wa{@qowﬁgyn wHeeency fromthe | oop, wherein the
control meanihi cl.tji{lies cﬁ.ﬁ Ieastl ne (il%ﬁgdta nmodul at or . havi ng an adder, a
| at ch bet wee™af'S% Hi? ﬁ&réﬂ‘f:wﬁ‘iﬁﬂ bagk lgaigettage, which ¢uDER Okl ogi ¢ 15
st age whogibalogperatem authesoreagimade iewhichare @atmndyahe adder. bi t s whi ch are
output by the adder. 9. A synthesiser according to claim8 wherein: the

operation carried out by the feedback |ogic stage includes dithering by 20
mul t3 pl &xi ng 4 sntlesésesaceardingfiotcdaipué prherpin: t he adder with a signal derived

froma pseuggs lraﬁﬂh%Efbfi;%&'%‘E&h_tﬂ@fn&tgﬁMP{Héeaﬁd%?ﬁn??&ﬂfe%E‘@oécﬁ \kﬁéi%i m 8

wherein: the digjtal nodul ator inc es an output logic stage ch carries
out a SHEEIQPEAUCEIBIEPHRT B 3ddeTone or nore bits which are output by the
adder. 11. A synthesiser according to claim9 wherein: the output |ogic

st age proovi dggfra fracti Oﬁ%L control. .signal for the divider to produce a

di vi si o val dbTRAUTRS SYPHIESISET COMRPTISAET which is sel ectabl e over a range

30 W her thama pghasdlocke@ lood inghidives 2 pesgranmatile dgvider, ahdi m 8 wherein: the

latch i's coupl gdide QI ORI RbvidS YRG! 8t BRESPRPBAle! 001 ©

stage to, produce an I nput i
fractional division and thereby produce a required output frequency from the loop,

wherein the control means includes at least one digital modulator having an
adder, a latch between an output and an input of the adder, and a feedback logic

15 stage which carries out a logical operation on one or more bits which are output by
the adder.

9. A synthesiser according to claim 8 wherein:
the operation carried out by the feedback logic stage includes dithering by
20  multiplexing the one or more bits output by the adder with a signal derived from a
pseudo-random sequence.

10. A synthesiser according to claim 8 wherein:
the digital modulator includes an output logic stage which carries out a
25  logical operation on the one or more bits which are output by the adder.

11. A synthesiser according to claim 9 wherein:
the output logic stage provides a fractional control signal for the divider to

produce a division value having a fractional part which is selectable over a range
30  other than {0,1}.

12. A synthesiser according to claim 8 wherein:
the latch is coupled to both the output of the adder and the feedback logic
stage to produce an input for the adder.
35



WO 00/ 62428 PCT/ NZ0O/ 00054 - 16 13. A digital nodul ator conprising: an
adder which receives a control signal and a feedback signal as inputs and
produce j-bit output by addition of the inputs, a gic
st age mﬁ@ﬁ@é‘%éei ves an input derived fromat |east one &%&&%J’S@he
out put of the adder and carries out a |ogical operation on that input to
produce a nodul ator output signal, and a feedback path including a |latch
whi ch receives at |east one group aQfigpits derived fromthe output of the
adder to produce the feedback signal. 10 14. A nodul ator according to claim
13 wher @Bn: Hhdigitelemtbdalataraiomprivéngides a feedback | ogi c stage which

receives an in erived.fromat | east, one hit, of t.he .out.put of .t he adder
and carries %Egci‘erlvgb\lei5qcelv(§:5éxrcgp:r8L51gﬂaltaﬁ1§ta FeﬁBB?th%glbql(ﬁGQQUtﬁlarHGUt put
whi ch i pradieds &8 multirbiveutatit beadditiparaf thé inpubsy f eedback signal. 15 15. A

nmodul at or ac j ' | 0 j S a
secaond adderﬁﬂqu?igﬁglr c%lgt\h/g%%ﬁﬁr%%ﬁ?g%& g#ﬁf%éﬁéﬁ’%ﬁé a%?ﬁ%a@; zr)I?)&n1{)#(r%'e out put
of the the eutpuigefdthe adderand esties ont alogies] vperationcan that pipwdtomgrodsice from t he
feedbachdl&gjl@togba%@tgilgqalgraﬁguces an out put which forns part of the 20

f eedback si gnﬁ.l : bl Ahm)dﬁlgﬁt or ac}glor di H% to claim 13 wherein: the |l atch
recei ves an PrpiPagk path incliding a datchwhych frceryes afpastonergoup @Ebitand an

i nput dderivedlfrbmothre tonepuwif phut addertto prédiedhihe Keddbgtk sighaje and produces the
feedback 25 signal for input to the adder. 17. A nodul ator according to
claim 13 wherein: the output logic stage functions as a nulti-I|evel

qualk i séf.  domegdulagorrasdendingto elainorldiwherem:cl ai m 14 wherein: the feedback

| ogi ¢ stage 8BS h ' | [ e adder.
w000 82456 9%%20? /%%%&Hapdgg Pralavat o e Pl WRER rg@avésf Mn.ptul?
erived from at least one bit of the output of the adder and carries out a logical

operation on that input to produce an output which is used to derive at least part of
the feedback signal.

15
15. A modulator according to claim 13 wherein:
the feedback path includes a second adder which receives an input of at least
one bit from the output of the first adder and an input of at least one corresponding

bit from the feedback logic stage and produces an output which forms part of the
20  feedback signal.

16. A modulator according to claim 13 wherein:
the latch receives an input of at least one bit of the output of the adder and an
input derived from the output of the feedback logic stage and produces the feedback
25  signal for input to the adder.

17. A modulator according to claim 13 wherein:
the output logic stage functions as a multi-level quantiser.

30 18. A modulator according to claim 14 wherein:

the feedback logic stage combines a dither signal with output received from
the adder.



19. A nodul ator arrangenent conprising: two or nore nodul ators each havi ng
an adder, a latch coupled between an output and an i nput of the adder, and

an out ptég | ogi ¢ stage, wherein the nodul ators are connec (g:& Q%é out put
of the | (?8%9%4%8 each 5 nodulator is coupled to an inputtP Ii??%}" er in a
subsequent nodul ator, if any, and the output of the |ogic stage in each
nodul ator is coupled to a commopn conbi nation stage to produce an out put

for the arrangement. 20. An arrangeygent according to claim 19 wherein: 10
at least two of the output |ogic stages have a different nunber of digital

out put jbevelss nyadlAbartaigehRet E@m?ﬁ‘é‘in onbi nation stage through a scaling
elenent. 21. An arrang&%nt accordi.ng to cl a}aglﬁléﬁ%tMe ejn: the adders of
at |east twbVEREIRYE 63 sack Ravipg agradges, cqugiféf[w&ﬁ’él anjs the
| at ch outgihentiandhpwisfahs adder, amdian autput ilsgicatageed to an i nput of the
second suc L.Ve, no or. through cal,l , An r angemnent
accordi ng tﬁﬁ?@ﬁﬁ%ﬁ%@%@f%%e’t ﬁ%rg’c?ﬁfeﬁlzﬁo &a@%ﬂxﬁ%eé .Eemi ??%éach
nmodul ataoedulatorisigoupkedito an imput ofittieatdenm a 20bsequers méduwatgh i ,andnor e del ay
elements. he output of the logic stage in each modulator is coupled to a common

combination stage to produce an output for the arrangement.

20.  An arrangement according to claim 19 wherein:
10 at least two of the output logic stages have a different number of digital
output levels and are coupled to the combination stage through a scaling element.

21.  An arrangement according to claim 19 wherein:
the adders of at least two successive modulators are of different lengths and
15  the latch of the first successive modulator is coupled to an input of the second
successive modulator through a scaling element.

22.  An arrangement according to claim 19 wherein:
the output of the logic stage in each modulator is coupled to the combination
20  stage through one or more delay elements.



