A Fractional -N Synthesizer with Two Control Wrds Background of the

I nvention Field of the Invention [0001] This invention relates generally to
frequency synthesizing circuits 5 and system More particularly, this
invention relates to fractional-N frequency synthesi zers, where an out put
frequency of the synthesizer is a non-integer nultiple of a reference
frequency. Even nore particularly, this invention relates to fractional-N
frequency synthesizers where the initial output frequency, frequency
increment or step size, and a difference to_between channel frequencies are
control | ed by mul t AFactiogpal-Nynthesizer vitly TwioBootiobWardsat ed Art [0002] A
frequency synthesizer, as is known in the art and described in
"Fractional -N Synt hesi zers - Bbkdreuidpeihe, InGhetioh, Conexant Systens, |nc.
Newport Beach, Ca., February, 2001, is fundanentally a phased | ocked is

| oop (PLL). A phase |ocked loop is a negative feedback oscillator that

enpl oys arFjeldeetid Riepfion detector with a charge punp, a low pass filter,
and a voltage controlled oscillator. The phase frequency detector receives

a reference frequency and conpares the phase of the output frequency to
. the phase[0601} he i rfhig irfvéﬁﬁkbreI‘B?elteé@énéfauyitdﬂ%q@@w@é@ﬁhé@i&iﬁ%@i@cdil@d| cating

20 the difference in phase of the output frequency versus the reference
frequency. TheaRy §@temOIMGSSarFcUPARS 8fls iHVeAtEN rdiBRstOWaBAGSIN | ter to
frequency synthesizers, where an output frequency of the synthesizer is a
non-integer multiple of a reference frequency. Even more particularly, this
invention relates to fractional-N frequency synthesizers where the initial

output frequency, frequency increment or step size, and a difference

10 - between channel frequencies are controlled by multiple input variables.

Description of Related Art

[0002] A frequency synthesizer, as is known in the art and described in

“Fractional-N Synthesizers — White Paper”, Staff, Conexant Systems, Inc.,
Newport Beach, Ca., February, 2001, is fundamentally a phased locked

15 loop (PLL). A phase locked loop is a negative feedback oscillator that
employs a phase frequency detector with a charge pump, a low pass filter,
and a voltage controlled oscillator. The phase frequency detector receives
a reference frequency and compares the phase of the output frequency to
the phase of the input frequency and provides an error voltage indicating

20 the difference in phase of the output frequency versus the reference

frequency. The error voltage is passed through the low pass filter to
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| elimnate any spurious transients in the error voltage. The filtered
error voltage is applied to the voltage controlled oscillator. The error
vol tage changes the frequency of the voltage controlled oscillator until

t he phase and frequency of the output signal is equal to that of the
reference input 5 signal. [0003] A phase | ocked | oop becones a frequency
synt hesi zer when a frequency divider is applied between the fed back

out put frequency signal of the voltage controlled oscillator and the input
of the phase felaginetecyny spuristisdransienés uthp wrror vetiagm cTha fillgratl enow becones a
multiple of the 10 input frequency and that nultiple is the nodulus of the
frequency di viddtage i§hpplecipubaapltdge cdetrolied dstilleaeThe exrattvaltggerachi ne
that is clocked by the output frequency signal of the voltage controlled

oscil lator. ThehangieBuhe Glequéhey 6ittBe &0 torerdieaeeath ahfl thupaasyer the
out put frequency signal has occurred the nunber of tines of the nodul us.

15 [0004] The Ahefaqidntyofihd8aiptesigharieRBalPiodas h&reldiRR ibfig  modul us

of the frequency divider is a digital nunber placed In a register of the

f requency diviggﬁm The out put frequency of the frequency synthesizer is an
integer multip of the reference frequency, even with a progranmmmabl e
nmodul us. Thus, the increnental frequency change for the 20 output frequency

signal | S[oto'B%] nagni’&%ggsé) ](ocE(QS ic;a')rpegeuceorr]‘r? S g E’reaneencgyegyerﬁﬁens?zeer when a
frequency divider is applied between the fed back output frequency signal
of the voltage controlled oscillator and the input of the phase frequency
detector. The output frequency signal now becomes a multiple of the

10 input frequency and that multiple is the modulus of the frequency divider.
The frequency divider is in essence a state machine that is clocked by the
output frequency signal of the voltage controlied oscillator. The output of
the state machine changes state, whenever the output frequency signal

has occurred the number of times of the modulus.

15 [0004] The frequency synthesizer becomes programmable when the
modulus of the frequency divider is a digital number placed in a register of
the frequency divider. The output frequency of the frequency synthesizer
is an integer multiple of the reference frequency, even with a
programmable modulus. Thus, the incremental frequency change for the

20 output frequency signal is the magnitude of the frequency of the reference

input,



i nput. 2 [0005] In order to achieve an output frequency of the synthesizer
that is not only an integer nultiple of the reference frequency, but is a
fractional nmultiple of the reference frequency, a fractional -N synthesi zer
was devel oped. Refer nowto Fig. | for a discussion of the structure and 5
operation of a dual nodulus fractional-N frequency synthesizer. As

di scussed above, the frequency synthesizer is essentially a phase |ocked

| oop havi ng a phase frequency detector 10 into which the reference input

si gnal (F[O005]i s aplplarder toTduhipieasmeofipatiteqamncgef dot syntidsizardbatisr at es a
charge punp which provides an output voltage that is applied to the lowto

pass filter 15notldmy bewmtpgsismiitiblecsf the réferanceSrarjliensp Wt U8 fratidgirdl ent s from
t he out put voltage and applied the filter voltage |evel to the voltage

control | ed oscinyltipsteoss e re%d‘é ﬂréc?léﬁ@y)’é’\‘rhé{%all—?\b’@ntl‘i’@élfé rdies the
frequency of the output signal The output signal (FO) 25 is the

I nput to the %ngll | T Uﬁﬂéﬂ s 15
frgquency di vid‘?rj'ég}reI di%?fgtéésﬁﬁgqﬁ tg@‘agﬁégcrﬁsropéﬁhggﬁ%ct the Tactor N or
N+1 dependent ut (Fd) 35 is
appli ed to the(?rn%rét{s]@~| %?H%L@@%’“g cggﬁﬁgw #Sﬁgﬁ&pa‘(ﬁ%e&%e?o he referenc;a
![Rgu'\[,oﬂ gg:l C(qﬁr%tbqspggab%&g] %%J%%%e\égy Es?rcrl e|SI§(\3/I‘eiS esseﬁtdallllyj/%tpl%ahs% [o&(reedquency ©

toop having a phase frequency detector 10 into which the reference input
signal (F;} 5 is applied. The phase frequency detector 10 incorporates a
charge pump which provides an output voltage that is applied to the low

10 pass filter 15. The low pass filter 15 removes any spurious transients from
the output voltage and applied the filter voltage level to the voltage
controlled oscillator 20. The filtered voltage level determines the
frequency of the output signal (Fo) 25. The output signal (F,) 25 is the
input to the dual modulus frequency divider 30. The dual modulus

15 frequency divider 30 divides the output signal (Fo)} 25 by the factor N or
N+1 dependent on the mode signal 40. The divided output signal (Fq) 35
is applied to the phase frequency detector 10 for comparison to the
reference input signal (F,) 5 to create the voltage level to adjust the

frequency of the voltage controlled oscillator 20.

20  [0006] The modulus controller 45 generates the mode signal 40 as a
function of the density data input (K) 50. The density data input {K) 50 is
generally repetitively added to itself until there is an overflow of the
addition. The overflow is used to cause the mode signal 40 to change the
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20 [0006] The nodul us controller 45 generates the node signal 40 as a
function of the density data input (K) 50. The density data input (K) 50 is
generally repetitively added to itself until there is an overflow of the
addition. The overflow is used to cause the node signal 40 to change the 3
nmodul us of the dual nodul us frequency divider 30. The repetitively
addition of the density data input (K) 50 causes the frequency of the
output signal (F.) 25 to be determ ned by the equation: Fo = Nav * F, 5
where: 10 F, imodblesofitipudua ingodullu2Beqlendyditiber 3¢:f Ehe rapetitingiyt  si gnal 5.
Nav = N+ %2 n where: N is the primary nodul us of the dual nodul us divider.

K is the densiaddititat of thaplehsibPdatainpst (KNS0aBes tHef fréduehcy bf tHie density
data input (K) 50. 15 [00071 The structure of the frequency synthesizer may

be i npl ement edniitput signal (Fo) 25 to be determined by the equation:
Fo= Nav*Fr
5 where:
Fo is the output signal 25.

F: is the reference input signal 5.

Nav=N+%n

where:

10 N is the primary modulus of the

dual modulus divider.
K is the density data input 50.

n is the number of bits in the

density data input (K) 50.

15 [0007] The structure of the frequency synthesizer may be implemented in
variations of the structure as described. In general the fundamental

parameters are according to the following equations:




variations of the structure as described. In general the fundanental
paraneters are according to the follow ng equations: 1. The step size of
the increnment of the frequency synthesizer is: Fstep = Fr * 12n here: 5
Fstep is the step size of the increnents of that the frequency synthesizer
may be adjusted Fr is the reference input signal 5. 10 n is the nunber of
bits in the density data input (K) 50. 2. The m ni mum frequency of the

out put signal (FO) 25 is: Fomn=N*Fr where: 15 Fomin is the mninmm
frequency of the out.put Tiegstap s{@ex)f tAdinckemest dfithe frebeemscemitmgiersi gnal 5.
5 Nis the primary nodul us of the dual

is:
Fstep = Fr * %n
here:

5 Fsiep is the step size of the increments of
that the frequency synthesizer may be
adjusted
F. is the reference input signal 5.

10 n is the number of bits in the density
data input (K) 50.
2. The minimum frequency of the output signal (Fo) 25 is:
Fomin=Nx*Fr
where:
15 Fomin is the minimum frequency of the |

output signal (F,) 25.

F: is the reference input signal 5.




nmodul us di vider 30. 3. The maxi mum frequency of the output signal (FO0) 25
is: Fomax = (N+1)*Fr 5 where: Fomax is the maxi mum frequency of the output
signal (Fa) 25. Fr is the reference input signal 5. N+1 is the secondary
nmodul us of the 10 dual nodul us divider 30. 4. The reference input signal
(Fr) 5 is the difference between the maxi num frequency and the m ni num
frequency of the output signal (Fo) 25 or: Fr = FO max- FO m n. 15 [0008]
"A Low Phase Noi se C-Band Frequency Synthesizer Using a New Fractional-N
PLL with Programmabl e Fractionality," Nakapgapemary aloduluskdfhe duansacti ons
on Mcrowave Theory and Techni ques, Vol unme: 44, |ssue: 2, pp. 344 -- 346,
Feb. 1996 describes a fractional -N phagsodupek@didepap. t hat has an arbitrary
denom nator of the fractional division ratio as well as an 6 arbitrary
nunerator and an integer part. In this case, the resulting nodulus of the

dividing factor Nig nowpnayefafsdqlartPsr NebutblitShnat (Fo) 25 is:
Fo max = (N+1)*Fr

3 where:

Fomax is the maximum frequency of the

output signal (Fo) 25.
F. is the reference input signal 5.

N+1 is the secondary modulus of the

10 dual modulus divider 30.

4, The reference input signal (F;) 5 is the difference between
the maximum frequency and the minimum frequency of the

output signal (F;) 25 or:
Fr = Fa max— Fo min .

15 [0008] ‘A Low Phase Noise C-Band Frequency Synthesizer Using a New
Fractional-N PLL with Programmable Fractionality,” Nakagawa et al., IEEE
Transactions on Microwave Theory and Techniques, Volume: 44, Issue: 2,
pp. 344 — 346, Feb. 1996 describes a fractional-N phase locked ioop that

has an arbitrary denominator of the fractional division ratio as well as an
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now found by the equation: 5 where: N, A and M are programmbl e factors of
the frequency synthesizer. [0009] U S. Patent 6,219,397 (Park) describes a
Phase- Locked- Loop- based CMOS fractional -N frequency synt hesi zer. The
frequency 10 synthesizer has an on-chip LC Voltage Controlled Gscillator. A
hi gher- order discrete sigma-delta nodulator is used in the fractional-N
frequency synthesizer resulting in a strong attention at | ow frequencies
for quantization noise. The synthesizer enploys a noise shaping nethod to
suppr ess fractanbitedry spovesatos and ahlisteegparbr trethiss¢apenthdetesaltingdul at or . 15
[0010] U. S. Patent 4,758,802 (Jackson) teaches a Fractional N

synt hesi zer. Tinedlluscs itndividihgiaatdras isaiw bn ahvitdrRddamer Nagehieans rol | ed
oscillator which produces an output signal that is transferred to a phase

detector via anypfdall 5y teVddirftioho provide a control signal for the voltage
controlled oscillator i'n the presence of a phase difference between a 20

reference signal froma reference source and the signal fromthe variable 7
di vider. The synthesizer has two accumul rs, the arrangenment of the
accurnul ators being such that an OLNaptTtNﬂri prl that cancels the

i nterpol ati on sidebands of the first accunul ator caused by quanti zation

5 where:

N, A, and M are programmable factors

of the frequency synthesizer.

[0009] U. S. Patent 6,219,397 (Park) describes a Phase-Locked-Loop-
based CMOS fractional-N frequency synthesizer. The frequency
10 synthesizer has an on-chip LC Voltage Controlled Oscillator. A higher-
order discrete sigma-delta modulator is used in the fractional-N frequency
synthesizer resulting in a strong attention at low frequencies for
quantization noise. The synthesizer employs a noise shaping method to

suppress fractional spurs using the high-order sigma-delta modulator.

15 [0010] U. S. Patent 4,758,802 (Jackson) teaches a Fractional N
synthesizer. The fractional N synthesizer includes a voltage controlled
oscillator which produces an output signal that is transferred to a phase
detector via a variable divider to provide a control signal for the voltage
controlled oscillator in the presence of a phase difference between a

20 reference signal from a reference source and the signal from the variable




errors in the first accunulator. The division ratio of the variable divider
Is 5 set dependi ng upon the output signal. [0011] U S. Patent 5,224,132

(Gol dberg) provides a programmable fractional-N frequency synthesizer. The
frequency synthesizer has a fractional divider using a counter to provide
a fraction for the divider. The divider is used to divide the VCO out put

signal by N or N+1 as selected. A 10 divider control circuit controls the
divider to divide by the appropriate divisor to obtain the sel ected out put

frequency. Thedifidect Theayntteyizeeias thd §c6umulaters, shélavbAgEmemdftee si gnal s
which represent a first division period. The fractional divider circuit

‘establishes a geepiiflatefy b&iHg SLcHMtiah! Quthit'sidnal Bticadseldfe at the term nal
count of each second period, the fractional 15 divider circuits provides a

sel ect ed ”U”beihté?ﬁ%lfag?rf%iidQB%lxd§%é?ilrstsdcgﬁmg§atiﬁ%a&gﬁﬁgic%daﬂﬂﬁatﬁ)‘?]nt rol to

cause division by erent n suc ractional divider

el udes a i T gho GO SHroPLOGTATIRY TRoSRIIEN Lifolr mBSLLARS digkdissue 11

term nal count upon receiving the progranme t" periods. The

fractional divi qgl%e al é.o congrtg‘ses a,second counter to 20 provide the

sel ected nunbet® GEPPRALEUPRA NG SHIRULFI90RYnal s upon receipt of the terminal
count of the first counter. The first and second counters thus operate as

a fraction for instance F/K results in a fractional reference frequency. 8
{0011] U. S. Patent 5,224,132 (Goldberg} provides a programmable

fractional-N frequency synthesizer. The frequency synthesizer has a
fractional divider using a counter to provide a fraction for the divider. The
divider is used to divide the VCO output signal by N or N+1 as selected. A

10 divider control circuit controls the divider to divide by the appropriate
divisor to obtain the selected output frequency. The fractional divider
circuit counts divider control signals which represent a first division period.
The fractional divider circuit establishes a second period of multiple first
periods and at the terminal count of each second period, the fractional

15 divider circuits provides a selected number of fractional control signals to
the divider control to cause division by a different number, such as N+1.
The fractional divider includes a first counter programmed to count first
periods and issue its terminal count upon receiving the programmed count
of first periods. The fractional divider also comprises a second counter to

20 provide the selected number of fractional control signals upon receipt of
the terminal count of the first counter. The first and second counters thus
operate as a fraction for instance F/K results in a fractional reference -

frequency.



[0012] U. S. Patent 5,714,896 (Nakagawa, et al.) describes a fractional -
frequency divider systemthat generates an output signal having frequency
of an input signal divided by a desired frequency division ratio (N+A/M in
which Nis an integer and AIMis a fraction, A M The frequency divider 5

i ncl udes a programmuabl e frequency divider receiving input frequency and
provi di ng divided frequency in which the division ratio (N, N+1) is an
integer and is externally supplied. A selector supplies one of the

ext er nal | {00d@ppl i edUi 8t Bgens 5(M4,8961(Nakagawe, eliali) describesar ftactipnabNa
selection signal and a fractional part set having a first counter

initialized tofrequaticyMividér systan gt ePenites ahraiutpmlsigmdha\ﬂng%anep{by and a
logic circuit for supplying the selection signal according to th

counters. The gOaRUSsIBhS dIRBES rata“éé B BivisicH rdtiBgNdiasipr and
reach zero when thige rselgel ve M ag? |re re%q@lgﬁb'%u ssclas rrlegpectl gel y. The

second count ery, ﬁfcﬂﬁ@ scé’r\‘ﬂlttédl% anﬂ%f\ﬂs'é)ﬁa AOA Wﬂ?&ﬁs ueﬁgfy%wﬂé\ﬁ | ogi ¢

circuit makes t ector sel' ect an I nteger t1on when

f the t t of .th t
s zerd, and NREMESS SOk Bie e el B SR G el e RS 8N n The
divid N+1 f t I f th M nunb
of "out put “pul s%@"fdmdw@bafrqaapnf%fﬁwﬁﬁﬁivesE?ws?wasf&(w Jilst. "0 [ oo1s]
U S. Patent 5,777,52 et al describes a parallel accumnul ator

i
fractional -n f'FEe@?é '%%tﬁﬁtfg'i’zséippl'%eAﬁP@ﬁ@rﬁ%‘PP“es one of the

externally supplied integers (N, N+1} to the divider according to a selection
signal and a fractional part set having a first counter initialized to count M,

10 a second counter initialized to count A, and a logic circuit for supplying the
selection signal according to the counters. The counters are decremented
by an output of the divider and reach zero when they receive M and A
number of pulses, respectively. The second counter stops counting
operation when it reaches zero. The logic circuit makes the selector

15 select aninteger Nin a conditioﬁ when content of the first counter is not
zero and content of the second counter is zero, and N+1 in other
conditions, so that the division ratio in the divider is N+1 for A number of
output pulses of the divider among M number of output pulses, and is N

for M-A number of the output pulses.

20 [0013] U. 8. Patent 5,777,521 (Gillig, et al.) describes a parallel
éccumu[ator fractional-n frequency synthesizer. The frequency
synthesizer includes a synthesizer loop with a fractional-N divider, and
including a divider control circuit and a combining circuit. The divider

9




synt hesi zer includes a synthesizer loop wth a fractional -N divider, and

I ncl uding a divider control circuit and a conbining circuit. The divider 9
control circuit provides a variable divide value to the divider . The carry
val ues of two accunul ators having differing accunul ator | engths are

applied in parallel to the conmbining circuit. Each of the accumul ators
provides a portion of a desired fractional divide value. The conbining 5
circuit also adds an integer divide value to the fractional divide val ue.

[0014] U. S. Pedrerdl chcUi2grobitids(d-vamzmmn divRrRoORSiSe B thé@nm@érc_yTﬁyaahgesi zer
with fractional division. The fractional -N synthesizer includes a phase

| ocked | oop t hadlu8asf Bvo/adduntifaterNhahg Gﬁfeﬁﬁ@'a'ch@thgfatd}riéﬂgtﬁé Age a | oop
output signal. The output signal is coupled via an N variable divider to a

first 10 inputa9died iRRasflcPlo &é%ﬂ%}{ﬁxﬂ%ﬁ&ﬁw%ch o1 el REERGR1Oauency

source couple to a second input of ase or frequency etector. The

det ect or br ovi BE9icRA LB of 2 SRUHLRSh aﬁ?h@%; RESBHRMHng POn 2

conmpari son betWween the"signa §eL6hY nputs, for
application to trol ,input of cntrol scillator. The 15
synt hesi zer m%'?%@érs%a%ﬁjsr%ﬁ) r{teg%{r&'glg?tv?t‘r'&atgﬁ%e ﬁf’%"g\a&ﬁ ,,c% a(5“‘?!\!) of the
variabl e divider in response to a frequency data word. The circuit includes

an |nterpol ator for periodical vari/}i n? at least the LSB of the frequency
data wor dlOCfAE i nt dfpi Batspt ﬁég4&ﬁou pyriory) deaghes & Frequpncr syntbesizgr

with fractional division. The fractional-N synthesizer includes a phase
locked loop that has a voltage controlled oscillator providing a loop output
signal. The output signal is coupled via an N variable divider to a first

10 input of a phase or frequency detector. A reference frequency source
coupled to a second input of the phase or frequency detector. The
detector provides an output a control signal that is dependent upon a
comparison between the signals applied to the first and second inputs, for
application to a control input of the voltage controlled oscillator. The

15 synthesizer includes a circuit for setting the division ratio (N} of the
variable divider in response to a frequency data word. The circuit includes
an interpolator for periodically varying at least the L.SB of the frequency
data word. The interpolator has an input for receiving the LSB, a
combiner for comparing the LSB with a feedback signal, a quantizer

20 circuit, and a filter circuit. The quantizer circuit and the filter circuit provide
a predetermined delay or integration function. The quantizer circuit and
filter circuit are coupled to the combiner for providing said feedback signal
and a ratio setting signal to the variable divider.

10




conbi ner for conparing the LSB with a feedback signal, a quantizer 20
circuit, and a filter circuit. The quantizer circuit and the filter circuit
provide a predeterm ned delay or integration function. The quantizer

circuit and

filter circuit are coupled to the conmbiner for providing said

feedback signal and a ratio setting signal to the variable divider. 10

[ 0015] "Application Note for SA8025 Fractional -N synthesizer for 2G4z band
applications,” AN1891, Djen, Philips Sem conductors, August 20, 1997,
descri bes[aH&] SAB02Bpplitatizin NeteFoBYAS02B EHictioRAARN syhthekizer foroiged
fractional -N phase | ocked-1oop (PLL) frequency synthesizer. 5 [0016] "A 5

Ghz, 32 Mv CMJbard gepirafiynsy ANNBS1 ZBjenVPhillpd Behiitdtiductits, ARfsedoFr equency
Di vider," Rategh, Digest of Technical bapers 1999 Synposi um on VLSI

Gircuits, Kyot oo aRagibekRe SAKEE, whkth .éja% ééFlz sb%?\%(a% 0 30813-95-6,

descri bes a fully integrated 5 GHz phase

based

ny Goti o1 ocken PpeaEtidiep ‘%%3@’.% GHE phthestzer,

frequency divider in the PLL feedback | oop to reduce power consunption and

rvent T onPOBL7] - an Aok a0 S M GoBrTarEr nthesipsrfitaan deRieet i onal -

frequency 15 synthesizer having a nodulus controller wth mul tléﬂ e i nputs

t hat control

10

Jpcked Frequency Divider,” Rategh, Digest of Technical Papers 199
Symposiu_m on VLSI Circuits, Kyoto, Japan, 1999, IEEE, pp. 113 - 1186,
ISBN: 4-930813-95-6, describes a fully integrated 5 GHz phase locked
loop- (PLL-) based frequency synthesizer. A voltage-controlled differential
injection-locked frequency divider (VCDILFD) is used as the first
frequency divider in the PLL feedback loop to reduce power consumption

and eliminate the need for an off-chip frequency divider.

Summary of the Invention

[0017] An object of this invention is to provide a fractional-N frequency

15

synthesizer having a modulus controller with multiple inputs that control an
initial output frequency of the frequency synthesizer, an increment of
variation of tuning of the frequency synthesizer, and a difference between

two adjacent output frequency settings.

[0018] To accomplish at least this object, a fractional frequency

20

synthesizer includes a multiple modulus frequency divider connected to

receive the output frequency of a voltage controlled oscillator and

11




initial output frequency of the frequency synthesizer, an increnment of
variation of tuning of the frequency synthesizer, and a difference between
two adj acent output frequency settings. [0018] To acconplish at least this
object, a fractional frequency 20 synthesizer includes a nultiple nodul us
frequency divider connected to receive the output frequency of a voltage
controlled oscillator and 11 dependant upon a nodul us factor sel ect one of
a plurality of divisors for the output frequency to generate a divided

out put si gnal . dapenddint Upenla noedypug facigrsaledt snp i agduratiyddadsdrofa ref erence
frequency si gnal to create the control voltage for the voltage controlled

oscillator. 5 fhetifputdranauty to gemdratd 4 aivided otpGQIgALN TAkidpAded th the
mul ti pl e nodulus frequency divider to control the nodulus factor for the

mul tiple nDdU'Mﬁpufé:@ﬂéﬁ@ﬁﬁaé’éd’b&ﬁbareﬁh@ arFéFJéffbHée FOMidRYy sfgndies @ first
factor input, a second factor input and a gain factor input to

respectively r&%ﬁie\’t‘ﬁeaconpﬁﬁ\t/olt kfgbmlreagﬁ%ﬁewﬁgole% Ll gtﬂ_ digital data word

and a gain factor digita |rs data word has a
first nunber of bits and the second digital data word has a second nunber

of bit ain facto ital data word.is. an.i.nte It| lier for
t he f|$st[5§q8?t aI dg %%90'1*6’8%&5 '&ﬁ@%‘ﬂﬂ?%?ncvﬂh}% B[F'p odUHS qul us
selection circ in Emun ication with the first factor input, the second
factor input, 5 e(qqg lel er to control the modulus factor for the mulfiple modulus
frequency divider. The modulus controller has a first factor input, a
second factor input and a gain factor input to respectively receive a first
digital data word, a second digital data word and a gain factor digital data
10 word. The first digital data word has a first number of bits and the second

digital data word has a second number of bits. The gain factor digital data

word is an integer multiplier for the first digital data word.

[0020] The modulus controller has a modulus selection circuit in
communication with the first factor input, the second factor input, and the
15 ~gain factor input. The modulus selection circuit provides a modulus
control signal to the modulus divider to select the modulus factor of the
modulus divider as a function of a sum of the second digital data word and
a product of the first digital data word and the gain factor digital data word.
The function of the sum of the second digital data word and the product of
20 the first digital data word and the gain factor digital data word is an

overflow from a continucus summation of the second digital data word and

12



Is gain factor input. The nodul us selection circuit provides a nodul us
control signal to the nodulus divider to select the nodulus factor of the
nodul us divider as a function of a sumof the second digital data word and
a product of the first digital data word and the gain factor digital data
word. The function of the sumof the second digital data word and the
product of 20 the first digital data word and the gain factor digital data
word is an overflow froma continuous summati on of the second digital data
word and 12 a ppoatiet obthetfirst digitaltdath giordhbnd Heagain faktandigitdielagmivord act or
digital data word repetitively with itself. [0021] The data val ues of the
first digital rbpietitivelydithtiselfsecond data word, and the gain factor data
word control an initial output frequency of the 5 frequency synthesizer, an
i ncrenent of variation of tuning of the frequency synthesizer, and a

di f f er encggzaf ween N0 J3Q G ofaHE Rkt o i%ﬂasﬁword§g{5]%¢£v&9ﬁd dgi?%rﬁre

primarily two” ways of controlling the synhthesizer our. In the first

approach, the %,)q/@pﬁgg&ém fg{toy@ét%g\t,ckaQoﬂﬁoﬁﬁ@]{.tg&?ﬁ%ﬁgﬁ%&@ _Rjutoqlﬂgefrequency

i s determ ned equat 1 on I'nc . ,, 1S the

| nor erent  of vALAGAGL RnebiJBk h 8l o SaflafcH & GRS RGN P

synthesizer, and a difference between two adjacent output frequency
settings. There are primarily two ways of controlling the synthesizer
behaviour. In the first approach, the increment of variation or step size of

the output frequency is determined by the equation

10 Fine = {14, Jo

where:
Finc is the increment of variation of tuning, and

Fris a reference frequency for the frequency

synthesizer.

15 n is the number of bits representing the second data

word.

[0022] The initial output frequency is determined by the equation:

Finit = Fr * A%m

13



synthesizer. 15 n is the nunber of bits representing the second data word.
[0022] The initial output frequency is determ ned by the equation:
Fnit=Fr*A%M 13 where: F,,,;t is the initial output frequency. Fr is a
reference frequency for the frequency 5 synthesizer. dis the first

digital data word. Ais the gain factor digital data word, and mis the
nunber of bits representing the first data word. [00233 In a second
approach of the frequency synthesizer, the output 10 frequency is adjusted
by varying the gain factwherdi gital data word. The increnment of variation
is determ ned by the equation Finc=Fr *%m 15 where:

Fini¢ is the initial output frequency.

F, is a reference frequency for the frequency

synthesizer.
5 d is the first digital data word.
A is the gain factor digital data word, and

m is the number of bits representing the first data

word.

[0023] In a second approach of the frequency synthesizer, the output
10 frequency is adjusted by varying the gain factor digital data word. The

increment of variation is determined by the equation

Finc = Fr * ‘ym

where;
Finc is the increment of variation of tuning.
15 d is the first digital data word, and

m is the number of bits representing the first data

word.

14




F,,,, is the increnent of variation of tuning. dis the first digital data
word, and mis the nunber of bits representing the first data word. 14

[ 00241 The initial output frequency is determined by the equation: Emr =
Fr * f 2n where: Fr,,;t is the initial output frequency. 5 Fr is a
reference frequency for the frequency synthesizer. f is the second digital
data word, and n is the nunber of bits representing the second data word.
10 [0025] The nodul us selection circuit includes a gain factor counter to
provi de af024hbl e sTigemditial odtpus freqgetdyas mietdratineaf bg Hendquatibni he reference
clock equal to the gain factor data word. A first adder to repetitively add
the first digital data word untiI the enable signal is active indicating
the nunber of tines the e addition of the first digital data word
has 15 been conpl et ed. mﬁ@ﬁ tﬁe eﬂable signal is active, a second adder
adds the product of the gain factor digital data word and the first

digital data

where:
Finie is the initial output frequency.

5 F.is a reference frequency for the frequency

synthesizer.
fis the second digital data word, and

n is the number of bits representing the second data

word.

10 [0025] The modulus selection circuit includes a gain factor counter to
provide an enable signal indicating the number of counts of the reference
clock equal to the gain factor data word. A first adder to repetitively add
the first digital data word until the enable signal is active indicating the
number of times the repetitive addition of the first digital data word has

15 been completed. When the enable signal is active, a second adder adds
the product of the gain factor digital data word and the first digital data
word to the second digital data word. A third adder is in communication
with the second adder to receive the sum of the second digital data word

and a product of the first digital data word and the gain factor digital data

15




word to the second digital data word. A third adder is in comunication
with the second adder to receive the sumof the second digital data word
and a product of the first digital data word and the gain factor digital
data 15 word. The third adder output exclusive of the overflow signal is
connected to one of the inputs of the third adder to repetitively add the
sum of the second digital data word and a product of the first digital
data word and the gain factor digital data word. The overflow signal is
provi ded at anwerdyehé thing addesoutpaft extlesiviiof theaodrrflow tsignabisasonhestedi gnal
bei ng the nmodulus control signal is applied to the nmultiple nodul us
frequency di vi tteone &rthefinids of that thivd adtiet toerepetitivehgadd M2aimbithe | is a
functional block diagramof a fractional-N frequency synthesizer of the

prior art. 'O §&¥Addifite) daba werdrahd!BPro@uttlof HeOfrkt GigRalram Abrdahd r st
enbodi nent of a fractional-N frequency synthesizer of this invention.

[0028] Fig. 3 ine gaih Fﬁt@éﬂd??i?él dé'ta?%rdj.i?ﬂé@%r%wasi?ﬁgaﬁ%“frgg%?@é%m of a

fractional -N frequency synthesizer of this I nvent ig. 4is a

bl ock di f | } | . :
oynt hedt oot of %ﬁ'@i%#ﬁ“né:ﬁ“ﬂg%@igfﬁgpgfgya@% g4 HRAR] b Il auency
typi cal out put 5, 30w g £he, densl tor Ak 15oTRHE 1 aBRL aidiat Provide the

nmodul us contro

Brief Description of the Drawings

[0026] Fig. 1 is a functional block diagram of a fractional-N frequency

synthesizer of the prior art.

10 [0027] Fig. 2 is a functional block diagram of a first embodiment of a

fractional-N frequency synthesizer of this invention.

[0028] Fig. 3 is a functional block diagram of a second embodiment of a

fractional-N frequency synthesizer of this invention.

[0029] Fig. 4 is a block diagram of the modulus controller of the fractional-
15 N frequency synthesizer of this invention.
[0030] Figs. 5 and 6 are plots of two typical outputs showing the density of

the mode signals that provide the modulus controls for the dual modulus

divider for the fractional-N frequency synthesizer of this invention.
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di vider for the fractional-N frequency synthesizer of this invention. 16
Detail ed Description of the Invention [0031] The frequency synthesi zer of
this invention has a first factor input, a second factor input, and a gain
factor input that are applied to a nodulus controller. The function of the
first factor input, the second factor input, 5 and the gain factor input
determ ne a node select to select the appropriate nodulus for a dual

nodul us divider circuit. Refer nowto Fig. 2 for a nore detailed

di scussion of a first PetailedeDeseriptiensef tité Ihventivpper ation of the
frequency synthesizer of this invention. The frequency synthesizer has the
basi ¢ conponents (phase frequency detector 10, |ow pass filter 10 15, and

vol tage cm_mﬁtp:! | ed Psefrbh@dity sSthdshal of HIPRSEntidiEh#) asitst Fagkeifipul, @op as
described in Fig. 1. The dual nodulus divider 60 in this instance has

second factor {MsnatheRr i@ggin?ré;-gé‘@%&)ﬁr gaﬂ‘%}’s Eﬁée'bﬂféhmita mBﬂlﬂg%e”Cy

requi rements of the synt eterm equations: 15 1. The

T mam Freduasifedbr | Mo Ritlcbh of il foClok idpLe the seb8A Rietbrhpurlfer & 20
5 and the gain factor input determine a mode select to select the appropriate
modulus for a dual modulus divider circuit. Refer now to Fig. 2 for a more
detailed discussion of a first embodiment of the structure and operation of
the frequency synthesizer of this invention. The frequency synthesizer
has the basic components (phase frequency detector 10, low pass filter
10 15, and voltage controlled oscillator 20) that compose the phase locked
loop as described in Fig. 1. The dual modulus divider 60 in this instance

has second factor (M) which is determined by the maximum output

frequency requirements of the synthesizer as determined by the

equations:
15 1. The minimum frequency of the output signal (Fo) 25 is:
Fomin=N=+*F
where:
Fomin is the minimum frequency of the
output signal (Fo) 25.
20 F: is the reference input signal 5.

17




out put signal (FO) 25. F,, is the reference input signal 5. 17 Nis the
primary nodul us of the dual nodulus divider 60. 5 2. The maxi num frequency
of the output signal (Fo) 25 is: Fomax=(N+M*Fr where: Fomax is the

maxi mum frequency of the output signal (Fo) 25. Fr is the reference input
signal 5. N+Mis the secondary nodul us of the 10 dual nodul us divider 60.
3. The difference between the maxi num frequency and the m nimum frequency
of the output signal (Fo) 25 is the product of the factor Mand the

reference input signal (Fr) 5 is or: hoiskeprmahpmodeMsiof thd@sd] The
di vi ded output signal (Fd) 65 is the output signal (Fo) 25 divided

modulus divider 60.
2. The maximum frequency of the output signal (F,) 25 is:
Fomax = N+ M)*F:
5 where:

\ Fomax is the maximum frequency of the

output signal (F,) 25.
F: is the reference input signal 5.

N+M is the secondary modulus of the

10 dual modulus divider 60.

3. The difference between the maximum frequency and the
minimum frequency of the output signal (F,) 25 is the
product of the factor M and the reference input signal (F:) 5

is or:
15 Fo max— Fomin = M= Fr

[0032] The divided output signal (Fq) 65 is the output signal (F,) 25 divided
by an average (Nay) of the modulus factors N and N+M. The modulus

controller 70 provides the mode selection or modulus selection signal 75

18




by an average (Na") of the nodulus factors N and N+*M The nodul us
controller 70 provides the node sel ection or nodul us selection signal 75 18
to the dual nodul us divider 60 for selecting the nodulus factors N and N+M
[ 0033] The nodulus controller 70 has a first nodulus factor selection input
(d) 85 and a second nodulus factor selection input (f) 90. The first 5
nmodul us factor selection input 85 is a digital data word having a specific
nunber (m of data bits and the second nodul us factor selection input 90

is digital datte theddahmeduysaivperced for selecting tHenodbiud daciotsiN and A gai n
factor input (A) 80 provides a product gain factor that is to be

mul tiplied by NBM. first nodulus factor selection input 85. The nodul us
controller repetitively to adds the sumof the a second nodul us factor
selection input 90 and the product first nodulus factor selection input 85

and the g@oa3fact orThéRibdultS)contiBller MEnaPY firstthShillustaB it seleetib® ifyips active
when the repetitive addition has an overflow. Wen the node sel ect signal

Lo Tehehes SLhes el ASpREhlay R LSRRG B, TheERRCLLLS e
Ihe o2 vl vepoflih Wbl ek Anbel 9B Fels e IB T R AT o
frequency synt rrIIUGrr%ére(rn’l) oafndaité] Blrtse QEE ttheogeelo%rdi r%gciifﬂﬂs ?gctérusr}ailencgio?lfinrgurl%of requency
is digital data word having a specific number (n) of data bits. A gain factor
input (A) 80 provides a product gain factor that is to be multiplied by the
first modulus factor selection input 85. The modulus controller repetitively
10 adds the sum of the a second modulus factor selection input 90 and the
product first modulus factor selection input 85 and the gain factor input (A)
80. The mode select signal 75 becomes active when the repetitive
addition has an overflow. When the mode select signal 75 switches state
between active (1) and inactive (0), the modulus divider switches between

15 the first modulus N and the second modulus N+M.

[0034] The data values of the first digital data word, the second data word,
and the gain factor data word control an initial output frequency of the
frequency synthesizer, an increment of variation of tuning of the frequency
synthesizer, and a difference between two adjacent output frequency

20 settings. There are primarily two ways of controlling the synthesizer
behaviour. In the first approach, the increment of variation or step size of

the output frequency is determined by the equation

19




synt hesi zer, and a difference between two adjacent output frequency 20
settings. There are primarily two ways of controlling the synthesizer
behaviour. In the first approach, the increnment of variation or step size
of the output frequency is determ ned by the equation 19 Finc ": V,,)* R
where: F6 is the increnent of variation of tuning, and F, is a reference
frequency for the frequency 5 synthesizer. n is the nunber of bits
representing the second data word. [0035] The initial output frequency is
determ ned by the equatiog, H1. Jdg, = F. * A %R M 10 where: 15 FW is the
initial output frequency. F,-Yi&’a reference frequency for the frequency
synthesizer. dis the first digital data word. Ais the gain factor
digital data word, and

where:

Finc is the increment of variation of tuning, and

F: is a reference frequency for the frequency

5 synthesizer.

n is the number of bits representing the second data

word.

[0035] The initial output frequency is determined by the equation:
Finit = Fr * A%m

0 where:
Finit is the initial output frequency.

F.is a reference frequency for the frequency

synthesizer.
d is the first digital data word.

15 A is the gain factor digital data word, and

20



20 mis the nunber of bits representing the first data word. [0036] In a
second enbodi nent of the frequency synthesizer, the output frequency is
adj usted by varying the gain factor digital data word. The 5 increnment of
variation is determ ned by the equation Finc=Fr*% n, where: 10 F;,,c is
the increnment of variation of tuning, dis the first digital data word,
and mis the nunber of bits representing the first data word. [0037] The
initial output frequency is determ ned by the equation: Finit = Fr * fi2n
where: 15 F,n;t is the initidnisthepuumbercefiitsegprebenting therfiestatatamce
frequency for the frequency synthesizer. 21 f is the second digital data
word, and word.

[00386] In a second embodiment of the frequency synthesizer, the output
frequency is adjusted by varying the gain factor digital data word. The

5 increment of variation is determined by the equation

Fic=Fr+d/,

where:
Finc is the increment of variation of tuning.

d is the first digital data word, and

10 m is the number of bits representing the first data
word.
[0037] The initial output frequency is determined by thé equation:
Finit = Fr y ,
where:
15 Fini¢ is the initial output frequency.

F, is a reference frequency for the frequency

synthesizer.
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nis the nunber of bits representing the second data word. [0038] The
frequency of the output signal (FO) 25 is: 5 Fo=Nay*Fr where: 10 F. is the
frequency of the output signal (Fo) 25. F, is the reference input signal 5.
Nay=N+M(Ad+f~ p where: Ais the gain factor input 80. d is the first
nodul us factor selection input 85. 15 f is the a second nodul us factor
selection input 90. 22 p is the nunber of bit representing (Ad+f) as

fis the second digital data word, and

n is the number of bits representing the second data

word.
[0038] The frequency of the output signal (F,) 25 is:
5 Fo=NxxFr
where:
F, is the frequency of the output signal
(Fo) 25.
F is the reference input signal 5.
0 Nav=N+M*(Ad+%P
where:
A is the gain factor input 80.
d is the first modulus factor
selection input 85.
15 fis the a second modulus factor

selection input 90.
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determ ned by the fornula: 0Os (AdP f)<1. 5 [0039] Fig. 3 illustrates the
structure and operation of a second enbodinent of the frequency

synt hesi zer of this invention. The frequency synthesizer, as shown in Fig.
2, has the basic conponents (phase frequency detector 10, |ow pass filter
15, and voltage controlled oscillator 20) that conpose the phase | ocked

| oop as described in Fig. 1. The dual 10 nodulus divider 95 in this

i nstance has two programmabl e nodul ous factors (N+P and N+P+1). The val ue
of P can be programmed based on the m ni nypisaihe mextenafbftr equenci es
avai l abl e for the synthesizer as determ ned by the equations: 15 1. The
m ni mum frequency of the output signal (Fo)regﬁegeﬁting GagvpalFr for P=0O
where: Fomn is the m ninum frequency of the output signal (Fo) 25. Fr is

the reference input signal 5. 23 N+P is thgtBihifBl Yy TRt HRud:actor of the
5

5 [0039] Fig. 3 illustrates the structure and operation of a second
embodiment of the frequency synthesizer of this invention. The frequency
synthesizer, as shown in Fig. 2, has the basic components (phase
frequency detector 10, low pass filter 15, and voltage controlled oscillator
20) that compose the phase locked loop as described in Fig. 1. The dual

10 modulus divider 95 in this instance has two programmable modulous
factors (N+P and N+P+1). The value of P can be programmed based on
the minimum and maximum frequencies available for the synthesizer as

determined by the equations:
1. The minimum frequency of the output signal (F,) 25 is:
15 Fomin =N*F: for P=0
where:

Fomin is the minimum frequency of the

output signal (Fo) 25.

F. is the reference input signal 5.
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dual nodul us divider95. 2. The maxi num frequency of the output signal (Fo)
25 is: Fomax = (N+P+1)*Fr where: Fomax is the maxi mum frequency of the
out put signal (Fo) 25. Fr is the reference input signal 5. N+P+1 is the
secondary nodul us factor 10 of the dual nodul us divider 95. 3. The

di fference between the maxi num frequency and the mninmum frequency of the
out put signal (Fo) 25 is the product of the factor P+1 and the reference
i nput signal (Fr) 5 is or: 15 Fomax- Fom n=(P+1)*Fr. [0040] The divi ded

out put signal (Fd) 100 is the output §+pdlhé Eﬁ%aﬁmogh%qggopgfmg aver age
(Na") of the nodulus factors N+P and N+P+1. l'us controller 70

provi des the node sel ection or nodulu gnal 75 to the dual
nodul us di vider 95 for selecting the %5%88& Q'a\%ffesrﬁ P and N+P+1.

2. The maximum frequency of the output signal (F,) 25 is:

Fomax = (N+P+1)*Fr

5 where:

Fomax is the maximum frequency of the

output signal (F,) 25.
F. is the reference input signal 5.

N+P+1 is the secondary modulus factor

10 of the dual modulus divider 95.

3. The difference between the maximum frequency and the
minimum frequency of the output signal (F,) 25 is the
product of the factor P+1 and the reference input signal (F)

Sisor
15 Fo max— Fo min = (P + 1)* Fr.

[0040] The divided output signal (Fg) 100 is the output signal (F,) 25
divided by an average (Nay) of the modulus factors N+P and N+P+1. The

modulus controller 70 provides the mode selection or moduius selection

24



[ 0041] The nodulus controller 70, as described above, has a first nodul us
factor selection input (d) 85 and a second nodul us factor selection input 5
(f) 90. The first nodulus factor selection input 85 is a digital data word
havi ng a specific nunber (nm) of data bits and the second nodul us factor
selection input 90 is digital data word having a specific nunber (n) of
data bits. A gain factor input (A) 80 provides a product gain factor that
is tobe multiplied by the first nmodulus factor selection input 85. The
modul us i o cosignallfdde the gual mpadely divildes 95er selectirfg theemadues taetbraodul us
factor selection input 90 and the product first nodulus factor selection

i nput 85 andN+RPangdN+P+hctor input (A) 80. The node sel ect signal 75
beconmes active when the repetitive addition has an overflow. Wen the node
sel ect signal 75 switches state between active (1) and inactive (0), the 1s

modul us lﬁguhper SWHeCMBaulke BRI, Bk IdeboiMarhntyNnEs b et bddiflus Second
nodul us [0042] The data values of the first digital data word, the

second data vEd: soRfd PR B 5 5B EmBRLIIRBF SlioBorl bt al out put

frequency of t reque nt hesi zer, an I ncrenent variation of

i acnt o SR G PSSP i BB
I(:(r)](r:r; re(rz':sln![ ngf tqr}aglmsgé{a]fsgﬁcﬁ ?Zﬁéfnéﬁr B'pgg%/%qota bits and tne sfeé:cgnc} mo@Blru ?aé}br the
selection input 90 is digital data word having a specific number (n) of data
bits. A gain factor input (A) 80 provides a product gain factor that is to be
multiplied by the first modulus factor selection input 85. The modulus
10 controller repetitively adds the sum of the a second modulus factor
selection input 90 and the product first modulus factor selection input 85
and the gain factor input (A) 80. The mode select signal 75 becomes
active when the repetitive addition has an overflow. When the mode
select signal 75 switches state between active (1) and inactive (0), the
15 modulus divider switches between the first modulus N+P+1 and the

second modulus N+P.

[0042] The data values of the first digital data word, the second data word,
and the gain factor data word control an initial output frequency of the
frequency synthesizer, an increment of variation of tuning of the frequency

20 synthesizer, and a difference between two adjacent output frequency

settings. There are primarily two ways of controlling the synthesizer
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the output frequency is determned by the equation Finc = 2n )* Fr where:
5F,,,, is the increnent of variation of tuning, and Fr is a reference
frequency for the frequency synthesizer. n is the nunber of bits
representing the second data word. za [0043] The initial output frequency
is determned by the equation: Finis = Fr * A% where: F;,,;t is the
initial output frequency. Fr is a reference frequency for the frequency 15
synthesizer. d is the first digital data word. 26 Ais the gain factor

di gital data behagiouandh thei first appraacthdne bicrdrnest ofeariaemor stgpsive dfi r st dat a
word. [0044] In a second approach of the frequency synthesizer, the out put
5 frequency itbeadipd fregubgcywisrdetenitée by thenefi@atiopr di gital data word. The

Finc = (y JoF.

where:
5 Finc is the increment of variation of tuning, and

F. is a reference frequency for the frequency

synthesizer.

n is the number of bits representing the second data

word.

10 [0043] The initial output frequency is determined by the equation:
Finit = Fi A%,,,

where:
Finit is the initial output frequency.

F; is a reference frequency for the frequency

15 synthesizer.

d is the first digital data word.
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increnent of variation is determ ned by the equation Finc =Fr* 2 where: 10
dis the first digital data
word, and mis the nunber of bits representing the first data word. [0045]
The initial output frequency is determ ned by the equation: Finit
Y2 n 15 where: Finis is the initial output frequency. 27 Fr is a reference
frequency for the frequency synthesizer. f is the second digital
word, and n is the nunber of bits representing the second data 5 word.

[0046] The frequency of the g uliRdbaiti 48R} difid) dfta wetd, and

Finc is the increnent of variation of tuning.

m is the number of bits representing the first data

word.

[0044] In a second approach of the frequency synthesizer, the output

5 frequency is adjusted by varying the gain factor digital data word. The

_increment of variation is determined by the equation

Fine = Fr*%m

where:

Finc is the increment of variation of tuning.

10 d is the first digital data word, and

m is the number of bits representing the first data

word.

[0045] The initial output frequency is determined by the equation:

Funi = Fex 7,

15 where:

Finie is the initial output frequency.

27
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Fa=Nay*Fr where: Fo is the frequency of the output signal (Fo) 25. 10 Fr is

the reference input signal 5. Nay=N+P+(Ad+f) 2 where: P is progranmable
factors of the 15 frequency synthesizer. Ais the gain factor input 80. d
is the first nmodulus factor selection input 85 28 f is the a second
nmodul us factor selection input 90. p is the nunber of bits representing
(Ad+f and O<(Ad+'" zY2 P<1. 5 [0047] The nodul us controller of 70, as shown

in Fig. 4, has three adder _
F; is a reference frequency for the frequency

synthesizer.
fis the second digital data word, and

n is the number of bits representing the second data

5 word.
[0046] The frequency of the output signal (F,) 25 is:
Fo=Na*F:
where:
F, is the frequency of the output signal (F,) 25.

10 F is the reference input signal 5.
Nav =N+P+(Ad+%p

where:

P is programmable factors of the

frequency synthesizer.
15 A is the gain factor input 80.

d is the first modulus factor selection
input 85.
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circuits and a counter that generate the node select signal 75 as an over
flow signal fromone of the adders. The nodul us controller 70 receives the
reference clock (F,.) 5 to provide timng for the three adders and the
counter. The first adder 105 receives the first input factor (d) 85 to its
first 10 input. The summ ng output is fed back to a second input to be
repetitively added with itself for the nunber of tinmes determ ned by the
gain factor input (A) 80. The gain factor input (A 80 is the input to the
first counter 100 is set to be decr efizrithe @etbad niddufucfagtars from t he
value of the gain factor input (A) 80 to zero. At each decrenent of the
count of the counter 15 100, the addegeld@foraiggst 9die first input factor (d)
85 to itself. This <continues until the counter reaches zero and the
product of the gain factor input (A) 80 and first input factor (d) 85 is

transferred to the second adder 110. ,|; ,.m@rqit- 00 has
reached the zero, the second adder 118[[9%%85}% ena fldgg ré%@{aﬁtén roduct of
the gain factor input (A) 80 and the first input %3(‘#) r (d) 85 is added to
the second input factor (f) 90. The s(Aarthgn@P odff put Q,t <tlhe second adder
110 being the addition of the second input factor (f)©90 and the product

of the gain factor input (A) 80 and first input factor (d) 85 is the input

of the third adder_115. [0049] The sunmm ng output of the third adder 115 is
fed bsackljabgﬂt he Ihe modL[llus co]'ltro[Per of 70, as Shown n Fig. 4, has three adder

circuits and a counter that generate the mode select signal 75 as an over
flow signal from one of the adders. The modulus controller 70 receives
the reference clock (F;) 5 to provide timing for the three adders and the
counter. The first adder 105 receives the first input factor (d) 85 to its first
10 input. The summing output is fed back to a second input to be repstitively
added with itself for the number of times determined by the gain factor
input (A) 80. The gain factor input (A) 80 is the input to the first counter
100 is set to be decrement counter that counts from the value of the gain
factor input (A) 80 to zero. At each decrement of the count of the counter
15 100, the adder 105 adds the first input factor (d) 85 to itseif. This
continues until the counter reaches zero and the product of the gain factor
input {A) 80 and first input factor (d) 85 is transferred to the second adder

110.

[0048] When the counter 100 has reached the zero, the second adder 110
20 is enabled and the product of the gain factor input (A) 80 and the first input

factor (d) 85 is added to the second input factor (f) 90. The summing
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5 second input of the third adder 115. At each active clock edge of the
reference clock 5 the third adder adds the function (Ad+f) to itself. When
the third adder 115 reaches an overflow condition the node signal 75
becones active and the nodul us divider transfers fromone nodulus to the
second nodul us. 10 [0050] Figs. 5 and 6 illustrate typical results of a
nmodul us controller as described in Fig 4 and integrated in CMOS

technol ogy. The nodulus controller is tested for various control inputs.

The obser vat i oupubdf the gecord aédet Bl 0sthising theadtaficn bithefseapi@inpat ng acti ve
while operated at 1MHz. Fig. 5 shows a density of four out of fifty input

cycles. It i nﬁbt&gf) gblarld W&l prbduct oHROGEN A8ctht Bipuf(DBWend fidt inple node

signal is active during 45 tinmes during 50 input cycles, which inplies:

(Ad+f) 1 2p =45%§Q§Qd?85 %ﬁhle'?nﬂﬁlio?_tﬂé‘fhﬁﬂrﬁdiepq'ls.a m ni mrum density of 0.0002
allo

has been shown. Thi's Wws a mninumstep size of 200Hz for a reference
frequency (Fr) of 1MHz. [0051] An advantage of the frequency synthesizer

of this j tion .Jpaving .s a nodul.us . controll Wt h ltiple inputs as

descri behﬁlﬁg t hat -ﬁfe ?lér%gwé%?‘étﬁf‘ oilttﬁeéﬁu\;é]agg raﬁ?ie'scg?d Bg‘]f"b{?ttﬁﬁr equenci es
ith high f

Wt ;" g degsreec%ng input of the third adder 115. At each active clock edge of the

reference clock 5 the third adder adds the function (Ad+f) to itself. When

the third adder 115 reaches an overflow condition the mode signal 75

becomes active and the modulus divider fransfers from one modulus to

the second modulus.

10 [0050] Figs. 5 and 6 illustrate typical results of a modulus controller as
described in Fig 4 and integrated in CMOS technology. The modulus
controller is tested for various control inputs. The observations of Figs. 5
and 6 show the density of mode being active while operated at 1MHz.

Fig. 5 shows a density of four out of fifty input cycles. It implies:
15 (Ad+f)/2P =4/50=0.08

Fig. 6 shows that the mode signal is active during 45 times during 50 input

cycles, which implies:

(Ad+f)/2° =45/50=0.9.
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flexibility for control. The relationship between the reference input
frequency Fr and step size is varied for different applications and hence
provi des a high degree of freedomto cover nmultiple applications. The is
frequency synthesizer of this invention has |arger degree of flexibility to
control output frequencies and step size conpared to the prior art. The

out put frequency range (Fomax - Fomn ) is M Fr for the frequency
synthesizer of Fig. 2 and is (P+1)*Fr for the frequency synthesizer of Fig.
3. In the baslcthisriptageation, symininaumAansiy oEBHRA2 ihas begn showne Thig put 15
frequency range is that of the reference frequency Fr only. [0052] Wiile

t hi s i nventi odlldyssa prsimyraistapcsize of Y0GHHD for aaeferdese freguaehoyi (Fh of r ef er ence to
the preferred enbodi nents thereof, it will be understood by those skilled
in the art th&MHzari ous changes in formand details my be nade w thout
departing fromthe spirit and scope of the invention. 31 Cains 1. A
nodul us controller for use in a fractional frequency synthesizer to

contr ol mosagul us AAGk0aniabe 8 fRAALErEy K\ Aesbr A thidfiondind r eauency

di vider, said nodulus contfoller conprisSing: 5 a actor input to
e, o O SR N Gb S =1 @ secone
adaptable to a wide range of output frequencies with high degree of
flexibility for control. The relationship between the reference input
frequency F; and step size is varied for different applications and hence
provides a high degree of freedom to cover multiple applications. The
10 frequency synthesizer of this invention has larger degree of flexibility to
control output frequencies and step size compared to the prior art. The
output frequency range (Fomax = Fomin ) is M* F, for the frequency
synthesizer of Fig. 2 and is (P+1)*F, for the frequency synthesizer of Fig.

3. In the basic frequency synthesizer as shown in Fig. 1 the output

15 frequency range is that of the reference frequency F, only.

[0052] While this invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by
those skilled in the art that various changes in form and details may be

made without departing from the spirit and scope of the invention.
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second nunber of bits; a gain factor input to receive a gain factor digital
data word 10 indicating an integer nultiplier for the first digital data
word; and 15 a nodul us selection circuit in comunication with the first
factor input, the second factor input, and the gain factor input to
provi de a nodul us control signal to said nodulus divider to select the
nodul us factor of said nodulus divider as a function of a sumof the
second digital data word and a product of the first digital data word and
the gain factor digital data word. Qaimie nodul us controller of claim1l
wherein the function of the sumof the second digital data word and the
product of the first digital data word and the gain factor digital data

word is an OVAhdANLE EMErGHer RSHUSBUR Bt | ond digital
data word and a product of et he fsi rsté Eiai%iotﬁﬁll ategez\g?rghgﬁééﬁﬁe gain factor

digital data wifh GERGAULS Yt e Molibid€!dvidet of T ABRAILHPrEANEY! | er of

claim1 whereln rrst digrtal a wor second data word, and the

gain factor dg I trol an jnitial.output 5 frequency of said
frequency syn?‘%@gy\’%&(ﬂq &g’ﬁu[ Cgogﬂrgh?r BRI ™t i on of  tuni ng of said
frequency synthesizer, and a difference between two adjacent out put

frequency settings. i , .. . i
5 a first factor input to receive a first digital data word having a first

number of bits;

a second factor input to receive a second digital data word having a

second number of bits;

a gain factor input to receive a gain factor digital data word

10 indicating an integer multiplier for the first digital data word; and

a modulus selection circuit in communication with the first factor
input, the second factor input, and the gain factor input to
provide a modulus control signal to said modulus divider to
select the modulus factor of said modulus divider as a function

15 of a sum of the second digital data word and a product of the

first digital data word and the gain factor digital data word.

2. The modulus controller of claim 1 wherein the function of the sum of the
second digital data word and the product of the first digital data word and

the gain factor digital data word is an overflow from a continuous
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4. The nodul us controller of claim3 wherein the said increnent of
variation is determned by the equation 10 Fine = V2JO Fr where: F,,,,, is
the increnment of variation of tuning, and Fr is a reference frequency for
said frequency synthesizer. 15 n is the second nunber of bits representing
the second digital data word. 5. The nodul us controller of claim4 wherein
the initial output frequency is determ ned by the equation: 33 Finit = Fr *
A 2M5 where: F;,,;r is the initial output frequency. Fr is a reference
frequency f orSyamation ef thenggeonddigitad dataeworddaridsa prasiuct ekthedirgfidigital dat a
word. Ais the gain factor digital data word, and

data word and the gain factor digital data word repetitively with itself.

3. The modulus controller of claim 1 wherein the first digital data word, the
second data word, and the gain factor data word control an initial output
5 frequency of said frequency synthesizer, an increment of variation of
tuning of said frequency synthesizer, and a difference between two

adjacent output frequency settings.

4. The modulus controller of claim 3 wherein the said increment of variation

is determined by the equation

10 Finc = (y“ ). F:

where:
Finc is the increment of variation of tuning, and

F: is a reference frequency for said frequency

synthesizer.

15 n is the second number of bits representing the

second digital data word.

5. The modulus controller of claim 4 wherein the initial output frequency is

determined by the equation;
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mis the first nunber of bits. 6. The nodulus controller of claim5 wherein
the output frequency settings 10 are adjusted by varying the second digital
data word. 7. The nodul us controller of claim3 wherein the said increnment
of variation is determ ned by the equation Fine = Fr * 9%2,,, 15 where:

Finc is the increment of variation of tuning. dis the first digital data
word, and 34 mis the first nunber of bits representing the first digital
data word. 8. The nodul us controller of claim7 wherein the initial output
frequency is determ ned by the-g ion: Finis = Fr * Yn where: F;,,;t is
the initial output frequendy. Fr i42% reference frequency for said
frequency synthesizer. 10 f is the second digital data word, and

where:

Finr is the initial output frequency.

F, is a reference frequency for said frequency

5 synthesizer.
d is the first digital data word.
A is the gain factor digital data word, and

m is the first number of bits.

6. The modulus controller of claim 5 wherein the output frequency settings
10 are adjusted by varying the second digital data word.
7. The modulus controller of claim 3 wherein the said increment of variation

is determined by the equation

anc=Fr*%m

where:
15 Finc is the increment of variation of tuning.

d is the first digital data word, and
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nis the second nunber of bits representing the second digital data word.
9. The nodul us controller of claim8 wherein the output frequency settings
are adjusted by varying the gain factor digital data word. 15 10. The
nmodul us controller of claiml| wherein the nodulus selection circuit
conprises: 35 a gain factor counter in comrunication with the gain factor
input, said gain factor counter providing an enable signal at a count
equal to the gain factor digital data word; 5 10 15 20 a first adder in
comuni cation wi th the firstmfiatheofirst ngobet of bitsaeprasentitietiiel first  di gi t al
data word and the gain factor counter to receive the enable signal and
having an input connected to adigitakduth walrd. said first adder, said first
adder repetitively adding said first digital data word to itself for a
nunber of tinmes equal to said gain factor digital data word to produce the

product gf t hené hicdulusiidtitiolbr SRUATYPWheRBA thRiER ol RFbQlestydkt 2l data

wor d;
determined by the equation:

5 Finit = Fr * y"

where:
Finit Is the initial output frequency.

F. is a reference frequency for said frequency

synthesizer.
10 fis the second digital data word, and

n is the second number of bits representing the

second digital data word.

9. The modulus controller of claim 8 wherein the output frequency settings

are adjusted by varying the gain factor digital data word.

s 10. The modulus controller of claim 1 wherein the modulus selection circuit

comprises:
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a second adder in conmunication with the second factor input to receive
the second digital data word, the gain factor counter to receive the
enabl e signal, and the first adder to receive the product of the first
digital data word and the gain factor digital data word fromsaid first
adder, said second adder sunm ng the second digital data word to the
product of the first digital data word and the gain factor digital data
word upon recei pt of the enable signal indicating the product of the first

digital data word a@amabereaumemp&&ﬁm@hmaheﬁ mﬂﬁttﬁegarnctabt%r ¥t d; and a
third adder in commini cati on wth the second adder td recelve the sum of

the second digital d Tafél G%Qgc&lr@%%ﬁglhm faﬁ@ﬁagl%éﬁﬁha i gisaly data word

and the gain factor |g| avi put connect ed to

the input of said thi ﬂaﬁgq é’%“% f]rag%egﬁyqay?%tfyi%&gd the sum of the second

digital data word and apro Ital data word and the
gain factor digital data word wuntil said adder an overflow signal is
provi ded at an overfl ow,k output of sajd t d adder, said overfl ow signal

bei ng the modul us @8 eaﬁeeﬁngq%nmya*fatm s BisblaclordeRIE R YOSV hesi zer to

provi de an output frequency that is a
the first digital data word and the gain factor counter to receive

the enable signal and having an input connected to an output of
said first adder, said first adder repetitively adding said first
digital data word to itself for a number of times equal to said
gain factor digital data word to produce the product of the first

10 digital data word and the gain factor digital data word;

a second adder in communication with the second factor input to

receive the second digital data word, the gain factor counter to
.receive the enable signal, and the first adder to receive the
product of the first digital data word and the gain factor digital

15 data word from said first adder, said second adder summing the
second digital data word to the product of the first digital data
word and the gain factor digital data word upon receipt of the
enable signal indicating the product of the first digital data word

and the gain factor digital data word is valid; and

20 a third adder in communication with the second adder to receive
the sum of the second digital data word and a product of the first
digital data word and the gain factor digital data word, having an
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mul tiple of a reference input frequency, conprising: 10 a nultiple nodul us
frequency divider connected to receive the output frequency and dependant
upon a nodulus factor select one of a plurality of divisors for said

out put frequency; a nodulus controller in comunication with the nultiple
nodul us frequency divider to control the nodulus factor, said nodul us
controller conprising: 15 a first factor input to receive a first digital
data word having a first nunber of bits; a second factor input to receive a
second digital data watpltcernneded tethednputrafrsaat thirtl doidesto i@petitivgdy n f act or

I nput to receive a gain factor digital data word indicating an integer

mul tiplier for the fiagatthélsgmtdtlthe da¢end\8iGRal dutdlword ndalprediidiaf sel ecti on
circuit in comunication with the first actor input, the second factor
input, and the gain the first digital data word and the gain factor digital data word

until said adder an overflow signal is provided at an overflow

5 output of said third adder, said overflow signal being the

modulus control signal.

11.  Afractional frequency synthesizer to provide an output frequency that is a

multiple of a reference input frequency, comprising:

a multiple modulus frequency divider connected to receive the
10 output frequency and dependant upon a modulus factor select

one of a plurality of divisors for said output frequency;

a modulus controller in communication with the muitiple modulus
frequency divider to control the modulus factor, said modulus

controller comprising:

15 a first factor input to receive a first digital data word

having a first number of bits;

a second factor input to receive a second digital data

word having a second number of bits;
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factor input to provide a nodulus control signal to said nodulus divider
to select the nodulus factor of said nodulus divider as a function of a
sum of the second digital data word and a product of the first digital
data word and the gain factor digital data word. 12. The frequency

synt hesi zer of claim 11 wherein the function of the sumof the second
digital data word and the product of the first digital data word and the
gain factor digital data word is an overflow froma conti nuous sumation

of the second digital datagahrfdctonthput by abedle Dbainliectbr digitaiigat al 15 data
word and the gain factor digital data word repetitively wwth itself. 13.

The frequency synt hesizer ol fidRakihgeiBhiger hBtidlicF fdr 166 Bist algitdpt a wor d,
the second data word, and the gain factor data word control aninitial

out put frequency of said fr%%iheﬂﬁbﬂ'%)ﬂﬂt hesi zer, an increnment of variation
of tuning of said frequency synthesizer, and a difference between two 20
adj acent out put frequency settings. 38 14. The frequency synthesi zer of

glqﬁg,[ni éﬁ \I/:vihﬁr Si |n ;gje sgir d%hpva%{élﬁgse snetlec(:%{onvc&llrrchﬁ‘%ril 8gmi'nsungc%tti8rrl rJviitrr]lecHe tﬁ}[stt he
5 factor input, the second factor input, and the gain
factor input to provide a modulus control signal fo said
modulus divider to select the modulus factor of said
modulus divider as a function of a sum of the second

digital data word and a product of the first digital data

10 word and the gain factor digital data word.

12.  The frequency synthesizer of claim 11 wherein the function of the sum of
the second digital data word and the product of the first digital data word
and the gain factor digital data word is an overflow from a continuous
summation of the second digital data word and a product of the first digital

15 data word and the gain factor digital data word repetitively with itself.

13.  The frequency synthesizer of claim 11 wherein the first digital data word,
the second data word, and the gain factor data word control an initial
output frequency of said frequency synthesizer, an increment of variation
of tuning of said frequency synthesizer, and a difference between two

20 _ adjacent output frequency settings.
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F,,,,, is the increnment of variation of tuning, and Fr is a reference
frequency for said frequency synthesizer. n is the second nunber of bits
representing the second digital data word. to 15. The frequency synthesizer
of claim 14 wherein the initial output frequency is determ ned by the
equation: Finit=Fr*Amwhere: Fi"it is the initial output frequency. 15 Fr
is a reference frequency for said frequency synthesizer. d is the first
digital data word. 39 Ais the gain factor digital data word, and mis the

first number Diie hegeencymyetitsizerdf clenm Mdrsherdinght dhidiatrenvent@r 16. The
frequency synthesizer of claim15 wherein the output frequency is 5

adj ust ed by wadn4tieg is b@temm%ﬂhgiéq@bﬁ@ﬁta word. 17. The frequency
synt hesi zer of claim 13 wherein the said increnment of variation is

determ ned by the equation

Fine = (y)- F

where:
5 ' Finc is the increment of variation of tuning, and

F, is a reference frequency for said frequency

synthesizer.

n is the second number of bits representing the

second digital data word.

10 15.  The frequency synthesizer of claim 14 wherein the initial output frequency

is determined by the equation:
Finit = Fr # A%m

where:
Finit is the initial output frequency.

15 F, is a reference frequency for said frequency

synthesizer.

d is the first digital data word.
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Finc = Fr * %2M 10 where: F;,,, is the increnent of variation of tuning.
dis the first digital data word, and mis the first nunber of bits
representing the first digital data word. 18. The frequency synthesi zer of
claim17 wherein the initial output frequency is is determ ned by the
equation: Fink = Fr * V2 n where: 40 Finit is the initial output frequency.
5F is areference frequency for said frequency synthesizer. f is the
second digital data word, and n is the second nunber of bits representing

the second digital data worda idthe ddif fadteadigiatasy Rohednger of claim 18
wherein the output frequency is adjusted by varying the gain factor digital

data word.
m is the first number of bits representing the first

digital data word.

16.  The frequency synthesizer of claim 15 wherein the output frequency is

5 adjusted by varying the second digital data word.

17.  The frequency synthesizer of claim 13 wherein the said increment of

variation is determined by the equation

Finc = Fr*o/m

where:
10 Finc is the increment of variation of tuning.
d is the first digital data word, and

m is the first number of bits representing the first

digital data word.

18.  The frequency synthesizer of claim 17 wherein the initial output frequency

15 is determined by the equation:

Finit = Fr * %n

where:
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20. The frequency synthesizer of claim 11l wherein the nodul us sel ection 10
circuit conprises: 15 20 a gain factor counter in conmunication with the
gain factor input, said gain factor counter providing an enabl e signal at
a count equal to the gain factor digital data word; a first adder in
comuni cation with the first factor input to receive the first digital
data word and the gain factor counter to receive the enable signal and
havi ng an i nput connected to an output of said first adder, said first
adder repetitively addi ng saFgkisitheinitialiogtpudfredaérmcyword to itself for a
nunber of tinmes equal to said gain factor digital data word to produce the
product of the first digital data word and the gain factor digital data

word; 41 5 10 15 a second adelgs airBféseipaifediriney forddidirbh6e ond factor
input to receive the second digital data word; the gain factor counter to

recei ve the enabl e signal, a”ds%}ﬁeéikéét adder to receive the

fis the second digital data word, and

5 n is the second number of bits representing the

second digital data word.

19.  The frequency synthesizer of claim 18 wherein the output frequency is

adjusted by varying the gain factor digital data word.

20.  The frequency synthesizer of claim 11 wherein the modulus selection

10 circuit comprises:

a gain factor counter in communication with the gain factor input,
said gain factor counter providing an enable signal at a count

equal to the gain factor digital data word;

a first adder in communication with the first factor input to receive
15 the first digital data word and the gain factor counter to receive
the enable signal and having an input connected to an output of
said first adder, said first adder repetitively adding said first
digital data word to itself for a number of times equal to said
gain factor digital data word to produce the product of the first
20 digital data word and the gain factor digifal data word;
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product of the first digital data word and the gain factor digital data
word fromsaid first adder, said second adder sunm ng the second digital
data word to the product of the first digital data word and the gain
factor digital data word upon receipt of the enable signal indicating the
product of the first digital data word and the gain factor digital data
word is valid; and a third adder in communication with the second adder to
receive the sumof the second digital data word and a product of the first

di gital data word asdcdritbaddarin tesnwnichtiontvith thatskcond tactdreMpimdoan  out put
connected to the input of said third adder to repetitively add the sum of

the second digital dagceiveié sedna dyiRlibsta \%rd fﬂéegeflh Fadtorddlintetliodat a wor d
and the gain factor digital data word until said adder an overflow si gnal

[ provi ded at an oVELId AN siBhat Bhd P aBEinE oSl lyaer | o

T
signal being the nodulus control ?or controlllng a

di vi sor modul us fact gy &oﬁh@ﬂrgmg@aur&@w&ﬁq%&&th%[gga.ﬁ?gqamgworat ed in a

fractional frequency“synthesizer eceiving a

first_factor input hav i rst. er . of hits ceivin second
factol | nput havi ng § ?e\%B%{r Hr(rx}?aggqr said set:ongadger summﬁm ath

second digital data word to the product of the first digital data
word and the gain factor digital data word upon receipt of the
enable signal indicating the product of the first digital data word

and the gain factor digital data word is valid; and

10 a third adder in communication with the second adder to receive
| Vthe sum of the second digital data word and a product of the first

digital data word and the gain factor digital data word, having an
output connected to the input of said third adder to repetitively
add the sum of the second digital data word and a product of

15 the first digital data word and the gain factor digital data word
until said adder an overflow signal is provided at an overflow
output of said third adder, said overflow signal being the

modulus control signal.

21. A method for controlling a divisor modulus factor for a muitiple modulus
20 divider incorporated in a fractional frequency synthesizer, comprising the

steps of :

receiving a first factor input having a first number of bits;
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receiving a gain factor input indicating an integer nmultiplier for the
and 5 determ ning said divisor nodulus factor for said

first factor;

mul ti pl e nmodul us

and a product of the first factor input and the gain factor input.

met hod of claim 21 wherein the function of the sum of the second

i nput and the product of the first factor input and the gain factor
is an overflow froma continuous sunmation of the second factor and to a
product lof the fi rreceivagt ®secorplifactonihpjiidagiagra $eooindmunhgertof bidget i ti vel y

with itself.

23. The nethod of claim21 wherein the first factor i

the second factor input, and the gain factor input control an init

out put frequency OfecgRiry a GERCFHERE hpdl HdRHIhg & inRGel MUltRINBfor #le vari ati on
said is frequency synthesizer, and a difference between two

of tuning of

adj acent out put

said increnent of variation is determ ned by the equation Finc =r

43 wher e:

22.

10

23.

15

24.

determining said divisor modulus factor for said multiple modulus
divider as a function of a sum of the second factor input and a

product of the first factor input and the gain factor input.

The method of claim 21 wherein the function of the sum of the second
factor input and the product of the first factor input and the gain factor
input is an overflow from a continuous summation of the second factor and
a product of the first factor input and the gain factor input repetitively with

itself.

The method of claim 21 wherein the first factor input, the second factor
input, and the gain factor input control an initial output frequency of said
frequency synthesizer, an increment of variation of funing of said
frequency synthesizer, and a difference between two adjacent output

frequency settings.

The method of claim 23 wherein the said increment of variation is

determined by the equation

Fie = (17, Jo

43

di vider as a function of a sumof the second factor input

22. The

factor

i nput

nput ,
i al

fr egppedtos @hlii Ngs. 24. The nethod of claim23 wherein the
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F,,, is the increment of variation of tuning, and Fr is a reference
frequency for said frequency synthesizer. 5 nis the second nunber of bits
representing the second factor input. 25. The nethod of claim 24 wherein
the initial output frequency is determ ned by the equation: 10 15 F-,,;
f=Fr*A 2M where: F;Rf is the initial output frequency. Fr is a reference
frequency for said frequency synthesizer. dis the first factor input. A
is the gain factor input, and mis the first nunber of bits representing
the first factor input. #H#eld. The nethod of claim25 wherein the out put
frequency is adjusted by varying the second factor input.

Finc is the increment of variation of tuning, and

F; is a reference frequency for said frequency

synthesizer.

5 n is the second number of bits representing the

second factor input.

25.  The method of claim 24 wherein the initial output frequency is determined

by the equation:
Finit = Fr * A%m

10 where:
Finit is the initial output frequency.

F, is a reference frequency for said frequency

synthesizer.
d is the first factor input.
15 A is the gain factor input, and

m is the first number of bits representing the first

factor input.
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27. The nmethod of claim23 wherein the said increnent of variation is
determ ned by the equation 5 10 Fin,=F *%,,, where: F;,,, is the

i ncrenent of variation of tuning. dis the first factor input, and mis
the first nunber of bits representing the first factor input . 28. The
met hod of claim 27 wherein the initial output frequency is determ ned by
the equation: Finis = Fr * Yn 15 where: F;,,;t is the initial output
frequency. Fr is a reference frequency for said frequency synthesizer. 45
f is the26ecoiitieneathod of olairh 25avttbraini the tdtpud Gequenditislzeustdd by t S
representing the

varying the second factor input.

27. The method of claim 23 wherein the said increment of variation is

determined by the equation

5 Fic= Fr+9/,,

where:
Finc is the increment of variation of tuning.
dis the first factor input, and

m is the first number of bits representing the first

10 factor input .

28.  The method of claim 27 wherein the initial output frequency is determined

by the equation:

Finit = Fr * y“

where:
15 Fini is the initial output frequency.

F. is a reference frequency for said frequency

synthesizer.
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second factor input. 29. The nmethod of claim 28 wherein the out put
frequency is adjusted by 5 varying the gain factor input. 30. The nethod of
claim 21 wherein determ ning the divisor nodulus factor conprises the steps
of : a) generating an enable signal indicating a reference signal has
occurred for a count equal to the gain factor input; 10 15 b) repetitively
adding the first factor to itself for a nunber of times equal to said gain
factor to produce the product of the first factor input and the gain
factor input; c) adding the fstiensedondtfactonmgput,F@mdpr oduct of the first
factor input and the gain factor input fromsaid first adder upon receipt
of the enable signal indicating the product of the first factor and the

gain factor input is valid; gl Rgdbnsnd ApRbb olorephRentifly e the second

factor input and a product of the first ct or 1 npu e gain factor

input; e) generating an overfg%)ggrﬁfgg@lrmp& f) dependant upon said
overflow signal selecting said diviso

29.  The method of claim 28 wherein the output frequency is adjusted by

5 varying the gain factor input.

30. The method of claim 21 wherein determining the divisor modulus factor

comprises the steps of :

a) generating an enable signal indicating a reference signal has

occurred for a count equal to the gain factor input;

10 b) repetitively adding the first factor to itself for a number of times
equal to said gain factor to produce the product of the first

factor input and the gain factor input;

¢) adding the second factor and the product of the first factor input
and the gain factor input from said first adder upon receipt of
15 the enable signal indicating the product of the first factor and

the gain factor input is valid;

d) adding repetitively the sum of the second factor input and a

product of the first factor input and the gain factor input;
e) generating an overflow signal;
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nodul us factor; and g) repeating steps a) through e) to adjust said out put
frequency of said frequency synthesizer. 5 31. A apparatus for controlling
a divisor nodulus factor for a multiple nodulus divider incorporated in a
fractional frequency synthesizer, conprising the steps of : neans for
receiving a first factor input having a first nunber of bits; neans for
recei ving a second factor input having a second nunber 10 of bits; 15 neans
for receiving a gain factor input indicating an integer nultiplier for the

first factor inputf)dependmatnpohaaidietrafiowsidithl saledtinh said@iviserdul us fact or
for said multiple nodulus divider as a function of a sumof the second

factor input and a proggtliueffaétbe dndr st factor input and the gain factor
i nput. 32. The apparatus of claim 31 wherein the function of the sum of the
second factor input and the product of the first factor input and the gain

{nput and a 20 pr odUiS el X heer ) SrOHgH R RIRGS s BLuhRReaaRas, o7

repetitively with itsel gaid ﬂaquency synthesizer.

5 31. A apparatus for controlling a divisor modulus factor for a multiple modulus
divider incorporated in a fractional frequency synthesizer, comprising the

steps of :
means for receiving a first factor input having a first number of bits;

means for receiving a second factor input having a second number

10 of bits;

means for receiving a gain factor input indicating an integer

multiplier for the first factor input; and

means for determining said divisor modulus factor for said multiple
modulus divider as a function of a sum of the second factor
15 input and a product of the first factor input and the gain factor

input.

32. The apparatus of claim 31 wherein the.function of the sum of the second
factor input and the product of the first factor input and the gain factor is
an overflow from a continuous summation of the second factor input and a
20 product of the first factor input and the gain factor repetitively with itself.
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33. The apparatus of claim 31 wherein the first factor input, the second
data word, and the gain factor data word control an initial output
frequency of said frequency synthesizer, an increnent of variation of
tuning of said frequency synthesizer, and a difference between two

adj acent output s frequency settings. 34. The apparatus of claim 33 wherein
the said increnent of variation is determ ned by the equation Finc = 2n ),
Fr 10 where: F,,,,, is the increnent of variation of tuning, and Fr is a

ref er enca3f r elheapparfatus sfadlaint 3 eahersiy thesfint Retdragsut, theisecbh@ dagcond number
of bits representing the second factor input. 1s-35. The apparatus of claim

34 wherein thﬁotd“ahtlf%he gbﬁnﬁ“d&tofr HQWBI‘EVcdrﬁro@ﬁh aliffalRkp R Yrghen@psmat | on:
F, nit=Fr*A 2M where: 48°F;,,;r he initial output freguency.

said frequency synthesuzer, an increment of variation of tuning of said
frequency synthesizer, and a difference between two adjacent output

5 frequency settings.

34.  The apparatus of claim 33 wherein the said increment of variation is

determined by the equation

Finc = (y JoF:

where:
10 Finc is the increment of variation of tuning, and

F. is a reference frequency for said frequency

synthesizer.

n is the second number of bits representing the

second factor input.

15 35.  The apparatus of claim 34 wherein the initial output frequency is

determined by the equation:

Finit = Fr A%m

where:
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F,, is a reference frequency for said frequency synthesizer. dis the
first factor input. 5 Ais the gain factor, and mis the first nunber of
bits representing the first factor input. 36. The apparatus of claim 35
wherein the output frequency is adjusted by varying the second factor

input. io 37. The apparatus of claim 33 wherein the said increnent of
variation is determned by the equation 15 Finc=Fr* %n where: Fin, is the
i ncrenent of variation of tuning. dis the first factor input, and mis

the first nunber of bits repFgsrthe MtidiRitgthEqueh@ct or input. 49 38. The
apparatus of claim 37 wherein the initial output frequency is determ ned by

the equation: 5
F, is a reference frequency for said frequency

synthesizer.
d is the first factor input.
5 A is the gain factor,-and

m is the first number of bits representing the first

factor input.

36.  The apparatus of claim 35 wherein the output frequency is adjusted by

varying the second factor input.

10 37. The apparatus of claim 33 wherein the said increment of variation is

determined by the equation

inc = rr d
Finc = Fr % om

where:
Finc is the increment of variation of tuning.
15 _ d is the first factor input, and

m is the first number of bits representing the first

factor input.
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10 second factor input. 39. The apparatus of claim 38 wherein the out put
frequency is adjusted by varying the gain factor. 40. The apparatus of
claim 31 wherein determ ning the divisor nodulus factor 15 conprises the
steps of : a) neans for generating an enable signal indicating a reference
Emt = Fr * Yn where: F;,,it is the initial output frequency. Fr is a
reference frequency for said frequency synthesizer. f is the second factor
input, and n is the second nunber of bits representing the signal has

occurred 3%r adhecpparsigsaf claim3Tavigarem thachioal dutputifiedaendy isteans for
repetitively adding the first factor input to itself for a nunber of tines

equal to said dgtdrmifé@rbpthd Squdtioh® produce the product of the first factor
i nput and the gain factor input; 5 10

Finit = Fr * y“
where:;
5 Finit s the initial output frequency.

F, is a reference frequency for said frequency

synthesizer.
f is the second factor input, and

n is the second number of bits representing the

10 second factor input.

39.  The apparatus of claim 38 wherein the output frequency is adjusted by

varying the gain factor.

40. The apparatus of claim 31 wherein determining the divisor modulus factor

15 comprises the steps of :

a) means for generating an enable signal indicating a reference

signal has occurred for a count equal to the gain factor input;
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c) neans for adding the second factor input and the product of the first
factor input and the gain factor input fromsaid first adder upon receipt
of the enable signal indicating the product of the first factor input and
the gain factor input is valid; d) nmeans for adding repetitively the sum of
the second factor input and a product of the first factor input and the
gain factor input; e) neans for generating an overflow signal; f) neans
for selecting said divisor nodulus factor, dependant upon said overfl ow

signal; and 15 g) wfm@nfs%r rregeﬁwégdhudlﬁgWﬁﬂsnﬁaetdﬁngsma@&sa}fotrfar ough e) to
adj ust said output frequency of said frequency synthesizer. 51
number of times equal to said gain factor input to produce

the product of the first factor input and the gain factor input;

¢} means for adding the second factor input and the product of the
5 first factor input and the gain factor input from said first adder
upon receipt of the enable signal indicating the product of

the first factor input and the gain factor input is valid;

d) means for adding repetitively the sum of the second factor input
and a product of the first factor input and the gain factor

10 input;
e) means for generating an overflow signal;

f) means for selecting said divisor modulus factor, dependant upon

said overflow signal; and

g) means for repeatedly executing the means a) through e) to

15 adjust said output frequency of said frequency synthesizer.
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