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STRUCTURE OF DELTA-SIGMA
FRACTIONAL TYPE DIVIDER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This application is reissue application of U.S. patent
application 10/179,840, filed Jun. 4, 2002, and entitled
“Structure of Delta-Sigma Fractional Type Divider,” now

issued U.S. Pat. No. 6,668,035, which claims priority to
Korean Patent Application 2001-78268 filed on Dec. 11,

2001, the contents of which are herveby incovporated by vef-
erence in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the invention

The invention relates generally to a delta-sigma fractional
type divider, and more particularly to, a structure of a delta-
sigma fractional type divider which 1s simple, has a wide-
band frequency mixing capability and can obtain a delta-
sigma mode by maximum.

2. Description of the Prior Art

A frequency synthesizer 1s a circuit for obtaining neces-
sary Irequencies depending on a digital code value. The fre-
quency synthesizer 1s mainly divided into an integer type
frequency synthesizer for producing an output frequency of
an 1nteger times using an nput frequency of a frequency-
phase detector, and a fractional type frequency synthesizer
improved in phase, synchronizing time, etc. compared to the
integer type frequency synthesizer.

The fractional type frequency synthesizer has a high spur
in process of being implemented even though it’s various
advantages. Thus, the fractional type frequency synthesizer
has a current compensation structure using digital-analog
converter, a phase interpolation structure, and a delta-sigma
structure 1n order to remove the spur.

The delta-sigma structure disperses the energy of spur
generated 1n a pulse swallowing fraction ratio N frequency
synthesizer and transforms the shape of the energy (noise
shaping) to implement a high performance frequency syn-
thesizer.
| Dual Modulus Fractional N

FIG. 1(a) 1s a block diagram for describing a basic frac-
tional type divider, and FIGS. 1(b) and FIG. 1(c) are wave-
forms for describing the operation and variations 1n the dif-
terence of the phases of the divider.

The structure of the basic fractional type divider in FIG.
1(a) controls the dual modulus prescaler 1 to produce the
division ratio such as below Equation 1 wheremthe T, 1s a
time section which has the 1/(P+1) division ratio and the T,

1s a time section which has the 1/P division ratio.

Tpii
Tp +Tpyy

|Equation 1]

fm=[N+ ]-f,__.ﬂf=(1~~1-f)-f,_.,3f

In this process, however, variations 1n the phase generated
in period of 1(.1)*f . causes to modulate an oscillator
through a charge pump and a loop filter, so that a high spur 1s
generated at N*(.)f, . (N 1s a positive integer) against the
output center frequency of the oscillator. This spur 1s diffi-
cult to remove using the loop filter. Further, the sensitivity of
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2

a communication system 1s decreased by the spur near the
output frequency of the oscillator.

The spur can be generated by a control voltage as follows.
When the output of the oscillator is V__ (t)=A(t)cos|w,t+D
()], the phase noise by the frequency modulation of a control
signal Vc(t) can be expressed as follows:

Voudh=Arcos| (0g+K peo V(D) t],
V(t)=A_ sin(w

{}Hf)

W=0o+Kpco'V A1),

$o = f(fﬂﬂ + Kvco - Vo (D)dt = wot + KVCDf V. dt

— i

Theretore, V__ (t) can be approximated as

Kyco
(I
AnAKvco
20y,

Vout(D) = Acoswgot — A, - A-

- S1NCgt - SNy, T

{cos(wg — wy )t + cos(wy + wpy )t

= Acoswgt —

Therefore, spur 1s generated at to w,xw_ .
| Multi-Modulus Fractional N]

The dual modulus fractional ratio N can be implemented
into a first order delta-sigma. As the dual modulus fractional
ratio N has the quantization level of /P and /(P+1) by one b1t
control, at this time, the energy of spur can be effectively
dispersed and reduced. In general, the dual modulus frac-
tional ratio N 1s implemented into a delta sigma of over third
order. In case of designing the dual modulus fractional ratio
N having a delta sigma of over third order, a delta-sigma
modulator of a mash type that can obtain an effect of trans-
formation of energy shape and can obtain high stability is
usually applied to a frequency synthesizer. As an output of
the modulator of a mash type 1s multi-bit, a multi-modulus
prescaler 1s required in order for the dividing circuit to
accept 1t. As a result, the dividing circuit requires compli-
cated dividing unit and control unait.

A process of inducing the mash type structure 1s first
described, and problems in the conventional multi-modulus
dividing circuit 1s then described.

At first, over-sampling (quantization) 1s described. If
quantization errors are white noise, the mean square value 1s:

And 11 the quantized signal 1s sampled to 1.=1/t, the spec-
tral density of a band 1s:

7 3\1/2
E(f) — ‘Erms[_] = Erms ¥ 27

£

Noise power of a signal band 0=1=f1 1s

2
nd = f CeA0df = €2, (2y7) = =
0 rIns OSR
, wWhere
OSR=f,/26,=1/2ft

From the above results, 1t could be seen that over-
sampling reduces the in-bands rms quantization noise(n,) to
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a square root of OSR. Further, it could be seen that the
in-band noise 1s reduced by about 3 dB (corresponding to 12
bit resolution) when the sampling frequency i1s doubled.
Referring now to FIGS. 2a~FIG. 2c¢, first order delta-
sigma modulation will be described. It was found that quan-
tization using a simple over-sampling and filtering could
improve SNR of 3 dB when the sampling frequency 1s made

twice, while the 1n-band noise of a signal could be more
reduced if feedback 1s introduced to the process.

FIGS. 2a~FIG. 2¢ are block diagrams of the first order
delta-sigma modulator. FIG. 1a illustrates a first order delta-
sigma modulator, FIG. 2b 1llustrates an equivalent model of
sampled data and FIG. 2c illustrates a Z-domain model.
Analysis for the first order delta-sigma can be :expressed as
follows:

S(D=x(D)=y(1), w(I+1)=s(1)+w(I), y(I)=w(I)30 c(I)
y(D=x(D=s(D=x(D-[w(I+1)-w(D)]
w(D+e(D=x(I)-w(I+1)+w(I)
w(I+1D)=x(D-e(D)=y(I+1)-e(I+1)

y(D=x(I-1)+e(I)-(I-1)

Theretore,

y(D=%x; 1+(e;~e; ).

In other words, the delta-sigma shown 1n FIG. 2 causes to
time-delay an original signal so that the original signal can
be maintained 1ntact, and reduce quantization errors by dif-
ferentiation.

In order to obtain the spectral density of n=(e.—¢, ), 1.€., a
noise due to modulation, Z-transform 1s performed. Thus, as
N(z)=(1-z ")E(z) and z=¢/“" (L is sampling frequency),

. (T
N(f) = E(D)|1 — e | = 2 V 21 S.in(?)

Therelore, i1t could be seen that the noise component of a
low frequency can be reduced.
The noise power at the signal band 1s:

2
0 JT
nZ = f IN(E)* df ~ 2, — (26,7)°, £2 3 £F
0

Also, the rms value 1s:

g = €rms i (Zfﬂr)gfz = €rms L (OSR)_MZ

V3 V3

Thus, 1t could be seen that a noise 1s reduced by about 9
dB (corresponding to 1.5 bit resolution) 1t the over-sampling
ratio 1s doubled. If the mput of the delta sigma 1s a direct
current (DC), repetitive noise patterns appear, which 1is
called a patterned noise. And the above equation can be eas-
ily obtained through a closed-loop transfer function of a

/-domain model shown in FIG. 2(c).

1/(1-z7H 1

Y2 = a0 "W T 0o

-E(z)

=Xz)+(1 -z YH-E2)

The delta sigma performs a noise shaping by which the
energy of modulation noise 1s pushed out to the signal band
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4

by a feedback using the integrator. At this time, the charac-
teristic of the integrator determines the shape of the noise
spectrum.

Generally, 1n case that a L-order loop 1s formed and sys-
tem 1s stable, the spectral density 1s:

L

Nl €ms V27 (25in( - )

In case of OSR>2, the rms noise at the signal band 1s:
FIG. 3 1llustrates a third order delta-sigma (LL=3). The rms
noise of the

1
(OSRY 73) OSR = 1/2f,7

Ng = €pps

V2L +1

1
(OSR)L+2) OSR = 1/2f,r

Ng = €prms

VoL + 1

third order delta-sigma 1s expressed as

The delta-sigma modulator of this high order can turther
reduce the quantization noise of a signal band while the
delta-sigma structure shown in FIG. 3 has a problem 1n the
stability since it 1s a control system of a high order constitut-
ing a multi-loop. For example, the first and second order
delta-sigma modulator has loop gains of 2.0 and 1.33.
However, the third order delta-sigma modulator 1s unstable
even having the loop gain of 1.15. The modulator in FIG. 3
has one bit output of +1 and -1, and also has the division
ratio at the time region expressed as

£ _ tvco
BT N+ b

wherein b(t) 1s a bit stream of the modulator controlling the
dual modulus prescaler. Therefore, assuming that the frac-
tional value (DC) to be obtained 1s K/M and the quantization
noise 1s q(t),

fveo

fREF =

N+K+ t
M q(t)

At this time, K 1s a constant of the modulator input and M
1s the modulus of the modulator adder.

Now, mash type delta-sigma modulator will be described.

The mash structure where a stable first order delta-sigma
structure 1s cascaded has a high-order noise-shaping charac-
teristic and also allows an stable structure to be imple-
mented.

FIG. 4 illustrates the mash type modulator 1n a Z-domain.
At this time, the noise transier function can be obtained by
the following equation.

Y, (2)=(1-z"HE (2)+X(z)

Y5(z)=—E;(@)+(1-z HE,(2)

Y, (2)=—(1-z"HE;@2)+(1-z H)?E,(z)

Y3(z)=—E,(z)+(1-Z1)E;(2)

Y, (2)=—(1-z HE,@)+(1-z )’E;5(2)
Theretore,

Y(z)=X(z)+(1-z"1)°E;5(z)

where the delta-sigma input X(z) 1s a fractional value of the
PLL frequency synthesizer. If the division number of a pres-
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caler is P, N(z)=P(2)+Y (2)=P(2)+X(z)+(1+z~ ") E,(z) can be
obtained. From the above result, 1t could be seen that the
mash type modulator used 1n the present invention has noise-
shaping characteristics.

Most of conventional frequency synthesizers requires a
multi-modulus dividing circuit since 1t uses a mash type
modulator having a multi-bit output so that the above stabil-
ity and a noise shaping effect of a high order can be satisfied.

FIG. § illustrates multi-modulus dividing circuit using a
conventional direct-convertible counter. The multi-modulus
dividing circuit includes a control unit 11 for receiving con-
trol signals D0, D1, and a phase selector 13 for producing
/4/5/6/7 using the control signals. At this time, D2, D3, D4
and DS control the division ratio depending on respective
code values. The multi-modulus dividing circuit can be
implemented in various structure as well as the structure
shown 1n FIG. 5. The multi-modulus division structure,
however, requires several dividing circuits 12 such as 2/3,
and the like. Further, as control of those dividing circuits
must be performed by each of dividing stages. Thus, the
multi-modulus division structure has disadvantages that 1t 1s
complicated and 1s difficult to be designed.

SUMMARY OF THE INVENTION

The present invention 1s contrived to solve the above prob-
lems and an object of the present invention 1s therefore to
provide a structure of a delta-sigma fractional type divider
by which an external input value and an output value of a
delta-sigma modulator are added to modulate values of a
swallow counter.

In order to accomplish the above object, the present inven-
tion 1s characterized in that 1s comprises a delta-sigma
modulator for receiving a clock signal and a first digital
value to perform a delta-sigma modulation, the first digital
value being used to program a fractional ratio frequency of a
frequency synthesizer, a swallow adder group for receiving
an output value of the delta-sigma modulator and a second
digital value to add an integer dividing ratio of a swallow
counter and the output value of the delta-sigma modulator,
the second digital value being used to program an integer
rat1o frequency of the frequency synthesizer; a program reg-
1ster group for storing an output value of the swallow adder
group; and a pulse swallow counter group having a dual
modulus prescaler, a program counter and the swallow
counter, for dividing an input frequency depending on the
value stored by the program register group.

Further, the program register group further comprises a
swallow register for storing output value of the swallow
adder group; and a main division register for storing the
integer dividing ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

The atorementioned aspects and other features of the
present invention will be explained in the following
description, taken in conjunction with the accompanying
drawings, wherein:

FIG. 1a 1s a block diagram for describing a conventional
narrow-band delta-sigma fractional type divider.

FIG. 1b and FIG. 1c are wavetorms for describing the
operation and variations 1n the difference of the phases of the
divider shown 1n FIG. 1a;

FI1G. 2(a)-FIG. 2(c) are block diagrams for describing a
first order delta-sigma modulator;

FIG. 3 1s a block diagram for describing a third order
multi-loop delta-modulator;
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6

FIG. 4 1s a block diagram for describing a third order
mash-type delta-sigma modulator;

FIG. 5 15 a block diagram for describing a multi-modulus
divider using a direct conversion counter;

FIG. 6 1s a block diagram for describing a third order
mash-type delta-sigma modulator;

FIG. 7 1s a block diagram for describing a wide-band
delta-sigma fractional type divider according to the present
invention;

FIG. 8(a) and FIG. 8(c) are wavelorms for describing an
operation of the swallow counter; and

FIG. 8(b) 1s a block diagram of a shallow counter.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention will be described in detail by way of
a preferred embodiment with reference to accompanying
drawings, 1n which like reference numerals are used to 1den-
tify the same or similar parts.

FIG. 6 1s a block diagram of a third order mash-type delta-
sigma modulator using an adder.

The modulator includes registers 21~23 that are driven by
a clock (F,, ), an adder 25 for adding an output of the register
21 and an output of a preset register 24, an adder 26 for
adding an mput K and an output of the adder 23 to produce a
carry C, an adder 27 for adding an output of the adder 26 and
an output of the register 22, an adder 28 for adding an output
of the adder 27 and an output of the register 23, a synthesizer
29 for receiving the carry C from the adders 27 and 28 and a
delayed value, and a synthesizer 30 for recerving the carry C
from the adder 26 and an output of the synthesizer 29 to
produce a 3-bit multi-modulus prescaler control signal.

In the third order delta-sigma structure, a block for giving
offset in order to obtain an exact frequency resolution of 5
KHz against an mput frequency 9.84 MHz of a phase fre-
quency detecter (heremnatter PFD) 1s added. As an adder of a
delta sigma has a modulus of 2™, the adder could not allow a
given 1mput frequency to have a desired frequency turning
resolution. Therefore, 1t a resolution of 10 KHz 1s to be
obtained when mnput frequency 1s 9.84 MHz, the bit width of
the adder 1s 10 bit and the adder 1s ofiset by 40. Thus, a
resolution corresponding to 1 bit can become exactly 10
KHz. In FIG. 6, the output range of the third order delta-
sigma modulator 1s -3, -2, -1, 0, 1, 2, 3 and 4. Therefore, for
a smooth operation of the dividing circuit, a value of less 3 as
an external program value of the swallow counter 1s not
allowed. Further, a signed adder 1s used since the output of
the third order delta-sigma 1s positive and negative values.

The present invention can implement a structure 1n which
frequency of the fractional ratio of the wide band can be
mixed and the 1n-band noise can vary by maximum, by sim-
ply applying all the range of 3 bit width outputted from the
mash-type structure shown 1 FIG. 6 to a pulse swallow
counter used 1n an existing integer N division mode.

FIG. 7 1s a block diagram for describing a swallow-
controlled wide-band delta-sigma fractional type divider
according to the present invention. The divider comprises a
pulse swallow counter group 34, a program register group
37, a swallow adder group 40 and a third order delta-sigma
modulator 41.

The pulse swallow counter group 34 includes a dual
modulus prescaler 31 for receiving a signal having fre-
quency 1, ., a program counter 33 for outputting a signal

having frequency 1., depending on the output of the dual
modulus prescaler 31, and a swallow counter 32 for supply-
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ing a modulus control signal MC to the dual modulus pres-
caler 31 depending on the output of the dual modulus pres-
caler 31 and a reset signal RS.

The program register group 37 includes a swallow register
35 for outputting a signal to the swallow counter 32 depend-
ing on the frequency (I,-~) from the program counter 33,
and a main division register 36 for outputting a signal to the
program counter 33 depending on a signal (7 bit) from the
outside. 10

The swallow adder group 40 includes an adder 38 for
receiving given values (12 bit and 4 bit), and an adder 39 for
receiving an output value of the delta-sigma modulator 41
and an output value of the adder 38 to produce a given value
to the swallow register 35.

15

In the frequency synthesizer of the present invention, an
input frequency (1) o PFD 1s 9.84 MHz, the prescaler 31
1s %o, the program counter 33 has 7 bit width and the swallow
counter 32 has 4 bit width. The input of the modulator 41 is *°
12-bit width including a sign bit, and has a frequency resolu-
tion of (V4" 1)*me. In the sign bit, the output fractional value
of the modulator ranges from -0.5~0.5 through a program.

The pulse swallow counter group 34 having the dual 25
modulus prescaler 31, the swallow counter 32 and the pro-
gram counter 33, has the same structure and operation to an
existing integer type fractional type divider. In other words,
if K=0, the mput of the swallow counter 32 1s mputted with
external programmed digital value since the output of the
third order delta-sigma modulator 41 1s always 0. Thus, 1n
case that the integer type frequency synthesizer 1s to be used,
K=0 1s set and a clock of the modulator 1s precluded, so that
additional power consumption by the modulator can be obvi-
ated. In this case, the following equation 1s satisfied:

30

35

fVCD=[ (P+ 1 )X S+PX (M— S)]XfREF:fREFX[(PX M+S) . K=0

FIG. 8(a) and FIG. 8(c¢) are wavelorms for describing an
operation of the swallow counter, and FIG. 8(b) 1s a block
diagram of a shallow counter.

40

FIG. 8(a) shows waveforms for describing a process of
controlling the swallow counter using an output of a first

order delta-sigma modulator. 45

In the mash-type structure, a carry output of a first adder
determines an average fractional value of the entire division

N structure. Second and third adders take an average from an
error period occurring at the first adder and then further dis-
perse the noise as the order 1s higher to send the result to a 5
high frequency region. Therefore, 1t could be seen that the
frequency mixing of the fractional ratio can be found by
monitoring swallow control of the first order modulator.

As shown 1n FIG. 8(a), the output of the modulator divides
the swallow counter by S for a given time and (S+1) for 55
another given time, so that an average fractional value can be
obtained. This process 1s same to periodic generation of a
phase error due to the division operation such as the first
order delta-sigma mode. IT 1t 1s used intact, there occurs a
high spur at the output of the VCO. However, the output of 60
the third order delta-sigma 1n FIG. 8(¢) 1s added to an exter-
nal program value of the swallow counter as shown 1n FI1G. 7
according to every t . Thus, spur can be dispersed as the
operation such as FIG. 8(b) and an eflect of noise shaping
can be obtained. The frequency output of the fractional ratio 65
obtained depending on control of the swallow counter can be
demonstrated below:

Fosc
Fore = 2%
REF m

{(2“1 ~k-[P+1D-S+P-M-9]+ l
kK-[P+1)-S+D+P-M=(S+ 1)]
Fyco =

f;
. X IREF

25 [P+1D-S+P-M-5)]+k

-] e
2111
k
= PxM+S+2—m X tREE
Or

i k k
= _(P+1)><(S+2—m]+P><(M—{S+2—m}} X {REF
= P><M+S+2—H1 X tREFE

Through the above equation, the driving circuit having the
dual modulus prescaler, the swallow counter and the pro-
gram counter 1s constituted and the fractional ratio N can be
obtained by a software method. This allows data of delta-
sigma to be made by a software programming and data 1s
updated by synchronizing it to the swallow register at a clock
of f, , Thus, the same result to the structure proposed by the
present invention can be obtained. The proposed software
control method can reduce the area of a chip and convert
existing RF hardware to a software.

As an existing delta-sigma fractional type divider requires
a multi-modulus dividing circuit, the divider 1s complicated

and 1s difficult to design 1n order to control the dividing
circuit using multi-bit. As mentioned above, however, the
present invention modulates the values of the swallow
counter by adding an external input value to the output value
of the delta-sigma modulator. Therefore, the present mven-
tion can obtain an effect of a delta-sigma mode while having
a wide-band frequency mixing capability. More particularly,
the present invention has the following advantages while
using an existing mash-type delta-sigma modulator.

First, the design can be simplified by simply applying
multi-bit outputs of the modulator to the pulse swallow
counter used 1n a iteger type division mode.

Second, an existing pulse swallow counter can be used as
the fractional type frequency synthesizer by controlling it in
software, and

Third, the spur of an oscillator can be reduced by maxi-
mum using the multi-bit output range of the mash type delta-
sigma while having an precise frequency resolution.

The present mvention has been described with reference
to a particular embodiment 1n connection with a particular
application. Those having ordinary skill 1n the art and access
to the teachings of the present invention will recognize addi-
tional modifications and applications within the scope
thereof.

It 1s therefore mtended by the appended claims to cover
any and all such applications, modifications, and embodi-
ments within the scope of the present invention.

What 1s claimed 1s:

1. A delta-sigma fractional type divider, comprising:

a delta-sigma modulator for receiving a clock signal and a
first digital value to perform a delta-sigma modulation,
said first digital value being used to program a frac-
tional ratio frequency of a frequency synthesizer;

a swallow adder group for recerving an output value of
said delta-sigma modulator and a second digital value
to add an integer dividing ratio of a swallow counter
and said output value of said delta-sigma modulator,
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said second digital value being used to program an inte-
ger ratio frequency of the frequency synthesizer;

a program register group for storing an output value of
said swallow adder group; and

a pulse swallow counter group having a dual modulus
prescaler, a program counter and said swallow counter,
for dividing an mput frequency depending on said value
stored by said program register group.

2. The delta-sigma fractional type divider as claimed in

claim 1, wherein said swallow adder group comprises:

a first adder for adding the integer dividing ratio of the
swallow counter and a sign value; and

a second adder for adding the output value of said delta-

sigma modulator and an output value of said first adder.

3. The delta-sigma fractional type divider as claimed in
claim 2, wherein said sign value 1s the most significant bit of
said first digital value used to program the fractional ratio
frequency of the frequency synthesizer.

4. The delta-sigma fractional type divider as claimed in
claim 1, wherein said program register group further com-
Prises:

a swallow register for storing said output value of said

swallow adder group; and

a main division register for storing the integer dividing
ratio.
5. A delta-sigma fractional tvpe divider, comprising:

a modulator configured to use a first digital value to pro-
gram a fractional vatio frequency of a frequency syn-
thesizer,

an adder group configured to use an output value of said
modulator and a second digital value, said second digi-
tal value being used to program an integer ratio fre-
quency of the frequency synthesizer,

a program rvegister group configured to store an output
value of said adder group; and

a counter group configured to divide an input frequency
depending on said value stoved by said program regis-
ley group.

6. The delta-sigma fractional type divider as claimed in

claim 5, wherein said adder group comprises.

a first adder operable to add an integer dividing ratio of a
counter and a sign value; and

a second adder operable to add the output value of said
modulator and an output value of said first adder.
7. The delta-sigma fractional tvpe divider as claimed in

claim 6, wherein said sign value is a most significant bit of

said first digital value used to program the fractional ratio
frequency of the frequency synthesizer.
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8. The delta-sigma fractional type divider as claimed in
claim 5, wherein said program rvegister group further com-
prises.:

a rvegister operable to stove said output value of said adder

group; and

a main division register operable to stove the integer

dividing ratio.

9. The delta-sigma fractional type divider as claimed in
claim 5 wherein said modulator is a delta-sigma modulator
and wherein said second digital value represents an integer
dividing ratio of a counter.

10. The delta-sigma fractional type divider as claimed in
claim 5 wherein the counter group comprises a dual modu-
lus prescaler, a program counter and a counter, for dividing
an input frequency depending on said value stored by said
program register group.

11. A method for delta-sigma fractional tvpe dividing
COmprising:

receiving a clock signal and a first digital value to per-

form a delta-sigma modulation, said first digital value
being used to program a fractional ratio frequency of a
frequency synthesizer,

adding an integer dividing ratio of a counter and an out-

put value of said modulator to produce a second output
value;

receiving a second digital value to program an integer
ratio frequency of the frequency synthesizer;

storing the second output value using a program register
group; and

dividing an input frequency depending on said value
stoved by said program rvegister group.

12. The method of claim 11 wherein the adding an integer

dividing ratio comprises:

adding an integer dividing ratio of the counter and a sign

value; and

adding the output value of said modulator and an output
value of said adding an integer dividing ratio of the
counter and a sign value.

13. The method of claim 12, whevein said sign value is a
most significant bit of said first digital value used to program
the fractional ratio frequency of the frequency synthesizer.

14. The method of claim 11, further comprising:

storing said second output value in a rvegister; and
storing the integer dividing rvatio in a main division regis-
ler.

15. The method of claim 11 wherein said modulator is a
delta-sigma modulator.
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