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FRACTIONAL N FREQUENCY SYNTHESIS WITH RESIDUAL ERROR

5 CORRECTION AND METHOD THEREOF
_Field of the Invention
10 - - Generally, this invention relates to frequency synthesls and more
specifically this invention relates to frequency synthesis using fractional
division techniques. -
Background of the Invention
15 ' |

Generally, radio frequency (RF) communication systems include at least
two communication units. Each communication unit includes a transceiver for
sending and receiving RF signals over one of a plurality of RF channels. Each

- transceiver includes a frequency synthesizer for generating RF signals.

20 In frequency synthesis it is desirable to achieve the selected frequency
output in as little time as possible with any spurious outputs minimized. The
spurious outputs in question are usually associated with a phase detector and
occur at the frequency of operation of the phase detector which is equal to the
channel spacing in a non-fractional phase locked loop. Thus the phase locked

25  loop bandwidth must be small relative to the channel spacing to minimize the

" spurious outputs. Reducing the loop bandwidth will increase the time required
to achieve the selectéd frequency.



oceth at+the frequency of operation of the phase detector which is equal to.
t he channel spacing in a non-fractional phase |ocked |oop. Thus the phase

locked 2.5 | oop bandw dth nust be snall relative to the channel spacing
to mnimze the spurious outputs. Reducing the | oop bandwi dth will increase
the tine required to achieve the sel ected frequency. 2 Fractional N

di vision can overcone this problemby allow ng the phase detector to
operate at a nuch higher frequency for the sgne channel spacing. This

all ows t'he phase | ocked | oop bandwi dth to be nuch |larger and thus the
required lock tinme is nuch | ess. Two exanples of fractional division
systens 5 can be seen in US. Patent 5,093,632 entitled "Latched

Accunul ator Fractional .N Synthesis with Residual Error Correction” authored
by Hetala et al and U . S. Patent 5,166,642 entitled "Ml tiple Accumul ator
Fractional N Synthesis

- Fractional N division can overcome this problem by allowing the phase
detector to operate at a much higher frequency for the same channel spacing.
This allows the phase locked loop bandwidth to be much larger and thus the
required lock time is much less. Two examples of fractional division systems
5 can be seen in U.S. Patent 5,093,632 entitled “Latched Accumulator Fractional
N Synthesis with Residual Error Correction” authored by Hietala et al and
U.S. Patent 5,166,642 entitled "Multiple Accumulator Fractional N Synthesis
with Series Recombination” and authored by Hietala. In a limiting case the
fractional division scheme can use a very large fractionalization such that the
10 residual spurs will appear as increased sideband noise instead of discrete spurs.
Any fractional division system is not perfect in that there will be residual
spurs at the frequency step spacing or excessively increased sideband noise for
the limiting case mentioned above. This will occur since the fractional system
creates a somewhat randomized sequence to move the main loop divider such
15 that the average frequency is correct. Therefore the fractional sequence contains
the desired frequency offset information with an additional residual noise term.
Increasing the number of accumulators and the rate at which the
accumulators operate can reduce the amplitude of the residual noise waveform
and break up the spurious output at a given offset frequency. Eventually a
20 point will be reached at which the number of accumulators and the rate of their
operation cannot be further increased due to speed limitations or limitations of
the divider. Thus every system will reach a limit of spurious performance even
with a fractional division scheme.
In some systems this spurious limit will not be acceptable. These residual
25 spurscan be further reduced by using a D/A converter to convert some
* combination of the internal contents of the accumulators into analog form and
then apply this analog signal to the loop filter through a coupling capacitor.
Such a system is shown for a simple one accumulator case in FIG. 1.



w th Series Reconbination" and authored by Hietala. In a liniting case the
f.ractional division schenme can use a very large fractionalization such that
the 1 0 residual spurs will appear as increased sideband noi se instead
of discrete spurs. Any fractional division systemis not perfect in that
.there will be residual spurs at the frequency step spacing or excessively

I ncreased sideband noise for the imting case nentioned above. This w |
occur since the fractional systemcreates a gonewhat random zed sequence to
nove the main | oop divider such 1 5 that the average frequency is |
correct. Therefore the fractional sequence contains the desired frequency
offset information with an additional residual noise term Increasing the
nunber of accurulators and the rate at which the accunul ators operate can
reduce the anplitude of the residual noise waveform and break up the
spurious output at a given offset frequency. Eventually a 2 0 point wl|

be reached at which %Ei&iﬁi &ﬁg@ﬁ! gfa'fﬁr
oper ati on cannot be Sfdl‘;ﬂr%taher I NCr ease ueﬁgo ?Bgégb%mﬁu{e&?‘?ons or
limtations of tGEulidesignesincerthe selection pf thecapaeitar will beeriticaland; even ifan

spurious per f or ngo@aeRapatitol vducdul 6 ha) e rékulting' ctui? Wo&IFhot maintain
the required balance between the divider control port and the residual error
5 correction port over temperature, make tolerance, and aging.

Therefore it would be advantageous to devise a residual error correction
method for a fractional N synthesis which can be realized in integrated circuit
form and is tolerant to variations in temperature, make tolerance, and aging.
Additionally, it would be advantageous for the residual error correction method

10 to improve spurious performance for the number of accumulators and the rate at

which they operate.
Description of the Drawings
15 - FIG. 1 is an illustration in block diagram form of a fractional N

frequency synthesis employing a prior art residual error correction.

FIG. 2 is an illustration in block diagram form of a radiotelephone which
may employ the present invention.

"FIG. 3 is a more detailed illustration in block diagram form of a
20 radiotelephone in accordance with the present invention.
- . FIG. 4 is an illustration in block diagram form of a frequency synthesizer

in accordance with the present invention.

FIG. 5 is a detailed illustration in block diagram form of a frequency
synthesizer in accordance with the present invention.

- 25 FIG. 6 is a detailed illustration in block diagram form of a charge pump,

also commonly referred to as a modulator in accordance with the present
invention. -



I'h some systenms thiss spurious-limt will not be acceptable. These residual

25 spurs can be further reduced by using a DA converter to convert

sone conpi nation of the internal contents of the accunulators into anal og

formand then apply this analog signal to the loop filter through a

coupl i ng capacitor.

case in FIG 1.

Such a systemis shown for a sinple one.accunul ator
3 Such a residual error correction systemis not well

suited for integrated circuit design since t@e selection of the capacitor

will be critical and, even if an accurate capacitor value could be had,
resulting circuit would not maintain the required bal ance between the

port and the residual error 5 correction port over
and aging. Therefore it woul d be advant ageous

di vi der control

tenperature, make tol erance,

t he

to devise a residual error correction nethod for a fractional N synthesis
whi ch can be realized in integrated circuit
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- Description of a Preferred Enibodiment

The preferred embodiment of the present invention is employed in a
frequency synthesizer in which a variable oscillator output is fed to a digital
divider. The digital divider has a digital division ratio. The output of the digital
divider feeds one input of a phase comparison network. The other input of the
phase comparison network is fed from a reference oscillator. The phase
comparison network output is filtered to remove extraneous noise components
and is then fed to a control input of the variable oscillator. The control input is -
such that the variable oscillator output frequency will adjust itself until it is
equal to the reference oscillator frequency times the digital division ratio.

The division ratio of the digital divider is varied with time by a multi
accumulator fractional N division system such that the effective division ratio
may be varied by non-integer steps. The division ratio is then programmed to
realize the desired channel frequency, the desired modulation waveform, and
any automatic frequency correction offset..

Due to the time varying division sequence applied to the digital divider
there will be a residual spurious level on the output signal of the synthesizer.
This residual spurious level is further reduced by generating a second digital
sequence based on the intemnal state of the multiple accumulator fractional N
division system and applying this second sequence directly to a charge pump
circuit, or modulator of the phase detector.

'In integrated circuit technology the ratio of two components may be
determined with high accuracy. However the absolute value of a single
component will vary widely between individual lots of the IC. Thus a system
such as the prior art of Figure 1 will not lend itself to integration since the
absolute value of the coupling capacitor must be fixed. The frequency
synthesizer disclosed herein is conducive to integration because the gain of the



formand is tolerant to variations in tenperature, nmake tol erance, and
aging. Additionally, it would be advantageous for the residual error

correction nmethod 1 0 to i nprove spurious performnce for the nunber of
accunul ators and the rate at which they operate. Description of the
Drawings 1 5 FIG 1 is an illustration in block diagramformof a
fractional N frequency synthesis enploying a prior art residual error
correction. FIG 2 is an illustration in blogk diagramformof a

radi ot el ephone which may enploy the present invention. FIG 3 is a nore
detailed illustration in block diagramformof a 2 0 r adi ot el ephone in
accordance with the present invention. FIG 4 is-an illustration in block
di agram form of a frequency synthesizer in accordance with the present
invention. FIG 5 is a detailed illustration in block diagranlfornlof a

frequency synthesizer in accordance with the present invention.

FIG 6 is a det %ﬁﬂﬂé&ﬁ&i&%&&&&%&l&%:ﬁ'@ﬂ{%&mw&%ﬁﬁe&“m
by a ratio of resistor values (180, 181 of FIG. 6). If the basic current of the
char_ge pump were to increase (and thus the gain of the phase detector increases)
due to fabrication variances, then the current of the residual correction would

5 increase by a proportional amount and thus would still provide the correct
correction level at the new charge pump current level.

FIG. 2 is an illustration in block diagram form of a radiotelephone 101.

In the prefexred embodiment, the radiotelephone 101 is a radiotelephone

developed to operate in a cellular phone system such as the Global System for
10 Mobile Communications (GSM) cellular radio telephone system, such as the

model #SLF1770B/PD of a GSM radiotelephone available from Motorola, Inc..

FIG. 3 is a more detailed illustration in block diagram form of the
radlouelephone 101. The radiotelephone 101 includes a transmitter 102, a

~ receiver 103, 2 control system 104, a user interface 105, and a synthesizer 107.
15 The synthesizer 107 provides the receiver 103 and the transmitter 102 with
signals, tuned to a desired frequency, to allow the reception and transmission of
data from user interface 105 to a remote transceiver of the radiotelephone
communication system. Additionally, the synthesizer 107 provides the user
interface 105 and the control logic 104 with the necessary clock signal for
20 proper operation of the logic circuits contained within these blocks.

FIG. 4 is an illustration in block diagram form of the frequency
synthesizer 107 illustrated in FIG. 3. The synthesizer output 115 is coupled to
an input of a programmable divider 108, the programmable divider is in turn
coupled to one input of a phase detector 109. A second input of phase detector

25 109 is obtained from a reference oscillator 116. An output of the phase detector
109 is proportional to the phase error between the two input signals. The
output of the phase detector 109 is input to a charge pump 110. The charge
pump 110 provides current pulses used to charge or discharge a loop filter 113.



dlso commonly referred to as -a nodul ator in accordance with the preseni

invention. 4 Description of a Preferred Enbodi nent The preferred
enbodi nent of the present invention is enployed in a frequency synthesi zer
in which a variable oscillator output is fed to a digital 5 di vi der .

The digital divider has a digital division ratio. The output of the digital
di vider feeds one input of a phase conparison network. The other input of

t he phase comparison.network is fed froma rgference oscillator. The phase
conparison network output is filtered to renobve extraneous noi se conponents
and is then fed to a control input of the variable oscillator. The control
input is 10 such that the variable oscillator output frequency wll
adjust itself until it is equal to the reference oscillator frequency tines
the digital division ratio. ‘

The loop filter 113 generates an output voltage which is used as a control input
for a voltage controlled oscillator 114. Finally the output of voltage controlled
oscillator 114 is used as the synthesizer output 115, thus completing the phase
locked loop.

5 A programming input of the programmable divider 108 is driven by a
digital sequence of width N3 bits generated by a fractional division control
system 112. The digital sequence provides non-integer value division ratio to
the programmable divider 108, thus, reducing the minimum step size of the -
synthesizer output 115.

10 Additionally, a residual comrection wqumcegeneratorlll operates on N1
internal bits of the fractional division control system 112 to create a digital
sequence which represents the noise terms in the digital sequence. The N2 bits
output from residual correction sequence generator 111 are then applied directly

. tothe charge pump 110. The N2 bits cause the current versus time to be

15 modulated so as to cancel the residual noise terms genexanedbyﬁ-acnonal
division control system 112.

The terms N1, N2, and N3 are a method of notation used to represent
three digital sequences containing three different bit widths. In the preferred
embodiment, N1=4 bits wide, N2=8 bits wide, and N3=8 bits wide. The

20 specific numbers do not represent any significant portion of the claimed
mwmummamdnmyvmydqummgupmumemmﬂmmmmnmnofmmnnwmmmln
a particular system.

FIG. 5 is a detailed illustration in block diagram form ofaspecnﬁc
implementation of the frequency synthesizer 107. In the preferred embodiment,

25 the multiple accumutator system utilized in the frequency synthesizer is
described in U.S. Patent 5,166,642. However, any other equally sufficient
multiple accumulator system may be substituted therefor, resulting in a similar
mathematical result.



The division ratio of the digital divider is varied with tine by a nulti
accunul ator fractional N division systemsuch that the effective division
‘tatio may be varied by non-integer steps. The division ratio is then
programmed to 1 5 realize the desired channel frequency, the desired
nodul ati on waveform and any automatic frequency correction offset. Due to
the time varying division sequence applied to the digital divider there

will be a residual spurious |evel on the output signal of the synthesizer.
This residual spurious level is further reduced by generating a second
digital 2 0 sequence based on the internal state of the multiple

accunul ator fractional N division systemand applying this second sequence
directly to a charge punp circuit, or nodul ator of the phase detector. In

integrated circuit technology the ratio of two conponents may be determ ned
with high accuracy. However the absolute value of a single 2 5 conponent

the o ool ErOMBIO A LB sk o Bt e
absol ute val ue agcummdaterol?3; Bach aceymalator, TR AN

1henmqhnwnonkmaumnanmn]hﬂmsnmnmxemdzmxmnmhmxus

performing a digital integration of the contents of the accumulator of next lower

5 order with the first accumulator 121 performing a digital integration of the input

data 120. Thus, the second accumulator 122 performs a double integral of the

input data 120, the third accumutator 123 performs a triple integral of the input

data 120, and the fourth accumulator 124 performs a quadruple integral of the

input data 120.

10 The output of each accumulator is the carry or overflow output. These
outputs represent the frequency offset data 120 and integrals of the data. A
digital derivative network consisting of delay element 125 and adder 126 is
connected to the carry output of the fourth accumulator 124. The output of this

_ derivative network is cascaded through two more digital derivative networks

15 composed of delay elements 130 and 137 and adders 131 and 138. The net
effect is that the output of the fourth accumulator 124 after passing through
three digital derivatives is now a higher order correction to the frequency offset
and may be added to the output of the first accumulator 121 in adder 138.

The carry outputs of the second accumulator 122 and the third

20 accumulator 123 are added into the digital derivative cascade at the proper point
such that these carry output also provide higher ordet corrections to the
frequency offset. Various additional delay elements are added to this structure
to insure that the carry output sequences are properly aligned and that the adders

- used in the digital derivative network are isolated from each other so that the

25 . adder delays do not add and slow the maximum frequency of operation. All the
digital derivative networks and associated delay elements are collectively
referred to as a digital derivative system 200.



synt hesi zer di sclosed herein-is conducive to integration because the gain
of the residual correction termas conpared to the gain of the phase
‘detector is defined by a ratio of resistor values (180, 181 of FIG 6). If
the basic current of the charge punp were to increase (and thus the gain of
t he phase detector increases) due to fabrication variances, then the

current of the residual correction would 5 I ncrease by a proportional
amount and thus would still provide the corgect correction |level at the new
charge punmp current level. FIG 2 is an illustration in block diagramform

of a radiotel ephone 101. In the preferred enbodi nent, the radi otel ephone
101 is a radiotel ephone devel oped to operate in a cellular phone system

such as the dobal Systemfor 1 0 Mobi | e Communi cations (GSM cel |l ul ar
radi o tel ephone system such as the nodel #SLF1770B/ PD of a GSM

radi ot el ephone avail able from Mdtorola, Inc.. FIG 3 is a nore detailed

I Tustration in bl g ia06AH b diiviVe system 200 is added to the
programmable divider frequency data in adder 146. The resulting N3 bit data
‘sequence is applied to the programmable divider 148. The data sequence
mmnmmﬁsﬂmnkmhadﬁemummyoﬁhﬁandaxaﬁdmnnomeunun

5 In a general Nth order system as described above, the data sequence output
- from the fractional division control system can be derived in the linearized Z
transform model as:
DO=z2DI+zN(1 -2} QN
Where DI is the input frequency offset data 120
10 - and QN is the residual noise term.
The internal contents of any accumulator may be derived as:
DI(X) = z*DI - z*Q1 - z(-DQ2 - zx-2Q3 - ... -z1QX
where X is the order of the accumulator. _
If the contents of this accumulator are subtracted from the contents of the
15 next lowest order accumulator then the following term is obtained:
DI(X) - zIDI(X -1) = -z1QX

Therefore, the residual error term can be recreated in a digital form by

subtracting the delayed contents of the second highest order accumulator from
'ﬂwcnmmmmofﬁwtmgmmcm&xammmmhmxanddﬁﬁmanmﬁngﬁwrmmthl
20 times.

In Figure 5 the 4 most significant bits of the second highest order
accumulator 123 are delayed once by delay element 155 and then subtracted
from the 4 most significant bits of the highest order accumulator 124 at adder
156. This results in a term equal to ~Z Q4 at the output of adder 156, Delay

25 elements 157, 158 and adder 159 form a digital derivative network. The output
of adder 159 will be -2 (1 2") Q4, Delay elements 160, 161 and adder 162
_ﬁxnlaﬂxmmddummldmvmmvenMNWuk.Theouqnnofmmunl62vnﬂhe

231 2% Q4, Delay elements 163, 164 and adder 165 form a third digial



radi ot el ephone 101. The radi ot el ephone 101 includes a transmtter 102, a
.receiver 103, a control system 104, a user interface 105, and-a synthesizer
i07. 15 The synt hesizer 107 provides the receiver 103 and the
transmitter 102 with signals, tuned to a desired frequency, to allow the
reception and transm ssion of data fromuser interface 105 to a renote .
transcei ver of the radi otel ephone communi cation system Additionally, the
synt hesi zer 107 provides the user interface @05 and the control |ogic 104

with the necessary clock signal for 2 0 proper operation of the logic
circuits contained within these blocks. FIG 4 is an illustration in block
di agram form of the frequency synthesizer 107 illustrated in FIG 3. The

synt hesi zer output 115 is coupled to an input of a programuabl e divider
108, the programmable divider is in turn coupled to one input of a phase
detector 109. A second input of phase detector 2 5 109 is obtai ned from
a reference osciflator 1 16. An output of the phase et elc:i 109 is
proportional todetvativeaerwork.r The tupureofaddérd 65 will e 111 dn SFMBH& out put

710 provi des Sﬁ&fﬁg W@&@Jé@%@@ﬁgﬁﬁ@a@mﬁ%ﬁﬁmp“Tis
1-Z7) Q4. This term will then be applied to the charge pump 153 with an

effective gain of Kg residual. -

5 Now retumning to the sequence apphed to the divider 148. Since the

~ phase detector 152 compares phase and not frequency, the signal output from

divider 148 will be effectively integrated upon passing through the phase
detector 152. Thus the phase term at the phase detector output can be
represented in the Z transform domain as:

b0t = ﬁD{ 11:’ z¥1-2" l{3(24
10 1-z7 L
where: Kg is the phase detector conversion gain.
and: N1 is the average division (N*P+A+Num/Dem)
£ To this one more delay must be added to account for the delay from
programming the divider 148 until the output of the divider 148 is sent to the

15 phase detector 13; K,
- pr K in N 13
bo1 = 1-71 N, Z )'N';Q4

The residual noise correction term from delay element 167 can be
represented in the Z transform domain as:
0o = {2°01 -2 Ko, meicua Q4
20 Ifﬂlevalueofl(ms;dmnschosentobeequaltoﬂ\ephasedeuectorgain
divided by the average loop division then a perfect cancellation of any residual
noise terms may be achieved. _
FIG. 6 is a detailed illustration mblockdlagramform of the charge pump
153 in accordance with the preferred embodiment of the present invention.
25 Other equally sufficient charge pumps may be substituted by one of average



6" The loop filter 113 generates an output voltage which is used as a
control input for a voltage controlled oscillator 114. Finally the output

. of voltage controlled oscillator 114 is used as the synthesizer output 115,
t hus conpleting the phase | ocked |oop. 5 : A progranm ng input ofthe
progranmmabl e di vider 108 is driven by a digital sequence of width N3 bits
generated by a fractional division control system 112. The digital sequence
provi des non-integer value division ratio tqghe progranmabl e divider 108
t hus, reducing the mninmum step size of the synthesizer output 115. 1 0
Addi tionally, a residual correction sequence generator 111 operates on N1
intealbits of the fractional division control system 112 to create a

di gital sequence which represents the noise terns in the digital sequence.
The N2 bits

skill in the art. This type of charge pump would be used with a dual state phase
detector. (Other similar circuits can be defined for tri-state phase detectors.)
Current source 169 is continuously turned on. Current sink 170 is turned on
50% of the time when the phase locked loop is locked and has a current equal to
5 twice that of current source 169. This results in a square wave of current at
output 168 with a net charge transfer of zero to the loop filter when the loop is
locked. _ :
To this basic structure an "R - 2R ladder" type of circuit is added to the
control path of current sink 170. This structure creates a current in each "rung

10 of the ladder" which is one-half the current in the next higher "rung”. Thusa

| binary word may be input to such a structure to program an analog current
based on a digital word. For schematic representation purposes each rung of
the ladder is controlled by an inverter 182 which routes the current in the rung
through one of two paths switched by transmission gates 183. Each of the .

15 inverters 182 is controlled by one bit of the data sequence defined by the
residual correction sequence generator 171 through 179. One output of the two
Ixmﬁmhapmhsﬁn1hcrungcunumsﬁsmkhdiocunentﬁnk170.Theoﬂmw
path is passed to ground through transistor 184. Thus the inputs 171 through
179 modulate the current level of current sink 170 and provide a method of

20 adﬁngﬂmueﬁdwﬂennrcquamesuymlunhenmmedmambrmmpun

Thenswwnemmumnanmmgﬂnnmaeqmﬂﬂw;hmwdmumxgﬂnk@
dhmhdbyﬁwawmmmdthmnﬁmﬁmemdhﬁmLfﬂmpmuedmﬂmngﬁn
is Ig/2]] so the maximum current out of the ladder structure will be the charge
pump current required by the normal loop divided by 2[TNJ.. One half of this

25 current must be subtracted from the nominal current setting resistor for current

sink 170. This results in the resistor values chosen for resistors 180, 181, and
185.



out put fromresidual correction sequence generator 111 are then applied
directly to the charge punp 110.  The N2 bit's cause the current versus tine
to be 15 nodul ated so as _to cancel the residual noise terns generated
by fractional division control system 112. The ternms N1, N2, andN3 are a
met hod of notation used to represent three digital sequences containing
three different bit widths. In the preferred enbodi nent, N1-4 bits w de,
N2-8 bits wide, and N3-8 bits wide. The 2 031 specific nunbers do not
represent any significant portion of the clainmed invention and may vary
dependi ng upon the inplenentation of the invention in a particular system
FIG 5 is a detailed illustration in block diagramformof a specific

i npl ementation of the frequency synthesizer 107. In the preferred
enbodinent, 2 5 the nultiple accunul ator systemutilized in the frequency
synthesi zer is-described in U S Patent 5,166,642. However, any other

S S R e e il o
: residual correction scheme, as shown here, an additional current is passed
through the R-2R ladder structure. When the residual error is set to zero then
5 the data bits will be 10000000. The total current in the ladder is then (VDN-
VBE)YRNR. To preserve the charge pump 110 in the same condition as without
error correction, this current must be subtracted from the main current path such
that the sum of the two currents equals 2*(VDN-VBE)YR once again. Thus
2*(VDN-VBE)R - (VDN-VBEY2NR = (VDN-VBE)*(2/R-1/aNR). From
10 this and Ohm's Law resistor 185 becomes R/(2-1/zN)).
The minimum current through the resistor ladder is 0 corresponding to
00000000 or maximum negative correction. The maximum current through the
ladder is 2*(VDN-VBE)Y/nNR corresponding to 11111111 or maximum
positive current. If the residual error is positive then one unit is 10000001, if it
15 is negative then one unit is 0111111 1, thus, the first (MSB) bit is used as a sign
- of for the current correction.

What is claimed is;



7 Data 120, which corresponds to frequency offset, is fed int
accunul ator 121. Each accunul ator beyond the first is fed w tmllmﬁumlmﬂlmmm
‘of the next |ower order accunulator. In this manner each accunul gtort i 8 s
performng a digital integration of the contents of the accunul ator eof next
| ower 5 order with the first accunulator 121 perform ng a digital
I ntegration of the input data 120. Thus, the second accumul ator 122
-perforns a double integral of the input datg 420, the third accunul ator 123
perforns a triple integral of the input data 120, and the fourth
accurul ator 124 perfornms a quadruple integral of the input data 120. 1 0
The out put of each accunul ator -is the carry or overfl ow output. These
outputs represent the frequency offset data 120 and integrals of the data.
A digital derivative network consisting of delay el enent 125 and adder 126
IS :
Claims:

1, A frequency synthesizer having a controllable oscillator for generating
a first signal having a first frequency, the frequency synthesizer comprising:
5 means for creating a divider sequence signal, the divider sequence signal
containing a desired value and an error value;
means for dividing the frequency of the first signal, the means for |
dividing dependent upon the divider sequence signal and forming a first divided
signal; -
10 means for detecting the phase of the divided signal and generating a
detected divided signal;
means for approximating the error contained in the first divided signal due
to the error value in the divider sequence signal and forming a first error
correction signal; and
15 means for modulating the detected divided s1gnal with the error correction
signal and generating a modulated signal having reduced residual error and for
controlling the controllable oscillator. '

" This Sheet.Has Been Re ﬂ
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connected to the carry output-of the fourth accumul ator 124. T
this derivative network is cascaded through two nore digital Iﬂﬁl"}“i"ﬂ"“"l“‘
networks 1 5 conposed of delay elenments 130 and 137 and adder

.138. The net effect is that the output of the fourth accunulator 124 after
passi ng through three digital derivatives is now a higher order correction

to the frequency offset and may be added to the output of the first

accunul ator 121 in adder 138. The carry outpugs of the second accunul at or

122 and the third 2 0 accunul ator 123 are added into the digital

derivative cascade at the proper point such that these carry output also.
provi de hi gher order corrections to the frequency offset. Various

additional delay elenments are added to this structure to insure that the

carry output sequences are properly aligned and that the adders used in the
digital derivative network are isolated fromeach other so that the 2 5

adder del ays -do not add and sl ow t he nmaxi num frequency of ~operation. Al

the digital derivatiyve etmorks nd, associ ated del ay el enents are
col lectively referred 4 esizer Maceardance svith claiay] fusther comprising

. means for ﬁltenng, responsive to means for modulating, the modulated signal.

5 3. A frequency synthesizer in accordance with claim 1 wherein said
means for creating a divider sequence signal further comprises:
means for accepting a frequency offset signal;
first means for integrating the frequency offset signal, forming a first
integrated signal and a first carry signal;
10 ~ second means for integrating the first integrated signal forming a second
integrated signal and a secand carry signal;
ﬁnnnmmnsﬁndmmmmngﬂmsaxmncmtymgmﬂibnmmgaxknym@d
second carry signal;
means for combining said derivated second carry signal with said first
15 carry signal, forming a first combined signat;
nwmmﬂmxhnwnmgsmdﬁmncmnhmaimgmﬂfunmmgaﬁnndmummd
combined signal; and
means for combining said first derivated combined signal with a
programmable divider frequency divider signal, creating a divider sequence
20 signal.

4. A frequency synthesizer in accordance with claim 3 wherein said
means for approximating the error further comprises:
lmamsﬂxcamhmu@nheﬁnuumqumdsumnhwnhﬂwsaxmdnnqgawd
25 signal forming a second combined signal; and

munmﬁmwhnwnmgsmd&anmiamﬂmmﬂs@mﬂidemgsﬁdﬁmtmﬁn
correction signal.
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ot oammabl & di vi der [ equency dala in adder 148, The resul 1i ng Lﬂﬁlll ML 1

sequence. i s applied to the programmabl e di vider 148. The data séquénce " s
represents the desired frequency offset and a residual noise term 5

In a general [err] order system as described above, the data sequence
output fromthe fractional division control systemcan be derived in the
linearized Z transform nodel as: Wiere DI ig 4he input frequency offset
data 120 1 O and QN is the residual noise term The internal
contents of any accumul ator may be derived as: where X is the order of the
accunmul ator. If the contents of this accunul ator are subtracted fromthe
contents of the 1 5 next | owest order accunul ator then the foll ow ng

termis obtained.

5. A fractional-N frequency synthesizer accepting a first signal to select a
controllable oscillator output signal frequency by dividing the output signal
frequency with a variable divisor divider controlled by a divider sequence signal
from an accumulator network creating a divided signal, the divider sequence

5 signal containing a desired value and an error value, the fractional-n synthesizer
comprising:
muunncqmammnmgmngmmnmxﬁmumpmmnmnmgﬂunnuncmnmnai
in the divider sequence signal and generating an error correction signal;

a phase detector coupled to the divided signal output from the variable

10 divisor divider for detecting the phase of the divided signal and generating a
detected divided signal;

a modulator coupled to the detected divided signal output from the phase
detector for modulating the detected divided signal with the error correction
signal and generating a modulated signal having reduced residual error;

15 a loop filter coupled to the modulated signal output from the modulator,
generating a filtered signal; and _

a controllable oscillator for accepting the filtered signal and generating an
output signal having a predetermined frequency. |
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Therefore, the residual error-termcan be recreated in a digit
subtracting the del ayed contents of the second hi ghest order aﬁmm"m[“']um””"l
f.romthe contents of the highest order accunul ator ‘and differenti at

result N1 20 times. In Figure 5 'the 4 nost significant bits of the

second hi ghest order accunul ator 123 are del ayed once by del ay el ement 155

and then subtracted fromthe 4 nost significant bits of the highest order
accunul ator 124 at adder 156. This results g a termequal to [err] at the

out put of adder 156. Delay 2 5 el enents 157, 158 and adder 159 form a
digital derivative network. The output of adder 159 will be [err] 4. Delay

el enents 160, 161 and adder 162 form a second digital derivative network.

The out put of adder 162 will be [err]. Delay elenents 163, 164 and adder

165 forma third digital 9

6. A fractional-N frequency synthesizer comprising:

a controllable oscillator outputting a first signal having a first frequency
mulmxzpnnganmxhﬂmedsugmlﬁxconuoﬂu@nhcﬁwqummw1ﬁ1heﬁnn
signal;

5 an accumulator network creating a dtvxder sequence signal, the divider
sequence signal containing a desired value and an error value; ,

a divider having a signal input and a control input and a signal output, the
first signal coupled to the signal input of the divider, the divider sequence signal
coupled to the control input of the divider for controlling a variable divisor

10 divider, the variable divisor divider for dividing the frequency of the first signal
“and generating a first divided signal; -

an error correction signal generator for approximating the error contained
in the divider sequence signal and generating an error correction signal; '

a phase detector coupled to the divided signal output from the variable

15 divisor divider for detecting the phase of the divided signal and generating a
detected divided signal; and '

a modulator coupled to the detected divided s1gnal output from the phase
detector for modulating the detected divided signal with the error correction
signal and generating the modulated signal having reduced residual error.

20
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out put of adder 165 is passed through digital delay elenent 167

in [err]. This termwill then be applied to the charge p

effective gain of [err]. 5 Now returning to the sequence applled to
the divider 148. Since the phase detector 152 conpares phase and not
frequency, the signal output fromdivider 148 wll be effectively

i ntegrated upon passing through the phase dgtgctor 152. Thus the phase term
at the phase detector output can be represented in the Z transform donain
as: [err] where: [err] is the phase detector conversion gain. and: NL is
the average division [err] To this one nore delay nust be added to account
for the delay from progranm ng the divider 148 until the output of the
divider 148 is sent to the 1 5 phase detector 152. [err]

cerivative network.. The out pet of .edder 165 will be [err]. Fi nal““l“,ﬂ I“"“Ill"ll‘

- 7. A method of frequency synthesizing, the frequency synthesizer having

a controllable oscillator for generating a first signal having a first frequency, the
method comprising the steps of: :

creating a divider sequence signal, the divider sequence signal containing

S adesired value and an error value;

dividing the frequency of the first signal, the step of dividing dependent
upon the divider sequence signal and forming a first divided signal;

detectmg the phase of the divided signal and generating a detected divided
signal;

10 approximating the error contained in the first divided signal due to the
error value in the divider sequence signal and forming a first error correction
signal; and

nuﬂbhmugﬂwchuwmddnmkns@mdAWMHMeenorunnxnonsmmﬂamd
generating a modulated signal having reduced residual error and for controlling

1§ the controllable oscillator.
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dhe residual noise correction termfromdelay el enent 167 ca
represented in the Z transformdomain as: 2 0 . If the “Hll““llwllnll“l

“ts chosen to be equal to the phase detector gain divid
| oop division then a perfect cancellation of any reS|duaI

average s
n0| se terns nay

be achieved. FIG 6 is a detailed illustration in block diagramform of the
charge punp 153 in accordance with the preferred enbodi nent of the present

i nvention. 2 5 QG her equal |y sufficient jgharge punps may be substituted
by one of average 10 skill in the art. Th| s type of charge punp would be
used with a dual state phase detector. (Other simlar circuits can be
defined for tri-state phase detectors.) Current source 169 is continuously
turned on. Current. sink 170 is turned on 50% of the tine when the phase

| ocked |l oop is | ocked and has a current equal _to

8. A method of frequency synthesizing in accordance with claim 7 further
comprises a step of filtering, responsive to said step of modulating, the

modulated signal.

9. A method of frequency synthesizing in accordance with claim 7
wherein said step of creating a divider sequence signal further comprises the

steps of:
accepting a frequency offset signal;

10 integrating the frequency offset signal, forming a first integrated signal

and a first carry signal;

integrating the first integrated signal formmg a second integrated signal

and a second carry signal;

derivating the second carry slgnal, formmg a derivated second carry

15 signal;

combining said derivated second carry signal with said first carry signal,

forming a first combined signal;

derivating said first combined signal, forming a first derivated combined

signal; and

'2 0 combining said first derivated combined s1gnal with a programmable
divider frequency divider signal, forming a divider sequence signal.

10. A method of frequency synthesizing in accordance with claim 9

 wherein said step of approximating the error further comprises:

25 combining the first integrated signal with the second integrated signal

forming a second combined signal; and

derivating said second combined signal forming said first error correction |

signal.
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5 twice that of current seurce 169. This results in a square wave of
current at out put 168 with a net .charge -transfer of Zer o to the Ioop filter
Wwhen the loop is |locked. To this basic structure an "R - 2R l'adder" type of
circuit is added to the control path of current sink 170. This structure
creates a current in each 'rung of the ladder"” which is one-half the
current in the next higher "rung" Thus a binary word may be input to such
a structure to program an anal og current bapgd on a digital word. For _
schemati c representati on purposes each rung of the | adder is controlled by
an inverter 182 which routes the current in the rung through one of two
paths switched by transm ssion gates 183. Each of the 1 5 I nverters 182
is controlled by one bit of the data sequence defined by the residual
correction sequence generator 171 through 179. One output of the two
possi bl e paths for the rung currents is added to current sink 170. The
other path is passed to ground through transistor 184. Thus the inputs 171
t hrough 179 nodulate the current |level of current sink 170 and provide a
met hod of 2 0 addi ng the residual error correction signal to the phase

detector out put.pp A CTIONAL N FREQUENCY SYNTHESIS WITH RESIDUAL ERROR
j.,.
CORRECTION AND METHOD THEREOF

Abstract of the Disclosure

A frequency synthesizer (107) utilizes a variable oscillator (114) the
output of which is used as the frequency synthesizer output (115) and is fed to
10 a digital divider (108). The output of the digital divider (108) feeds one input
of a phase comparator (109). The other input of the phase comparator (109) is
fed from a reference oscillator (116). A phase comparator (109) output controls
the variable oscillator (114). The digital divider (108) has a division ratio thatis -
varied with time by a multi accumulator fractional N division system (112) such
15 that the effective dmsmn ratio may be varied by non-integer steps. Due to the-
time varying division $ sequence applied to the digital divider (108) there is a
residual spurious level on the output signal (115). A second digital sequence
from the multiple accumulator fractional N division system (112) is generated to

reduce this spurious level and is applied to the output of the phase comparator
20 (109).
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The residual error correction gain nust equal the phase detector gain [err]
di vided by the average division ratio for cancellation. The phase detector

dain is [err] so the maxi mumcurrent out of the |adder structure will be
t he charge punp current required by the normal | oop divided by [err]. One
half of this 2 5 current nust be subtracted fromthe nom nal current

setting resistor for current sink 170.1171i§ results in the resistor val ues
chosen for resistors 180, 181, and 185! Resi stor 185 woul dnormally be

equal to R'2 so that the current in current sink 170 [err] woul d be double
that in current sink 169. In the residual correction schene, as shown here,
an additional current is passed thr TbR | adder structure. \Wen the
residual error is set to zero then.EE.g t @&afa bits will be 10000000. The

‘total current in the ladderis then (VDN- [err]. To preserve the charge punp

10

110 in the sane condition as W thQUPRIOR ART-
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CONVERTER

SERTAL TO PARALLEL
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error correction, this current nust be subtracted fromthe main current
_path such that the sumof the two currents equals [err] once again. Thus
lerr] 120 this and Chm's Law resistor 185 becones [err]. The m ni mum
current through the resistor |ladder is 0 corresponding to 00000000 or
maxi mum negati ve correction. The maxi mum current through the | adder is
[err] corresponding to 11111111 or maximum positive current. |If the

residual error is positive then one @if 5 s 10000001, if it 15 i s
negative then one unit is 01111111, thus, the first (MSB) bit is used as a

sign of for the current correction. Wiat is clained is: Cainms: 1. A
frequency synthesi zer having a controll able oscillator for
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generating a first signal having a first frequency, the frequency

synt hesi zer conprising: 5 nmeans for creating a divider sequence
signal, the divider sequence si gnal containing a desired value and an error
val ue, the neans for creating conprises: neans for accepting a frequency
of fset signal, first means for integrating the frequency offset signal,
formng a first 10 integrated signgg/agg a first carry signal, second
nmeans for integrating the first int d signal formng a second

i ntegrated signal- and a second carry signal, first means for derivating
the second carry signal, formng a derivated second. carry signal, 15
means for conbining said derivated second carry signal wth said first
carry signal, formng a first conbined signal, neans for derivating said
first conblned signal, formng a first derlvated conbi ned signal, and
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means- fsr conbining said first derivated conbined signal with a 20
programmabl e di vi der frequency divider signal, creating a divider sequence
signal; neans for dividing the first frequency of. the first signal, the
means for dividing dependent upon the divider sequence signal and formng a
first divided signal; 25 means for qzt cting a difference in phase
of a reference signal and th irst divide# iénal and generating a phase
di fference signal; neans for oxi mating an error cQRluawned in the first
di vi ded signal at ] east dued i35 Bt he di vi der

sequence signal apflorr-g SdNFe—and 3
means for nodul at| 0 ence signal I rjst erros
correction si generati @ a nodul ated si gnal reduqsd si dua
error and f@rg g the Tontrollable osgil at & . - S|
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'ZlﬂrﬂﬁIIEQU@ncy synt hesi zer in accordance with claim1 further conprising
t he nodul at ed

neans for filtering,
signal. 5 3.

formng a second conbi ned signal;

conbi ned si gnal fornlngcsald flrst 10

fractional -N frequenc
control |l able oscillat
signal frequency wt
di vi der sequence
signal, the divi

val ue, the fractlgng

sequenc-

S

R/(Z-Vn N

|able

tput si gna

responsi ve to means for
A frequency synt hesi zer
wherein said neans for approximating the error further conprises:
conmbining the first integrated sign@

nodul at i ng,
in accordance with claim1l

neans for

vt h the second integrated signal

an neang_for derivating _said second

accunul at or

frequency by di vi di
di vi sor di vi der

a
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&n error correction 5| Iﬂ HI r appr oxi i ~tfﬁe ‘&t or- cortai n§d i
in the divider sequenc Igmr“g H JJ!I rgl i ng anﬁltzr Z”O Eolcl & Lectlo?]}"&“vf ; !
signal ; a phase det ect or coupl e to the divided Sl Bt putE2Epoth-{h&as %--1‘
variabl e divisor divider for detecting a di fferencé TREptiER e rege .- 69 angsbe.
signal and the divided signal and generating a pheise dittgier enegedi-gtalpaged ...
nmodul at or cogy lag.ﬂ 1o the phase difference si gnal* output fromthe 25 phase
detector for ]satl ng the phase difference si gnat Awist ht eeerror 2047

correction signal land gﬁerfmcpi symmebliéﬁMm aashtelble ssed IE%BET&SEST‘C*UHT"‘“
error; and a controllahl e osmu‘ator f cept| ng { he nodul at ed 5| gnal and
generating a@cBETHRS aityat.pignal haying ?) Eﬁl‘ﬁ?fifé’d the agy sypthesizer
comprising:
5 means for creating a divider sequence signal, the divider sequence

signal containing a desired value and an error value, the means for
creating comprises:
means for accepting a frequency offset signal,
first means for integrating the frequency offset signal, forming a first
10  integrated signal and a first carry signal,
second means for ihtegrating the first integrated signal forming a
second integrated signal-and a second carry signal,
first means for derivating the second carry signal, forming a
- derivated second carry signal,
15 - ‘means for combining said derivated second carry signal with said
first carry signal, forming a first combined signal,
means for derivating said first combined signal, forming a first
derivated combined signal, and
means for combining said first derivated combined signal with a
20 programmable divider frequency divider signal, creating a divider
sequence signal; -
- means for dividing the first frequency of the first signal, the means
for dividing dependent upon the divider sequence signal and forming a
first divided signal;
25 means for detecting a difference in phase of a reference signal and
the first divided signal and generating a phase difference signal;
means for approximating an error contained in the first divided
signal at least due in part to the error value in the divider sequence signal
and forming a first error correction signal; and
30 means for modulating the phase difference signal with the first
error correction signal and generating a modulated signal having reduced
residual error and for controlling the controllable oscillator.



§. " A fractional -N frequency synt hesi zer conprising: a contr l’ m
oscillator outputting a first signal hawﬁg a first frequency(u"ﬂ z”m“ ”mll"l",
a modul ated signal for controlling the first frequency of the first &ighals *
5 an accumul ator network creating a divider sequence signal, the

di vi der sequence signal containing a desired value and an error value

fivst signal coupea i+ thatientReyAnidierth RBa R ofiR 5 Bt th

sequence si geemprisingatieans fdsmﬁlxefih resptisivedto hiear@i for dabdhbitinkd) th
controlling a varj ab‘%e,di i sor divider, the variable divi sor di vi de_r for

di vi di ng t he TR? ‘éiat? & cy of the first signal and generating a first

di vided signal; an error correction signal generator for approxinmting an
error contained in the divider sequence signal at |least due in part to the

error 15 Sval ue i 8.t he Alifréqirncy synthesizey ignadcoadan@ewditotlairg Bwleireor
correction sighg In’teans for approximating the error further comprises:

means for combining the first integrated signal with the second
integrated signal forming a second combined signal; and
means for derivating said second combined signal forming said first

10  error correction signal.

4. A fractional-N frequency synthesizer accepting a first signal to
select a controllable oscillator output signal frequency by dividing the
éutput signal frequency with a variable divisor divider controlled by a

15  divider sequence signal from an accumulator network creating a divided
| signal, the divider sequence signal containing a desired value and an error
value, the fractional-N synthesizer comprising:

an error correction signal generator for approximating the error
contained in the divider sequence signal and generating an error

20 correction signal; |

a phase detector coupled to the divided signal output from the
variable divisor divider for detecting a difference in phase of a reference
signal and the divided signal and génerating a phase difference signal;

a modulator coupled to the phase difference signal output from the

25 phase detector for modulating the phase difference signal with the error
correction signal and generating a modulated signal having reduced
residual error; and _

a controllable oscillator for accepting the modulated signal and

generating an output signal having a predetermined frequency.
30
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e v aer 1 or Befact Pnga a1 11 oranceera phase or B ret zwmu uﬂﬂlmhlml Il
and the divided signal and generating a phase difference signal*

a modul ator coupled to the phase difference signal output fromthe phase
detector for nodul ating the phase difference si gnal with the error

correction signal nd g@ afdngg CE%Q' %gﬁ ik ,reduced
resi dual error. @ : il 9-!*'?% P& uency syrﬂ héﬁl ZI t he

frequency synt hesmzennthel\hbig GBClﬂalIblr outpaithagmsﬁrétlsagml liamn Qﬂﬁfﬁt ing a .
cr eat i ng . ofRaHSRY Ak fkepking farodulated a8l foraqaeRling e o °
cont ai ni ng afg@ﬁié@Q dfe%hgqug{lgigﬁgl’error val ue; '
5 an accumulator network creating a divider sequence signal, the
divider sequence signal containing a desired value and an error value;

a divider having a signal input and a control input and a signal
output, the first signal coupled to the signal input of the divider, the
divider sequence signal coupled to the control input of the divider for

10  controlling a variable divisor divider, the variable divisor divider for
dividing the first frequency of the first signal and generating a first divided
signal;

an error correction signal generator for approximating an error
contained in the divider sequence éignal at least due in part to the error

15  value in the divider sequence signal and generating an error correction
signal;

a phase detector coupled to the divided signal output from the
variable divisor divider for detecting a difference in phase of a reference
signal and the divided signal and generating a phase difference signal; and

20 a modulator coupled to the phase difference signal output from the
phase detector for modulating the phase difference signal with the error

correction signal and generating the modulated signal having reduced
residual error.




di viding the frequency of the first signal, the step of dividi :

upon the divider sequence signal and forntQQ a first divided #ﬂﬂ' i m& """
a phase; detecting a difference in phase a reference frequency an Ss
10 divided signal and generating a phase difference signal; approxinmating

an error contained in the first divided signal at |least due in part to the

error value in thesdivi ignal _and form first error
correction signal ?6°and gﬁ) Sﬁﬁwﬁgﬁq@ %3@“@}?*@%@% @F@'ﬁ%ﬁ‘% th the
first error IdynthesizecChavingsa ¢ofitrolabledsytdliabt far Geri@dting! £ firs sﬁgﬁhl havi ng
reduced residual, errfc;,;tand for controlling the controllable oscillator.

16 7. A mehaagoF tirstdgequenscys e method egmprisingdhestens ofith cl ai m
creating a divider sequence signal, the divider sequence signal
5 containing a desired value and an error value;
dividing the frequency of the first signal, the step of dividing
dependent upon the divider sequence signal and forming a first divided
signal having a phase;
detecting a difference in phase of a reference frequency and the
10  divided signal and generating a phase difference signal;
approximating an error contained in the first divided signal at least
due in part to the error value in the divider sequence signal and forming a
first error correction signal; and
modulating the phase difference signal with the first error
15  correction signal and generating- a modulated signal having reduced

residual error and for controlling the controllable oscillator.
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modul at i ng. e modul ated Signal . 516 B A method 'Sfllllﬂmltlﬂllllllllll I

synt hesi zing in accordance with claim6 wherein said step of credtihg & s
di vi der sequence signal further conprises the steps of: accepting a
frequency of fset signal; |ntegrat|ng the frequency offset signal, formng a

first integrated 10 S|¢rm|etlmd10fa rreqnencscaquhesngugain aceardgnee Mngh clednf i r st
i ntegrated si form_ a Sec nd eqrated s and second carry
signal ; deri \fg?‘frrtrb g@ %}PQH; HHa8 relsBPﬂ%HG tg said ?\?gt%@ second
carry signal ,mbaulatmg theclga‘gu[utga gi?ﬂﬂ derivated second carry signal with
said first carry si gnal formng a first conbined signal; derivating said

first conbined signal, f or ni ng a first derivated conbi ned si gnhal ; and

5 8. A method of frequency synthesizing in accordance with claim
6 wherein said step of Creating a divider sequence signal further comprises
the steps of: |

accepting a frequency offset signal;
integrating the frequency offset signal, forming a first integrated
10 signal and a first carry signal;
integrating the first integrated signal forming a second integrated
signal and a secdn_d carry signal;
derivating the second carry signal, forming a derivated second carry
signal; |
15 combining said derivated second carry signal with said first carry
- signal, forming a first combined signal;
derivating said first combined signal, forming a first derivated
combined signal; and
. combining said first derivated combined signal with a
20 programmable divider frequency divider signal, forming a divider

sequence signal.
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-combining said first derivated conbined signal with a 20 plrlm“ﬂul]ﬁ“lﬁllmlllll
di vi der frequency divider signal, form nd7a divider sequence . .
A nmet hod of frequency synthesizing in accordance with claim8*wheréi n"safd *

step of approximating the error further conprises: conbining the first
I ntegrated signal with the second integrated signal formng a second
conbi ned signal; and derivating said second conbi ned signal formng said

first error correqion gi.aoglig of frequency synthesizing in accordance with claim
8 wherein said step of approximating the error further comprises:
combining the first integrated signal with the second integrated
5 signal forming a second combined signal; and
derivating said second combined signal forming said first error

correction signal.
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FRACTIONAL N FREQUENCY SYNTHESIS WITH RESIDUAL ERROR
CORRECTION AND METHOD THEREOF

Abstract of the Disclosure

A frequency synthesizer (107) utilizes a variable oscillator (114) the
output of which is used as the frequency synthesizer output (115) and is fed to
a digital divider (108). The output of the digital divider (108) feeds one input
of a phase comparator (109). The other input of the phase comparator (109) is
fed from a reference oscillator (116). A phase comparator (109) output controls
the variable oscillator (114). The digital divider (108) has a division ratio that is
varied with time by a multi accumulator fractional N division system (112) such
that the effective division ratio may be varied by non-integer steps. Due to the-
time varying division sequence applied to the digital divider (108) there is a
residual spurious level on the output signal (115). A second digital sequence
from the multiple accumulator fractional N division system (112) is generated to
reduce this spurious level and is applied to the output of the phase comparator

- (109).

Figure 4 accompanies this abstract.



