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SYAiHESI S Background of the Invention 10 This i nvewr%t es
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whi ch may be enpl oyed in radi ot el ephone communi cati ons equi pnent to
generate one of a plurality of 1 5 signals for use by the radi o frequency
transcei ver. Phase-locked | oop (PLL) frequency synthesis is a well known
techni que for generating one of many related signals froma frequency

vari abl e vol tage controlled oscillator (VCO. In a single | oop PLL, an
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di vider which divides by a selected integer nunber to provide a é ency
divided signal to a phase detector. The phase detector conpares the
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time and envi Ponnent al changes. Any diff e SYNEHESIEhase between the

frequency divided signal and the reference signal is output fromthe phase
detector, coupled through a loop filter, and applied to the VCO in a manner

Backeround of the Invention

10 This invention relates generally to frequency
- synthesizers and more particularly to a fractional-N

frequency synthesizer with cascade sigma-delta modulator
style accumulators which may be employed in radiotelephone
communications equipment to generate one of a plurality of

15 signals for use by the radio frequency transceiver.

Phase-locked loop (PLL) frequency synthesis is a well

known technique for generating one of many related signals
from a frequency variable voltage controlled oscillator (VCO).
In a single loop PLL, an output signal from the VCO is

20  coupled to a programmable frequency divider which divides by
a selected integer number to provide a frequency divided
signal to a phase detector. The phase detector compares the
frequency divided signal to a reference signal from another
fixed frequency oscillator which, often, is selected for stability

25 of frequency over time and environmental changes. Any
difference in phase between the frequency divided signal and
the reference signal is output from the phase detector, coupled
through a loop filter, and applied to the VCO in a manner
which causes the output signal from the VCO to change in

30 frequency such that the phase error between the frequency
divided signal and the reference signal is minimized. Since
the programmable divider divides by integers only, the output
frequency step size is constrained to be equal to the reference
signal frequency.



whi ch  causes the output signal fromthe VCO to change in 30 frequency such
that the phase error between the frequency divided signal and the reference
sigmal is minimzed. Since the programable divider divides by integers
only, the output frequency step size is constrained to be equal to the
reference signal frequency. 2 Wth the single |oop PLL, an engi neering
conprom se nust be struck between the coBpeting requirenents of loop 5

| ock tinme, output frequency step size, noise perfornmance, and spurious
signal generation. In order to overcone the Iimtations of the single |oop
PLL, progranmabl e frequency dividers capable of effectively dividing by
‘non-integers have been devel oped. Qutput 1 0 frequency step sizes whi ch
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In order to overcome the limitations of the single loop
PLL, programmable frequency dividers capable of effectively
dividing by non-integers have been developed. Qutput

10 frequency step sizes which are fractions of the reference
signal frequency are obtained while maintaining a high
reference frequency and wide loop bandwidth. A discussion of
fractional-N synthesis may be found in U.S. Patent No.
4,816,774. As described therein, two accumulators are

15 employed to simulate the performance of fractional synthesis
of the switching between different integer values of divisors
without the attendant spurious signals generated by such
switching. The two accumulator technique acts to reduce the
unwanted spurious signals by cancellation and loop filter

20 rejection.

The reference signal frequency for the fractional-N
frequency synthesizer is, therefore, determined by the step
size of the VCO output frequency multiplied by the
denominator of the programmable divider divisor. Fractional-

25 N synthesis allows the use of a reference frequency which is
much higher than the actual channel spacing and allows
designs to use wider bandwidths due to the reduction of low
frequency spurious outputs. Wider bandwidths allow fast lock
times and the possibility of wideband modulation applied to

30 the reference input or the fractional division scheme.

Unfortunately, this system is not perfect and generates
some spurious signal output at a frequency equal to the
channel spacing. The desired signal output purity is better



of the switching between different integer values of divisors wthout the
attendant spurious signals generated by such switching. The two accunul at or
techni que acts to reduce the unwanted spurious signals by cancellation and
loop filter 20 rejection. The reference signal frequency for the
fractional -N frequency synthesizer is, therefore, determned by the step
size of the VCO output frequency nultiplg3ed by the denom nator of the
programuabl e di vider divisor. Fractional- 2 5 N synthesis allows the use
of a reference frequency which is nuch higher than the actual channel
spacing and all ows designs to use w der bandw dths due to the reduction of
| ow frequency sthmdlsnon{fpantmndN@stemahdﬂ\bylumwwﬁlhbe | ock tinmes and

t he p055|b|I|ty il?ﬂg ia?gtl-* 3 0 the reference input
or the fractional di Visl ﬁgssgﬁg ﬁ?ort é) this systemis not P

perfect and gener at el §5der o mipinizesths, egﬁtquﬁu%lppgnppg AWREY: equal to
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the non-fracti Odé elo;\{eci wrﬂlcﬁ %%e sp St' 8 to
frequencies at whlch ﬁltenng is inexpensive and simple. By
using systems with more than two accumulators this benefit
can be extended even further.

10 The basic structure of a one-accumulator fractional-N
system is shown in the block diagram of Fig. 1. A VCO 101
generates an output signal which, typically is coupled to a
fully programmable frequency divider 103 which has an
output to a phase detector (¢) 105. The control input is a

15 summation of a coarse channel setting and the output of the
digital network which provides the fractional part of the
division. The phase detector 105 conventionally compares the
phase of the divided frequency, fy, to the phase of the reference
signal frequency f; output from a reference oscillator 107 to

20 produce a signal which is applied to a loop filter 109 and
subsequently to the VCO 101 to phase-lock the VCO output
signal.

The selection of the divisor value of variable frequency
divider 103 is made by digital network 111 which, in previously

25 known implementations such as described in Z-transform
equivalent in United States Patent No. 4,758,802, comprises a
conventional adder 113, a comparator 115 (which produces a
“carry out" signal when the input to the comparator 115
exceeds a given numerical value), and feedback logic 117

30 which subtracts the denominator (if a carry output occurs)
from the digital number representation output from adder 113
and comparator 115 before applying the digital number
representation to the adder 113. A second digital number
representation, which in a fractional-N synthesizer is the




insufficient for sone high-quality systens. In order to mnimze the
effects of this spurious output, 5 two accunulator fractional-N synthesis
systens have been devel oped whi ch spread out the spurious signals to
frequencies at which filtering is inexpensive and sinple. By using systens
with nore than two accunul ators this benefit can be extended even further.
10 The basic structure of a one-agcunul ator fractional -N systemis
shown in the block diagramof Fig. 1. A VCO 101 generates an output signal
which, typically is coupled to a fully programmabl e frequency divider 103
whi ch has an output to a phase detector [err] 105. The control input is al
5 summation of digitalbéqdvalentufithedinst differentidl @f ¢he plsebphhbe di gital
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di vider 103 is digicabsignal) whichhid afirst dddembquivalént ¢ff the phisdey 2 5 known
| npl ement ati ons o&“sé’ii ‘i‘ﬁeda%scfér:"ﬁ%dsﬁxﬂs %hg rp%@é'{o%rsngontents of the adder
113 with d6/dt (a numerator) on each occurrence of the
10 reference frequency signal f; . As described in U.S. Patent No.
4,816,774, the adder 113 output is compared to 2 number (a
denominator of a desired fractional part of the divisor when
the divisor of frequency divider 103 is expressed as a sum of N
and [numerator/denominator]). If the adder 113 contents
15 exceed the denominator then the carry output is set true and
the contents of the adder is reduced by the denominator in
feedback logic 117 before the next reference pulse occurs.

As an example, assume the denominator is 13 and the

numerator is 1. On every thirteenth reference pulse, the
20 adder 113 exceeds the denominator and generates a carry
output which will increase the divisor of the frequency divider
103 by one for one reference signal, f;, pulse. This removes one
pulse from the VCO 101 output signal and thus reduces the
accumulated phase error by 360 degrees. This corresponds to
25 a 1/13 division added to the nominal division number.

Shown in the Z-transform diagram of Fig. 2 is a Z-
transform equivalent digital network 111° of this one
accumulator system consistent with that disclosed in United
States Patent No. 4,758,802. The Z-transform equation for the

30 single accumulator system is:

DO=Z-1DI+Q (1-Z-Y)



equivalent in United States Patent No. 4,758,802, conprises a conventional
adder 113, a conparator 115 (which produces a "carry out" signal when the

i nput to the conparator 115 exceeds a given nunerical value),. and feedback
logic 117 3 0 which subtracts the denom nator (if a carry output occurs)
fromthe digital nunber representation output from adder 113 and conparator
115 before applying the digital number rePresentation to the adder 113. A
second digital nunber representation, which in a fractional-N synthesi zer
is the 4 digital equivalent of the first differential of the offset
phase with respect to tinme (the offset frequency), is applied.to another
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is the digital nue:libetl' ?edcl?ac to adéeor 301 an eéle(caarry out

signal is taken as the output signal. For Z-transform

analysis, however, no difference need be made between the
10 output and the feedback signals.

At point B an equation can be written as follows:
B(z)=B(z) ! +A(z) or B(z=A@/1-z})

15 But Dataout=B(z)+Q and A(z)=Data in -B(z)-Q
Substituting this in and solving for B(z) then:

B(z)=Data in/(2-z1) - 2z}

20
And solving for Data out:
Data out = Data in/2-z'1) + Q(l-z1y(2-z'1)

25 This equation may now be converted to the frequency
domain (Note that "v" is frequency normalized to the folding
frequency): '

Mag.(Data out/Data in)= 1/5-4cos(PI*v))12

30

Mag.(Data out/Q) = {(2-2cos(PI*V))/(5-4cos(PI*v))} 12

Thus, the data inﬂo adder 201 is slightly low pass filtered
and the quantization noise introduced by the digital network



denom nator of a desired fractional part of the divisor when the divisor of
frequency divider 103 is expressed as a sumof N and

[ nufrer at or/ denom nator]). If the adder 113 contents 1 5__exceed the

denoni nator then the carry output is set true and the contents of the adder
i's reduced by the denominator in feedback logic 117 before the next

ref erence pul se occurs. As an exanple, ass®une the denom nator is 13 and the
nunerator is 1. On every thirteenth reference pul se, the 20 adder 113
exceeds the denom nator and generates a carry output which will increase
the divisor of the_frequency divider 103 by one for one reference signal,

[err] pul se. Thi #1leibbigh pass Elﬂe%dfTbﬁhghpawﬁl@hmgmﬁthe signal and thus
reduces the aCCUquhﬁtﬁdti%haﬁﬁséﬂfé%rt}QVeﬁ&Q &%ﬁ%ﬁx IE%E ﬁ%h@sponds to 25
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111' of thi s%neﬁm@&myapamngyefﬁm tmrmcemtxf\nhéhphhmusdo&ﬁk@%ed in
United States Paaq% %{@&g Mkec&ntei%?%grﬂkﬁ%%“@ for the 3 0

si ngl e accumul ator_ s
g selec a PLL response with a low pass corner frequency

much lower in frequency than the high pass corner it is
possible to reject almost all of the noise. In a single

10 accumulator system, the high pass roll-off is 20db/decade.
Thus, the reference frequency must be large to push the high
pass corner to large frequencies, if sufficient noise
suppression is to be obtained. (Or the PLL low pass must be
very low in frequency and thus lose the benefits of wide

15 bandwidth). _

To improve the high pass filtering of the basic fractional
structure, it has been known to use fractional-N synthesis for
systems using two accumulators. A two-accumulator
fractional-N synthesizer is disclosed in United States Patent

20 No. 4,204,174. Also, an example of one is shown in the block
diagram of Fig. 3 which replaces the single digital network
111 of Fig. 1.

In a dual accumulator system, the contents of the first

accumulator 301 becomes the Data input to the second

25 accumulator 303. The second accumulator 303 has its own Z-
transform quantization error, Q2, in addition to the error of,
Q1, the first accumulator. However, both of these errors will
be reduced from the single accumulator case. The carry-
output from the second accumulator 303 is applied to the

30 digital logic element 305 and, after the differentiation
produced by logic element 305, added to the carry-output of the
first accumulator 301 in adder 307 to produce the effective
carry-out signal to be applied to frequency divider 103. Thus,
the effect produced by the dual accumulator is to add the first



5 The Z-transform adder 201 is fed fromthe nunerator (mnus the

denom nator if an overflow occurs) and the previous adder contents
repfesented by a [err] (delay) block 203, 205. The 5 conparison is
considered to be a digital slicer with quantization error Q added at 207.
The output from adder 207 is the digital nunber fed back to adder 201 and
the carry out signal is taken as the outeut signal. For Z-transform

anal ysis, however, no difference need be 'made between the 10 out put and
the feedback signals. At point B an equation can be witten as foll ows:
[err] 1 5 But Data out=B(z)+Q and A(z)=Data in -B(z)-Q Substituting

this in and sol gjdgr mgl éae&‘;/,] ' out: [err]
25 Thi s aquatégﬁsﬁgﬁa‘#w ee con eorv.xt%ggfi‘?ga? e req%g%locl%%nai n (Note
that "v" is fr eﬁb"eﬁ‘é‘f}’%? ﬁ&%ﬁqqﬁq%@ff@pcﬂlﬁgrw@qu-q@pn} Thus, the
data into adder of@édcurduldtog!803yfor therstisctiviel deirpdut signal.
5 ‘The Z-transform model of this two accumulator ripple
system is shown in the diagram of Fig. 4. DO1 is the Data out

of the first accumulator. From the above calculation:

DO1= Data out = Data in/(2-z°1) + Qi(l-z- 12z,
10
' Di2 is the accumulator contents of the first accumulator
(which is the input of the second accumulator).

Di2= (Data in - DO1)(1-z"1)
15
A similar equation to that above for DO2 is:

DO2 =Di2/2-z’ 1) + Q2(1-zly-z})

20 Substituting in the expression for Di2 and then
substituting in for DO1:

DO2 = Data in/((2-z-1)(1-z'1)} + Q2(1-z"1)/(2-z°1) - Data in/{(2-z-1)2(1-
| ) -Qu2-z1)2
25
But: DO3=D02(1-z!) and Dawmout = DOl +DO3

Thus after some algebra:

30 Dataout = Datain{(3-2z 1)/(2-z-1)2} + Q1{(1-z 1)2/(2-2°1)2} + Q2{(1-z
2221y



and the quantization noise introduced by the digital network 6 111' is
hi gh pass filtered. The high pass filtering of the quantization noi se has
t he- effect of reducing the spurious signals occurring at_the frequency of
t he channel -t o-channel 5 frequency spacing of the transceiver if the

spurious occurs at a frequency nuch bel ow the corner of the high pass. By
selecting a PLL response with a | ow pass cgrner frequency much lower in

frequency than the high pass corner it is possible to reject alnost all of
the noise. In a single 1 0 accunulator system the high pass roll-off is
20db/ decade. Thus, the reference frequency nust be large to push the high

pass corner to |arge fTRgessiedsntdtior iy (hd dhtd dquen is to be
obtained. (O the,PLL.I| 8&’2‘385 nust ..?oe very F%HvVi n (?reoeﬁgégﬁlrc and“t hus | ose
the benefits of wigEan e K .ls%eiffﬁﬂlweymwm\ﬁwdp the | tering of
the basic fracti ofdding fregfueney):it has been known to use fractional -N

synthesis for gsystens using two accunul ators. A two-accunul at or

fractional -N synthesizer is disclosed in United States Patent
Mag.(Data out/Data in) = (13-12cos(PI*v))12/(5-4cos(PI*v))

Mag.(Data out/Q1) = (2-2cos(PI*v))/(5-4cos(PI*v))
10 Mag.(Data out/Q2) = (2-2cos(PI*v))/(5-4cos(PI*v))1/2

In tkis case the high pass corner occurs at about the
same frequency as in the one accumulator case but the
frequency response of the high pass characteristic to the

15 quantization noise is 40db/decade. This allows the PLL to have
a wider bandwidth, i.e., allows the fractional system to
operate at a lower frequency, than in the one accumulator
case while still maintaining the desired noise suppression.

The number of accumulators can theoretically be

20 increased to any desired order. The resulting response of the
high pass characteristic to the quantization noise will be the
number of accumulators times 20 db/decade. The
accumulators are "recombined” in what is known as a
"Pascal's triangle method" as disclosed in. U.S. Patent No.

25 4,609,881 In general the higher order accumulators are
recombined as (1-Z-1)(n-1),

In a paper published by James C. Candy, "A Use of
Double Integration in Sigma Delta Modulation", IEEE
Transactions on Communications, Vol. Com. 33 No. 3,

30 March, 1985, pp. 249-258, a function known as a sigma-delta
modulator was shown to be an effective integration function in
an analog to digital (A/D) converter. Sigma-delta modulators
now form the basis of many modern A/D converters. Most of
these sigma-delta modulators are first or second order



2 0 No. 4,204,174. Also, an exanple of one is shown in the bl ock diagram
of Fig. 3 which replaces the single digital network 111 of Fig. 1. In a
dual* accumul ator system the contents of the first accumul ator 301 becones
the Data input to the second 2 5 accunul ator 303. The sécond accunul at or
303 has its own Z- transform quantization error, 2, in addition to the
error of, Ql, the first accunul ator. Howe®er, both of these errors will be
reduced fromthe single accunul ator case. The carry- output fromthe second
accurul ator 303 is applied tothe 3 0 digital logic elenment 305 and, after

the differentiatio edb | enent 305, added to.th
carry-output of a? \éﬁ gidi‘e‘g %a&#ﬁegtﬁra%éeg dB the

effective carry- Wblsclgrahkgtmntmé‘&gp!il dﬂldmdpmwfehWSﬂwmr 103. Thus,

the effect pr od w r | S 7 order
phase of f set of out put ﬂgf\ Err%l% @Bﬁq gpt L egn-gﬁd or der
phase of f set Sof ¢B&aéw#avémmsm tp thet ogﬂnm&lﬁmlaﬂbns B03 for the

effective carry-kiisbsdrd8dithabthe entire Jﬁ%ainﬁﬁ@éﬁ@b&%ﬂmdﬁiutoind his two
accumul ator ri pptl d back thus making the disclosed A/D converter signal delta
modulator unsuitable for fractional-N synthesizers.
However, if this sigma-delta modulator-were modeled
10 in a sampled data implementation (as shown in Fig. 6), the
resulting Z-transform equation would be;

DO=zDI+ Q1 - zl)

15 which states that the data out is the data in delayed by one
clock period plus a noise term with a first order high pass
digital filter operating on the noise. This equation is
remarkably similar to that of the single accumulator for
fractional-N synthesis, and results in a Z-transform dxagram

20 such as that shown in Fig. 6.

Candy also discloses second order sigma-delta
modulator A/D converters having a Z-transform diagram as
shown in Fig. 7 and having a transfer function of DO =Z-1DI +
Q (1-Z-1)2, This second order implementation also is

25 unsuitable for fractional-N synthesis sii..e the entxre digital
number is both output and fed back.

Sun f the I .
30 Accordingly, it is one object of the present invention to

advantageously employ a sigma-delta modulator function in
a fractional-N synthesizer.



systemis shown in the diagramof Fig. 4. DOL is the Data out of the first
accunul ator. Fromthe above calculation: 1 0 [err]
t he-accunul ator contents of the first accunulator (which is the input of

t he second accunulator). 1 5

t hat above for

D2is

[err] A similar equation to
[err] is: [err] 20 Substituting in the expression
for Di2 and then substituting in for DOL:ijg[err] 25 But: [err] and

[err]

Thus after sone al gebra: [err] 8 This representation is then converted
to the frequency donmain (Once again "v" is the frequency normalized to the
folding frequency): 5

10

15

20

25

30

35

It is another object of the present invention to introduce
small increments of frequency offset into the fractional-N
synthesizer.

These and other objects are realized in the fractional-N
synthesizer present invention which encompasses a digital
network which accepts a digital number presented as a first
plurality of bits. First and second integrals are calculated
and combined for the digital number and a predetermined
number of output most significant bits are selected and
coupled to the divisor control input of the loop divider.

Brief Descriotion of the Drawi

Figure 1 is a block diagram of a first order fractional-N
synthesizer.

Figure 2 is a Z-transform diagram equivalent of the
digital network of Fig. 1.

Figure 3 is a block diagram of a second order fractional-
N synthesizer.

Figure 4 is a Z-transform diagram equivalent of the
digital network of Fig. 3.

Figure 5 is a block diagram of a conventional first order
sigma-delta modulator useful in a D/A converter.

Figure 6 is a Z-transform diagram equivalent of Fig. 5.

Figure 7 is a Z-transform diagram for a second order
sigma-delta modulator useful in a D/A converter.

Figure 8 is a block diagram of a radio transceiver which
may employ the present invention.

Figure 9 is a block diagram of a fractional-N synthesizer
for the transceiver of Fig. 8 and which may employ the
present invention.

Figure 10 is a block diagram of a digital network for the
synthesizer of Fig. 9 and which may employ the present
invention.



[err] In this case the high pass corner occurs at about the sane frequency
as in the one accunul ator case but the frequency response of the high pass
characteristic to the 1 5 quantization noise is 40db/decade, This all ows
the PLL to have a wider bandwidth, i.e., allows the fractional systemto
operate at a |lower frequency, than in the one accunmul ator case while stil
mai nt ai ni ng the desired noi se suppression,, The nunber of accunul ators can
theoretically be 2 0 increased to any dedlred order. The resul ting
response of the high pass characteristic to the quantization noise will be
the nunber of accumulators times 20 db/decade. The accunulators are

"reconbi ned" i n what P as discl osed
in. US. Patent No. 2 %cﬁ%%@%ﬁtrm@é&éﬁéfgfé{# ks& %élr accurml ators
are reconbi ned as t[!bple]aqqmub&peforp Rig. Q;Qndy, "A Use of
Doubl e Integration i nfigh@ BE al Mdyps on

Co t k‘ % 5, - 258

mruni cat i ons, , a
function kno qa@%c {}gtﬂﬁéﬁ ét%‘g‘ﬁéél%w&‘i\ﬁ }G‘CB fective

i ntegration funct iemployedrinathal symthesitediof Fig(9y D) converter. Sigma-delta
nodul ators now formthe basis of many nodern A/ D converters. Mst of

Detailed Descrintion of the Preferred Embodi

10 The invention disclosed herein is of a multiaccumulator
sigma-delta fractional-N synthesizer. By arranging ripple or
latched fractional-N divider control circuits in a unique
sigma-delta configuration, it is possible to realize the
performance benefits of a standard fractional-N synthesizer.

15 A digital radio transceiver such as that useful in a
digital radiotelephone system, may advantageously employ
the present invention. The GSM Pan-European digital
radiotelephone system requires radio equipment capable of
rapid changes of frequency and uses GMSK modulation with

20 BT=0.3 for the transmission of digital data and digitized voice.
Typically, I-Q modulators have been employed to transmit
digital data over radio systems. In such schemes, the digital
data is converted into properly shaped I and Q pulses formed
in look-up tables. The I and Q channels are then passed

25 - through a pair of quadrature-driven mixers to convert to an
offset frequency. The outputs of the two mixers are then
combined to form a composite GMSK modulated signal at the
offset output frequency. This offset output frequency is then
mixed to the desired transmitter output frequency.

30 To achieve rapid frequency changes, modulation, and
low spurious signal and noise levels, a modulated
multiaccumulator sigma-delta fractional-N synthesizer is
employed in the present invention. For modulation, the
synthesizer employs a look-up table to convert the data stream



these sigma-delta nodul ators are first or second order 9 with the

I ntegrators realized as anal og systens as depicted in the bl ock diagram of
Fig- 5. The output of this systemis typically passed through a digital
filter to arrive at the desired 5 di gital output corresponding to the

anal og input level. It is to be observed that the entire digital nunber is
both out put and fed back thus making the djsclosed A/D converter signal
delta nmodul ator unsuitable for fractional - synt hesi zers. However, if this

si gnma-del ta nodul ator were nodeled 1 0 in a sanpled data inplenentation (as
shown in Fig. 6), the resulting Z-transform equation would be: [err] 1 5

LTS Ui BBl B B BB L,
the noise. This egynthesizers Therlnopedivisionmfithe symthesizenis adjustedin e
accumul at or for fﬁ@&fr @éiﬁ'ﬁ&lﬁﬂ% ﬁ{llgda?g%%g_gy%?om%%;-t ransform

glr Sg{ arsni S?TB d u;: gixfssi;a;ltaaxtleomof\fgquency offset requra]re% ﬁ)rs&edbﬁéﬁses second
: modulated signal. This can be at the offset frequency or
directly at the main frequency.
The fractional-N synthesizer configuration is operated
upon with large accumulators to eliminate spurious signals,

10 to provide D/A correction to reduce discrete spurious signals,
and to provide direct digital modulation to the PLL. Either
ripple or latched accumulators may be used in the present
invention without affecting the scope of the invention.

A transceiver which may employ the present invention

15 is shown in the block diagram of Fig. 8. A reference oscillator
801 provides a reference signal, fr, which remains relatively
constant in frequency over time and extremes of environment
and is applied to frequency synthesizer 803. The output of the
synthesizer is used by both the receiver 805 and the

20 transmitter 807 to produce the local oscillator and the
modulated transmit signal, respectively. Control over
functions of the transceiver, such as channel of operation
frequency, is provided by control logic 809 function.

The synthesizer 803, in the preferred embodiment,

25 comprises a fractional-N synthesizer having a general
configuration shown in Fig. 9. In accordance with the
present invention, the digital network 900 is operated in the
form of a modified multi order sigma-delta modulator for a
fractional-N synthesizer. Since the previous Z-transform

30 equations were shown to be of the same form, a selected
portion of the output of a sigma-delta modulator, here, is
uniquely used to drive the control of a multi modulus (or
continuously programmable) prescaler contained within PLL
synthesizer. This results in a fractional-N synthesizer where
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nmodul ator A/ D converters having a Z-transformdiagramas shown in Fig. 7
and having a transfer function of [err] + [err] This second order

i nplenentation also is 2 5 wunsuitable for fractional -N synthesis since the
the entire digital nunber is both output and fed back. Sunmary of the

I nvention 3 0 Accordingly, it is one object of the present invention
to advant ageously enpl oy a signma-delta nogplator function in a fractional -N
‘synt hesi zer. 10 It is another object of the present invention to

i ntroduce small increments of frequency offset into the fractional -

synt hesi zer. 5 These and other objects are realized in the

fractional -N synt&emmerqtneisathe mmméﬂ exiterbd &3 thieCOAITYS INSand ¢hai t al

t k which ac gt a. first plurality of
lroliGt\g)rFi rst and gglg{)) énatgigra S ar a ca cuﬁ@e@gaﬁg‘a%%fﬁgﬂﬁ*a&e 8t he
digital nunber and a B'e&mrgmmﬁp Fig. 10, blosk dinrgrampstshaye foi gni fi cant
bits are sel &t egectidl 6RIY QWd-Bcdlifublitél pipple 2igrah-ddlex imSdulaisr | 00P

di vider. having an adder length, D, equal to a large number
(3,000,000). A first accumulator 1001 accepts the twenty four
bits input from the transceiver control logic 809 as the four
least significant bits (LSB) to the 27-bit adder 1003 and the

10 three feedback bits are input as the three most significant bits
(MSB). The output from adder 1008 (27 bits wide) is input to
data latch 1007. This configuration is unlike those previously
used for fractional-N synthesis, for example those employing
Pascal's triangle recombination, in that the only comparison

15 within the digital network is done at the output and not at
intermediate steps. |

The output from data latch 1007 is coupled to adder 1003
to enable the accumulator to provide integration of the input
NUMERATOR number. The output from adder 1003 is also

20 split into three MSB and twenty four LSB bits; the twenty four
LSB are coupled to the adder 1009 of a second accumulator
1011. The three MSB are added to the feedback three MSB in
three-bit adder 1013, with the result being coupled to adder
1009. The integrated sevén bit output from the second

25 accumulator 1011 is coupled to 27-bit adder (feedback logic)
1017 which creates a signed three bit output by considering
whether the adder 1009 sum is less than -2D, less than -D,
greater than +D, or greater than +2D. It is important to note
that only the three MSB output from feedback logic 1017 are

30 coupled, as CARRY QUT, to the frequency divider 103. The
three MSB bits are also fed back from feedback logic 1017 to the
first accumulator 1001 and to the three bit adder 1013. Thus, a
second order modified sigma-delta modulator - having a Z-
transform model as diagrammed in Fig. 7 - is used as the




Brief Description of the Drawings 1 5 Figure 1 is a bl ock diagram of
a first order fractional-N synthesizer. Figure 2 is a Z-transform di agram
equi‘val ent of the digital network of Fig. 1. Figure 3 is_a block diagram of
a second order fractional- 2 0 N synthesizer. Figure 4 is a Z-transform
di agram equi val ent of the digital network of Fig. 3. Figure 5 is a block

di agram of a conventional first order si -delta nodul ator useful in a DA
converter. 25 Figure 6 is a Z-transform di agram equi val ent of Fig.

5. Figure 7 is a Z-transformdiagramfor a second order signma-delta

nmodul ator useful in a D/A converter. Figure 8 is a block diagramof a radio

transcei ver whi figitaY iRl ih e fRicERARl-N SyAthdsizer Gllthough mdregure 9 is a
bl ock di agram of..,a fractional - N srgnt hesi zer ™ f ot th% t anscegi/er of Fig. 8

and whi ch nmay ertheBytwe ac AN PLIHEe ut pdtecting e ck di agr am of
a digital networdcopernfithe prysdriteimiveation). Enmprder fodthépedperay enpl oy t he

present 3 5 g iJBé?QﬁBB%f the synthesizer to occur, only the carry out term of
the sigma-delta modulator is used in the present invention.

In order to maintain stability, the CARRY OUTPUT to
the loop divider and the subtraction from the accumulators on
occurrence of the quantization is different from standard

10 fractional-N. In this case the internal contents of the
accumulators can range between -(L+1)*D and +(L+1)*D,
where L is the number of accumulators and D is the
denominator. If the output of the last accumulator is equal or
greater than the quantizer value then a carry will occur. Ifit

15 is greater than twice the value then the carry will be double or
increase the divider by 2. This repeats through the highest
order of accumulator. This process may also occur in the
opposite direction if the accumulator is less than or equal to
the negative of the quantizer limit. (Also, the feedback to the

20 accumulators is the carry number times the quantizer limit).
The end result of this is that the sigma-delta fractional-N
synthesizer requires the same range in the loop divider
programmability as standard fractional-N with an increase in
the accumulator length of 2(L+1).

25 The sigma-delta fractional-N synthesizer using the
digital network of Fig. 10 operates the internal accumulators
1001 and 1011 in a "ripple” fashion. i.¢. any new data must
ripple through all accumulators in one clock cycle. A Z-
transform diagram of a second order ripple accumulator for

30 the digital network of the sigma delta fractional-N synthesizer
of Fig. 10 is shown in Fig. 11. The accumulators may also
operate as latched accumulators without departing from the
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11 Figure 11 is a Z-transform di agram of a second order ripple accunul ator
for the digital network of Fig. 10. Figure 12 is a Z-transform di agram of a

second order 5 | at ched accunul ator for a digital network which may be
enpl oyed in the synthesizer of Fig. 9. Detailed Description of the
Preferred Enbodinment 1 O The invention disclosed hereinis of a

mul tiaccunul ator sigma-delta fractional -N synthesizer. By arranging ripple
or |atched fractional -N divider control chrcui ts in a unique sigma-delta
configuration, it is pOSSI ble to real | ze the performance benefits of a
standard fracti onal - nt hesi zer. A digital radio transceiver
such as that useQQQPel eprgsent mmntmml épsesnadordee batched advant ageously

enpl oy the pr es eyt QgmgalESh Baaseyf e Wbty 1 adi o el ephone
aes QB modal AHHeRR ”t i e 4 Gransferth, TR &1 2. g1  al " dat a
and digitized voice. Kylptdﬁéd mgnha-@ehtﬂuiodbmmrmeﬁdbreﬂﬁd)md to
e 95!l Bl GHLBOBEAC TP B SHpSb 1 0 ol e

operates by feedmg back the output times the magnitude of the

first term in the Nth order Pascal's triangle expansion to the

summing input of the first accumulator, feeding back the

output times the magnitude of the second term in the

10 expansion to the summing input of the second accumulator

and so on until the summing input of the Nth accumulator

receives the magnitude of the (N-1)th term.

As above for the non-latched sigma-delta modulator, the
range of the accumulators is +/-(1+1)*D and the modulus

15 range of the programmable loop divider is the same as
standard fractional division.

For the multiple accumulator sigma-delta fractional-N
synthesizer of the present invention (as shown in Fig. 9), the
modulation information is applied to the digital network 900 of

20 the fractional-N synthesizer as the sixteen least significant
bits of the twenty-four LSB of the channel control
NUMERATOR from the transceiver control logic 809. In the
GSM system, the data rate is 270.83333 kb with a BT product of
0.3. This results in a frequency of about 81 kHz which must be

25 passed with low distortion through the PLL as modulation.

| The actual frequency offset components of the GMSK
signal range from 10Hz to about 70kHz. This range
determines the length of the accumulators as it will be
necessary to synthesize steps of less than 10Hz. In the

30 preferred embodiment of the GSM system, with a reference
frequency of 26MHz, the accumulator length is 24 bits but, as a
minimum, must be at least 22 bits.

Obviously, the desired instantaneous frequency offsets
due to the modulation are well below the cutoff of the loop




in look-up tables. The | and Q channels are then passed 25 through a pair
of quadrature-driven mxers to convert to an offset frequency. The outputs
of the two m xers are then conbined to forma conposite GVBK nodul at ed
signal at the offset output frequency. This offset output frequency is then
m xed to the desired transmtter output frequency. 30 To achi eve
rapi d frequency changes, nodul ation, and lygw spurious signal and noise

| evel s, a nodul ated nul tiaccunul ator sigma-delta fractional-N synthesizer
is enployed in the present invention. For nodul ation, the_ synthesizer

enpl oys a | ook- upfilter| Thergforether FLLidoeg nok attenuate anyiof thg" he transnitted
into frequency offysRlaméRtalt fieqlienéey i"ehahnblisatibhespéeiousTdignabpp di vi sion

Fol | ow the 51 neut otk FBodetibn BOHFPEE itk f g Bebwatighey oo™ '
nmodul at ed si gnal .syBtéem thia freblemtin®vetré¢ame. frequency or directly at the
i R }‘ requency. The f rﬂcitsi)xﬁf& b‘lé! gﬂ&ltﬂ}gp&éﬁ{e %%&ﬂ%ﬁ"s@tth@n I S operated upon
wEh Targe accumy o i nalivation (the valus of the denominator of the
fractional part of the division) such that all spurious outputs
are moved to very low frequencies where the combined effects
of using many accumulators at a high rate of operation
10 results in a large attenuation of the quantization noise of the
fractional process. Thus, the large denominator effectively
divides the frequency of the reference oscillator such that
spurious signals which are produced fall well below the three
decibel corner of the loop high pass characteristic. Using
15 many accumulators increases the slope of the high pass
filtering action. Increasing the rate of operation moves the
corner frequency of the high pass filter up in frequency.
Referring again to the block diagram of the fractional-N
synthesizer of the present invention in Fig. 9, the output of the
20 fractional-N digital network 900 is fed to the division control
input of the programmable frequency divider 103. When the
digital network 900 causes the division to increase by one for
one reference period, one output pulse of the VCO 101 is
effectively removed by the frequency divider 103. This action
25 corresponds to a phase shift of 2x radians at the output
frequency of the VCO 101. This phase shift is then divided by
the frequency divider 103 such that the phase shift at the
phase detector 105 input is 2x radians divided by the divisor of
the frequency divider 103. In general the digital network 900
30 will generate a time-varying division ratio. Thus in the
general case the input to the phase detector 105 may be
represented as follows:



1 0 to provide D/A correction to reduce discrete spurious signals, and to
provide direct digital nodulation to the PLL. Either ripple or |atched
accurmul ators may be used in the present invention wthout affecting the
scope of the invention. A transceiver which fmay enpl oy the present
invention 1 5 is shown in the block diagramof Fig. 8 A reference
oscillator 801 provides a reference signa [err], which remains relatively
constant in frequency over tinme and extrenes of environnment and is applied
to frequency synthesizer 803. The output of the synthesizer is used by both
the receiver 805 and the 2 0 trans#iligey 807 to produce the |ocal
oscillator and the nodul ated transd™N si gnal , respectively. Control over
functions of the twheseeiNgris thearminallaopdivisionoratiat i on frequency, is

ided b |
br of err e erbodi ment , 3 %(éﬁ%n%%rﬁé%ﬁ&eﬁﬁﬁﬁonam SPraEgliidl. oy

gener al conflguratltb offsethvfrequency. 9. I n accordance vmth the present

invention, the digidgd: Nel/¥%s inf8dutéed gp&;ﬁ@gﬂ@aﬁdem yfto'pgRaak. @ nodi fied

multi order si gma-del ta nodul ator for a fractional -N synt heS| zer. Since the
previous Z-transform3 0 equations were shown to be of the sane form a
sel ected portion of ThedFsusigttomponentsisfitheadigitaladghenhes ardiere, is

uni quel y used tocgféﬁigtéé]%s% to%v%l of a multi nodul us (or

N1 .
o= 3, 0{cos &l - in )
where: N is the total number of points in one period of the
sequence
8(@) is the time waveform of the digital sequence
i is the time component
15 and: n is the frequency component.

10

After passing through the phase detector 105 the signal
is then input to the loop filter 109. The output of the loop filter
20 109 feeds the control input of the VCO 101. The magnitude of
the controlling error voltage at the input of the VCO 101 is
expressed as follows:

211K, fe(n) !F(m)l
25 where: X is the phase detector conversion gain
and: [F(@) is the magnitude of the filter response at the
offset frequency.

Ve=

This control voltage will cause the VCO 101 to output a
30 spurious component as follows:



conti nuously programrabl e) prescal er contained within PLL synthesizer. This
results in a fractional -N synt hesi zer where 13 the nunerator is the
nunber entered as the DATA IN and the denomi nator is the nunber to which
the quantizer conpares. Referring nowto Fig. 10, a block diagramis shown
for a 5 second order (two-accunulator) ripple signma-delta nodul ator having
an adder length, D, equal to a |arge nunber (3,000,000). A first

accurul ator 1001 accepts the twenty four higs input fromthe transceiver
control logic 809 as the four least significant bits (LSB) to the 27-bit
adder 1003 and the 1 0 three feedback bits are input as the three nost

significant bits (MSB). The out rom adder 1003 (27 bits wide) is input
to data | atch 1007. Thi s Q&Hg_l_o (d))f édg@l,ﬂgtyose preV| ously used for
fractional -N synthesis, xamﬂle t ose enploying Pascal's triangle

reconbi nation, in iléret hmmqalﬂxecwm@m@ﬁre tehcy bbinpoehbof hei t al net work
is done at the o] and not at internedi ate steps. The output from data
u‘%‘lgé

| atch 1007 is co 1003 to enabl e the accunul ator to provide
integration oP the anggt Kv is the conversion gain of the variable oscillator.

The feedback nature of the phase locked loop will correct
this such that the spurious component will be as follows:

S ) oo cos(@md)

L4 K,K, [F(w)
10 WrNL

fspur(t) =

For small spurious components the spur level may be
approximated as /2 where 8 is the phase corresponding to the
frequency derived above.

15

B =[ fopur(t) dt

The spurious levels may thus be approximated as
20 follows:

b o @) ko)
e

IQ,,Kv [F(w)
" @nNL

for low frequencies F(®) — and @n—0  Thyg the spunous
level can be approximated as follows:
25

5 = 2% lc(n)]



NUVERATOR nunber. The out put from adder 1003 is also 2 0 split into three
M5B and twenty four LSB bits; the twenty four LSB are coupled to the adder
1009 of a second accunul ator 1011. The three MSB are added to the feedback
three MSB in three-bit adder 1013, with the result belng coupl ed to adder
1009. The integrated seven bit output fromthe second 2 5 accunulator 1011
Is coupled to 27-bit adder (feedback logic) 1017 which creates a signed
three bit output by considering whether i%e adder 1009 sumis |ess than
-2D, less than -D, greater than +D, or greater than +2D. It is inportant to

note that only the t¥iags, ¥Bthe FoRtier dopipbrastRasiithiedi 1%%%&& 30
d| vi der 103. t hr ee B bits are

| ed CAl t f
;Fgg ?ed chk %&?@eﬁ%‘%& 2 rgﬂigfﬁyﬁmﬂ‘éﬁ WW“&E&JW smll 1001 and to
the three bit acéadued,then tﬁetm;tputs:é'ttheq:hasddockmhldopedﬂlsalym delta

nodul at or - havi ’hﬁ)ﬁﬁ‘f(ﬂ]d@ 7 - is used as
t he 14 di gi tiiﬂ‘r;%?vz\'bééﬂ rac ?ﬁiona?r% a%ml zer I{%@? hough nore than
two accunul & or behayesas ahig the nugntizationaniset Bye present
invention). In ehéasiry t&@fr&lﬁmlzatlon to a very large number all

spurious signals will be located at frequency offsets where the
fractional sequence generator attenuates the spurious levels to
below that of the noise floor of the phase locked loop. After

10 passing to the phase locked loop output, the spurious signals
still retain the level established by the fractional sequence
generator.

In the preferred embodiment, the phase detector
operates at 26MHz supplied by reference oscillator 107, and

15 fractionalization is by a large number. (2% = 16,777,216.) The
fractional-N spurious signals occur at harmonics and
subharmonics of 1.54972 Hertz. Since the reference is at a
very high frequency, the high pass corner of the fractional-N
digital network 900 occurs at about 6.5MHz. The attenuation

20 of spurious signals caused by the fractionalization is,
therefore, extremely large.

Elimination of spurious signals by the use of the digital
network 900 high pass nature has important advantages.
First, the channel spacing is much smaller than the

25 minimum required frequency step for low distortion
modulation. Second, the loop bandwidth is extremely wide
since there are no discrete spurious signals above the noise
floor of the phase locked loop which need to be rejected.
(Except for the spur at the actual reference which is 26MHz).

30 In the preferred embodiment, an open loop unity gain
frequency of 400kHz causes a 5 degrees peak and 3.5 degrees
RMS phase error to the GMSK signal. This is a reasonable
limit given the GSM specifications of 20 degrees peak and 5
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5 operation of the synthesizer to occur, only the carry out termof the
sigma-delta nodulator is used in the present invention. In order to

mai Atain stability, the CARRY QUTPUT to the | oop divider and the
subtraction fromthe accunul ators on occurrence of the quantization is
different fromstandard 1 0 fractional-N. In this case the internal
contents of the accunul ators can range bet%en [err] and +(L+1)*D, where L
is the nunber of accumulators and D is the“denom nator. |If the output of
the |l ast accumul ator is equal or greater than the quantizer value then a
carry will occur. degréeds RMS. ThedRMS ealudef3 5vdepaeédis valyueliabdéin he carry

w Il be double or mﬂe{t&?g‘f%%p&’r%as/b %e%d%‘log g?gaggg&;‘s t hrough the

hi ghest order of accumnu rocess na 0 O0CCUr_in_the opposite
direction if the accumd Breblem couldsdevelap srithgusystem designeddorve of the

quantizer limt. warphighTRadteqithlpsdtidi®in 1Raf sOmea@aiNdl JffReds woullde carry
nynber tines tge gg%‘gl‘ttlizer I 'im t‘l)l. T&ﬁ_ qw;esul t agé_ this, 1s that the
si gma-del ta frict iR a gapmon fae 9‘3{}! rumerator,and denominater, | oop
di vi der progr anma/iHis twould resabidi enfeffedtivenfriactionalibation iwlaichage i n t he
Synthes, zer ust g PRCh fods thian E desired Sl BhE TSR ShudiBRa ARG .
accumul at ors 1001 wawld resappesara Thismituatiomcan be avoided byysettingdhea nust
least significant bit of the accumulator. As an example
10 consider the above situation in which a channel requires a
fractional offset of 1/4. This would result is spurious outputs
at harmorics and subharmonics of 6.5MHz. If the LSB is set
the fractionalization will become 4,194,305/16,777,216 which
will move the spurious signals back to the 1 Hz region. This
15 will result in a small frequency error, but for most cases this
kind of error is insignificant.
A second method of ensuring high fractionalization is
to initially offset the accumulators with a number, or group of
numbers, and then input the desired frequency data. This
20 initial offset will cause a fractional-N accumulator which
contains two or more internal accumulators to generate a
spurious pattern corresponding to that of its full accumulator
length for almost any value of the input data. In a multiple
accumulator system the initial offset of the bottom bit (or bits)
25 will result in an essentially random pattern imposed on the
offset data. This method will not cause a frequency error
since the initial offset is removed once the data is fed into the
system. Note that this method will not work for a one
accumulator system because in a one accumulator system the
30 waveform corresponds to a simple sawtooth which will return
to the same waveform regardless of the initial offset. With
many accumulators the offset will set up a multitude of
patterns which will interact to form very long time sequences



ripple through all accunulators in one clock cycle. A Z- transform di agram
of a second order ripple accunulator for 3 0 the digital network of the
sigm delta fractional -N synthesizer of Fig. 10 is shown in Fig. 11. The
accunul ators may al so operate as |atched accunul ators wi fhout departing
fromthe 15 scope of the present invention. A second order |atched
accunul ator sigma-delta nodul ator for fragﬁional-N synthesis is shown in
the Z-transformdiagramof Fig. 12. A | atctied signa-delta nodul ator of Nth
order used in 5 an alternative enbodi nent of a fractional-N synthesizer
operates by feeding back the output tinmes the magnitude of the first term

in the Nth order ut of the
first accunul ator, egtj)drraii (ﬁ&g ﬁé@@é&?@@?@@& ggé{iﬁalswmhggﬁiaéepof t he
second termin tH&hi eﬂﬁﬁ%ﬁdﬂ%tbhéthﬂhthWDﬂp&ﬁlof t he second
accurul ator and so on until the sunm ng input of the Nth accumnul ator
recei ves the ng#b& of the (NN1)th term As above for the non-I|atched
si gna-del t a ntdul aim, range of the accumulators is [err] and the
nmodul us



1 5 range of the programuable | ogp tl er is the sarre as standard

fractional division. For the rrulti grra delta fractional -N
synt hesi zer of the present i nventi g 9) t he nodul ati on
information is applied to the d|g| o the fractional -

synt hesi zer as the sixteen | east j_gnlflcant bItS o the twenty-four -LSB" of
t he channel control NUMERATOR from the trg@gnsceiver conttrol Iogl c 809.

the GSM system the data rate is 270. 83333 kb with a BT ““‘1
This results in a frequency of about 81 kHz whi ch nust bg\

| ow di stortion through the PLL as nodul ati on. The act ual ﬁeqUen‘cy offset
conponent s of thE€ladvbk: si gnal range from 10Hz to about 70kHz. This range
determ nes the length of the accunulators as it will be necessary to :
synt hesi ze steps of |ess than 10Hz. In the 3 0 ﬁref erred enbodi nent of the

GSM system with a rdf cAdnactionaleNesymthesizes wiic tdieid%cmmltager length is
24 bits but, gas ao@i‘lﬁ‘bﬂﬁmo wﬁmp%ug?o thetal%cﬁ w the desired

i nst ant aneous fre C ets n are | ow t he
cutoff of the | oo ivi ex¥, Isoop dw%J er havmgavana e divisor con ollecf

by a control input to create a feedback signal to be compared
to a reference signal for frequency control of the voltage
controlled oscillator, the fractional-N synthesizer
10 comprising:
means for accepting a first digital number presented as
a first plurality of bits;
' means, including sigma-delta modulator means, for
calculating .and combining first and second integrals of said
156 first digital number; and
means for selecting a predetermined number of most
significant bits output from said means for calculating and
combining for coupling to the divisor control input of the
loop divider.



16 filter. Therefore the PLL does not attenuate any of the fundanental

frequency "channelization" spuri o, S laggd t he nodul ati on. Hovvever
with a nmultiple accunul ator syst emﬂ m S oyercone. 5 - i's
possi ble, and preferable, to increa naljl zati on

aI ue of
the denom nator of the fractional .part of the divisijpn) suc ’mﬂ
spurious outputs are noved to ver yp=Few=Hsaguencies—F where the*
effects of using many accunul ators at a gh rate of operation 1 0 resﬁults
in a large attenuation of the quantization noise of the fractional process.
Thus, the large denom nator effectively divides the frequency of the

reference oscillatorgs Lji%f'&n r r ed fall

wel | bel ow the three Leiﬁ?ﬁé o@ﬁgréﬂﬁfﬁhgf%%%@%sg@har acteristic.
Using 1 5 many at ext Hmpriging-meanst for mpdula omtput pass filtering
action. |ncreasi ra@heqa@w%:mﬁmawn&m&hw%mm jtgruency of the
hi gh pass filLter requency. Referring again to the block di agram of
the fractiondl-N®B € l}ﬁ}'suer of the present invention in Fig. 9, the output
of the 2 0 fractional-N digital network 900 is fed to the division control

nput of the pr oot angail gL deOUAN kb ASE: 10%collihde Vil Gkl net o K

900 causes the d|V|S|on to 1 ncrease
1 wherein said sigma-delta modulator means further

comprises at least two accumulators.-

10
4. A fractional-N synthesizer in accordance with claim

.3 wherein the variable divisor has an average value
represented by the sum of an integer and a quotient of a
numerator divided by a denominator and wherein said

15 denominator of said variable divisor is of a large value such
that the frequency of the quotient of the reference signal
frequency divided by said denominator is much less than
the corner frequency of a highpass characteristic of the
fractional-N synthesizer whereby spurious signals in the

20 output signal are rejected.

5. A fractional-N synthesizer in accordance with claim
3 wherein said at least two accumulators further comprise

means for accepting a second digital number presented as a
25 plurality of bits.



one reference period, one output pulse of the VCO 101 is effectively
renoved by the frequency divider 103. ThIS actlon 2 5 corresponds to a

phase shift of [err] radians at th¥3 of the VCO 101. This
phase shift is then divided by the 103=such" that the
phase shift at the phase detector

r adj he
di vi sor of the frequency divider 103. I n general th di g“iﬂil HE !l
O wll generate a tine-varying dFfsronm gatio. Thus in

the input to the phase detector 105 may be represented as foI | ows: 17 17
where: NL is the nominal |oop division ratio c(n) is the Fourier conponent
of the digital sequence at the offset frequency 5 and: 1/s is

i ntroduced to conver t6.f Acfrdetional-N W&z—éb&vﬁéhr&ﬁd@somwa of t hle
G gLal pequence S5 AR kbl UfhallBldden by a b 0 1012
divider, the loop dxv:der having a variable divisor controlled
5 by a control input to create a feedback signal to be gompared
to a reference signal for frequency control of the__vt;ltage
controlled oscillator, the fractional-N synthesizer
comprising:
means for accepting a first digital number presented as
10 a first plurality of bits;
means for calculating a first integration of said first
digital number and a predetermined number of most
significant bits of a second digital number having a second
plurality of bits, to create a third digital number comprising
156 a third plurality of bits;
means for calculating a second integration of a
predetermined number of least significant bits of said third
digital number and a summation of a predetermined
number of most significant bits of said third digital number
20 and said predetermined number of most significant bits of
said second digital number, to create said second digital
number; and
means for selecting said predetermined number of most
significant bits of said second digital number for coupling at
25 least to the divisor control input of the loop divider.




sequence [err] (i)
time conponent 15
t hrough t he phase

is the tinme waviafsShest 0ds BedhReplu@ii t 2l sequence i is the

put_ to the Toop filter

' and: nis th ent. After passing
detector 105 the muﬁﬂﬁ Imﬂg E
109. The output of the | oop filter ]
I tude of the con. grror voI t age wnim mnbﬂ@ irt he
VCO 101 is expressed as follows: [err] 25 where: [er

detector conversion gain and: [err] is the magnitude of the filter
at the offset frequency. This control voltage will cause the VCO 101 to

VCO 101. The magni

output a 3 0 spuri

spurious f requencyogz’7 CW%?I# ?Fbﬁ?%f‘e 3§ﬁéré{"51°e w‘etii‘n‘c'}ag B

t he conversion gal

5

10

15

20

25

mi)l@h @mm%mBem@mpratmodulatmg the output
signal by time varying at least one bit of said first digital
number.

8. A fractional-N synthesizer in accordance with claim

6 further comprising means for genérating a residual
quantization noise correction signal including means for
subtracting said digital number from the internal contents
of at least one of said means for calculating a first
integration and said means for calculating a second
integration.

9. A fractional-N synthesizer in accordance with claim

6 wherein the variable divisor has an average value
represented by the sum of an integer and a quotient of a
numerator divided by a denominator, and wherein said
denominator of said variable divisor is of a large value such
that the frequency of the quotient of the reference signal
frequency divided by said denominator is much less than
the corner frequency of a highpass characteristic of the
fractional-N synthesizer whereby spurious signals in the
output signal are rejected.

response

is the

err] S



The feedback nature of the phase {
t he spurious conponent wll be as

conponents the spur |evel may be alm
phase corresponding to the frequen

QQHLSOQ orrect this such that
celgo smal | spurious
- [er ] where Jerr] is the

5 {err The spurl ous "

| evel s may thus be approximated ag_2 0 fol I OWS: [err ”ﬂﬂmﬂ
[err] and [err]. Thus the spurious |evel gan be apprOX| ﬂ,’;
25 [err] 19 Thus, if the Fourier corrponents of the di gltaf n'ethorIé

are shaped such that all spurious conponents are snmall val ued, then the
out put of the phase | ocked loop will also contain small spurious val ues.

The digital network 90@. A radio transceiver employing a fractional-N
synthesizer to generate an operating frequency signal
derived from a voltage controlled oscillator output signal,

5 the fractional-N synthesizer dividing the voltage controlled
oscillator output signal frequency by a loop divider, the loop
divider having a variable divisor controlled by a control
input to create a feedback signal to be compared to a
reference signal for frequency control of the voltage

10 controlled oscillator, the radio transceiver comprising:

means for transmitting the operating frequency signal;

means for accepting a first digital number presented as
a first plurality of bits to determine, in part, the operating
frequency signal;

156 means, including sigma-delta modulator means, for
calculating and combining first and second integrals of said
first digital number; and

means for selecting a predetermined number of most
significant bits output from said means for calculating and

20 combining for coupling to the divisor control input of the
loop divider.



5 behaves as a high pass filter tﬂs%pe% g@ntl
thefractlonallzatlontoaveryIa -
|l ocated at frequency offsets where sélqueree -gener.at.or.
attenuates the spurious levels to he lhoi se floor of the
phase | ocked | oop. After 1 0 pa55| n to the phase Iockeﬁmﬂuﬂuﬂ’mym"m
spurious signals still retain the evel egfablished by t F
sequence generator. In the preferred enbodi nent, the phase détettot
operates at 26MHz supplied by reference oscill at or 107, and 1 5
fractionalization is by a |large nunber. (224 = 16,777,216.) The
fractional -N spuri ous13i gﬂnahdla)ttansceivehanrumotdamdw&hbﬂaﬁﬂom cs of

1.54972 Hertz. Si nﬁ?’ti: t t he high
pass corner of the ragﬁ onﬁﬁﬂgeﬂe?n? fr?gtﬁv‘\gé%l% %/%ggwgbout 6. 5VHz.
The attenuation 2 qeenabamwshgwavmgé deas§ omecbit of saidofirsti zat i on
i's, therefore5 extdiitdlyntdtaa. Elimnation of spurious signals by the use
of the digital network 900 hi gh pass nature has inportant advantages.

First, the channel spacing is nuch smaller than the 2 5 m ni mum required
frequency step for |low distortion nodul ati on. Second, the | oop bandwi dth is
extrenely wide since there are no discrete spurious signals above the noise

ealtl n noi se. By increasing
'g rious signals will be

Uh




fleor of the phase | ocked | oop which need to be rej ected. (Except for the
spur at the actual reference whichy, lﬁ‘egﬁm—@mh In the-preferred - -

enbodi ment, an open | oop unity gai %’o Hz causes a 5 di iif
nal
R i

peak and 3.5 degrees RMS phase err
reasonable limt given the GSM spe

20 degrees RMS. The RMS value of 3.5 degrees is very reliabl’e in that it is
determ ned by the w de | oop bandw dt h. A%robl em coul d develop with a
system desi gned for very high fractionalization in that sone channel

of fsets would 5 result in a comon factor of the nunerator and

denom nator. This wouyld resté 02, an effective fra lonal i zation which is
much | ess than that qd 5‘§p‘E§PP Ang@gnal s woul d

re-appear. This sﬁrﬁcﬁbnalﬂNcmﬁmswlvdmhbdivs@ég thwvelage east si gnificant
b o1 e accumiLg e el e oa BRGody bR BBLS 5 (U201 On,
spuri ous outdut s dividen; thailesp dixdden biaxingaivarialilealiGisb confrolled LSB i s set
the fractional i zaly greoftidl iRBGEEE creatdh Riddbabk bighatts bdfothpared
to a reference signal for frequency control ‘of the voltage
controlled oscillator, the method comprising the steps of:
accepting a first digital number presented as a first
10 plurality of bits;
calculating a first integration of said first digital
number and a predetermined number of most significant
bits of a second digital number having a second plurality of
bits, to create a third digital number comprising a third
15 plurality of bits; |
calculating a second integration of a predetermined
number of least significant bits of said third digital number
and a summation of a predetermined number of most
significant bita‘of said third digital number and said
20 predetermined number of most significant bits of said
second digital number, to create said third digital number;
and
selecting said predetermined number of most
significant bits of said third digital number for coupling at
25 least to the divisor control input of the loop divider.




wi ||l nove the spurious 5|gnalsb K thelereglon This 1 5 wll
result in a small frequency error corBeflaceases this kind of error is
i msignificant. A second nethod ofl Tr ctlonallzatlon isto -~
initially offset the accunul ators gI’OTI

t hen input the desired frequency dat a. Th| S 2 |n tial ﬂl’muﬂnjmﬂm &ﬂi’e a
fractional -N accunul at or whi ch nore intefnaft ae

to generate a spurious pattern correspondl ng to that of its full

accunul ator length for alnost any value of the input data. In a nultiple
accunul ator systemthe initial offset of the bottombit (or bits) 25 wll

result in an essenuuaalmmaaﬂﬁpm aeédrahﬂcwaseﬂe%eaﬂa sffdlagh @ata. This

met hod will not se a freaquen error SI n|t|al offset is renoved
once the data i |°ﬁf’3’rt‘?afé‘ %%‘ﬁp?@l”é’ owPHb$8Ral not work

for a one accunblydime- Wbémtsméht&faaxiﬁmﬁﬂghﬁlammb&t emthe 30
wavef orm cerresponds to a sinple sawtooth which will return to the sane
wavef orm regardl ess of the injtial offset. Wth many. accunul ators the
offset will set upl4- rél@ﬂ%hﬂ!’eubﬁ%ﬂﬂ@%@mtbﬁ mﬁélodqﬁ@%%t 120 formvery

long tinme sequefgfther comprising the step of generating 4 residual
quantization noise correction signal.

10 15. A method in accordance with the method of claim 12
further comprising the step of generating the variable
divisor such that the variable divisor has an average value
represented by the sum of an integer and a quotient of a
numerator divided by a denominator.

15

16. A method in accordance with the method of claim 15
further comprising the steps of: =

dividing the reference signal frequency by said
denominator of said variable divisor, said denominator

20 having a large value such that the magnitude of the
frequency of the quotient is much less than the corner
frequency of 4 highpass characteristic of the fractional-N
synthesizer whereby spurious signals in the output signal
are rejected; and

25 maintaining said denominator for a multiplicity of
numerator values by selecting a predetermined state for at
least one bit of a second digital number presented as a
plurality of bits in at least one of said steps for calculating a
first integration and calculating a second integration.

30



21 with correspondingly | ow frequency spectral conponents which will be
rejected in the digital network 111. 5 W Caim Clains 1. A
fr-actional - N synt hesi zer which divides a voltage contrglled oscillator

out put signal frequency by a | oop divider, the loop divider 5 having a
vari abl e divisor controlled by a control input to create a feedback signa
to be conpared to a reference signal for frequency control of the voltage
controlled oscillator, the fractional-N symghesizer conprising: means for
accepting a first digital nunber presented as a first 10 plurality of
bits; means, including sigma-delta nodul ator neans, for: (a) calculating
an integral of a conbination of a predeterm ned nunber of |east significant
bits of said first digital nunber and a control digital nunber, to produce

st i gni T Lcant bi EURTIACUMULATORSIEME el HRAGTIRINALOP
digital nunber to produce a sum digi t N SNINIBHESISNd
5

Abstract of the Invention

10 A fractional-N synthesizer employing at least a second
order sigma-delta modulator is disclosed. The most
significant bits from the output accumulator (1011) of the
sigma-delta modulator are used as the carry out control for
the variable divisor of the loop divider (103). Modulation to the

15 synthesizer is introduced as part of the digital number input
to the sigma-delta modulator and spurious signal output is
realized by selection of a large number as the denominator of
the fractional portion of the loop divider divisor.

20 FIG. 9 accompanies this abstract.



(c) calculating an integral of a conbination of a predeterm ned nunber of
| east significant bits of said second digital nunber and said 20 sum

di gital nunber whereby a third digital nunber, related to a second integral
of said first digital nunber, is produced; and neans for selecting a
predet er mi ned nunber of nost significant bits of said third digital nunber
for coupling to the divisor control input of the |oop divider and for
coupling to said sigma-delta nodul ator nmeans 25 as said control digita
nunber. 2. A fractional -N synthesizer yg(qﬁpordance W thegl aiml further
conprising means for nodul ating the out put grial by tine vézggng at | east
one bit of said first digital nunber. 30 -23- 3. A fr&tional -N

synt hesi zer in accordance with claim 1 wherein said signa-dglta nodul ator
means further conprises at |east two Zegunulators. 5
fractional -N synthesizer in accordangsyw th claim 3 wherei [ | east
two accunul ators further conprises a LLﬁpIe accunulatorég

accurul ator. 5. A fractional -N sWﬂL‘esizer i n accorda
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10 wherein said at |east tw accunul ators further conprise at |east two

ri ppl e accunul ators. 6. A fractional-N synthesizer in accordance with
claim 3 wherein said at |east two accumnul ators furt her_conprise at |east
two 15 |atched accunul ators. 7. A fractional - synthéesizer in '

accordance wth claim 3 wherein said at |east two accunul ators are cl ocked
fromthe divided vol tage controll ed oscillator output signal frequency. 20
8. A fractional - synt hesi zer in accordance with claim 3 further
conpri si ng rreansmﬂ%_gener ating a residual quagt'fa i on noi se correct i on

| zer

si gnal . —A--f-r-a,ct-l-enaJ“N_ synt he in aCCFaFGe
claim 8 Wnere.qzn baig Jen TP a residual quant . |se
correction mg-aa-_l-EF—_cg SQ ATp/avE bt -3 G d—first

di gi t al nurrber‘zf

th :

he | edst two
accumnul ators. A syht hesi zer in accordande with claim
3 wherein the zar abI & dijdilsor

a

<

an average val ue represented by the
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- 24- sum of an integer and a quotient of a nunerator divided by a
denom nator. 11. A fractional-N synthesizer in accordance with claim 10
5 "wherein said denom nator of said variable divisor is _of a |arge value
such that the frequency of the quotient of the reference signal frequency
di vided by said denom nator is much | ess than the corner frequency of a

hi ghpass characteristic of the fractional-N synthesi zer whereby spurious
signals in the output signal are rejected. 10 12. A fractional-N

'synt hesi zer in accordance with claim 11 ﬁ@p(' r conprising neans for

mai nt ai ni ng said denom nator for a nultiplicity of nunerator val ues by
selecting a predetermned state for at |least one bit of said first digital

nunber. 15 13. A fractjopal -N FR-Restzer dgVvi des Xoltage
control |l ed oscill at orIN+ :@ S TNITE GRATOR h p—Hwi (9 the | oop
di vider having a variable dffvi so SYeTEATH! [To I o, I np Tto Create a
feedback signal to be conpared to a reference signa
20 of the voltage controlljked € §ractional -N Fya-tées'zer

o ed las

frequency control
conprising: neans for accep ' _ - esen first
plurality of bits; COMERTER

807
/

TRANSMITTER

801 803

| CONTROL § 809 |

SYNTHESIZER

REFERENCE
OSCILLATOR

RECEIVER

FIG.9

803 ,
COARSE l r
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means for cal cul ati ng a first integration of an addition of said first 25
digital nunber and a predeterm ned nunber of nobst significant bits of a
second digital nunmber having a second plurality of bits, to create a third
digital nunber conprising a third plurality of bits; means for cal cul ating
a second integration of an addition of a predeterm ned nunber of | east
significant bits of said third digital 30 nunber and a summati on of a
predeterm ned nunber of nost significant bits of said third digital nunber
and. sai d predetern ned 25 number of nostys) g/plflcant bits of said second
digital nunber, to create said second di glta nunber; and neans for
sel ecting said predeter er of nost si gnlflcant bits of said second
di gital nunber for cou;ﬁ?ﬁﬁa?mast to divisor 5 control input of the
| oop divider. 14. A fractional - I3n accgfidance wgggh claim 13

further conprising neans for rmdul at| g ut put signal by tTre varying
at | east one big of said fit0of digital g A fragtional -NI
synt hesi zer in<s@ordance “ni4 4 e Fat-m | [13 ns ﬂ0t27pal culiati ng
a first integrakini24ihb i a |
g tbﬁj_ru |
=3 ' I |FEEDBACK
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ri ppl e accunul at.or--and--satd -nmeans for calculating a se
further conprises a | atched | at or whereby the cqg 1HERLACEMEN$|§|,E§

ri pple accunul at omnmm“ !HI d | atched accunul atjp 2c ut ff of
said | atched accu back to-2&- nput of 5%%%970
accurul ator and an |nput of said | atched accunul at or . FF——A-fwactianal.
synt hesi zer in accordance with claim 13 2(21@ wherein said rmeans for
calculating a first integration and neans M3l cul ati ng a second
integration each further conprise a ripple accunmul ator whereby the contents

of a first accumul aitoA ﬁwﬂmpmtwmheazmmhmbumvdeeraamlt@ge:mr dut

of said second ac at or | tine,del a nd fed ut. af, at
| east said first© Ji‘?ﬁl 31‘5? 17(}r %}/ al?’f gﬂo g\f‘ﬁf’h@l }8? iﬂwlder
accordance wigh Rh in? a13ra‘i‘ﬁ§!@'dlvﬁs&dcéﬁﬁﬂﬂedoby%k@ﬁ'tﬁﬂ' Mgp@t ftor eheate a
integration and means for calculating a second int egratlon each further

conprise at | easfeedhack aignabto be compazedte auefarence signal fon Erquenty gontrodt
accurul ator are t

carry output of 9 e38ﬁglg§>c/%§ F@FSP pﬁyécﬂ?ﬁ(}ﬂa’ls Cogggﬁtﬁ&r% %@gg][z%é

I nput of at Ieas&oﬁ@rgglj\g;rst accunul at or . -26-

means for accepting a first digital number presented as a first
10  plurality of bits;

means, including sigma-delta modulator means, for:

(a) calculating an integral of a combination of a pf_edetermined
number of least significant bits of said first digital number and a control
digital number, to produce a second digital number.

15 b)  summing a predetermined number of most significant bits
of said second digital number with said control digital number to produce
a sum digital number, and

(¢) calculating an integ_ral of a combination of a predetermined

number of least significant bits of said second digital number and said
20 sum digital number whereby a third digital number, related to a second
integral of said first digital number, is produced; and _

means for selecting a predetermined number of most significant
bits of said third digital number for coupling to the divisor control input
of the loop divider and for coupling to said sigma-delta modulator means

25 as said control digital number.

2. A fractional-N synthesizer in accordance with claiml
further comprising means for modulating the output signal by time
varying at least one bit of said first digital number.

30



18. A fracti : Wger in accordance W t hffefar m—I3—Wrerer ]
neans for calq H Emﬂy Emml ntegration and said [eRFRLAGMENT BUEET |
second I nt egrait« Ofa ans for calcul ating ajjsecon B ti

are clocked fromthe divided voltage contt231 ed osc I-’P%t‘é-r--‘-'-o-&ﬂ%;u- g EI
frequency. 19. A fractional-N synthesizer in accordance wti crarm—13
further conprising geans fof. _%gner ting resi dyal .quantization nqQi se 10
correction signal. 80. A riragionalN. gynthesiaessin o rcGordanee r wWithe «clajmh 1
claim 19 whergj ' e ' i | z-af | lSe
correction si gﬁgfbr?g{r %ﬁgggﬂ%ﬁ%%sﬁ?edgﬁg@o?nésu t%?ﬁg%?ﬁg% %gtlagéts
digital 15 nuseweradcunmulabersi nt ernal contents of at |east one of said means
for calculating a first integration and said neans for calculating a second
integration. 21. A fractional-N synthesizer in accordance with claim 13

20 wherein ¢ he varigble o§ v¢ a I 2d Qy. 1he sum
of an int eg%r and aahuot%n%raﬁogaﬁﬂngygpgs%?w ege%({fagﬁgée%&na@%ﬁ (23'2.
A fractional - Nwhegreirhesdid eat ileastc éwod aocemuddtors: | fairther? kodiprivése raeiripplel d
denom nator of said Yari abl e fqi%i\s{gr is of a large value such that the
frequency of tRAECHDYlatenandsa PEAEFR @f-gnal frequency divided by said
denom nator is nuch |less than the corner frequency of a highpass
characteristic of the fractional -N synthesizer whereby spurious

5. A fractional-N synthesizer in accordance with claim 3

10  wherein said at least two accumulators further comprise at least two

‘ripple accumulators.

6. A fractional-N synthesizer in accordance with claim 3
wherein said at least two accumulators further comprise at least two

15 latched accumulators.

7. A fractional-N synthesizer in accordance with claim 3
wherein said at least two accumulators are clocked from the divided
voltage controlled oscillator output signal frequency.

20

8. A fractional-N synthesizer in accordance with claim 3
further comprising means for generating a residual quantization noise
correction signal.

25 9. A fractional-N synthesizer in accordance with claim 8
wherein said means for generating a residual quantization noise
correction signal further comprises means for subtracting said first digital
number from the internal contents of one of said at least two
accumulators.

30

10. A fractional-N synthesizer in accordance with claim 3
wherein the variable divisor has an average value represented by the



5|gnals in the outp put signal are reJ ected. 30 23. A_.t.r..a.r.Lj Qnal

synt hesi zer in B VM aim 22 further conL
mai nt ai ni ng sai Snm mmﬂ 27 mul tiplicitfy
by selecting a pr’éde“t erm Hedsstate for at -124ast one bbgm
di gital nunber. A radio transceiver enploying d%

synt hesi zer to nesate.an I ng fre uen y signal deri ,ed froma

vol t age cont roI?‘é‘EP os‘%r IaPaﬂBegGEtﬁﬁ‘i %l@'ﬁ%‘l‘ fr JEMeZAtgr. IWegfz%r
dividing the vojbagminadr ol | ed oscillator output signal frequency by a
| oop di vider, E ﬁ?oép ﬁivi der having a variable divisor controlled by a

control input to create a feedback signal to be conpared to a reference
signal for frequency,gontrol. 1 he v Ita e .controll ed osg t.or, _ the
radio transceiver cohbrisfndras %Q&HLI‘* iy Ageqrdan e‘P’éth r@ﬂm 16
frequency siginayhefEasnid HendatifRidroF s%uﬁ'vraﬁab!t! divigdr BYFRETar g&%ﬁ&‘é gHcis

first plurality of bits to determne, 1 n part, the operating Frequency

signal ; neans, thatl thii rfgpcplegnju oblthe quotienit of theameferéue: sighal frequefiey

cal cul at | ng an |nt. orrbl nati.on of det er m ned unber of | east

si gni fi cant bit$ a éiy {%gps ﬁﬂﬂ’b‘éﬁegsn Fomer equency Og
highpass charactenshc of the fractional-N synthesizer whereby spurious

---------------------------

signals in the output signal are rejected.

10
12. A fractional-N synthesizer in accordance with claim 11
further comprising means for maintaining said denominator for a
multiplicity of numerator values by selecting a predetermined state for at
least one bit of said first digital number. -
15

13. A fractional-N synthesizer which divides a .voltage
controlled oscillator output signal frequency by a loop divider, the loop
divider having a variable divisor controlled by a control input to create a
feedback signal to be compared to a reference signal for frequency control

20 of the voltage controlled oscillator, the fractional-N synthesizer
comprising:

means for accepting a first digital number presented as a first
plurality of bits; - |

means for calculating a first integration of an addition of said first

25 digital number and a predetermined number of most significant bits of a
second digital number having a second plurality of bits, to create a third
digital number comprising a third plurality of bits;

means for calculating a second integration of an addition of a
predetermined number of least significant bits of said third digital

30 number and a summation of a predetermined number of most
significant bits of said third digital number and said predetermined



digital nunber, to pfoduce a second digital nunber _ : i

pr edet er mi ned nu m',un ificant bits of s ééGﬁH‘EM@H@T
with said contro 'ﬁmﬂgmto produce 20 a m d| g %qm ,
(c) cal cul ati ng*an |n‘teg'rals ot a conbi naden of [l ne nu
| east significant bits of said second digital number ana Sard- sum-ory
nunber whereby a third _digital punber, related to eco I ntegral of said
first digital mumeer of @%toﬂsegtfanamts 0f said seco éfl nugﬁr@cttpr@eate
predet er m ned l"%{B b t bits of said th| rd digital nunber
for coupling t%gﬁg&éﬁ& ‘g%ﬁaé?}n FTT ?ﬁgut of the | oop divider and for

coupl i ng to sai d si gneardefdraseleutingsaid pmdeﬁerﬁﬁnedlxﬂunbettof)h\mktgi ﬁcant

nunber. A radi.o tra scel n accQrdance with ¢
further corrprl @Wg"a%ﬁsschp nﬂtﬁ]ﬁaitﬂ% eh %p@‘ﬂﬁ% at g iﬁ}eﬁb}{‘ ‘bWéﬂ‘Olby

time varying atcohﬁ%ﬂn@ﬂ?o?'tﬁe%ﬁﬁ%\ﬁd%fr“ di gital nunber. -28- 26. A

radi o transcei ver |1 n atcordance aim 24 wherein said signma-delta
modul at or means further conprises at |least two accunulators 5

14. A fractional-N synthesizer in accordance with claim 13
further comprising means for modulating the output signal by time
varying at least one bit of said first digital number.

10

15. A fractional-N synthesizer in accordance with claim 13
wherein said means for calculating a first integration further comprises a
ripple accumulator and said means for calculating a second integration
further comprises a latched accumulator whereby the contents of said

15 ripple accumulator are input to said latched accumulator, a carry output
of said latched accumulator being fed back to an input of said ripple

accumulator and an input of said latched accumulator.

16. A fractional-N synthesizef in accordance with claim 13

20 wherein said means for calculating a first integration and means for

calculating a second integration each further comprise a ripple

accumulator whereby the contents of a first accumulator are input to a

second accumulator and a carry output of said second accumulator is
time délayed and fed back to the input of at least said first accumulator.

17. A fractional-N synthesizer in accordance with claim 13
wherein said means for calculating a first integration and means for
calculating a second integration each further comprise at least two latched
accumulators whereby the contents of a first accumulator are time

30 delayed and input to a second accumulator and a carry output of said
second accumulator is multiplied and fed back to the input of at least said
first accumulator. '



27. A radio transceiver in accordance with claim 26 2 S east
two accunul ators further conprise a ripple accunul at or

accumul at or. 10”"1"’5”" . dio transceiver in acgp

wherein said at um”mnuml ators fur426er conpri ge_gl “Fredsr. ] e
accunul ators. 297 A rtadMo srafsceiver in accordance with CI arrr2e=uh

15 said at |east tw accunulators further conprise at |east two | at
accunul ators. 30. A radio transceiver in accordance with claim26 wherein

said at |east two acggmul at o] . h L V4 . 20
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resi dual quantization noise correction signal. 25 32, A radjo transceiver

i n accordance wralsulatinigyn secopd integrationy andasaid maeanf forr ealrulgting: a segond

dubtracting Lai EBAT el Htochy A HiHREP ohgRe TRAMoY osgfliaer
at least two aceufputadignal fréGuency.

19. A fractional-N synthesizer in accordance with claim 13
further comprising means for generating a residual quantization noise

10  correction signal.

20. A fractional-N synthesizer in accordance with claim 19
wherein said means for generating a residual quantization noise
correction signal further comprises means for subtracting said first digital

15 number from the internal contents of at least one of said means for
calculating a first integration and said means for calculating a second

integration.

21. A fractional-N synthesizer in accordance with claim 13
20 wherein the variable divisor has an average value represented by the
sum of an integer and a quotient of a numerator divided by a

denominator.

22. A fractional-N synthesizer in accordance with claim 21
25 wherein said denominator of said variable divisor is of a large value such
that the frequency of the quotient of the reference signal frequency
divided by said denominator is much less than the corner frequency of a
highpass characteristic of the fractional-N synthesizer whereby spurious
signals in the output signal are rejected.
30
23. A fractional-N synthesizer in accordance with claim 22

further comprising means for maintaining said denominator for a
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vari abl e di vi s”nﬂ”m val ue represented J)yrﬂéﬁfé\wgm%%oﬁs‘%ﬁ t eger
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said variable divisor is of a large value such that the frequency of the
quotient of the reference signal frequency divided by said denom nator is

much Tess t rl\mlanmultip&i_éitmf numqmﬁtyab_;esdmsgn%i%s a_cm@fg&ra;insdi%a@f forias |
ractional -N s r | nals in t he out put signa
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calculating a Tirs ntegation o I on of“sal
feedback signal to be compared to a reference signal for frequency control

10  of the voltage controlled oscillator, the radio transceiver comprising:
means for transmitting the operating frequency signal;
means for accepting a first digitél number presented as a first
plurality of bits to determine, in part, the operating frequency signal;
means, including sigma-delta modulator means, for:

15 (@) caléulatin_g an integral of a combination of a predetermined
number of least significant bits of said first digital number and a control
digital number, to produce a second digital number.

() summing a predetermined number of most significant bits
of said second digital number with said control digital number to produce

20 -a sum digital number, and

(c) calculating an integral of a combination of a predetermined
number of least significant bits of said second digital number and said
sum digital number whereby a third digital number, related to a second
integral of said first digital number, is produced; and

25 means for selecting a predetermined number of most significant
bits of said third digital number for coupling to the divisor control input
of the loop divider and for coupling to said sigma-delta modulator means
as said control digital number.

30 25. A radio transceiver in accordance with claim 24 further
comprising means for modulating the operating frequency signal by time
varying at least one bit of said first digital number.
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37. A nmethod in accordance with claim36 further conprising the step of
modul ati ng t he aSGUPUHatorgnal by time-varying at |east one bit of said first
digital nunmger. 38. A nethod in accordance with claim 36 further
comprising I0 the step of generating a residual quantization noise
correction signal. 37. A nadid drhriseeivee oird aiccordanté withi daiii 26rwherein

conprising the step of generating_the yarjable divisor such that, the
variabl e divi s@miag?%sgaweraagmwmés Peiseomptise p HpRlesatsusaulatos andger

and a quoti ent alﬁatcﬁgd BcAHABRIRL LT di vided by a denom nator.

10 28. A radio transceiver in accordance with claim 26 wherein
said at least two accumulators further comprise at least two ripple

accumulators.

29. A radio transceiver in accordance with claim 26 wherein
15 said at least two accumulators further comprise at least two latched

accumulators.

30. A radio transceiver in accordance with claim 26 wherein
said at least two accumulators are clocked from the divided voltage
20 controlled oscillator output signal frequency.

31. A radio transceiver in accordance with claim 26 further
comprising means for generating a residual quantization noise correction

signal.

32, A radio transceiver in accordance with claim 31 wherein
said means for generating a residual quantization noise correction signal
further comprises means for subtracting said digital number from the
internal contents of one of said at least two accumulators.

30
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integer and a quotient of a numerator divided by a denommator

5 34. A radio transceiver in accordance with claim 33 wherein
said denominator of said variable divisor is of a large value such that the
frequency of the quotient of the reference signal frequency divided by said

'denominator is much less than the corner frequency of a highpass
characteristic of the fractional-N synthesizer whereby spurious signals in
10 the output signal are rejected. |

35. A radio transceiver in accordance with claim 34 further
comprising means for maintaining said denominator for a multiplicity of
numerator values by selecting a predetermined state for at least one bit of

15 said first digital number.

36. A method of signal synthesis employing a fractional-N
synthesizer which divides a voltage controlled oscillator output signal
frequency by a loop divider, the loop divider having a variable divisor

20 controlled by a control input to create a feedback signal to be compared to
a reference signal for frequency control of the voltage controlled
oscillator, the method comprising the steps of:

accepting a first digital number presented as a first plurality of bits;

calculating a first integration of an addition of said first digital

25 number and a predetermined number of most significant bits of a second
digital number having a second plurality of bits, to create a third digital
number comprising a third plurality of bits:

calculating a second integration of an addition of a predetermined
number of least significant bits of said third digital number and a

30 summation of a predetermined number of most significant bits of said
third digital number and said predetermined number of most significant
bits of said second digital number, to create said third digital number; and
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selecting said predetermined number of most significant bits of
said third digital number for coupling at least to the divisor control input
of the loop divider.

37. A method in accordance with claim 36 further comprising
the step of modulating the output signal by time-varying at least one bit
of said first digital number.

38. A method in accordance with claim 36 further comprising

the step of generating a residual quantization noise correction signal.

39. A method in accordance with claim 36 further comprising

the step of generating the variable divisor such that the variable divisor

- has an average value represented by the sum of an integer and a quotient

of a numerator divided by a denominator.

40. A method in accordance with claim 39 further comprising
the step of dividing the reference signal frequency by said denominator of
said variable divisor, said denominator having a large value such that
the magnitude of the frequency of the quotient is much less than the
comer frequency of a highpass characteristic of the fractional-N
synthesizer'whereby spurious signals in the output signal are rejected.

41. A method in accordance with claim 40 further comprising
the step of maintaining said denominator for a multiplicity of numerator
values by selecting a predetermined state for at least one bit of said first
digital number.



