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(57) Synthétiseur de fréquence (100, 200) utilisant un (57) A frequency synthesizer (100, 200) using a direct
synthetiseur numerique direct (SND) (102, 216) dont le digital synthesizer (DDS) (102, 216) whose output signal
signal de sortie est filtr¢ par un filtre passe-bande 1s filtered by a bandpass filter (110, 218) and may be
(110, 218) et dont 1’amplitude peut €tre limitée par un amplitude limited by a limiter (111, 219) to reduce
limiteur (111, 219) pour réduire le bruit parasite. Dans spurious noise. In one embodiment, the DDS (102) 1s
une variante, le SND (102) est reli¢ a une boucle de coupled to a phase lock loop (114) which receives the
verroulllage de phase (114) qu recoit le signal de  DDS generated reference signal and a divide-by-N si1gnal

reférence genere par le SND et un signal de division par  for generating an output frequency determined by the
N pour gencrer une frequence de sortie determinee par  divide-by-N signal. In a second embodiment, the DDS
un signal de division par N. Dans une deuxicme variante, (216) 1s incorporated within the feedback path of a phase
le SND (216) est incorpore dans la voie de r€action d une lock loop (202) having an output frequency determined
boucle de verrouillage de phase (202) ayant une by an mput reference frequency and the DDS step size
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frequence de sortie détermincée par une fréquence de
reférence d’entrée et par la dimension de 1’¢tape SND
commandéee par un signal de régulation de frequence.
Des diviseurs en option (112, 214, 219) peuvent éEtre
ajoutes, dans les deux variantes, a la voie de réaction

pour modifier encore la {fréequence de sortie du
syhthetiseur (100, 200).
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controlled by a frequency control signal. Optional

dividers (112, 214, 219) may be provided in either
embodiment 1n the feedback path to further affect the
synthesizer (100, 200) output frequency,
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- A frequency synthesizer (100, 200) using a direct digital synthesizer (DDS) (102, 216) whose output signal is filtered by a
bandpass filter (110, 218) and may be amplitude limited by a limiter (111, 219) to reduce spurious noise. In one embodiment, the
DDS (102) is coupled to a phase lock loop (114) which receives the DDS generated reference signal and a divide-by-N signal for
generating an output frequency determined by the divide-by-N signal. In a second embodiment, the DDS (216) 1s incorporated
within the feedback path of a phase lock loop (202) having an output frequeéncy determined by an input reference frequency and
the DDS step size controlled by a frequency control signal. Optional dividers (112, 214, 219) may be provided in either embodi-

ment in the feedback path to further affect the synthesizer (100, 200) output frequency:.
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DIRECT DIGITAL SYNTHESIZER DRIVEN PHASE LOCK
LOOP FREQUENCY SYNTHESIZER WITH HARD LIMITER

BACKGROUND OF THE INVENTION

I. Field of the Invention

In general, the present invention relates to frequency synthesizers.
More specifically, the present invention relates to a novel and improved
apparatus and method for frequency synthesis utilizing a direct digital
synthesizer (DDS) capable of generating any one of a plurality of periodic
reference signals, each having a different periodic frequency.

1. Description of the Related Art

Conventional frequency synthesis is often accomplished with the
use of one or more phase lock loops. A phase lock loop is designed to
output a signal at a range of frequencies with frequency resolution, or step
size, equal to the loop reference frequency.

Conventional phase lock loops synthesize a frequency by using a
control voltage to drive a voltage controlled oscillator (VCO) which
generates a signal of a frequency near the desired frequency. A trequency
divider is used to divide the VCO signal output frequency by an integer
value. The integer value is chosen such that if the VCO were generating
exactly the desired frequency. the resultant divided frequency signal would
be exactly the same reference trequency.

The divided frequency signal is input along with the reference
frequency signal to a phase detector. The phase detector compares the
phase of the two input signals and outputs a voltage proportional to the
difference in phase of the two input signais. The output ot the phase
detector is coupled through a loop filter, necessary to insure loop stability,
where it is input to the VCO as the control voltage. Accordingly, the
output signal from the VCO is adjusted to a frequency exactly that of the
desired frequency.

The performance of a phase lock loop is related to several factors
including (1) the frequency of the reference signal, (2) the magnitude ot the
divisor necessary to divide the output frequency down to the reference
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frequency, and (3) the bandwidth of the loop filter. The frequency of the

reference signal dictates the frequency resolution, or step size of the loop,

i.e. the smaller the reference frequency, the greater the frequency

resolution. The magnitude of the loop divisor has great impact on the

5 noise performance of the loop. As such, any phase noise or spurious noise

in the reference frequency will appear in the loop output having its

original magnitude multiplied by the loop divisor. The bandwidth of the

loop filter, which is normally five to ten percent of the reference

frequency, impacts the speed with which the loop can settle on a new

10 frequency. Thus the narrower the loop filter bandwidth, the slower the
loop will be able to settle on the new frequency.

These performance factors suggest the difficulty in designing a
phase lock loop with narrow channel spadng, while maintaining a broad
range of output frequencies. If the VCO output signal frequency is very

15 large relative to the reference signal frequency (and therefore the
frequency step size), the loop divisor must be very large. Therefore, any
noise in the reference signal will appear on the loop output multiplied by
a very large value. For this reason, conventional frequency synthesizers
often comprise two or more phase lock loops. Each phase lock loop is of

20 differing frequency resolution and corresponding output frequency range.
In such a configuration the output of a coarse resolution loop, with a
relatively large frequency range. can be mixed with the output of a tine
resolution loop with a narrow frequency range. This combination of
coarse and fine resolution loops results in a loop which is capable of

25 providing a narrow frequency step size over a broad range ot trequencies.

There are many disadvantages to the conventional multiple loop
phase lock loop synthesizer. Increasing the number of loops increases the
quantity and cost of required hardware, as weil as the power and space
requirements of the synthesizer. Also, although employing a separate fine

30 resolution loop of limited output range narrows frequency step size, there
remains a tradeoff between this resoiution and switching speed. This
tradeoff exists because the bandwidth of the loop filter, which dictates the
switching speed, can be no more than five to ten percent of the reference
frequency (and therefore the frequency step size). A turther disadvantage

35 of a multiple loop synthesizer is the mixing of the loop outputs creates



WO 91/15056 PCT/US93/06058

a P e
v v
Liueiir’,
s, e F
. . ‘¢‘

10

15

20

25

30

35

2079320

3

substantial undesirable wideband spurious noise in the resultant output
signal.

Frequency synthesis may also be accomplished using a direct digital
synthesizers (DDS). A DDS can be utilized to provide a periodic signal
variable in frequency over a bandwidth with fine frequency resolution.
The DDS produces digitized periodic frequencies by accumulating phase at
a higher rate consistent with sampling theory, translating the phase into a
periodic waveform via a lookup table, and converting the resulting digital
representation of the periodic wave to an analog signal using a digital to
analog converter. The DDS outpul signal, however, can contain
amplitude modulated (AM) noise spurs due to quantizaton errors and
thermal noise in the DDS. It is therefore desirable to eliminate these spurs
from the DDS output signal.

It is, therefore, an object of the present invention to provide a novel
and improved frequency synthesizer in the form of a direct digital
synthesizer (DD5) in which spurious noise in the output signal 1s
substantially reduced or tailored to produce specific frequency components
in the output signal.

It is also an object of the present invention to provide a novel and
improved phase lock loop frequency synthesizer which requires
substantially less hardware, space, and power than the conventional phase
lock loop and multi-loop frequency synthesizer.

[t is a further object of the present invention 1o provide a novel and
improved phase lock loop frequency synthesizer which requires only one
phase lock loop, yet has substantially greater frequency resolution and
frequency range than the conventional singie or multi-loop frequency
synthesizer.

Yet another object ot the present invention is to provide a novel
and improved phase lock loop frequency synthesizer which has
substantially faster frequency switching time than a conventional
frequency synthesizer ot comparable frequency resolution and frequency
range.

It is still a further object of the present invention lo provide a novel
and improved phase lock loop frequency synthesizer which has
substantially less wideband spurious noise in its output than the
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conventional multi-loop frequency synthesizer of comparable frequency
resolution and frequency range.

SUMMARY OF THE INVENTION

The present invention is a novel and improved method and
apparatus for synthesizing frequendes. In the preferred embodiments the
output of a direct digital synthesizer (DDS) is provided, either directly or
though a filter and/or a hard limiter to a phase lock loop.

10 As mentioned previously, a DDS can be utilized to provide a
periodic signal variable in frequency over a bandwidth with fine frequency
resolution. The coupling of the output of the DDS to a phase lock loop
provides one withthe capability to gererate a frequendes of fine resolution
over a relatively large bandwidth. In the basic embodiment of the present

15 invention, the DDS analog output signal may be provided directly to a
filter, typically a bandpass filter, which eliminates the out of band noise
spurs. The filtered output signal is then provided to a phase lock loop.

It has been noticed that the DDS output signal may contain
amplitude modulated (AM) noise spurs due to quantizaton errors of the

20 DDS. These noise spurs can be filtered out of the DDS output signal
utilizing a hard limiter in combination with a filter as an improvement to
a basic DDS drcuit.

When the DDS analog output signal is provided directly to the
limiter, which limits the amplitude of the DDS output signal. spurious

25 noise is eliminated except for higher uneven order harmonics of the
generated fundamental frequency. The output of the limiter may be input
to a filter, typically a bandpass filter, to eliminate the frequency harmonics.
The output of the filter thus s a clean, analog signal at the desired
fundamental frequency containing phase modulated (PM) spurious

30 signals only.

In the alternative, the DDS analeog output signal may be provided
directly to a filter, typically a bandpass filter, which eliminates the out of
band noise spurs. The filtered output signal is then provided to the
limiter which eliminates the spurs, except for the higher uneven order

35 harmonics of the fundamental frequency, and phase modulated (PM)
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spurious signals. This type of signal may be characterized as containing
the frequency components of a square wave. A signal of this type is
particularly useful in digital circuits for uses such as clock signals.

An implementation of the DDS with hard limiter and filter is

5 illustrated in the form of a phase lock loop frequency synthesizer In which
the DDS is used to provide a loop reference frequency to the phase lock
loop. The DDS generated analog signal thus serves as a source for a
reference frequency for the phase lock loop. The phase lock loop frequency
synthesizer makes coarse output frequency adjustments, in increments of
10 the nominal reference frequency, by varying the loop divisor value. The
phase lock loop frequency synthesizer further makes fine output frequency
adjustments by varying the DDS output frequency, e.g. the source ot the
phase lock loop reference frequency. Therefore, the fine adjustment
increment is the frequency resolution of the DDS output mutltiplied by the

15 value of the loop divisor.

In a DDS driven phase lock loop irequency synthesizer, the phase
lock loop can operate with a relatively high nominal reference frequency,
thus allowing for a loop filter of relatively wide bandwidth. Accordingly
the phase lock loop can operate with a relatively fast switching time. In

20 such a phase lock loop, very fine output frequency step size changes may
be realized because the step size is the loop divisor multiplied by the DDS
frequency resolution. Such step size changes are typically several orders of
magnitude finer than a conventional fine tune phase lock loop.

A DDS driven phase lock loop ifrequency synthesizer with a hard

25 limiter provides enhancements in output frequency resolution and clarnty,
at substantially faster switching speeds. over the prior art devices. Further,
such a phase lock loop frequency synthesizer requires only one phase lock
loop and one DDS. DDS's are typically VLSI devices and theretore require
relatively little space or power. Thus, the hardware, space, and power

30 requirements of the DDS driven phase lock loop frequency synthesizer are
substantially less than that of a conventional multi-loop frequency
synthesizer.

The DDS$ driven phase lock loop irequency synthesizer also
eliminates the wideband spurious noise associated with the mixing of

35 outputs from multiple phase lock loops, because the present invention
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requires no such mixing. The DDS driven phase lock loop frequency
synthesizer further suppresses and eliminates spurious noise by coupling

a DDS “clean-up” filter between the DDS output and the phase detector
input of the phase lock loop. The DDS *clean-up” filter is fundamental to

5 this invention. This filter suppresses and eliminates wideband spurs from
the DDS reference signal before the phase lock loop muitiplies the
magnitude of the spurs. The phase lock loop multiplies the magnitude of

the DDS spurs, not the relative frequency. Therefore, the output of the
phase lock loop will contain DDS spurious tones within £B/2 of the

10 output frequency, fout where B is the bandwidth of the “clean-up” filter.
Spurious signals will be suppressed beyond fout £B/2. This principle is

ideal in situations where the synthesizer output is to be modulated, since
the close-in DDS spurs can be hidden in the modulated spectrum.

A high order “clean-up” filter with sharp cut-offs can be physically

15 realized more easily at certain frequendes. These frequendies are typically
much higher than the desired phase lock loop reference frequency. This
allows for the effective placement of the “clean-up” filter center frequency,
while still providing the loop with an appropriate reference frequency.
The nominal output of the DDS is set at a frequency at which a good

20 “clean-up” filter can be realized.

A fixed value frequency divider may be positioned between the
output of the “clean-up” filter and the reference input to the phase lock
loop. This frequency divider divides the fitered DDS output signal down
in frequency to an appropriate reference frequency for the phase lock loop.

25 It is known that a frequency divider has the property of lowering spurious
phase noise by a factor of its divisor vaiue. Therefore the frequency
divider further suppresses any narrow band spurious noise which passes
through the “clean-up” filter.

The preferred embodiments of the present invention therefore

30 provide several advantages and improvements over prior art frequency
synthesizers. These improvements include liner output frequency
resolution, cleaner output signal frequency, flexibility in wavetorm
generation, faster switching time, a reduction in hardware, space, and
power requirements, and improved noise characteristics.
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BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will

become more apparent from the detailed description set forth below when
5 taken in conjunction with the drawings and wherein:

Figure 1 illustrates in a block diagram one embodiment of a
frequency synthesizer in which a direct digital synthesizer, with output
filtering and limiting, is used to drive a phase lock loop frequency;

Figure 2 illustrates an alternative embodiment of a DDS driven

10 phase lock loop frequency synthesizer with the DDS within the phase lock
loop;

Figures 3C-3C illustrate. in graphical form, amplitude versus
frequency spectrum of the DDS generated reference for the embodiment ot
Figure 1;

15 Figures 4A-4C illustrate, in graphical form, amplitude versus
frequency spectrum of the DDS generated reference for the alternative
embodiment of Figure 1;

Figure 5A illustrates an exemplary application of the DDS driven
phase lock loopof the present invention: and

20 Figure 5B illustrates the resulting frequency spectrum tor the
exemplary application of the DDS driven phase lock loop of Figure SA.

DETAILED DESCRIPTION OF THE PREFERRED

55 EMBODIMENTS

Prior art frequency synthesizers typically utilize multiple phase lock

loops to obtain frequency resolution and cover the desired bandwidth.

Such muiti-loop designs usually incorporate frequency mixers to combine

the outputs of the loops. [t is well known that such mixers inherently

30 introduce spurious intermodulation products. Many broadband spurs are

typically generated, as opposed to the close in and readily predictable spurs
created by a direct digital synthesizer. ‘

Furthermore, conventional multi-loop synthesizers involve a large

amount of circuitry and require a large amount ot power, particularly if

15 fine resolution is to be obtained. It is impractical to provide as fine a

resolution as the present invention allows using a multi-loop synthesizer
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unless one loop is replaced by a digital direct synthesizer. However, this
approach to frequency synthesis also involves a large amount of circuitry,
and generates spurious intermodulation products due to the mixing
required. Again by contrast, the use of a DDS in driving a single phase
5 lock loop requires little circuitry and power; can be made to occupy very
little space; and offers excellent frequency resolution, spurious and noise
performance, and switching speed. In these respects the frequency
synthesizer of the present invention is far superior to the prior art.
The use of a direct digital synthesizer (DDS) for frequency synthesis
10 is well known in the art. However, what is before unknown is the use of a
hard limiter, i.e., an amplitude limiter, for limiting the amplitude of the
analog signal output from the DDS. The use of a limiter is found to
significantly reduce spurious noise in the DDS generated analog signal.
The noise which the limiter removes is essentially an amplitude
15 modulated (AM) noise. This AM noise is quantization spurious
emissions due to the digital to analog converter (DAC) in the DDS. The
DDS also generates phase modulated (PM) noise. Both the the AM and
PM noise affect the frequency purity of the DDS output signal. It is thus
realized that by limiting the amplitude of the DDS output analog signal,
20 along with filtering unwanted frequency noise spurs, a signal of
significantly enhanced spectral purity may be produced. Although the
limiter serves to eliminate the AM noise. PM spurs are not affected. It
should further be noted that the orientation of the filter and limiter in
series at the output of the DDS can provide signals ot differing wavetorms
25 as is described later herein.
Although the DDS, limiter and filter may be used alone as a
frequency synthesizer, it can be used in various arrangements to construct
a frequency synthesizer of greater scope. Figure 1 illustrates such an
exemplary embodiment of a frequency synthesizer wherein the DDS
30 drives, through a filter and limiter, a phase lock loop. (n Figure 1,
frequency synthesizer 100 is configured with direct digital synthesizer
(DDS) 102 driving a phase lock loop. DDS 102 serves as a variable
reference source means for generating a selected one of a plurality ot
reference frequency signals, each at a different irequency.
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DDS 102 typically comprises phase accumulator 104, sine lookup
table 106 and digital to analog converter (DAC) 108. Phase accumulator 104
receives a digital fine frequency control signal which determines the phase
i rement for accumulation at the DDS clock rate. The accumulated phase

5 value is output to sine lookup table 106, typically a read only memory
which stores sine values. Sine lookup table 106 provides an output signal,
indicative of the digital representation of a periodic waveform, as an input
to DAC 108. DAC 108 converts the digital representation of the periodic
waveform into an analog amplitude value as the output reference signal

10 which is an analog representation of the periodic waveform. DDS 102 is
responsive to the fine frequency control signal for altering the frequency of
the output reference signal. DDS 102 is further responsive to a direct
digital synthesizer clock signal with which its internal digital hardware is
driven.

15 The output from DDS 102, specifically DAC 108, is provided to an
input of direct digital synthesizer “clean-up” filter 110. Filter 110 serves as
a filter means for enhancing the spectral purity of the reference signal
output from DAC 108. The enhanced reference signal output from
filter 110 is coupled as an input to limiter 111.

20 Limiter 111 is conventionally referred to as a "hard” limiter in that
it limits the maximum amplitude of the filtered reference signal to a
predetermined level. The output of limiter 111 is provided as a
limited/enhanced reference signal to an input of optional frequency
divider 112. Should divider 112 not be used. the output of limiter 111 is

25 provided as an input to phase lock loop 114, and more particularly as an
input to phase detector 116.

Limiter 111 may be constructed in many difterent forms. One
simple form is that of back-to-back diodes. Another form ot a limiter is
that of a saturating amplifier, such as the case of an op amp voltage

30 comparator. Another form in which the limiter may be is that of an
inverter logic gate having the output coupled to the input through a
resistor of such a value as 100 KQ.

Limiter 111 is utilized to suppress the amplitude modulated (AM)
spurious components from the DDS generated signal. The spurious

35 components are the AM portion of the amplitude quantization process, as
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well as the AM portion of the thermal noise. As AM spurs have an
unpredictable effect upon the phase lock loop output performance, the use

of the limiter facilitates elimination of these AM spurs.
For purposes of further understanding of the combination of
S filter 110 and limiter 111 in frequency synthesizer 100, Figures 3A-3C are
provided. Figures 3A-3C are an illustration of the frequency spectrum of
the signals as output from DDS 102 through filter 110 and limiter 111 at
various points in the circuit of Figure 1. Figure 3A corresponds to the
frequency spectrum of the signal output from DDS 102 to filter 110 at point
10 A of Figure 1. Similarly, Figures 3B and 3C respectively correspond to the
signals at points B and C as respective outputs from filter 110 and

limiter 111 of Figure 1.

For purposes of illustration in Figures 3A-3C, only the AM spurs are
illustrated as a function of amplitude with respect to frequency. In Figure
1S 3A, the output of the DDS at point A is characterized as a strong signal at
the fundamental frequency, fDDS, surrounded by much weaker spurious

signals at various frequencies. In Figure 3B, the output of the bandpass

filter at point B is characterized again as a strong signal at the fundamental

frequency, fDDS, but surrounded by much weaker spurious signals only

20 within the pass band of the filter. Hence the filter eliminates all spurs at

out of band frequendcies. In Figure 3C, the output of the limiter at point C

{s characterized again as a strong signal at the fundamental frequency.

However, substantially all AM spurious signals are eliminated with the

exception of signals at the higher uneven order harmonics ot the

25 fundamental frequency, i.e. £3{DDS, DDS, etc. These harmonics of the

fundamental frequency are of greater signal strength than the eliminated
spurs but decrease in strength as the order of harmonic increases.

In an alternate configuration of the frequency synthesizer of

Figure 1, limiter 111 is removed from between the output of filter 110 and

30 the input of divider 112, and inserted between the output of DAC 108 and

the input of filter 110. In this arrangement, the limiter is illustrated in

Figure 1 in dashed lines and identified by the reference numeral 111"

Accordingly, the signal output from DDS 102 is limited in amplitude and

provided to an input of filter 110. Filter 110, as before, filters undesirable

35 frequency components from the amplitude limited reference signal. The



WO 91/15056 PCT/US90/06053

£ .0,
PP
R

11 2079329

limited /enhanced reference signal as output from filter 102 is provided as
an input to divider 112. Should divider 112 not be used, the output of
filter 110 is provided as an input to phase lock loop 114, and more
particularly as an input to phase detector 116.

S For purposes of further understanding of the combination of
filter 110 and limiter 111' in frequency synthesizer 100, Figures 4A-4C are
provided. Figures 4A-4C are an illustration of the frequency spectrum of
the signals as output from DDS 102 through limiter 111" and filter 110 1s
provided for various points in the circuit of Figure 1. Figure 4A

10 corresponds to the frequency spectrum of the signal output irom DDS 102
to limiter 111’ at point A of Figure 1. Similarly, Figures 4B and 4C
respectively correspond to the signals at points B' and C' as respective
outputs from limiter 111" and filter 110 of Figure 1.

For purposes of illustration in Figures 4A-4C, only the AM spurs are

15 illustrated as a function of amplitude with respect to frequency. In
Figure 4A, the output of the DDS at point A 1S characterized as a strong
signal at the fundamental frequency, fDDS. surrounded by much weaker
spurious signals at various frequencies as was for Figure 3A. In Figure 48,
the output of the limiter at point B' is characterized again as a strong

20 signal at the fundamental frequency, fDDS. with substantially all spurious

signals eliminated with the exception of signals at the higher uneven
order harmonics of the fundamental frequency, i.e. 3fDDS. 25{DDS., etc.
These harmonics of the fundamental frequency are of greater signal
strength than the eliminated spurs but decrease in strength as the order ot
25 harmonic increases. In Figure 4C, the output of the bandpass filter at point
C' is characterized again as a strong signal at the fundamental frequency
with the harmonics eliminated by the filter since they are out of band

signals.
Returning again to Figure 1, divider 112 serves as a reterence signal

30 divider means for generating a divided reference signal having a periodic
frequency equal to the frequency of the limited/enhanced reference signal
divided by a predetermined integer value, M. The frequency divided
reference signal is provided to phase lock loop 114 as the phase lock loop
reference frequency.
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In the preferred embodiment phase lock loop 114 is comprised of
phase detector 116, loop filter 118, voltage controlled oscillator (VCO) 120
and loop divider 122. Phase lock loop 114 serves as a frequency tuning
means for generating a loop output signal having a periodic frequency

S which is an integer multiple of the frequency of the input reference signal.

One input of phase detector 116 is coupled to the output of
limiter 111, or divider 112 if provided. In the alternate embodiment, i.e.
limiter 111’ positioned at the output of DDS 102, the output of filter 110,0r
divider 112 if provided, is coupled to on input of phase detector 116. The

10 output of phase detector 116 is coupled to an input of loop filter 118,
typically constructed as an op amp filter. The output of loop filter 118 is
coupled to a control input of VCO 120. The output of VCO 120 is provided
as the phase lock loop output signal and is also fed back to an input of loop
divider 122. The output of loop divider 122 is coupled as the other input

15 of phase detector 116.

Phase detector 116 serves as a comparator means for comparing the
DDS circuitry provided reference signal to the divided loop output signal.
Phase detector 116 is responsive to a difference in phase of the reference
signal from the DDS circuitry and the divided loop output signal for

20 generating a frequency tuning control signal. Phase detector 116 generates
the frequency tuning control signal whose voltage level is proportional to
the difference in frequendes of the compared signals.

Loop filter 118 serves as a tuning control signal filter. Loop filter 118
receives and filters the frequency tuning control signal and provides a

25 VCO control signal. The VCO controi signal is provided to the voltage
control input of YCO 120.

VCO 120 serves as a trequency generation means for generating the
loop output signal in response to the VCO control signal. Specifically,
VCO 120 alters the frequency of the loop output signal in response to a

30 change in the voltage level of the input VCO control signal.

Loop divider 122 is coupled to the output ot VCO 120 so as to
receive the loop output signal. Loop divider 122 serves as a loop divider
means which receives the loop output signal and generates a divided loop
signal which corresponds in frequency to the loop output signal divided by

35 N. The divided loop signal is provided to the other input of phase
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comparator 116. Loop divider 122 is responsive to a coarse frequency
control signal for setting the integer divisor value by which the loop
output signal frequency is divided for feedback to phase detector 116.
In operation, the DDS produces digitized periodic waveforms,
5 typically a sine wave although a square wave may as easily be generated, of
a given frequency by accumulating phase at a higher rate. The
accumulated phase is translated to a periodic waveform via a lookup table.
The resulting digital representation of the periodic waveform is translated
to analog form using a digital to analog converter.

10 Phase lock loop 114 is designed to output a range of irequencies
where the frequency resolution is equal to its reference frequency. For
example, phase lock loop 114 is designed for loop output signals that can
vary from 200-400 MHz. If the reference frequency applied to phase lock
loop 114 is 10 MHz, the possible outputs from phase lock loop 114

15 are 200, 210, 220, 230...., 390, and 400 MHz. The frequency of each
phase lock loop output signal is the division ratio of the loop. the value by
which output divider 122 divides, multiplied by the reference frequency.
For example, loop divider 122 is set to divide the loop output frequency
by 27 (N=27) to generate a loop output signal at a frequency of 270 MHz. By

20 using a DDS as the reference to the loop. the reference frequency may be
made to vary in extremely small steps. Note that the step size of the DDS
driven phase lock loop varies with the divisor value of the loop divider
(N) and is therefore not constant throughout the range ot output
frequencies.

25 Filter 110 is a critical component and is preferably a bandpass filter
designed with as narrow a bandwidth and as steep a roll-off as possible.
This filter may therefore be a crystal filter or a surface acoustic wave
(SAW) filter. Use of the optional divider 112 provides versatility in
selection of the center frequency of filter 110. For example, it is sometimes

30 difficult to obtain a crystal filter with a center frequency of | MHz, but
straightforward to specify a center trequency of 10 MHz. A design which
requires a reference frequency to phase lock loop 114 of 1 MHz can
therefore be realized. Accordingly, a DDS output signal with its frequency
centered at 10 MHz, is provided as an input to a 10 MHz crystal filter. The

35 output of the crystal filter is provided to a fixed divide by 10 divider betore
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being applied at the phase lock loop input. Divider 112 has the added
benefit of reducing the amplitude of the DDS phase noise and spurious
content by 20log(M) dB, where M is the fixed division ratio.

The spurious performance of the frequency synthesizer of Figure 1

S may be readily analyzed. The DDS output includes spurious signals
typically caused by phase truncation of the output waveform, amplitude
quantization of the waveform, nonlinearities of the DAC output, and
aliases attributable to the sampling process. The phase noise in the DDS
output is governed by the phase noise characteristics ot the DDS clock

10 signal, as well as the noise performance of the digital circuitry comprising
the DDS. As was discussed earlier with reference to Figures 3A-3C
and 4A-4C, many of the noise spurs may be significantly reduced or
eliminated.

Phase lock loop 114 acts as a low pass filter to signals applied to its

15 reference input. In the case of a second order loop, the loop has second
order low pass filter characteristics with a bandwidth equal to the phase
lock loop bandwidth. Reference spurs and phase noise are multiplied in
the loop by the factor N in voltage or 20log(N) in dB, where N is the
divisor value of loop divider 122. The loop output signal is therefore

20 characterized by the output frequency surrounded by a bandpass spectrum
of multiplied reference spurs and phase noise. In the absence of filter 110
and limiter 111 (or limiter 111°), this spectrum is the spurious content of
the DDS output plus 20log(M) dB, and suppressed by 6 dB per octave
outside of the phase lock loop bandwidth. Filter 110 is utilized to provide

25 suppression of spurious signals and phase noise, particularly those
generated by the DDS.

One significant property of a phase lock loop is that it multiplies the
amplitude of the DDS spurious signals by N. However, the frequency
difference between the phase lock loop synthesizer output frequency and

30 the spur remains the same as that between the DDS output trequency and
the DDS spur frequency. Depending upon the amplitude of the DDS spur
with respect to the DDS output frequency, an FM modulation of the phase
lock loop synthesizer output mayv occur. This modulation produces a
family of spurs harmonically related to the DDS spur, decreasing in

35 amplitude with the order of the harmonic. These FM spurs remain close
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in to the synthesizer output frequency and in general fall off rapidly.
Therefore, spurs may be present at the synthesizer output within a
bandwidth equal to that of filter 110 surrounding the output frequency.
But beyond this the output can be made arbitrarily clean by selecting a
filter 110 with a sufficient shape factor and ultimate attenuation.
However, as previously discussed, the use of filter 110 and limiter 111
serves to reduce the overall spurs generated by DDS 102.

As a further illustrative example of the frequency synthesizer of
Figure 1, consider again the example ot a synthesizer required to output a
frequency in the range of 200 to 400 MHz. Assume that phase lock
loop 114 has a 1 MHz step resolution. The reference input to phase lock
loop 114 is centered at 1 MHz, and the value of the divisor of loop
divider 122, N, is in the range 200 S N < 400. The output of the synthesizer
is in steps of N times the reference frequency input to the phase lock loop
¢rom the DDS and filter/limiter arrangement. The DDS must output a
range of frequencies sufficient to bridge the 1 MHz phase lock loop
resolution. The bandwidth of the output of the DDS is therefore the loop
frequency resolution divided by the murimum value of N, e.g. 1 MH2/200
which equals 5 KHz. The DDS must therefore output a signal
at 1 MHz £ 2.5 KHz.

The resolution of the synthesizer is that of the DDS times N. With
a typical DDS frequency resolution ot 0.01 Hz, the svnthesizer resolution
varies from 2 Hz at the low frequency end to 4 Hz at the high frequency
end. Ignoring transient response issues, filter 110 can be made as narrow
as possible, i.e. approximately 6 KHz. 1 dB bandwidth. The synthesizer
will output spurious signals attributable to the DDS within £3KHz of the
output tone, and falling off per the characteristic of filter 110, the
characteristic of limiter 111, plus the lcop response. The maximum level
of these spurious signals in dB is the maxmum level of the DDS spurs

within the clean-up filter bandwidth plus 52 dB. where 52 dB is
10l0g(Nmayx). i-e., 10log(400). Simulasiy, DDS phase noise is multiplied by

57 dB maximum, and is filtered both by iilter 110 and the loop response.
The synthesizer therefore produces close in spunous signats and a close in
phase noise pedestal due to the reterence, but no theoretical spurs far

35 beyond the clean-up filter and loop bandwidth.
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The transient response and switching time of the frequency
synthesizer of Figure 1 is established by the bandwidth of filter 110 and the
loop characteristics of phase lock loop 114. A DDS has switching times
typically less than 100 nsec, and therefore does not significantly effect the

5 switching time. The settling time of a phase lock loop is inversely related
to the loop bandwidth. To maintain loop stability, the loop bandwidth of a
phase lock loop can typically be no wider than five to ten percent of the
frequency step size. The design of the frequency synthesizer of Figure 1
provides remarkably fine frequency resolution with a phase lock loop

10 having a relatively large frequency step size, and therefore a wide
permissible loop bandwidth. The phase lock loop of the the embodiment
of Figure 1 will settle very quickly.

Therefore, in the embodiment of Figure 1, switching time will be
governed by the transient characteristic of filter 110, rather than the loop

15 bandwidth of phase lock loop 114. The selection of filter 110 is a tradeott
between the spurious noise performance and switching speed of the
synthesizer.

Note that in the above example, DDS 102 and filter 110 could have
been centered at 10 MHz and followed by divider 112 with a divisor value

20 of 10. This circuitry would provide the 1 MHz £ 2.5 KHz input to phase
lock loop 114. The bandwidth of the filter 110 at 10 MHz would be
approximately 60 KHz, providing faster settling time than the 6 KHz
design. While the wider bandwidth clean-up filter passes a greater range
of DDS spurs and noise, this is offset somewhat by the 20 dB improvement

25 afforded by divider 112.

Figure 2 illustrates in block diagram form of an alternate
embodiment of a frequency synthesizer which incorporates a DDS within
the phase lock loop. In Figure 2, synthesizer 200 includes circuit 202 which
comprises a phase lock loop incorporating within the loop a direct digital

30 synthesizer. Circuit 202 receives a reference irequency, typically from a
frequency standard 204, through fixed reference divider 206. The
frequency of the frequency standard output signal is divided by fixed
reference divider 206 for input to circuit 202.

Circuit 202 comprises phase detector 208, loop filter 210, VCO 212,

35 optional loop divider 214, DDS 216, DDS cleanup filter 218, limiter 219 and
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optional loop divider 220. The output from fixed reference divider 206, fr,

is provided as one input to phase detector 208. The output of phase
detector 208 is coupled as previously discussed to the input of loop
filter 210. The output of loop filter 210 1s coupled as the control voltage to
5 VCO2l2

The output of VCO 212 is provided as the frequency synthesizer
output with the VCO output signal also fed back either directly or through
optional loop divider 214 to the DDS clock input of DDS 216. DDS 216 is
provided with a frequency control input signal which is used to set the
10 DDS frequency. The output of DDS 216 is to provided to filter 218. The
output of filter 218 is provided to the input of limiter 219. the output of
limiter 219 is provided either directly to or through optional loop
divider 220 to the other input of phase detector 203. In an altemnative
embodiment, limiter 219 may be removed from the output of filter 218
15 and inserted at the input thereof. In this variation of the embodiment ot
Figure 2, the limiter 1s illustrated by the dashed lines indicated by the

reference numeral 219'.
In the particular embodiment of Figure 2, the synthesizer ocutput
frequency is a function of the reference frequency fr. input to phase
50 detector 208 from fixed reference divider 206: the number of bits in the
digital word of the frequency control signal which controls DDS 216. N the
DDS step size determined by the frequency control signai, A and the

values of the dividers 214 and 120, respectively X and Y. The following
equation expresses the synthesizer output frequency {o:

25
fo=fr e 2N o (X e Y/A). (1)

in the embodiment of Figure 3. DDS 116 and filter 218 are
incorporated within the phase lock loop feedback path. Accordingly,

30 filter 218 now has an affect upon the dynamics of the phase lock loop. In
order to ensure loop stability. the bandwidth of filter 218 must be wide
when compared to that of the loop bandwidth. Furthermore, it should be
noted that the synthesizer step size is not constani, but is a function of the
variable A, the frequency control signal. However. the embodiment of
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Figure 2 realizes all of the other advantages of the embodiment of
Figure 1.

It is further envisioned that with respect to the embodiments of

Figures 1 or 2 that several such drcuits may be combined wherein each

S frequency synthesizer provides an output signal to a switching device,

such as an FET transistor or PIN diode switch. Such a switching device

would provide selection between the outputs of the multiple frequency

synthesizer for an ultimate output signal. It should be readily understood

that many various modifications utilizing the DDS and a phase lock loop

10 forming a frequency synthesizer may be realized using the teachings
disclosed herein.

Figure 5A illustrates in block diagram form an exemplary
application of the DDS driven phase lock loop described herein. In
Figure 5A, upconverter 500 is comprised of low pass filters 502 and 504,

15 and image reject mixer 506. | and Q channel baseband data or video
signals are respectfully input to filters 502 and 504. The filtered | and Q
channel signals are output from filters 502 and 504 to image reject
mixer 506. DDS driven phase lock loop 508 generates a local oscillator
signal for input to image reject mixer 506 of upconverter 500 where the

20 input signals are upconverted in frequency The frequency upconverted
signals are output from image reject mixer 506.

As {llustrated in Figure 5B, the DDS driven phase lock loop
generated signal appears spur-iree when used to upconvert a relatively
wide data or video spectrum. In Figure 5B, the frequency upconverted data

25 or video spectrum envelope is illustrated by the dashed line 510. The
carrier frequency f¢ is indicated by the reference numeral 512.
Furthermore, the envelope of potential spurious tones is indicated by the
dashed line 514. Should the demodulation circuitry have no problem
demodulating a signal with close-in spurious tones, typically 20-35 dBC,

30 the DDS driven phase lock loop frequency synthesizer approach may be
{deal.

The previous description of the preferred embodiments is provided
to enable any person skilled in the art to make or use the present
invention. The various modifications to these embodiments will be

35 readily apparent to those skilled in the art, and the generic principles
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defined herein may be applied to other embodiments without the use of

the inventive faculty. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest
scope consistent with the principles and novel features disclosed herein.

I CLAIM:

- . Fp—
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An apparatus for synthesizing frequencies,
comprising:
variable reference means for generating a periodic signal

of a frequency selected from a plurality of reference
frequencies, said variable reference means comprising:

phase accumulator means for, receiving a digital
frequency control signal indicative of a selected phase
increment value, receiving an externally generated clock
signal, accumulating phase increment values at a rate
corresponding to said clock signal, and providing an
accumulator output signal corresponding to said accumulated
phase increment values,

memory means for, storing a plurality of amplitude
values each corresponding to a respective accumulated phase
increment value, receiving said accumulator output signal and
providing a memory output signal indicative of the amplitude
value corresponding to each accumulated phase increment value
of said accumulator output signal, and

converter means for, receiving said memory output
signal, converting said received memory output signal to an
analog amplitude signal corresponding to said memory output
signal amplitude values and providing said analog amplitude
signal as said periodic signal; and

limiter means for receiving and amplitude limiting

said periodic signal; and

74769-7
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frequency tuning means for receiving said amplitude
limited periodic signal and generating an output signal of a
frequency which is a multiple of said periodic signal

frequency.

2 . The apparatus of claim 1 wherein said frequency
tuning means comprises:

phase detector means for, receiving said amplitude
limited periodic signal and a feedback signal, detecting a
phase difference between said amplitude limited periodic
signal and said feedback signal, and providing a corresponding
error signal;

loop filter means for receiving saild error signal,
filtering noise in said error signal, and providing said
filtered error signal as a control signal;

variable oscillator means for receliving sald control
signal and responsive thereto for generating said output
signal; and

divider means for, receiving said output signal, dividing
said output signal frequency by N and providing said feedback
signal corresponding in frequency to said output signal
frequency divided by N, wherein said output signal frequency

is N times said periodic signal frequency.

3. The apparatus of claim 1 further comprising filter
means, disposed between said variable reference means and said
limiter means, for receiving said periodic signal, enhancing

the spectral purity of said periodic signal and providing said

- 21 -
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spectral purity enhanced periodic signal to said limiter

means.

4 . The apparatus of claim 1 further comprising filter
means, disposed between said limiter means and sald frequency
tuning means, for receiving said amplitude limited periodic
signal, enhancing the spectral purity of said amplitude
limited periodic signal and providing said spectral purity
enhanced amplitude limited periodic signal to said frequency

tuning means.

5. The apparatus of claim 2 further comprising filter
means, disposed between said converter means and said limiter
means, for receiving said periodic signal, enhancing the
spectral purity of said periodic signal and providing said
spectral purity enhanced periodic signal to said limiter

mealls.

6. The apparatus of claim 2 further comprising filter
means disposed between said limiter means and sald phase
detector means, for receiving said amplitude limited periodic
signal, enhancing the spectral purity of said amplitude
limited periodic signal and providing said spectral purity
enhanced amplitude limited periodic signal to said phase

detector means.

7. The apparatus of claim 5 further comprising

additional divider means disposed between said limiter means

- 292 -
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and said phase detector means for receiving said spectral
purity enhanced amplitude limited periodic signal and
providing to said phase detector means a divided frequency
periodic signal corresponding in frequency to said periodic
signal frequency divided by M, said output signal frequency

being N times said divided frequency periodic signal

freguency.

8. The apparatus of claim 6 further comprising
additional divider means disposed between said fllter means
and said phase detector means for receiving saild spectral
purity enhanced amplitude limited periodic signal and
providing to said phase detector means a divided frequency
periodic signal corresponding in frequency to said periodic
signal frequency divided by M, said output signal frequency
being N times said divided frequency periodic signal

frequency.

9. A frequency synthesizer comprising:

a direct digital synthesizer (DDS) having, a fine

frequency control input and a DDS clock input for respectively
receiving externally generated phase data and an externally

generated clock signal, and an output at which a reference

signal 1s provided;

a filter having an input, coupled to said DDS output, and

an output;

a limiter having an input, coupled to said filter output,

and an output; and

74769-7
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a phase lock loop having a loop input coupled to said
limiter output, a coarse frequency control input for receiving
a divide-by-N signal, and a loop output wherein said loop
provides at said loop output a synthesizer output signal of a

frequency N times the frequency of said reference signal.

10. The synthesizer of claim 9 further comprising a
frequency divider, disposed between said limiter and said
phase lock loop, having an input coupled to said limiter
output and an output coupled to said loop 1input, said
frequency divider for dividing said reference signal frequency
by M with said phase lock loop having a frequency of N times

said reference signal frequency divided by M.

11. The synthesizer of claim 9 wherein said direct
digital synthesizer comprises:

a phase accumulator having a phase data input for
receiving said phase data, an accumulator clock 1input for
receiving said clock signal, and an accumulator output;

a read only memory having a plurality of addressable
storage locations each storing a predetermined sine value, an
address input coupled to said accumulator output, a memory
clock input for receiving said clock signal and a memory
output;

a digital to analog converter having a converter input
coupled to said memory output, a converter clock input for

receiving said clock signal and a converter output.

74769-7
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12. The frequency synthesizexr of claim 9 wherein said
phase lock loop comprises:

a phase detector having a reference input coupled to said
limiter output, a feedback input and a detector output;

a loop filter having a loop filter input, coupled to said
detector output, and a loop filter output;

a voltage controlled oscillator having a control 1input,
coupled to said loop filter output, and an oscillator output,
said synthesizer output signal being provided at said
oscillator output and;

a variable frequency divider having a divider input
coupled to said oscillator output, a divider control input for
receiving said divide-by-N signal, and a divider output

coupled to said detector feedback 1input.

13. The frequency synthesizer of claim 11 whereiln said
phase lock loop comprises:

a phase detector having a reference input coupled to said
limiter output, a feedback input and a detector output;

a loop filter having a loop filter input coupled to said

detector output and loop filter output;

a voltage controlled oscillator having a control input,

coupled to said loop filter output, and an oscillator output,

said synthesizer output signal being provided at said
oscillator output; and

a variable frequency divider having a divider input
coupled to said oscillator output, a divider control input for
receiving said divide-by-N signal, and a divider output

- 25 -
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coupled to said detector feedback input.

14 . The synthesizer of claim 13 further comprising a
frequency divider, disposed between said limiter and said
phase lock loop, having an input coupled to said limiter
output and an output coupled to said reference 1input, said
frequency divider dividing said reference signal frequency by
M, with said synthesizer output signal being of a frequency ot

N times said reference signal frequency divided by M.

15. A phase lock loop frequency synthesizer
comprising:
a phase detector having a reference 1input for receiving

an externally generated reference signal of a predetermined

frequency, a feedback i1nput and an output;

a loop filter having an input, coupled to said detector
output, and an output;

a voltage controlled oscillator having an 1nput, coupled
to said loop filter output, and an output for providing a
synthesizer output signal;

a direct digital synthesizer (DDS) having a DDS clock
input coupled to said oscillator output, a frequency control

input for receiving externally generated phase data, and an

output;

a bandpass filter having an input coupled to said DDS
output and an output; and

a limiter having an input coupled to said band pass

filter output and an output coupled to said detector feedback

- 26 -
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1nput.

16. The synthesizer of claim 15 wherein said direct
digital synthesizer comprises:

a phase accumulator having a phase data input for
receiving said phase data, an accumulator clock input coupled
to said oscillator output, and an accumulator output;

a read only memory having a plurality of addressable
storage locations each storing a predetermined sine value, an
address input coupled to saild accumulator output, a memory

clock input coupled to said oscillator output and a memory

output;

a digital to analog converter having a converter 1input
coupled to said memory output, a converter clock 1input coupled

to said oscillator output, and a converter output coupled to

sald bandpass filter input.

17. The synthesizer of claim 15 further comprising a
first loop divider, disposed between said oscillator and said
DDS, having an input coupled to said oscillator output and an
output coupled to said DDS clock input, said first 1loop
divider dividing said synthesizer output signal frequency by X

as provided to said DDS clock input.

18. The synthesizer of claim 15 further comprising a
loop divider, disposed between said limiter and said phase

detector, having an input coupled to said limiter output and

an output coupled to said detector feedback input, said loop

- 27 -
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divider dividing a signal output from said DDS in frequency by

Y for providing to said detector feedback 1input.

19. The synthesizer of claim 17 further comprising a
second loop divider, disposed between said limiter and said
phase detector, having an input coupled to said limiter output
and an output coupled to said detector feedback input, said
second loop divider dividing a signal output from said DDS 1in

frequency by Y for providing to said detector feedback input.

20. A phase lock loop frequency synthesizer

comprising:
a phase detector having a reference input for receiving

an externally generated reference signal of a predetermined

frequency, a feedback input and a output;

a loop filter having an input, coupled to said detector

output, and an output;

a voltage controlled oscillator having an input, coupled
to said loop filter output, and an output for providing a

synthesizer output signal;

a direct digital synthesizer (DDS) having a DDS clock
input coupled to said oscillator output, a frequency control
input for receiving externally generated phase data, and an

output;

a limiter having an input coupled to said DDS output and

an output; and

a bandpass filter having an input coupled to said limiter

output and an output coupled to said detector feedback input.

- 28 -
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21. The synthesizer of claim 20 wherein said direct

digital synthesizer comprises:

a phase accumulator having a phase data input for
receiving said phase data, an accumulator clock input coupled
to said oscillator output, and an accumulator output;

a read only memory having a plurality of addressable
storage locations each storing a predetermined sine value, an
address input coupled to said accumulator output, a memory
clock input coupled to said oscillator output and a memory
ocoutput;

a digital to analog converter having a converter input
coupled to said memory output, a converter clock input coupled

to said oscillator output, and a converter output coupled to

sald limiter 1input.

22 . The synthesizer of claim 20 further comprising a
first loop divider, disposed between said oscillator and said
DDS, having an input coupled to said oscillator output and an
output coupled to said DDS clock input, said first loop
divider dividing said synthesizer output signal frequency by X

as provided to said DDS clock input.

23. The synthesizer of claim 20 further comprising a
loop divider, disposed between said bandpass filter and said
phase detector, having an input coupled to said bandpass
filter output and an output coupled to said detector feedback
input, said loop divider dividing a signal output from said

DDS in frequency by Y for providing to sald detector feedback

- 29 -
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input.

24 . The synthesizer of claim 22 further comprising a
second loop divider, disposed between said bandpass filter and
said phase detector, having an input coupled to said bandpass
filter output and an output coupled to said detector feedback
input, said second loop divider dividing a signal output from

said DDS in frequency by Y for providing to said detector

feedback input.

25. An apparatus for synthesizing frequencies,
comprising:

variable reference means for generating a periodic signal
of a frequency selected from a plurality of reference
frequencies, said variable reference means comprising:

phase accumulator means for, receiving a digital
frequency control signal indicative of a selected phase
increment value, receiving an externally generated clock
signal, accumulating phase i1ncrement values at a rate
corresponding to said clock signal, and providing an
accumulator output signal corresponding to said accumulated
phase increment values,

memory means for, storing a plurality of amplitude values
each corresponding to a respective accumulated phase i1ncrement
value, receiving said accumulator output signal and providing

a memory output signal indicative of the amplitude value

corresponding to each accumulated phase 1ncrement wvalue of
salid accumulator output signal, and

_30...
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converter means for, recelving said memory output signal,
converting sald receilived memory output signal to an analog
amplitude signal corresponding to sailid memory output signal
amplitude values and providing said analog amplitude signal as
sald periodic signal;

filter means for receiving said periodic signal;
enhancing the spectral purity of said periodic signal and
providing an output of said spectral purity enhanced periodic
signal; and

limiter means for receiving and amplitude limiting said

spectral purity enhanced periodic signal.

26 . An apparatus for synthesizing frequencies,
comprising:

variable reference means for generating a periodic signal

of a frequency selected from a plurality of reference
frequencies, said variable reference means comprising:
phase accumulator means for, receiving a digital
frequency control signal indicative of a selected phase
increment value, receiving an externally generated clock

signal, accumulating phase increment values at a rate

corresponding to said clock signal, and providing an

accumulator output signal corresponding to said accumulated

phase increment wvalues,

memory means for, storing a plurality of amplitude wvalues
each corresponding to a respective accumulated phase increment
value, receiving said accumulator output signal and providing

a memory output signal indicative of the amplitude value

- 31 -
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éorresponding to each accumulated phase 1ncrement value of
said accumulator output signal, and

converter means for, receiving said memory output signal,
converting said received memory output signal to an analog
amplitude signal corresponding to said memory output signal
amplitude values and providing said analog amplitude signal as
sald periodic signal;

limiter means for receiving and amplitude limiting said
periodic signal; and

filter means for receiving said amplitude limited
periodic signal, enhancing the spectral purity of said
amplitude limited periodic signal and providing an output of
said spectral purity enhanced amplitude limited periodic

signal.

27 . A method for synthesizing frequency comprising the

steps of:

B

providing a direct digital synthesizer (DDS) capable of
digitally generating an analog DDS output signal at a
frequency selected from a plurality of frequencies;

providing externally generated phase data and clock
signals to said DDS;

generating in said DDS, in response to saild providing of
sald phase data and said clock signal, said DDS output signal

of said selected frequency;
filtering said DDS output signal; and

amplitude limiting said DDS output signal.
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28. The method of claim 27 further comprising the
steps of:

providing a phase lock loop capable of generating a loop
output signal at a frequency corresponding to an input
reference signal and a divide-by-N signal;

providing to said phase lock loop said filter amplitude
limited DDS output signal, as said reference signal, and said
divide-by-N signal; and

generating in said phase lock loop, in response to said
input of said filtered amplitude limited DDS output signal and
said divide-by-N signal, said loop output signal corresponding

in frequency to a multiple of N times a frequency of said DDS

output signal.

29. The method of claim 28 further comprising the

steps of:

dividing said filtered amplitude limited DDS output
signal in frequency; and

providing said divided frequency signal to said phase
lock loop wherein said phase lock loop generates loop output'
signals at a frequency of N times said DDS output signal

frequency divided by M.

30. The method of claim 27 wherein said step of
generating said DDS output signal comprises the steps of:
accumulating in an accumulator, at a rate corresponding

to said clock signal, said phase data corresponding to phase

increment values:
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providing an accumulator output signal corresponding to

said accumulated phase increment values;

storing in a memory a plurality of amplitude values each
corresponding to a respective accumulated phase increment

value;

providing a memory output signal indicative of the
amplitude value corresponding to each accumulated phase
increment value of said accumulator output signal;

converting in a converter said memory output signal to an
analog amplitude signal corresponding to said memory output

signal amplitude values; and

providing said analog amplitude signal as said DDS output

signal.

31. The apparatus of claim 25 wherein said variable

reference means comprises a direct digital synthesizer, said

limiter means comprises a hard limiter, and saild filter means

comprises a bandpass filter.

32. The apparatus of claim 26 wherein said variable
reference means comprises a direct digital synthesizer, said
limiter means comprises a hard limiter, and said filter means

comprises a bandpass filter.
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OTTAWA, CANADA

PATENT AGENTS

74769-7



PCT/US90/06058

WO 91/15056

2079320

1.Nd1LNO

144

@Y, . 1n0o
AONINOTY4

0Cl~

A0LO313d
ISVHI
- -

AD0T1O

a0l sdd

Vs

4I4V.

ovd

801

T1d

[ "Old

A8

r=-7 "
{ (N +) _

—_— ¥IAIAId
1 TVNOLLIO |
et

rtit Al kg

sdd _

TOUILNOD
AONINOTYA
ANI4



TOULNOD
ADNANOIUL

2079329

PCT/LS30/06058

r—=="
JILINT]
L - — -

61¢ 81c

AL

61¢

ré\ T4

- T T
(A +) |
dqH4AIAIAd JAdiAId

| TVNOILLJO | | TVNOILLJO | \\
T SR —— wmd . — e wmd
ufzm oﬁk .

yar1d|_ | ¥orodida ¥3AIAId
1nd1No QA =~ JOOT ASVHJ FONTYIITY fa—] QEVANVIS
I ADNANOFY

__N-
0z —

2/5
- ="

'Ili"llii"il'

WO 91/15056



"US90/0605s
WO 91/15056 PCT/LS59%0 .

3/5 2079320

¥ FIG. 3A
P

L

1

T

U

D .

. £

r————————————rae
DLS FREQUENCY

A

M

P

L

|

T

U

D

; f

e ————————— .
WS FREQUENCY

A
M

P

L

I

T

U

D

E




PCT/US90/06058

WO 91/18056
4/5 2079320
A
M
P
L
I
T
U ]
D . :
DS FREQUENCY
A FIG. 4B
P
L
|
T
U
D
E f 5f
an——————— .
FREQUENCY
FIG. 4C

mMUOC~—rvg>

.___——_——’

fope
“Y% FREQUENCY



WO 91/15056

.
L3 -
) o ’
" . -,
";r' v 4
.V

BASEBAND
DATA OR
VIDEO

PCT/US90/06058

2k 207932

508

: 310

Sl4

\

-B/2 fC +,§"2 FREQUENCY

FIG. 5B



100
. - - - N Cu
Wt s 106 108 /" ’ |
. INE =
FINE PHASE ]_gom DAC LIMITER LIMITER
FREQUENCY ACCUMULATOR TABLE S
CONTROL . K 111
| A 111
DDS
DDS \ 102
CLOCK

o e

r_'._.w{——"-a"—l

| OPTIONAL
I DIVIDER

x
L bam

\\112

FREQUENCY
CONTROL



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - abstract drawing

