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FIELD
[0001] The present disclosure relates generally to signal sources. More particularly,

the present disclosure relates to system and methods for generating a signal with low phase

noise.
BACKGROUND
[0002] Signal sources are used to generate signals for use in variety of electronic

systems. An example of a signal source is a frequency synthesizer. Frequency synthesizers
are often used to provide a signal at a particular frequency. Frequency synthesizers can
include a Phase Locked Loop (PLL) circuit to lock onto an input signal and produce an output
signal at a different frequency. Improvements in signal source circuits are desirable.

[0003] The above information is presented as background information only to assist
with an understanding of the present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be applicable as prior art with

regard to the present invention.

SUMMARY

[0004] In a first aspect, the present disclosure provides an apparatus for providing an
output signal, the apparatus comprising: an input for receiving a reference signal;, an
oscillator for providing an output signal;, an offset signal generator for frequency multiplying
the reference signal to generate an offset signal, the offset signal having a plurality of
frequency products in a plurality of frequency bands; an offset frequency selector for
controllably selecting a frequency band of the offset signal; a mixer for mixing the offset
sighal with the output signal to produce a combined signal, and a difference detector for
detecting a difference between the reference signal and the combined signal and for
providing a control signal to the oscillator based on the detected difference.

[0005] In some embodiments the difference detector is a phase frequency detector.
[0006] In some embodiments, the offset frequency selector comprises: a plurality of
band-pass filters; and at least one switch coupled between the offset frequency generator

and the plurality of band-pass filters for band selecting a frequency band of the offset signai.
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[0007] In various embodiments, the offset frequency selector comprises a dielectric
resonator osclllator or a comb generator for generating a comb of offset frequencies.

[0008] In some embodiments, the offset frequency selector comprises a control
signal adjustor coupled between the control signal generator and the oscillator, for adjusting
the control signal to correspond to one of the frequency bands of the offset frequency.

[0009] In some embodiments, the control signal adjuster scales and provides an

offset to the control signal.

[0010] In some embodiments, the scaling amplifier comprises an inverting amplifier.
[0011] In some embodiments, the amplifier has a gain of less than unity.
[0012] In some embodiments, the method further comprises a frequency divider

coupled between the mixer and the difference detector; and wherein the frequency divider
has a factor not substantially exceeding 3.

[0013] In some embodiments, the mixer is directly coupled to the difference detector
such that difference detector receives the feedback signal without any frequency division.
[0014] In another aspect, the disclosure provides a method of generating a reference
signal, the method comprising: receiving an input signal; detecting a phase difference
between a feedback signal and the input signal; generating an output signal based on the
detected difference; generating an offset signal by frequency multiplying the reference signal,
the offset signal having a plurality of frequency products in a plurality of frequency bands:
selecting a frequency band of the offset signal; and mixing the offset signal with the output

signal to generate the feedback signal.

[0015] In some embodiments, the frequency band is selected by a bank of band-pass
filters.
[0016] In some embodiments, the offset frequency is selected by a dielectric

resonator oscillator.

[0017] In some embodiments, the offset signal comprises generating a comb of offset
frequencies.
[0018] In some embodiments, the output signal is generated by applying a control

signal to an oscillator; and wherein the frequency band of the offset frequency is selected by
adjusting the control signal applied to the oscillator to correspond to one of the frequency

bands of the offset frequency.
[0019] In some embodiments, the control signal is adjusted by: scaling the control

signal; and providing an offset to the control signal.

-9 -
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[0020] In some embodiments, the control signal is adjusted by an inverting amplifier.
[0021] In some embodiments, the amplifier has a gain of less than unity.
[0022] In some embodiments, the method further comprises frequency dividing the

feedback signal by a factor N, a magnitude of factor N not substantially exceeding 3; and
wherein detecting a phase difference between the feedback signal and the input signal

comprises detecting a phase difference between the frequency divided feedback signal and

the input signal.
[0023] In some embodiments, detecting a phase difference between the feedback

sighal and the input signal comprises detecting a phase difference between the feedback
signal and the input signal without frequency dividing the feedback signal.

[0024] Other aspects and features of the present disclosure will become apparent to
those ordinarily skilled in the art upon review of the following description of specific

embodiments in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] Figs. 1 to 4 are block diagrams of frequency synthesizer circuits in accordance

with various embodiments;

[0026] Fig. 5 illustrates an example of a comb of offset frequencies at a node of the
frequency synthesizer circuit of Fig. 4, according to some embodiments; and

[0027] Fig. 6 illustrates possible relationships between the voltage at two nodes of

the frequency synthesizer circuit of Fig. 4, according to some embodiments.

DETAILED DESCRIPTION

[0028] Signal sources are used to generate signals for use in variety of electronic
systems. An example of a signal source is a frequency synthesizer. Frequency synthesizers
are electronic systems that are used to generate an output signal at a desired frequency
based on an input signal. Frequency synthesizers are utilized in a wide array of applications
including, but not limited to, radio communications, satellite communications, GPS systems,
interferometric systems and radar systems.

[0029] Some frequency synthesizers utilize a PLL (phase locked loop) to lock onto a
stable low frequency crystal reference input signal and produce an output signal at a different
frequency than the input signal. For example, the output signal is often at a higher frequency

than the input signal. This is often accomplished in PLL frequency synthesizers by including

-3 -
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a frequency divider in the feedback loop of the PLL. The frequency divider divides the output
signal by a factor N in the feedback loop. In the case that the feedback path contains only a
frequency divider, for values of N greater than 1, the resulting output signal is at a higher
frequency than the input signal.

[0030] The performance of known synthesizer technology is limited by, for example,
the synthesizer phase noise floor and the synthesizer spurious output. Typical systems
require a frequency step resolution of the synthesizer that results in a high value of the
synthesizer N value. The phase noise in the output signal of a synthesizer is generally a
function of N. For example, in some systems, the noise present in the signal applied to the
PLL is transferred to the output by a factor of 20 log,o(N). Accordingly, for large values of N,
the output includes a significant phase noise component.

[0031] Systems and applications that utilize frequency synthesizers exhibit better
performance when the output of the frequency synthesizer has lower phase noise. In other
words, lower phase noise in a synthesizer output signal can result in improved performance
of the system in which the output signal of the synthesizer is utilized. This can particularly be
the case In applications where it is desirable to distinguish low level receive signals, such as
In, for example, but not limited to, high performance radar, and communication systems. A
frequency accurate output signal with low phase noise determines the signal detection
performance of such systems given that it allows for low level signals to be detected.

[0032] At the same time, such high end systems often require high frequency signals
(1.e. short wavelength) in order to take advantage of certain propagation characteristics of the
signal. For example, microwave systems are an example of a type of system to which the
embodiments disclosed herein may be applied. Microwaves include electromagnetic
radiation in the band of frequencies ranging from about 300 MHz to 300 GHz. In various
microwaves systems, it is desirable to have signals in the gigahertz range. This desire for
high frequency output signals in conjunction with fine frequency adjustment is one of the
reasons that a high value of N is often utilized. As mentioned above, a high value of N allows
for the output frequency to be at a higher frequency than the input signal.

[0033] A synthesizer that is able to limit the value of N to a value that is close to 1,
without limiting the magnitude of frequency or minimum frequency step size of the output
signal, can improve performance of various applications. Such a frequency synthesizer
would allow for the use of a high frequency signal without the large noise component that

would be present in a system that utilizes a high value of N. Various embodiments disclosed
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herein relate to high frequency and ultra low phase noise frequency synthesizers. Some
embodiments relate to a microwave frequency synthesizer.

[0034] Various embodiments disclosed herein generally relate to systems and
methods for providing an output signal having low phase noise. Some embodiments relate to
a frequency synthesizer that produces an output signal having low phase noise. Various
embodiments disclosed herein relate to frequency synthesizers that enable the use of a low
value of N. In some embodiments, the N value does not exceed 3. In some embodiments,
the N value is 1, which provides optimal phase noise and spurious output for the employed
component technologies. In some embodiments, the feedback loop of the PLL does not
include a frequency divider. As mentioned above, the noise present in the sighal applied to
the PLL can be transferred to the output signal according to 20 log:o(N). Accordingly, for low
values of N, such as for example, in the range of 1 to 3, the noise will be significantly
reduced as compared to similar systems that utilize higher values of N.

[0035] In various embodiments, the circuit configuration is simple and robust and
requires no special alignment. For example, some embodiments described herein do not
require any factory tuning prior to deployment of the unit.

[0036] Reference is first made to Figure 1, which is a block diagram of a frequency
synthesizer 100, according to various embodiments. In some embodiments, frequency
synthesizer 100 is an ultra low phase noise broadband reference signal source. Frequency
synthesizer 100 receives an input signal at an input port 102 from. for example, a low phase
noise crystal reference source 103. The input signal is then multiplied by muitiplier 104.
Power splitter 106 splits the multiplied input signal and outputs it to two circuit branches.
[0037] In the first branch, the signal passes through a direct digital synthesizer (DDS)
108, the output of which is fed into a phase-locked loop (PLL) circuit 110. PLL circuit 110
comprises a phase frequency detector 112, a low pass filter 114, a voltage controlled
oscillator 116, a power splitter 118, a low pass output filter 120, an amplifier 122 and a mixer

124.
[0038] Low pass filter 114 removes the comparison frequency, spurious signals and

harmonics that are generated by, for example, the phase frequency detector 112, multiplier
104 and mixer 124. The output of low pass filter 114 serves as a control signal for voltage
controlled oscillator. In various embodiments, voltage controlled oscillator 116 is used to
produce a microwave output. The output of low pass filter 120 provides the output signal of

frequency synthesizer 100. In some embodiments, low pass filter 120 is a low-cost micro

- 5.
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strip implementation. In such embodiments, a more expensive implementation is not required
given that low pass filter 120 is only used to filter the harmonics of voltage controlled
oscillator 116.

[0039] Amplifier 122 is coupled to a mixér 124 and a frequency divider 126 to form a
feedback path to discriminator 112. Mixer 124, in addition to the output of amplifier 122,
receives an offset signal, which will be discussed in greater detail below. Mixer 124 mixes
these two signals and provides the resulting signal to divider 126.

[0040] Divider 126 divides the output of mixer 124 by a factor N. In various
embodiments, the magnitude of N is restricted to a value of 3 or less. In other embodiments,
N can exceed 3. In general, as mentioned above, the phase noise in the loop band is given
by the function 20 log:o(N). Accordingly, by limiting the magnitude of N, the phase noise is
kept low with optimal phase noise for the system being achieved when the divider has a
value of N =1. |

[0041] The output port of divider 126 is coupled to one input of the phase frequency
detector 112. A second input port of phase frequency detector receives the output of DDS
108. Phase frequency detector 112 detects a phase and frequency difference between the
output signal of DDS 108 (the reference signal) and the output signal of divider 126 (the
feedback signal) and provides an output signal based on the detected difference. As
mentioned above, the filtered output signal of phase frequency detector 112 serves as a
control signal for oscillator 116. The DDS provides fine frequency step‘ tuning of the
synthesizer.

[0042] The second branch to which power splitter 106 outputs the multiplied input
signal is used to generate an offset signal. Coupled to the second output port of power

splitter 106 is a frequency multiplier 128. In some embodiments, frequency multiplier 128 can

be referred to as the offset signal generator. Frequency multiplier 128 is coupled to a
bandpass switched filter bank 130.

[0043] In some embodiments, bandpass switched filter bank 130 comprises an input
bank of switches 132, a plurality of bandpass filters 134, and an output bank of switches 136.
Bandpass switched filter bank 130 is used to select a particular frequency component of the
output of frequency multiplier 128 and therefore, filter bank 130 can be referred to as an
offset frequency selector. In various embodiments, the bandpass filters can be implemented

using low-cost surface acoustic wave (SAW) technology and can be made relatively small
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and compact. The output of bandpass switched filter bank 130 is coupled to amplifier 138
which In turn is coupled to mixer 124.

[0044] Reference is nhow made to Figure 2, which is a block diagram of a frequency
synthesizer 200 according to various embodiments. Frequency synthesizer 200 is similar to
frequency synthesizer 100 and the common elements are similarly numbered in Figures 1
and 2. Frequency synthesizer 200 includes a phase locked voltage controlled surface
acoustic wave oscillator (PLVCSO) 204. PLVCSO 204 is used to generate a 1 GHz
reference signal. The PLVCSO can provide lower phase noise at offsets beyond 1 MHz than
a multiplied crystal reference and is consequently advantageous for some applications where
the noise requirements at the 1 MHz offset is most stringent. The PLVCSO also avoids the
generation of multiple low frequency harmonics that are the case for a crystal multiplier.
Consequently, the PLVCSO presents a potentially lower spurious solution to the one in which
the crystal reference is multiplied.

[0045] Reference is now made to Figure 3, which is a block diagram of a frequency
synthesizer 300 according to various embodiments. Frequency synthesizer 300 has some
elements that are similar to those of frequency synthesizer 100 and are similarly numbered.
The description of these common elements will not be repeated here.

[0046] Frequency synthesizer 300 includes a phase locked dielectric resonator
oscillator (PLDRO) 350 to generate an offset frequency signal. The PLDRO provides lower
phase noise at offsets at 1 MHz and higher than a multiplied crystal reference. In systems
that require low phase noise at these higher offsets use of a PLDRO as the feedback
reference source allows the system to achieve the desired performance.

[0047] Reference is now made to Figure 4, which is a block diagram of a frequency
synthesizer 400 according to various embodiments. Frequency synthesizer 400 has some
elements that are similar to those of frequency synthesizer 100 and are similarly numbered.
The description of these features will not be repeated here.

[0048] Frequency synthesizer 400 utilizes multiplier 128 as a comb generator to
generate a comb of offset frequencies. Figure 5 illustrates an example of a comb 510 of
offset frequencies that can be produced by multiplier 128. In some embodiments, a PLVCSO
can be utilized in place of multiplier 128 for lower phase noise. Unlike some other
embodiments described herein, frequency synthesizer 400 does not filter the offset
frequency signal prior to applying it to mixer 124. Instead, a control signal adjustor circuit 450

Is utilized to adjust the control signal applied to the voltage controlled oscillator 460. The
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adjustment has an effect that is similar to that of filter bank 130 of Figure 1. Accordingly,
circuit 450 effectively selects a particular frequency band of the offset signal and can
therefore be referred to as an offset frequency selector.

[0049] In some embodiments, circuit 450 is implemented as an inverting amplifier
that includes an operational amplifier 452, a first resistor R1, a feedback resistor Rf, and a
third resistor R3. In some embodiments, feedback resistor Rf is a variable resistor in order to
provide a variable gain to circuit 450. In some embodiments, Rf is a digital potentiometer.
The gain of circuit 450 is given by the equation Av = -Rf/R1. In various embodiments, the
gain is selected to be less than 1 which limits the maximum tuning voltage that can be
applied to the voltage controlled oscillator, which in turn reduces the locking range of the PLL
circuit. Restriction of the tuning voltage enables control over the frequency range of operation
of the phase locked oscillator. Reduction of the locking range of the synthesizer ensures that
the control loop will always lock to the offset frequency that falls within the locking range of
the synthesizer. If for example the offset signal consists of a comb of frequencies as
produced by a frequency multiplier then if the full broadband operation of the loop is enabled
then there will be an ambiguity as to which offset the loop will lock to. By limiting the locking
range of the loop such that only one comb frequency satisfies the lock condition the loop by
design can be made to lock in a consistent manner to a particular comb frequency. The
approach has great advantage in that the other comb frequencies are not required to be
filtered consequently there I1s no requirement for a switch filter bank. The resistor Rf can be
controlled by digital means in some embodiments to enable the locking range of the voltage
controlled oscillator to be controlled digitally. The control voltage used to control the locking
range Is the locking range voltage (V).

[0050] In various embodiments, circuit 450 also provides an offset voltage to the
control signal. The offset voltage moves the reduced locking range within the locking
bandwidth of the synthesizer. In other words, the offset voltage centers the locking voltage
range. Consequently by means of manipulating the offset voltage and the locking range
voltage the full locking range of the synthesizer can be covered. Since there is a priori
knowledge of the synthesizer output frequency the locking range voltage and offset
frequency select voltages can be set to ensure an unambiguous phase lock to a single comb
frequency spur. This can be accomplished by applying a DC voltage at node 454. The
voltage applied to node 454 can be referred to as the offset frequency select voltage. The
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offset frequency select voltage can be generated by means of a DAC (Digital to Analog
Converter) to enable frequency setting of the synthesizer from a digital command signal.
[0051] Reference is now made to Figure 6, which illustrates the relationship between
the voltage at the input of circuit 450 and the voltage output of circuit 450, according to some
embodiments. As can be seen, the voltage signal at the input of circuit 450 has a larger
voltage swing than that of the output when the resistors of circuit 450 are selected to provide
a gain of less than 1. In the embodiment illustrated, Rf is selected to be 1/40 of the
magnitude of R1 to provide a gain having a magnitude of 1/40. Accordingly, when the voltage
swing of the signal at the input of circuit 450 has a magnitude of 15 V, the voltage swing at
the output of circuit 450 is 0.375 V which reduces the locking range of the synthesizer to 1/40
of its original range.

[0052] The offset voltage i1s used to center the reduced locking range about one of
the offset comb frequency to which the system will lock. For example, if voltage controlled
oscillator has an operating range of between 8 and 12 GHz, then reducing the locking range
by a factor of 40 reduces the instantaneous locking bandwidth to 100 MHz from 4000 MHz.
The frequency offset voltage can then be set to the tuning voltage required for 11 GHz. Only
the comb frequency that is +50 MHz offset from 11 GHz will cause the loop to lock,
consequently the loop is constrained to lock on a single comb frequency resulting in a
consistent lock frequency.

[0053] The offset frequency selection voltage can be used to select the mode of

operation according to Table1:

Fout - VCO tne voltage | Voffset frequency select vol’;age
12 GHz oV | a
11 GHz | 8V | 8V
10 GHz | 7V | -
9 GHz 6V | -
8GHz | 5V | o
Table1 -
[0054] The use of the offset frequency selection voltage in combination with the

locking range reduction removes the requirement for complex filtering of the offset frequency
comb signal. This effect is illustrated schematically in Figure 5. Specifically, the reduced

locking range 520 is illustrated in accordance with the offset voltage shown in Table 1. For
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some embodiments discussed above In relation to Figure 4, by using an offset voltage of 8V,
oscillator 416 will lock to a signal if it is within £50 MHz offset from 11 GHz. As will be
understood by a person of skill in the art, these are examples only and the values can be
changed by for example selecting different circuit components.

[0055] The above-described embodiments are intended to be examples only.
Alterations, modifications and variations can be effected to the particular embodiments by
those of skill in the art without departing from the scope, which is defined solely by the claims

appended hereto.
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CLAIMNS:

. An apparatus for providing an output signal, the apparatus comprising:

an input for receiving a reference signal;

an oscillator for providing an output signal;

an offset signal generator for frequency multiplying the reference signal to generate an
offset signal, the offset signal containing a plurality of offset frequencies at harmonics of the
reference signal;

a mixer for mixing the offset signal with the output signal to produce a combined
signal;

a difference detector for detecting a phase difference between the reference signal and
the combined signal to provide a control signal based on the detected difference the control
signal containing a plurality of control signal frequencies at harmonics of the reference signal,
the plurality of control signal frequencies corresponding to the plurality of offset frequencies,

each of the plurality of control signal frequencies contained within a respective frequency
band; and

an offset frequency selector for controllably selecting any one of the respective
frequency bands of the control signal to select any one of the plurality of control signal

frequencies to control the oscillator, such that the output signal 1s at a predetermined

frequency.

2. The apparatus of claim 1, wherein the offset signal generator comprises a comb

generator for generating a comb of offset frequencies.

3. The apparatus of claim 1, wherein the offset frequency selector comprises a control

signal adjustor coupled between the difference detector and the oscillator, the control signal

adjustor adjusting the control signal to correspond to one of the frequency bands of the control

signal.
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4. The apparatus of claim 3, wherein the offset frequency selector includes a scaling

amplifier to scale and provide an offset to the control signal.

. The apparatus of claim 3, wherein the scaling amplifier comprises an inverting
amplifier.

6. The apparatus of claim 5, wherein the scaling amplifier has a gain of less than unity.

7. The apparatus of claim 1, further comprising a frequency divider coupled between the

mixer and the difference detector; and wherein the frequency divider has a factor not

substantially exceeding 3.

8. The apparatus of claim 1, wherein the mixer is directly coupled to the difference
detector such that difference detector receives the feedback signal without any frequency

di1vision.

9. A method of generating an output signal to control an oscillator, the method
comprising:

recelving an input signal;

generating an offset signal by frequency multiplying the input signal, the offset signal
containing a plurality of offset frequencies at harmonics of the mput signal ;

mixing the offset signal with the output signal to produce a feedback signal;

detecting a phase difference between the feedback signal and the input signal to
generate a control signal based on the detected difference, the control signal containing a
plurality of control signal frequencies at harmonics of the input reference signal, the plurality

of control signal frequencies corresponding to the plurality of offset frequencies, each of the

plurality of control signal frequencies contained within a respective frequency band; and
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controllably selecting any one of the respective frequency bands of the control signal

to select any one of the plurality of control signal frequencies, such that the output signal 1s at

the predetermined frequency.

10.  The method of claim 9, wherein generating the offset signal comprises generating a

comb of offset frequencies.

11. The method of claim 9, wherein the output signal is generated by applying a control
signal to the oscillator; and

wherein the respective frequency band of the control signal is selected by adjusting the
output signal applied to the oscillator to correspond to one of the frequency bands of the

control signal.

12.  The method of claim 11, wherein the control signal 1s adjusted by:
scaling the control signal; and

providing an offset to the control signal.

13. The method of claim 12, wherein the control signal is adjusted by an inverting

amplifier.

14.  The method of claim 13, wherein the inverting amplifier has a gain of less than unity.

15.  The method of claim 9, further comprising frequency dividing the feedback signal by
a factor N, a magnitude of factor N not substantially exceeding 3; and
wherein detecting a phase difference between the feedback signal and the 1nput signal

comprises detecting a phase difference between the frequency divided feedback signal and

the input signal.

- 13 -



CA 02879231 2016-07-15

16. The method of claim 9, wherein detecting a phase difference between the feedback

signal and the input signal comprises detecting a phase difference between the feedback

signal and the input signal without frequency dividing the feedback signal.
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