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PHASE LOCKED OSCILLATOR
TECHNICAL FIELD OF THE INVENTION

The present invention is in general related to oscillator circuits for use as signal sources

in communication and radar applications.

More particularly, the present invention is related to a phase locked oscillator intended
for, but not restricted to, use in frequency converters devices, such as frequency up-

converters or frequency down-converters.

BACKGROUND TO THE INVENTION

Voltage controlled oscillators (VCOs) are phase locked for applications in VHF, UHF
and microwave frequency ranges. Typical applications of such phase locked oscillators
are abundant in the field of communication systems technology and radar applications i

as stable, low-phase noise signal sources.

Both digital and analog phase lock techniques are known. Digital phase locking can,
for example, be achieved by using a frequency divider to divide a high frequency of a
VCO to a lower frequency of a crystal reference. Such a technique is useful at low
frequencies down to about 1MHz, but can also be used at higher frequencies up to and
beyond 3GHz. A limitation of these devices is their phase noise characteristics. An
example of a phase locked loop realized in digital form has been described, for example

in United States Patent no. 5,061,904 to Mantopoulos et al.

Analog phase locking of oscillators can be achieved using a sampling phase detector
(SPD), see for example “Theory and Application of Sampling Phase Detector,
Application Note APN5001”, from Skyworks Solutions, Inc., dated July 21, 2005, where
it is described how the SPD can be used for phase locking a dielectric resonator
Oscillator (DRO). United States patent no. US 6,753,704 B1 to Desgrez et al. describes

an example of an analog sampling phase detector.

Such techniques are generally attractive because of the low phase noise levels that are

achievable in such circuits.
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A limitation of the SPLO (Sampling Phase Locked Oscillator) solution has been the
limitations in frequency selection as only integer times the reference frequency could be

generated.

Hence it is an objective of the present invention to provide a phase locked oscillator
with a wider choice available in the choice of output frequency than has previously been

possible.

SHORT SUMMARY OF THE INVENTION

In order to achieve the objectives set forth above there is thus provided an analog phase
locked oscillator comprising a sampling phase detector, a loop filter, a voltage
controlled oscillator, a frequency multiplier, a feedback loop, where the feedback loop
connects the output of said oscillator with the input of said phase detector through said
frequency multiplier. The sampling phase detector is adapted to perform a discrete
phase comparison between a reference frequency and the multiplied feedback signal,
and the voltage controlled oscillator is adapted to give out a constant frequency at a
multiply of the reference frequency divided with the multiplication factor of the

multiplier.

In a preferred embodiment of the phase locked oscillator according to the invention the
voltage controlled oscillator comprises an acoustic wave component, for example a

surface acoustic wave component.

In a further preferred embodiment of the phase locked oscillator according to the
invention the surface acoustic wave based oscillator is adapted for operation in the

frequency range of 100MHz —2,5GHz.

In a still preferred embodiment of the phase locked oscillator according to the invention

the signal frequency multiplier comprises a non-linear electric circuit module.
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In a yet still preferred embodiment of the phase locked oscillator according to the
invention the signal frequency multiplier device comprises a transistor based multiplier

circuit.

In a further still preferred embodiment of the phase locked oscillator according to the
invention the signal frequency multiplier device comprises a diode based multiplier

circuit.

In a yet a preferred embodiment of the phase locked oscillator according to the
invention the feedback loop is impedance matched to a generally 500hm system at each

end.

SHORT DESCRIPTION OF THE DRAWINGS
The phase locked oscillator based on a sampling phase detector (SPD) according to the

invention will now be described in more detail with reference to the two accompanying

drawings:

Fig. 1 is a schematic diagram illustrating the phase locked oscillator based on a
sampling phase detector according to the invention.

Fig. 2 is an extended schematic diagram illustrating the phase locked oscillator

based on a sampling phase detector with a discrete phase comparison

function according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to Fig. 1 there is shown an example embodiment of a phase locked oscillator
based on a sampling phase detector according to the invention. A reference frequency
signal 1, denoted frzr, is provided at a first input of a type of harmonic mixer known as
a sampling phase detector (SPD) 2. The output of the sampling phase detector 2 is
filtered in a low pass loop filter 3 in order to remove high frequency harmonics above a

frequency given by the characteristics of the filter 3. After filtering the signal is applied
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to a voltage controlled oscillator (VCO) 4. Preferably the voltage controlled oscillator 4
is a device with high Q-factor (quality factor) in order to avoid the possibility of locking

on several frequencies within the resonance of the VCO 4.

In an ordinary analogue phase locked oscillator a phase detector continuously compares
the phase of the reference signal with the phase of the feedback signal. In a SPD based
phased locked oscillator according to the present invention, an ordinary phase detector
is replaced with a non-continuously phase detector that samples the phase of the
feedback signal from the VCO 4. The period of the sample pulse is the same as the
period of the reference signal 1, and the sample pulse is sampling directly on the RF-
signal from the VCO 4. Thus the SPD compares the phase of the two signals which are

different in frequency.

In the frequency range of 100MHz — 2, SGHz a surface acoustic wave (SAW) device is
particularly attractive as the resonating element in the voltage controlled oscillator 4 due
to its small size and the high Q-factor. However, other types of voltage controlled
oscillators 4 could also be used, for example oscillators based on dielectric resonators.
Dielectric ceramic resonators are more attractive at higher frequencies, above the

possible operating ranges of SAW-based VCO devices.

A first output of the SAW VCO 4 is applied to the multiplier 7 in the feedback loop 9
providing a second input signal to the sampling phase detector (SPD) 2, thereby closing
the phase locked loop, while a second output of the SAW VCO 4 is the signal output 8
of the phase locked oscillator according to the invention. An attractive feature of this
circuit is that the excess noise is very low, close to the theoretical minimum of the
multiplied reference 1. Thus the phase noise performance is clearly a benefit compared

to an ordinary phase locked oscillator.

A characteristic feature of the present invention is that a frequency multiplier 7 is
inserted in the feedback loop 9 for multiplying the frequency of the signal from the
SAW VCO 4 by a factor M. The frequency multiplier 7 can be a frequency doubling

device, a tripling device or a higher order multiplication device. One example of a
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frequency doubler device is described in the publication “Switching Diode Frequency
Doublers” by Charles Wenzel, at the web-address
http://www.wenzel.com/pdffiles/diodedbl.pdf , printed on March 26, 2006. A person
skilled in the art will realize that such a frequency doubler can be realized in a number
of similar, but slightly different ways, and still be useful in this invention. The
multiplier 7 in the feedback loop 9 makes it possible to lock on to the sub harmonic of
the reference frequency 1. With this feature the phase lockedvoscillator can be locked to
a frequency grid where the frequency points have a distance smaller than the reference
frequency 1. This enables the SPD based phase locked oscillator to have a wider range

of use.

~As opposed to a traditional sampling phase-locked oscillator (SPLO) where the VCO 4

is locked on the harmonic frequency of the reference frequency 1 which is closest to the
free-running frequency of the VCO 4, in the circuit according to the present invention
the SPLO will not lock to the frequency closest to the free-running frequency of the
VCO 4, but rather to a multiple of the free running frequency of the VCO 4, the
multiple frequency being defined by the frequency multiplier 7 of the feedback loop 9.

In this way a main limitation of the prior art known to these inventors is overcome in
that the introduction of a multiply-by-A in the loop enables a finer resolution of the
selected output frequency 8. Multiplication by 2, 3, 4 or higher can be achieved, for

example by arranging several frequency doublers or triplers in cascade.

If for example, the H” harmonic is selected as comparing frequency in the sampling
phase detector 2, the SAW VCO resonator frequency can be selected at the half of this
frequency, by setting the multiplier M equal to 2 in the feedback loop 9. It should be
noted that the choice of the H" harmonic is somewhat arbitrary, any available
comparing frequency in the SPD 2 could in principle be used. As an example H could
be chosen to be 233. The signal frequency at the output 8 of the device, four, is thus

given by the following equation:

fOUT=(H'fREF/M) (1)



10

15

20

25

30

WO 2007/114705 PCT/NO2007/000066

, where H is the order of harmonic of the selected comparing frequency, frer is the

reference frequency 1 and M is the multiplication factor in the feedback multiplier 7.
As a result of this method, a resolution of frzr/2 can be obtained.

Basically, any non-linear circuit device could be used to obtain the signal multiplication
effect in the signal multiplications device 7. However, one preferred device is a
transistor based multiplier circuit, otherwise known to a person skilled in the art. As an

alternative, a diode based multiplier circuit could also be used.

Fig. 2 is an extended schematic illustration of the phase locked oscillator based on a
sampling phase detector (SPD) 2. The SPD 2 according to the present invention
performs a discrete phase comparison, and this is clarified by introducing the generation
of the sample pulse in the illustration of the SPD 2 component in this figure. The
selected harmonic of the reference signal 1 generated in the SPD 2 is given by the

following equation:

H=(M'f0UT)/fREF @)

, where M is the multiplication factor of the feedback multiplier 7, fouris the output

frequency 8 and frgr is the reference frequency 1.

The oscillator circuit of the present invention can either be realized as a combined
hybrid/discrete circuit, or it can be a fully hybridized circuit. Typically, at least the SPD
2 will be a hybrid device. Further, the VCO 4 could be a hybrid component. The SAW
component is normally mounted in a separate hermetic package. The circuit is typically
in addition provided with a regulated power supply (not illustrated) for providing power
to all the components. A power supply device could also be realized as a hybrid

component.
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The actual circuit is typically a design based on discrete components, however, it can be
envisaged that parts of the circuit could be designed as a combined discrete/hybrid

circuit or a fully hybridized circuit.

In conclusion, the present invention provides an phase locked oscillator device where an
input of a relatively low frequency, perhaps at about 10MHz, can be used to provide a
wider choice of output frequencies 8 at frequencies larger than the input frequency, with
a higher resolution than the input reference frequency 1. This wider choice of output
frequencies 8 is a result of using a multiplier 7 in the architecture of a phase locked
oscillator based on a SPD 2. An input reference of 10MHz is often a readily available
clocking signal in many applications, and it will not be required to provide a separate
clock, if the 10MHz clock signal can be utilized. In some embodiments a separate clock
may be necessary to provide the desired input reference signal frequency 1, however, an

additional clock unit adds to the cost of the circuit.

A typical application of the oscillator circuit of the present invention is in frequency up-
converter devices and frequency down-converter devices for shifting communication or
radar signals from frequency bands that are suitable for electronic processing and for
shifting signals to/from frequency bands to be used during transmission between

different communication system units.
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Claims

1. An analog phase locked oscillator comprising

- a sampling phase detector (2),

- a loop filter (3),

- a voltage controlled oscillator (4),

- a frequency multiplier (7),

- a feedback loop (9)

wherein the feedback loop (9) connects the output of said oscillator (4) with the input of
said phase detector (2) through the frequency multiplier (7), the sampling phase detector
(2) is adapted to perform a discrete phase comparison between a reference frequency

(1) and the multiplied feedback signal, the voltage controlled oscillator (4) is adapted to
give out a constant frequency at a multiply of the reference frequency (1) divided with

the multiplication factor of the multiplier (7).

2. Oscillator according to claim 1, wherein the voltage controlled oscillator (4)

comprises an acoustic wave component, for example a surface acoustic wave device.

3. Oscillator according to claim 2, wherein the surface acoustic wave based oscillator is

adapted for operation in the frequency range of 100MHz ~ 2, 5GHz.

4. Oscillator according to claim 1, wherein the signal frequency multiplier (7) comprises

a non-linear electric circuit module.

5. Oscillator according to claim 4, wherein said signal frequency multiplier (7)

comprises a transistor based multiplier circuit.

6. Oscillator according to claim 4, wherein the signal frequency multiplier (7) comprises

a diode based multiplier circuit.

7. Oscillator according to claim 1, wherein the feedback loop (9) is impedance matched

to a generally 500hm system at each end.



PCT/NO2007/000066

WO 2007/114705

1/2

N/(#¥)-H) = N0y

T DI

INIX

1o)14 dooT

YN0 )=H
dds

0

l

n_m_wﬁ



PCT/NO2007/000066

2/2

WO 2007/114705

O

b b
[ /
: M N x
Jaijdninpy yoeqgpes {
/(338 H) = VL . A \ ........
~
._.DO.._. “J/.\P\
(O-uby) Ja)14
OOA doo 438)(LN0) |N)=H

dds



INTERNATIONAL SEARCH REPORT

International application No

PCT/N02007/000066

A.
INV.

CLASSIFICATION OF SUBJECT MATTER

HO3D3/00 HO3L7/091

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO3D HO3L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where approptiate, of the relevant passages

Relevant to claim No.

US 4 720 688 A (HASEGAWA MAKOTO [JP] ET
AL) 19 January 1988 (1988-01-19)

column 4, Tine 35 ~ column 4, line 64;
figure 3

US 2002/145475 A1l (FENTON ELIOT [US] ET
AL) 10 October 2002 (2002-10-10)
paragraph [0069] - paragraph [0074];
figures 5,6

WO 00/77936 A (ERICSSON TELEFON AB L M
[SE]) 21 December 2000 (2000-12-21)
page 10, line 12 - page 11, line 17

_____ o

1-7

1-7

Further documents are listed in the continuation of Box C.

See patent family annex.

"A" document defining the general state of the art which is not
considered to be of particular relevance

‘E' earlier document but published on or after the international e
filing date

"L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another e
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means H
*P* document published prior to the international filing date but in the art.
later than the priotity date claimed *&* document member of the same patent family

* Special categories of cited documents :

*T* later document published after the international filing date

invention

or priority date and not in confiict with the application but
cited to understand the principle or theory underlying the

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled

Date of the actual completion of the international search

29 May 2007

Date of mailing of the international search report

05/06/2007

Name and mailing address of the 1SA/

European Patent Cffice, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

Authorized officer

Fax: (+31__70) 340-3016 Kahﬂ ) K-I aUS—D'i eter‘

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/N02007/000066
C(Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A LEFEVRE P ET AL: "A FULL GAAS MMIC 1-7

PHASE-LOCKED OSCILLATOR USING SAMPLING
PHASE DETECTOR AND A SAMPLING FREQUENCY
DETECTOR"

2000 EUROPEAN CONFERENCE ON WIRELESS
TECHNOLOGY CONFERENCE PROCEEDINGS. ECWT
2000. PARIS, OCT. 5 - 6, 2000, EUROPEAN
CONFERENCE ON WIRELESS TECHNOLOGY. ECWT,
LONDON : CMP, GB,

5 October 2000 (2000-10-05), pages 17-20,
XP001060790

ISBN: 0-86213~217-7

the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/N02007/000066
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4720688 A 19-01-1988  NONE
US 2002145475 Al 10-10-2002  NONE
WO 0077936 A 21-12-2000 AU 5583000 A 02-01-2001
EP 1195009 Al 10-04-2002
IL 146907 A 20-11-2005
SE 514516 C2 05-03-2001
SE 9902210 A 12-12-2000
UsS 6333679 Bl 25-12-2001

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - drawings
	Page 11 - drawings
	Page 12 - wo-search-report
	Page 13 - wo-search-report
	Page 14 - wo-search-report

