
;YZe3eC@(|6T28  08C?~~,TO~~ IRCI~IT 2 oEc 2002 The present invention
relates 'to an oscillator circuit, and more particularly to a tunable
microwave 5 oscillator and to motion detectors which utilise such
oscillators. Typically, an electronically tunable microwave oscillator can
utilise a reverse biased varactor having 10 a capacitance which varies
according to a corresponding variation in an applied reverse modulation
voltage. In order to effect a change in varactor capacitance, and hence to
utilise the varactor as a practical frequency tuning device, a~modulating
signal of high magnitude is 15 required. Typically, at a frequency of
oscillation of about loGHz, a variation of 30V in the applied reverse
modulating voltage brings about a corresponding variation of about 20N~iz
in the frequency of oscillation of a tunable microwave oscillator utilising
such a 20 varactor. The frequency range over which the frequency of
oscillation of a tunable microwave varactor oscillator can be varied is
governed, in part, by the degree of capacitance change of the varactor over
the range over which the modulating voltage is varied. A 25 varactor,
oscillator is illustrated and described in "Dielectric Resonators"
published by Artech House and in i~w~~~~~~   - 2 DEC 2002 G8~3a9~55A. Tho
rehtio~xship bet~e~ the dd~~re~ oi~ frec,~,~,enoy mvdulat~,on ~s~.d applied
modu~.eti.~,g sic~aa.a, i.s only l~,~asS,r for var~ctorsr .ca~aer a narrow
perGeatage b ards~'~.dth o f up to 3 % . Further, xalatively large 6
reverse bia$ing ~ ~aitage~s are required fax varaotor asoillatorS in vrdar
tv rea~,ise muf:~ioieat Q to est~b~.ieh. and sustain. osciZiat~.oa. A
typ~.cal b~.s,eiag vo~.tage is of the order of 20v to 30~. At these
~rol.tages the twxing ra.nga a~a~.lable is very l~,~tited. 10 ~.`he above
renders ttse use of vaxaatars undesirable for low no3.a a o ~sciy.le.tors .
"~''o~.tage Ccatroller Dielectric Re&rar,~stor osc~.l~,ator I~sing
Three--Te~n,iaal ~IES~T v'aractor, Llectroriic 15 betfers, rorol 30, no.
~,6, 4 August 1994, page 132D/1321, 



XP000468011 ISSN: ~ 0(11y-5194 discloses a ~roitage cox~tro~.led dielectric
resoz~ato= esc~.llato= hapi~xg a resoaa,r~.t circuit that is
electramagaetical.ly coupled to a dialect=io resaaator thereby foacul.ng a
pair of 20 r~utuail,y Goup7.ed fiesonant aixcuits., 8y varying the MESFET
varactor capacitance ta3.th a bias voltage, the resonant ` irequerzcy t~f
the diele~ctrf,o resox~ato~ cars be tur~.ed. 25 Tt . ~.a as ab~e~at o:~ the
pxeaeat ixrven~icr~ ~ to a't leas~k mitigate sosce o,f the prob~.ems
sssaeiated ~i~.h I~M~nln~n pN~~r   - Z DEG 2002 z~, prior s.rt ~u~able
microwave aaciilatdrs, pr~ferab~.y, for use is rao~ion detectors.
AcGOxdiagly~ the present ir~.~rention pxovidas a~a 5 oscillator ai.rcvit
compris~,ng first and' second mutually eleatro-~g~.etiaaily cr~uplab~.e
resonant ci=au~.tsr the second xesot~t circuit c~nprisiag a ct~.eleotxfc
eXemer~t and , ~ excitation means o~serable to produce a f~.rst frequency
of osaillatiox~., the first resonant circuit 1, 0 cc~anpr~.si.~ag the
dielec~Cric ele~neat anal excitation tnean~s, ixlcludiag a Schvttky d~,ode
operable in a foraraxd bias rnnds, responsive to an applied s~,gnaL, to
vary the re~souant AI1AE(~DED SWF~'r'   frsquenay df the first resoaa3st
ci.rauit dad thex~aby ~.xy the ~ ~ixs~t regue~xoy of o~o5.11at~.oa c~ the
osoi.llatar ai~cuf.t . 5 Operating the Srhottl~y diode ire, fort~ra,rd
k~ia.~ o'.ode produces a selat5.vely laxge variation i.r~. frequency izx
response to a xelative sms.ll variat~.oa in modulating' vo~.tage.
Eurthermoxe, the Qoitages required to opexate a Schottky .based, nsoixlator
are ~igni~icaatsy lest than. 10 those re~zired to operate a varaator J~ased
osc~,llatc=. pre~exa:~ly, an embodiment of tlxe present ~.aventiou gxavides
as asciliator circuit wherein the modes of resa~an~e have associated .
ao~l.ir~g po3.~.ts oa the 



~.5 excitation means and tT~e excitat~,on ~aeat5,e is ~.rranged such that
the ~oupl~.ag pots are a suk~stanta.ally coz~tant distance ~xom the
di~.eetria element. ~ut~her embodiment o~ the invent~,or~ provides an 20
oscillator cixcuit Wherein the die3.ectric eleraeat A~r~oEa sHEEr   = 2 OEC
2002 aa~pr~:a~s ate. aroua~te profile end said exaitat~.on marts xs
a,rxan,ged to fallow subatant~.a~.ly tho arcuate praf3le ref the
dielectr~.c eleme~at. 5 preferably, t~.e excitation xaeaas campr~.sss
excitation strip 7.ir,~es oz u~,.cxvatr~p laws . , ~mbcdinae~sts of the
present iaveation wi~.l nor be des~czibed, by war of ex~ple only, ~rit,~.
referex~.oe to tlxe 1Q accompanying drawings ixi which: f~.gute ~.
ihlustrates , schem tically a typ3.rs.1 tra~rs~ait-receive arrangement of~
a ~tfoax detector; 15 f3gvse 2 shows scheiaatically a prior art vsCillator
for a x~tion de~teation de~trice: figure 3 dapict$ schematically an
osaillatvr for a motiaa.detectiori. d~~ice according td as e~odiment: zo
figure 4 illustrates the auteata. patcsbas ' o~ a mi.axawe~~ d~teot~sr:
figoxe 5 e~hows a, ground pleas having t~v ante~a 25 'roupl3.n,g alota for
the miarowa.Qe detector a,~ is ~lao 31~.u~trated i~, WAD 92~C99~5r 



AM~ND~D SMEET   - 2, OEC 2002 figure 6 depicts the microwave detector
microetrip circuitry disposed on the opposite side of the board bearing the
ground plane; and 5 figure 7 illustrates the microwave detectors microstrip
circuitry having the components disposed thereon. 10 The use of the doppler
effect fox detecting motion is well known within the art., For example, in
microwave intruder detection devices it is known to provide a dielectric
resonator oscillator and diode mixer, mounted in a cavity, which are
arranges to provide an output or 15 transmit signal at a required frequency
and an input or receive signal, together with a doppler IF output.
Referring to figure 1, there is shown schematically a microwave circuit 100
having oscillator 102 producing 20 an output frequency fo connected to a
filter 104 arranged to pass the fundamental 'frequency of the oscillator,
o, and to block the second and higher order harmonics thereof'. The output
from the filter 104 is fed to a power divider 106 to produce a transmit
signal and a 25 local oscillator signal. A transmit antenna 1,08 i9 used to
radiate the transmit signal. The local oscillator   2 DEC 2002 6 



signal 110 is fed to a mixer 112. The mixer 1l2 has an. input from the
receive antenna 114 arranged to receive the reflected signal. As is well
appreciated within the art if the received signal was reflected from a
moving 5 object, it will be a doppler shifted version of the transmit
signal. The mixer 112 combines the local oscillator signal with the
received signal received by a receive antenna I14. The output 11G from the
mixer 112 contains the doppler frequency produced by the 10 reflection of
the transmit signal of frequency fo from a .. moving body (net shown) . The
presence or absence of the doppler signal at the output 116 determines
whether or not a moving object has been detected. IS Referring to figure 2,
there is shown schematically a prior art em't~odiment for a motion detector
circuit having an oscillator Z02 comprising first 201 and second 202
mutually coupled resonant circuits. The first resonant circuit 20l of the
oscillator l02 arrangement 20 shown in figure 2 is a varactor 204 in
conjunction with a microstrip line 206 arranged to resonate close to the
frequency of operation of a dielectric resonator 2o8. The second resonator
circuit 202 comprises the 26 dielectric resonator 208 electromagnetically
coupled, in use, to a further microstrip line 210 connected to the   2 uEC
2ooz gate o~ field effect transistor 214 and a microstrip line 211
connected to the drain of field effect transistor 214 and which fortes part
of the feedback loop of the oscillator. The FET 214 utilises various 5
impedances which are arranged to correctly match the FET 214 . Hy varying
or modulating the varactor capacitance with an applied voltage 222, the
resonant frequency of 10 resonant circuit 201, can be tuned resulting in a
change of oscillation frequency of the resonant circuit 202. It will be
appreciated by one skilled in the art that the closer the electromagnr~ic
coupling between the 15 dielectric resonator and the microstrip lines, the
greater the resultant frequency contxol. This increased fxequency control
is at the expense of decreased oscillator~Q factor. 20 With reference to
figure 3, there is shown an oscillator circuit for a microwave detector
according to an embodiment of the present ~.nvention. The oscillator 300
comprises first 301 and second 302 mutually coupled resonant circuits. 



25 The first resoaant tuning circuit 301 consists of a   -Z DEC 2002 8
microetrip line 316 which has a SChottky diode 3a3 'connected at one end,
and a ,modulation voltage 322, v(t), applied via resistor 307, to the other
end of said microetrip line. The tuning line 316 is situated 5 adjacent to
the dielectric resonator 30B so that, in use, the dielectric resonator 308
and the tuning tine 316 are electromagnetically coupled. Electronic
frequency tuning of the oscillator 30o 10 is achieved by varying the
modulation voltage 322, which - causes the junction capacitance of the
Schottky diode '303 to vary. The change in capacitance brings about a
change in the effective length of the tuning line 316 thereby a7aering the
resonant. frequency of the tuning 15 line 316. Since the~first resonant
tuning circuit 301 is mutually coupled to the second resonant circuit 302
via the dielectric resonator 3o8, the oscillation frequency of the
oscillator 300 also varies according to the variation of the modulation
voltage 322) 20 Preferably, the Schottky diode is a eATlS-03W available
from Siemens operable at a diode voltage of close. to OV, Under such
operating conditions the variation in capacitance is ae shown in table 1
below. -0.05 241   9 0.00245+0.05252 TABLE 1 



Tt will be appreciated that an increase in forward 5 voltage from OV to
0.05V brings about a 2.9% increase in capac~:tance . In the present
oscillator embodiment a DC voltage is applied to the Schottky diode 303
(connected in 10 forward bias) via resistor 307. Typically, the frequency
of the oscillator 300 is shifted by -l2MHz from a nominal frequency of
10.525GHz, at an applied tuning voltage 322 of +5V. The frequency shift may
be changed by altering the coupling to the dielectric 15 resonator 308. For
comparison, a typical prior art varactor-tuned oscillator operating at a
frequency of lOGHz requires a variation of up to 30V in the modulating
voltage in 20 order to produce a frec~,ency shift of 20MHz. The Schottky
diode 303 is operated -in a forward bias mode. This is in contrast to the
varactor 2o4 of figure 2 which is operated in reverse bias. The higher   -
2 DEC 2t2 degree of change in junction capacitance of the Schottky diode
303 at small forurard voltages is capitalised on, resulting in a relatively
large change in effective length of tuning line 316, and hence large
frequency 5 shift of the oscillator 300. The complete tunable oscillator
300 may thus be operated with voltages which are of significantly smaller
magnitude as compared to the voltages used in conventional varactor-tuned
oscillator 102. A significant reduction in component ~0 and circuit cost
thus results. Although f~.gure 3 shows the use of a single Schottky
Diode,-the present invention is not limited thereto . ~It will be
appreciat~l by one skilled in the 15 art that diodes or diode pairs could
equally well be utilised to realise an embodiment of the present invention.
Furthermore, embodiments can also be realised in which the microstrip lines
are arcuate as opposed to being straight. Still, further it w17.1 be 20
appreciated that the position of the circuit elements depicted in figure 3
et seq~are not fixed and can be suitably repositioned without departing
from the scope of the present invention. It will 'also be appreciated by
one skilled in the art that there are many other 25 possible oscillator
topologies which can be' realised using the present invention.   - 2 OEC
2d02 11 



Figure 4 shows the antenna circuit board 400 which can be of singe-aided
construction and carries separate transmit and receive antenna arrays. The
transmit 5 antenna array comprises two microstrip patch elements, 406 and
408, which are interconnected and connected to a common feed line 418. The
receive antenna array also comprises two microstrip patch elements, 402 and
404, which are interconnected and connected to a common feed l0 Line 416.
Various 2.2 mm holes B are provided to aid the positioning of the antenna
board 400 to or on a suitable housing (not shown). Four 3 mm holes A1 and
A2 are provided secure the antenna board 400 to or within the housing (not
shown). All dimensions are shown in 15 millimetres. Figure 5 and 6 show the
groundplane 500 and the component aide circuitry 600 respectively ~of the
microwave board. Figure 7 shows the component side of 20 the microwave
board 600 with the components mounted thereon. The oscillator circuit 700
is enclosed by the broken line. The oscillator circuit~compriees a first
301 aind' second 302 electromagnetically couplable resonant circuits. The
first resonant circuit comprises 25 means or receiving a modulating voltage
v(t) including a connection tab 702, a IFGOhm resistor 307, a forward    2
DEC 2002 12 biased Schottky diode 303 and a tuning line 316
.electromagnetically couplable to the dielectric reeorlator 308. S The
second circuit 302 comprises the dielectric resonator 308 coupled, via
microstrip lines 310 and 311 to the gate and drain of a F~iX35LPT
transistor 314. Power .ia provided to the transistor 314 via a 39 Ohm
resistor 704. 10 The output from the oscillator circuit 700 is fed ,via a
decoupling capacitor 706 to the transmit 708 and ' receive 710 portions of
the detector. The transmit .portion 708 comprises a microst,~,.ip line 612
for coupling 15 to. the transmit antenna. Similarly, the receive portion
710 receives via microstrip line 610 a reflected version of the transmitted
signal. The microwave board 600 and the antenna circuit board 400 are
mounted back-to-back with the groundplane intervening. The alignment of the
20 boards is such that the transmit array feed line 4l8 overlies the
associated feed line 612 on the microwave board. Similarly, the receive
array feed line 416 on the antenna board overlies the associated feed line
610 on the microwave board. Coupling between the microwave 25 circuit board
and the antenna board is achieved by the provision of two narrow , slots
502 and 504 is the   



.. Z DEC ~0~2 3.3 grope layer df i~ae miGra~aQe Iaos~. ~'he re~leeted.
signal acrd, the output from t~,e asc3.11ator circuit axe comYa,i.x~.ed
using a mixer diode 71.2, fox exa~3.e, a E~AT7.5-p99, to pxoduae an Z~'
signal Idlsie~x is output v3.a 5 con~sectioa ~ tab so a . AM~D~D B~lEE1'
2 DEC 200 i4 1. Atx osoi~.ls,tor Gixcuit (30Q) cosr~r~.sin~ first (301,)
end saaoad (3a2) u~tuaily ~lea~roma.gzzaticall~r aavpl~ble 5 xesenant
circuits, the second Gixcuit (30Z) compx~.sing a dielectric elerner~.t
(308) ans~ excitetior~ means (33.0, 314, 31,1) operab7.e to prodtxca a
first fxequetxcy of osai~.lat3,on, the first .cirau~,t (3D1) comprisi~,g'
tY~e dialectxic e7.ement (3ag) , excitation means (316, 303, 307) 10
inGludi.ag a Schattkx di.ade (3Q3) operable in a farwarti rii.as uu~der
zesporxs~.ve to aty, applied signal (3~2) , to waxy the ~esaaaat frequency
of the first resonant circuit (301) , a,rld tk~ereby vary the fixst
frequency of aseillatioa of the csaillatox cix~euit (300). 15 2. ~1,
c~.rcuit as claimed its, clad, 1, r~fh.exei~a the atodes . of res4nan.ce
have associated coupling po.~,rets oa the excitat~.on, ~ tueant~ (310, 31I)
of the second oircuit) and 'tt~a exaitatioa msan.s (3Z0, 31i) pf the
AM~ND~D RHFF"r'   2 ~c 200 



15 scaad oircui~ is arranged such that the coupiirsg poixxts , ars a
subs~sutiasly co~taat distance from tlxe dielectric elemetxt (348) . S 3. A
e~,scuit as cl.aamed xn claim 2, r~o~hexairi the d~.alectriG element (~08)
co~rxses art atcuate profile and said excitation mes,ns are arranged to
fo~.low substantially the arcuate profile e~ the cLi.eleetric element 30B .
10 9 . A c3.rcuit as cla3xaed ix~ ~ claim a~xy pxecedirxg Maim, whereix~
said excitation mesn.s (~10, 3I1, 316) aemprise excitation miarostrip
lines. ~.5 5. A taotioa detection daP~.ae aomprisixxg as oscillator
c~.rcuit as claimed is a.ny preceding c~.a~a. pr microwave
transmit/xece~.v~e assembly coa~ris~g an oscillator as vlaizned in aay of
a~.aims 1 to 5. 2I~ AMENDED SW~rr
.AFl.A.AsC.ASfR.AS{y.As,.A,,.A&SY.A,.ALf.A.A.AY.Aa@L.Af2.A(,!A}B D  LN
{upje_ZU]c*a]caU]ca]caU]ca]caU]caU]ca]caU]caU]ca]caU]caU]ca]caU]caU]ca]caU]
ca]caU]ca]caU]ca]c*a]cRa]ca]ca]c0a U]c^a]ca]cRa # x  ![_c~!E,=J?Cw{unhc]WP 



U]c^aU]caU]ca]caU]ca U]c^aU]caU]caU]caU]ca]c,a]c
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