;YZeSBC@ || 6T28 08C?~~, TO~~ IRCI~I T 2 oEc 2002 The present inventi IBE 2002

crelates "to an oscillator circuit, and nore particularly to a tun£ C

m cro ator and to notion detectors which utilise such

OSCI I mmmmummm! ally, an electronically tunable m crowave oscillator can
ilise areve bi ased varactor having 10 a capacitance which varies

accordl ng 24 corresponding variationin an applied reverse nodul ati on

vol tage. In order to effect a change in varactor capacitance, and hence to

utilise the varactor as a practi cal frequency tuni ng devi ce, a~nodul ating

signal of high magni tude i s 1508CIRLATOR @ z at a frequency of

oscillation of about |oGHz, a variation of 30V in the applied reverse

nodul ati ng vol tage brings about a correspondi ng variation of about 20N-~iz

in the frequency of oscillation of a tunable m crowave oscillator utilising

such a 20 varactBhe Thresemtfucknyentior oalatds clta har r egadldpteflr

oscillation of a tunable m crowave varactor oscillator can be varied is

governed, i®ipenit, bypnchemeryr arficydsxdit e eachimmablsd mierowayet or over

t he range_over which the nodul ating voltage is varied. A 25 varactor,

osci | | at of P8c}}1ake¥ 1e0d FR AeSdomndptectaye| whiche webbige osuch

publ i shed Artech House and in i~w~~~~~ - 2 DEC 2002 (&3~3a9~55A. Tho
rehti o~ xshl%E Fetlatorse dd~~re~ oi ~ frec, ~, ~,enoy nvdul at~, on ~s~.d applied
nodu~.eti.~, g sic~aa.a, i.s only | ~, ~asS r for var~ctorsr .ca~aer a narrow

per Geat age b ards~' ~ dth of upto 3 % . Further, xalatively large 6

$i
LoV ae toasi D, W%?%%?ﬂ% 5 382 LSS AL 20! phalor L vr dar
typ~. cal b~g.-£l B YL chAIGL1318k %heﬁ'&féieée Qb4 dtQa?Qﬁtofohg}g%% above

~rol . tages ?Re tuxi ng ra.nga a-a-. e 1s very

renders i§sg eﬁ}tsaeitaﬁééahﬁ&éhu%&%rsata&aﬂiﬂgowwé Bofr@sponlinke tOrSs .
"~''o~.tage Cc |l er Dielectric Re&rar, ~stor osc~.|~, ator P ~SI ng

Thr ee- - Te~vaBidt tddEStd ¥habppldled ldefirsey incdullndicsid e&&té@éol g8, no.
~, 6, 4 August 1994, page 132D/ 1321,
order to effect a change in wvaractor capacitance, and
hence to utilise the varactor as a practical frequency
tuning device, a modulating sigmal of high magnitude is
15 required. Typically, at a frequency of oscillation of
about 10GHzZ, a variation of 30V in the applied reverse
modulating voltage  brings about a corresponding
variation of‘ about 20MHz 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 capécitance change of the varactor over the
range ‘over which the modulating voltage is varied. A

25 varactor oscillator 1is illustrated and described in

“Diglectric Resonatora" published by Artech House and in

T
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XP000468011 I SSN: ~ 0(11ly-5194 di scloses a ~roitage cox~tro~.led digl [
rTesoz~at o= esc~.l |l ato= hapi ~xg a resoaa,r~.t circuit that is "’§ ﬁ%é 5002
el ectramagaetical .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 voltgge, 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 mtigate sosce o,f the prob~.ens

sssaei at ed ~ha & | n~n ~. 3 2 ~  pri.or S.rt ~u-~ahle
i crowave aa@?#gﬁigg,ﬂ' pr ~f%€b9§',"ﬁ‘§?%gg 38’2?@ 0 taeﬁ’fﬁ?. 8
Acxdi agl y~ e TNt | i = L1 1 at ai ¢LCvit
conpri s~, ng ##?@f%ﬁg ?‘Is?edéi&n‘é’lr?& u%##yel? .ez}(tggz-@cg@g%?%géll fiﬁ I %B~. e
resonant ol <gry  addity SEANd vRREIzaCl Dokl §-MHAESLAO Babbanthga! X! C
eXenmer~t and , ™~ excitation means o~serable to produce a f*. FSt FT guency
of osaill at iKpssawidtle Tdf Stug es@pani Ci rcﬂﬁrtﬁer? CeafaRivaly. ~Parglc
dielec~Cric el e~neat anal excitation tnean~s, ixlcludiag a Schvttky d-, ode
oper abl e 5 gaver=py axsdishsy r sbrades PoDsd VerdquiaredippEded Sax@dtdr O
vary the re~souant Al LAE(~DED SWF~'r' frsquenay df the first resoaa3st
ci.rauit dadadiddatmrs xint hexdezi xda rxeablaey safficbentat @ oate~ the
osoi.llatar ai~cuf.t . 5 Operating the Srhottl~y diode i rel fort~ra,rd

f

k~i a. ~ o' . oSHidtiesands Aurtinipe| gsebldptiend at ibntypicals RERRBIRG i 2x
response to _a. xelatiye sng.lJ, varial~. oa_in dyl ating' vo~,tfage. .

Eur t her rrpxga,vql)ﬁf&%i g‘&geg‘ﬁ'r el r &F oﬁgx;ﬁ@ga hgpg'ky . b%\éeg‘,ﬁl?ﬁ%i x| at or
are = 0!~ ARl Stnd "ifins b ! ' G7a1 {80l 048PHELE duyaraalor J-ased
osc~, | latc=. pre<exa: ~I'y, an efboditent of tlXxe present "~ aventiou gxavi des
as ascil i@t eheCidibanrd wERABES the WMeSoPfviesecebfscuhdveirablel el .

ao~l .ir~g po3.~.ts oa the

Jow noise oscillators.

"Valtage Controller Dleleéctric Resonator Os¢lllator

Using Three~Terminal MESFET Varactor™, Elsctronlc
15 I;at{:ers, vol 30, no. 16, 4 Aungust 199‘4, page 1320/1321,
XP000468811  ISSN:‘ 00135194 discloses a voltage

. controlled dielectric resomator oscillator having =
resonant civeunit that is electromagnaetically coupled to

a dielectric resonator thereby £fomming a pair of
20 mutually coupled xesonant circulbs. By varying the
MESFET wvaractoxr capacitan;:e with a blas wvoltage, the
resonant freguency of the dielectric rasonator can be

ted.

25 It is an object of the present invention:  to at
least mitigate some of the problems associated with
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~.5 excitation neans and tT~e excitat~,on ~aeat5,e is ~.rranged such that
’the ~oupl ~. ag pots are a suk~stanta.ally coz~tant dlstance ~xon1hh & 2002
di ~.eetria el enent. ~ut~her enbodi nent o~ the invent~, or~ prOV|des an 20
oscillator cixcuit Wierein the die3.ectric el eraeat A~r~oEa sHEEr = 2 CEC
2002 aa~pr~:a~s ate. aroua~te profile end said exaitat~.on marts xs
a,rxan,ged to fallow subatant~.a~.ly t arcuate praf3le ref the

dielectr~.c eleme~at. 5 preferably, t~ %" excitation xaeaas canpr~.sss
excitation strip 7.ir,~es 0z u-, cxvatr~p laws . , ~nbcdi nae~sts of the
present iav f ﬁw Y, it,

ref erex~. oe?‘ti@xde!ﬁ(g nacécaorrpanw ng dravm ngs I X1 r\/ﬁ Jﬁes fm'r

i hlustrates £§y|déﬁhéﬁbﬁi.r5 1 tra~rs~ait-receive arrangenent of ~
a ~tfoax detector gvse 2 shows scheiaatically a prior art vsG |l ator

for a x~tion de~t eat| on de~trice: figure 3 dapict$ schematically an
osaillatvr for a notiaa.detectiori. d~~ice according td as e~odinent: zo

figure 4 illustr Accoydmgly,cattthe p@:ﬁﬁmﬂ:' mvmuﬁomx@midhst e@n-sr:
figoxe 5 e~hows a, ground pleas having t~v ante~a 25 'roupl 3.n,g alota for
the ni ar ovi.c@eiddiatemnrokrouit comprbaing -Einetdand sesond) xpimegly

elactro-magnetically couplable resonant cireults, the
second resonant circuit comprising a dlelectxic element
and  -excitation mesns operable to produce a Elrst
frequency of o¢scillation, the first rescnant circuit
10 comprising the dlelectric element and excitation means,
including & Echottky diode operzble in a forward bias
moda, responsive to an appllied signal, to vary the

resonant
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AM-ND~D SMEET - 2, CEC 2002 figure 6 depicts the m crowave detector

mcroetrip circuitry di sposed on the opposite side of the board baa:ngg;
ground plane; and 5 figure 7 illustrates the microwave detectors™ mz

circuitry having the conponents disposed thereon. 10 The use of the doppler
effect fox detecting notion is well known within the art., For exanple, in
m crowave intruder detection devices it3is known to provide a dielectric
resonat or oscillator and diode m xer, nmounted in a cavity, which are
arranges to_provide an_output_ or 15 transmt signal at a required frequency

and an i npufredueney; ¢f Shenflrstyeseranty W@%fﬂﬂd& rEhe pYREY
Referring tg fi rel here is sh wns& | cal a, mcro e circuit 100
havi ng osci ¥Rt J55153;2 FOSHERRY H”Gg gﬁ ‘P‘l"e@% Eher o ¥ to a
filter 104 a ed to pass the fundanmental 'frequency of the oscillator,

o, and to bf ‘E“‘EHE second and hi gher order harnonics thereof'. The out put
fromthe filter 104 is fed to a power divider 106.to produce a transmt
signal and a 25 local oscillator signal. A transmt antenna 1,08 i9 used to

radiate tde tranggetasiffdlche MRHAEMy BWUdd DT forvatECriRE? hode
produces & relatively large variation im frequencx'r in
response to a relative small veriatiom in nodulating
voltage. Furthermore, the voltages required to opexate
a Schottky basaed oscillator are significantly less than
10 those required to operate a varactor based osclllator.

E'J:eferably_,‘ an embodiment of the present lnvention
provides an oscillator ciroult wherein the modes of
resouance have assoclated . couwpling poifits on the

'15 excitation means and the excitation means is a.rranged\
such that the coupling points are a substantizlly

constant distance from the dielectric slemant.

A Ffurther embodiment of the invention provides an

+ 20 oscilla.ta: cixcult wherein the dielectric element

AMENDED SHEET



signal "110'is fed to a mxer 112. The m xer 112 has an. input fromthe
receive antenna 114 arranged to receive the reflected signal. As J I
appreciated within the art if the received signal was reflect ed"fih& 2002
nmoving 5 object, it will be a doppler shifted version of the transmt
signal. The m xer 112 conbines the | ocal oscillator signal wth the

recei ved signal received by a receive antenna |14. The output 11G fromthe
m xer 112 contains the doppler frequendgy produced by the 10 reflection of
the transmt signal of frequency fo froma .. noving body (net shown) . The
presence or absence of the doppler signal at the output 116 determ nes

whet her or eSpPYises.isr sproatehpsofdde derdbcislt bfofEdeionngekasii gure 2,
there is shown schematically a prior art emt~odinment for a notion detector
circuit hawiSndiammnsss tatdelioy suhptentirlly rthe 28zcuatia sprofdlan?

mut ual |'y cogg%gg resqnant ciriuits. The first resonant circuit 20l of the
oscillator® r H@@ﬁ&ﬁécze €R8®k-in figure 2 is a varactor 204 in
conjunction with a mcrostrip line 206 arranged to resonate close to the
frequency of operation of a dielectric resonator 208. The second resonator

[ it 2 ' 26 di t L t I ticall
Coupl od, o n use T CEeR PEY hor Tier oot AT o1 PRt cot SHRELPRE 2 ubC

200z gate @xchtetdonflk t £ S rmféfosﬂ!ﬂ;?‘ WGlostrip line 211

connect ed t‘g the}tdrgi nag%pf:i"gg%ée??ect transi stl(;r}r;%rfiﬂf and which fortes part
of the feedback | oop of the oscillator. The FET 214 utilises various 5

i npedances which are arranged to correctly match the FET 214 .. Hy varying
or nodul ating tBebodinerbs cdhache apresenth imveniionedwidl t age 232, t he

r esonant freggﬁj}%‘#of 10 resonant circuit, 201, can be tuned resulting in a

.change of 98 onPY r Ba¥icRt yevrphe prlvndmthiyedarenms to tthe | | be
appreci ate L j.n.th Li. that the closer the el ectromagnr—~ic
coupl i ngabg?%éﬁ%@éﬁ%ﬁﬁ ﬁqﬁsctobﬁat or and the mcrostrip lines, the

greater the resultant frequency contxol. This increased fxequency control
is at the expense of decreased oscillator~Q factor. 20 Wth reference to
figure 3, therefigusdowl anilBgitd=aiedy Chekathit{au1By M &1 Oy @l ect or
according to an enbodi nent of"the present ~.nvention. The oscillator 300
conpri ses ¥ranymBoiresrive corregrmeny ¢f Bymeblphedatestrrant circuits.

15 figure 2 shows schematically a prior art oscillator

, for a motioen detection device:

flgure 3 deplcts schematically an oscilla:to: for a
motlon detection device acedrding to an embodiment:
20
figure 4 dillustrates the awtenna patches of &

nicrowave detector;
figure § shows a ground plane having two antenna

25 coupling slots for the microwave detector ms is also
$llustrated in WO 92/09905

AMENDED SHEET



25 The first resoaant tuning circuit 301 consists of a -Z DEC 2002 8
‘mcroetrip line 316 which has a SChottky di ode 3a3 'connected;amgtnﬁg?gﬂng
and a , nodul ation voltage 322, v(t), applied via resistor 307, r
end of said mcroetrip 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 el ectromagnetically coupled. Electronic
frequency tuning of the oscillator 300 19 is achieved by varying the

nodul ati on vol tage 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 30figsrsuttualéyictaipthel ndcrbwavecdetecternanicrigtontip 302
via the dielectric resonator 308, the oscillation frequency of the

osci |l |l ator 30rehsivryardi@pessdr dhnthe vppogiteatsdisie obLft hehaevdhdaatd on

vol tage 322) 20 Preferably, the Schottky diode is a eATl S-03W avail abl e
from Si emenseerveingl that gEoUnddplanes agddof close. to OV, Under such
"operating conditions the variation in capacitance is ae shown in table 1
bel ow. -0.905 241 9 0.00245+0. 05252 TABLE 1 ' '

figure 7 illustrates the microwave detectors
microstrip circuitry having the components disposed

thereon.

10 The use of the doppler effect for 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, wounted
in a cavity, which are arranged Eo provide an output or

15 fransmit signal at a required frequency and an input or

receive signal, together with a doppler IF output.

Referring to figure 1, there is éhown schematically

a microwave circuit 100 haviﬁg oscillator 102 producing

20 an output frequency £, connected to a filter 104 arranged
to pase the fundamental frequency of the oscillator, £,
and to block the second and higher order harmonics
Ehergof. 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 108 is used

to radiate the transmit signal. The local oscillator



Tt will be appreciated that an increase in forward 5 voltage fromOV to
+0.05V brings about a 2.9% increase in capac~:tance . In the mzsg&(\:zmz
oscill ator enbodiment a DC voltage is applied to the Schottky #i ’
(connected in 10 forward bias) via resistor 307. Typically, the frequency
of the oscillator 300 is shifted by -12M+4z froma nom nal frequency of

10. 525GHz, at an applied tuning voltage 322 of +5V. The frequency shift may
be changed by altering the coupling to tée dielectric 15 resonator 308. For
conparison, a typical prior art varactor-tuned oscillator operating at a
frequency of | OGHz requires a variation of up to 30V in the nodul ating

vol tage in 26ignadr 118 pgeodece @ & deixemcllzhi  Thet mioesz 1 ihehae hant ky

di ode 303 is operated -in a forward bias node. This is in contrast to the
varact or 2041i8Pufi fixan Xhphi saceivepapsesna ti4varsangeds torheeeeiver -
2 DEC 2t2 degree of change i, N jh{ncti on ca}a’ggi tance of, the_ Schottky di ode
303 at snal | ther grEL@CEER: 8398als CAFi d8 Wedd @PPTaciatachgvithin rehatively

T RN N
200 oy (1S oBsenper ol i ol LaOGSULE deeela SN GenLly Saml | e
oscillator 102nfpStorkibeant ot | ot S9OSRk o™il ClbLac oS!

Di ode, -t he pb@é@ﬂlataﬁéeaigﬂﬂ' #iBR! thenrbediihar gignal-edbited by a
appreciat~l by one skilled in the 15 art that di odes or diode pairs could
equal Iy wel | rBgetiral asednha neal.i sk qudmdi NENé’ etoinhener agedy i Dyent i on,
Furt hernore, enbodi nents can also be realised in which the mcrostrip |ines
are arcuate asneppased tie beiduppdlerai glitreghently, fprolacedt wWhy. 1 dige 20
appreci ated that ‘the position of the circuit elenents depicted in figure 3
et seg~ar aoneeflieredoandfcthebérsnsmibl wigmadsidfi dimsinvendwut, dipamtang

fromthe scope of the present invention. It will 'also be appreciated by
one skill ed mavihg bedyt kaett gbewndse Fhaypresences posdissnce sof | the or
t opol ogi es whi ch_can be' realised using the present invention. - 2 CEC
2d02 11 doppler signal at the output 116 determines whether or

not a moving object has been detected.

15 Referring to figure 2, there is shown schematically

| a prior art embodiment for a wmotion detector circuit
having an oscillator 102 comprising first 201 and second

202 mutually coupled resonant circuits. The £first
resonant circuit 201 of the oscillator 102 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 208.

The second resonator circuit 202 comprises the
25 dielectric resomator 208 electromagnetically coupled, in

use, to a further wmicrostrip line 210 connected to the



Figure-4 shows the antenna circuit board 400 which can be of singe-aided
construction and carries separate transmt and receive antennarg rmm
transmt 5 antenna array conprises two mcrostrip patch el enentgz

408, which are interconnected and connected to a common feed |ine 418. The
recei ve antenna array al so conprises two mcrostrip patch elenents, 402 and
404, which are interconnected and connected to a common feed | 0 Line 416.
Various 2.2 mmholes B are provided to aid the positioning of the antenna
board 400 to or on a suitable housing (ndt shown). Four 3 nm hol es Al and
A2 are provided secure the antenna board 400 to or within the housing (not
shown). Al di mensi%ns re.shag in 15 m|linmetres. Figure 5 and 6 show t he
groundpl ane SRF@an@ th%f%f)‘?rp@rfg]ﬁc%i Bearei3te¥ r Y1800 pRcARBABLIYD t he
m crowave bo . Fi e 7 sho t.he co nent_ side of _20 the m crowave
"board 600 wi tH¥he %oﬁ‘@ﬂ?g\gﬁﬁﬂnt Eq t kBCeotraie Qi | £iedA ciafd@at 700

i I d t he - Kk i Th illat i it~ I first
301 nd secRRPERTE B it ARk ForRE B! B Eben amedback LoP The

first [ it ' 25 j Vi . dul ati | t

v(t) iéifﬁzﬁﬂégf a ST IR 702, 01 PO 126k st OF 30755, TGS 2

DEC 2002 1 I gﬁn%qép i a’g%?mﬁgq I i

. el ectronagsn?tnli’%a y cotJ}p gr?jleﬂtj% the e 2\:0:% %%%%??aﬁé?cgogpeS@ge

second circuigy4302 conprises the dielectric resonator 308 coupled, via
mcrostrip lines 310 and 311 to the gate and drain of a F~i X35LPT
transistor 314. Power .ia provided to the transistor 314 via a 39 Chm
resistor 704. 10 The output fromthe oscillator circuit 700 is fed ,via a
decoupl i ng capaci By Vabyingt ke tmabhshatind8thad varasedye cidpldcheshcens of
the detector. The transmt .portion 708 conprises a mcrost,~,.ip line 612
for coupling«i%h ;ant appliadsvialtagee@R2, Sthe | relopnardte freguemcponfi on
710 receives via mcrostrip line 610 a reflected version of the transmtted
si gnal . THO mescoapike B tFP lanFathdarftunat xepeltingoind 24obange

mount ed back-t o-bacgk with t roundpl ane_i ntervening. The alignment of the
20 boards is FusF tipn %%5% YQP&aﬁhﬁegﬁsW‘ﬁé‘%l%{%ﬁ 1 he

associated feed line 612 on the m crowave board. Simlarly, the receive
array feed li-ne 416 on the antenna board overlies the associated feed |line

610 on the m crowgye d C% a/vegg ] e .25 gircuit board
and the antenna \Q?G‘t:r dQ?Igiagﬁi-e d*éb}glétﬁ% pr vitjgllgonné%%j??@v% r%z%lrr%{l/é, H!gf:ots
502 and 504 it} akh@he closer the electromagnstic coupling between the
15 dielectric resonator and the microstrip 1lines, the
greater the resultant frequency control. This increased

frequency 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 invention. The oscillator
300 comprises first 301 and second 302 mutually coupled
resonant circuits. |

25

The first resonant tuning circuit 301 consists of a



.. Z.DEC ~0~2 3.3 grope |layer df i~ae m Gra~aQe laos~. ~'he re~leeted.

- signal acrd, the output fromt~ e asc3.1lator circuit axe conva, Ecdzonz
using a mxer diode 71.2, fox exa~3.e, a E~AT7.5-p99, to pxodufe a

signal ldlsie~x is output v3.a 5 con~sectioa ~ tab so a . AM-D~D B~l EEY"

2 DEC 200 14 1. Atx osoi~.ls,tor Gxcuit (30Q cosr~r~.sin~ first (301,)
end saaoad (3a2) u~tuaily ~lea~roma.gzzaticall~r aavpl ~ble 5 xesenant
circuits, the second G xcuit (SOZ) conmpxg sing a dielectric elerner~.t
(308) ans~ excitetior~ neans (33.0, 314, 31,1) operab7.e to prodtxca a
first fxequetxcy of osai~.lat3,on, the first .cirau~,t (3Dl) conprisi~, g

tY~e dial ect fierebtaMNt 143a0) 316X whiahi ORageaSs dHdttidP3 ai3dd) é@éer

ind udi.ag a Schattkx di.ade (3Q@3) operable in a farwarti” ri1.as uu~

Zespor xs~. vecopnicdtedPali egnei gowd, (3md a modvidacide ~RI33agal 3sgquency
of the first resonant circuit (301) , a, rId tk~ereby vary the i xst

frequency of vas¢i,| lapidldrediviheresbitdnt D07 citoettié 66ROY. eA8 @F sdid
c~.rcuit as clained its, clad, 1, r~fh.exei~a the atodes . of res4nan.ce

have associ amddroatplipng Jodme-, r et Fhea tthmiexgci ldhe. o816~ tiseagituddd, 31l1)
of the second oircuit) and 'tt~a exaitatioa nmsan.s (320, 31li) pf the
AMFND~D RHEFadjacent~cto0the dielectric resonator 308 so that, in

use, the dielectric resonator 308 and the tuning line

316 are electromagnetically coupled.

Electronic fregquency tuning of the oscillator 300
10 igs achieved by varying the modulation voltage 322, which
- causes the junction capacitance of the Schottky diode
"303 to wvary. The change in capacitance brings about a
change in the effective length of the tuning line 316
thereby altering the resonant. frequency of the tuning
15 ]:ine 316. Since the first resonant tuning circuit 301
is mutually couplec_l to the second resonant circuit 302
via the dielectric resonator 308, the oscillation
frequency of the oscillator 300 aiso varies according to
the variation of the modulation voltage 322.
20
Preferably, the Schottky diode is a BAT15-03W
available from Siemens operable at a diode wvoltage of
cioae_ to OV.  Under such operating conditions the
variation in capacitance is as shown in table 1 below.

| VLV ClEf ]
| -0.05 241 |




15 scaad oircui~ is arranged such that the coupiirsg poixxts , ars a
'subs~sutiasly co~taat distance fromtlxe dielectric el enetxt (342E

e~ scuit as cl.aamed xn claim2, r~o~hexairi the d~. alectriG ele %éw
co~rxses art atcuate profile and said excitation nes,ns are arranged to
fo~.l ow substantially the arcuate profile e~ the cLi.eleetric elenment 30B .

10 9 . Ac3.rcuit as cla3xaed i x~ ~ claima~xy pxecedirxg Maim whereix~
said excitation nesn.s (~10, 3l1, 316) aenprise excitation marostrip
lines. ~.5 5. A taotioa detection daP-. a aonpri si xxg as oscillator
c~.rcuit as clainmed is a.ny preceding c~.a~a. pr mcrowave
transmt/ xece= =ris=g an qascillator as vlaizned in aay of
a~.ainms 1 t¢ 5. 2I

. AFl . A. AsC. N
{upj e_zU c*§] ca ca] cal]
ca] cal] ca] cal nhc] WP

TABLE 1

It will be appreciated that an increase in forward
5 voltage from OV to 0.05V brings about a 2.9% increase in

capacitance.

In the present oscillator embodiment a DC voltage

is applied to the Schottky diode 303 (conmnected in
10 forward bias) wvia resistor 307. Typically, the
frequency of the oscillator 300 is shifted by -12MHz
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 wvaractor-tuned
oscillator operating at a frequency of 10GHzZ requires a
variation of up to 30V in the modulating wvoltage in

20 order to produce a frequency shift of 20MHz.

The Schottky diode 303 is operated -in a forward
bias mode. This is in contrast to the varactor 204 of

figure 2 which is operated in reverse bias. The higher



U] c*al] cal] ca] calU] ca U] c*al] cal] cal] cal] ca]c, a] c

- a] ca] ca] ca] ca] cal] ca] cal] ca] cal] cal] cal] ca] cal] ca] caU] cal] calls ]CBE : p
rWL~yt oj e [ Vc"a] ca] ca] ca] c, a] ca] ca] ca] ca] ca] ca] ca]ca] ca]jca]c*a j{é\@gu
] caU] ca] caU] ca] ca] ca] ca] ¢ aU] caU] cal] ca] calU] calU]ca 1 I

$} $55$$$$%=&((_)e)i)l)n)r)))) *+}xrngb] Xc”a] ] ca] ca] caU] ca] cal] ca] ca] cal] cal]
ca] ca] ca] ca] ca] ca] ca] c*a] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<al] c<a]ca] ca

+-, N, -112%2"' 24677(7+77982888; 10

; <<F<<<=$=' =3=6=~ysnhc”Xc”a] U] ca] c, a] caU] ca] cal] ca] cal] cal] ca] c. a] ca] ca] ca]
cal] ca] ca] ca]ca] c. a] caU] ca] ca] ca] ca] c*a] ca] ca] ca] c*a] ca] ca] ca

6===>>?7 COAOEEBA LS AR Tt apadidlaeles .o and cadratlkgl cal c

a] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] caU] ca] ca] ca] c2a] caU] ca] ca] ca] ca] ca] ca] ca
Jcalb@ 10%'dilode I09&at) -shadl0%Brward VElEides L530URpitaliked on,
109%6S&' () - 3JvWawue+ 10",
109&' ()-!. 9 Yekfiting " 1BO| a! hishatdvely' | 28kgkl108hantgé) - 1h % EFdOLAvE ()-"!
91s!'10%j& ()-"D aB 10" L10%Z& ()-!'csy!10%& ()- !sy!10% & ()-
I sy! 10%+& ( lengEhl Ogf#os&ing niine 1016, andMBefice large frequency
5 shift of the oscillator 300. The complete tunablé
ogacillator 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

10 and circuilt cost thus results.

Although figure 3 sghows the use of a single
Schottky Dicde, - the present invention is not Ilimited
thereto. It will be appreciated 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, embod:l'.ments can also Dbe
realised in which the microstrip lines are arcuate as
opposed to being straight. Still, further it will 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 iz;vent:ion. 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.
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Figure 4 shows the antenna circuit board 400 which
can be of singe-sided construction and carries separate
transmit and receive antenna arrays. The transmit
antenna array comprises two microstrip patch elements,
406 and 408, which are interconnected and connected to a
commonn feed line 418. The receive antenna array also
comprises two microstri[ﬁ patch elements, 402 and 404,
which are interconnected and connected to a common feed
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 Al and A2

are provided secure the antenna board 400 to or within

the houwsing (not shown). Allgdimensions are shown in

millimetres.

Figure 5 and 6 show the groundplane 500 and the
component side circultry 600 respectively lof the
microwave board. Figure 7 shows the component side of
the microwave board 600 with the components wmounted
thereon. The oscillator circuit 700 is enclosed by the
broken line. The oscillator circuit comprises a first
301 and second 302 electromagnetically couplable
resonant circuits. The first resonant circuit comprises
means for receiving a modulating voltage v(t) including

a connection tab 702, a 1KOhm resistor 307, a forward
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biased Schottky diode 303 and a tuning line 316
electromagnetically couplable to the dielectric

regonator 308.

5 The second circuit 302 comprises the dielectric
resonator 308 coupled, via microstrip lines 3i0 and 311
to the gate and drain of a FHX35LPT transistor 314.
Power As provided to the transistor 314 wvia a 39 Ohm
registor 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 microstaip line 612 for coupling

15 to. the transmit antemma. Similarly, the receive portion
710 receives via microstrip line 610 a reflected wversion
of the transmitted signal. The microwave board 600 and
the antenna circuit board 400 are mounted back-tc.y-back
with the groundplane intervening. The alignment of the

20 boards is such that the transmit array feed line 418
overlies the associated feed line 612 on the microwave
board. Similarly, the receive array feed:_ line 416 on
the antenna board overlies the associated E;ed line 610
on the microwave board. Coupling between the microwave

25 circuit board and the antemna board is achieved by the

provision of two narrow slots 502 and 504 in the
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grd lane layer of the microwave board, "he reflected
signal and the output from the oscillator cirouit are
combined using a mixer diode 712, for example, a BATILS~
099, to produce an IF signal which is output via

S connection'tab 608,

AMENDED SHEET



L! 1098%&' ()- L$!'1098%& ()- L3109BY%& ()- - 10%& ()-8, -,”,,,,,--.vU4 3
- 110%$c& ()- 3 1104 ${& ()- L# 10%8& ()-m08%408%08% L 31049&n0E 9002
L*+1 109&' ()-.//012222| [ NA410$10$10$ 5_! 1096& () - &L 5P!10%$&f()-§p

5 1109& ()-&0 DI 109$& ()-& L3 ! 10%C& ()-2$2' 22345| [ : NA410 &3(s!10% % & () -
LZ"10%%& ()-L LZ"109& ()- LZ"10%%g ()-0 Lf 109%8& ()-

L* $F1098& ()-Z567777(7+77vU4 L 10@8&f§)- L310% & () -

%5&1096* $& () -1 10~%-10~%-10~%-0 F&3(s! 10%%& () -

P&3(s! 10%%& ()-78889{:;|[:vU4 L Urtfsle ()-L +109%B& ()- +10% $r& ()-
=C+10% $ & ()-0 L& 10% & ()- b!10%& ()~ ;<<=$=vU4 L9- 1099q9®& ()- L)
1099q90& ()- @L 1099qW& ()- L$@ 1099q%0& () - 10$10$10$
Z+10988&' () - $=%=&=' =3=6===>vU4 L3f109%R& ()- L& 10%&& ()- | & 10%&& ()- Lf
109R& () - 1#109Aaf' epcillatqd®] RHqueHao td00)? xuapadding! 182rst| (3010%8&" () - 3L
Lf#g 109R& ()-M LLf#g 109&& ()-M. Lf! 109%&& ()-L wyF!lO%D&o&fg&;

yF! 10%&& (8nd CasssnAYH 3L segtuatly 1elackeopagnaricnld v gopplable

@10% &) & ()- L@ 10W&Y& ()- X&$, 310%%e& () - 10&10& BBZCCCC, Q_BAMO&L L L
109%r&Y& & xasopey ¢ircpltssothaysecond) clranilyo{R02) - CORREEBIBFREY () -

“Headi ng A414360TELG: e SPERt o DR} 6o ©LCRKIHETER" TEBRRng 83 ¢
"Heading 9?‘3fo,”319,e§fi‘)' togéﬁ-g.gigpl?:o'zoﬁ%duce a first frequency of-
oscillation, the fFirst .circuit (301) comprising the
dielectzic element (30B), excitation means (316,303,307)
10 including a Schottky dicde (303) operable in a forward
bias moda, responsive to an applied signal (322), to
vary the resonant frequency of the f£lrst resonant
circuit (301), and thereby vary the first Erequency of
vseillation of the oscillator circult (300).

15
C2. A circuit as clajmed iu claim 1, wherein the modes

. of resonance have associated coupling points on the
excitation.meanﬁ (310,311) of the second circult, and

the excitation mesns (310, 311) of the

AMENDED SHFET
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second circuit 1s arranged such that the coupling points
are a sgubstantially constant distance from the

dielectric element (308).

5 3. A circult as claimed in claim 2, vwherein the
dielectric element (308) comprises an arcuate profile
and said excitetion memns &re arranged to follow
substantially the axcuate profile of the dlelectric .
elenent BOB;

10
4. A circult as claimed in -claim eny preceding claim,

wherein said excitation means (310,311,316) comprise

excitation microstrip lines.

15 5. A motion detection device comprising an oscillatox

circuit as claimed in any preceding claim.

6. A microwave transmit/receive assembly comprising an
osclllator as clained in any of claims 1 to 5.
20

AMENDED SHFET



