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I nvention relates generally to th ' | notion detectors, and in
‘particular, to a notion detector ﬁgd&g‘a@t}éﬁfm ently and

cost-effectively suppress harnonic frequencies enmanating fromthe notion
.detector. 10 BACKGROUND OF THE I NVENTION4It is a well kno
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radi at e unwant ed harnonic frequencies along wth the main Sighal, he
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units being sold nmust conply with their requirenments for harnonic
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5 The present invention relates generally to the field of the motion
detectors, and in particular, to a motion detector which can efficiently and
cost-effectively suppress harmonic frequencies emanating from the motion

detector.

10 BACKGROUND OF THE INVENTION

It is a well known fact that motion detector units utilising the Doppler
effect for motion detection radiate unwanted harmonic frequencies along
with the main signal, or the fundamental frequency. Most countries require

15 that any motion detection units being sold must comply with their
requirements for harmonic suppression. The requirements vary from
country to country. Some require that only the second harmonic be
suppressed, while others who are more stringent, require suppression up
to the third harmonic frequency.

20 The motion detector manufacturing industry has employed various
ways to meet the requirements. At least one method is disclosed in US
Pat. No. 5,262,783 (U.K. Patent Application No. GB 2253108A).

Because a motion detector must meet various regulatory and
commercial requirements, producing a commercially viable motion

25 detector unit is not easy particularly in those countries where the
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20 The notion detector manufacturing industry has enployed various ways to
neet the requirenents. At |east one nethod is disclosed in US Pat. No.
5,262,783 (U. K. Patent Application No. GB 2253108A). Because a notion
detector must neet various regulatory and commercial requirenents,
producing a commercially viable notion 25 detector unit is not easy
particularly in those countries where the 9904864-7 0 01 OCT 2 suppression
nmust reach the third harnonic. To address all of the concerns, not only
must the not sopprssient anuste eeachh ahbathimhiarmeoppr eJsi addrasguialleroénthg whi ch
initself is not easy) it nmust also prevent any undue degradation of the
mai n si gnal sowcdernbat notheoniyt encéd tHeunmotion Sledéctohemesti dine ddsiaemionic i s not
conprom sed. Moreover, notion detector unit nust be cost conpetitive. As
in many i ndustippessionosdquirenaenti (wiich émitselbiss ndepasy)oih mhstnalsdgsieganhg a
notion detector unit. Wiile it is not necessarily difficult to design a
nmoti on det echny umdue tegraeatiot haf the ehaincsignalpawh thadtheintefided onction
particularly country, it is often difficult to reduce the cost of the unit
to a poimt vhimbtonr detavter iglnoy compremisedieMdreova, nastionndétiectordetiect or
design which can facilitate cost saving w thout causing perfornmance

degradati on wRish Bek@shbompetitieef ul in the notion detector manufacturing
i ndustry.

As in many industries, cost is an important consideration when
designing a motion detector unit. While it is not necessarily difficult to
design a motion detector unit to meet the technical specification of a

10 particularly country, it is often difficult to reduce the cost of the unit to a
point which is commercially competitive. Hence, any motion detector

design which can facilitate cost saving without causing performance

degradation would be highly useful in the motion detector manufacturing

industry.
15
OBJECT OF THE INVENTION
Therefore, it is the general object of the present invention to
overcome the shortcomings of the prior art motion detectors as mentioned
20 above.

It is another object of the present invention to provide a cost-effective

motion detector which can effectively suppress harmonic frequencies.

SUMMARY OF THE INVENTION

25



15 OBJECT OF THE I NVENTION Therefore, it is the general object of the
present invention to overcone the shortconm ngs of the prior art notion
detectors as nentioned 20 above. It is another object of the present
invention to provide a cost-effective notion detector which can
-effectively suppress harnonic frequenci e§. SUMVARY OF THE | NVENTI ON 25 3
]‘cl'he present notion detector unit effectively suppresses harnonic
requencies and is cost-effective to build. The mption detector unit
| holudes. & main cIBFHeRACMANBTGRIOPNE Vil ATRCYRDASIDPETTSEn NapBanls
Encl osing the casing and the circuit board is,a _cover. An antenna circuit 5
board is attHeadenqiest aad pist 1cost-sifaeliver tPhBuldi nTheasmation TREteCRIeUNiks
partitioning walls at the bottom side of the cover which press agai nst the
mai n ni cr owaingluglascaimaiposasingndnich rousesethe maim anigEwAVS, Sircyih doasdi ng.
The main circuit board has a plated bottom side and a top side which
carries the Bhelosing theccagingtand theneirgylitibeardpista 6aYeN dAnoanteRBangirqhiti r cui t
10 board makes el ectrical contact with the floor of the casing which is
al so made oboamshifusttachednie dhe fottont sides oEthe s1ia|casing| e icOVeF hasumi num
to provide a ground plane for the circuitry. The antenna board has a
pl ated bot t paitdicongwads atdhe bolipacsidecef| theoeavestwhichhprese againeinthe de of

the casing.
main microwave circuit board when the cover is enclosed over the casing.

The main circuit board has a plated bottom side and a top side which
carries the microwave circuitry. The plated bottom side of the main circuit

10 board makes electrical contact with the floor of the casing which is also
made of conductive material such as EMI-shielded plastic or aluminum to
provide a ground plane for the circuitry. The antenna board has a plated
bottom side which makes electrical contact with the bottom side of the
casing.

15 The circuit for the present motion detector includes a microwave
oscillator for producing an oscillatory signal. In the preferred embodiment,
the signal operates at an “X-band” frequency in the range of 9.35 GHz
t010.687 GHz, though other frequencies are possible. The oscillator is
coupled to a filter which is a low-pass filter with a relatively wide stop

20 bandwidth. The filter is then coupled to a transmitting antenna which
radiates a microwave signal to a target such as a human being. A power
supply is routed through the transmission antenna and provides DC
voltage to the microwave oscillator. The oscillator is further coupled to a
mixer. The mixer is coupled to a filter which is in turn coupled to a

25  receiving antenna. The receiving antenna receives the microwave signal



15 The circuit for the present notion detector includes a mcrowave
~oscillator for producing an oscillatory signal. In the preferred

enbodi ment, the signal operates at an "X-band" frequency in the range of
9.35 Gz tol O 687 GHz, though other frequencies are possible. The
-oscillator is coupled to a filter whichyis a lowpass filter with a
relatively wde stop 20 bandwi dth. The filter is then coupled to a
transmtting antenna which radiates a mcrowave signal to a target such as
a human bei nghioh isoeflected inagck yrans theotarget. t Theomipertrixes rtharigindalosigaat enna
and provides DC voltage to the m crowave oscillator. The oscillator is
further coupfrech the escillatserandTthe reflaetedi sigiwal iieiceivedothaough tiee rebeiving s in
turn coupled to a 25 receiving antenna. The receiving antenna receives the

m crowave si ghmnné t@h'?eheniase rearf irtetreddibte kreuency I{iF)twhight is $bet 6 >eaT i xes
the original signal romthe oscillator and the reflected signal received

through the pegeit chagneRtirengk the filenerat eutpot IMsighatdanatthei egeencto (1 F)
which is sent to an output channel through the filter. The output IF

signal can tBRNeRaBrrRd NGirduit Qﬁf@ngedde%tsw CTypictlly! Yarf @fnplifiee egfd 29 DC-
Typically, an anplifier an bl ocki ng capacitor are required to

interface w pfackitg Gapditbr cdranealired 'ﬂ?uﬂ@r‘f@céWtﬁl{hé dedRitctHanpletdes a

plurality of plated grounding through-holes which are arranged in an

el ongat ed patternTyBi gain CHEBR" boEH Mdidded Ne ﬂufa‘ﬁﬁl tdfYplatet tdroBinding
enbodi ment, there are four nain 10 conpartnent's e first conpartnent

contains t hey H}bﬁgh“htoré/ f @hidh€are™ %l’!{j’étfﬁeﬁlscé '@Fo‘hgahéd‘e aféMNdwhich

conpartnent contal ns t e Cli rCU|try ter |rd conpart nent

contains the Ghbauhidntalify e QirBlik§" It Bifbodiment, there are four main

10 compartments. The first compartment contains the circuitry for the
microwave oscillator; the second compartment contains the circuitry for the
filter; the third compartment contains the circuitry for the mixer; and the
fourth compartment contains the circuitry for the filter.

The antenna circuit board comprises separate transmit and receive

15 antenna arrays. Each antenna array comprises two patch elements which
are connected to common feed striplines. The stripline for the transmit
array is connected via a wire to the power supply. The stripline for the
receive array is connected via a wire to the output channel which carries
the intermediate frequency.

20 The bottom side of the cover has a set of partitioning walls which are
arranged in a pattern to coincide with the pattern of the plated grounding
through-holes. The partitioning walls  generally define  four
compartmentalized cavities. When the cover is placed over the circuit

board, the respective cavities enclose their respective compartments. In



fourth conpartment contains the circuitry for the filter. The antenna
circuit board conprises separate transnit and receive 15 antenna arrays.
"Each antenna array conprises two patch el enents which are connected to
common feed striplines. The stripline for the transmt array is connected
~via a wire to the power supply. The strigline for the receive array is
connected via a wire to the output channel which carries the internediate
frequency. 20 The bottom side of the cover has a set of partitioning walls
which are atheaprgfdrred empadinesmt, thee deighti afethwei partitibeingaimadls nisofuaitier pl at ed
grounding through-holes. The partitioning walls generally define four
conpar t ment alvavekbngéty of tresopéfiating tflegueaeg of thee plicroacdvevescillaber. ci r cui t

board, the respective cavities enclose their respective conpartnments. In 5
the preferred enbWheretite cover isep@pierlgf etdiesquhraviet ithaicagingachrying thear t er
wavel ength of the operating frequency of the mcrowave oscillator. Wen the
cover is propeit \cireot! msad, dvepattitvonieg iwgliscstiould ngress efirmiipi agatnstcthe

board, the partitioning walls should press firmy against the 5 plated
groundi ngs t hpRited - grouddiny tAfsighthdles Pioo\dsdishdn ap@viding oat gedd bednraen t he
circuit board and the plated floor of the casing. The partitioning walls
assi st in hapgRyieh IHEPERGH! Bod hAA! BHe Niatelde floBt CoHOWRY ecduifig.ui TThe t o
reduce any coupling of signals, and by shorting to ground any | eakage of

harmoni ¢ r adpakiteRing FANSBYsSSE Ui HétnfRiEFssiessidh! BY Osoldig RN NGS

microwave circuitry to reduce any coupling of signals, and by shorting to

ground any leakage of harmonic radiation which may occur.

10
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective diagram illustrating the physical layout of the
motion detector operating at the X-band frequency.
15
FIG. 2 is a schematic block diagram of the circuitry for the motion
detector embodiment operating at the X-band frequency.
FIG. 3 is a plan view of the component side of the main circuit board
20 illustrating the physical layout of the main circuitry for the motion detector

operating at the X-band frequency.

FIG. 4 is a plan view of the component side of the antenna circuit
board illustrating the physical layout of the antenna circuitry for the motion

25 detector operating at the X-band frequency.



FIG 1 is a perspective diagramillustrating the physical |ayout of the
nmoti on detector operating at the X-band frequency. 15 FIG 2 is a schematic
bl ock diagramof the circuitry for the notion detector enbodi nent operating
at the X-band frequency. FIG 3 is a plan view of the conponent side of the
main circuit board 20 illustrating the ghysical I|ayout of the nmain
circuitry for the notion detector operating at the X-band frequency. FIG
4 is a plan view of the conponent side of the antenna circuit board
illustrating the physical |ayout of the antenna circuitry for the notion

25 detector operating at the X-band frequency. 6 FIG 5 is a perspective

di agram of the boFiGn 8 deperspedtivecdiagran af theHeottom isice détteetanveoder at i ng
at the X-band frequency. 5 FIG 6 is a schematic bl ock diagram of the
circuitry fothd hotiontdetectdebpeiatingeatitodXrband fpquencyng at the K-band
frequency. FIG 7 is a plan view of the main conponent side of the main
circuit board illustrating the physical |ayout of the main circuitry for
the notion 10 detector operating at the K-band frequency. FIG 8 is a plan
view of tdhe ant enppG.c6 s scisdrigtioblddrediagramcof thel tircuMeprfor tHd wsdticat i ng

t he physical layout of the antenna circuitry for the notion detector

operating at défé%td‘?é}ﬂbddfmmlt?é@a‘tinglét fheX-bandsfrequesicypect i ve di agr am of
or

the bottom si de of the cover

FIG. 7 is a plan view of the main component side of the main circuit
board illustrating the physical layout of the main circuitry for the motion

10 detector operating at the K-band frequency.

FIG. 8 is a plan view of the antenna circuit side of the main circuit
board illustrating the physical layout of the antenna circuitry for the motion

detector operating at the K-band frequency.

15
FIG. 9 is a perspective diagram of the bottom side of the cover for
the motion detector operating at the K-band frequency.
DETAILED DESCRIPTION OF THE INVENTION
20

FIG. 1 illustrates the physical layout of the preferred embodiment of
the present motion detector unit. The unit 1 includes a main casing 2
which houses the main microwave circuit board 3. Enclosing the casing 2
and the circuit board 3 is the cover 4. The antenna circuit board 5 is

25 attached to the bottom side 2A of the main casing 2. In the preferred



the notion detector operating at the K-band frequency. DETAI LED DESCRI PTI ON
~OF THE INVENTION 20 FIG 1 illustrates the physical |ayout of the preferred
enbodi ment of the present notion detector unit. The unit 1 includes a nain
casing 2 which houses the main mcrowave circuit board 3. Enclosing the
-casing 2 and the circuit board 3 is theycover 4. The antenna circuit board
5is 25 attached to the bottomside 2A of the nmain casing 2. In the
preferred 7 enbodi nent, both the casing 2 and the cover 4 are nade of
conductive embediments loth dke ERBiNgnR cdntktheicaver ¢ aie wlagei aligenduelive rcui t
board 3 and the antenna circuit board is nade of standard PCB (printed
circui t boar tatenaltstichadssEMishieldedpiastis op@luminust.efhd aigcuibbearg, gand he
cover 4 has partitioning walls 6 at the bottom side of the cover (the

det ai |l s of wthecanteneasditonit hoardl e made wiistandapd F3EB geintest cirtuit fosiand)

m crowave circuit board 3 when the cover is enclosed over the casing 2.
The mai n ci r matéridleaudh asid4.a pl ated bottom side (side opposite to the
top side 3A)and a top side 3A which carries the 10 microwave circuitry. The

pl ated bagtom si dstibfreferengeorFIG. ricuhé dover d Ras rpakiitfordhgovalls 8l atctig act
with the floor 2B of the casing 2 which is also conductive to provide a

ground pl anepbtesmtdide of tieslicovyr (theelerailseohwhivhaard siowadn FIGI 8) ewhluht t om
side 4A which nakes electrical contact with the bottom side 2A of the

gasi ng 2. Thﬁre’sls_t 858iAst AHPOMRIN SmizkGwh s adirditoboadb 3 ehemttheneovarr i t
oard 5 on the side opposite to the bottom side 4A.
enclosed over the casing 2. The main circuit board 3 has a plated bottom
side (side opposite to the top side 3A)and a top side 3A which carries the
10  microwave circuitry. The plated bottom side of the main circuit board 3
makes electrical contact with the floor 2B of the casing 2 which is also
conductive to provide a ground plane for the circuitry. The antenna board
5 has a plated bottom side 4A which makes electrical contact with the
bottom side 2A of the casing 2. The antenna components are located on
15 the antenna circuit board 5 on the side opposite to the bottom side 4A.

FIG. 2 illustrates a schematic block circuit diagram for the microwave
circuitry located on the top side 3A of the main circuit board 3. The circuit
for the present motion detector includes a microwave oscillator 12 for
producing an oscillatory signal. The motion detector can accommodate an

20 oscillator which produces either fixed or varying frequencies. In the.
preferred embodiment, the signal operates at an “X-band” frequency in the
range of 9.35 GHz t010.687 GHz, though other frequencies are possible.
The oscillator is coupled to a ground 28 and to a filter 14 which is a low-
pass filter with a relatively wide stop bandwidth. The filter is then coupled

25 to a transmitting antenna 16 which radiates a microwave signal to a target



FIG 2 illustrates a schematic block circuit diagramfor the m crowave
circuitry located on the top side 3A of the main circuit board 3. The
“circuit for the present notion detector includes a microwave oscillator 12
for producing an oscillatory signal. The notion detector can acconmnopbdate
-an 20 oscillator which produces either fBxed or varying frequencies. In the
preferred enbodi nent, the signal operates at an "X-band" frequency in the
range of 9.35 GHz tol O 687 GHz,  though ot her freq enciesﬁ%{e osaiﬁ]le. The
osci | | ator i d9cHIRH 88 a Humagy BEiNG: 2t HAWVaroSYPRIY | 1@ s au é"r‘fpoiug atN%w
pass filter with a relatively wide stop bandwi dth. The filter .is then

coupl ed 25 t HaBSMSHHhianteR a?ﬁe@ﬂfz PrBViRes c G 9itggesta thec PIGRANAYE gnal
to a target 8 19 such as a hupman being. A power supply 18 is routed through
the transni 88¢ibatonARenMihilesothatfikarsAra£ospible; dn theybreferred empedimante
oscillator 12. Wile other filters are possible, in the preferred

embodi ment , thendilter |is emade ki deassading cRUGrAgIrR dites i ptwe | stages.i n BYwo
stages. By 5 enpirically "tuning" the filter, i.e., adjusting the |ength of
t he mi crdst r epwiricallysttepingathafiten i.ef, aéxust@gsthealengtmo{jh@ miengstripsgd @
attenuation at around a cut-off frequency of 16 GHz is achievable. Still
referring tosPp®dargwidiie ofatiadshtboto 1 EHz withr 2heB atepuatipr at argtingra  20.
The m xer 20 is coupled to a filter 22 which is in turn coupled to a 10

recei vi ng antenoff fraquemti of $6 &Nz igachievaile. 24 recei ves the nicrowave
signal which is reflected back fromthe target 19. The m xer 20 m xes the
original signal f&tihréfeerirgsta FIGit2thd Bseitidtor H2 isefuither edupledntal a neixer ved
t hrough the receiving antenna 24 to generate an internedi ate frequency
20. The mixer 20 is coupled to a filter 22 which is in turn coupled to a
10  receiving antenna 24. The receiving antenna 24 receives the microwave
signal which is reflected back from the target 19. The mixer 20 mixes the
original signal from the oscillator 12 and the reflected signal received
through the receiving antenna 24 to generate an intermediate frequency
(IF) which is sent to an output channel 26 through the filter 22. The filter 22
15 s identical to the filter 14 in design. The output IF signal can then be sent
to an external circuitry for processing. Typically, an amplifier 30 and a DC-
blocking capacitor 29 are required to interface with the output channel 26.
FIGS. 3 and 4 illustrate the preferred embodiment of the physical
layout of the microwave circuit board 3 and the antenna circuit board 4 as
20 a way of implementing the circuitry 10 shown in FIG. 2. It should be
understood, however, that while the layout shown in FIG. 3 is the preferred
layout, there are other ways to implement the circuitry without deviating
from the scope of the present invention. |

FIG. 3 shows the physical layout of the component side (which is the

25 top side 3A) of the circuit board 3. The board 3 includes a plurality of



|

(I'F) which is sent to an output channel 26 through the filter 22. The
filter 22 15 is identical to the filter 14 in design. The output |F signal
can then be sent to an external circuitry for processing. Typically, an
anplifier 30 and a DC- bl ocking capacitor 29 are required to interface with
~the output channel 26. FIGS. 3 and 4 illgstrate the preferred embodi ment of
the physical |ayout of the mcrowave circuit board 3 and the antenna
circuit board 4 as 20 a way of inplenmenting the circuitry 10 shown in FIG
2. 1t shoul dplteditgtousdingdthrooymhetes BBawhichi o aitrangagdnt as helongated-| G 3
Is the preferred |ayout, there are other ways to inplenent the circuitry
wi t hout devi phitég whichroonsarenemalizé thdeirquitgeim this\eembodimenktkereSamhows

t he physical |ayout of the conponent side (which is the 25 top side 3A) of
the circuit fmardah cdfmpabafords.3 Refeldrdeaow 1 botd FIGSoR &ndiRxtthd firspundi ng
t hr ough- hol es 35 which are arranged in an elongated pattern which

conpar t ment atompakthfertiI7cobhtalns 1he didune fdrade mMiktowaes @salliatorf 92 tHei n
conpartnments. Referring nowto both FIGS. 2 and 3, the first conpartnent

37 contaifs t8sorfd 'corigarmémr 30 N ritains OaY Bir@Aly |tbattes filkdr 14iethe afePnd
conpartment 39 contains the circuitry for the filter 14; the third

compar tment - ddmpaRirairtS4{ Brding Unbr drduilr e 8 fe? o; At the  fauttt h

conpart nent ontains the circuitry for lter 22. FIG 4 shows the

physi cal | aygihodfid AURARARS thé EHelit] 98¢ eji@h oot he si de opposi te to the

pl ated side I's side conprises separate 10 transmt 45 and receive

antenna arrays 47EGEAENAREIABDHAIGY GRIRT 38 drfenii GiRuR | SUERA!S o o

are connected to comm I ne

the side opposite to the plated side 4A. This side comprises separate

10 transmit 45 and receive antenna arrays 47. Each antenna array comprises

two patch elements which are connected to common feed striplines 46 (for

the transmit array 45) and stripline 48 (for the receive array 47). The

stripline 46 for the transmit array 45 is connected via a wire 49 to the power

supply 18. The stripline 48 for the receive array 47 is connected via a wire

15 50 to the output channel 26 which carries the intermediate frequency. The

screw holes 51 at the corners of the antenna circuit board 5 provide a
means for fastening the board 5 to the bottom side 2A of the casing 2.

FIG. 5 shows in detail the bottom side of the cover 4. The bottom

side of the cover 4 has a set of partitioning walls 6 which are arranged in a

20 pattern to coincide with the pattern of the plated grounding through-holes

35 shown in FIG. 3. Consistent with the physical layout of the circuit board

3 of the FIG. 3, the partitioning walls 6 generally define four

compartmentalized cavities. When the cover 4 is placed over the circuit

board 3, the cavity 55 encloses the compartment 37 of FIG. 3; the cavity 57

25 encloses the compartment 43; the cavity 61 encloses the compartment 39;



the transmt array 45) and stripline 48 (for the receive array 47). The
stripline 46 for the transmt array 45 is connected via a wire 49 to the
power supply 18. The stripline 48 for the receive array 47 is connected
via a wire 15 50 to the output channel 26 which carries the internedi ate
-frequency. The screw holes 51 at the cofyers of the antenna circuit board
5 provide a neans for fastening the board 5 to the bottom side 2A of the
casing 2. FIG 5 shows in detail the bottom side of the cover 4. The bottom
side of the godethed dardity a58eénclbsgarthiet iconipagtrenitl 416 win cheapeefarreshged i n
a 20 pattern to coincide wth the pattern of the plated groundi ng

t hr ough- hol esmbodirhent) thehEight H3of Bensarsitieningvivals Bhis quayterovdvédlapgiit of
the circuit board 3 of the FIG 3, the partitioning walls 6 generally

define four opw@gpénaﬁﬁﬂakémcyaoﬁméeﬁicrm obeillatover2 FIGs 2| arcedeover
the circuit board 3, the cavity 55 encl oses the conpartnment 37 of FIG 3;

the cavity SHaRwaRemmpe st thesecommhamotic4@&queheycavity 61 encl oses the
conpartnment 39; 10 and the cavity 59 encl oses the conpartnent 41. In the

preferreds; enbodi Widn tHeowsti 41l prbpdrlyt BAcRBEYH dvernthedcadihg 2 Gatryirguar t er
wavel ength of the operating frequency of the m crowave oscillator 12 (FIG

2), or one- fr?éha}n@&ﬁémpséé» thBatifcHing halllg®ékola RS fivmiySad¥inst t he

cover 4 is properly enclosed over the casing 2 carrying the main circuit

board 3, thetr@%éthgfggwlmr&@ﬂme@ BECHS ddsistl igogéwa@ggt a Rydy at ed

groundi ng throu assi In providing a act” bet ween

et oo oo LBt U Bhajetoltegrantiuel ity g 08, or Fbecasiy

The partitioning walls 6 assist in harmonic suppression by isolating the

10 parts of the microwave circuitry to reduce any coupling of signals, and by
shorting to ground any leakage of harmonic radiation which may occur.

FIG. 6 illustrates a schematic block circuit diagram for an alternative

embodiment of the present motion detector which operates at a “K-band”

frequency of around 24 GHz. The circuit 70 for the present motion detector

15 includes a microwave oscillator 72 for producing an oscillatory signal. The

motion detector can accommodate an oscillator which produces either

fixed or varying frequencies. In this embodiment, the signal operates at

around 24 GHz. The oscillator is coupled to a ground 76, a power supply

82, and to a shielded low-pass filter 74. The filter 74 is then coupled to an

20 antenna 78 which radiates a microwave signal to a target 80 such as a

human being. In this embodiment, the antenna 78 also serves as the

receiving antenna (hereinafter TX/RX antenna). Both the filter 74 and the

TX/RX antenna 78 are coupled to a mixer 84 which combines the

operating signal from the microwave oscillator 72 and the signal reflected

25 back from the target 80 to produce an intermediate frequency (IF) signal.



lo parts of the microwave circuitry to reduce any coupling of signals, and
by shorting to ground any | eakage of harnonic radiation which may occur.
FIG 6 illustrates a schematic block circuit diagramfor an alternative
enbodi ment of the present notion detector which operates at a "K-band"
frequency of around 24 GHz. The circuit 440 for the present notion detector
15 includes a mcrowave oscillator 72 for producing an oscillatory signal.
The notion detector can acconmpdate an oscillator which produces either

fi xed or varYVhadnfermgdaieifesqudnueyt sigpalkeishsentnionan dauiputschaamelopér dihes at
around 24 GHz. The oscillator is coupled to a ground 76, a power supply

82, and to ap Uellll-i@tg]ﬁabveammerf bet sent ?¢. arT lextdrnhl eircuittyifer tprecessingl ed to
an 20 antenna 78 which radiates a m crowave signal to a target 80 such as a

human bei ng. Typichly, sart abpiitise 90, arida DOtisocking &aplasitos88\ere mguired to
receiving antenna (hereinafter TX/ RX antenna). Both the filter 74 and the

TX/ RX ant ennyterfacy ®ithane lothutehannekgs. 84 whi ch conbines the operating
signal fromthe m crowave oscillator 72 and the signal reflected 25 back

fromthe 4 arget 8WHile BfeduNteraare Poskibis]i tiecfiltared amabiis(émbosingeat is 11 The
I nternmedi ate frequency signal is sent to an output channel 86. The out put

| F signal camadaein B ta8Nétah® “8RichIdcE Midrostrip Cliltdr! YBY mpivieay Sturing”
Typically, an anplifier 90 and a DC- bl ocking capacitor 88 are required to

interface Wiy fils iRy fhee Bthidhiicosirips! afdtbp Yapdwidthpersai bl e,
the filter 7€4Héi 1trllm-‘frhli S %ngnt'bpgﬁ Prahﬁeéhug) 8f IP\%oast a%ea" g?ﬁ"& ded

Ime(r:l[;?ﬁt (r):c p:[' hfeeia%{ g? (%&E)F/ imﬁfﬁpééagaétﬂeﬁuéﬁb'ﬁ‘!ﬁ%ﬁt-offhfbd‘dehb?rofiarSuné@EP@‘l—izng the
ps, a stop bandw dth of at
is possible.
10 FIGS. 7, 8, and 9 illustrate the physical layout of the present K-band
motion detector. The present K-band motion detector comprises a cover
95, FIG. 9, which is placed over the dual-sided main circuit board 100. On
the main component side 97, the main circuit board 100 has the main
circuitry for the motion detector; on the other side, or the antenna circuitry
15 side, of the circuit board 100 is the antenna circuitry. The cover 95 is
placed over the main component side 97 of the main circuit board 100
such that the antenna circuit side 99 faces outward. The cover 95 can be
made of various materials, but metal, such as aluminum, is preferred as K-
band motion detectors typically require a tighter specification tolerance.'
20 The main circuit board may be made of various standard PCB materials
such as R04003.
FIG. 7 shows in detail the physical layout of the main circuitry on the
main component side 97 of the main circuit board 100. The layout of the
main circuitry is divided into three compartments. In the first compartment

25 102 is the mixer circuit 89 (see FIG. 6); in the second compartment 104 is



| east 10 GHz with 25dB attenuation at cut-off frequency of around 45 Gz
is possible: 10 FIGS. 7, 8, and 9 illustrate the physical |ayout of the
present K-band notion detector. The present K-band notion detector
conprises a cover 95, FIG 9, which is placed over the dual -sided nain
-ci.rcuit board 100. On the main conponenty side 97, the main circuit board
100 has the main circuitry for the notion detector; on the other side, or
the antenna circuitry 15 side, of the circuit board 100 is the antenna
circuitry. Tihe oscitato®Scircsit PRaasd iovthe tthied nedmpartmpohd@6 i dbedfiteyt t he
main circuit board 100 such that the antenna circuit side 99 faces

out ward. Theciconi®d.95 can be nmade of various materials, but netal, such as
alumnum is preferred as K- band notion detectors typically require a

ti ghter specificaFiGrs slodws dndetail2be Pihysical fayout ofithe boterthaneiycuiesitede of
various standard PCB materials such as R04003. I=IG 7 shows in detail the
physi cal | ayg@aitofothet hmaimedircuiti boardt 1P0on Thbeantemna cicogibsede 38 dms9a of the
main circuit board 100. The |ayout of the main circuitry is divided into

three corpargambired iranémRtifd bt eesviig MXYRX3@nténa satrhg. nTheMURXcui t 89
(see FIG 6); in the second conpartnment 104 is 12 the oscillator circuit

72; and in thgehRar dirayp BBRIpHEBS twbQfattls dldrRehts! 188 wiith avé céAnette@ tB shows
in detail the physical” layout of the antenna circuit side 99 of the main

o e o6 AN, 10°THS SEIAREDPI0 0 comdsgere lates
through-hole 112 to the filter 74 and mixer 84 (FIG. 6). By using a single
set of patch elements as both the transmitting and receiving antennas, the

10  emission of harmonic radiation is reduced.
FIG. 9 shows in detail the physical layout of the cover 95. The
bottom side 114 of the cover 95 has three cavities. When the bottom side
114 of the cover 95 is placed over the main component side 97 of the main
circuit board 100, the mixer cavity 116 lies over the first compartment 102
15 of the main circuit board 100, the oscillator cavity 118 lies over the second
compartment 104, and the filter cavity 120 lies over the third compartment
106.
The harmonic signal is generated at the microwave oscillator 72, It
has been demonstrated that by reducing the height H1 of the oscillator
20 cavity 118 and the height H2 of the filter cavity, the harmonic radiating from
the microwave oscillator 72 and the filter 74 can be reduced. However, it
has also been demonstrated that a reduction in the height H1, reduces the
mechanical tuning range of the microwave oscillator 72. To preserve the
tuning range, the length L1 of the oscillator cavity 118 is adjusted until a

25  satisfactory turning range is achieved. The exact dimensions of the
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antenna array conprises two patch elenents 108 which are connected to a
comon feed stripline 110. The stripline 110 is connected via a plated
t hrough-hole 112 to the filter 74 and m xer 84 (FIG 6). By using a single
set of patch elenents as both the transmtting and receiving antennas, the
-10 emi ssion of harnonic radiation is redid&ed. FIG 9 shows in detail the
physi cal |ayout of the cover 95. The bottom side 114 of the cover 95 has
three cavities. Wien the bottomside 114 of the cover 95 i s pl ace&eover
the main congR¥iéeR mayikegietermingd empirically, ctipweysh, f@o',"“?‘ﬁ%"?ﬁ’x cavity
116 lies over the first conpartnent 102 15 of the majn _circuit board 100,
the osci | | at dimengions ohthe ¢avitiesyips onerambedigant wesghe IN904, and the
filter cavity 120 lies over the third conpartnent 106. The harnonic signal
is generated at t@ecHpiar&avity: ostilis Aryp; D= 13mmp 1 seiM@enonst rat ed t hat
by reducing the height Hl of the oscillator 20 cayjty_118 and the height H2
of the filter cavFitgr Gawdyhar nonHg = damitkidng /MBmV2HEMM cr owave oscil | at or
72 and the filter 74 can be reduced. However, it has al so bgen
denonst r & edltighould, hedindersiaod nthah dhesa gimengions «aig: BLesated nReiigafflcal
tuni ng range of the mcrowave oscillator 72. To preserve the_ tuning range,
the | ength Lillustratioreonlycand gheulddolibeyconstrued agithesesl saitaf|dimepsions
satisfactory turning range is achi eved. The exact dinensions of the 13
cavities naythad wirdémmarked enpirically. However, as an illustration, the
di mensi ons of the cavities for one enbodi nent were the foll ow ng:
Osci | | ator CavityThé preSentminvehtionlfay; beiembadiedmin other specific forms

without departing from the spirit or essential characteristics thereof. The
10 presently disclosed embodiments are, therefore, to be considered in all
respects as illustrative and not restrictive, the scope of the invention being
indicated by the appended claims and all changes which come within the
meaning and range of equivalency of the claims are, therefore, to be

embraced therein.



Filter Cavity:H2 = 1 nmm L2 = 7mm W2 = 2mm 5 It shoul d be understood that
~these dimensions are presented here for illustration only and should not
be construed as the only set of dinensions that would work. The present
i nvention may be enbodied in other specific forns wthout departing from
-the spirit or essential characteristics ﬁﬂereof. The 10 presently

di scl osed enbodi nents are, therefore, to be considered in all respects as
illustrative and not restrictive, the scope of the invention being
i ndi cated byCULMMSBopended cl ains and all changes which come within the
meani ng and range of equival ency of the clains are, therefore, to be
enbraced therein. 14 CLAIMS W Caim 5 1. A notion detector conprising: a
casi ng and aWwW®O@Kim:a main circuitry di sposed on a main circuit board
resting inside said casing, said main circuitry conprising, a mcrowave
oscillator, a mxer, a first filter and a second filter; said oscillator
coupled to said first filter and 1o said mxer, said first filter further
coupl ed tp aqtrananibtighdestiordbrfprisifg: further coupled to a power supply,
said m xer coupled to a second filter which is further coupled to a
recei ve antenna apdagthgPanddtcsv@annel ; and an antenna circuitry di sposed
outside said casing, sald antenna circuitry conprising said receive and

said transmt ant gijain circuitry disposed on a main circuit board resting inside said
casing, said main circuitry comprising, a microwave oscillator, a mixer, a
first filter and a second filter; said oscillator coupled to said first filter and
10  said mixer, said first filter further coupled to a transmit antenna which is
further coupled to a power supply, said mixer coupled to a second filter
which is further coupled to a receive antenna and an output channel; and
an antenna circuitry disposed outside said casing, said antenna

circuitry comprising said receive and said transmit antenna.

15
2. The motion detector as recited in Claim 1 wherein said main circuitry
further includes a plurality of plated through-holes in a pattern which
compartmentalizes said circuitry such that said oscillator, said first filter,
said second filter, and said mixer are in separate compartments.

20

3. The motion detector as recited in Claim 2 wherein said cover has
partitioning walls in a pattern consistent with said pattern of said plated

through-holes to isolate said compartments.



15 2. The notion detector as recited in Caim1l wherein said main circuitry
further includes a plurality of plated through-holes in a pattern which
conpartnentalizes said circuitry such that said oscillator, said first
filter, said second filter, and said m xer are in separate conpartnents.
20 3. The notion detector as recited in4{faim2 wherein said cover has
partitioning walls in a pattern consistent with said pattern of said plated
t hrough-holes to isolate said conpartnents. 15 4. The notion detector as
recited i n Gtai m Bheimeotomdetehtuirgist recited in Claipad wheireini mbeight of sail quart er
wavel engt h of an operating frequency of said. mcrowave oscillator. 5 5.
The notion dpaitibningawalleisi quatterrwaielength oftear eperating dreguenoyaf said.
oscillator operates at a frequency in the range of 9.35 GHz and 10. 687

GHz. 6. The midroaaveedssiltator.as recited in aim5 wherein said first filter
and 10 said second filter are | owpass mcrostrip filters having a stop
bandwi dth of at least 6 Gz and a cut-off frequency above 16 GHz. 7. A
notion detector conprising: a dual-sided main circuit board having a main

conponents si ge antthe HotforftérRems ¥ reeited irs Oligim 4 vasrein $aid micedwaveng sai d
mai n conponent side of said main circuit board,
oscillator operates at a frequency in the range of 9.35 GHz and 10.687

GHz.

6. The motion detector as recited in Claim 5 wherein said first filter and
10  said second filter are low-pass microstrip filters having a stop bandwidth of

at least 6 GHz and a cut-off frequency above 16 GHz.

7. A motion detector comprising:
a dual-sided main circuit board having a main component side and
15 a antenna circuit side;
a cover for enclosing said main component side of said main circuit
board;
a main circuitry disposed on said main component side of said main
circuit board comprising a microwave oscillator, a filter, and a mixer, said
20 oscillator coupled to said filter, said filter further coupled to said mixer and
to a combined transmit/receive antenna, said transmit/receive antenna
adapted for both sending and receiving a signal; and
an antenna circuitry disposed on said antenna circuit side, said
antenna circuitry comprising a transmit/receive antenna.

25



a main circuitry disposed on said main conponent side of said main circuit
board conprising a mcrowave oscillator, a filter, and a mxer, said 20
“oscillator coupled to said filter, said filter further coupled to said

m xer and to a conbined transmt/receive antenna, said transmt/receive
-antenna adapted for both sending and reggiving a signal; and an antenna
circuitry disposed on said antenna circuit side, said antenna circuitry
conprising a transmt/receive antenna. 25 16 8. The notion detector as
recited i n c8ai m Theimottomdsteictbrrascresitad én okainl 7 whereio seichricromave
frequency of about 24 GHz. 9. The notion detector as recited in claim?7
wher ei n sai dosciltatol aperatesirsaifitquiehcy of abodt 24iGHazi xer in separate
conpartnments. 10. The notion detector as recited in claim9 wherein said
cover has a cavity for enclosing over each of said conmpartnents. 10 11. The
notion detector as recited in claim10 wherein said cavity enclosing said
conpart ment §or sThd notidredetestbras idcitedrclairat whereis aiail osailtator,at or have
di mensi ons which sufficiently suppress harnonic frequencies and preserve
an acceptsbl gajdiienganidbgidl rafxes in Separatd tamnpartmemts.2. The notion detector
as recited in claim 1l wherein said filter is a |lowpass mcrostrip filter
havi ng a cut-off frequency of about 45 GHz.

10. The motion detector as recited in claim 9 wherein said cover has a

cavity for enclosing over each of said compartments.

10 11. The motion detector as recited in claim 10 wherein said cavity
enclosing said compartment for said filter and said compartment for said
oscillator have dimensions which sufficiently suppress harmonic

frequencies and preserve an acceptable tuning range of said oscillator,

15 12. The motion detector as recited in claim 11 wherein said filter is a

low-pass microstrip filter having a cut-off frequency of about 45 GHz.



