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;2{‘e3€8X8U:*66T:F.11 ~y. r " 10 2 JUL 2002 1 MOTI ON DETECTOR s~(, 6%6 *J 19002
*@~2 FIELD OF THE I NVENTION 5 The present invention relates gener ?y ‘tno
the field of the notion detectors, and in particular, to a notion detector
whi ch can efficiently and cost-effectively suppress harnonic frequencies
emanating fromthe notion detector. r 1o HACKGROUND F THE INVENTION It is a
wel | known fact t\&m\\\\;mtion detector units utilising the Doppler effect for

noti on de te unwant e [ ies along with the in
si gnal , o\\\m“\m ment al frequiﬂ@jﬁsﬁgsﬁE?(ﬁﬂfé?és require 1 \W
noti on detecti.@aétinits being sold nmust conply with their re r
\harm)ni Cc suppression. The requirenents vary fromcountry to roé(m*Sorre
—Tequire that only the second haWﬁfmﬂ whi | e ot her &who are
nore stringent, require suppres YENTION har moni ¢ frequency. 2 o
The notion detector manufacturing industry has enpl oyed various ways to
neet the requirenents. At |east one nethod is disclosed in US Pat. No.
5,262, 783rfé|u- K. Patent Application No. GB 22531&8A). Be se not i on
det ect or nist neet N8 PESENt dy@ndion, (elates genara Y:italthpeég r@ 4gnotion
producing a commercially viable notion 2 5 detector unit is not easy
particul arly idetagerseapddntRarticuiandpa mation deteptoy which ganoefligienilyandn
must reach the third harnmonic. To address all of the concerns, not only
nust the noti castieffectively supnress baraenisirequansinserianating dtarm dhe mrotiami ch
initself is not easy) it nmust also prevent any undue degradation of the
mai n signal sdeted®rat the i ntended function 5 of the notion detector is not
conpromni sed. Moreover, notion detector unit must be cost conpetitive. As in
many industries, cost is an inportant consideration when

10 BA ROUND 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



dedi gning a notion detector unit. Wile it is not necessarily diffiul% fUQ 2002
design a notion detector unit to meet the technical specification of a lo
particularly country, it is often difficult to reduce the cost of the unit

to a point which is comercially conpetitive. Hence, any notion detector

desi gn which can facilitate cost saving wi2hout causing perfornmance

degradati on woul d be highly useful in the notion detector manufacturing

i ndustry. 15 OBJECT OF THE | NVENTI erefore, it is th ener al pect of
the present i HORIEHIPR o"\%{er'@aag ﬁ\éxgﬁ@rgﬁmmﬁs 0 °ﬁf§d’§§$ o?ﬁaﬁ’[‘t) tion

detectors as nmentioned 2 o i s anpt her ob{ ect of the %esent.

ove. |t
invention to FSOWPH@va"E’BSPS&f faust the ngRetnn (detectal, MRS HNea NUMAL; vel v
suppress harnonic frequencies. SU Y .OF. THE | NVENTI QN 25 %2 JUL 200i 3
Wth the abovESURRIESioRreguremest (wWhighn itself s M sasyl k@St 8 PENNESs a
noti on detector having a casing and a cover, a main circuitry disposed on a
main circuit RSWrendus degiadationgef the maimsigng! sugh dhaktha ist "-E‘Ctlon
conprising, a mcrowave oscillator, a mxer, a first filter and a second
filter; sabd c¥dne mation deteglosis net eempramised. r¥presvernpotion detgster uniai d
first filter further coupled to a transmt antenna which is further coupled
to a power suppustbeeaodst acompatitiveupl ed to a second filter which is further
coupled to a receive antenna and an out put channel; and an antenna
circui try di sposed Amitirsirdany dndustiesngpskis caraimpontianticonsidergtiarorwheni ng
said receive and said transmt antenna. Preferably, the main circuitry
further includissignipgua ahotion dbtgutert editt hWhilghithis| mot hecessasityt elifficulbitoh
conpartnental i zes said circuitry such that said oscillator, said first
filter, said siusigrd d inhétion detatteriuditntoeneetr the necteyicalaspecifiogtion rafnas.
The cover may have partitioning walls in a pattern consistent wth said
pattern of psaigartitdhey dountydlit-isodfesh diffitEbtaredusd thes eostaot thunit 1 Aei ght
of the partitioning walls may be a quarter wavel ength of an operating
frequency of URgntTWHIGNAY CcOpfidrEiallpr combgtigsrércﬂzmé@, CE:GIS/ Imefie aetetrirabl y

operating at a frequency in the range of 9.35 and .687 GHz. The first

filter and thesexpipihich! tah Bt loodt Ravind™ WAL bRubinb! Befiofdiungs 2
stop bandwi dth of“at least 6 GHz and a cut-ofT frequency above 16 GHz: In
anot her form i 1 \ i i HNg a
dual - si ded naf%ﬂﬁ?géﬁ?f ‘%Q@Xﬁﬂg@ﬁﬁbngﬁgﬁﬁQﬁﬁﬁﬁgﬁgﬁﬁegﬁﬁﬁcgﬁ@”&ﬂgkﬁﬂﬁna
circuit Side;iﬁd&%éfr for enclosing said nmain conponent side of said main
circuit board; a I'n circuitry di sposed on said main conmponent side of

sai d nainﬁgircuit board conprising a mcrowave oscillator, a filter, and a

m xer, said oscillator coupled to said filter, said filter further coupled
to said mxer and to a conbine 128% |§. { Hgnna, sai d
transmt/recei ve ant enna adapt receiving a signal;
and an antenna circuitry ~ 2 JUL 2002 4 disposed on said antenna circuit

side, said antenna circuitry conprising a transmt/receive antenna. The

m crowave oscill at may operate, in_a frequenc f ,about 24 Giz. Als t he
filter, and the nix rﬁ@e’bét i'she‘E@pQPﬁ?'@?cBﬁlﬁﬁ?'/tﬁem%.pr?ﬁ%ntcé@\@mmqﬂave a
cavity for enclosin ch .of the conpartnents. The Vi encl osi.ng t,he
conpart nent f Vel Pﬁﬁ?éhoﬁﬁﬁmﬂw E%aﬁ’"ﬂ%ﬂi mejion ﬁ%eS ?Ia\sa'ingphﬂa?dhave
di mensi ons which sufficiently suppress harnoni c frequencies and preserve an
accept abl 80turﬁt}$§{erange of said oscillator. The filter may be a | ow pass

mcrostrip filter having a cut-off frequency of about 45 Miz. .
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



5 BRI EF DESCRI PTI ON OF: THE DRAW NGS ~~ 2 JUL 200Z FIG 1 is a perspec@izeUL 2007
diagramillustrating the physical |ayout of the notion detector operali g] ¢
at the X-band frequency. FIG 2 is a schematic bl ock diagram of the

circuitry for the notion detector enbodi ment operating at the X-band

frequency. FIG 3 is a plan view of the_conponent side of the main circuit
board illustrating the physical |ayout df the main circuitry for the notion
detector operating at the X-band frequency. FIG 4 is a plan view of the
conmponent side of the antenna circuit board illustrating the physical

| ayout of the antenna circuitry for the notion detector operating at the

X-band frequency. ~ 2 JUL 2002 6 FIG 5 is a perspective diagram of the
bottom side of the cover for the notion detector operating at the X-band
frequencywith tHeGabdvel Sndd ofifel OBfdctsC i nfil tHE JStesmt GhvenfiBn Cirbidbd Y nidtfont he
nmotion detector enbodi ment operating at the 'K-band frequency. FIG 7 is a

pl an vi evdeséctombaving a cmangntcoymd@ roaintdiesuiiy disposed onta asy dir¢vit beandat i ng

t he physical |ayout of the mai.n circuitry for the notion 1 o det c{or

oper at 1 ngeai"& AGE gl Fop gy S apin piecuity | mprisings, &, migieBrve oscTaiotn A
circuit smoero fitshElteRaRd & sécon tfilledat bédilkby dupléd fohidofids iRt ah@¥gut of

the antenna ci rcwtr%ifor the notion detector operating at the K-band

f r equencymixes saiddirsotijter further eqiplad toca Wansyrit antenna whichds fusthes icaepled to ke

beSoR: PRSP RbnBE i Risbthauds Vidh Wniy BRI o elofive 7
t he pr ef einterhaant adionmnt clennel) andae astehinaeitcuithy dispeset outsidei said ddsihgysaitl 1

i ncl udes a main, cagsi n% 2 .. ) ) ) )
antenna circuitry comprising said receive and said transmit antenna.

Preferably, the 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. The cover may have
partitioning walls in a pattern consistent with said pattern of said plated through-holes to

isolate said compartments.

A height of the partitioning walls may be a quarter wavelength of an operating frequency
of the microwave oscillator, the microwave oscillator preferably operating at a frequency
in the range of 9.35 GHz and 10.687 GHz. The first filter and the second filter may be
low-pass microstrip filters having a stop bandwidth of at least 6 GHz and a cut-off
frequency above 16 GHz.

In another form, the present invention provides a motion detector including a dual-sided
main circuit board having a main component side and 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 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



whi ch houses the main nicrowave circuit board 3. Enclosing the casin@ % ?UE
the circuit board 3 is the cover 4. The antenna circuit board 5 is 2 2002
attached to the bottom side 2A of the main casing 2. In the preferred

~~ 2 JUL 2002 7 enbodi nent, both the casing 2 and the cover 4 are nmade of
conductive material such as EM -shi el dgd plastic or alum num The circuit
board 3 and w the antenna circuit board is nade of standard PCB (printed
circuit board) materials such as FR4. 5 Still referring to FIG 1, the
cover 4 | Ld: 0 af.: O S o

Gotai s FRghALon S Bt sk Wi LTI Eonfiiotb 8 BBURRLelGe

m cr owaveantnhaui t board 3 when the cover is 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 1o mcrowave circuitry. The
plated b { j i i I A @l t

i £h the TR e R B e L MR IR,
ground plaadethé gnixehenayi becin separatd lvompatterents. bdhe ccoSethamyahaleas edvitptfoom

e T
casing 2. ‘a t
board S QRd thEcThpiRmtp I8y the o§@llét5?nﬁztﬂa9€qdﬁh%i(ﬂ@-w}EE}Gsuf?icie:nﬂy%hgﬁite§§ a

schematic block circuit diagramfor the mcrowave circuitry |ocated on the

t op si de hamnarfic frequencies andr prgsarve anrageeptabith guning gemge 6DHsaid losciflatesenTherot i on
det ect or Jd.ncl udes m crowave osehkllator 12 fo roduci a i]latory
S onal . THEF gy B8 s ol e HRARutD Blret Rivihet Eutr SRR ol AR Az,

produces either fixed or varying frequencies. In the preferred enbodi nent,
the signal operates at an "X-band" frequency in the range of 9.35 G

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 2 5 to a
transmtting antenna 16 which radiates a m crowave signal to a target 0
_2 JUL 2002 a 19 such as a human being. A power supply 18 is routed through
the transm ssion antenna 16 and provides DC voltage to the m crowave
oscillator 12. While other filters are possible, in the preferred

enbodi ment, the filter is made by cascading mcrostrip' filters in two
stages. By 5 enpirically "tuning" the filter, i.e., adjusting the |ength of
the mcrostrips, a




stop bandwi dth of at least 6 to 7 Giz with 25 dB attenuation at around a
cut-off frequency of 16 GHz is achievable. Still referring to FIG 2 Zh{U 2002
oscillator 12 is further coupled to a m xer 20. The m xer 20 is coupled J’
afilter 22 which is in turn coupled to a 1 o receiving antenna 24. The
recei ving antenna 24 receives the m cfowave signal which is reflected back
fromthe target 19. The m xer 20 m xes the original signal fromthe
oscillator 12 and the reflected signal received through the receiving
antenna 24 to generate an internedi ate frequency (IF) which is sent to an
out put channel 26 thrqugh. t j [ (W Z 5 is identical to
the filter 14 in desi gk FIESG } be sent to an
external circuitry for processing. Typically, an anplifier 30 and a DC

bl ocki ng capacitor 29 are required to interface with the output channel 26.
FI GS. 3 and ElIGI I ustar perspective diagtam rilusteating dthenpliysiodl lalyeutpbf) thec alotioayout  of
the m cr,owgve circuit board and the antenna circuit board 4 as 20 a way
of inpl gﬂé&?ﬁ?&f@tﬁ‘@%?}}e%ibﬁgﬁfﬁu%&m in FIG 2. It should be understood,
however, that while the layout shown in FIG 3 is the preferred | ayout,
there are other ways to inplenent the circuitry without deviating fromthe
scope of theFKie2dnta sabematic dlockrdiagram ofidhe cirguityyhfori el mptigm @etestort he
conmponent, si.de (which is..t 25.taop side 3A) of the circuit board 3. The
boar d BCIPR%(*IHHQ ORfT nﬁragme[%'bg?d heguefcgu~ Zooz 9 plated grounding

t hr ough- hol es 35 which are arranged in an el ongated pattern which
compartnentalize the circuitry. In this enbodi ment there are four main
conpar t ment sFIGReY isra plag viesiof %\e isgmpopentsidesofthe mpin ciseuit peard ilesystingnent 37
cont ai ClneUl LT } i | ot

compar { BERTSGAEH of tleinat Vet AYUE oL doRLRE obfipuhf Bt iR NG
conpar t fraqiendyl. contains the circuitry for the mxer 20; and the fourth
conpartment 43 contains the circuitry for the filter 22. FIG 4 shows the
physi cal | ayout of the antenna circuit board 5 on the side opposite to the
plated side gy ThiSa SIAE v he Sconfptmeal Sidd 6F i atthha 42rcafidbsfEei Ve
antenna arrays 47. Each antenna array conprises two patch el enents which
are conblgstrasthgtthe physieal layout of thei goit¢nme singBityyf for thehmotiomdstertor aperating5) and
stripli%calzlﬁ_};oa%ﬁr thecrecei ve array 47). The stripline 46 for the transmt
array 4 e &eﬁggn\y;a awre 49 to the power supply 18. The stripline
48 for the receive array 47 is connected via a wire 15 50 to the out put
channel 26 which carries the internedi ate frequency. The screw holes 51 at
the corners of the antenna circuit board 5 provide a

=




meéans for fastening the board 5 to the bottom side 2A of the casingg2, FIG

5 shows in detail the bottom side of the cover 4. The bottom side of &hiJL 2007
cover 4 has a set of partitioning walls 6 which are arranged in a 2°o

pattern to coincide with the pattern of the plated groundi ng through-holes

35 shown in FIG 3. Consistent with the ph§sical |ayout of the circuit

board 3 of the FIG 3, the partitioning walls 6 generally define four
conpartnental i zed cavities. Wen the cover 4 is placed over the circuit

board 3, the cavity 55 encl oses the conpartnment 37 of FIG 3; the cavity 57
2 5 encloses the ¢ artent 43: the cavit encloses. t he, conpart nent 39;
0 2 JUL 2002 10 and thé '8£/P??P§§{‘%%8%%%’EE¥ Pﬁb‘%@ﬁb&ﬂﬁ@?{%ﬁ?ﬁngﬂ"?’h r
preferred enbodi nent. the Bfi ht H of the_partitioning walls 6 is quarter
Paver engt hof 1RO detestProthd ot B X (e GRY: ooci 11 ator 19 (Fi G
2)) or one half wavel ength of the second harnoni-€ frequency. 5 Wen the
cover 4 is properly enclosed over the casing 2 carrying the main circuit

board 3, the partitianing walls 6, shoul ress firmy.agai nst the plated

gr oundi ng Phr ough- H%J&e@ %5at58h§§§ﬂ§?€|pﬁlgrj£§g,ﬁam R tgegcdwg‘ﬁ%?ﬁra&‘? metiRBen
the circuit board 3 and the plated floor 2B of the casing. The partitioning
wal | s 6 assi stdatactenemhadimentbpperating atithe Ksband fregueney.10 parts of the

m crowave 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 nment
of the present notifdf.ddsaplan view of the aain eomponent iside ol the majn aircyitof
around 24 GHz. The circuit 70 for the present notion detector 15 includes a
m crowave oscibdaxddlusteating the physicaly layoubf ithé anainy ciscujtryl for The mwtionn
detector can accommodate an oscillator which produces either fixed or

varyi ng foequetateetsr oparatimgsatdhbdGbardfrequeacgi gnal operates at around 24
GHz. The oscillator is coupled to a ground 76, a power supply 82, and to a
shielded | owpass filter 74. The filter 74 is then coupled to an 2 o
antenna 78 which radiates a mcrowave signal to a target 80 such as a human

being. In this enbqgrens.a plan visheohe’dntehR8 SiRJutesidasoft i ARWEicifcOl
antenna (hereinafter TX/ RX antenna). Both the filter 74 and the TX/ RX

antenna 78 ar gydgpy F?I\Lﬂy‘i'[aftiﬁg?hé"p?géicﬁﬂle\%h? lof AR Rhtehal Bfc 'Ta;ﬁth@%%iigﬁa'

fromthe m crowave osci or and t'he signal reflected back fromthe

tlzir get 80 to W&Q&B?oﬁ@r&ﬁﬂb%ﬁﬁ@“@b&naW%USHE}Y. (I'F) signal. ~ 2 JUL 2002
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



10 1520 The internedi,ate frequency signal is sent to an out put cheu”ur}el EG
The output IF signal can then be sent to an external circuitry for: JUL 2002
processing. Typically, an anplifier 90 and a DC bl ocki ng capacitor 88 are
required to interface with the output channel 86. While other filters are
possible, the filter 74 in this enbodi nent7is nmade up of two stage

"shielded mcrostrip" filter. By enpirically "tuning"” the filter i.e.

o011 SO 8 ReCHRShY 2R oR. SR L Thhed oo R

possible. FIGS. 7,. nd il lus te the physi.cal oyt of th resent
__Rband mot 1 on tietesil uch § ENFeRlded dasitoh Al rBéieul heats e
tover 95, FIG. 9, which |s placed, over the dual-sjded main circuit board
(100. On the ndh® %ﬂ%éﬂ?”'g Bé"g*ﬁ, made afstandar E&B GRAMad; cityithhard)e
main circuitry for the notion detector; on the other side, or the antenna
circuitry siddnaterials\@uch a¢bRA- board 100 is the antenna circuitry. The
cover 95 is placed gver the main component side 97 of the main circuit
board 100 Buch t hatStilheefaringnitaFiGr tuthe eovr 4dasapaditisningam@lls atdbeer 95
can be made of various materials, but netal, such as alumnum is preferred
2s K band mot ibsHomside f thet Gapiee {1he, detailsiof aviich g bW L FId. it wlrich
tol erance. The main circuit board may be nmade of various standard PCB
mat eri al s suctprass REAITH, the @ainsmisrowavedeireuwit hassdpBywhenl theayooner d& t he
main circuitry on the main conponent side 97 of the main circuit board 100.
The | ayout of enctosedi overithe casing 2.s Thevndindcircuibboainde® hasnaglatedrbottorhn t he
first conpartnment 2 5 102 is the mxer circuit 89 (see FIG 6); in the
second conpar tsigen{sid®bppssite ¢o the tdp 8ide23Ayandha tos sidd 3Aowhichraarties TBe and
in the third conpartnment 106 is the filter circuit74. FIG 8 shows in
detai | theophysiceawaverctrotitryf The platednbettarhr side tofstheemath efrcliibeosrd N3
circuit board 100. The antenna circuit side 99 has a 5 conbi ned

transmitting angkdsericticid doAtadtRiith ané 0R 2B bhYhe BARINGVRWHIEH 9ndsar I ay
conprises two patch el enents 108 which are connected to a common feed

stripline 110.cohlfictid tdPpidvRield r%ﬁn%;iﬂ‘drfé?fcﬁfihéi@rcﬁitﬂ‘.aﬂ'ﬁd dritéryboapdie 112

to the filter 74 and m xer 84 ( . By using a si'ngle set of patch

el ements as baf Rathe Rigtaascm' ucéayd% rvgrﬁglhvﬂnaﬁe@%éétﬂé?b tchh@cf;%ﬂmﬂﬁéi on

of harnmonic radiation is re OWs I n detal e physica

| ayout of the Hoptot B%@ 24 W.tﬁ@%&x%‘gi%.dqh%%taﬁné B%ni?@ﬁntg Fér@‘?&cétg{i &n

cavities. Wen t ottom si de the cover aced over the main

comonenty 51 Song ek Gt nd 80k el OO R 10 |1
0561112 $2ULLY, FE, IR AR ERb ARt s el

cavity 120 lies over rnoni c sign
generated at ] €. 03Ci . Y/ t tr L hat by
reduci ng the %ﬂ'ﬁaﬁ%ﬁb&g@ﬁ ‘%’h‘l‘%odé’k’?‘f'ﬁéﬁﬁ szihc? Q’%{h ?ﬁgqiigggﬁ%%t h’@&??glf “i? H2
of the filter fcai'itti)r th? haF.m)ni% rtadi.at{ygg fromthe m crovv@ve Of%intj | at or
72 and the fiI'9leN& PIRSG,Mo 'gﬂu% N JRE s armyprawaye ,0gd ﬂoae Of r at ed
that a reduction,in the hei,ght HL, reduces the chani cal tuni ng,range of
ha et ove ¢ PEGdUGInG A8, SSe sy Sondic 116 TPalicR dRTSaIor aaR cocPMsdAIBIA LS of
the oscil]ator cavjt 18 is gdjusted until, a 2 5 sati sfactory turnin
ange s 28 ostiaton whish, droditasiBeE ed R valying Trequencies. | " e

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 oséillator 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



.0 2 JILL 200a 13.cavities nay be determned enpirically. Fbmeveqy-&snﬁnzmﬂ
Illustration) the dinensions of the cavities for one enbodi nent were the
following: wGOscillator Cavity: HL = 3 nm L1 =15nm W = 11 mmFilter
Cavity: H2 =1 mm L2 = 7nm W2 = 2mm 5 It_shoul d be understood that these
di mensi ons are presented here for i Il ustrafion only and shoul d not be
construed as the only set of dinensions that would work. The present

invention may {1 seBRO4H achumaR!beihgSPACpbwer fstpPly We o vbudarirbug theom
the spirit or essential characteriStics thereof. The 1 o presently

di scl osed emboginginission’ antdrHyl SfeCTdRd proRi@es MO YBlagk | 16 thé MESBREVE s

illustrative and not restrictive, the scope of the I nvention belng

i ndi cated by t&&uﬁa?&w.e%}lgir?@e@p@{ﬁgrec POSIBRS i HeFrof&id Yridddinbhe,

meani ng and range of equiva alns are, therefore,

nmb dth V0. : L af: 5;l. | d t
gornr:)(rafgi nzg: e;et(‘:]gsf"rt%rozliszncﬁ éi&eco eﬁ%éamlﬁcy%dﬁfgwﬁfsb%stﬂ ggé%&nhai ﬁg,ec o

i onave: Soc A TRGR AR, B8 BB I G S °
e A fi : . . . - . .
i 3:&3#&@@%@% of ér;@ggwzpm&?aszﬁéaﬁﬁf&mfffcgwgn@zsto :
power supply, %@1 {’r'éxer Coojplﬁ F}gfﬁs%&ﬁeco% ilter ich is further
S EOAREH, @ ;

gi()lrjgljie?rilod?sz)osed }si de.nsa%i ?: asi Bisy iag gzngln aa(r:]idrgzi apt e(r:lga Lising
sai d rgcgi va and saﬁﬁ 'qu?fﬁ'g‘ﬂi ?déﬁt énﬁ% oﬁ]. or %és ﬁ%ﬂh%ﬁ%ﬁﬁ%@%@n&%’(ef ;
of “pl ated t hr ctiyn T8l ikarr2d i Gobiblen iochiterca e it 4n e Coupi@dcta aui ¢ ry

such that said oscillator, said _first filter) said second filter, and said
m xer arelPn JepaviG: aptannd e4edithe reggiving 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 is identifcal to the filter 14 in design. The output IF signal can then be sent
to an ehemal 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



3. The notion detector, as recited in Caim2 wherein said cover h&s?i JUL 2002
partitioning walls in a pattern consistent with said pattern of said plated
t hrough-holes to isolate said conpartnents. Q 2 JUL 2002 15 4. The notion
detector as recited in Caim3 wherein a height of said partitioning walls
is quarter wavel ength of an operating freduency of said. m crowave
oscillator. 5 5. The notion detector as recited in Caim4 wherein said

m crowave oscill.ator operat

I at fre n in the range.of 9.35 G4z and
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filter and 1o said second filter are | ow pass mcrpstrip filters having a
stop bandwi dt PdemWhLcemBatimenigiizedhe circut. 1Rdhissrbodined hereare 7 A
notion detectaor conprising: a dual-sided nmain circui oard hayi mai n
conponent si déodnain %"ﬁﬁ"gﬂﬁ'&tsci Refgroinginaw tg QOSK}A%IG%()% éﬁgl sﬂ%gﬁgséi d
mai n conponent side of said main circuit board; -a . main circuitry di sRosed
on said main COMRATERENSBLoptaiRgthe piewtryifeethe "%QW&VSOW“%‘P%Q%‘ e
m crowave oscillator, a filter, and a mxer, sajd 2 0 oscillator coupled to
said filtep, $geandicarapatmenhsP eontginsdthe, cirguirynforctheafilter: d4a the tirded
transmt/receive antenna, said transmt/receive antenna_ adapted for both
sendi ng and r €opparkgeat 4il geentaingnthea girawitryntos tber minerr 90,diaedothal feurthai d
antenna circuit side, said antenna circuitry conprising a transmt/receive
antenna. 25 conpartmed® camtams thaeeineuitiydor the filtard?2.as recited in claim7

wherein said nicrowave
FIG. 4 shows the physical layout of the antenna circuit board 5 on

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 § 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 t’he 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;



oscill'ator operates in a frequency of about 24 Gi. 9. The notion (plzt gﬁtomﬂz
as recited in claim7 wherein said oscillator, 5 said filter, and s

m xer in separate conpartnments. 10. The moti on detector as recited in claim
9 wherein said cover has a cavity for enclosing over each of said
conpartments. 10 11. The notion detector % recited in claim10 wherein
said cavity encl 03| ng said conpartnent for said filter and said conpartnent
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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
receivinlg 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.
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While other filters are possible, the filter 74 in this embodiment is
made up of two stage “shielded microstrip” filter. By empirically “tuning”
the filter i.e. adjusting the length of the microstrips, a stop bandwidth of at
least 10 GHz with 25dB attenuation at cut-off frequency of around 45 GHz
is possible.

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, FIGI. 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
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.
The main circuit board may be made of various standard PCB materials
such as R04003.

I-J;IG. 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

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

)JUB9 %002
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99 of the main circuit board 100. The antenna circuit side 99 has a
5 combin"ed transmitting and receiving (TX/RX) antenna array. The TX/RX
antenna array comprises two patch elements 108 which are connected to
a common fesed stripline 110. The stripline 110 is connected via a plated
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 bpard 100, the mixer cavity 116 lies over the first compartiment 102
15 of the n;ain 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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Filter Cavity: H2 = 1mm; L2 = 7mm; W2 = 2mm
5 |t should be understood that these dimensions are presented here for
illustration only and should not be construed as the only set of dimensions
that would work.
'Ilhe present invention may be embodied in 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.
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5 1. A motion detector comprising:

a casing and a cover,

a main 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 c;:oupled 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 compantments.

20

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

through-holes to isolate said compartments.
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5 5. The motion detector as recited in Claim 4 wherein
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said microwave

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
10 said second filter are low-pass microstrip filters having a

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

7. A motion detector comprising:

said first filter and

stop bandwidth of

é 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, a

nd 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.
l

25
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9. The motion detector as recited in claim 7 wherein said oscillator,

5 said filter, and said mixer in separate compartments.

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.



