FGe3e9| 6<4p6(T|" ELECTRI CAL | SOLATOR FI ELD OF THE | NVENTI ON 5 The
present i nventi mwmmwmmmﬂmmk an electrical isolator, which is specially
adapted to prot oni ¢ device fromEl ectromagnetic Interference
(EM) and conducted*shietrical noise in external wiring. 10 BACKGROUND OF
| NVENTI ON The exposure of electronic deviges to Electromagnetic
Interference is undesirable and can adversely affect their
per f or mance. mnmmmmmmﬂwredum 15 the anpunt of EM exposure is to
pl ace el ectroni )i | thin FRRECA Mt SPREPRON as el ectromagnetic
shi el ds. Coaxial cabd@»wiring is used for carrying signals in sensitive
el ectronic sy, t I e noi se. 20 Coaxi al cables have an inner
and outer ﬁ%%@gﬁ 6€eb®%dﬂg%E%§g ectrical insulating material, and are
general ly C|rcular in cross section. The inner conductor carries the
el ectrical. signal wher t I ggp r es.t h and
is typi caISI y grounded. G‘fl}ge %é’é}%@ i conduc c%r? réc)jpér)r% th y%u%?%%%%’é ?%e
i nner conductbeolaeerbywhhtlel s ngpecialyn #aptahetouprrtechdast or,
however. s SYPEEELLRLE hoyo@UsELRe il YORAGRY: FLCEAEORPAREHEG (RHES 1T
free apace are converted to circult currents contrl ute to the anmount
of 30 el ectri?ad ¢RRrdectedtptecysiend ¥P%€?r+%a?¥9°€%ﬂﬁe€%Fh§9the out er
conductor of the coaxial cable to the device housing, thereby grounding the
housi ng, rv, C entering the 35 housing in the outer
conduct or- N%é?%%é@g#y&? gﬁ%ﬂ‘i" g&ghe outer conductor to the device
housing with a capacitor has the added benefit of bIocking DC vol t age
t her eby - 2 providi r EEVICGS
havi ng such arrangerren?%éa;rée)’&éacgérdrrzggd &? {]grsclgtc%‘% |so J§oérésék€é hav
previ ously pr%keetxpmasneweetImberf§r¢@@¢a(%MI)discun@ealrabthunngecpatent
ZL 96, | 22, 2% dyedbeL ! ££ELEEAnE 2P| BPEophSEL OS5 Ot Tmb BhSaPEE CPballaty

housi ng coupled to the outer conductor of a connector_ by capacitors. e
connect ofShasth® ARl RE EXF XReeure i9akP Pl2ee| ele¢hreniq davigess

provi ded an 0#i€ﬁ1ﬂ0h&@@ éthﬁﬂdf@ﬂctﬂﬂﬂraEOQﬂQGEﬁ6m§§ﬂ§E§&eghb!lds
i nsul ation naterl 1 2 %% ectroni ¢ devige_to be prptect pcat ed

within the ho ?*&F AFEEIRY £51 2728 9T otRh %hn%p§+9ﬁ?g 8i it he 15
housi ng and hasnsitivel ebédoroni Chystemdete ofmether tedaeaxnaliseabl e on
the outside of the housing. The connector is positioned within the aperture

by a plastic spacer which fills the gap between the connector and the
housi ng. 20 Coaxial cables have an inner and outer conductor

L)

T

separated by electrical insulating material, and are
generally circular in cross section. The inner conductor
carries the electrical signal whereas the outer conductor
provides the return path and is typically grounded. The
25 outer conductor completely surrounds the inner conductor
thereby shielding it from EMI. The outer conductor,
however, is susceptible to conducted EMI whereby
electromagnetic waves in free space are converted to
circuit currents which contribute to the amount of

30 electrical noise in the system.

Electrically connecting the outer conductor of
the coaxial cable to the device housing, thereby grounding
the housing, serves to reduce the noise entering the

35 housing in the outer conductor. Alternatively, coupling
the outer conductor to the device housing with a capacitor
has the added benefit of blocking DC voltage thereby



20 The foregoing electrical isolator is effective for attenuating conducted
el ectrical noise entering the housing in the outer conductor of the
connector, however, it has a drawback whereby EM freely enters the housing
t hrough the plastic spacer. Accordingly, there is a need 25 for an

el ectrical isolator which further reduces the anmount of EM entering the
housi ng. - 3 SUMVARY OF | NVENTI ON According to the present invention,
there is provided 5 an electrical isolator for protecting at |east one

el ectroni c de¥e¥ddingpreoterhieon againgt hightinggstrikastuReviers as an

el ectromagneha¢isgi 8Leh areQngeRbRtscxieNdbobtelihedebr2BalPeEbibheokB.SaId
10 housing, said connector having an inner conductor and an outer conductor

separated by electrical insulator material, said inner conductor and said
out er conductor being wéehivécptéviawmnpcpfmbéﬁaaakﬂeaéléeasicame

el ectr onic de&f&g&P “éféef&ge&5i§ ELERLSLG LLLSt pE°SE 295 Ba§UErOHﬂ25
sai d connect or pfugs a gap between SardPeonne Rousi ng,
wher eby sai delectri¢airiselaparedibapeded enethlenngnentc haserf erence

(EM) from eﬂé&fieiggrl Caglaauebnghah&ew? é@hé?GEBr 88 Br eaﬁﬁaéus ?i d

housing is an e conductor and sard electrical isolator
conpri ses a FAPaEitapfci The AARRACEPEChARCAR| nadOGPES §§FH°HHH§|EQ to said

outer conduct@axig®i daﬁlésttﬁsﬁriaetﬁaaeeislﬁ&éoﬂaaananaohtéi»t i npedance in
sai d outer cond ctor, g sai ¢ first 28P§€8aC|tor coag Ees wth said first

i npedancé anﬁ°§ PEERB T g2t ol B GA7 Fi 8gPagpat Yt $PEREREABRt i ng
el ectrical neasertalerThg saedthou$cngevﬂceatd bat protendedt ds. 133aBREEF

DESCRIPTICRI&E ﬁf%N%ﬁgEhngiﬁéerred enmbodi nrent of the invention will now be
[ Ehel h ing. ; ) . ; X ;

described inTé i 0 cconmpanying drawings in 35 which: Figure 1 is
a cross sectional view of an electrical - 4

The connector extends through an aperture in the
15 housing and has a termination which can be connected to
coaxial cable on the outside of the housing. The connector
is positioned within the aperture by a plastic spacer

which fills the gap between the connector and the housing.

20 The foregoing electrical isclator is effective
for attenuating conducted electrical noise entering the
housing in the outer conductor of the connector, however,
it has a drawback whereby EMI freely enters the housing
through the plastic spacer. Accordingly, there is a need

25 for an electrical isolator which further reduces the

amount of EMI entering the housing.



i solator according to a first embodi ment of the present invention; Figure 2
shows an equi valent electrical circuit of the electrical isolator of Figure
1; 5 Figure 3 shows an equival ent electrical circuit of an electrical

i sol ator according to a second enbodi nent of the present invention; and
Figure 4 shows an equivalent electrical_cjrcuit of an electrical isolator
according to a third enbodi nent of the 10 present invention. DESCRI PTI ON OF
PREFERRED EMBODI MENT According to a first enbodi ment of the present 15
invention, the electrical isolator has a housing 5 with both

el ectromagnekypmaRive b RervaRgrehectri cal conductivity properties. Al um nium
housings are well suited for this purpose. An el ectronic device (not shown)
to be protected is situated within the housing 5. As shown in Fig. 1, the
20 housing 5 has Aacaaarihgr €ot hh@ughe%hthlﬁv@ﬁltﬂeﬁt Ofchbrextigngrovilded
aperture is cular ; i S co nectortl LS.a F- tﬁ pe connector having a
circul ar ro§§ ? Sﬁca nase REPE £981 PXRTER AP Bk dERS* P2®and an outer
conductor 3 sépatabadcbﬁewnsabasadg dabdaitalr RavingA hi gh voltage 25
annul ar plastic rin r nduct.qr unt er sunk
into the outer su?fggésgpb ﬁﬂgggugpﬁggggﬁ%hegl%%e%agﬁrf% gh% tQ% pl astic
ring 4 abut sshheldater conductor 3 thereby positioning connector 1

centrally in the apeah%ecoéoemenaahgr t528ddht ah %F%%dr%n@.h Eaductor 12
of the connector ;1 are haoth electric connegt ed the el ectroni c device

wi thin tHe hbeueigos. seids ORBRRECE] 1E‘Hn afe 130eFe COFAUSGELT ARG A1

coupl i ng comaalaetat &oﬁuubta& sepagaged bys echt&d&QﬂOli&suAafﬂd’xSt annul ar
ferrite spacer 16, s

d 3.th
o fect vel y BRGGELAY-« REIGa B RO o5, PER BBTA CEEE™: SSRFARE T ousi ng
created by tbelageaﬂaceriﬁhélynnennsambdceoobauﬂeatlﬂsﬁs&enndeaspacer 16

abuts the OUEEEcQQQQE%tQEvgceAlh hﬁg .PQLl on of 5 the outer surface of the

first ferrite spacer 16 ab olsing 5. Ferrite material has very good
el ectroneynetic shi éigshg fgrapset BpaceExwbiell spwroundsh@adidocen

fromenteri nanahﬁlhaus'anga barc%sh hagdaaahh%%\ehla&la s i Wu‘é’t h the
first ferrite_spacer 16. first 10 ferrite s acer 16 _additionall é
nd

assi sts w t hWB8EPPYoRRAG ééﬁﬁécFSFrit@eﬁPP&PFy edes glectiopagn

annul ar ferr ihtetfiagencéO (ENI)OfRdMm eheeding' s@dﬂdmmrm@ WhrdugH baid

housing 5 with_an inner 15 surface abutting the outer conductor 3. A first
capacitor 8 H&8®:a first el ectrode electrically connected to the housing 5
and a sex®nd eIecPre&erebéwanaaﬂl%oucnnscuedanoeﬂh@tauwed comdnstteor 3 20

at a_poi nt bﬁh&eﬁglhh‘élfe'«g-fﬁﬁcfaﬁr [t'sB‘ia%B%C%chﬁe%”@o W & il eSpacer

10. The first capacito rong cer nlc capaci tor and
surrounds a §éeéﬁat96rwhéﬁhoplpﬁéréeﬁé#ycepveae§uﬁﬁaéeh@ﬂﬂﬂﬁ@-MQwﬂalﬁerrlte

spacer 16 whpgReextendacitbs), d@atile fAeWt FarditEhepader AR tIUdRcing a
first impedance in said outer conductor, and said first
25 capacitor combines with said first impedance and said
housing to form an electrical network for attenuating
electrical noise entering said housing in said outer

conductor.

30
BRIEF DESCRIPTION OF DRAWINGS
A preferred embodiment of the invention will now
be described in relation to the accompanying drawings in
35 which:

Figure 1 is a cross sectional view of an electrical



25 conductive shell 6 separated fromthe first capacitor 8 by insulation
material 7. The second portion of the outer curved surface of the first
ferrite spacer 16 abuts the inner curved surface of the first capacitor 8.
30 A screw 14 applies pressure to the first capacitor 8 such that: the
outer conductive shell 6 nmaintains conga&t_mﬁth t he housing 5 thereby
establishing a first electrical connection; the first el ectrode of the
first capacitor 8 maintains contact with the housing 5 35 thereby

est abl i shi ndspladean@asiarding fio @rfiiaat embagdigmente oo ddirl ptesantde of
the first capaEdidlond Maintains contact with the outer conductor 3 thereby
establishin third electrjical connection. A second capacitor 13

a - 6 . ,
has a first gll"é19é’d’t"r Fde SHNE AT AU VAR PTGt ARG W F &P a second

5 el ectrode edleetiriicad |isclatmac ol Rignidee 1gut er conductor 3 at a point on

t he side_of f.he second ferrite spacer 10 ichis distal fromthe first

ferrite %pa erute A |w§. ap FE %'reglt]t (ﬁvfée&%rr&acealofcjt%eu’stec% aa%apaci tor

13 i s connecled tird aadle imalatoporiesinding el |a Gesfortd eenfhodimelrtt capaci t or 8

whi ch, in t%ﬂ&mgx%ﬂ(&ctirﬂv%ﬁﬂ%xﬁo ted to the housing 5. The equival ent
rk of t

el ectrical net he first embodi ment is shown in Fig. 2. Point A
corresponds Rigurel 3 @hiaws & edigalent @glastamicad sHintiisiol &t t he

second ferridiectRactl i@oMitdt istdiiialy WP Wil Ad lefbd Bimdde sPagsd 16.
Point 8 corresponds to a point on the outer conductor 3 outside the housing

5. Poi nt9G &Fe8eRforidYediPMoint on the housing 5. Capacitor C8
corresponds to the 20 first capacitor 8 and capacitor Cl3 corresponds to

t he second j i i r i npedance at hi gher
frequenci es%W#gﬁﬁrogCW#gﬂ %ﬁﬁ#‘gwnoi se into the housing 5. 25
Ferrite rings surrounding a wire carrying a signal, introduce an inpedance

to that wire which vahic%%éﬁg_g%r %;?n% %ngls!%e eGSRt Yt % ?C:(fgé%nt The

ef fective i npedance intro rrite 1ncreases wt sl ng

frequenty ofinveatdigihalthenelartirdicale ingidomhag ayhansing & ovikh enuat ed

by a great efdiflelRc thtaRyridtd didHl IR NG Wl et icAl (i A+
greater extant than desired signals of |ower f uenci es. . | npedance Z16

(] ] r e »
cor r esponds BESREFEliefye AdiEu nitm SARSEPRIH anfk WetlstByidied tfPn iRy
i npedance Zihrg@genspandildaidifid pedaie o(nift igHowatuass By givet sesadd

f it 1Q. Electrical si | t d by, t he, | ectrical
et vor K of Ay S urt o ofr ik G Hobelns 34 8 Hrpe i e ofp e’ ©°
conduct29 3holisdng ghdas A sipprtiure ddumwgh whiechyre atemeadtosinal

?it |t teg‘rlat gon.exm%dgqt WHK adffertidte 4d % NFRNYE RITEC RS dorth d B PIES
' is a F-type comnnector having a circular cross section, and

consists of an inner conductor 12 and an outer conductor 3
separated by insulating material 2,11. A high voltage

25 annular plastic ring 4 surrounds the outer conductor 3 and
is countersunk into the outer surface of the housing 5.
The inner surface of the plastic ring 4 abuts the outer
conductor 3 thereby positioning connector 1 centrally in
the aperture.

30

The outer conductor 3 and inner conductor 12 of

the connector 1 are both electrically connected to the
electronic device within the housing 5. These connections
can be either direct or via coupling components such as

35 capacitors or inductors.

A first annular ferrite spacer 16 surrounds the



According to a second enbodi ment of the present invention, the electrical

I sol ator has a plurality of ferrite spacers and capacitors thereby form ng
the electrical |adder network shown in Fig. 3. A nth order 10 | adder
network can be formed fromn capacitors and n ferrite spacers, where a is
an integer. According to a third enbodipegt_of t he present invention, the
electrical network is fornmed by a first 15 ferrite spacer 16 arid a first

capacitor 8 only, as shown in Fig. 4. That is, the second ferrite spacer 10
and the secof¥teFpsemdyctey ¢ thexehyr af factriselay RidmasHing fhe gapt

bl SR i Sttt 3 ik s ik
o be protec can be electrically connected to the outer conductor
at a point bés’\ﬁeé'ﬁ’ef‘ﬁé‘qei'r gﬁ‘ef doner. surface of Hhe dod §9554%% spacer 10
t hereby yi el dpageirhd cefabrrtis \theelotitier edndudtat 3.0 Fﬂig::stdr.pcﬁ&i-aig df esent
I nvention_.is |l _suited for is or d.ermnals .in CATV syst n
broadband‘r’cot nicEat ol Sy &S %I 3:%‘5 (;tojlﬁspr%rcfé"tt?p E{poacﬁ%g'eree 6‘ﬂ‘esd "Ei\ﬁ
over the pri dousingats .f Fequdite yaterdale hashyeryOQ@ddd el¢divapdreteis
utilise such ghgQhalis p‘i%?qu:'i% Delueeha ! A0 Mrfe AL A Vignsddd9! €
i sol ated input conneCtor, "and two separate output connectors faor TV and FM
si gnal s respd&omyemfeniag she hapedngats shrongh the annrtame sl dohs 35
skilled in taudded WitIEHHD M rdthEetratd Grddur MRy, e Eiddy ther into

the aperture, or ,the housing nma e formed from ot her, suitable materials.
P eadinik sacer g wadl boRa s, e e e vt Sy HASAE SORING Saome

of the invenicomhector @ cehitralll4l Nn B Nipeetiide .| NVENTI ON ARE AS FOLLOWE:
1. An electrical isolator for protecting at |east one 5 el ectronic device,
said isolator having: a housing which functions as an el ectromagnetic

shi el d; a connector exfesgcond anoudlarafeapdtieuspaicersdidd svousungls ddied

connect of  havi. Aol 0 RIVAL A Ehet hollb 10l & AR Yniigpar at ed by

el ectrical insulator paterial, sal i nner conduct or sal d outer
conduct ot beiB¥F face: @utHing ot euted ©ordycFoR J-east one el ectronic
device in use; and

A first capacitor 8 has a first electrode
electrically connected to the housing 5 and a second
electrode electrically connected to the outer conductor 3

20 at a point between the first ferrite spacer 16 and second
ferrite spacer 10. The first capacitor 8 is a high voltage
ring ceramic capacitor and surrounds a second portion of
the outer curved surface of the first ferrite spacer 16
which extends inside the housing 5. There is an outer

25 conductive shell 6 separated from the first capacitor 8 by
insulation material 7. The second portion of the outer
curved surface of the first ferrite spacer 16 abuts the
inner curved surface of the first capacitor 8.

30 A screw 14 applies pressure to the first
capacitor 8 such that: the outer conductive shell 6
maintains contact with the housing 5 thereby establishing
a first electrical connection; the first electrode of the
first capacitor 8 maintains contact with the housing 5

35 thereby establishing a second electrical connection; and
the second electrode of the first capacitor 8 maintains

contact with the outer conductor 3 thereby establishing a



a first ferrite spacer which surrounds said connector 15 and plugs a gap
bet ween sai d connector and said housing, whereby said first ferrite spacer

i npedes el ectronagnetic interference (EM) fromentering said housing
through said gap . 20 2. An electrical isolator as clainmed in claima1,
wherein said housing is an electrical conguctor and said el ectrical

I sol ator further conprises a first capacitor which electrically couples
said housing to said outer conductor, said first ferrite spacer introducing
a first 25 i hiedshataqtalaal aamecthffrct or, and said first capacitor
conmbines with said first inpedance and said housing to forman electrical

network for attenuatin elect cal_nojse r d ho sai d
outer conductor. 30 3. rb‘iCt"rar caaciiq"s%%g*g? UJrS %f%ﬁi]% 2 havi ng
a second fer rei]te@:tsq::a;cadrly smirthesdoahtd ethe tl-mmq:nargars ,SLHrId)mehérg::mill d outer

conduct of oW 1dydb AUl NSl ¥ Slhin I 016l SHOULIS! I deag005E T

i ntroduced a S&Co I npeédance 1 n cond I NCT easl ng
the effectivet rpadhinde af the Bisla @f dhellrgaand fernire fspager el@ctri cal

i sol ator as GhpidEdd rafd@almf’raeme&ra g1 S Gkézlzflsée GRS Ol6 | SIn Fig.
electrically connected to 5 said hou5|n%iby a first electrode, and has a

second el ect fodéha e@t’?ﬂ%aﬂ%”-’%ﬁ'ﬂa(ﬂ% pd fanackirfictdrigt a poi nt

bet ween sai d d‘dzfrfetca‘eei rid el budr coduut vl IsHe&l1l b B atlke ef Bedt i cal

| at th 10 t t t electrod
cloctri AP |'y PHATER § PRI AL A0 3 SHAR Bhe IR ECt | cal 1 y

connect ed tc)tha(hdnﬂxngtﬁanductor at a point on a side of said second
ferrite spacer which is distal fromsaid first ferrite spacer. 15 5. The
el ectrical isolator device as clained in claim4, having at | east one

addi ti onal capacitor arRheatedwialente eddtittigml Heagwirk ob therfdxst orm a

| adder net wordsupla bl 5 IRAARNGE RN £ARRIMOS ol fapdiits Slecd 1 cal

i sol ator device as clained in claim?2 wherein said networkK 1s a | ow pass

filter. ¥ TROGAOD e WA WAEDe JLTt | haetidn F 4t 1392PMvi ng
at : east one ﬁlaiddﬂﬂfr@awmﬂntm?icr?.ié d:ifwdame M{jﬂtﬁé nﬂ:.rﬂl efd i Lod
| sol ator as cl aine of clains - and 30 an_.el ectronic
Circuit. 6 Tt B Sar e Tnde iR AR (Hh 1
wherein the e:lomducrm:m Tiguhgide sthe BowEigial5 sHaitrtt 1§ cormeasponds to

a point on the housing 5. Capacitor Cs3 corresponds to the

20 first capacitor 8 and capacitor C;; corresponds to the
second capacitor 13. Capacitors have a lower impedance at
higher frequencies and therefore more readily couple noise

into the housing 5.

25 Ferrite rings surrounding a wire carrying a
gsignal, introduce an impedance to that wire which varies
according to the frequency of the signal. The effective
impedance introduced by a ferrite increases with
increasing frequency of the signal and therefore higher

30 frequencies are attenuated by a greater degree. Therefore
high frequency noise is attenuated to a greater extent
than desired signals of lower frequencies. Impedance Z;;
corresponds to the impedance introduced by the first
ferrite 16 and impedance Z,; corresponds to the impedance

35 introduced by the second ferrite spacer 10.

Electrical signals are attenuated by the
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al caU) calca,of-Fig. 2 is therefore effectively a low pass filter.
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According to a third embodiment of the present

invention, the electrical network is formed by a first

15 ferrite spacer 16 and a first capacitor 8 only, as shown
in Fig. 4. That is, the second ferrite spacer 10 and the
second capacitor 13 of the first preferred embodiment is
not included in the electrical isolator. Alternatively,
the electronic device to be protected can be electrically

20 connected to the outer conductor 3 at a point between the
first ferrite spacer 16 and second ferrite spacer 10
thereby yielding the effective electrical circuit of Fig.
4.

25 The present invention is well suited for isolator
terminals in CATV systems and broadband communication
systems, and can provide up to 10dB reduced EMI over the
prior art at frequencies greater than 100MHz. TV/FM
splitters utilise such isolators operating between 5-

30 1000MHz and have a single isolated input connector, and
two separate output connectors for TV and FM signals

respectively.

Various modifications will be apparent to persons
35 s8killed in the art, for example, the plastic ring may
extend further into the aperture, or the housing may be

formed from other suitable materials.
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5 electronic device, said isolator having:
a housing which functions as an electromagnetic
shield;
a connector extending through an aperture in said
housing, said connector having an inner conductor and an
10 outer conductor separated by electrical insulator
material, said inner conductor and said outer conductor
being electrically connected to said at least one
electronic device in use; and
a first ferrite spacer which surrounds said connector
15 and plugs a gap between said connector and said housing,
whereby said first ferrite spacer impedes electromagnetic

interference (EMI) from entering said housing through said

gap.

20 2. An electrical isolator as claimed in claim 1, wherein
said housing is an electrical conductor and said
electrical isolator further comprises a first capacitor
which electrically couples said housing to said outer
conductor, said first ferrite spacer introducing a first

25 impedance in said outer conductor, and said first
capacitor combines with said first impedance and said
housing to form an electrical network for attenuating
electrical noise entering said housing in said outer
conductor.

30
3. The electrical isolator as claimed in claim 2 having
a second ferrite spacer, said second ferrite spacer
surrounding said outer conductor within said housing,
wherein:

35 said second ferrite spacer introduces a second impedance
in said outer conductor thereby increasing the effective
impedance of sald outer conductor.
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at a point between said first ferrite and said second
ferrite; and
said electrical isolator further comprises a second
10 capacitor with a first electrode electrically connected to
said housing, and a second electrode electrically
connected to said outer conductor at a point on a side of
said second ferrite spacer which is distal from said first

ferrite spacer.

15
5. The electrical isolator device as claimed in claim 4,
having at least one additional capacitor and at least one
additional ferrite to thereby form a ladder network of
ferrite impedances and capacitors.

20

6. The electrical isolator device as claimed in claim 2
wherein said network is a low pass filter.

7. The electrical isolator device as claimed in claim 1

25 having at least one additional connector.

8. A device comprising:
electrical isolator as claimed in any one of claims 1
to 7; and
30 an electronic circuit.

9. A device as claimed in claim 8 when appended to claim
7, wherein the electronic circuit is a TV signal splitting
circuit.
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