2210732 A DI ELECTRI C WAVEGUI DE This invention 1elates to a dielectric
mayegdide for the transm ssion of el ectromagneti c waves.

More particularly, the invention relates to.a dielectric wavegui de having
hi gher order node suppression filters. Electronmagnetic fiel dzzrﬁgzsz .
characterised by the presence of an electriq field vector E h a¥ 40 a
magnetic field vector H The oscillation of these conponents produce a
resul tant wave which travels in free space at the velocity of light and is
transverse to both of these vectors. The power magnitude and direction of

t j%4Mave I s obtained fromthe Poynting vector given by: [err]

_El &Ctromagneti c waves may exist in both unbounded nedia (free space) and
bounded nedi a (such as coaxi al cakl PEEBBOTRBCCWAVHEBIDEThi s invention is
concerned with the behavi our of electromagnetic energy I n a bounded nedi um
and, in particular, in a dielectric wavegui de. For propagation of

el ectromagnetic energy to take place in a bounded nedium it is necessary

t hat Maxwel |'s Thig@-invention relates to a dielectric waveguide for the

transmission of electromagnetic waves. More
particularly, the invention relates to a dielectric

waﬁeguide having higher order mode suppression filters.

kw;/ Electromagnetic fields are characterised by the presence
of an electric field veé;or E orthogonal to a magnetic
field vector H. The oscillation of these components
produce a resultant w#ve which travels in free space at
the velocity of light and is transverse to both of these
vectors. The power magnitude and direction of this wave

is obtained from the Poynting vector given by:

P=ExH (Wares /m?)

— -ﬁlectromagneﬁic waves may exist in both unbounded media'
(free. space) and bounded media (such as coaxial cables
and waveguidés). This iﬁvention is concerned with the

behaviour of electromagnetic energy in a bounded medium

and, in particular, in a dielectric waveguide.

For ﬁropagation of electromagnetic energy to take place

in a bounded medium, it is necessary that Maxwell's



°

equations are satisfied when the appropriate boundary conditions are
enpl oyed. In a conventional netal waveguide, these conditions are-that the,
tangential conponent of the electric field, Et, is zero at the netal .
boundary and al so that the nornmal conpo iat of the magnetic flux density,
[err] is zero. The behavi our of such a faveguide structure is well

under st ood. Under excitation from external frequency sources,
characteristic field distributions or nodes will be set- up These

rodes can BuafeBhEol kel SN | e’ el DG e 1ol Whlidlfar 205 -

and/or size ular - shapes, 'such as re guareés or cir

the well -def a C S nean t hat operatlon over a speC|f|c
frequency ba%gﬁggP%HHg E¥e Qﬁgibkgge is guaranteed. This is the case with
nost rectangul ar mavegU|de systens operating in a pure [err] node. This is
known as the dom nant node in that it is the first node to be encountered

as the frequgpcy 'éoﬂ*?éﬁ@fé&&'l netBt hvdguiddS BREBACANd1R{das Wy €S

t he nunber of half sinusoidal field varlatlons along the x and y axes,

respectivel ychAgoteigé cdigédolalof comipdnfent | BE thendelécrreet améll&,r
E

A

¢’ is zero at the metal boundary and also that the

normal 'component of the magnetic flux density, B is

n ’
Zero.

The behaviour of such a waveguide structure is well \‘fJ

'-understood. Under excitation from external freqﬁency
~sources, characteristic field distributions or modes
will be set-up. These médes can be controlled by
variation of frequency, waveguide shape and/or size.
For regular shapes, such ~as rectangles, squares or
circles, the well-defined boundary conditions mean that
operation over a specific frequency band using a
specific mode is guaranteed. This is the case with most
rectangular waveguide systems operating in a pure TEIO \/
mode. This is known as the dominant mode in-ﬁhat it is
the first mode to 'Be encountered as the frequency is
increased. The TE,, type nomenclature dgsighéﬁes the
number of half sinusoidal field variations albng the x

and y axes, respectively.

Another family of modes in standard rectangular



-3- waveguides are the [err] nodes, which are treated in the same way.
They are differentiated by the fact that TEm nodes have no [err]
conponent, while TMm nodes have no H component. z The dielectric
wavegui de disclosed in U S. Patent 4,463,329 does not have such

wel | - defined boundary conditions. In such a glielectric wavegui de, fields
wll exist in the polytetrafluoroethylene (PTFE) cladding nmedium Their
magni tude wi || decay exponentially as a function of distance away fromthe
core~nmedium  This phenomenon also neans that, unli ke

con)g-e'nt i onal wavegvegaidesunareuschedd¥ nBymodessONWheeH" Efre Da vl WY t 8Gh
I n the wavegui de dependi ng upon the dif ence in dielectric constant
between the ntheusame wamwe. frThepnayeoididifardndnrudl byechdysaet! that
di mensi ons i nvol ved. The presence of these so-called "higher order”
modes is undesi rEBpg imodrat havg emeraEf enomppnemary f whiilehe TMoni nmodes
node, causing excess |oss. They cause, I'n certain cases, severemﬂnplitude
ri ppl e and they Eﬁﬁ?rPBqu fempeBenNphase stability under conditions of
flexure. A launching horn enployed in conjunction wth a

The dielectric waveguide disclosed in U.S. Patent
4,463,329 does not have such well-defined boundary
conditions. 1In such a dielectric waveguide, fields will
KW‘/ exist in the polyfetrafluoroethylene (PTFE) cladding
medium. Their magnitude will decay exponentially as-a
function of distance away from the core medium. This
phenomenon also means that, wunlike conventional
waveguides, numerous modes may, to some degree, be
supported in the waveguide depending upon the difference
in dielectric constant between the mediums, the
frequency of operation and the physical dimensions
involved. The presence of these so-called '"higher

order" modes is undesirable in that they extract energy

S
-~

(N away from the dominant mode, causing excess loss. They
cause, in certain cases, severe amplitude ripple and
they contribute to poor phase stability under conditions

of flexure.

A launching horn employed in conjunction wicth a
waveguide taper performs a complex transformacion from

conventional ‘waveguide to the dielectric. w&veguide.



wavegui de taper perforns a conplex transformati on from conventi onal

wavegui de to the dielectric wavegui de. Techni ques such as the finite’ o
el ement net hod may be used to make.this transformation as efficient as
possi bl e. However, the presence of any rnpedance discontinuity will result

in the excitation of higher order nodes. According to the present invention’
there is provided a dielectric wavegui de for t he transm.ssion

of el ectronagneti c waves conprisingga core of PTFE, one or nore |ayers of

PTFE cl addi ng &R ARugHesuch 88 ngheaifdnigee elament marhed i may f bet usedof—

an el ectromagnetically |lossy materjal enbedded in_sai d wavegui de, and ani,
el ect r omagnet i% sHPgPdi %& afé'lan@cﬁ?é‘ﬁarﬁ}@ai asc|efffoienghas npossible.
suppresion fijJters _ma af fi xed go a Iag The. node

Y, be ncher. €
suppresion fiHAEVET nr FOS PELSERSEN OX caRYs. “FH%SEBFS né{seencinuigrd,
unsi ntered PTEE;,.extruded,. si.ntere PTFE; ded, nsintered, porous
PTFE; or expaﬁﬁ&}, &S P %cﬁﬁgﬁ .°Wr%€§gfé‘%y°’é‘gﬂ¥am‘?ﬂ%sfi |l er.

The or each cladding | ayer may be extruded, unsintered PTFE; extruded,

sintered PTFE; expanded, unsi ntered, por ous PTFE; or expanded,
sintered, porouedrifihg £5¢ cHe?dt-dged Y TnvERE 1S AL E 15 provided a
dielectric waveguide for the transmission of

N electromagnetic waves comprising a core of PTFE, one or
more layers of PTFE cladding overwrapped around said
core, mode suppression filters of an electromagnetically Q,f)
|  ewbedled .
lossy material -ass-ac.u.;ad—buh- said waveguide, and an

electromagnetic shielding layer covering said cladding.

The mode suppresion filters may be affixed to a
launcher. The mode suppresion filters aré preferably
mica cards. The core may be extruded, unsintered PTFE;
extruded, sintered PTFE; expanded, unsintered, porous
PTFE; or expanded, sintered, porous PTFE. The core may
contain a filler. The or each .cladding layer may be \H!
extruded, unsintered PTFE; 'extruded, sintered PTFE;
expanded, unsintered, porous PTFE; or expanded,
sintered, porous PTFE. The cladding layer may contain a
filler. The eli}tromagnetic shielding layef covering
the cladding pfeferably is aluminized tape, and most
preferably is aluminized Kapton (Registered Trade Mark)
polyimide tape. The dielectric waveguide may be furcher
overwrapped wich a tape of carBon-filled PTFE.



filler. The electromagnetic shielding |ayer covering the cladding
preferably is alumnized tape, and nost preferably is alum nized Kapton
(Regi stered Trade Mark) polyinide tape., K The dielectric waveguide may be
further overwapped with a tape of carbon-filled PTFE. A dielectric
wavegui de enpbdyi ng the invention and incQrgorating node suppression
filters will now be described, by way of exanple, with reference to the
acconpanying drawings in which:- Fig. 1 is a side elevation of the
wavegui de, with parts of the waveguide cut away for illustration purposes,

andwal so showi ngy 0n@i é PeCEPES ; wadegdide a@nﬂbﬂ&@&igonaﬂhé/i efaveRéidd | Bnd

cross section, of the launcher taken along line™2-2 of Fig. 1; Fig. 3is a

perspective vi eindifpddatihg atddéecuppresbibhe fileewisde vkl NOASw be
suppression filters; and Figs. 4, 5 and 6 are perspective views of nodified
wavegui de core alescmiteedupbyeswagn Hfl texanmple ) twiklc| aederenved @t etche

| ayers omtted for clarity of illustration. The dielectric waveguide for
the transni ssi accadpanying drawings in which:-

Fig. 1 is a side elevation of the waveguide,
with parts of the waveguide cut away for illustracion

purposes, and also showing one launcher;

Fig. 2 1s an elevational view, partly in cross

section, of the launcher taken along line 2-2 of Fig. 1;

Fig. 3 is a perspective view, partly in cross
section, of the waveguide and mode suppression filters;

and

Figs. 4, 5 and 6 are perspective views of
modified waveguide core and mode suppression filcters
(% with the cladding and outer layers omitted for clarity

of illustration.

' The dielectric waveguide for the cransmission of
electromagnetic waves comprises a core of
polyctetrafluorocethylene (PTFE), one or more layers of
PTFE cladding overwrapped around the core, the core

and/or cladding having mode suppression filters of an



el ectromagnetic waves conpri ses a core' of - .
pol ytetrafl uoroet hylene (PTFE), one or nore |layers of PTFE cl addi ng
overw apped around the core, the core and/or claddi ng havi ng node

suppression filters of an -6- electronmagnetically |ossy materi al
enbedded therein, and an eIectronagnEtﬁc‘ shi el'di ng | ayer covering
t he cl addi ng. The node suppression filters are preferably mca cards. The

conposition of the higher order nodes which are created and supported in;
B T A R
and pi acenent®tn (PEesebebEbuRelh  EFIGIOINET, ClelBER" 8RR EREN L 2bken:
the dosirod rodfirafigy CTHE SHdde) MiprraReloh® Elitefs arld) pRegeRuBLy Ol O

no conponent 4{ed Nea e plane as the filters. However, the presence of
[err] and [er?ﬁ nmodes, where n [err] O would nmean that the filtering
action would start to take

The composition of the higher order modes which are
created and supported in the dielectric wavegﬁide
assembiy have field distributions which are unique from
the desired, fundamental mode of  propagation.
Subsequently, it 1is possible to filter out these
unwanted modes by consideracion and placement 1in the
waveguide of resistive cards such as mica. Placement of
the mica cards should be such that there is little or no

interruption of the desired mode.

Because the desired.mode is vertiéally polarized, it has .
no component in the same plane as the filters. However,
the presence of TEmn and Tan_ modes, where n 3 O,
would mean that the filtering action would start to take \_/
place on these modes, thus 1leading to their
attenuation. Depending upon the desired effect, these
cards can be oriented as desired. They may be of
arbitrary shape, but are preferably of the shapes shown

in the drawings described below. These shapes ensure

thac there is a smooth transition into the launcher

rather than an abrupt discontinuity, which would mean




place . on these - nodes, t hus leading to their attenuation.
Pependi ng upon the desired effect, these cards can be oriented. as
desi red, They nmay be of arbitrary shape, but are preferably of the
shapes shown in the drawi ngs descri bed bel ow. These shapes ensure that
there is a snoboth transition into the | aunehpr-rather than an abrupt
di scontinuity, which would nean -7- that the incident energy woul d be
reflected rather than absorbed. The filters may be inserted into the .
I agding by slitting the cladding and fitting themin place. Aternatively,
Y~ may be ethetdshe iincidant cenergy woulidnden séfleenddi natdmgchidiem
or sinmply forcing theminto the core material. Another nmethod is to cast
or secure then1|gb$%€b¢§unching horn. In the drawings, Fig. 1 shows a
dielectric wavegui de 10, according to the invention, having a core 12 wth
a tapered end 13, a cladding 14 surrounding the core 12, an electronagnetlc

Shi el g | Yot fhe SUEERRanT e, 0k Rl o ChBR A Sy
slitcting cthe cladding and fitting them in place.
Alternatively,. they may be ‘embedded in lthe core by
forming a slot and inserting them or simply forcing them
into the core material. Another method is to cast or

secure them in the launching horn.

In the drawings, Fig. 1 shows a dielectric waveguide 10,
according to the invention, having a core 12 with a
tapered end 13, a cladding 14 surrounding the core 12,
an electromagnetic shielding layer 16 surrounding the
cladding, and an external absorber 18 surrounding the
layer 16. When a launcher 20 with conventional flange
21, 1is connected to the dielectric waveguide 10,
electromagnetic energy enters the launcher 20. An
W impedance transformation is carried out in the taper 13
of the core 12 of waveguide 10 such that the energy is
coupled efficiently into the core 12 of dielectric
waveguide 10. Once captured by the core 12, propagation
takes place through the core 12 which is surrounded by
the cladding 14. The core 12 is polytetrafluoroethylene
and the <cladding 14 1is polytetrafluoroéthylene,

preferably expanded, porous polytetrafluorcethylene tape



21, is connected to the dielectric waveguide 10, el ectronmagnetic,
energy enters the launcher 20. An i npedance transformation iss carried
out in the taper 13 of the core 12 of, wavegui de 10 such that the energy is
coupled efficiently into the core 12 ofo. gelectric wavegui de 10. Once
captured by the core 12, propagation takes place through the core 12 which

I s surrounded by the cladding 14. The core 12 is polytetrafl uoroethyl ene .
and t he cl addi ng 14 S pol ytetrafl uoroet hyl ene, preferably -
expanded, poroverwpphppetr avieroraatdyl2ne Thee claddingviayeepléd mawerbeor €.
12. The cl adding | ayer 16 nmay be of ol yt et raf l-uor oet hyl ene extruded £/
over core 1@f mephgaatmflmeﬂw&ne/claamﬁudyd nt eveace corearnkds the
energy. Mdde suppression filters 15 nay be secured to the wall of |auncher
20. The fil tRrepagasienofuses cthet conedndaddingy ineceyfaceetioalharnass
preferably are mca cards. To_ prevent cross-cQupling or interference from
ext ernal sour Ele, engxgd.cctMasitgiupprressien fidters plvRard bes sggureds

the external absorber_ _18.. _ The_ shield i referably al um ni zed Kapron
(Regi stered TFad&henr¥gll of launcher Sb. Thed ' filrers’ 15 are of an '

electromagnetically lossy material, and preferably are

mica cards.

To prevent cross-coﬁpling or interference from external _
sources, the electromagnetic shieid 16 . is provided as \ufj
well as the external absorber 18. The shield 1is
preferably aluminized Kapton (Registered Trade Mark)
polyimide <tape, and the absorber 1is preferably
carbon-filled PTFE tape.

Within the opening 17 of launcher 20, shown in Fig. 2,
the mode suppression filters 15 are secured to the
launchipg horn 20 such that, upon insertion of the
waveguide 10 into the horn 20, the filters 15 may or may \u)

not penetrate and become embedded within the cladding 14.

In the embodiment of Fig. 3, rectangular mica cards 15
are inserted into slits 1in the cladding 14 and are
oriented in the horizontal plane as shown adjacent the

core 12,



pol yi m de tape, - and t he absorber. is preferably carbon-filled
;:PTFE 'tape. Wthin the opening 17 of |auncher 20, shown in Fig. 2, *the node
suppression filters 15 are secured to the l.aunching horn 20 such that, upon
_insertion of the waveguide 10 into the horn 20, the filters 15 may or may
not penetrate and becone enbedded withindhge £ladding 14. In the enbodi nent
of Fig. 3, rectangular mca cards 15 are inserted into slits in the
cladding 14 and are oriented in the horizontal plane as shown adjacent the--

corg 12. -9- Fig. 4 shows a core 12 with node suppression filters 15
| odaf ed adj acefdg.t hershtaws aThereclideiich moie suppressieni fijiters 15
onftted for clarity of illustration. Fig. 5 shows an alternative enbodi nent

of core 12 havilecatedng@diacenshapderetmde Theppradaddimg femder outersa
positioned adjacent thereto. Fig. 6 _shows a further alternative enbodi nent
of core 12 havi¢@veringgugse gngsﬁed foneclapbrxsefodliuprrasions
positioned adjacent thereto in an inverted configuration fromthat of Fig.
5. The cl addi ng and outer coverings

Fig. 5 shows an alternative embodiment of core 12 having
triangular shaped mode suppression filcers 15A

positioned adjacent Ehereto.

Fig. 6 shows a further alternative embodiment of core 12
having triangﬁlar shaped"mode suppression filcers 15B
positioned adjacent thereto in an inverted configuracion
from thact of Fig, 5. The cladding and outer coverings
are omitted from Figs, 5 and 6 for clarity of

il1luscration.



are ontted
CLAI M5 1.

el ect romagn

el ectronagneti c®shy
di el ectric wavegui de accortling to claim1, wherein said node suppression_

from Figs. 5 and 6 for clarity of illustration.
A dielectric wavegui de for the transm ssion of

ﬁ I erial enbedded in said wavegui de, and an
yer covering said cladding. 2. A

filters are enbedded in said cladding. GBAIMS A dielectric wavegui de

according to claiml1, wherein said node suppression filters are enbeddéﬁﬁé

in said core.

4, A dielectric wavegui de accordi ng to any

preceding claim wherein said node suppression filters are ‘m ca cards.

A dielectric havegui delacHlRcRFiG vR¥eanide farei the attaapsmd ssdanctefided,
unsi ntered PTFE; extruded sintered PTFE;
or -expanded s®heGFEQUAGRLLiC waves compr

ng a core of PTFE, one or

more layers of PTFE cladding overwrapped around said

coré, mode suppression filters of an electromagnetically
embedded in _

lossy material -a-seee-;.-a-e-ed—w-aﬁh- said waveguide, and an

electromagnetic shielding layer covering said cladding.

2. A dielecrric waveguide according to claim 1,
wherein said node suppréssion. filters are embedded in

said cladding.

3. A dielectric waveguide according to claim 1,

wherein said mode suppression filters are embedded in

said core.
4, A dielectric waveguide according to any
preceding claim, wherein said mode suppression filters

are mica cards.

5. A dielectric waveguide according to claim 1,

wherein said core is extruded, unsintered. PTFE; extruded

sintered PTFE; expanded, unsintered, porous PTFE, or

expanded sintered PTFE.

féfanded, unsi nfered. porous PTFE,

eIectronagHEFTE‘EHves\cQﬂpLLE%ng a cqre of PTFE, one or nore |layers of 'PTFE
cl addi ng ovﬂ”l’ﬂmgﬂr ound said core, =-mdfe -suppression filters of an



-3

6 A dielectric wavegui de according to claim 1, wherein said core
*and/ or sai d cladding contains a filler. 7. A W
according to claim 1, wherein the or each.said cladding Iayer ruded,
unsintered PTFE; extruded sintered PTFE exp mm gm or ous
PTFE or expanded sintered porous PTFE. 8.11 - A di amn
according to claim 1, wherein said shielding | ayer is* alumi‘ni zed tape. 9.
A dielectric wavegui de according to claim38, overwapped with a tape of
carbon-filled PTFE. 10. A dielectric wavegui de according to. claim 1,
afd.mhen used 6 n associAt iddeleictiriz | wamegizddehoaccondingi rtosacdlali:udel
suppression filters are secured to said |aunching horn. 11.
di el ectric waviteredn ssatd garelandier teakd e ng)etbwtainSe&efﬁhl;erto
t he acconpanyi ng draw ngs.
7. A dielectric wavegulide according to claim 1,
wherein the or each said cladding layer 1is extruded,
unsintered PTFE; extruded sintered PTFE; expanded

unsintered porous PTFE or expanded sintered porous PTFE.

8. A dielectric waveguide according to claim 1,

wherein said shielding layer is aluminized tape.

9. A dielectric waveguide according to claim 8,

overwrapped with a tape of carbon-filled PTFE.

10. A dielectric waveguide according to claim 1,
and when used in association with a launching horn,
wherein said mode suppression filters are secured to

sald launching horn.

11. A dielectric waveguide substantially as herein

described with reference to the accompanying drawings.




