..2208757 A DI ELECTRI C WAVEGUI DE This invention relates to a dielectric
wavegui de for the transm ssion of electronagnetic waves.

More particularly, the invention- relates a dielectric

havi ng means: for higher .order node suppres |on El ectrorragne Zﬁ@%dfare
charagterised by the presence * of an elictrlc field vector E orthogonal
to a ghetic field vector H - The, oscillation of these conponent s
produces a resultant wave which travels in free space at the velocity of
light and is transverse to bOthQLQitﬂ§§f§E§Lﬁé¥E§3 gower nmagni t ude and
direction of this wave is obtai -ig—vector gi ven by: 2
[err] El'ectromagnetic waves may exist .in both unbounded nedia (free
space) and boundednedi a “(such as coaxial cablé or waveguide). This

invention rel aiggy g%%vaacaé gbeat 'a%q%%tm vﬁ‘difef dé nfo,_a the

bounded . nedlun1 and, - 1n particular in a dielectric waveg

propagati on of rHAEMIYERGIEt i C SPErgYelect2bRaphagsei N a«hﬁunaed nedmyﬂa it
i s necessary that Maxwel|'s Equati.ons are satisfied when the appropriate
boundary condi ijsaitd clardip ot invention relates to - a dielectric

waveguidefhaVing means for higher order mode suppression.

- Electromagnetic fields.are3characterised_by the presence'
< .- ofpan:electricafieldlvector_E.orthogonaljto a magnetic
) field vector " H. . The. oscillation- of these components

prOduces'a resultant wavé:which:travels-in*free space at.
the’ velocity of light and ‘is transverse to both field
vectors._ The- power. magnitude and direction of this wave
“is obtained from the Poynting vector given ‘by:
'P=ExH(Watts /a?y .
AhlElectromagnetic waves may exist in both unbounded media
didf(free space) and bounded media (such as coaxial cable or

'""5*fwaveguide)vi:This invention relates to the ‘behaviour of

Fﬁfuléié *magnetic energy in a bounded medium and, in

hparticular, in a dielectric waveguide.fM;

- For propagation'of electromagnetic energy'to take place
-in a hbounded medium,- it is necessary' that Maxwell's
_Equations are satisfied ‘when the appropriate boundary

_ conditions are employed.



2 In a conventional netal wavegui de these conditions are that " the
tangential conponent of the jelectric field [err] is zero at the netal
boundary and al so that the nornmal conponent of the nmagnetic flux density,
[err] is zero. The behaviour. of such a waveguide structure is well
under st ood. Under excitation from ex@ernal frequency sources, o
- characteristic field distributions or nodes will be set up. These
nodes can be controlled by variation of frequency, wavegui de shape
and/or size. For regular shapes, such as rectangles, squares or
circles, theInel 8- comvient isnaldargtabniavegwidearhesat consdiniions ogve a
specific frequency band using a specific node is guaranteed. This is _the
case with nodhatectthegutanserdali deonponens opdr athey ehegtpice fietd
node. This is kngmn as the-donLnant nmogde in that it iis the figst npde to
be encount er & sas 1BheZFRqEMmcFhes PetaLadoyndary,apd, 8189 (Ehak eRbeat ure
desi gnates the nunber of half s“nﬁsoidal figld &aria&ion al o thf x and
y axes, resp&QTmAd yCORRBPABF OF ofPey magnetic flux densiry, ¥, Is-

rectangul ar @&¥§9uides are the [err] nodes,. which are treated in

The behaviour of such a waveguide structure is well
underé;ood; Under excitation from external frequéncy
‘sources, characteristic field.3distributions or: modes \“2
will be set up. These modes can be controlled b&.
_vafiation_ of frequency;. waveguide shape' apd/or size.
For regulaf shapes, such és_ rectangles, squafes or
| circles, the well-defined boundary conditions mean that
operatioﬁ over a :specific' freqﬁenCy baﬁd 'déing- a.
specific mode is guaranteed. This is the caée ﬁith most
rectangular waveguide systems qpefacing' in a pure TEip
mode. This is known as the'domihant-mode=in that it is
the .first mode to be encountered aé the fréQuency is \~J.
increased. The TE__  type nomenclature- designates the |
number of half sinusoidal.field variations along the x

and y axes, respectively.

Another family of wmodes in standard rectangular
waveguides are the Tan modes, which are treated in

the same way. They are differentiatea by tﬁe fact that



the sanme way. - They are differentiated by the fact that 3 [err] nodes
have no [err]- conponent, - while TMm nodes have no H conponent. z A
dielectric: waveguide is dlsclosed in US. Patent 4,463, 329. This
wavegui de:  does . not have - such mell4defined boundary.conditions. In-
such a dielectric wavegui de, fields 3 wll . exist ~ in_
the-pﬁ?ytetraflUQroetherne (PTFE) cl addi-ng nmedi um Thei r magni t ude
wi'll . .decay exponentially -as a function of distance away from:the
core ‘nedium Thi s Bgeno non al so means

‘conventional ThmmegBPHES,  PAYfer 8Os the§°ﬁﬁyn%5 EsoHngsbfgyhp p&odes

supported int gui d i.ng upon the difference ‘in-drelectric
“const ant betmegﬁvpﬁﬁgngz gﬁgggpﬁgqfrequency of operation and t he physi cal

di mensi ons involved. The presence of these so-called "higher order" nodes
is undesirable in that they extract energy away fromthe doni nant node,

oo e o ielgertoveyeptes 18 FauskIoese st SO aceny
condi tions of &l @s3,829. This waveguide does not have . such
veli-defined-boundary conditions: In such a:dielectric:
waveguide,. ) fields Cwill r_exi§t~b: 'in the
-polytetrafluoroethylene (PTFE);_cladding -medium;: ‘Their
\./. - magnitudeh will decay exponentially. as a'pfunction of :
- distance away from the _core-'mediuml' This phenomenonf7'
~also - means that, unlike.";conventionai: waveguides;ir"'
'numerous modes may, to some degree, be supported in the
‘_waveguide depending upon the difference in dielectric
f_:constant between the mediums, the frequency of operation i

- and the physical dimensions involved . The presence of .

o ffthese so-called "higher order modes is undesirable inhf .

hthat they extract energy awai“ ron the dominent mode,a}-

";; causing *excess 1oss.': They caus ,_,in certain cases,ffs

R severe amplitude 'ripple 'and they contribute to poor'f

;phase stabiIity under conditions of‘flexure.

A 1aunchingi:horn _empioyédylin"conjunction"with"a
-waveguide'. 'taper ' ¢performs: a 'fcomplex .'impedance
| _transformation from . conventional waveguide to the
dieiectric- waveguide; Techniques such asu‘the. finite

'element method ‘may be used to make this transformation



A launching horn enployed in conjunction wth a wavegui de t aper
perforns a conpl ex I npedance transformation - from conventional
waveguide to the dielectric waveguide. Techni ques such as the
finite el ement nmethod may be used to nake this transformation -4- as_
efficient as possible. However, the presence4oF any i npedance %ﬂﬁ

di scontinuity will result in the excitation of higher order nodes. = -
According to the present invention there i's provided a dielectric wavegui de

o A RO i ok
PTFE
a hi gh(er)oftje?'ﬁ%%gaﬂeg h?ég:gapgnqal%g %Il?" S \eﬂ%?r&%ﬁa%‘%ret :’J(%ﬁgq:'ll nc%rfe (c)

materi al covegjj e}abéd%Ea%%H%%1 sald hlgher order node suppreSS|on Iayer
provi di ng suppréssion of nodes ot her than the domi nant node; (d) an

‘el ectromagnetic shagkdradngdte the' pried@ntdifivention there is provided
a dielectric waveguide for the transmission of
electromagnetxc waves having a dominant mode and higher
order_modes, said dielectric waveguide comprising:
(a) a core of PTFE; o
(b) at_least'one layer of PTFE cladding wrapped | \_)
around said core; | | |
(c) a higher order mede'suppression.layer of an
electromaqnetically_lossy material_coverin§.said
cladding, said hiQher or&er mode suppression layer
providing suppression of modes other than the
dominant mode; |
.(d) an electromagnetie shielding'lafer covering.said
mode sﬁppression_laYe:: ahd .
(e) a ‘carbon-filled PTFE tape COvering said
electromagnetlc shielding layer.
The mode suppression layer is preferably a tape of
carbonffilled PTFE. The core may be extruded unsintered

PTFE; extruded, sintered PTFE; expanded, unsintered,"'



node suppression.layer; and (e) a carbon-filled PTFE t.ape covering said
electronagnetlc shielding | ayer. The node suppre55|on | ayer is preferably a
tape of carbon-filled PTFE. The core may be extruded unsintered PTFE;
extruded, sintered PTFE; expanded, unsintergd, - - 4a - -porous PTFE; or
expangﬁg;'sintered; porous PTFE. The core may contain a filler. The_or '
each clTadding | ayer may -be extruded, unsintered PTFE, extruded, sintered
'PTFE; expanded, unsintered, porous PTFE; or expanded, sintered, porous
PTFE. Such a c| pddiong FETEP muyeupamded,asﬁmtbmed,TperahecEﬂmmagn&he:core
shi el ding layer covering the node suppression |ayer is preferably

al um ni zed Kapt oay( toatainhak)fiddeyi.ni Thet ape each sladding rlnayemmguib@e
enbodying the invention will now be particularly. described of

exanpl e, with eEkERdade HOSIREexecoRBER ﬁgﬁté’ﬂléﬁidng§1mem¢ﬁcﬁ'1‘¥'ml gure 1

is a side elevation, with parts cut away for
expanded, unsintered, porous PTFE; or expanded, sintered,

porous PTFE. Such a: cladding laye: may conta;n a flller.
The electromagnetic shielding layer covering the mode

_éuppression layer is prefergbly_aluminiZed Kapton (Trade

Mark) polyimide tape..’




i | lustration purposes, of the dielectric wavegui de and showing one

| auncher;

and Figure 2 is a ¢ross-sectional view of the dielectric

wavegui de taken along the line 2-2 of Figure 1. The dielectric waveguide

for

t he

transm ssion

in more detail conprises a core of molytetrafluoroethylene (PTFE),
or nore |ayers of PTFE cl addi ng overw apped around the core, a node <
suppression layer of an electromagnetically |ossy material covering the
cl addi ng and an el ectromagnetic shielding | ayer covering the node -

suppressi on A agfelect¥he wmdguidepesbsdping! aher invenuidmerwbly now tape

of

of .el ectromagneti c waves and to be described below .

e .

one .

carbon-filled PTFE. Anot her el ectromagnetically lossy material -l ayer

i s placed ar hend paetteubarlyo deseortibedy oyt r avgpuso £neeggmpTég opgeht i on
of the waveguide to be described is based - 6 on the prem se that, unlike
t he required rrfewehoedec i the aicedtmpanyingadegwiogs fhewhigher order nodes.
exist to a far greater extent in the cladding. This bei ng the case,
suppression layer is placed around the cladding to absorb the
unmanted nodes, as they jnpi nge

node

on
Figure 1" is a side elevation, with parts cut away for
illustracion purposes, Qf the dielectric waveguide and

showing one launcher; and .

Figure 2 is a cross-sectional view of the dielectric

wavsguide taken along the line 2-2 of Figure 1.

The dielectric waveguide for rhe transmission of

electromagnetic waves and to be described below in more

detail comprises a core of polytetrafluoroethylene

(PTFE), one or more layers of PTFE cladding overwrapped-

around the core, a mode suppression layer of an

electromagnetically lossy material covering the claddlng

- and an electromagnetic shieldlng layer covering the mode

suppression layer. The wmode suppression layer 1is
preferably a tape of carbon-filled - PTFE. Another
electromagnetically lossy material layer 4n?t—be-placed

around the shield to sbsorb any extraneous energy.

The operation of the waveguide to be described is based

a



the cl adding/free space  interface. |In so doing. care nust be taken not
to.truncate the electric field distribution ,of the required guided
pode, as :it  too.-decays exponentially into the cladding. This is
controlled by the amunt of cladding ,used. The so-cal |l ed node:
suppression. layer may be .of carbon-filled6PTFE.- A shi el ding | ayer

pl aced™ar ound the nopde suppression l.ayer and another el ectronmagnetically

| ossy material |ayer .- placed around the shietd to absorb any

ext raneous _ener% -_@_"gggg?lﬁh% g’i‘.“fﬂ? e&tléi_\%g gg%gggigq‘g&e%;\c};ﬁ{g nﬁbrto .

_ t he i nvention rts of t el‘ectrrc

[ lustration | rapeser-ihoqabauIshel hatiipnarae abact! s 2 1

connected to ectric wavegu w t hi seat I ndi cat e

dashed |ines, o eghfOrREMLAE eRBBAYY BN BhE dIMAAINRUNCHER1s 2Be1AR th
i npedance transformation is carried-out .in the tapeP%EB of the gorg f% %ﬁ

a0 nuhd ok {ngden gt esstue, St erphcee i 12
~ takes place thralghifidye eorebddrbhhe uavantedumddésbias they impinge on
' |  the éladding/free space ihterface. in so doing, care
‘must - be taken. not to truncate the electric field :
_disffibution of  the fequired..guided mode, as it too.
i _:l'_decéys exponentiallj__intd' the;'ciaddingr 'lThis  is  _
| -chnfroiled by the -amount of'apladdiﬁg"ﬁSed.,_.Thef.
soécalled'ﬁqde ;uppressionflgyer may be of Carbon-filleé“:”"
_PTFE. A shielding laye? §§ﬁé$é_p1aced around the mode
._suppression_nger.and_anbther electromagnetically IOSsy-_.
..gaFerial_léyer auei?ui.plgced afouqd.the;shield to absorB 
any extraneous -energy. - .

" Figure 1 shows & dielectric wavegulde according to the .
" invention; with parts of the dielectric waveguide cut
'th?é'3f§éJii}q§trétioﬁZpufposés;’1ﬁﬂén“iaﬁﬁchgﬁ:20ﬂwifh'”
Vgéshﬁ?nfigﬁélfiflanse- 21 1is .c§pnectéd:'tb. dielectric
  - ﬁg%eépidejid;'within seat 12' indicated by the dashed

| lineé,' electromagnetic enefgyr'entefs'.the:flauhcher 20; |
'An;impedance frahsformatioﬁ isiéarried out in the taper
13 of the core 12 of waveguide 10.such thét the energy
is 'c_ouplze'_d' efficiéntly into .the core 12 of dielectric'_

waveguide 10.'-dnceICaptured-by'the core 12, propagatidn



cl adding 14. The core 12 is pol ytetrafluoroethyl ene and the claddlng 14 is
pol ytetrafl uoroet hyl ene,.. preferably expanded, -por ous

pol ytetrafl uoroet hyl ene tape over- w apped over core 12. - -

Pr opagati on uses the core/cladding interface to harness the energy.
Mode suppression |ayer 15 covers the cIaddlng 14. Layer 15 is a layer, of
an el ectronagnetically [lossy material. Preferably, the. node
suppressi on | ayer 15 - is carbon-filled PTFE tape overw apped about the
cladding 4. To prevent cross-coupling or interference from external

" sources, an etalces ophgnet ithrohigh dtlié icerpr A2 debies dsl |sumsourdded ebyer nal
absorber 18. The shield . is preferably alum nized Kapton (Trade MarKk)
pol yi ni de tapeladdithg hk4absBheercore [l ris palyvetfaflecrsdtiylepe. afdgure
2 is a cross-sectional V|em1 of dielectric wavegui de 10 taken al ong
line 2-2 of Rtherelpdding ny4 retqapg&w&et@mféumo&mhempedmfnmhbx 14
covered by node su preSS|on | ayer 15 and SE shi Id | ayer 16 and

absor ber | ayeXpgnded, 1 DPOTRUE| o| RRIYFRLLA g %thﬁ e‘E'ﬂe 48R m Q¥EBN of

| h :
ol ot rOmRINe) Capped” "Svel? ® o “a“izrmde Fropaghti.

uses the
co:e/cladding interface to'_harngss; the energy. Mode
‘suppression layef 15 covers the cladding 14. Layer 15
is a layer of .an electromagneticélly lossy material.

Pfeferably,. the mode  suppression 'layér 15 is- \
carbon-filled PTFE tape-bverwrapped about the cladding 4.

To prevent éross-coupling or intefferencé from'éxternal.
sources, én electromagnetic shield 16 is provided as -
well as an external absorber 18. The shield 1s

preferably aluminized' Kapton (Trade -Mark) polyimide
tape, and the absorber is'f@eieyeb%yecarbon-filied PTFF .

tape .

Figure_ 2 1is a cross-sectional view of dielectric
waveguide IQ faken along'liﬂé:Z-ZTOf Figure 1 showing
reCténgui#r core 12 overwfapped with tape 14 covered by
mode suppression layer 15 and showing shield layer 16

and absorber”layér 18.



_brder nodes, said dielectric wavegui de conprising: (a) a core of PTFE (b)
at | east one layer of PTFE cl addi ng wapped around said core; (c) a higher_

prder -node: suppression layer of an el ectromagnetical |y | ossy -mat -
covering said cladding, . said higher order npde supp%essrﬁ“’TE?E’gL?§V|d|ng..

suppr éssi on of nodes ot her than the. don1ndﬁt nod gnetlc
shi el (°:h‘°ng | ayer covering said node suppression Iaiﬂ‘ m mg
carbon-filled PTFE t ape.covering said el ectromagn C ¢ | 8i n Iayer :

A dielectric wa ' according to claim1l wherein said nnde,suppre33|on

| ayer is a tape. “carbon-filled PTFE. 3. = A dielectric wavegui de

according to claim1 or claim 2, wherein said core is extruded, sintered -
or unsintered, PTFE. 4. A dielectric wavegui de according to claim1 or . -

;'Tg'Em 2, wherei ny sai %C&i@lé&fwmuﬂ@tféfdtm R BESon FOE OUS
electromagnetic waves_having a dominant mode and,hrgher.
order modes, said dielectric.waveguidefcomprising:
(a) a core of PTFE; | | '
- (b) at least one layer of PTFE cladding wrapped
~around said core; - B
_(c) a higher order mode suppression layer of an
' electromagnetlcally lossy mater1al covering said
cladding, said higher order mode suppressxon 1ayer” ;
'providing suppress1on of modes other than the , |
' dominant node; _ | | |
(d) an electromagnetic shielding layer covering said

'jmode suppression layer. and

'f(e) a carbon-filled PTFE tape covering said f

lectromagnetic shieldingflaye:

”A dielectric waveguide according to claim 1 wherein R

":said mode suppression layer 1s a tape of carbon-filled

o PTFE.

. 3. - A dielectric waveguide according to claim 1 or.claimf-f



5. A dielectric wavegui de according to any precedi ng claim wherein-said
core contai. .Adielectric wavegui de according to any

preceding cl ai ‘“F or each said cladding |ayer is extruded,
sintered o \g‘\\‘[@ \“\:\ A dielectric wavegui de according to any
one of cIa wherei n the or each-sai€ cladding |layer is expa d d,

sintered or unS|ntered porous PTFE. 8. A dielectric wavegui de accoiding
to any precedi ng clain1 wherein the or eaCh said.cladding | ayer contains a

filler. 9. A diel ectricwavegui de substantially as herein described with
reference to the m@a*@ qmgﬁv, q;g]sextruded, sintered or unsintered,

PTFE.

4. A dielectric waveguide according to claim 1 or claim
.2, wherein said core is expanded, sintered or unsintered,

porous PTFE.

5. A dielectric waveguide according to any preceding

claim, wherein said core contains a filler. \J

6. A dielectric wavequide.accordinq to any preceding
claim, wherein the or each said cladding layer is

extruded, sintered or unsintered, PTFE. =

7. A dielectric waveguide according to any one of clainms
1 to 5, wherein the or each said cladding layer is
. expanded, sihtered or unsintered, porous PTFE.
8. A dielectric waveguide according to any preceding
claim, wherein the dt each said cladding layer contains a

filler.

9. A dielectric waveguide substantially as herein

described With reference to the accompanying drawings.




