- 2207816 A DI ELECTRI C DELAY LINE This invention relates to delay i nes
for effectd ng desired tinme del ays I n t he transm s

‘el ectromagnetic waves. Transmission |ines used to obtain puﬁieTﬁ ng éebays
are one class of structure known as delayllines. The |ine nust be rather

| ong gven for small tinme delays since the el ectromagnetic waves propagate
at a speed close to the speed of light. Special conpact |owvelocity lines

have been developed to avoid this_inconvenience. ,. The nost common type
is a coaxial line, in whicA DIELECTRIL DEIAY LINE is a helix. . The
vast nmajority of the so-called “"electric" .. delay | i nes are

-arti-ficial : transnlsS|on l'i nes conS|st|ng of “l'unped capacitors and

i nduct ors tat ns |caII reali,zabl e _anp de- ,and
phase- trahsfeﬁﬂﬁh% suﬁﬁ%ﬁ Fﬁb F&@?ici#“&éla§9rob?g¥ﬁﬁﬂ 1pg not
exceed the or fe Ise Longgr t| el ay.s e ach| ved
with acousti gFesafﬁt |:‘¥%§§ e‘@éﬁ?ng i cousﬁ‘% “ﬁ”é&é&ﬁ

el ect romchan'&ﬂcéfﬂ@&mé Wvdde -

Ttansmission lines used to obtain pulse time delays are
"_one_class=of structure known as delay lines.. The line

\ musttbe'rather long:even'for small time delays since the
eiectronagnetic wsves propagate at a.speed close to the
speed of lignt._ Specia1 com§act-low-veiocity lines have
been developed to avoid this inconvenience. The most
common type is a coaxial line, in whicn the inner.
conductor. is a helix. The wvast majority of the
so-called '"electtic" delay : lines are attificial
transnission'lines consisting of lumped oapacitors and
inductors. - The: limitations ' of physically realizable
amplitude- ‘and phase-transfer functions are such that

- the practical delays obtained do not exceed the order of
a few-pulse periods. Longer time delays are achieved

- with 3aooustie delay 1lines, employing aéoustio wave
propagation end electromechanical transducers at the

input and output.

Though very small, flexible and compact,:a coaxial cable

delay 1line ean-have problems at higher frequencies in



i nput and out put. Though very small, flexible and conpact, a coaxial  cabl’e
delay line can have problens at higher frequencies in 2 that it <exhibits -’
very high insertion |loss. The actual amounts of delay required wusually ?
~involve very long lengths of cable. ' ,CGeneration of power at these

frequencies is extremely expensive and, tfierefore, this is an inportaft; '
factor. Conventional netal waveguide delay lines .are rigid coppéif?"’-L
tubes which are difficult to package and pose nunerous installation

problens.  Applalters @r ebaWiWst hvé Py S highoeinsfcide! Avgsl.i NeThd Sactliat  of

di spersion-. Dispersion is . the " phenonenon wherein different
-~ frequencies: taaotinty t bRl idediagnt requdsied easuallllys iypeloe deeey |18fgcan
provi de a situation whereby, over a band of frequencies, there wll be

Tadi cally difflengthsval ofs faublehe abGehatratiiohay.of power at these
frequencies 1is extremely expensive and, theréfore, this

is an important factor.

Conventional métal. waveguide delay 1lines are rigid
copper tubes which are difficulf to péqkage 5aﬁd; qug
numerous installation préblems. _ Another 'problem wi;ﬁj_\'j
this type of delay line is that ;f dispefsipﬁ? )
Dispersion is  the .phéﬁomenoﬁ'. wherein different
frequencies travel witﬁ different velocities. Thié-type -
of-deiéy iine'can'provide a situation whereby, 6ver a
band of frequencies, there will be radically d_iffere_nt _

values for the absolute delay.

Down-converters . with surface acousﬁic wave delay lines
involve down-converting the microwave/millimetre  wave U
signél to a low ffequency acoustic signal which may'be

delayed using a surface acoustic wave delay'line,- This

line will only work over a narrow band and is thus of

limited use.

U.S. Patent .4;463,329 discloses a dielectric waveguide
of a shaped ~ article - having a core of

polytetrafluoroethylené'and having one or more layers of



Domn converters with surface acoustic wave delay |ines involve

down- converting the m.crowave/ mllimetre wave signal to a |ow frequency
acoustic signal which may be delayed using a surface acoustic wave del ay
line. - This lifie will. only work over a narrow band and s thus of linited

use. US Patent 4, 463, 329 di scl oses a dlelectrlc wavegui de of ~ a

shaped artlcle . having - a core- - ef3pelytetrafluoroethylene and
havi ng -one or nore’ Iayers of 3 expanded, porous palytetrafl uoroethyl ene
overw apped on.or * - ‘around the core. U S. Patent.4, 603,942 discloses a

. flexi-ble mavegurde for transmtting waves froma sensor. nounted on a gi nbal
whi ch i ncludes. &wd@%rﬁﬂ#@%ﬁg?‘glftwﬁlu¢mﬁiﬂmm¢emppsﬂ Lol 0¥ y

of flexible p0|%F?tr%£hﬁ¥¥oeth lene fibres bundled within the sheath and

|nclud|ng ater toupled to.at: Jleast one end thereof, with

the
U.S. Patent 4, 603 942 discloses a flexible waveguide for
-'uiZtransmitting ‘waves- from a sensor mounted on a gimbal which
nincludes a cable—comprising an. outer=flexible sheath and a
| o 'plurality of flex1ble polytetrafluoroethylene fibres .
's\~/:E]”f;j 3g-bundled w1th1n the sheath and 1ncluding a. termination

flange coupled to at: least one end thereof with the
”r?flange 1ncluding a wedge-shaped plug and a tapered cavity
_engaging the end of the cable..fa_“'

' According to the present 1nvention there is provided a
T:delay line comprising a length_L,of a dielectric waveguide

5fhfor the transm1ss1on cf electromagnetic waves, said

.more.layers of

luo_oethylene (PTFE) overwrapped around said
core- "within-'ui\ere.w\ o | :
- T = KL/ C L

_in which T is the total time delay, c is the velocity of
light.in_freerspace and K.is;the delayaconstant for said

_dielectricjwaveguide: said one.or.nOreflaYers-of :



fl ange including a wedge-shaped plug and a tapered cavity engagi ng the end
of the cable. According to the present invention there is provided .a del ay
|1 ne conprising a length-L of a dielectric wavegui de for the transm ssion.
of el ectromagnetic waves, said dielectric waveguide having a core of

pol ytetrafl uoroet hyl ene (PTFE); one or nore |ayers of * N
pol ytetraf | uoroet hyl ene (PTFE) overw apped around said [err] in mhich”ﬁﬁis

the total tinme delay,. c is the velocity ofttight in free space and K is
the delay constant for said dielectric waveguide; said one or nore |ayers
of - pol ytetraf | uor oet hyl ene (PTFE) having an el ectromagnetic shi el di ng

R Z%Z'SF Z2rareEXﬁﬁﬂ??gﬁi‘%ﬁg?’@?%ﬁﬁ%ﬁéﬁﬁ?&@L?@r"r&&% 4 ﬁé%_%%e%é i
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' ) further-ove:wrapped with a tape of carborn-filled PTFE.

The core,maj be extruded, unéiﬁferédffoE:ﬂ'extruded,

sintered PTFE; . expanded, unsintered, porous PTFE; or

expanded, sintefedlipc:bus;PfF35 'The;br_éach PTFE layer |
- may be_éxtruded}_unsintereq;PTFﬂr_eXtruéed, sinfered PTfE; \4}

expanded, unsintered, pbrous-PTFE:"or~éxpanded,



_ nay be extruded, unsintered PTFE, extruded, sintered.PTFE;, expanded,
_unsi.ntered, porous PTFE; or expanded srntered porous, PTFE. The core -
and/ or. each | ayer may- contain a. filler. In'a preferred enbodi ment, the ~
delay line is overmrapped over a nendrel, and may be overwrapped in a . .
S multip{gcity of waps. The delay line [erdESan el ectromagneti ¢ shiel di hg

| ayer which preferably i s aluninized. Kapton (Regi stered Trade Mark)
pol vimide  tape. -“[err] [err] Delay Ilines enbodying the invention
w !l -now be partlcularly deéscri bed by way .of exar | e only with

reference to sinmersdsornr¥gusgPIFLni ng'Etl¢ncmecran Qur eathi dayesi deay

~elevation of a dielectric mavegurde for forimng ' one of the delay *
lines,..with pacentadn &wéﬁ ﬂPKUstratlon pur poses and shomnng one Iauncher

Flgure 2 is a cross- sectlonal VIEM/ of the dlelectrlc ' o

In a preferred embodiment, the delay line is overwrapped

over a mandrel, and may be overwrapped in a multiplicity
| of wraps.nh' _
S k*s';' P - o o
The delay line :nay——ébue_ an electromagnetxc shieldinguﬁ

;layer which preferably is aluminzzed Kapton (Registered ,-".

' »_Trade Mark) polyimide _tape.r

~Delay 'lines--embodying. thefiinventioni will now be
‘ . Y Wway eg e.\«m*b only _ o ’ o S
ﬂ.__particularly : described L. wich l_reference_" to. the:

[gyaccompany

ing~drawings in which -

'side elevati

=die1ectric'waveguidef

one Of the delay'linES, With parts. cut. awayfff'i}

foriITu tration purposes and showing one launcher-i"' :

B 'iFigure. is a. cross sectional view -of the- dielectric-'
_waveguide of Figure l taken along the line 2- 2 of Figure -
T :_ N o . L

Figure 3 is a side elevation of one of the delay lines:

with coupling launchers at either end of the line,



wavegui de of Figure 1 taken along the line 2-2 of Figure Figure 3 is a
side elevation. of one of the delay lines with .coupling |aunchers .at
either end of the |ine; Figure'4 is a front elevation of the del ay
line of. Figure 3 wapped about a nmandrel; and Figure 5 is a front
el.evation of the delay line of Figure 3,'awapped about a mandrel in 7
“multiple waps. Adelay line is provided for effecting a desired delayﬁﬁn
the transm ssion of electromagnetic waves in the mcrowave and

mllimetre range of, the specirum The |, ne' co ises a length L of a
dielectric \Nﬁ“éﬂ'iede_"f o??tr nsTh ¥Ls or?_l(?f‘..'a&_ié’d"t r8%aggé?-i AR S 1g&¢pr pfing a
~core of poly raf l upr.get hyl eng..havi ng: on .nmore |ayers of _

pol ytetrafl urg?'%e‘ﬁ{ley:ge)r?great%éeo‘ra_ﬁ%a%g%dpqﬁé)%‘gﬁ% ’tﬂ%g core, wherein T = KL/c,
~in which Tis the total time delay, c is the velocity of light in free
space and K is the delay constant of-the dielectric waveguide. Preferably,

~the delay Ii @qétﬁ.&vgrm@gpj_pgd-g&gm 1 e¥it1n of the delay 1line of

_Figure 3, wrapped sbout _é ‘mandrel in multiple wraps.

. A.delay line is provided 'for‘effecti"n'g a desired delay
'__ir__i ___t;'_he transmission of electfdmagnetic waves in the
_qi-crswave'.-and millimetfe ra'n.ge of the spectrum. The \J
l-ine"""(:ompfises a lengs'h L of a dielectric waveguide for
.trans_mission of. electf?ﬁmaghetic ‘'waves comprising a core
of polytettafiuorqeth'yle'.ne having one 6r- more layers of
polytetrafluoroethylene overwrapped sround thé core,
wherein T = KL/c, in which. T is the total time delay, c
isll the vélbcity of ,light in free space .and K is the
de.lay constant of the d'iele_ctr'i.c Q'aveguide. .Preferabl_y,

the delay line is overwrdapped around a andrel.

When . launcher 20 with Cdnventional . flange 21 1is
cqnnected to dielectric waveguide '._10 within seat 12'
indicated by the dashed lines, electromagnetic energy
enters the launcher 20. An iqpedance transformation is
carried out in the taper 13 of waireguide 10 “Such that
the ene‘rgy.is coupled efficiently into the core 12 of

dielectric waveguide 10. Once captured by the core 12,



-Vhehﬁ | auncher 20 with conventional -. flange 21 is connected to
diel ectric -waveguide 10 within seat 12' indicated by the dashed Iines,

' electronagnetlc energy-enters -the | auncher 20. An i npedance transfornatlon S

is carried out in the taper 13 of wavegui dé | such that the energy is
coupleqdeff|0|ently into the core 12 of dielectric waveguide 10. Once

captured by the core 12, propagatlon t akes pl.ace .through the core. 12
which -i's surrounded. | addi ng. The core 12 is polytetra-
f 1 uor oet hyl ene %’ﬁ%??% treRadrattes 4 PhacepoFi'FQPBHf | tlag o-caneryl@newhich is

Drererably BR80Tt he A g 4r3e”.eaeer Sc@0logaraamss
the Foos Y angerk 1o ORI LERE" and "HBR tRaa e 160 e B ol ReRRas ‘-‘t%(l;%cteg'
o L Ve Seplige, B O TP Sfna BRSSPt
: 'ethylene tape overwrapped over- core 12. Propagation R
uses-the core/cladding interface-tosharness_the energy.
'_ Unlike conventional waveguides, the.'IOSS' mechanism is
due to the loss tangent of the core material and not to
\_;l'.- ';' . surface currents induced on the waveguide walls. - The
core material also serves to delay the signal by ang-'

-~ amount proportional to ita dielectric constant._- o

To . prevent cross coupling or interference from external
..sources, an electromagnetic shield 16 is provided as

:'ﬂlwellefa. 'an;_external absorber 18 .The shield piS

ﬁ'(Registered Trade Mark)ﬁ".

- 2 is cross sectional view 'of dielectric..'
fﬁ?wavegu_:e ‘10" taken along line, 2 -2." of Figure 1 showing'"h
f“ﬂ;rectangular core -12 overwrapped with tape 14 and showingl

'.o-_shield 1ayer 16 and absorber-layer 18 .:J

Figure 3 shows an elevational view- of the dielectric

'waveguide 10- wound about mandrel 26 the combination




To prevent cross-coupling or interference . from external sources, an
el ectromagnetic- shield 16 is provided as well as an external -absorber
8. The shield is preferably ‘aluminized. Kapton (Registered Trade
Mar k) pol yi m de tape, carbon-loaded PTFE ¢t ape. Figure 2 is a
cross-sectional view of di el ectric. waveguide 10 taken-al ong Ilneﬁg 2
of Figure 1 show ng rectangular core 12 overw apped wth tape 14 a

show ng shield | ayer 16 and absorber--layer 18. Figure 3 shows  a

elevational gievgneted a4l chRat HinputaVesdi dacphe Vﬂlﬁ%h?ﬁ’%“ho Qdfﬂi 26,
nc

the conbination de5|gnated 24, and input and output |ng orns 20 .

- and 22, respegad veRy, rb@pb&giQQQWQNHAVEﬂgfbéﬁ@@ﬁtﬁdnéndfiﬁngeﬁyZM'EHJ@
dielectric wavegui de 10 around mandrel 26, an appropriate anmount of cable

length is proy3dedByo pinding diel@ctaric twavegdtlay.10 dhbend! engidrel:
may be cal cul ated fromknow edge: that the unit delay, t, is

- 26, an appropriate amount of cable length is provided to - : @~

provide :a giﬁen- time. delay. This length L may bef-*'f7f'¢

calculated from knowledge that the unit delay, t, is’

given by | | |
| t = K/le L _

wherein ¢ is the velocifY-of light in ffee;spaqé'é;awk'-xuj
is the delay constant for ;hé ﬁatérial used. .For-PTEE;EiZ*”
K is approximately 1f45. ~For a total required ”time” B

. delay T, it follows that the required lengfh of cable-ié

"L, wherein _ | |

| | L = Te/K | |

At the output end of the delay liné, the other 1auhch{ng

- horn 22 converts the  eleétrom;gnetic- energy .back into
its initial field distribution..'Attachment to external
circuitry 1is achieved through: thg standard waveguide \HJI
flanges 21 and 23..

Figure 4 ié'a‘front elevational view of the combination
delay line and mandrel 24 showing dielectric waveguide
10 helically Qrapped-afOUha ﬁandrel 26. The mandrel may
bé'of any suitéble material and preférablylis-a'plaStic

tube of an acrylic plastic.



given by [err] wherein c is the velocity of light in free space and K is
the del ay constant for the material -used. For-PTFE, 'K is approxi mately
¥.45. < For a total required tine delay T. it follows that the.required
~length of cable is L, wherein [err] At the Qut put end-of the delay line, -
the ot Qgr [aunching horn 22 converts the el ectronmagnetic  energy back into -
its initial field-distribution. Attachnent to external circuitry is
achi'eved through the. standard waveguide flanges 21 and 23.. Figure 4 is.
~a front elevatilbhgureiclv ¢thowse eonfroati celevanjohi nef arvherardmdindtion
- showi ng dielectfic waveguide 10 helically wapped around neandrel 26. The
~ mandrel ‘may be ¢#layiylinerandenandseial Z%nostmveireg aieliectrin astaveguilie of
aneericwﬂa%ac. ' S

wrapped around 'man'd_rel_ 26 in a -m'ultipliéity of wraps.. |




Figure .5 shows a front elevation of the conbination del ay- I|ne and- mandrel

24 showi ng d|eIee%++e—%avegu+de—&@—%wapped around mandrel 26 in a .
nultiplicity of w dy line conprising a length L of a-
dielectric vvavegw'ﬁﬂlljul":lw ssi on of electromagnetic waves, sajd

di el ectric wavegui of pol ytetrafl uoroethyl ene (PTFE),’bne

or nore |ayers of polytetrafluoroethylene(PTFE) overw apped around saJ%f _
core,wherein [err] in which T.is the total ti cslelay, c is the vel ocity of
light in free space and Kis the delay constant tor said dielectric
wavegui de; said one or nore |layers of pol ytetrafl uoroet.hyl ene (PTFE) having
an el ectromagnetic shiel di-ng.layei thereover;. and sai-d shi &l ding |ayer

* being further. glaIMsapped with a tape of carbon-filled PTFE. 2. A delay
l'i ne accordlng to cIa|n11 mhereln said core

1. a delay line compr1s1ng a 1ength L of a dlelectrlc
' waveguide for the transmlssion of electromagnetlc waves,
"-said dlelectrlc wavegulde hav1ng a core of
polytetrafluoroethylene (PTFE);'one or more layers of
-polytetrafluoroethylene (PTFE) overwrapped around sald o
core, -ta-th-i-n-v-\kuf-‘w o ' \J
T = KL/c
in whlch T is the total time delay, c is the veloclty of |
llght in free space and K le-the'delay constant for said
dielectfic‘waveguide:
said one or moreilayers of polytetrafluoroethylene (PTFE)
having an electromagnetlc shlelding layer thereover, and
sald sh;elding layer being further overwrapped with a tape
of carbon-filled PTFE.’

VA

2;_' A delay line according to claim 1 wherein said core

is extfuded, sintered or unsintered PTFE.

3. A delay line according to claim 1 wherein said core

is expanded, sintered or unsintered porous PTFE.



is extruded, sintered or unsintered. EIEEl_Be___éLQQLgyﬁllne according to
cfaim 1 wherein said core is expanded sintered or unsintered porous PTFE.
4. A del ay Iine accordl ng to any prmmmrlmmm,srel n said core
contalns a filler.. 5. - A delay |ine precedi ng cl ai m
mherelndthe or each said PTFE | ayer is extridell, Sirtered *~ or unsintered
PTFE. .6. - A delay line according.to any precedlng claim wherein the or

each said PTFE-layér is expanded, sintered or unsintered, porous PTFE. -—g7f
A delay 'line according to any preceding cl&\ql wherein the or. each said
PTFE Iayer contains a filler. 8. A del ay-1ine according to any-precedi ng

claim overw apped over a mandrel. 9. A delay line according to cla|n18
overwwapped over a mandrel in a nult|pI|C|ty of wwaps
4. A delay line according to any precedlng claim wherelnn_-

said core contains a’ flller.

5. A delay line accordlng to any precedlng clalm,
wherein the or each said PTFE layer is extruded s1ntered :

&5/ ) . or unsintered PTFE.

6. A delay line according to“any'preceding'claim,"
_whereln the or each said PTFE layer is expanded, s1ntered

or unsintered, porous PTFE. o

' 7. A delay 11ne accordlng to. any precedlng clalm,_

'-.;_'whereln-the or each said PTFE layer contains a flller. .

uA delay 11ne accordzng to'any precedlng clalm,

' f;:overwrapped over a mandrel. o S

lf91 A delay line accordlng to clalm 8, overwrapped over a

mandrel in a multlpllcity of wraps.



10. A delay line according to any preceding claim wherein the
el’ectromagnetic shielding layer is polyimde tape. 11. A delay |ine
substantially as herein described”in conjunction with the acconpanying-
dr awi ngs. ' o : .

A

-.-10: ‘A delay lineéaccording'tOjany preéeding'claim,
- wherein the electromagnetic shielding layer is polyimide’

‘tape.

11. A delay line substantially as herein described in \~4f=

:coﬁjuﬁction with the accompanying drawings.




