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Transm ssi on Channel FIELD OF THE | NVENTI ON The

present invention relates to a signal transm ssion

channel 5 particularly though not solely mmwﬂmwwmmmne

SIWsignal transm ssion channel. BACK

foll owi ng abbreviations may bé used in this +159159

specification: MSL Mcrostrip lines 10 CPW Copl anar

wavegui des  PCB Pri nfigflaCrf&rdrhissRoRichardl

M1 1linmeter-wave SIW Slbstrate I ntegrated wavegui de

LCP Liquid-Crystal Polyner 15 TEM Transverse

El ect roMagneti c There a various frequency bands in use
r I tLin . More recently the MWV band has

E&'@ﬁr@ﬁ%%&‘b@“g%@ecause of free usage and

hi gh- bandwi dt h. Conventional transm ssion |ines, such

as MoLThadresant inyentigadglares i dsignal trapsansgiorepannel

circuits. However, for MW/ MSL and CPW nmay suffer

padiculdryithbogls nahdolieht tord 8exibizeS W tsig res ttanstriiexion obanmel.

radi ation. On the other hand, traditional netal

wavegui des may have | ower insertion | oss for MW and

BACKGROUND

The following abbreviations may be used in this specification:

MSL Microstrip lines

CcPW Coplanar waveguides

PCB Printed Circuits Board

MMW Millimeter-wave

SIw Substrate integrated waveguide
LCP Liquid-Crystal Polymer

TEM Transverse ElectroMagnetic

There a various frequency bands in use for transmitting data. More
recently the MMW band has become more popular because of free usage and
high-bandwidth.

Conventional transmission lines, such as MSL and CPW, are used
widely in planar PCB circuits. However, for MMW, MSL and CPW may suffer
from high loss and interference with each other due to radiation. On the other
hand, traditional metal waveguides may have lower insertion loss for MMW and

low radiation. Unfortunately, the transition from traditional metal waveguide to
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- low radiation. Unfortunately, the transition from

traditional nmetal waveguide to 111111111111111 INI1I
IN GOOOO2 2 integrated planar circuits may be conpl ex
and the netal wavegui de may be bulky in size. In
order to achieve very conpact planar circuits in MW
frequencies, a SIWhas been ¥sed instead of
traditional netal rectangul ar wavegui des. 5 Exanpl es

infedratiey pMbPaickaG Mgy bBWWATIEY BRH e ARtA Wd be bulk
fil e%'gj. SUM@\}%I?Q% CF %’HE I NVENTI ON | n genggafgtererrrg,ay © oy

{nhgz'énventi on proposes that a SIWbe used as a signal
ransm ssi on channel between a transmtter and distant
receiver. Th? SIWmay io0 include a NMSL/SIW.i rface, .
be el PiCe" IpAGhEYE vmmaomﬁﬁﬂe'@ﬂahg" %?/'Br'\"mfreq“e”c'es'a
operate in a MM band. This may have one or nore
addVaasabren vaed insterd of M?'tlpﬁéa@efﬁiye@énﬂdaf wavaguigns.
even with bending of the SIW (2) easy plugging
Eraowies ihdludenidMWarhdkaging: MIVIChERY drdeneanandhSIW filters.
MSL- SIW 15 (4) several SIWcan be put or stacked
together closely without interference each other to
build rmultiple parallel propagation channels; (5) very

SUIRRARY OPTHENMENPIONOSS, hi gh performance, By
using a flexible substrate, the whole SIWw || be

gigg?g!nﬁgeé%)a(ljl{%}&es?ﬁ% ﬁ@gggﬁ? g)itr(grgéjsegsthg?g lSI?\F‘bé lu%h kgsea signal
transmission channel between a transmitter and distant receiver. The SIW may
include a MSL/SIW interface, be flexible, may use plug connections and/or may
operate in a MMW band. This may have one or more advantages including:

(1) there may be no radiation even with bending of the SIW;

(2) easy plugging in/out;

(3) improved field-matching between the MSL-SIW;

(4) several SIW can be put or stacked together closely without interference
each other to build multiple parallel propagation channels;

(5) very wideband, low insertion loss, high performance, By using a flexible
substrate, the whole SIW will be bendable;

(6) the SIW can be rigid as well as flexible according to different substrate
material to be chosen;

(7) also other frequency band applications; and/or

(8) low manufacturing cost.

in a particular expression of the invention, there is provided a signal
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- 20 material to be chosen; (7) also other frequency

band applications; and/or (8) |ow manufacturing cost.
In a particul ar expression of the invention, there is
provided a signal 3 transm ssion channel as clai ned
inclaiml or claim?2. BRI EF DESCRI PTI ON OF THE
DRAW NGS One or nore exanpl e &nbodi nents of the
invention will now be described, 5 with reference to

faheioB WRocl A BBmes ML BLPBR cor cat e

using a PCB process; Figure 2 is a schematic of a
MSL- SI WMSL MWV si gnal transm ssion channel according

to a first exanple enbodinent: 10 Figure 3 is a graph
BRIEF W%@R!ﬁ“&@ﬁ THEORAWINGSt exanpl e embodi nent ;

Figure 4a is a schematic of a plug in/out SIW

conneDheor stare@xample ambodihagtstas tike sweotion exbmpy de described,
enbodi nent; and Figure 4b is a side view of the head2
WRRReRet&icd 1o thedonewiAg figarsk, ifrivglicle 5 is a graph of
sinmulation results of the second exanple 1s

emo*iggggn%lisggegﬁﬁéﬁ@ti%ﬁ r@?'a%m%ghgiitﬁé féd?ictgl'ﬂ@d using a PCB

first odi nent 20 signals may be
{)rroan§§;itted using a SIWstructure 202 as the signal
r§ﬁ 1 ssi on channel as

Figure 2 is a schematic of a MSL-SIW-MSL MMW signal transmission
channel according to a first example embodiment;

Figure 3 is a graph of simulation resuits of the first example embodiment;

Figure 4a is a schematic of a plug infout SIW connector structure
according to a second example embodiment; and

Figure 4b is a side view of the head2 connector in Figure 4a; and

Figure 5 is a graph of simulation results of the second example

embodiment.

DETAILED DESCRIPTION

According to the first example embodiment 200, MMW signals may be
transmitted using a SIW structure 202 as the signal transmission channel as
shown in Figure 2. A flexible SIW structure is the preferred format. The SIW
structure 202 may be permanently connected as a signal transmission channel

between a transmitter 204 and a receiver 206.
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- 20 shown in Figure 2. A flexible SIWstructure is the

preferred format. The SIWstructure 202 may be

per manent|ly connected as a signal transm ssion channe
between a transmtter 204 and a receiver 206. 4 The
SIWstructure 202 includes substrate material 208, top
netal |ayer 210, bottom netal 4 ayer 212 and two rows
of periodic via-hole connections 214 between the two

metal hayes gy %ﬂrgctu?é§0§t|ﬁ&|ﬁﬁg§ E(Hbgi%e%y%%ggm?% top metal layer

effectively

ric rlal The, si ze of W5 structure
95, ﬁa@owa el pazany Gt Evia s egflfwadh%&em?etlons214
filled rectangul ar netal wavegui de theor _ _
BRtwE g ING D10 TIRLANRATR 210k K18 SToHciRol 08 SV 1202 ectively a
dianeter of the via-hole is V. The separate | ength
loeasemctangylan wavegd wde withatielectie ingtéril.. Thetsize of the SIW
t hi ckness of the substrate is V. Therefore, the
struchiré 202 eqaebe apptoxindéely determinkes usiag dislectaicdilleatrectangular
in Equation 1: b (1) lcm ~71 1 - 1 (ni )2 f () p'
anstal @av%@déh\}%&wstrate s 208 permttivity and
perneabi [Tty wheré n and m are indexes for the

di ff t

nl)deir?\% YREER B R B SRR R P RE S LT E Wemeter o
b E d ff f f th

dorate i o TRe e PRigto o KeaBR AP Y LGRS, BN O 1 '

thlelth%:crlmelss g)fzzhe substrate is 'b’. Therefore, the cut-off frequency of SIWs'’

modes can be calculated in Equation 1:

] mm._s niT
= —) 1
men 7”\/— ‘\[ ) +( ) ( )

‘W and ‘¢’ are the substrate’s 208 permittivity and permeability where n and m
are indexes for the different modes in each plane.

There may be only TE,, modes in the SIW structure 202 and the
dominant mode may be TE, mode. So the cut-off frequency of the dominant

TE,, mode may be calculated in Equation 2:

]
= 2
Sam 2(1\/ ue @)

Thus the cut-off frequency of TE,;, mode may only be related to the width

‘a’ between via-holes. Thus the thickness 'b' of the substrate may not have much

effect on 7E,, mode propagation in the SIW.
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- 2a UE Thus the cut-off frequency of TE, o node may only

be related to the wwdth a' between via-holes. Thus
the thickness 'b'" of the substrate may not have nuch
20 effect on TE O node propagation in the SIW 5

Typi cal design paraneters to mnimse the radiation
|l oss and return loss in MW &re shown in Equation 3
(I >0.5 & d<0.4 (3) p a The SIWnay be fabricated on

a flexy |€all‘jﬂ€§§ rﬁ)géf?args?t‘é@tc?&ulnﬂ%e fﬂ@?adﬁsatmlo@gﬁdtrgﬁrn loss

whol e veg e and easy to use

30r 03. V ious other materials are also
WO@E{\&Iaé'e& Béé’ﬁ‘o‘f‘rﬁ%q appl i cation. The SIW my

for exanple be 50-100 m crons and 3cmlong. As shown

in Figure 3 the bafdyj o})th 302 c§g4be over several tens (3)
of Gz and the |nSpert|on osg 304 is less than 1 dB

with total channel length equal to 10 8. 8mm According

to thergeeprdy adgj 1B riRIRAAL B He xR %su@%\ﬁ@s% H9Lcp, that

|n/out connect 'S prOV|ded for t structure as

BROPiE e AR aBeo iR BRP e BB i 6P tu B E dFupamale Rogers
65T fone pieusonsr maleiiaire @ Hepass HPSRRREinGsen the

and reconnected. In the second exanpl e enbodi nent the
spalication hhke Sh\eaaydpaesample be 50-100 microns and 3cm long.

As shown in Figure 3 the bandwidth 302 can be over several tens of GHz
and the insertion loss 304 is less than 1dB with total channel length equal to
8.8mm.

According to the second example embodiment 400, an easy plug infout
connector is provided for the SIW structure as shown in Figure 4a. Whereas the
first example embodiment may be permanently connected to between a receiver
and transmitter, the second example embodiment allows for the SIW to be
disconnected and reconnected.

In the second example embodiment the SIW 400 has three separate
parts: head1 402, middle 404 and head2 406. The head1 402 and head?2 406
are each permanently attached to a transmitter or receiver, separately. The
middle 404 is chosen as an appropriate length to connect between head1 402
and head2 406. When the middle 404 is in place and connected, the
transmission channel can be established again conveniently.

The head2 406 is shown in more detail in Figure 4b. The head2 406 and

Is sandwiched between two sheaths 408,409 with an open slot 410 at one side.
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. parts: headl 402, m ddl e 404 and head2 406. The headl

402 and head2 406 are each permanently attached to a
transmitter or receiver, separately. The mddle 404

is chosen as an appropriate length to connect between
headl 402 20 and head2 406. Wen the mddle 404 is in
pl ace and connected, the trafsmi ssion channel can be
establ i shed again conveniently. The head2 406 is shown

sangw ﬁﬁ&? abd 408 rﬁé%b?he‘?'%%mﬁét&%ﬁﬂ@cl@@@o%“ﬁanérﬁntter ora

between t 8,409 with an open

APt P PR 1 T coric
T 408, 409 hed b I
8 e 108, 109, 208, R ASEEd Dh e O

SIWportion of each head. l\/bt al patches 412,413 cover

and exMeall patahestdZA Ehdover andextenitirem soth@ndsaafthe middle
Each end of the mddle part 404 and the netal patches
40Wpdrt E@thugnd iofittee triidd|s Ipatt 4049 antties midiel patdiodée442413 plug
is plugged in the slot 410, the netal patch 412 is

@l@tﬁb@l&ahloy \WRBReRS Aflddetames pmkgyetoqa tAB kRt 4l BY®E Métal patch
both the head2 406 and the m ddle 404. This ensures

‘ﬁe}‘gﬁ' %geg r%é&%%g?@é% Ir%ot elal 1896801 8bth tthléeheadZ 406

the mddle 404, at t current

i E?wg@fgi%?hﬁzltbls%‘a%%@e&%e'%ﬁ"?éyapsé%'esré%? Eaerg) aver of

e e PHeTWAIEIA0%, 3ANSNHE Lefoe ReSORes GanREg/ nside

either be plastic or netal, since its nmain purpose is
tvecHini Similaeydag betinm gaath 4608 magelse bemetahandiratacally
404 may be inserted fromthe side of the slot 410 or

dsrimect betvieamitieasottom shetat laiyer b) bathathe read2ni)s amdlthe middle
404. The top sheath 408 may either be plastic or metal, since its main purpose is
mechanical engagement with the middie 404. The middle 404 may be inserted
from the side of the slot 410 or bent (to temporarily shorten it) and then inserted
from the end of the slot 410.

The middie 404 may be fabricated on a flexible substrate material or a
rigid substrate. Since the both top and bottom layers of the SIW 400 are metal,
the electric field is in limited inside the substrate and there is aimost no radiation
when the SIW 400 is bent.

Typically the head1 402 and the head2 406 will be permanently
connected to a transmitter or receiver. The transmitter or receiver will typically

include a MSL type transmission channel. Thus the second embodiment includes

a MSL-SIW interface 416. Because the MSL 416 transmits in TEM mode, part of
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15 fromthe end of the slot 410. The m ddl e 404 may be
fabri cated on a flexible substrate nmaterial or a

rigid substrate. Since the both top and bottom | ayers
of the SIW400 are netal, the electric field is in
limted inside the substrate and there is al nbst no
radi ation when the SIW400 i$ bent. 20 Typically the
headl 402 and the head2 406 will be permanently

tfgrf%%m?s&ﬂ n@eé:hﬁﬂé%é%‘ﬁfﬁﬁ?ﬁﬁﬁ%pﬁ MS;I:E?PBaS'te t round

er or receirver w

an on _chann ment
PHRF L JBES TR AL gl%x/nq?te iiigpdy E{T%Qfgéé'&&a@éf FRETRgpvares by the
transmts in TE part of 7 the transm ssion
thedtAPBsA Eﬁearhwcw%éﬁacwem@ hasmore gpBYFRiENt fre connection
ground plane. Thus the MSL nmay not efficiently
torthadfamsnyitgman recefver comreetoc.olimrsededinablyhthe tittomn Isheath 409
408. Al'so an uncovered structure may be nore
map\extereito theendaines head? 406, Wherdasanemdp siesathd02 may extend
recei ver connector. Thus desirably the bottom sheath

,ﬁeﬁsr%rfrawtn@wsnobuw.ﬁt@ﬁa@@m efsottn& m.%émh%oé%d M@rrﬁa@ﬁeny if the

the top sheath 2 may extend just short of

t%ELS'h%IaYM hBE §d Eﬁﬁglteél}% ?Qnéyﬁbv%rtthgg\&gﬂng{n?gﬁace 416.

ternatively i a dielectric,

t L- SI terf 416. Th L-
e %/B'Eeex/%lsg\ﬁ/ i \%Lﬁﬂﬁﬁéul AdineROagE M tianafiely match
bet ween the MSL and the SI W | npedance mat chi ng nma _
ketvaen thaddSbandghe HIWslmpeganengaleieng may ke ﬁﬁtaeﬁwﬁgi using

may be achi eved using a rectangular slot 420 on the
RI&d tapetihg 4t18p Fieldahatchingrmaly b8l hidtedsushga ré2@ngular slot 420
surrounds the MSL tapering 418, reduces the |eakage of
M endVBhd 61 thebtdp @lethl derioNB IV eFhishot 420 surrounds the MSL
tapering 418, reduces the leakage of the MSL 416 E-field and improves the
E-field matching.
Figure 4 shows the bandwidth 502 can be over several tens of GHz and
the insertion loss 504 is less than 1dB with total channel length equal to 8.8mm.
While example embodiments of the invention have been described in

detail, many variations are possible within the scope of the invention as will be

clear to a skilied reader.
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E-field matching. Figure 4 shows the bandw dth 502 can
bé over several tens of GHz and 15 the insertion |oss
504 is less than 1 dB with total channel |ength equal
to 8.8mm Wil e exanpl e enbodi nrents of the invention
have been described in detail, many variations are
possi ble within the scope of 8he invention as will be
clear to a skilled reader. 8 CLAIMS: 1. A signal
¢LAMMS: ssi on channel conprising: a SIWsignal

transm ssion channel; 5 a first interface to a

recei ver MsSL including a tapered portion and a sl ot
surroundi ng. the tapered portion; and a second
jnterface t? a transmtter MSL inc|luding a tapered

Lorti SIgn@ HansMisSIALERFUMRICRE B aper ed porti on.

10 2. A signal transm ssion channel conprising: a

first aOhNeaignal ttapsimissiphgbennek h a recei ver MBL; a
second connector to interface with a transmtter MSL;

and a Sfilst irdedacdtosa cecaieart MIBLenbletingen tdpgezed ipostion and a slot
connector and the second connector. 15 3. The signal
SIS iiRtepaNbriohaaRgd 10 claim 1 or 2 wherein

the SIW is flexible.

a second interface to a transmitter MSL including a tapered portion and a

slot surrounding the tapered portion.

2. A signal transmission channel comprising:
a first connector to interface with a receiver MSL;
a second connector to interface with a transmitter MSL; and
a SIW removably connectable between the first connector and the

second connector.

3. The signal transmission channel claimed in claim 1 or 2 wherein the SIW
is flexible.
4. The signal transmission channel claimed in claim 3 wherein the SIW

comprises a LCP substrate.

5. The signal transmission channel claimed in any one of the preceding

claims wherein the channel is configured for MMW signals.
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4. The signal transm ssion channel clained in claim3
whierein the SIW 20 conprises a LCP substrate. 5. The
signal transm ssion channel clained in any one of the
preceding clainms wherein the channel is configured
for MWsignals. 9 6. The signal transm ssion channe
claimed in claim2 wherein the SIWis attached to the
first connector and/or the second connector via a
sheath. 5 7. The signal transm ssion channel cl ained
in claim6 wherein the SIW abuts the first connector
and two sheaths sandwi ch the abutnent. 8. The signa
transm ssion channel claimed in claim?7 mherein one of

sheat hs incl udes a sl i nt ch t SLWi.is
ngagcjaf!‘e 'g'gnﬁﬂgawawguonww g@.'raﬁg é'héih'f@lz wngigieing AW is
claim8 wherein the SIW further conprises a netal
pracheddenhe §rstaennecier @pgdiardhe Isgcenth reanectosvigrmsheath.
conduction path between the SIWand the first
connector and/or the second 15 connector.
7. The signal transmission channel claimed in claim 6 wherein the SIW

abuts the first connector and two sheaths sandwich the abutment.

8. The signal transmission channel claimed in claim 7 wherein one of the

sheaths includes a slot into which the SIW is engaged.

9. The signal transmission channel claimed in claim 8 wherein the SIW
further comprises a metal patch configured to electrically connect a signal
conduction path between the SIW and the first connector and/or the second

connector.



