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—~ A_Wavegui de FI ELD OF THE | NVENTI ON The i nvention

relates to a wavegui de particularly though not solely
to an 5 SF WG for MWsignals. BACKGROUND .The.
foll _O}N! ngt _abb.revisgt iv\;);né Wil | fbledused inthis

T T S
Mcrostrip Line PCB Printed Circuit Board 1C  =is59159*

Integrated Circuit 15 EM El asvawguidet i ¢ TEM
Transverse El ectromagnetic Mode TM1 Transverse
Magnetic Mode 01 GSG G ound Signal Gound Gline
Goubau-1line 20 Communications signals may be carried
over EELDIWF TAEANVENTIONO!l i d nedium such as a wire.
In case of high frequency signals, special structures
such ffe inveRE vEIERS tab vavagElid pasiculamdthbaghhoti stleheto an
radi ati on | eakage and interference anong adjacent
shanoebsMMWeRiar, for certain high frequency signals
such as MMWsignals, 25 using TEM based transm ssion
lines or integrated wavegui des may result in a high

BACKGROUND

The following abbreviations will be used in this specification:

SF_WG Sommerfeld waveguide

MMW MilliMetre Wave

CPW Coplanar Waveguide

MSL Microstrip Line

PCB Printed Circuit Board

IC Integrated Circuit

EM ElectroMagnetic

TEM Transverse Electromagnetic Mode
TMO1 Transverse Magnetic Mode 01
GSG Ground Signal Ground

G-line Goubau-line

Communications signals may be carried over air or some other solid medium

such as a wire. In case of high frequency signals, special structures such as

waveguides are sometimes used to minimise radiation leakage and interference among

adjacent channels. However, for certain high frequency signals such as MMW signals,

using TEM based transmission lines or integrated waveguides may result in a high

propagation loss.
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propagation loss. * 2 Another transm ssion nmedi um
that can be used for MMNsignals is a single netal
wire SF Wc (or Gline) since this may have a | ower
propagati on | oss. However because of the special node
that a SF_WG operates in, the nethod of excitation is
i nportant. Depending on the agplication, the
excitation can be froman antenna or a 5 transm ssion

line ARGMEF ffismidorAMb8IRANEBIANNRVIB e fOIAWOPBIYRAIS IS single
efficiency because of the open EMfield. A nore

FREMVIBH QG WHCARYf Hehnis S NE a3owEBEbeaghtWAV®RSs. However
exci tatGI ons f?%m a %rPW Fi Ig éiw) shows arnSAqiat ype

Sé’d'h\(@é b?fhe]sggclam%@th%hﬁ SW (e Bhdthfasiig te MBRHOD BkEtation is
(a), the wire is too thin to be seen) and Fig. 1(b)

PRHMENE D%ﬁbb(dﬂﬁg eR méeédpfﬁ&atibgdfthe\@i@l fion £8n bB&oW &eantkeiidlor a
is 5um The very thin wires nmay be required to achieve

BEANSKHSHOH Ak GorivERE A tERILRB Y Bafe0s o (‘!Mnd@rtlhg@m&lleﬂhiﬂ because
Wre width of 1 ummy be practical for IC

behE iopah EMIdIMLA hordBdmRBN bAGr drhapbrbsdh iPGEIng Sommerfeld wave
fabrication. SUMVARY OF THE | NVENTI ON 15 I n gener al

bRditdBorisfréin BigMIly. aspect the invention proposes a SF_W5
for inter- board or inter-chip connections, where the

w dt hrf 1(‘a|)§h<§FS_W3ALth69¢&ﬂbﬂé{ 1002Where tRE WAk widlt® i Pu(in Fig.
In a second aspect the invention proposes a SF WG with

%a' ) &RE Wite SRS UAIATD BE k¥en)SndIFIRM (8)&haWs M- @g@rcoﬁwrtelrrm where
hal f the wavel ength at the central si gnal

 frcaneRiah is 3AnOTAe QEryThih&vitl Dkl iRy Sirethy dtAlkoe bR@cceptable

advantage of: sinple, practical structure dinensions
frepedbaky matthindfor a wide bandwidth. Wire width of 1Tum may be practical for IC

fabrication but it may be too thin for PCB fabrication.

SUMMARY OF THE INVENTION

In general terms in a first aspect the invention proposes a SF_WG for inter-
board or inter-chip connections, where the width of the SF_WG is greater than or equal
to 75um.

In a second aspect the invention proposes a SF_WG with a length substantially
similar to an integer multiple of half the wavelength at the central signal frequency.

One or more embodiments may have the advantage of:

simple, practical structure dimensions for fabrication;

very wide bandwidth;

low loss as compared with integrated waveguide and many other transmission
lines;

transmission from vertical and horizontal bending may be minimised; and/or

suitable for multiple parallel channels.
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very w de bandw dth; low |oss as conpared wth

i ntegrated wavegui de and many other transm ssion

l'ines; 25 transmission fromvertical and horizontal

bendi ng may be minim sed; and/or suitable for

mul tiple parallel channels. 3 According a first

particul ar expression of the 3 nvention, there is

provided a waveguide according to claim1. According

t0 a KRERIKY Parst paib@ar eXpRIseRHiob thelfivdrition thereris provided a
there is provided a wavegui de according to claim15.
waVeagidefacbatiRgasermh nent s may be inpl enented according

to clainms 2 to 14 or clainms 16 to 36. BRI EF

DESCRIJZSIY toFa SedbnPPANENE e Pression afthesineerdiop) there is provided a
e_nbodl ments of the invention will now be descri bed,
WhduidsQictarimgaaerirhast he fol lowing figures, in which:

Fig. 1(a) is a schematic of a first prior art CPWto

SF W@ iig amnmbite embodirkéents nisylbe implementavbangbidingto ciaims 2 to 14 or
second prior art CPWto SF Wstransition, Fig.2 is a
asihem@itodéof a MSL to SF_WG transition according to a
first exanple enbodinent, 15 Fig.3 is a schematic of

a SF_WG on a PCB according to a second exanpl e

enbodi ment, Fig.4 is a schematic of a SF_ W5 for ICdie

i nt er BRIEFEDESCRIRHON QF THE BRAWINGSd exanpl e

enbodi ment, Fig.5 is a schematic of a MSL to SF_WG

t r ansOhé onmaox exapig etnbodinfentsrafithe invention will now be described, with

reference to the following figures, in which:

Fig. 1(a) is a schematic of a first prior art CPW to SF_WG transition,

Fig. 1(b) is a schematic of a second prior art CPW to SF_WG transition,

Fig.2 is a schematic of a MSL to SF_WG transition according to a first example
embodiment,

Fig.3 is a schematic of a SF_WG on a PCB according to a second example
embodiment,

Fig.4 is a schematic of a SF_WG for IC die interconnection according to a third

example embodiment,

Fig.5 is a schematic of a MSL to SF_WG transition according to a fourth
example embodiment,

Fig.6 is a schematic of a CPW to SF_WG transition according to a fifth example
embodiment,

Fig.7 is a schematic of a CPW to SF_WG transition according to a sixth
example embodiment,

Fig.8 is a schematic of a SF_WG vertical bending protection structure according

to a seventh example embodiment,
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20 exanpl e enbodinent, Fig.6 is a schematic of a CPW
to SF Ws transition according to a fifth exanple
enbodi ment, Fig.7 is a schematic of a CPWto SF WG
transition according to a sixth exanple enbodi nent,
25 Fig.8 is a schematic of a SF_WG vertical bending
protection structure accordifg to a seventh exanple
enbodinment, 4 Fig.9 is a schematic of a SF WG

hor i an?gﬂ.b@é a B&hAR JPE Y NG ABriintl Bbkdifg PRtaYtiBh BBuétlre
an ei ghth exanple enbodinment, Fig.10 is a schematic of

Rcddm3an 8g leighin ¥arifte erBibditheh® @ ni nth exanpl e
enbodirment, and 5 Fig.11 is a graph of the test

r esulpig 10 Rt pbéHehdhs ond 22cnaindEFaNKS betdiding % b Afith example
second exanpl e enbodi ment. DETAILED DESCRI PTI ON A

dmiBaRherdf arRixanpl e enbodi ments will now be descri bed
for die-to-die 10 interconnection using a SF-WG One

Or NTHi§ 1 £12a1RlaPh D tHRUE SR BS its BBlairRdQisthg 18F_ W3 dcdoRdimy to the
wire required in the prior art, which may all ow both

deComNekadntghe Embbdiahton. Fig. 2 shows a MSL to SF WG
transition 200 according to the first exanple

enmbodi nent. A MSL 202 is attached to the top major

surface of a dielectric substrate 204 connected to a
firstpDEXAICEDIDBSORIPTION ground plane 206 is attached
on the bottom 15 nmmjor surface of the substrate 204.

The MShurdbeér df eaamblel emfitodirdéris hiencRFbe/es2tiBedfor diertottte

of a notch 210 in the end 212 of the ground plane 206.
intafcodhédqiien aking EeSPUY G NOndtmorexampld erabadimentsondy aneid the
(e.g. exponential), for exanple a triangular notch.

very thin wire required in the prior art, which may allow both IC and PCB fabrication.

Fig. 2 shows a MSL to SF_WG transition 200 according to the first example
embodiment. A MSL 202 is attached to the top major surface of a dielectric substrate
204 connected to a first IC (not shown). A ground plane 206 is attached on the bottom
major surface of the substrate 204. The MSL 202 transitions into the SF_WG 208 by
virtue of a notch 210 in the end 212 of the ground plane 206. The shape of the ﬁotch
210 can be linear or nonlinear (e.g. exponential), for example a triangular notch.

The MSL 202 width may be constant through to the SF_WG 208. The MSL 202
width may be determined by the dielectric substrate thickness, dielectric constant and
desired characteristic impedance. For example, if the dielectric material thickness is
130um, material dielectric constant is 10 and desired characteristic impedance is
500hm, then the trace width (i.e. MSL 202 and SF_WG 208 width) may be 100um. By
the use of the notch 210 the MSL mode can be converted to Sommerfeld (TM0O1) mode
with the loss minimised. Also the width of the SF_WG 208 may stay constant and may

not need to be very thin. For example the width of the SF_WG may be greater than or

equal to 75um which may allow for easy PCB fabrication.
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The MSL 202 width may be constant through to the SF W5
208. The MSL 202 w dth may be determ ned by the

di el ectric substrate thickness, dielectric constant

and 20 desired characteristic inpedance. For exanple,
if the dielectric material thickness is 130um

material dielectric constant 3s 10 and desired
characteristic i npedance is 500hm then the trace

W dt Friel Mgt «VBE \?J@ztra?}i%ﬁloﬁ"ioy\@cg&&n t&fr@)flrﬁ%&a%le]émbﬁﬁlment

By the use of The notch 210 the L node can

% culd Q%ytlﬂe iPPIEREHE] 6h & PUBLI00 BRI ow |F1 Ifid. er br9§$C die 400 as
m nimsed.” Also the width of the SF W5 208 may st ay

FenAtRAl. 4nd may 25 not need to be very thin. For
exanpl e the width of the SF Ws nay be greater than or

equa|THeose35NdTé9(Q?hT§lé‘ efBBditenP¥hdvY in&Rp 3 hBEB SF_WG 302 attached
fabrication he MSL to SF WG transition 200

G PCEI 0D Hebvddiea filst FSLB0apli e webesiserdos! AGRet fagsitich 308 is
may be inplenmented on a PCB 300 as shown in Fig.3 or

movided Betdeén HGiretavSIs Bonand theFSF) W@ 302 ends€ s€dtfld transition 310
exanpl e enbodi nent shown in Fig.3 has a SF_W5 302

i@ pfoRRieg betweepith@ sE¥dAdIIEL BEs weeheBH WEI30NBA gddithddihea
second MSL 306. A first transition 308 is provided

Pet3vaan attduheliionshe bttond 0thaRCE Hiechi ulerd®ath tlendspective MSL
second transition 310 is provided between the second
343130806 and the SF_WG 302. A ground plane 312,314 is
attached on the bottom of the PCB directly underneath

t he rew®aRied examiSlembditnedd ShowrDin Hig4 thhs adoad avinel SF_WG 402

enbodi ment shown in Fig.4 has a bond wire SF_ W5 402
Atathedhiestwbenh weiest 1@ dfel 400tandG sioend (0 dienb4aAdiest anadlsitiéh 406 is
die 404. A first transition 406 is provided between a
groviséd bDéblvedr A ficst M31ed 10 orsthelfict dT dieddlD amicdhé ISE_BFS W2, and a
402, and a second transition 408 is provi ded between
second anthitditl40812 pavided detaeordsdcond MSL 4124orathe sebend IC die
SF WG 402. Each of the transitions 406, 408 extends
404andiths SFeWfiz402. \Each of the transitions 406, 408 extends from its respective
MSL 410, 412 to the bond wire SF_WG 402. Each MSL 410, 412 forms a trace on one
side of its respective dielectric substrate and a ground plane is formed on the other
side of each dielectric substrate. The ground plane in each transition 406, 408 may split
or open under the trace formed by the MSL 410, 412 either linearly or non-linearly.
The disclosed transition according to the first example embodiment in Fig.2 is
more suitable for the PCB substrate or wire over air application, although it can be
used on a IC die. This is because this transition does not require a very thin trace for
impedance matching as that in Fig.1. However, for IC die, the transition structure is
usually required to be small for reducing cost. Moreover, since the loss tangent of the

IC substrate, for example, silicon is usually high (in one example, 0.9) whereas the

PCB material has a relatively lower loss tangent (in one example, 0.05), the transition
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15 MSL 410, 412 to the bond wire SF_WG 402. Each MsL

410, 412 fornms a trace on one side of its respective
di el ectric substrate and a ground plane is formed on
the other side of each dielectric substrate. The
ground plane in each transition 406, 408 may split or
open under the trace forned i the MSL 410, 412 either
linearly or non-linearly. The disclosed transition

I@é%CfQF FeRPplicatibh 8f thh%clo%é@ﬁﬂhﬁtu&f%@fd@tb thé fifst Bxanpls

nore suitable for the PCB substrate or wire over

é‘ﬁﬁodﬁﬁéﬂt'nr?ﬁ@ 9Bn AL BEtbrids 188r Bhan thetd somcp. | C die.
his I's because this transition does not require a

ver Y i fBurtH é\k‘aﬁnrﬁ@ EmbbBRRABSKEVITRFIS REs 8DohBirelSF_WG 500
Fig.1. However, for IC die, the transition structure

dt@ichatPbetivbdn b BFEIIMRI5E0rDE i bief508 ah@ GUsicH8d MBEL506 on a
Mor eover, since the |oss tangent of the 1C substrate,

JeRbnEIPHEI568, Siilkeeedlthirg enamplel embtidgheritisRown & By AR Maich there
0.9) whereas the 25 PCB material has a relatively

il AYesquirement engrenNéndth Bf BB ©oRK MTRISF, WIG @62, thehength of the bond
transition 6 loss for the application of the

WSS 0860500 A fisd fouAR eRAMBIE @nibddintert EFi§5Nis feq@iadd Be an
enbodinment in Fig. 2 on a IC die becones |arger than
ihtegér ranitiple BEB.halfhavélendgthat ewaoeptral sigrizo tteqommicy sthawiwy the length
Fig.5 has a bond wire SF Ws 500 attached between a
dfitiesbordShirdoSR_WIG 500 a9 &t inteGet m@iltipR4of artthifavsetogth dfBhe central
506 on a 5 second IC die 508. Unlike the third exanple
sigrizo ftequsnicy ehewes the deingerdionof thiei wdvetth Soenmerteldwave and

requi renent on the length of the bond wire SF WG 402,
progdésegaidimpedardve rbatohing viturihe ShoréGhB @ddth of eaeh MSUISOR, 506 is
exanpl e enbodinent in Fig.5 is required to be an

prefeeahdy theshtriepdsethe width baihe boad elire 18t V@500 h eloaemer tiere is no
signal frequency. Having the length of the bond wire
rBEuiE & Ondise stmaperdf dgebontulitd PIF SVGEFSOD. Bamhifar watheltirdyexample
at the central 10 signal frequency ensures the

emdimentom Faf. 41 therenaatsotaogrSomielafie bssosktes witrdeach MSL 502, 506.
provi des good i npedance mat chi ng. Furthernore, the

Wi dt HTheef fifthaedaniit erBB@JimBOiGsHown ip Figiehasa gingleevien®ie WS 600
the width of the bond wire SF W5 500. However, there

with aéength that is an integer multiple of a half wavelength at the central signal

frequency. The single wire SF_WG 600 is connected between two CPW (GSG) 602,
604. There are two pairs of quarter wavelength wires 606,608. Each pair of wires
606,608 is bonded at one end to a ground pad on one of the CPW (GSG) 602, 604 and
acts as a balun. The other end of each pair of wires 606, 608 is attached to an
interposer 616 on which the IC dies 618,620 are attached. Each pair of balun wires
606,608 are spread at an angle of about 45 degrees.

The sixth exam.ple embodiment shown in Fig.7 is the same as the fifth example
embodiment (i.e. it also comprises a single wire SF_WG 726 connected between two
CPW (GSG) 722,724) except that a limited ground plane 700,702 is provided directly

under each IC die 718,720 on the interposer 716. Instead of being attached to the
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requi renent on the shape of the bond wire SF WG 500.
Simlar to the third exanple enbodinent in Fig. 4,

there is also a ground plane associated with each MsSL
502, 506. 15 The fifth exanpl e enbodi nent shown in

Fig.6 has a single wire SF W5 600 with a length that

is an integer nultiple of a Hal f wavel ength at the
central signal frequency. The single wire SF WG 600

ihSrpoRBiNEw, @i RRéNV@RINLflenth CEVOH(Kahin) wibdk2712, G894 is ditiehed to the
are two pairs of quarter wavel ength wires 606, 608.

rEssdttiRRGfound plane @80,7600/NGR the grolrsle@cksaT000TE2, Eetsikth eRample
ground pad on one of the CPW (GSG 602, 604 and 20

ghtlirAéntan Pyl Wimay Etkievt Banorernthnd pafwtinaped.r of wires

606, 608 is attached to an interposer 616 on which

t he |@hdbesorldntiidiinerts nalytteanedpsuzted inpadielecfricaataral such as
wires 606,608 are spread at an angl e of about 45

rdewd essin. ITthat saset dhaegesiol the dimmEmdione of theleovrodimerks gilllbe

Is the sane as the fifth exanple enbodinent (i.e. it

retjsicedcameprdirgets the dielegirie onnstentSF thaGiigigetric orateril.ed

between two 25 CPW (GSG 722,724) except that a

| i m tBehdingoofradShIVMGemFA0@sT0R radiatioroandipdpaliatiootidsg. Although the
under each IC die 718,720 on the interposer 716.

$h W 6aid2and SO0 thet thiad Aredifoudh ekemple einhiogdinmerye respeetively are
the other end of each pair of balun wires 712, 714 is

tzint, 4o digtanoe baweendke Kediey eay bewmhdrt ghe hengbe iy logy Mgy not
t he ground pl anes 700, 702, the sixth exanple

eendroidhipesant ascoepling lvnmayncmhat@mag anﬁmcweéta@slt@n However, this
performance. One or nore enbodi ments may

BaL afp@ﬂ the gase for hegiasped exareplegmbedigens lﬂ‘c'ﬂg asandit msy|og
resin. In that case changes to the di nmensions of the

rrafssrtliedoredueg the radiationegi Rrearpaation fogs ﬁgeﬁ%th@rb@ndmg of the
dielectric constant of the dielectric materi

BRIMF 992 dF thip espbegiaply Beeding of the SFaW G 80D R taﬁ aecond example
propagation | oss. Although the SF W 402 and 500 in

‘ffﬁ@OQ"ﬁPFtdn FigB canpe ﬁe@%@tﬁﬁ jirdo d hyrstigahBeRding (sthegena) & e

are bent, the distance between the IC dies nay be

%Ftﬂtem%éﬂ% &) brizaniahbensing (epyheygibstrate plane).

For type 1) bending, the radiation propagation loss may be reduced by the
seventh example embodiment in Fig.8. The SF_WG 800 is sandwiched by two
dielectric layers 802, 804 with different dielectric constants. Dielectric layers 802, 804
may be made of any dielectric materials with low losses. The dielectric layers 802, 804
may have dielectric constants which differ only slightly from each other.

For type 2) bending, the eighth example embodiment shown in Fig.9 may be
used to reduce the radiation propagation loss. A metal patch 900 is provided under the .
SF_WG 902 and dielectric substrate 904. The metal patch 900 may comprise two
ends and a notch at each end. In one example, the metal patch 900 may comprise
three sections 906, 908 and 910 with the sections 906, 908 respectively joined to the

sections 908, 910 at an angle as shown in Fig. 9. The sections 906, 908, 910 may be
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10 be as inportant as coupling inpedance matchi ng and
node transition. However, this may not be the case

for the second exanple enbodinment in Fig. 3 and it may

be preferable to reduce the radiation and propagati on

| oss due to the bending of the SF WF 302 in this

enbodi ment. Bending of the SB WG 302 in the second
exanple enbodinment in Fig.3 can be separated into 1)
ar@hgécla DeuPerhd(thé bhgle BBMNechhd Skctidhs 908)D0BAY ) may take on
pl ane) and 2) horizontal bending (on the substrate

apl 3BIaR - THEOR ottty Beeithbr BENEH thg metd) @atchdioatmayrbedsiepag dhéary or

| oss may be reduced by the seventh exanpl e enbodi nent
rioAliffaly &.g Td@oENtIAE/)88Eh & teamfiidrshapedd hisveanverts the SF_ WG
dielectric |ayers 802, 804 with different dielectric
quans batBisandbedaesd aiMSL Byet serddRe t&Bdndimy yheeighthcxaoile
any dielectric materials with |low | osses. The

ethbeldimcdnt ias shawe irsFig 02 mag 0ed 28 losags banseddiydymc2)bending and in
constants which differ only slightly from each ot her.

téror may peprdye benutirfiognandesof éheg8F HWWExanpl e enbodi nent

shown in Fig.9 may be used to reduce the radiation

pr opddetriindh ekample efbodiradnt frashovndo Gid. 1 withva i2eeranoelddr WG
the SF WG 902 and dielectric substrate 904. The netal
vothtexich @banneh gimslenipratrsieturents the sekondreamplectratbodimertathe

end. In one exanple, the netal patch 900 may conprise
chBnndis pay besepaiate g0siureDattachdd wgether ohmakidedriegiatassside by
906, 908 respectively joined to the sections 908, 910
side. Zhe handieg akthe Reshannel SH_§VGC i themintk examplasripgimad Fig. 10
910 may be 8 arranged in a z shape and the angle .
id mevelean eemele and dresmotisshagnel SFA VG may alspkee sirpighiey bentin a
val ue. The notch at either end of the netal patch 900

~ diffgfemfanaiigped linearly or nonlinearly (e.g.

exponential ly), such as triangular shaped. This
converheginth exapplpgmimgimens may\iio kgerofroted fsem yerigel and
not sensitive to bending, the eighth exanple 5
herigerdalherdingPysiarihe sevand ansd eighth examele qraradientsysed
by type 2) bending and in turn, may inprove the
rgg}qcéy% $0 the ﬂf\lﬁg fayethyfifth or sixth example embodiments may also be
employed with multiple channels.

Fig. 11 shows the test results for a 600mm length SF_WG using the second
example embodiment from Fig. 3. In Fig. 11, the S-parameters of the SF_WG are
plotted. In general, S-parameters describe the response of an N-port network (in this
case N = 2) to voltage signals at each port. The first number in the subscript of each S-
parameter represents the responding port, whereas the second number in the subscript
represents the incident port. As shown in Fig. 11, the S11 and S22 show a wide
bandwidth and the S12&S21 shows the loss is low.

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

skilled reader.
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The ninth exanpl e enbodinent is showmn in Fig.10 with a
2-channel SF WG with each channel simlar in

structure to the second exanpl e enbodi nent. The

channel s may be separate structures attached together

or may be integrated side by 10 side. The bendi ng of
the 2-channel SF WG in the nihth exanpl e enbodi ment in
Fig. 10 is merely an exanple and the multi-channel SF
oMmzay al so be straight or bent in a different

manner. The ninth exanpl e enbodi nent may al so be
protected fromvertical and horizontal bendi ng by
usi ng the seventh and ei ghth exanpl e enbodi nents, 15

1. especivhvRjuide dnsiwisinge third, fourth, fifth or sixth
exanpl e enbodi mrents may al so be enployed with

mul t izpde WBasutdrsbetiveen a lilst shosmsissibrelineeand a esednidgrahemission
a 600nm | ength SF WG using the second exanple

liegbodi ment fromFig. 3. In Fig. 11, the S-paraneters

of the SF_ W5 are plotted. In general, S-paraneters
desc rwheeein iee SESWEwtiaT hasa Wdffogreates theorde equal to f68m20
case N = 2) to voltage signals at each port. The first
nunber in the subscript of each S paraneter

represents the responding port, whereas the second
Zunbek waveguide aagogiind fotclaimelp wéeesin thetwidthioh eneteqitthe drst and
As shown in Fig. 11, the S11 and S22 show a w de
sespRiirensmissien ines isthexesmassthe &k _WR@PPHSE. i s | ow.

VWi | e exanpl e enbodi nents of the invention have been
described in detail, 25 many variations are possible

Wi thin the scope of the invention as will be clear to

3 sld Weerpuidesarserding to@nyiorg of the g@eq@yggqjalmg wherein the first
conprising: a SF WG portion _between a fi

AAesPRG ERITIsSPRINgSENS the SEANG 9%@9@@@“@@% to a Printed Circuit

Board.

4. A waveguide according to claim 1 or 2, wherein each of the first and second

transmission lines is attached to an IC die.
5. A waveguide according to claim 4, wherein the SF_WG portion is a bond wire.

6. A waveguide according to any one of the preceding claims, further comprising:
a first transition portion between the first transmission line and the SF_WG
portion, and |
a second transition portion between the second transmission line and the

SF_WG portion.
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5 1line, wherein the SF W5 portion has a width greater
than or equal to 75um 2. A wavegui de according to
claiml, wherein the width of each of the first and
second transmission lines is the same as the SF WG
portion. 10 3. A wavegui de according to any one of the
precedi ng clainms, wherein thelGirst and second
transm ssion |lines and the SF WG portion are attached

¥o a Rrv!/d"\'/taﬁﬁiidgaﬁgd%ﬁﬁwg 1$3eaintls, irerdin e@cH‘@V@ngql'rg%nd second
accordi ng laim 1 or 2, wherein each of the first

ﬁgrqsltﬁﬁ%?ﬁonstcroﬁ{ﬁl%ss@g%nb'pﬁb%% {8 RbdRChSE fuRhécdnprising a

A wavegui de according to claim4, wherein the
%Cw\gméﬁd@n is a bond wire. 20 6. A waveguide
according to any one of the preceding clains, further
conprising: a first transition portion between the
first transmssion line and the SF W portion, and a

gecongd 4,258k aecoring td @Iﬁlnbﬂm&nttﬁ@sl%%%%e notch is linear.
transmssion line and the SF_WG portion. 25 10 7. A

wavegui de according to claim®6, wherein each of the
first and second transition portions conprises a

gr ound \p\@h&ide tabé‘orglhg%'glam 8Nendriihthesh 4R RShdeh & triangular.
notch at one end . A wavegui de according to claim

7, wherein the shape of the notch is linear. 9. A
wavegui de according to claim8, wherein the shape of

the nAatgdve V\R@dé Btadtginh 36 claind @, wift AR e AGEORSIENE rHod-linear.
cI aim7, erein the shape of the notch is non-linear.

11. A waveguide according to claim 10, wherein the notch is exponentially shaped.

12. A waveguide according to claim 1, wherein the length of the SF_WG portion is

an integer multiple of a half wavelength at the central signal frequency.

13. A waveguide according to any one of the preceding claims, wherein the first

and second transmission lines are MSL.

14. A waveguide according to any one of claims 1, 4, 5 or 12, wherein the first and

second transmission lines are CPW.

15. A waveguide comprising:

a SF_WG portion between a first transmission line and a second transmission
line,

wherein the length of the SF_WG portion is substantially similar to an integer

multiple of a half wavelength at the central signal frequency.
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10 11. A wavegui de according to claim 10, wherein the
notch i s exponentially shaped. 12. A wavegui de
according to claim1, wherein the length of the SF WG
portion is an integer nultiple of a half wavel ength

at the central signal frequency. 15 13. A wavegui de
according to any one of the pteceding claims, wherein
the first and second transm ssion lines are MSL. 14.
18, WavegidRideEeebdingdo tRird NS, WhGefth€ BRI WES Bortidn isSa B6nd wire.
12, wherein the first and 20 second transm ssion
lines are CPW 15. A waveguide conprising: a SF WG
portion between a first transmi ssion |line and a second
1t7r anYvaedgaiie ddcb@ingdb cldirere] whérbid the bahdwpé id substaintiahg
portion is substantially simlar to an integer

stidight.pl e of a half wavel ength at the central signal
frequency. 11 16. A wavegui de according to claim 15,
wherein the SF W6 portion is a bond wire. 17. A
wavegui de according to claim 16, wherein the bond wre
1igs subwawguidel dogorditg taiagione 6f didimsA Savidgwherein the widths of the
according to any one of clainms 15 to 17, wherein the
fidtdind secdndt trensnissiast lines dreseq@htd the aidiinosthe@F_W @ esertimne
equal to the width of the SF W5 portion. 19. A

wavegui de according to any one of clains 15 to 18,
wherein the first and 10 second transm ssion |ines

1@ e ¥BavezlidefacsardinpUiodwy aoe of daims tootodlBy wbereirpthe first and
claims 15 to 17, wherein the first and

second transmission lines are MSL.

20. A waveguide according to any one of claims 15 to 17, wherein the first and

second transmission lines are CPW.

21. A waveguide according to any one of claims 15 to 17 or 20, further comprising a

balun bonded to each of the first and second transmission lines.

22, A waveguide according to claim 21, wherein the balun further comprises two

quarter wavelength wires.

23. A waveguide according to claim 22, wherein the two quarter wavelength wires

in the balun are spread at an angle of 45 degrees.

24. A waveguide according to any one of claims 21 to 23, wherein the balun is

further bonded to a ground plate.
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second transmi ssion lines are CPW 15 21. A wavegui de
according to any one of clains 15 to 17 or 20, further
conprising a balun bonded to each of the first and
second transm ssion |ines. 22. A wavegui de accordi ng

to claim21l, wherein the balun further conprises two
quarter wavel ength wires. 20123. A wavegui de accordi ng

to claim 22, wherein the two quarter wavel ength wires

250 t rewhalguiieaiceorRifigad Gin@on@Bf Ei8ifse! 50tb 245wHeeiregsch of 4he first
A wavegui de according to any one of clains 21 to 23,
andeeeord trarentisdiomines is &fached td@t Idgieded to a ground
plate. 12 25. A wavegui de according to any one of

clainms 15 to 24, wherein each of the first and second
transmssion lines is attached to an I1C die. 26. A

26av e guwaegademadomnigndg to aan yne nethefprédedingrataimd) wigerein the
clainms, wherein the 5 SF WG portion is sandw ched by
SAMIV@E ipettieotis sandwished Dy tRF diekecivavagars.de accordi ng to
claim 26, wherein the dielectric constants of the two
dielectric layers are different. 10 28. A wavegui de
according to any one of the preceding clains, further
ZonpA wavaguide aesordingdatciim 2fdeherain the distecprierqonefantsing the two
SF WG portion, the netal patch conprising two ends
diglertrc laperslareidiffeegdh end. 29. A wavegui de according to
claim 28 further conprising a substrate between the

15 netal patch and the part of the SF W5 portion. 30.

A wavegui de according to claim28 or 29, wherein the
280t cH Vavegnidecascpidingdp(apy ong of the pigaedingi driMa clugher gagnprising a
to claim30, wherein the notch is triangul ar shaped.

metal patch under at least part of the SF_WG portion, the metal patch comprising two

ends and a notch at each end.

29. A waveguide according to claim 28 further comprising a substrate between the

metal patch and the part of the SF_WG portion.

30. A waveguide according to claim 28 or 29, wherein the notch is shaped linearly.

31. A waveguide according to claim 30, wherein the notch is triangular shaped.

32. ° A waveguide according to claim 28 or 29, wherein the notch is shaped non-

linearly.

33. A waveguide according to claim 32, wherein the notch is exponentially shaped.




20 32. A wavegui de according to claim28 or 29,
wherein the notch is shaped non- linearly. 33. A
wavegui de according to claim 32, wherein the notch is
exponentially shaped. 25 13 34. A wavegui de
structure conprising a plurality of wavegui des
according to any one of thelpreceding clains. 35. A
wavegui de structure conprising one or nore wavegui des
FAC C OrMlivage dudesstiuictur® Bempfisind& plartieestiweyegligesraccording to any
wherein the one or nore wavegui des are encapsul ated in
chetf Bleepretédingr@ibiis. al . 36. A wavegui de structure
according to claim35, wherein the dielectric materi al
is mould resin. 10

35. A waveguide structure comprising one or more waveguides according to any

one of the preceding claims, wherein the one or more waveguides are encapsulated in

a dielectric material.

36. A waveguide structure according to claim 35, wherein the dielectric material is

mould resin.



