-1 Yavegui de Network Field of Invention This invention relates generally
to’ vvavegw de networks. Particularly, but not 5exclusively,~ it discloses an

apparatus and nethod in which integrated circuits nounted on i
circuit boards are interconnected usingqdielectric wavegui ﬂlwm @ ﬂ und
The adoption of multi-functional digital devices, such as and

tablets, 10 has proliferated in recent years to the point whepeottteyhave
NnOwW gr own 3@ be an |(rﬂ%:s ensabl e part of our daily lives. As a result,
there are YEAEREWIde INEIWOTKonsumers for those devices to be constantly
inmproved with regard to formfactor, better data transfer speed, |onger
battery life and the I|ike. 15C0nventi onally, the devices are configured
wi t h i nt egFa¢ldcbfdinventivs (1 Cs) di sposed on printed ci rcuit boards (PCBs),
and el ectr::ﬁf_‘allg i nt ere onnected via co r-ba s nal 1 qies |. . copper
tracks) la aks il o] ”ttﬁsegeélﬁ tﬁtw v getl‘-y ach lf’r’é’ i"S"confi gur ed
to be cg-shuledvap indstiosal arﬁiﬁﬂﬂﬁhshﬁim@&fbddﬁsﬂgal@.h&égfa% c1ﬁ:lum;| ar to the
concept of sharing a physical conmunication channel in, comnputer

net wor ks. Fitungschop PEntedrritqe onrds Afe fntstcanast e UEnpKyseHr Weﬁ%s% S may be
i npl enented using tw sted copper wires or optical fibers to |inkup devices
such as PC terminals or standal one nodul es, which usually have Layer One
(i.e. physiB@éEkgﬂHV&) and Layer Two (i.e. data |link layer) comrunication
capani | 111 a5 183, 06Y BF hafh 835 RPAEhiCacclal | GROgS ARAUAth AL wiskRg. coPper
tracks for.those pur poses or 1 nst &nce hére is a to the maki mum
data rave @bepwé:écrateldenlréise)nt 'ybﬂals t@ gre Ihranawhmewédy h@{errgovcggpm tq baeks
because of . tc{}e I|n fsca 11charAactrer|l§t (e:rse grndrer%laa n to. data rate,
arising dud ??CPF JuRHE P R8pdATRIYEY) SRR oAt demapds Eom Beer - synbol
interfer eneenafmeﬁs OsiSthabk flevida t60ﬂip;ﬁ>lﬁ§tahdy irﬁprosvleg Réth &@aimqmaﬁommefattsr due to
t hose | osses, ual i sers ar ncor por at to, ensure that the |ink
performanct.t:’eitgr t trapRfGaPRSEr nﬁmﬁyﬁgr@ﬁfg‘ i’gaitional power. Mbreover,
the | osses increase as the date rate increases, which further entails use

of stronger
15 Conventionally, the devices are configured with integrated circuits (ICs) disposed on

ptinted circuit boards (PCBs), and electrically interconnected via copper-based
signal traces (i.e. copper tracks) laminated onto the substrate of the PCBs. Each
track is configur;ed to be co—shared as a signal channel between d.esignated ICs,
similar to the concept of sharing a physical communication channel in computer
20 networks. For exarﬁple, in the Ethernet standatd, a physical channel may be
implemented using twisted copper wires or optical fibers to linkup devices such as
PC terminals or standalone modules, WhiChl usually have Layer One (i.e. physical

layer) and Layer Two (i.e. data link layer) communication capabilities.

25 Nevertheless, specific challenges abound with using copper tracks for.those
putrposes. For instance, there is a limit to the maximum data rate (between the ICs)
that can be achieved using copper tracks because of the non-liner scaling
characteristics i.n relation to data rate, arising due to frequency dependent losses
(e.g. return loss, inter-symbol interference or croéstalk). To compensate for signal

30 impairments due to those losses, equalisers are incorporated to ensure that the link
performance is met. Equalisers however consume additional power. Moreover, the

losses increase as the date rate increases, which further entails use of stronger
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- 2 - equalisers (thereby drawing nore power) to ensure the sane
performance, formng a vicious cycle. Therefore, in |ight of the
foregoi ng probl ens, an inproved apparatus and nmethod 5 for interconnecting
ICs on printed circuit boards would thus.be useful and advantageous in the
art. Summary According to a 1st aspect of the present invention, there is
provi ded a wavegui de 10 network or wavegui de bus conprising a substrate

having a plurality of integrated circuits disppsed thereon n -

di el ectri ce%\’/sé@%%h%‘ebﬁ g(ﬁ“glf‘% Mfe p§ﬂ'5§tt|° éetné‘.“e'rl%ﬁeészbrf’ﬁp arr ri/mbc%’ ?Orftgl et at ed
circuits afgioaPepiied via the dielectric waveguide. The substrate may be a
printed circuit board. Each integrated circuit may be 15 coupled to the
di el ectric wavegui de usi ng a wavegui de coupler, which is preferably

confi gur e?fﬁ%eﬁoé’,'iﬁﬁ!@h bPaE @%g%ﬂ&?‘pro-g%s@@ﬁ% fov¥RYapPLradclvaidt me@eds| y
(0]

arranged e relatrvely conpact,” and to exhibit hig{ gain, directivity,
and accept @blistetossesing/kis omptintsfl citgeit beersdsreapld sarsrg wgita@duenci es

range. 20 %Pe dieIectrLc Waveguide may be configured for transm ssion of
€

radi o freqtfEABYBE'GnaI€* &hd nay pernit the signals to be transmitted

concurrently and/or serially. Preferably, transm ssion nmay be carried out
using Carrjer Sense Multiple Access (CSMA) protocol or Frequency Division
Mil tiple ACRRBERYEDMA) scheme. In addition, the dielectric wavegui de may
have a bangwidititheab 221" dspa&toflBe patdent idberftivd, ibére it peovilieel @wbvdgoideavegui de
may al so be arranged to_interconnect the plurﬁllt%.oglinteqtated cjrcuits
to forifa PEWRSE R WAREHCNRNS ENPIATIRG2 SRR IS PR RN PLIBISEI0HY, a star

t opol ogy Ogir&itgl{ﬁsrptogp@h‘ggé'on, R Q&AL qtrit RAVBRLNOBEK oY i sibshetec arreuni cabl y
coupl abl e to other equivalently configured networks on the substrate 30

usi ng net wplukality pliysegragdcditcnist arsrdouphidde thesdipleetricrsaneguidepassi ve
wavegui de conponent arranged as an inter-coupled wavegui de or an

end- coupl ed wavegui de. Network bridges are advantageous for interconnecting
di ver se neflTwesklsstase fagype a printed circuit board. Each integrated circuit may be

15 coupled to the dielectric waveguide using 2 waveguide coupler, which is preferably
configured as a planar horn antenna. The antenna may be advantageously arranged
to be relatively compact, and to exhibit high gain, directivity, and acceptable losses

over most of the intended operating frequencies range.

20  The dielectric waveguide may be configured for transmission of radio frequency
signals and may permit the signals to be transmitted concurrently and/or serially.
Preferably, transmission may be carried out using Carrier Sense Multiple Access -
(CSMA) protocol or Frequency Division Multiple Access (FDMA) scheme. In
addition, the dielectric waveguide may have a bandwidth of at least 100 GHZ.

25
Further, the dielectric waveguide may also be arranged to interconnect the plurality
of integrated citcuits to form a network, which may be Being configured as a ring
topology, a star topology or a bus topology. Moreovet, the network may also be
communicably couplable to other equivalently configured networks on the substrate

30  using network bridges. Each network bridge is preferably a passive waveguide
component arranged as an inter-coupled waveguide or an end-coupled waveguide.

Network bridges are advantageous for interconnecting diverse networks as they



3 provide collision domains isolation via mcro-segnentation, and enable
bandw dth scaling as the network expands. A network hub, preferably
conprising a wavegui de resonator for signal 5 anplification, my be

di sposed on the substrate for interconngcting the plurality of integrated
circuits, if the network is configured as the tree topology. In addition,
;Peldleiectrlp margguiﬂe may conPrise a plurality of discrete sections and

east one junction having.a urality of gaps.at wher i

secti ons JlU%’é‘ﬁ@PElj&t“e‘.ion?ﬂég\ﬁO&P n5fa Y ﬁ'Séﬁ‘g'e?té‘Uﬁ?e?necf%r%lb;eh%on?r“(ﬁ)g{hrer;te ely
ten percent., Lﬂ@ewggﬂhgqgﬁgn@i a signal frequency transmtted through the
dielectric MBJ%QUIde. This gap feature may inprove overall transni ssion

per formance by reducing return and signal |osses. 15 According to a 2nd

aspect of fhe PLESER LLINEBY Qapddie) £ whbeddidViedsihia: RRVEGIL de network or
F i

wavegui de us.pogprlé_ng a printed circuit board having a plurality of :
i Nt egr at edamsplificativs, i podeposdterm dre, subndatg faf mt%P?P%CtWS\ﬁg@Bi"déh%r?for in

the printed circuit boar Th ral gt i AL i.rcuits are coupl ed
via the di’é‘Fe@éTtFﬁ?ﬁ“ﬁ\E\tfebfﬂtihaen.eg'ﬁ%h( ?:8%’?5&?{%‘85 lsflgoﬁlae re?ittogg}oo t of the pr eseﬁte
|?¥enhlgn, thﬁre is provided a dielectric waveguide configured to be
attached to the surface of . or integrated into r - di.el ectri
wavegui de Bb?’fjﬁir"i‘%‘?ﬁbe élelkicfré‘f Wéﬁ?f“é‘&?‘g%‘é%fnk)%s %Pf(%l(r)%#g%%g%}cgﬂ% %&gﬁqg :
i ntegrat ed, g [ Qi ok FRREB HARidghepIailis) bBEAs aaRdhete Srulinderndcdmsanged t o

be 25 connectable to another simlar dielectric wavequi de. These d oth
aspect 40 of cargsegatey €hh¢ widthiaf|eaghegamisdireistably RN AF é?rﬂﬁfréanwfttﬁlg et

reference zvgvélglegtﬁ @quﬁpﬁgq&@ﬁ? Hagﬁqitnﬁrtﬁ.k&%fnttﬁé dielectric waveguide. This
gap feature may improve overall transmission performance by reducing return and

signal losses.

15 According to a 2nd aspect of the present invention, there is provided a waveguide
network or waveguide bus comprising a printed circuit board having a plurality of
integrated circuits disposed thereon, and a dielectric waveguide on or in the printed
circuit board. The plurality of integrated circuits are coupled via the dielectric
waveguide.

20
According to a 3*.aspect of the present invention, there is provided a dielectric
waveguide configured to be attached to the surface of, or integrated into, a
substrate, the dielectric waveguide comprising a first end arranged to be connectable
to an integrated circuit disposed on the substrate, and 2 second end arranged to be

25 connectable to another similar dielectric waveguide.

These and other aspects of the invention will be apparent from and elucidated with

reference to the embodiments described hereinafter.

30 Brief Description of the Drawings
Embodiments of the invention are disclosed hereinafter with reference to the

accompanying drawings, in which:



30 Brief Descrlptlon of the Draw ngs Enbodi nents of the invention are
di scl osed hereinafter with reference to the acconpanying drawi ngs, in

which: - 4 - Figure 1 is a photo showi ng a prototype wavegui de network
inplenented on a printed circuit board_gccording to a first enbodi nent of

t he |nven;|on; Figure 2 illustrates a top view of an | Cto-wavegui de
coupler (i.e. waveguide 5 coupler) used in the network of Figure 1; Figures
3A to 3E shOM/a conventional Y-junction and slott qup used in

t he net wor Kiggfe Fisgupleotp, ShPB’g‘e&?\BFOtWYPﬁ“E"‘H%T P g per ormance charts;

10 Fi gure ?nh!ehl&rtc[lﬁ-tb%ﬁr@a&@&ﬁﬂg t& R4 e@iﬁfﬁdnﬁfmtaoﬁ/\ﬂw&gwrdﬁnnet wor k
according to the invention, wherein the network is arranged as a ring

topol ogy; Figure 5 illustrates a third enbodi nrent of a wavegui de network

according kg L2 ihfINERLI.ABp MBPLELR IENE-DRLUONK cbipIBf ANGRGSIA St ar

t opol ogy and"neludes. a networ k hub; Figlre 6 Iustrates t he network
hub in Fi guseplér) uedd mhthie neow pdir ft guz 1wavegw de resonator for signal
anplification; 20 Figure 7 illustrates a hybrid network, which conprises
t he wavegui de networks of Figures 1, 4 and 5 inter- coupled vi a network
bridges; Frguie 3 kd BHSshbazte&@enebmmlmndgendse@ttw Yhenﬁylblrwdd met wor k

of Figure 7, whic conf ure t
conponent ; HEWH“YBB?P§E$B“§ EPB f;gpgghéﬂgﬁﬁga&%p ﬁ“EP g%%ﬁﬁgggu:ﬁethe

hybrid network of Figure 7, which is configured as an end coupl ed passive
wavegui de component.
70  Figure 4 illustrates a second embodiment of a waveguide network according to the

invention, wherein the network is arranged as a ring topology;

Figure 5 illustrates a third embodiment of a waveguide network according to the
invention, wherein the network is arranged as a star topology and includes a

75  network hub;

Figure 6 illustrates the network hub in Figure 5, which incorporates a waveguide

resonator for signal amplification;

20  Figure 7 illustrates a-hybrid network, which comprises the waveguide networks of

Figures 1, 4 and 5 inter-coupled via network bridges;

Figure 8 illustrates 2 network bridge used in the hybrid network of Figure 7, which
is configured as an inter-coupled passive waveguide component; and

25 _ |
Figure 9 illustrates another network bridge used in the hybrid network of Figure 7,

which is configured as an end-coupled passive waveguide component.

Detailed Description

30 Embodiments of the present invention, as described hereinafter, relate to using
dielectric waveguides to provide a radio frequency (RF) based waveguide network or
waveguide bus on substrates or printed circuit boards (PCB). Specifically, the

dielectric waveguide interconnect several integrated circuits (ICs) that are disposed



Det ai | ed Description 30 Enbodi ments of the present invention, as described
herei nafter, relate to using dielectric wavegui des to provide a radio
frequency. (RF) based wavegui de network or wavegui de bus on substrates or
printed circui-t boards (PCB). Specificakly, the dielectric wavegui de

i nterconnect several integrated circuits (1Cs) that are disposed 5 (i.e.
nounted) on the PCB to form.a network. The enbodi nents of the invention may

f.ind application in areas re.there is ed for.ultra-hi gh-
inter-1Cs g‘cfrrﬁmﬁ’l“&eé]? i°81t. egﬁtq @rﬂla%n%tw\/?é@eggf mbegimrts °f %?@ﬁa?r%%{jbe

i nt egr at ed nwy trhdt pPlikfiod Mt RessabRdle ithdre id haeddBr ailtrarhight @dedsnter-§epar at e
conponent) to couple the 5 1C to the dielectri vegui.de. The vegui de
coupl er enspmewnigaganl Sach Ighas paresenide qorRien V},g}i “fg’écpéi‘f}'éfémft?%%ftghe

di el ectri Ctﬂl@t@gmegﬁtedTm%o shaPeB SorYulied by 288 Hritk @nipORGAH) [t Rbhiyle Bhe
serially based on kKnown transm ssion techni ques and protocols. 10 Sone

advant ages 16fto shadielgstric Waragpifeusihegvarcgeide sarpler erAdIssiignitfelohfabl i ng hi gh
dat a eXCha?lqgsM%?stot%%%lzﬁé\}e ;leﬁglggd Fgﬁn HLAUCERR ; ﬁidG.oﬁ%U@%aQMnﬁ}h@e devi ces

(due to the excellent annel Toss characteriStic of the diel'ectric
wavegui de) tranediteidngnaemed ficousdrinlly besdent knaym transraisgipn [teshngqies gnd
dielectric materjal for the bus channel (as it elimnates the need for
costly andPRE¥8S)Scopper-based signal traces), and 15 al | owing real i sation
of a nore conpact device formfactor for a device (as it sinplifies the

interface coupling between the | and wavegui de, pys).. Fiqure 1 illystrates
a waveddi déoﬁ@t"\%?’?@aﬁﬁcpf&r ’P%fWQé‘H%H‘eg YSts alﬁéve&b‘h‘gﬂﬂ‘fsﬁﬁcqlge 5§94 §thl"§11

embodi ment gf; &RRadJaueRE ibeRveeRAhE TCY| Blddng bBReMEIRMcdDytRE BoVikes]@Ae
20conmprises a plurality of integrated circuits (i. 104 connpected via

re (i.e. 1Cs) 10.
a di el ect r ite thrasxsgliéntdoy mhanes) desi cherasteristic obehe Helsaiic Bicagideh dptusifeat
di fferent ends/iport vequl i€ 1041 08% r hSOusCHIRRLISE a
plurality 6’%““é‘ﬁ%?‘r‘g%g‘%&%g‘ggx?’oggr%q g?’es)gtsldgg!.ga%l% an re_lxemr)l ar Serrbodi ment,
t he |1 Cs 104asindlisireltectheincedvdoregusilyend 8&ssr eoppeebesediignadtmeesheddt o t he
surface of Ehe. PCB 102 usi.ng surface-

5.nmount  technol oqy .kn in the art.
Opt i onall y 2llpwEedfedisapep of 2 %gﬁﬁ’f’b?@c&é%"%ear? Hn £285128: £ Uvicl Qe

simplifies the interface coupling between the ICs and waveguide bus).

Figure 1 illustrates a waveguide network 100 arranged on a PCB 102 according to a
first embodiment of the invention. Patticulatly, the waveguide network 100

20 comprises a plurality of integrated circuits (i.e. ICs) 104 connected via 2 dielectric
waveguide (or waveguide path) 106 through being coupled at different ends /ports
of the waveguide 106. The IC 104 may also comprise a plurality of sub IC packages
(or IC dies) 107. In an exemplary embodiment, the ICs 104 and dielectric
waveguide 106 are preferably attached to the surface of the PCB 102 using surface-

25 mount technology known in the art. Optionally, the dielectric waveguide 106 can
be formed intermediate to the layers of the PCB 102 to reduce the actual space
requited, and allow further miniaturization for the size of the PCB 102. Therefore,
it is advantageous that the dielectric waveguide 106 has a cross section that is
rectangular (i.e. substantially planar), semicircular or any geometric shapes (all not

30 shown) that would permit easy adhesion ot attachment of the dielectric waveguide

106 to the surface of the PCB 102. -



be formed internediate to the |ayers of the PCB 102 to reduce the actual
space required, and allow further mniaturization for the size of the PCB
102. Therefore, it is advantageous that the dielectric wavegui de 106 has a
cross section that is rectangular (i.e.c substantially planar), semcircular
or any geonetric shapes (all not 30 shown) that would permt easy adhesion
or attachnment of the dielectric waveguide 106 to the surface of the PCB
102. 6 The dielectric waveguide 106 is fabricated tb% W of one %gest he

fol | owi ng Prodielstir weregnideni§6 1t fibsicpted PYST A M, OlPEAPHYT "8 at Tachi ng
prefabricat ed. wa |Je. n t Br hdaRhREB LD richiEdavdieghidet ri ¢

wavegui de ﬂrg%lrégé\érggétqogﬂ itj%rgggi%\’/gghglg’ a bus (Iig?%. provi di ng g‘hshar ed nmedi um
channel ) terhp@ienid at hedEB102.ansf er between various I1Cs 104 and is
preferably configured to permt concurrent and/or serial data (i.e.

signal s) comuni cation. Hence, 'all ICs 104 are designed or programred for
dual transyhéaietirtideessguider 106 esserdiatlp povey & busThe- pEyidiog 25B9tedpt i onal | y
be 10 progranmed for specj.fic,transm ssion_node, d i on the prior
conf i gur at PEAYGE Cl?"r?é‘egitgl %?it‘ﬁafecd%\'}réageﬁéetf’(%rf Vﬁﬁ?‘f%gjr)sﬁgj}e@tlﬁe wavegui de
106 is confjiginel WntiBudRapidwhiitdnoirrait dnddst sdrot dexdeedigng)s) 100 GHz. An
exenpl ary thod for performn ﬁ@ri al ,transm ssi on may Pc?xéﬂa ilar to that -
of 15 the Mmianikatiess Hesgerad) )21, ABTERES) OF REQBTAET STl t pl e
Access (CS Rsi i Nsek B2 Lonc@RlchoNahd YCs D0heny sptibadllyeber ot ocol s
such as @kﬁlﬁﬂgfgﬁ{%e‘;l Soetrrllm[a)ﬂét ection (CD) or Taoken }I,Q gg tecyﬁlil }&ﬁ?‘x‘ can

al so beoadppigemmagdby i npedifie traaypisupn mAdsy deRiTdLs: o re MO Ont ext ,

all 1Cs 104 will. be pre assi b e An SRRy { fc8ideN0Y if Sonfid@abwithsi on
in the san@f#éet%lr%ﬁ“ ca“r’ﬂ'v?ﬁ‘c’illtdg%g' ?‘3 car r(?lg? sensiegg mechani smglrs

i mpl ement ed HaAdwhitk bf abrhar(er exerdingy BEGHEsi on, each | C 104 checks if
there are any existing data transm ssions on the dielectric wavegui de 106.

If no activity is detected (i.e. inplies that the dielectric wavegui de 106
is free), ap &gnéﬁﬁquﬁgm&sp&f@ﬂahg bériul Stahs@ission rhigwes eimilaany thaCof04 t hat
detects another signal while transm tt.iﬂg\g a daﬁa fgﬁ”ﬁg{li A8cesd & kgnal )
i's requisr edhe Medip AenesriCanrepyMdA6) PretarRlnfaeies feast MRS AT 4rMY a j am
signal . Subs i 140e JGiokQfly WhdsSsul@ble Brb@RERMNULR BB SM ARl bef or e
retransm ttaf%gggﬁtel&%l?eevéﬁou dat ayframs.u Eac%’ | C 104, adheres toégpqy.above

steps of t l@vliNied Brtdctivo (68Dl TakenrRing fichnglogr gp also be adopted. ing

the corresponding concept to the current context, all ICs 104 will be pre-assigned
with a common frequency for transmission in the same network bandwidth. A

20 carrier sensing mechanism is implemented in which, before every transmission, each
IC 104 checks if there are any existing data transmissions on the dielectric
waveguide 106. If no activity is detected (i.e. implies that the dielectric waveguide
106 is free), an IC 104 commences signal transmission. However, any IC 104 that
detects anothet signal while transmitting a data frame (i.e. a RF signal) is requited to

25 immediately stop transmission and instead transmit a jam signal. Subsequently, the
IC 104 waits for a .random time interval befote retransmitting the previous data

frame. Each IC 104 adheres to the above steps of the protocol to serially transmit

signals.

30 For concutrent transmissions, the Frequency Division Multiple Access (FDMA)
scheme based on the Frequency-Division Multiplex (FDM) technique may
preferably be adopted. Under this scheme, each pair of associated ICs 104 is

allocated a unique frequency band as the designated transmission frequency.



30 For concurrent transm ssions, the Frequenc | Vi Si i
. , y Division Miltiple Access
(FDVA) schenme based on the Frequency-Division Miltiplex (FDV IOt echni que may
preferably be adopted. Under this schene, each pair of associated ICs 104
is allocated a unique frequency band as;the designated transm ssion
:‘:ﬂegugg\%. |-7 Qlter natl(vel y, the plurality of 1Cs 104 may be subdi vi ded

ral subgroups (not shown) and each subgroup is assi i sti
frequency band. Comunication within ne 0 p gneg 2 distinet

(opti onal | ylyeraedyely.tthe pPhesliiof {8l S 6rf“f’ré‘tVFﬂ§ a‘g{ f’f?g’?&e %I‘pegs‘gﬁf/%%’é’t It is

to be appr %C' ab edq that s &%ﬁﬁa@ﬂ ofq difsfigsemdquenty Bt NCymbraindksti
onder thi
schene for® M’ f‘?erent pal s g104 or subgrqo ps}r my e le be reali sab:Z

due to t hewitlanmgﬁerblaadwfctath awhgrpeib inay (ppéonaiy adopt (Sh‘bf'er 5$188n 100

GHz). Further, the._.all ed fyreglienc Ol
epar at
from nei gh‘B‘Sﬁ\pdr?d afss es‘f t%)b%lr eI\t/zsnt e%lﬁj aﬂ%ﬁ?gﬁ?é g?\%:ded}ﬁiﬂe&fﬁgyeg?ogs[ gl Ed

I,QS;SL%E frkqlapp Bel uafer ahly sdigod fig &ffems Py SECso\lr on O SERUPS &y i ¢
eac
reliably emﬂﬁh@éea&é%llg \%gf fid 1%‘% bcl?g ch{thsqu“ﬁ)?ug 3 ‘}‘E‘PL@O; reRiQRA v and

raint ser transm ssion. The
net wor k 100 @mzhmuen thré gusAted frt@eﬁbgamctsenle distiactivgy sapoitedfropal t hough

not limted to this arrangenent, as t nb
bel ow) . 150Eahllquf@gll?ﬁ4‘dﬁtt%f’éer"§ﬁf Vgﬁﬂﬁ‘i’efﬁ%elﬁ%f% o O%gtnﬁﬁngsﬁh cllg%gigjls?ﬁg radi o
frequency &-@Eg; r%jegp@k §n5} Bﬁ’#}ﬁyﬂé Ttgaﬁﬂnﬁ&oﬁﬁgeér\/tﬁ@i dat&trit haveliuidetd, ieach

wavegui de ternative nal s communi cat | bet ween t he
al so beo capuir efl IGuf 04 pr syherdes iSr o RIQEHHE y"“’rda‘ﬁbébqlﬁfx‘fl}?é‘g‘éIdé'i?t‘?“g??agﬁgfl (r:ra g

spectrum nsequen n t he adopt ed conmuni cat
for the nef¥of® f@’é‘séf‘%egﬁfg 4erﬁ'lglseltggrlal (i. g with 20match: 23 frequency

Slhgr ?ﬁgegglsglcfsdf ?r specific signal propagation) that enables transm ssi on
The n?:tworrkel %,egsc olwsn i 1gu£[eol flso 5r@a£@§d dg Lﬁﬁéﬁcﬁoggﬁ&ﬁ%hgﬁ 106.
not limited to this arrangement, as seen in the embodiments described below).

15 Each IC 104 preferably communicates to other ICs 104 using radio freciuency (RF)
signals transmitted or received over the dielectric waveguide 106. Alternatively,
signals communication between the ICs 104 may also be carried out in any desired
frequency range of the electromagnetic spectrum. Consequently, depending on the
adopted communicating frequency for the network 100, a suitable material (i.e. with

20  matching characteristics for specific signal propagation) that enables transmission

via the selected frequency is used to form the dielectric waveguide 106.

Each IC 104 additionally interfaces with the dielectric waveguide 106 at the
| respective ports using an IC-to-waveguide coupler (i.e. waveguide coupler) 200,
25 which is illustrated in Figure 2. The waveguide coupler 200 may be integrally
formed as part of each IC 104 (e.g. integrated into the interposer of the IC 104),
integrated into the PCB or alternatively made available as an external add-on
component. The determination of the particular form factor of the waveguide
coupler 200 to adopt depends on the demands of a specific application. In one
30 preferred embodiment, the waveguide coupler 200 comprises an ultra wideband
transverse-electromagnetic-mode (TEM) planar horn antenna 202 as depicted in
Figute 2. Particularly, each IC 104 is attached to the planar horn antenna 202 by
bonding to the Ground-Signal-Ground (GSG) pads (not shown) of the waveguide



. Each 1 C 104 additionally interfaces with the dielectric wavegui de 106 at
‘the respective ports using an | C-to-wavegui de coupler (i.e. wavegui de
coupler) 200, 25 which is illustrated in Figure 2. The wavegui de coupl er
200 may be integrally forned as part ofgeach IC 104 (e.g. integrated into
the interposer of the 1C 104), integrated into the PCB or alternatively
made avail abl e as an external add-on conponent. The determ nation of the

particular formfactor of the wavegui.de . coupler 20 - depends on the
demands ofcoxples@Ef by clsgﬁgd?qﬂg;ﬂg 8H.esgl %g’éar%secﬁglhﬁfl e get??%gjlggﬁggcﬁonglﬁt . the
wavegui deeﬁlg)ﬁbqlh%rrn 20Q 069012 kS eS8 asvdclatdd dielet d@iebeavdguide 106 connected
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of the wave - coupler 20 by using bon wicges. Sg‘gr@ts can then
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di el ectric wavegui de connect 5@ inldl8el Q) EF@RGE&LBlIngl i gni Ng an
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ant enna 20RujtBersits] tbtplalat Yotmagen{a2®ois dhagctesiserhby bighntrsel fitgHENY such
that the dielectric waveguide 106 is.sinply.di [ g-&&lr;};- ¥ ral portion
of the pl aFfaPORGr( e'éﬁvgéﬁ kY fgffémig a%‘f&feprre %%elwé‘gf?g‘%g‘é%ﬁﬁ’wna Fur t her nor e,

the pl anar Horn..apt ROBRAR2y] SodhpEaabiedbsedpinpehigiuphss highegpiency
response (1.e. hi ass filtering) and is prefer configured to be

i gh b
rel ati vel ydizertiyatyt arﬂgﬁccrﬂt’@blﬁ lpeses PYEL 1§),(’5t<sf?‘fcfg’€ b“té?ﬁﬂ‘?do%/lferﬁré% %5q‘bern8}peért i es
such as hi gar}l gail'%b cg)glgiaf:ﬁl(égé MhlYe iANdrAGsLARhRNt 6s@maites tidBT 104, t he
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%F[ﬁ‘ i o

conveni ent waikeh alshiflans: h@ntaneerin@ 2084 xiskhasre tdperast AEPORGY N _
exists as a_separate conmgnentyqAddh 1 anahl e ddRNGURI e aTapl er 200 i s
e Tr

conf i gur ed “P3°EAT CcH 't equency response of the di'el ectric wavegui de 106
to ensure QRiddEM waesguide 10% @rapereaytinalyevits itsraperabdiityat ed in Figure 1,
the dielectric waveguide 106 is forned froma plurality of discrete
sectiong, and coupled together at the signal junctions 108 (i.e. arranged

as Y-junctiQng,4084 iny\ica}g{l%og 180 alefe iy whecgaplel 10605 fexmmdl frech 2 plurditnafi vel y,

. %al so be fornmed of .a siogi%e conti guous

the dielectric wavegui |
portion, 2Gliependitvgsomd ¢raplaspopeidyr tythe sigraSRPF B FHEHEENST k 100.

e 0D RRESL WS EA AN AP 6F SR SIREHIARDNAIBGanGiNOEK 100 t hat

is not cou 0 an to be term nated usjng a signal
terminat or g&edtris Raweguido 10 smentsodiegoaned of h sngleotPntighPEhPHIA ot her wi se

cause interference. Wth reference to. v, i i tel 302
i1l ustrét ediePﬁnqu%BP\éY‘%ﬁep ‘ﬁ@'r%’P\c}\jpﬁsc?@%f%gltﬁgkhtg&giéc]g? Jeg{]%btlbgﬁsi gnal

| osses when, 3} anats ik enpifsureeaiedonionahp urotdrbri 000Bada@ot eoted to an

IC 104 needs to be terminated using a signal terminator (not shown) to prevent
signal reflection, which would otherwise cause interference. With reference to a
conventional Y-junction 302 illustrated in Figure 3A, there will typically be

25 detectable signal losses when signals are bifurcated at a junction 108 due to the
sudden change in the geometry dimension, consequently triggering an impedance
change in the dielectric waveguide 106 at that section, resulting in undesired
electrémagnetié wave reflection and radiation. The associated signal loss
petformances of the conventional Y-juncltion 302 due to this observed phenomenon

30  are depicted in the chart of Figure 3B, which shows that the return loss of each
discrete section and the propagation loss between any two sections are considerably

large to substantially affect performance.



sudden change in the geonetry di nensi on, consequently triggering an

i npedance change in the dielectric wavegui de 106 at that section, resulting
in undesired el ectronagneti c wave refl ection and radi ati on. The associ at ed
signal | oss performances of the conventgonal Y-junction 302 due to this
observed phenonenon 30 are depicted in the chart of Figure 3B, which shows
that the return | oss of each discrete secti on and the propagation | oss
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radi ati on. Preferably, the width of each gap is approxinmately ten percent
of the Mavel ength of a signal frequency transmtted through the dielectric
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discontinuities may reduce the mutual coupling effect between the discrete sections,

20  thereby further eliminating signal reflection and radiation. Preferably, the width of
each gap is approximately ten percent of the wavelength of a signal frequency
transmitted through the dielectric waveguide 106. Figure 3D shows the associated
signal loss performance of the slotted Y-junction 304. In comparison with the
conventional Y-junction 302 (as illustrated in Figure 3B), it may be observed that

25 both the return loss and signal loss for the slotted Y-junction 304 are considerably

improved.

Another embodiment in Figure 4 illustrates a waveguide network 400 arranged as a
ring topology. Particulatly, this network 400 comprises a dielectric waveguide

30 . configured as a loop 402 on the PCB 404 and a plurality of ICs 406 coupled (via
respective waveguide couplers 200) at different points along the loop 402. Since the

loop 402 is formed as a single contiguous waveguide path, there is no necessity to



. inproved. Another enbodiment in Figure 4 illustrates a wavegui

400 arranged as a ring topology. Particularly, this netmnrngOSECSﬁ;rfggs a
dielectric wavegui de 30 configured as a |oop 402 on the PCB 404 and a

plurality of ICs 406 coupled (via respggtive wavegui de coupl ers 200) at

different points along the loop 402. Since the loop 402 is fornmed as a

singl e contiguous wavegui de path, there is no necessity to - 10 - include
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f¥refore, all the ICs 508 are indirectly linked together by the network hub 506,

10  being the common connection point. The network hub 506 preferably provides
functionalities such as acting as a signal repeater (which may also include signal
boosting), detecting signal collisions (which may include forwarding a jam signal to
a1l ICs 506 if a collision is detected) and the like. Advantages to the stat-topology
network 500 include (but not limited to) preventing non-centralized failure from

15 affecting the network 500 (due to inherent isolation of each IC 508 by the discrete
section connecﬁng it to the network hub 506), enabling easy detection of faulty
components, offering better performance by preventing unnecessary transmission
of signals through excessive number of nodes (i.e. ICs 506), and allowing relatively
easy upgrading of network capabilities (e.g. incteasing hub capacity or connecting

20  additional ICs 506) due to its highly extensible characteristic.

The network hub 506 may also incorporate a waveguide resonator 600 as depicted
in Figure 6 for signal amplification purposes (if it provides signal boosting). The
waveguide resonator 600 comprises arranging the dielectric waveguide portions 902

25 to form an enclosure ot cavity (e.g. a ring) on the PCB 604 as illustrated. Energies
of the transmitted electromagnetic signals are subsequently stored within this
volume to establish a resonance condition, which amplifies the signals. It is also
preferred that the network hub 506 incorporates a reasonable rang.e of differently
configured resonators (not shown) to handle a diverse frequencies if the stat-

30 topology network 500 is connected to external networks. - In addition, waveguide
resonatots are typically categorised based on the quality factor, O, where the

sharpness in the frequency response of a resonator increases with the Q-factor. Itis
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formed by é}aﬂfﬁ?lmeﬂéh%tﬁiEQE{jgcp;figgr%\ﬁ/(s)n?‘ thg){lg%grk%q}bvgfékprﬁgglegqrbdf?ntp $B 702)

connection for the star-topology network 500 to other miscellaneous networks 100,

15 400. Network bridges 704 are advantageous for interconnecting diverse networks as
they may provide collision domains isolation (via micro-segmentation), and enable
bandwidth scaling as the network 700 expands. Alternatively, other types of devices
(e.g. network routers) for connecting multiple network segments at the data-link
layer (i.e. Layer Two) or network layer (i.e. Layer Three) may also be used in place

20  of the network bridges 704.

Matching devices known as “irises” (not shown) or equivalently configured circuits
may be included into the hybrid network 700 for impedance matching the respective
networks 100, 400, 500 to the respective loads (i.e. other connected networks). In
25  particular, an iris is used to introduce capacitance (i.e. act as a shunt capacitive

reactance), inductance (i.e. act as a shunt inductive reactance) ot a combination of
both into a waveguide to reduce induced signall teflections due to a mismatch .
between the waveguide and the load, which may otherwise result in malperformance
issues such as power losses, teduction in power-handling capability and an increase

30 in frequency sensitivity.

Further, the network hub 506 of Figure 5 and network bridges 704 of Figure 7 are

configured as passive, waveguide components. As commonly known in the art,



10 topol ogy network 100 of.Figure 1, ring-topology network 400 of Figure 4
and star- topology network 500 of Figure 5. Mre particularly, the various1
net works 100, 400, 500 are inter-coupled, preferably, using network bridges
704. It is to be appreciated that in tRhhs configuration, the network hub
506 provides a point of connection for the star-topology network 500 to

ot her m scel | aneous networks 100, 15 400. Network bridges 704 are

advant ageous for interconnecting- diverse networ as, t he r Qvi
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half. The coupling strength of the network bridge 800 may be altered by adjusting

15 the gap width between the waveguide portions 804.

Figure 9 depi'cts an alternative circuit implementation of a network bridge 900 for
use in the hybrid network 700. Specifically, the dielectric waveguide portions 902
on the PCB 904 are arranged as an end-coupled waveguide. In one embodiment,
20  the end-coupled waveguide is configured as a 3-port coupler, wherein the energy of
the signal to be. relayed can be transmitted equally among all sections of the
waveguide portions 902. Moreover, to avoid the use of a signal terminator in this
configuration, it is to be appreciated that the coupling length of the waveguide
portions 902 is approximately a quarter wavelengfh of the transmitted signal

25 frequency or a multiple thereof.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, such illustration and description are to be considered
illustrative or exemplary, and not restrictive; the invention is not limited to the

30 disclosed embodiments.

Other variations to the disclosed embodiments can be understood and effected by

those skilled in the art in practising the claimed invention. In the claims, the term



~ network 700. Figure 8 shows a circuit inplenentation of a network bridge
800 used in the hybrid network 700. The network bridge 800, fornmed on a PCB

802, consists of two 10 adjacently arranged diel ectric wavegui de portions

804. A device having such an arrangeneng_.is known as an inter-coupled

wavegui de. Preferably, the inter-coupled waveguide is configured as a

- 4-port coupler, wherein a signal being relayed is coupled to one half of

the wavegui de portions 804 and, al transnltt «Jhe
coupl i ng sigoBmytsHgord OFFIé‘oﬁé’f‘irib‘?‘ko%Ff HGE BB %Psbaéldatpf éé)&e?iﬁ' teQ?J leﬁsgl ng 15

the gap Wi gth,beloueap: thgudey sRiIER WRE kiedd SacBtiht cat@mrmeﬁuoheplrctfsltadm
alternative circuit inplenentation of a network brid 8glfor use in the

hybrid netinchifferz0dersmdent leimy doesmes meag thity FURigy ‘g‘hf’ BOAFIHS® 902 on
t he PCB 904 end- coupl ed wavegui-de. In one enbodi nent, 20
t he end- coup 8gb§g%%ggvgg§§?g€onfigured as a 3-port coupler, wherein the
energy of the signal to be relayed can be transmtted equally anong al
sections of the wavegui de portions 902. Moreover, to avoid the use of a
signal termnator in this configuration, it is to be appreciated that the
coupling length of the wavegui de portions 902 is approximately a quarter
wavel ength of the transmtted signal 25 frequency or a nultiple thereof.

Wil e the invention has been illustrated and described in detail in the
drawi ngs and foregoing description, such illustration and description are
to be considered illustrative or exenplary, and not restrictive; the
invention is not limted to the 30 disclosed enbodi nents. - 13 -

"conprising" does not exclude other elenments or steps and the indefinite
article "a" or "an" does not exclude a plurality. The nere fact that
certaikn neasures are recited in different dependent clains does not nean
that a conbi nation of these neasures cannot be used to advantage.



. -14- dainms 1. A waveguide network or wavegui de bus conpri sing:

‘a substrate having a plurality of integrated circuits disposed thereon; and
S5a dielectric waveguide on or in the substrat e, wherein the
plurality of integrated circuits are cquypled via the dielectric wavegui de.
2. The wavegui de network or wavegui de bus according to claim1, wherein the
10di el ectric waveguide is configured for transm ssion of radio frequency
si gnal s. é .The wavegui de network or wavegui de bus according to any
precedi ng faims, wherein the dielectric wavegui de is configured to have a
bandwi dth of at |east 100 GHz. 15 4. The wavegui de network or wavegui de
bus according to any precedin clainl_gh rein the dielectric waveguide is
arranged tb intéﬁﬁ@ﬁﬁéé?nFW@”%FﬁP%WF@? %guﬁﬁPéb?ﬂP%d circuits to forma
network, the nef Msktap:eﬁ%ﬁpﬂfdrﬂﬂfr%girﬁﬁg@teﬂidﬂﬁuthHﬁb@%ﬂ th@reein@ind Opol 0gy
or a bus topology. 20 5. e wavegui de network or wavegui de bus accordi ng
to claii 4, fursHislectimprvoghiy an preinvibe RUPRIEYI sposed on the substrate to
centrally | nter¢RING 'S aﬂwﬁhte%ya 04 iR BLEDIEN UEUhE Siclldirit he_networ K
is configured as the tree topo ogy. é 6. The wavegui de networ k or wavegui de
bus accor dwagghslecl ai m 5, wherein the network hub is a passive wavegui de
conponent conprising a wavegui de resonator for signal anplification.

2. The waveguide network or waveguide bus according to claim 1, wherein the

710  dielectric waveguide is configured for transmission of tadio frequency signals.

3. The waveguide network or waveguide bus according to any preceding claim,
wherein the dielectric waveguide is configured to have a bandwidth of at least 100
GHz.

15
4, The waveguide network or waveguide bus according to any preceding claim,
wherein the dielectric waveguide is arranged to interconnect the plurality of
integrated circuits to form a network, the network being configured as a ring

topology, a star topology or a bus topology.

20
5. The waveguide network or waveguide bus according to claim 4, further
comprising a network hub disposed on the substrate to centrally interconnect the
plurality of integrated circuits, if the network is configured as the tree topology.

25 6. The waveguide network or waveguide bus according to claim 5, wherein the

network hub is a passive waveguide component comptising a waveguide resonatot

for signal amplification.

7. The waveguide netwotk or waveguide bus according to any of claims 4 to 6,
30 whe;ein the network is communicably qouplable to other equivalently configured

networks on the substrate using network bridges.



_ 7. The wavegui de network or wavegui de bus according to any of clainms 4 to 6,
30 wherein the network is communi cably coupl able to other equivalently
configured networks on the substrate using network bridges. - 15 - 8. The
.wavegui de network or wavegui de bus accoysding to claim7, wherein each
network bridge is a passive wavegui de conponent arranged as an
i nter-coupl ed wavegui de or an end-coupl ed wavegui de. 5 9. The wavegui de
net wor k or jvave i de bus accorq%ng to cl Hgs 5 an 7t Wh%{?inhghglec
‘dielectric Waveg f JaYegHIIS TR ORY BT FALEHAS BB iRl 98 oV RET0HE he
substrate peddgk Brillgdisi Cpdshivg wiRtfiide brhpenadarmahgdal dsnin i@er-dopkt i on
st anpi ng, and etching. 10 10.%re mavgguide net wor k or wavegui de bus
accor di ng Favesifegttedesdicherudled WevasHsei n the diel ectric wavegui de
conprises a plurality of discrete sections and at |east one junction having
a plurality of gaps at where the discrete sections congregate. 15 11.The
wavegui fe get wolhe wrvegmidgns taethas areesids by aceoriing in daimsyhe?ein the width
of each gap.Ls.: r QL. e h, .of i ghal
frequency PPALFRR YRS ch e REFE PR il el BN PRIl ot B
wavegui de retsabsteaterusing\efybrideinyrsethod dreiignene of pmyting; égectiangstetping, 20
wher ei n-each inée rated circuit is coupled to the dielectric wavegui de
using a wal iyt B®8coupl er. 13. The wavegui de network or wavegui de bus
according to claim 12, wherein the wavegui de coupler is configured as a
planarigor?oantenna. 25 '

The waveguide network or waveguide bus according to any preceding claim,
wherein the dielectric waveguide comptises a plurality of discrete sections and at

least one junction having a plurality of gaps at where the discrete sections

congregate.

15 11, The waveguide network or waveguide bus according to claim 10, wherein the
width of each gap is approximately ten percent of the wavelength of a signal

frequency transmitted through the dielectric waveguide.

12. The waveguide network or waveguide bus according to any preceding claim,
20 wherein each integrated circuit is coupled to the dielectric waveguide using a

waveguide coupler.

13. The waveguide network or waveguide bus according to claim 12, wherein the

waveguide coupler is configured as a planar horn antenna.

25 .
14. The waveguide netwotk or waveguide bus according to claim 2, wherein the
dielectric waveguide is configured to permit the radio frequency signals to be
transmitted concutrently and/or serially.

30 15.  The waveguide network or waveguide bus according to any preceding claim,

wherein the substrate is a printed circuit board.

16. A waveguide network or waveguide bus comptising:



14. The wavegui de network or wavegui de bus according to claim2, wherein

" the dielectric waveguide is configured to permt the radio frequency
signals to be transmtted concurrently and/or serially. 30 15. The wavegui de
network or waveguide bus according to afyy. preceding claim wherein the
substrate is a pri nt ed circuit board. 16. A wavegui de network or wavegui de

bus conprising: - a printed circuit board having a plurality of
![Et egrated circui ts {)C it oar g‘gggap ndltre}l,OQJ n{e atec} c é/quecgypl dg on or in
e printed cirt8ff" WA RE'HT Al RS® |ntegrated

circuits aggereayphed VI a the dielectric 5 wavegui de. 17. A dielectric
wavegui de confi gured to be attached to the s ci;rface of, or integrated into,
a substrate, thedHletaeFAT RNy AT HetheRrited Fipgut b oard a first end

arranged to be %@Rﬁph@ebglemwy aﬂmltégreqa@;r@&itscmthgledlv@m,%eﬂeleanéot he
substrate; and a second end arranged to be connectable to another

equi val &nt wdveguedet ri ¢ wavegui de. 15

17. A dielectric waveguide configured to be attached to the surface of, or
integrated into, a substrate, the dielectric waveguide comprising:
a first end atranged to be connectable to an integrated circuit disposed on

170 the substrate; and

a second end arranged to be connectable to another equivalent dielectric

waveguide.
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