AN ON PCB DI ELECTRI C WAVEGUI DE FI ELD OF | NVENTI ON 5 The present I nvention _
relates to chip to chip RF communications on a PCB and an on- di el ectrlc\
wavegui de. BACKGROUND 10 Copper tracks are typically used for m,

comuni cati ons on a PCB. However, the copper tracks have Iim Ww”ﬁ
for data transm ssion. Mreover, the energy expended is increasedwien the
data transm ssion rate increases. Copper tracks may al so be enployed in a ~

paral l el configuration b ease the data
transm ssion rate and a@%@kﬁiﬁ#&&@d@@%ﬂ@é | ow frequency and
hi gh frequency, but the power consunption nmay be even hi gher. Par al | el
copper tracks also result in a large footprint, requiring the use of a
large ci r_cEIELIb@ﬁtNVENEI'!;QNit may be difficult to have a conpact and sl eek
casing using 20parallel copper tracks. Alternatively, a parallel to serial
conversion can also be carried out using a pair of copper tracks. However,
this alg er magipreseritiihlerttiohf refates to chipi tofchim R commaumgations droa RCHandat a
transm ssion rate_applications. &5 SUMVARY | n general terns the invention
rel ates t o3P AHrPeBdinlgcHicvaYeaUide.c wavegui de (WG on a PCB for RF

conmmuni cati on between ICs on the PCB. This may have the 30 advant age that
the WG can repl ace a baseband copper bus and thus the PCB can be smaller

?Ed/ gE:BChiBMKGRQUMD may be printed, stanped, cut or prefabricated onto
e :

10 Copper tracks are typically used for chip to chip communications on a PCB.
However, the copper tracks have limited bandwidth for data transmission.
Moreover, the energy expended is increased when the data transmission rate
increases. Copper tracks may also be employed in a parallel configuration
between the chips. This may increase the data transmission rate and avoid

15 channel loss difference at low frequency and high frequency, but the power

consumption may be even higher.

Parallel copper tracks also result in a large footprint, requiring the use of a large
circuit board. Thus, it may be difficult to have a compact and sleek casing using

20 parallel copper tracks.

Alternatively, a parallel to serial conversion can also be carried out using a pair
of copper tracks. However, this alternative still suffers from high power
consumption for high data transmission rate applications.

25
SUMMARY

In general terms the invention relates to fabricating a dielectric waveguide (WG)
on a PCB for RF communication between ICs on the PCB. This may have the

30 advantage that the WG can replace a baseband copper bus and thus the PCB
can be smaller and/or cheaper. The WG may be printed, stamped, cut or
prefabricated onto the PCB.

T
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“In a specific expression of the invention there is provided a nethod for
providing chip to chip RF comunications on a PCB, the nethod including:
providing a dielectric wavegui de nade froma dielectric material; and
Sconnecting a coupler at each end of the dielectric waveguide for coupling
the dielectric waveguide to at |east two chips. DESCRI PTI ON OF FI GURES 10l n
order to ensure that the invention may be fully understood and readily put
into practical effect, there is provided, by way of non-limtative

exanpl e-only enbodi nents, the followng illustrative figures which are

referencedp sFB&fnf: QK Eé%'s% Qetﬁénmmnt@h thdfHs@rovidéd issmattashomprowdidgagr am
of a system o chip communi cations of an enbodi nent; Figures

2(a) to (ephipdoghip Bﬁrmmﬂn@ﬁﬁﬁm es aPCB; thesmethad BsMdinGiapes of a
dielectric “ﬁveg@gﬁ §'a BB cShay @/ﬁ&lde%m% Giéletrc Irtéridl] @l Vi ew

| mage of the co rgure ure 4 1s a schematic side view of
the thescoupl er c@tﬂnéﬁtggraecﬁuplér gUeacrsemd; ohtter dietestrid waveglidetfor epudingi r st

met hod of forming a dielectric i de;. Figure 6 is a process flow chart
for a secoltt deleglic Wavegyide g a e@lsgﬁ& P wavegui de; 25Figure 7 is a

process flow chart for a third nmethod of formng a dielectric

DESCRIPTION OF FIGURES

10  In order to ensure that the invention may be fully understood and readily put into
practical effect, there is provided, by way of non-limitative example-only
embodiments, the following illustrative figures which are referenced by the

foregoing description.

15 Figure 1 is a schematic diagram of a system for chip to chip RF
communications of an embodiment;
Figures 2(a) to (e) is a diagram of examples of cross-sectional shapes of a
dielectric waveguide of the present invention;
Figure 3 is a plan view image of the coupler in Figure 1;

20  Figure 4 is a schematic side view of the the coupler of Figure 3;
Figure 5 is a process flow chart for a first method of forming a dielectric
waveguide;
Figure 6 is a process flow chart for a second method of forming a dielectric
waveguide;

25 Figure 7 is a process flow chart for a third method of forming a dielectric
waveguide;
Figure 8 is a schematic view of a PCB with a dielectric waveguide;
Figure 9 is a graph of simulated propagation losses for the PCB of Figure 8;
Figure 10 is photograph of a PCB with a hand painted dielectric waveguide;

30  Figure 11 is a plot of actual propagation losses for the PCB of Figure 10;
Figure 12 is an image of a PCB using copper tracks;

Figure 13 is an image of a PCB using the system of the present invention;
2



“wavegui de; Figure 8 is a schematic view of a PCB with a dielectric

wavegui de; Figure 9 is a graph of simulated propagation |osses for the PCB
of Figure 8, Figure 10 is photograph of a PCB with a hand painted

di el ectric wavegui de; 30Figure 11 is a plot of actual propagation |osses
for the PCB of Figure 10; Figure 12 is an inage of a PCB using copper
tracks; Figure 13 is an inmage of a PCB using the system of the present

invention; . Figures 14(a) to (d) s a diagram of e f o o gt h

di el ectri cﬁ%’%’igu\ﬂ@,} tgi &) &s 13 diggrarg, gg%xgﬁlﬁi?%g&g?%gﬁégﬂhfn%%%g@g ofe an
on- PCB di ehgg%\?m@eyvavegui de and a mcrostrip line (MSL); S5Figure 16 is a
schematic view of

[ a PCB without any dielectric waveguide, Figure 17 is
graph of sFigureit ¥l ipragrgabi showipsspwpegationdosegs ?’i‘gQﬁ'gCﬁ;J"ﬁP@tﬁ'Fe 13

is a plan yj %Vgliligg%ﬁg%"{ia’%fg'ﬁﬂmee('\/‘ég)é':i gure 1 coupled with a dielectric

wavegui de;w_g Figure IS a' sl view i mage of the coupler in Figure
1 coupl £d Fidune 4619di stheatatico/iew\of gUP OB . withEBCRN P TiedbCtOr WeRERERIRED

EMBODI MENTS, Th i i i i Li : -
Cormont cat Fids 1746 3rngl o el PpUaha B P WS e e P
exi sting CPB%Qﬁé 18 36 kb pldh &/iGW Shiifec BRIIhE Scotipler Ino Fidirp Rrcoupiedwittaai ons

on PCBs in place of copper track connections between the chips. There is
al so provi deledtric weyeguide; ABdr porating a diel ectric wavegui de of the system

on PCBs. zg}ﬁmﬁﬁ%ﬁ% etk Vew hm@éﬁgpf FhQWekipferint Figurk! ’flséou"ﬁléﬂ‘%trﬁgur ce

28 being c o a second si source 30 via a dielectric wavegui de
22 wi t o codiestic dvedbidet respective ends 32, 34 of the dielectric
wavegui de 22. The sources 20, 30 may be integrated circuits or "chips".

DESCRIPTION OF PREFERRED EMBODIMENTS

There is provided a system which facilitates chip to chip RF communications,
15 whereby the system is implementable on PCBs with existing copper tracks. The
system enables chip to chip RF communications on PCBs in place of copper
track connections between the chips. There is also provided methods of

incorporating a dielectric waveguide of the system on PCBs.

20 The system 20 is shown in Figure 1 with a first signal source 28 being
connected to a second signal source 30 via a dielectric waveguide 22 with
couplers 24, 26 at respective ends 32, 34 of the dielectric waveguide 22. The
sources 20, 30 may be integrated circuits or “chips”.

25 The on-PCB dielectric waveguide has a higher data bandwidth compared to
transmission via copper tracks. The dielectric waveguide is typically a high pass
channel with low channel attenuation. Figure 15 is a graph showing propagation
losses of an on-PCB dielectric waveguide and a microstrip line (MSL). It should
be noted that the propagation losses of the dielectric waveguide is low for a

30  wide range of frequencies compared to the increasing losses by the MSL as the
frequencies increase. Although the MSL has high loss at high frequency, the

loss is minimized at high frequency when the length of the MSL is small. Thus, it
3



* 25 The on-PCB dielectric wavegui de has a higher data bandw dth conpared to
transm ssion via copper tracks. The dielectric waveguide is typically a

hi gh pass channel with | ow channel attenuation. Figure 15 is a graph
showi ng propagation | osses of an on-PCB dielectric waveguide and a
mcrostrip line (MSL). It should be noted that the propagation | osses of
the dielectric waveguide is low for a 30 wide range of frequencies conpared

to the inc I by th t . ' i ,

the NEL ha MSipe JOLRORY gh Sheldlshoyd arueREYE e Rond% 575 S febgn "
frequency Wﬂobbl\/%aii@rmwsbegfatbimoé@kahge offéduentbiess, it 3 is possible to
conbi ne a short L and a dielectric wavegui de and still have | ow

propagation | osses at a broad range of frequencies. Referring to Figure 1,

there is p | he; t f.or HRA4 B aChl F [ ki It is
appr eci at eggﬁgg'ﬁ&ttheﬁg@s{%eﬁmyg%rréfl) pﬁé“?ﬁ%o@%ogyas?%@ gg @9@ t%¢lg$Ft he
PCB sur¥ aceommuninatienshidris appiesiated that the system 20 imay Ibgyiscorpesateddan at he

system 20 b rovide ver .either net.al tr

331 S 20 R, e IR Sl e Rl H BBl o AT st 5 1

for chip t@uahltne@?mammacgémbé.praﬂdadm@veyetmen Ritalrtedokdeon thelPEBeot ai C

wavegui de 22 made froma dielectric material. The dielect Li c materi ?I may
nd

be sel ect edielectis substraigakpesysterrR0omay replasssa cenyritionak copperpIyETL

ceramc. R@lfniﬁrt?icﬂﬂa &&nﬁ@‘i’éﬁioﬂa.there are shown sone exanpl es of _
cross-sectronal 'shapes of the dielectric waveguide 22. 15 The dielectric

vvavggull@ie 22 may have cross-sectional shapes |like, for exanple,

quadrilateral (Figure.2(a)), circular.(Figure.2(h)) . sem.-clrcul. Fi gure
2(c)), ell irrﬁ?i %Séﬁtgl‘F?Buf"&?Jé’F&) 3, g'gl?d:trﬂ)‘él &95!"29( ??gm%f%"‘{f@% & ﬁ'aéﬁ{é'ﬁl d be
appr eci at eghtbyddl. The dislessicshatarianlayshépefectary from, dert exarmpled ATFEopaocess
used to formthe dielectric waveguide 22. In_addition, {he cross-sectional

shape shouremapsitay materiab ofi RTEEt An¢ GRiamtii Beferpng dopEidkidict cthere 36e PCB
surf ace. shown some examples of cross-sectional shapes of the dielectric waveguide 22.

15 The dielectric waveguide 22 may have cross-sectional shapes like, for example,
quadrilateral (Figure 2(a)), circular (Figure 2(b)), semi-circular (Figure 2(c)),
elliptical (Figure 2(d)), and polygonal (Figure 2(e)). It should be appreciated that
the cross-sectional shapes may be determined by a process used to form the
dielectric waveguide 22. In addition, the cross-sectional shape should allow the

20 dielectric waveguide 22 to be adhered to the PCB surface.

The system 20 also includes a coupler 24, 26 at each end 32, 34 of the
dielectric waveguide 22. Each coupler 24, 26 couples the dielectric waveguide
22 to a signal source 28, 30. The signal source 28, 30 may be a semiconductor
25  chip. An intrinsic impedance of the dielectric material is matched to the output
impedance of the coupler 24, 26. The impedances of the coupler 24, 26 and the
dielectric material may be, for example, 50 ohms. Their impedances should be
matched. The coupler 24, 26 and the dielectric material of the dielectric
waveguide 22 have substantially similar high pass frequency responses. The
30 dielectric waveguide 22 has high pass characteristics with cut-off frequency

being dependent on a cross-sectional area of the dielectric waveguide 22.



" The -system 20 al so includes a coupler 24, 26 at each end 32

dielectric wavegui de 22. Each coupler 24, 26 couples the giélgﬁt?{cthe
wavegui de 22 to a signal source 28, 30. The signal source 28, 30 may be a
sem conductor 25 chip. An intrinsic inpedance of the dielectric material is
mat ched to the output inpedance of the coupler 24, 26. The inpedances of
the coupler 24, 26 and the dielectric material nmay be, for exanple, 50

ohns. Their inped hqul d hed.
di el ect ri cRRIATERY g‘ir’]%&s“rgﬁ u%f?%?ﬁ@?‘?a*it‘ %oﬁgl%églegé(@cgbﬁ%svéﬁ%Hﬁg?glggle'tgl y
simlar high fgss PLEdseIRacspMmaed bEMed) the dhectristal lagergldd2c2s has
gh pass Characteristics with cut-off freque bei r\g pepdent .o
grgﬁz-zecteshcrf]mg mle_@poecwﬂeé thi_aéItB@tqlﬁn@nﬁmég‘Pﬁqﬁé goup F{gﬁe% ﬁﬁn?tgaﬂﬁgures
: upl er . . .
Eg;qr%g"ag% n'beié'{xe@ﬁsﬁrﬂg\}efaﬁé sth\ﬁﬁldTFBtabe ltaKen S0 Ho réstrictine. aTheCB

substrate net a a
_ _ _ yers 24, 26. It should be
appr eci gt egofyfiat 2uhesdhap el eitierad discestesnpdle amihe2BCReabacRpt Af ANdbre 3

are nerely illustrative and shqul d not aken.to. &ki ve. The -
coupl er 24¢hips Thil§. he AUPIRE 2% i?d‘r%? @Bﬁ%‘ﬁiahgr@&?r?ﬁﬁo'ﬁ’@%ﬁé’%‘ p:rt ofe gn
| C chip. Thus, the coupler 24, 26 can be added after fabrication of a PCB.

Afirst netal layer 60 at a first f 61 of

gglrjlﬂaer 2_4Aﬁaﬁt nmya) |tzgyérr6(haf@:figﬁstcﬁacégg@fﬂggﬁgbh%e PC%QS gﬁs&igmate S&Pgéﬂt he
gon i s _shown) . ' d i I ' 4 ' I

The first 2ermRy payea G it baseondbebedan A ianByEarBeiaBaliothudL 2)-

B : gﬂ:'rmgouwn%#&emée NS AERRRIVE iBSNshdwn i Piginar3(hpr Fheafitssrmeta gayeT )
ni

(
orn antenna 68 is al so high . A
batho. of tmcldasa NSk risanoanag ©6 2 o0gt 1 BonSI0e CPeS i arh A T

desi rabl ¢ JRERRHE RN ALn G pienfia BeTh pharks s Bate i 83 s ohigre
pass. A spanning angle of the two metal paths of the planar horn antenna 68

should be controlled to obtain an identical cut-off frequency as the dielectric

15 waveguide 22 which is desirable when matching the planar horn antenna 68 to

the dielectric waveguide 22. A distal edge 72 of the first metal layer 60 away

from the MSL 66 may denote a ‘planar horn-like transmission region of the

coupler 24, 26.

20 A second metal layer 62 (és shown in Figure 3(c)) at a second face 63 of the
PCB substrate 64 acts as a ground plate for the coupler 24, 26 and does not
overlap with the first metal layer 60. The metal used for the first metal layer 60
and the second metal layer 62 may include, for exampie, copper. The dielectric
waveguide 22 is coupled to the coupler 24, 26 in a manner as shown in Figures

25 18 and 19, whereby the dielectric waveguide 22 includes an overlapping portion

19 for placement on the coupler 24, 26.

Referring to Figure 8, there is shown a schematic view of the PCB 64 with the

~ dielectric waveguide 22, with the couplers 24, 26. It should be appreciated that

30 port 1 and port 2 in Figure 8 are from signal source 1 (28) and signal source 2
(30) respectively. Figure 9 shows a simulated plot of propagation losses for the

PCB 64. The line “P21” shows a higher level of RF signal reception at port 2
5



"the dielectric wavegui de 22. A distal edge 72 of the first netal |ayer 60
away fromthe MSL 66 may denote a planar horn-like transm ssion region of
the coupler 24, 26. 20 A second netal |ayer 62 (as shown in Figure 3(c)) at
a second face 63 of the PCB substrate 64 acts as a ground plate for the
coupler 24, 26 and does not overlap with the first nmetal |ayer 60. The
nmetal used for the first netal | ayer 60 and the second netal |ayer 62 nmay

| ude, f
oo o oo i G e T sUBYS e Bubrort Mgty 2 e
di el ectric \egﬁﬁ&wa%o% Ifr%h BERST gnltmmrthamlecmpanavegmd@ 2f2<)1rA$)leadm1rent on

t he coupl er Referring to 8, th h

of the rgasuauzlaﬁqrhretsuasmseﬁmgfm i Fighi 61 BRSGS701 3910 FBOUGL D) G024 26,
t shou e a t [N | I I

si gnal souﬁ%ve %Rf’g’é)fh g;rbpggaﬂsﬁs%g%@?gﬁpfrégg p g?l gea%. ﬁ"ﬁ'Sﬁr'g tgéghmows

a si mulsat egbgdrle of thy dm@am avavegsiies 22 aun thee PRI 634 it Mevndenbthatztme shows

a higher level of RE si rece tion at port, 2 5 fromport 1 conmpared to
the I'ine" ﬂ’@FCt%WéHeS‘i'iaﬁé sl%%%%f”ﬂﬁsgﬁgn reception a{m port 3

fromport 1 (w thout the diel ectri c waveguide 22). As earli er simul ation
results as shown in Figure 16 based on a setup shown in Fj 13 e
shown t hat Refespiag4e Figuredds dhergtis shewnza phetogiarh of aplanvig <a a %é]ﬁ)é

TheCr el Sl Gl Bahiad gAMR Wibeddiuabd Wt (bpidrt 262 2?VF@%% 1t1hat

the diel ecM'&@ mnimze ropagat i on ses. Referring t
Fi gureid O, shéws & Ip$otSd5me‘Jtual mln@pmtmphlos{sea fptmexﬁ@aleﬁ 'ﬁh@(hs%’EPQﬁfth a

hand pai nted di el de 2

10" Showe. aSpRSP SoRIGREt [21e] B S g AbFedeplita st PhasTa Copppsied®
"Ports" shgys lnﬁ’e "Fb&lf@rwh%lﬁ&ihd%\fs B’fovﬁérgl%%l 6ﬂQEF§igr€H’I rateptior abpdit Gfrgar t 4
conpared to the line "Port6 shows | oner | evel of RF sj gnal

regept :c on portpbwitdodt the ﬁ@IQCtﬂC Mvﬁldlﬁe 23\)3 Themade pt PiRRAGANCHN M. The
nmoade o Pr%%i%‘g%%%gxgbggfdg%yggbgﬁég bii QYW dR RGP RRYEgRReD2FhRE O the

dielectric
15 type of the couplers 25, 27. For example, a planar horn coupler results in TE

mode propagation in the WG.

In addition to minimizing propagation losses, it should be appreciated that using
the system 20 may minimise electromagnetic interference and reduced power
20 consumption compared to the use of copper tracks for chip to chip

communications.

Referring to Figures 5 to 7, there are shown a plurality of methods for forming a
dielectric waveguide 22 on a PCB. Figure 5 shows a “printing” method 70 for
25 forming the dielectric waveguide 22. The “printing” method 70 includes laying a
dielectric waveguide 22 of melted dielectric material on the PCB (72), and
solidifying the channel 22 of dielectric material (74). The dielectric material may
be selected from, for example, PTFE, a composite material of PTFE and
ceramic and so forth. It should be appreciated that the “printing” method 70 is
30 low cost and versatile as a path of the dielectric waveguide 22 may be easily

varied to connect various signal sources together. Furthermore, the dielectric



15 type of the couplers 25, 27. For exanple, a planar horn coupler results
in TE node propagation in the W& In addition to mnimzing propagation

| osses, it should be appreciated that using the system 20 may m ni m se

el ectromagnetic interference and reduced power 20 consunption conpared to
the use of copper tracks for chip to chip comunications. Referring to
Figures 5 to 7, there are shown a pIuraIity of nethods for formng a

dielectric wav Q P 5 sh L ng. 70 f
25 form ngW?M%ngaﬁ%éc?éPd gﬁPa r%&ec?? esxlsgt%nfqu% t%ﬁkﬁ%& gﬁ)t' i nC udesor
laying a dirgbegfintiry” \WHethedi7deis denetedglaphitatly @i Figuré d4ta)t eri al on the PCB
(72), and solidifying the channel 22 of dielectric material (74). The

dielectric material may be selected from for exanple, PTFE, a conposite

T2 oFide S i SRBLEsER a1 Bkiidh sthinphigunduieRt SQRIABHAIRARENA!

the "printl Iowc st an l'e as a path of the
diel ectsi Cdmwme@mm b'éhedm;éojlomastamlrtgﬁ roethodc80 ngludess injecingl

sour ces together ur t her he dielectric e le to
be fornmed BIeliEd @'Freﬁéfcc @F'alt V‘i‘?ﬁ@ y¥e Cj Vﬁ'ﬁ’ %J%)&%Ht ﬁ?gé Sb%ér{qu@b?o i's
denot ed grf&}hhﬁ@'thé ure|§¢tgurwaaégmde fzg(@age anaheussemmmgesmnﬁmngame
|nJect|on st anpi n nmet hod 80 for formng,the ri c wavegui.de 22.

Thte i njl ectielectre &'ﬁ@iﬁﬁg' tOrTﬁI%B@BB@“l) rthma@@caeﬁ} gégslrs,%gﬁgﬁr@&r%pe Qsited; ¢
material i
et ectri colgsRbatBheCeAl, Bl S AtFobRaEaRily Phindfhars, W chgtiie 22 the

sequent stanpin
materi @b t alsohis Mtoﬁ ®4) fownet cxuémsttmgenOpperetsatheom @narBQBeTaedé‘uec?t@@

grzoss sect Is?ar}r?;l)lnghn'loeﬁw dqgo is dgr%)t raghucal?yelrﬁsﬁlgﬁ/re ﬂtrbs hermore, the channel

Figure 7 shows a process for a “cutting” method 90 for forming the dielectric
waveguide 22. The “cutting” method 90 includes adhering a layer of dielectric

15 material to the PCB (92), cutting the dielectric waveguide 22 from the layer of
dielectric material (94), and removing excess portions of the layer of dielectric
material (96). Furthermore, the dielectric waveguide 22 also is able to be
formed on existing copper tracks on any PCB. The “cutting” method 90 is
denoted graphically in Figure 14(c).

20
It may also be possible to form the dielectric waveguide 22 on the PCB by either
adhering or mounting the dielectric waveguide 22 on the PCB, whereby the
dielectric waveguide 22 is pre-fabricated. The pre-fabricated dielectric
waveguide 22 may be formed using, for example, injection molding, vacuum

25 forming, and compression molding. This method of either adhering or mounting
the dielectric waveguide 22 is denoted graphically in Figure 14(d).

It should be noted that when the system 20 is used, less copper is
correspondingly used. A single dielectric waveguide is able to replace a plurality
30  of copper tracks. Thus, even when the use of copper for the couplers is taken
into consideration, the use of dielectric waveguides is more economical than the

use of the plurality of copper tracks.
7



10 also is able to be forned on existing copper tracks on any PCB. The
"injection stanping"” nethod 80 is denoted graphically in Figure 14(Db).
Figure 7 shows a process for a "cutting” method 90 for form ng the

di el ectric wavegui de 22. The "cutting" nmethod 90 includes adhering a | ayer
of dielectric 15 material to the PCB (92), cutting the dielectric wavegui de
22 fromthe layer of dielectric material (94), and renoving excess portions
of the layer of dielectric material (96). Furthernore, the dielectric
maveguide 22 also is able to be forned on existing copper tracks on any
PCB. The "agtiliidteatedBh FguURS 17 aflan athich Rave Gddrtical mddsavemenriécales,20 |t

may al so be possible to Tormthe dielectric waveguide 22 on the PCB by

ei t her adhErgumg 1dr$hnwma|Ff‘@Btb¢@r@|U§lr@c@ pitﬁam\ﬁég@mér Yéckﬁlfqrifé“@@‘:h%er eby
the dielec r f cat AR

dielectri ctc ?Té%ﬁ %%L‘l‘lfd\%hﬁg #@u@ofzrre ng %g@o@%ﬂ?@p %ahfénj ect ?8?1 as

ol di ngs v é@vatsiodm ﬁd?lgum;m ansmg:mlemystfsmﬁﬁ) ibledinace ccTrhnpachélmﬁerﬂs efi t her

adhering or nD nt | the dielectri i.d 22 i s, denote cally in
Figure ta( e LB briave o crbaeed el Rire FRidlsotumaiet A53ich Tl
copper is %Qrd'éﬁﬁﬂfa‘t\%él%aoﬂ&ﬁéﬂsys‘éemzrme%udsm aGniallerienpent o8 thes PEH. ¢t t 0
replace a plurality 30 of copper tracks. Thus, even when the use of copper

for the coshbeldsa apprekiated thas IesHhip aed Avaveguidendimensios aisealiect a size

wavegui des !fﬁ'l negg econonmi cal than the use of the plurality of copper
tracks. 9 rated in Figures 11 and 12 which have identical

nmeasur ggent scales, Figure 11 shows a PCB board using a plurality of copper
tracks for chip co nj catiops i le Figure 12, shows

W th sane fshaudAsodd sSEaL i metids ot fumidd g A Selediifs o The
nor € Coma%haﬁlégefb%mmisﬂf td@)‘?\flﬁ%tlbﬂ &'QW@BlasQﬁ@RﬁélédtricC\NhO@gtﬁéB an

Figure 11 i's eviden I's evident that the use of the system 20
resul ts i ncandreagithear rEmrpdmrtreoonfagwe@md the digtadtic wavegwdecdZamay henat | C

chip and de dinmensions al.so,af 0 uld
al so be not®k (579?418\’9& HUSHRG HRRRST ftEﬁ'Ckgoﬁ-ﬁg ﬁé&}?ﬁt&?f’gk ec %hgg\%aa\llséogﬁé%

enabl egsf | ephitidred Yo intofparatihg aulatalignofddoppePEBcksionta@CEI. el ectri ¢
wavegui de 22 can be either renmoved or reconfigured, and the dielectric

wavegui de 22 nmay be formed over existing copper tracks. The aforenenti oned
met hods al §Pnfdsthe!Bisgoing description has described exemplary embodiments, it will

be understood by those skilled in the technology concerned that many
variations in details of design, construction and/or operation may be made

20  without departing from the present invention.



* 15 conpared to incorporating a plurality of copper tracks on a PCB. Wil st
the foregoing description has described exenplary enbodinents, it will be
understood by those skilled in the technol ogy concerned that many
variations in details of design, construction and/ or operation nay be nade
20 without departing fromthe present invention. CLAIMS 1. A nethod for
providing chip to chip RF conmunications on a PCB, the nethod including:
5provi di ng el ectric wavegui de nade froma dielectric material; and
connecting a coupler at each end of the dielectric waveguide for coupling
the dielectric maveguide to at | east two chips. 2. The nethod of claim1,
wherein the dielectric 0Ss-sectional _10shape that is selected from
a group coﬁm st PAngrediod aEﬁoiVI ®LhIP %Ph'eﬁ%rcon%@wcaepﬁwnaa PGB, theti cal ,
and polygonﬁhhod,n&hdﬂ@e met hod of either claim1l or 2, wher ei n provi di ng
the dielectric waveguide conprises a process sel ected fron1a gr oup
consistfng of : providingg digBictijewaveguide madeframd dieteniiingaterial; endhi ng. 4.

The met hod of a f rei,h,the coupler, inclu a MsL
to connect to aeégﬁ%g&% %?nglgﬁﬁégézgrhghdm edlelectrl%w&vgﬂypeﬁmﬁ ‘éﬁ'{"@n
transi ti onthregdietentri¢ wavédrlidedo A eadt eb@chipsc 20 wavegui de. 5. The net hod

of any one of the clains wherein providing the dielectric wavegui de
conpri ses: printing liquid or sem-liquid dielectric nateria

on the PCBobet WeRB hfafhad GTUBLMh S1, a,n@[]em the dRMldt G Eﬂfs stdtitbAa”
sem -1 i qui d dielectric material into the dielectric waveg
10 shape that is selected from a group consisting of: quadrllateral circular, semi-

circular, elliptical, and polygonal.

3. The method of either claim 1 or 2, wherein providing the dielectric
waveguide comprises a process selected from a group consisting of: printing,
15 injection molding-and-stamping, and etching.

4, The method of ahy one of claims 1 to 3, wherein the coupler includes:
a MSL to connect to a contact of a chip; and
a planar horn antenna transitioning from the MSL to the dielectric
20 waveguide.

5. The method of any one of the claims wherein providing the dielectric
waveguide comprises:
printing liquid or semi-liquid dielectric material on the PCB between the
25 couplers; and
solidifying the liquid or semi-liquid dielectric material into the dielectric

waveguide.

6. The method of any one of claims 1-4, wherein providing the dielectric
30 waveguide comprises:

injecting dielectric material into a mold; and



6. The method of any one of clains 1-4, wherein providing the dielectric 30
wavegui de conprises: injecting dielectric material into a nold; and
stanping the dielectric material fromthe nold to the PCB between the
couplers. 7.The nmethod of any one of clains 1-4, wherein providing the
dielectric 5 wavegui de conprises: adhering a |ayer of dielectric material
to the PCB; cutting excess portions of the dieIectric | ayer; and rennving

t he excess portlons e nmet hod .0 r

provi di ng the cﬁ@FE’é"t‘g %“gtUFdBatt%'ﬁ{)F 08%/ tﬁltﬁ%ﬁc%r%ﬂg ﬁctg ed
dielectric &Qui de; and attaching the prefabrlcated wavegui de to the PCB
bet ween t he coupl ers.

7. The method of any one of claims 1-4, wherein providing the dielectric

5 waveguide comprises:
adhering a layer of dielectric material to the PCB;
cutting excess portions of the dielectric layer; and

removing the excess portions.

10 8. The method of any one of claims 1-4, wherein providing the dielectric

waveguide comprises:
providing a prefabricated dielectric waveguide; and
attaching the prefabricated waveguide to the PCB between the couplers.

10



