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BACKGROUND' Research on thin interconnect structures has been
-directed to reducing cost and reducing conplexity in manufacturing, to
attenpt conpete with printed circuitry. Devel opnent of thin interconnect

: structures for high data transfer is particularly tough 10 due to problens
with high frequency signals. Stability of Electro-Mgnetic (EM.
propagation, as well as consistent signal strength may be desirable for
establishing effective data com‘rum |on L nsi de el ect ;’mmﬂm ﬂ [ICRS -

- SUMVARY 15Here, a conposite materia %e&”b%osed to en m mm’mmuction
of wavegui des having good EM wave confinement with | ow di ssipafd on | oss.

The invention relates to an architecture and nethod for directing ——-—
travel | ing El ectro-Mignetic EM waves by neans of connecting a thin stripe
bet ween el eEIGLENOE T Hﬁﬂyﬁaﬂ circuit (10 chips on, particularly
printed-circuit assenmbly. This invention-ains 20to achl eve high dielectri c
.const ant and IowThﬁE‘BEQﬂthentloﬁggatﬁﬁtﬁaWﬁ‘@gel@@ent|aI forlﬂ@ﬂ h fre uency

interconnectivity. =~ . In this method; a pol yner-cer te
having centroll abl e diel ectric constant and | ow loss ta posed.-'
This material conprises fine powder of metal - ) "““““’*

BACKGROUND
Research on thin interconnect structures has been directed to reducing cost and
reducing  complexity in manufacturing, to atterﬁpt compete with printed circuitry.
Development of thin interconnect structures for high data transfer i's""particulady tough
10 due to problems with high frequency signals. Stability of Electro-Magnetic (EM)
propagation, as well as consistent signal strength may be desirable for ‘establishing._

effective data communication inside electronics devices.

SUMMARY

15 Here, a composite material is proposed to enable the production of waveguides

having good EM wave confinement with low dissipation loss.

The invention relates to an architecture and method. for directing traveliing
* Electro-Magnetic (EM) waves by means of connecting a thin.stn'pe between electronic
integrated circuit (IC) chips on, particularly printed-circuit assembly. This invention aims

20 to achieve high dielectric constant and low dielectric loss that are essential for high

frequency interconnectivity.

In this method, a polymer-ceramic composite having controllable dielectric -

constant and low loss tangent is propb%ed. This material comprises fine powder of metal



oxi de, m xed w.th di spersion solution of PolyTetraFuoroEthyl ene particles -
suspended in water. By thorough mxing, a slurry mxture can be generated
-at room condition. Particularly, a formation of thin dielectric
sheet is proposed using coating nethod to di spense viscous paste containing
- organi ¢ binder and .ceramc powder. Its dielectric 5 characteristics are
adj usted by the mxing ratio of ceram c2content to attain high dielectric
constant. This conposite can be easily pressed or rolled to give uniform

and consi sten n whi ch
Sucharohi « sRtn e ra%?d%ﬁ%?‘ooéo@t%t?a%ﬂﬂ@ﬂh& oFDee, SR o,
Printed Grcujt rd this regard, e EM waves nbefedlnto
thin I.ayerswék’a 433'??5?%%555%‘8 %gv%fé‘l’.“q mtgcj\/l%hr Qﬁ?f"? @Ht | ocati ons
Wi th mnimum EM radi ati on and absorption in el ectronics devices. The
- present inventi oRarticulatyt afoqomatianc thin dieletticistiest isforepesedigsismebatiopethodent  of
EM communi cation signal in thin-waveguides by tuning their dielectric
behavi our s aidlkpembe fisespsepzsie conteyéng drighnic hider : ad tezamis, poivder. ilts dtecirion
proposes a uniformy devel oped thin sheet that can be cut or machined into

speac pajt etigadteistiad draabjusted o tHeChRixihg ratiolof catamiclvenient te attain high idieldctrie
bet ween | C conponents. A second aspect, the invention provides a

met hod. t o eRgldtt AhisCnfRSike IrSEERI BrefBid @ olled to GRE RN @ehSétentpes -
with nultiple bends which fit between | C 20 conponents, w thout nodifying

the product Qi WhidB. mmgg%ﬁ@%@}g@gﬁgﬁSTHE DRAW NGS One or nore

exanpl e enbodi nents of t'he invention wll now be described, wth reference

coramc povder SUETDRN %&W%O%Wdé\‘erﬁi?"@@fl e aqts@ﬁp%ao&%?% Bnsi ng

of conposite slurry to formthin sheet. FIG 3 shows the s EITB.tIC of
conposi te skiedit Beard(PGB)-yIrethis 78garanthe EM waves canphecfedintonthifslayere adoposed

cutter assenbly for conposite sheet. 5FIG 5 shows the proposed cutting
process 16f Reppagrie detween IC oomponents at different locations with minimum EM radiation

and absorption in electronics devices.

fhe present invention aims to provide a method for focusing and ..oonﬁnement of
EM oommunication signal in thin waveguides by tuning their dielectric behaviours at high
frequency range.

15 In general terms, the invention proposes a uniformly developed thin sheet that
can be cut or machined into specific pattems for __attaching on _PCB to improve the
interconnectivity between IC components.

A second aspect, the invention provides a method to enable a low cost
processing method for making narrow stripes with multiple bends which fit between IC

20  components, without modifying the production of PCB.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more example embodiments of the invention will now be described, with

reference to the following figures, in which:



FIG 6 shows the schematic of interconnect on PCB using wavegui des.

DETAI LED DESCRIPTION In a high data transfer rate system the material for
-interconnects plays an to inmportant role in achieving stable and robust

El ectro-Magnetic. (EM propagati on. Wen the el ectronics assenbly becones
-smaller and nore conpact, the design of thin and narrow i nterconnects
between integrated circuit (I C conpone@ts may becone nore difficult for
hi gh data volume. Polyners are usually lowin dielectric constant. A | ow

Focusi ng and cont chARERYS BF PEPRED Eb Rl ey B PR A BB inert pBBEE ver 1

liquid form polgmers may of fer . easier .and cheaper production using coating
and printing procésgebows the proposed disansipg ot sammresitslymile fgsrdbiesbest in a -
conpl ex heat sintering process to forma high dielectric constant nedi um

However, ‘the proFIEsS shos ihe sedrdiiziof ompisitesiareafesirbeigingiztion.! i qui d pol yner
is used as a binder for ceramc particles. The fine ceramc particles are

glued to forma i ee 3 : Br i C voi ds .a conplex
heat sintering pflgﬂcgéﬁg\gs_ &ei’%p%géd &%ﬁégﬁ%ﬁﬁ’?ilyﬁ%r‘y%eﬁgsg‘am C .may conprises
Metal Oxi de powder 101, for exanple, Strontium Titanate (SrTi3), or :
Ti tani unf Di oxi deFiGrbebyws the peapopedertingtRiogessof wavsstigerer 102, for exanpl e,
Pol y- Tet r a- Fl uor o- Et hyl ene (PTFE), Poly-Styrene (PS) or Poly-Propyl ene
(PP). The conposFiG: 6L8dws theachdraatiedsiniravhhect oh PCBsusgiwavegXitdes.e, sim | ar
5to paint, and carrying uniformy dispersed particles, which can be

di spensed or coated to a desired nould. The electrical behaviours of the
mentioned i ngredients are as foll ows:

DETAILED DESCRIPTION

In a high data transfer rate system, the material for intérconnects plays an

10  important role in achieving stable and robust Electro-Magnetic (EM) propagation. When
- the electronics assembly beoomes_ smaller and more compact, thé design of thin and
narrow iﬁteroohnects between integrated circuit (IC) components may become more

difficult for high data volume.

Polymers are usually Ion in dielectric constant. A low dielectric constant may not
15 desirable in waveguides as it makes the focusing and confinement of EM wave
pi'opagation less effective. However in liquid form, polymers may offer easier and
cheaper production using doating and printing processes.
Ceramic particles may be processed in a complex heat sintering process to form
a highvdie__lec'tric constant medium. However, the process may be expensive.
20 In one embodiment, liquid polymer is used as a binder for ceramic particles. The
fine ceramic particles are glued to form a thin sheet by curing the polymer, which avoids

a complex heat sintering processes.



C'_hem' cal Dielectric Constant Loss Tangent Strontium Titanate 300 0.0050
Ti t ani um Di'oxi de 100 0. 0050 Pol y- Tetra- Fl uoro-Et hyl ene 2.5 0.0002 *
- Publ i shed at 1-10GHz

4

The liquid polymer-ceramic may comprises Metal Oxide powder 101, for

example, Strontium Titanate (SrTiO3), or Titanium Dioxide (TiO2), is stired into liquid
| polymer 102,-for exam.plé, Poly-Tetra-Fluoro-Ethylene (PTFE), Poly-Styrene (PS) or
Poly-Propylene (PP). The composite 103 is a viscous slurry with sinooth texture, similar

5  to paint, and carrying _uniformly dis'persed partiCIés, which can be dispensed or coated to

a desired mould.

The electrical behaviours of the mentioned ingredients are as follows:

. Dielectric Loss
Chemical Constant Tangent
Strontium Titanate 300 0.0050
Titanium Dioxide 100 0.0050
Poly-Tetra-Fluoro-Ethylene 25 0.0002

* Published at1~10GHz
Next, as illustrated in FIG. 2, the mixture is dispensed onto a flat tray 201 with a
10  containing depth of about 0.5mm ~ 1.0mm. The depth of the tray determines the
thickness of the dielectric sheet. Likewise, the surface area of the desired sheet may be
adjusted by the size of tray 201. Any excess from pouring the mixture 103 will overflow

outside of the tray 201.
Then _dispensed |iqqid mixture 103 in the tray 201 is transferred into a low-
15 préssure chamber for degassing. For degassing purpose, the painted composite layer
| may be placed in a low pressure desiccator at the range 50~80kPa, for at least 5 hours.
This helps to remove the air bubbles in the dispensed layer generated from the mixing |
process.
Thermal curing of the liquid mixture 103 is used to dry and polymerize the
20 organic oonfent in the binder. This is carried out at about 300-350°C for about 1. hour.

Subsequently, the dried layer can be lifted off from the tray 201 as soon as it is cooled.



Next, ‘as illustrated in FIG 2, the mxture is dispensed onto a flat tray
201 ' witth a 10 contai ning depth of about 0.5mm - 1.0nm The depth of the

- tray determines the thickness of the dielectric sheet. Likew se, the
surface area of the desired sheet nay be adjusted by the size of tray 201.
- Any excess frompouring the mxture 103 will overflow outside of the tray
201. Then dispensed liquid mxture 103 gn the tray 201 is transferred into
a low 15 pressure chanber for degassing. For degassi ng purpose, the
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in the dispensed | ayer generated fromthe m xing process. Ther mal
curing of t&xdent;thehigh gielectiie sonstant pEcariaaig Wit loyy I0SHiAB9¢S| yneri ze the

20organic content in the binder. This is carried out at about 300-350C for .
‘about 1 hour. Subsgsdiagtdnythe idesiredl inefbohagtt shape) ab@ettishicaldeutiing dssemblyhe tray
201 as soon as it is cooled. 5 As in FIG 3, this sheet 301 made of the  °

conposi t e Map@Edrthe SR\IMISED. ABBROWERM RIG. 50thesb6 Whichti8hdpedib desirkiepbr i C
-constant of ceramic with |ow | oss tangent. Depending on the desired

i nter C_C’n?eC%au&Ja&p&min? KA Na GBdetsar ith Gteds SRBH YiidP Q02203 ke Wesignad,sed.  As
showmn in FIG 4, in the case which 2'-shape is desired, the 5 tailored

accor afng 1t SR o RRERRGo e FERE o e PRl B BRI ariegpRuonee
S O RO Tl o
e e

t he base ,of cy%%‘é\gt gsgrgﬁs[ﬁdydgfmqgr%ugh cghe sfbtse]482tir? Cthe tx?vo étee tﬁo&ts 04 at

10  402,403sandwiching the composite sheet 301, and a waveguide interconnect 501 is

ejected from the slot 404 at the base of the cutter assembly 400.

The waveguide interconnect 501 can be glued on PCB‘, as shown in FIG. 6, with
both ends placed in contact with the IC chips or any other electronics oompohents. The
material properties of the composite should help to focus and retaih lthe EM wave during

15  the data transmission operations. The waveguide can be placed touching the IC chips,
without any additional interface. Ideally, there should be minimum gap betyveen the
ends of waveguide and IC components.

While example embodiments of the invention have been described in detai>l,
many variations are possible within the scope of the invention as will be clear to a skilled

20 reader.



The wavegui de interconnect 501 can be glued on PCB; as shown in FIG 6,

wi t'h both ends placed in contact with the IC chips or any other el ectronics
- conponents. The material properties of the conposite should help to focus
and retain the EM wave during 15 the data transm ssion operations. The

. wavegui de can be placed touching the I C ghips, w thout any additional
interface. ldeally, there should be m ni num gap between the ends of

wavegui de aég% conponent s. Wi | e exanpl e enbodi nents of the

i nvention h ‘en described in detail, many variations are possible
within the scope of the invention as will be dear to a skilled 20reader. 6
CLAIMB: 1. A neh methast offativicatira a wgveuidev@gupridingconpr i si ng:  providing a
ceram ¢ powder and pol yner binder slurry, form ng the waveguide fromthe
slurry. 5 2. Tieovidihhaderamic pawdedardddijieér iipkiupiyng forming a filmfrom
the slurry 3. The nmethod in claim2 further conprisSing curing the film 10
4. The met hod i HoghiAd tH troRPRRGISANY Punchi ng the wavegui de fromthe
cured film 5. %eﬂ%%gﬂ?rﬁroany g‘[ he preceding clains wherein the
ceram c spowder is Strontium Titanate or Titani um D oxide and the pol ymer

bi nder is Poly-Tetra-Fluorol 5Et hyl ene, Poly-Styrene or Poly-Propylene. 6.

A\ wlvegui doy P ofSRANBE FRESHT P Rer Cnarenadomiing 3 fom o slury P 204 N0

3. The method in claim 2 further comprising curing the film

10 4 Themethod in claim 3 further comprising punching the waveguide from the cured

film.

5. The method in any of the preceding claims wherein the ceramic powder is
Strontium Titanate or Titanium Dioxide and the polymer binder is Poly-Tetra-Fluoro-

15 Ethylene, Poly-Styrene or Poly-Propylene.

6. A waveguide produced according to the method of any one of the preceding

claims.

20 7.  Aninterconnect waveguide comprising a ceramic powder and polymer binder

composite.

8.  The waveguide in claim 7 wherein the dielectric constant of the composite is

above 10.



20 7. An interconnect wavegui de conprising a ceranic powder and pol yner
“bi nder " conposite. 8. The waveguide in claim7 wherein the dielectric

- constant of the conposite is above 10. 7 9.The waveguide in claim?7 or 8
wherein the dielectric | oss tangent of the conmposite is below 0.005. 5 10.
- The waveguide in any one of clains 7 to ® wherein the ceram c powder is
Strontium Titanate or Titanium D oxi de and the pol yner binder is

Pol y- Tet r a- Fl uor okt hyl ene, Pol y-Styrene or Pol y-Propyl ene. 11. The
cerami c powder in claim8 wherein the dielectric constant is in the range

50 to ro30 The .pal r_pinder | n ¢claim9 wherein the dielectric
| oss tangent i sﬂbeevl}%vﬁgU,.a%d@&aws Orgg‘{heﬁ"ﬁ’%@ ‘ﬁ%ﬁ‘ﬁ?‘i’ O tpngep afi e anypasite | C
conmponent s .conne by one or nore 15 wavegui des according to any one of
the pr ecedi'ﬁge'BYvﬁ(ngss

5 10. . The waveguide in any one of claims 7 to 9 wherein the ceramic powder is
Strontium Titanate or Titanium Dioxide and the polymer binder is Poly-Tetra-Fluoro-

Ethylene, Poly-Styrene or Poly-Propylene.

11. The ceramic powder in claim 8 wherein the dielectric constant is in the range 50 to

10 300.

12. The polymer binder in claim 9 wherein the dielectric loss tangent is below 0.001.

13. APCB comprising a plurality of IC components connected by one or more

15 waveguides according to any one of the preceding claims.



