A coupl er FIELD The present invention relates to a coupler. BACKGROUND A
connector or coupler is used for electrically connecting two devices so as
to pass a signal. A connector nmay include a femal e nmetal contact on one

si de, which engages wi.th a nmale netal contact on the other side. However,
such connectors may suffer fromthe f&llow ng problens: 1. The
~connection performance may degrade due to oxidation and wear after tine.

- 2. \When the data rate is ultra hi gﬂ&>ﬂ)Peq;‘b/s) the area of each contact |
becones very snal | 3. Th mechani cal parts are very easily
damaged. g1l p 4. The fabrication is expensive. An alternative to netal

connectors 1s a wreless signal connection. However, a w reless connection

is |less fﬁeeéljesgﬂﬁn\}e%/k% g&%thgwgﬁrﬁ& i nterference (EM ) and limted

frequency Tesource promsing alternative is a dlelectrlc
connector, for exanple US patent number 7481672. However, such prior art
di el ectric connectors are mainly useful for DC isolation and still suffer

from EM R{:ﬁ&ir@cﬂﬁ especially in the unconnected state. EM probl ens can
relate tg VI e being overly susceptible to interference from ot her
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signal. A connector may include a female metal contact on one side, which engages
with a male metal contact on the other side. However, such connectors may suffer

from the following problems:

1. The connection performance may degrade due to oxidation and wear
after time.
2. When the data rate is ulira high (>10Gb/s) the area of each contact

becomes very small.

3. The small mechanical parts are very easily damaged.

4, The fabrication is expensive.
An alternative to metal connectors is a wireless signal connection. However, a wireless
connection is less ideal due to electromagnetic interference (EMI) and limited
frequency resource. A further promising alternative is a dielectric connector, for
example US patent number 7481672. However, such prior art dielectric connectors are
mainly useful for DC isolation and still suffer from EM! problems, especially in the
unconnected state. EMI probiems can relate to the deVice being overly susceptible to
interference from other devices, and/or that the device causes excessive interference
in other devices.
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In general terms the present invention proposes a resonant electromagnetic (EM)

coupler which does not radiate significantly in an unconnected state. Thi_s may have the

advantages(s) that:

1.

2.

no metal c-ontacts are required,

EMI may be substantially eliminated for both | connected and
disconnected status,

consistent performance over the device lifetime,

longer life-time,

water resistant,

wideband . >10GHz bandwidth @centre frequency 60GHz (or relative
bandwidth>16%) and hence much higher data rate (>10Gb/s) can be
achieved,

no radio frequency license needed,

safer data transmission because there is no radiation leakage to
environment, any information transmission is point-point. Thus the
connection security is higher than common wireless communications
where the transmission can be detected by many others besides of the

desired receiver, and/or

better looking compared with metal cable connector and can be invisible.

in a first specific aspect there is provided an electromagnetic coupler comprising:

a transmitter configured to operate at a first central frequency,

a first termination configured to connect to the transmitter and having a second

resonant frequency,

a receiver configured to operate at the first frequency,

a second termination configured to connect to the receiver and having a third

resonant frequency,



2 In general terns the present invention proposes a resonant _
el ectromagnetic (EM coupler which does not radiate significantly in an
unconnected state. This may have the advantages(s) that:

3

wherein when the first and second terminations are bought into close proximity
when engaged, the equivalent resonant frequency is substantially the first frequehéy.

and wherein the second and/or third frequencies being substantially Spectrally spaced

from the first frequency.

BRIEF DESCRIPTION OF DRAWINGS

One or more example embodiments of the invention will now be described, with
reference to the following figures, in which:

Figure 1 is the schematic of a dielectric connector according to a first
embodiment,

Figure 2 is an equivalent circuit diagram and graph of frequency response of
thé dielectric connector,

Figure 3 is a perspective view of a second embodiment,

Figure 4 is a frequency response graph of the second embodiment,

Figure 5 is a cross section of an inserting type connector according to a third
embodiment,

Figure 6 is a cross section of a touching type connector according to a forth
embodiment, and

Figure 7 is a cross section of a two way connector according to a fifth

embodiment.

DETAILED DESCRIPTION

A dielectric coupler 100 is illustrated in Figure 1 according to the first
embodiment. A data stream to be transmitted may firstly up/down converted to a
millimetre wave (MMW) frequency by modulator 102, The signal from the modulator
102 passes to a transmitter (Tx) side termination 104, which is engaged with a receiver

(Rx) side termination 106, whereby the signal will be transmitted via RF from one to the



no netal contacts are required, 2. EM may be substantially elimnated for
bot h ‘connected and di sconnected status, 3. consistent performance over the
device lifetinme, 4. longer life-tine, 5 water resistant, 6. w deband .
>10GHz bandwi dth @entre frequency 60GHz (or relative bandw dth>16% and
hence much higher data rate (>10Gb/s)4can be achieved, 7. no radio
frequency |license needed, 8. safer data transm ssion because there is no
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poi nt - poi n us’ Ehé& connect i on security is higher t an common W el ess
connunlc&%{?g swhere the transm ssion can be detected by many others
besi des 0 he desired receiver, and/or 9. better |ooking conpared with
metal cable connector and can be invisible. In a first speci fic aspect
there is provided an el ectromagnetic coupler conprising: a transmtter
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termnation con ured to connect e transmt aV|ng a second
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freque ter nation confi ure COﬂﬂECt to
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significant leakage. So whether the coupler is connected or not, there is no external RF

signal radiation and the leakage may be insignificant.

The coupler is based on a resonant frequency shifting principle, which is illustrated in
Figure 2.  When the connector is “disconnected”, the Tx termination 104 resonant
frequency 200 is higher than the working frequency 202 of the MMW modulator and
oscillator 102, as a result, the Tx termination 104 impedance is significantly
mismatched and hence the RF power transferred externally. However, when the
connector is “connected”, a high dielectric constant material sheet is sandwiched
between Tx and Rx terminations 14,106. This high dielectric constant material will
increase the equivalent capacitance of the resonance structure of the terminations
104,106. Hence the resonance frequency 204 is reduced. By carefully designing the
structure size in terms of the material dielectric constant, the connected state will may
have a resonant frequency equal to the working central frequency of the Tx and Rx.
Thus, the c'oupier will pass the signal when the terminations are engaged. If the gap
between Tx and Rx is very small, aimost all signal power is transmitted from Tx to Rx,

except for the material loss. The radiation leakage is small.

Figure 3 shows a dielectric coupler according to the second embodiment. It includes a
Tx termination 300 and a Rx termination 302. The Tx termination 300 is shown in

Figure 3(b). It includes a substrate 304 and antenna 306 without a high dielectric



3 wherein when the first and second term nations are bought into

cl ose proxi mty-when engaged, the equival ent resonant frequency is
substantially the first frequency, and wherein the second and/or third
frequenci es being substantially spectrally spaced fromthe first frequency.
BRI EF DESCRI PTI ON OF DRAW NGS tne or nore exanpl e enbodi ments of the
invention will now be described, with reference to the follow ng figures,
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according to a I rst nent ure I'S an equl ent circult dlagram

and grap‘?x@rmr{a‘ﬁgh'gﬁt%xcre@ Qx@ﬁﬁ%egé Fné‘@org'[aﬁlt gi‘éhéb %Qé}fé%ﬁécf?r Figure 3is a

perspective view of a se di nent ure 4 1s a frequency response
graph of the second enbodi nent, Figure 5 is a cross section of an
inserting type connector according to a third enbodi nent, Figure 6
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via RF T rcgﬁgtgﬂ%étgriél%% the Rx termination 302. The backing substrate is FR408. Other
low dielectric constant PCB substrate materials can also be used. For 60GHz working
frequency, the design dimensions may be: loop diameter 1mm, slot width 0.075mm,

patch inside dipole 0.38mm x 0.15mm, dipole width 0.6mm. The coupler is fed by

micro-strip line to the centre of the metal patch from back of the PCB.

The coupler performance according to the second embodiment is shown in Figure 4.
The central frequency is 58GHz. In the connected state (Figure 4 (a)), the propagation
(S21) is high at the central frequency and -3dB bandwidth is >15GHz. The impedance
matching frequency bandwidth (S11<-10dB) is 10GHz. The wide impedance bandwidth
is contributed by the slot loop plus siot dipole structure shown in Figure 3 (b). By
carefully designing the centre frequencies f_or the slot ioop and slot dipole, the

bandwidth may be maximised.

The slot loop and siot dipole may be used to enlarge the bandwidth by locating 2
resonant frequencies close to each other so that the corresponding pass-bands are
partial overlaid. This will result in a wider bandwidth. Two resonant frequencies are
controlied by the slot loop and slot dipole, respectively. For example, by increasing the
slot loop diameter, one of the resonant frequencies is reduced, while by shortening the

iength of the slot dipole, the other resonant frequency is increased.



4 other. The signal passes fromthe Rx termnation to a denodul ator 108 for
down/‘'up conversion. Wen the two term nations 104,106 are di sconnected, the
signal will be reflected back instead of radiated into the atnosphere. Wen
two term nations 104, 106 are connected, the couplers have just dielectric
touching and the signal is transferré@ wi t hout any significant |eakage. So
whet her the coupler is connected or not, there is no external RF signal

radi ati on and the | eakage nay be insignificant. The coupler is based on a
resonant frequency shifting principle, which is illustrated in Figure 2.
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significantly m smatched and hefice power transferred externally.
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ternms of the material dielectric constant, the connected state will nmay
have a resonant frequency equal to the wor ki ng central frequency of the Tx
and Rx. Thus, the coupler mill pass the signal when the term nations are
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power is transmt except for the material |oss. The

radi atio i ordi ng
to the s@@éﬁ%@%ﬁod. T idiat'g %éikg%ie;a'i%%"*‘%r?@?r%@n*f:fieéhi%rﬁ%“ﬁ%% R

term nati @%1 The Tx term nation 300 is shown in Figure 3(b). It
includes strate 304 and antenna 306 without a high dielectric 5

const ant naterial pl ane. The Rx term nation 302 has al nost the sane
structure as the Tx term nation 300 except a high dielectric constant plane
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| ow dielectric constant PCB substrate materials can al so be used. For 60GHz
wor ki ng frequency, the design dinensions nay be: |oop diameter 1mm sl ot
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coupler isfe mcro-strip line to tre of e netal patch from
back of t LBy ccording to the second embodi nment
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resonant ﬁ@&r@%‘?&%e‘ Rx iéilﬁ‘i n%ﬂgr?gm is inserted in the slot opening 506, then the signal

is transmitted from Tx to Rx through high dielectric material 514. The smali radiation

leakage in connected state is also further absorbed by the absorber 508.



6 The propagation loss is 1.38dB at the central frequency in the connected
state. That neans nore than 70% of the energy nay be transferred fromTx to
Rx. The rem nder is mainly material |osses, and a small part is radiation

| eakage. In the disconnected state (Figure 4 (b)), the return loss is snal
(0.7dB). Thus nost of the energy (85% is reflected back to the Tx instead
of radlated to air. A coupler nay be nodified by designing the bandw dth
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variations are possible within the scope of the invention as claimed as will be clear to a

skilled reader.



CLAIMS 1. An el ectromagnetic coupler conprising a transmtter configured to
operate at a first central frequency, a first termnation configured
to connect to the transmtter and having a second resonant frequency, a
receiver configured to operate at the first frequency, a second
termination configured to connect to 8he receiver and having a third
resonant frequency, wherein when the first and second term nations
are bougELAhméo cl ose proximty when engaged, the equival ent resonant
frequency 1S Substantially the first frequency, and wherein the second
and/or third frequencies being substantially spectrally spaced fromthe
first frequency. 2. The coupler in claim1l further conprising a dielectric

mat eri al ,between,the first terni ion and the second termnation. 3. The
coupl er in aﬁgnﬁkﬁggﬁﬁéa§gﬁgﬁﬁg#%ﬁ%%ﬁ&wkonprising an RF absorber adjacent

to or surr Oungitrggsr%l}{'t%r é%nglﬁhbetdgé g})%q%%q&% fﬂgtdc,[eﬁgaltf@ﬁa\émﬁéé{?nd term nation. 4.

The coupler in any pre ereint ba h of the coupler is

?regiggre ;[ 2a|n eégi(%%tﬁgrﬁni{%@?%%}‘{%u%d lonc%)éctptgefﬁeegg&gniﬁéraérm PM"vﬁ{geé Qeéolﬂﬁ’ RF
resonant frequency, -
a receiver configured to operate at the first frequency,
a second termination configured to _connect to the receiver and having a third
resonant frequency,
wherein when the first and second terminations are bought into close proximity
when engaged, the equivalent resonant frequency is substantially the first frequency,

and wherein the second and/or third frequencies being substantially spectrally spaced

from the first frequency.

2. The coupler in claim 1 further comprising a dielectric material between the first

termination and the second termination.

3. The coupler in any preceding claim further comprising an RF absorber adjacent

to or surrounding the first termination and/or the second termination.

4. The coupler in any preceding claim wherein the bandwidth of the coupler is

greater than 16%.
5. The coupler in any preceding claim wherein the RF leakage is less than 15%.

B. The coupler in claim 2 wherein the dielectric material is provided on the second

termination and the third frequency is substantially simiiar to the first frequency.



6. The coupler in claim2 wherein the dielectric material is provided on
the second termnation and the third frequency is substantially simlar to
the first frequency. 9 7. The coupler in claim2 wherein the dielectric
material is configured to be spaced fromthe first term nation and the
second ternination when unengaged and® sandwi ched between the first
termnation and the second term nati on when engaged, wherein the second and
third frequenci es being substantially spectrally spaced fromthe first
frequency. 8. The coupler in any preceding claimwherein the first

termnatyon i g,£o0f Ieglt’ﬁ &gl n'f QV\}hQ% thel dMI&ctiid fatf@ LB GohfRjurdd @l deXpaced- The

coupler in any pre e |ng claimwherein the first termnation and the second
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coupl er 1 er conprising a self alignne structure 11. The

coupl er b&w%ex Y BGE rmaﬁ{)ﬁbﬂaﬂwgé‘doﬂdﬁﬂ% ﬁétbﬁtwﬁéne%%@sa WiserMMhe 12. The

coupler rnany precedi ng claimwherein t first termnation and/or the
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The couple ein op an pol e arrangenent
have cIOﬁg yaced and partially overlapplng band pass characteristics.
14. The coup 'SF in any preceding claimwherein the second frequency is
greater than two tinmes the first frequency.

8. The coupler in any preceding claim wherein the first termination is configured to

insert into the second termination.

9. The coupler in any preceding claim wherein the first termination and the second

termination are configured to touch when in close proximity.
10. The coupler in claim 9 further comprising a self alignment structure.
11. The coupler in any preceding claim wherein the first frequency is MMW.

12. The coupler in any preceding claim wherein the first termination and/or the

second termination comprise a slot loop and/or siot dipole arrangement.

13. The coupler in ctaim 12 wﬁerein the slot loop and slot dipole arrangement have

closely spaced and partially overlapping band pass characteristics.

14. The coupler in any preceding claim wherein the second frequency is greater

than two times the first frequency.

15. A coupler termination according to any preceding claim.



