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Ant enna FI ELD OF THE | NVENTI ON 5 The present invention
relates to an antenna, particularl y though not : sol ely - -
to a directional bond wire antenn

S T o e e

(MWN comuni cations systens, the antenna may_be v®&rsy
small due to the short wavel ength. For such a snall

size antenna, high radiatigpagéniaency and high
coupling efficiency may be I nportant considerations.

A MMV antenna is often made on a printed circuit board
(PCB) or other 15 solid substrate. Prior art PCB

ve a high loss factor for MM and
Fﬁﬂ'ﬁigﬁﬁgﬁrlﬁ?’%’gf@effi ciency of an antenna built on
this_kind of substrate ?/ be | ess than OEQtéi mal . One
possil B¢ resant dwantinn relatesioar astasniaapapicoesyhaggl ot
low |l oss material such as M croEl ectroMechani cal
sSebttorssdifddtioRpl boond adrel amjeonagl ass 20 (al umi na).
However this may involve conpl ex processing and hi gh
cost .

BACKGROUND

In most communications system the antenna is a very important part of
the design. In millimeter wave (MMW) communications systems, the antenna
may be very small due to the short wavelength. For such a small size antenna,
high radiation efficiency and high coupling efficiency may be important
considerations.

A MMW antenna is often made on a printed circuit board (PCB) or other
solid substrate. Prior art PCB substrates may have a high loss factor for MMW
and hence the radiation efficiency of an antenna built on this kind of substrate
may be less than optimal.

One possible improvement is to use special processing on low loss
material such as MicroElectroMechanical Systems (MEMS) processing on glass
(alumina). However this may involve complex processing and high cost.

The coupler from the IC die to the substrate where the antenna is, may
also cause loss. Although the antenna may be located on the IC die (on-chip

antenna) to avoid some coupling loss and reduce the size, the radiation
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The coupler, fromthe IC die to the substrate where the
antenna is, may also cause |oss. Although the antenna
may be located on the IC die (on-chip antenna) to
avoi d sone coupling | oss and reduce the size, the
radiation I TLLLELE F0EE FREEE vVELE TEEED THELE T
1l -. *c-00902* efficiency20f an on-chi p antenna

2
|y very |ow due tqg the ssta nt  of | C
SRR ich A et SAatany T GhRdO e By josniangent of
n port on the IC die and design the wire's
thee%gtilﬁ? and shape so that the bond-wire works as an 5
ant enna. Because the bond wire is over air, the |oss
of t Aeotherdippreach BCBingalbehdatiee baghé 'stgnbEp@rftbedheﬂ@ die
t he antenna. Such an antenna is called bond-wire

anddesiyn thB\Mie's EAYWBYd Ghapbisol tNHEﬂ{Q mcﬂ-ﬂllrbﬂN&RQ ¥san

ternms the invention proposes a ci rcul ar po arisation

aﬁ@Pn}‘na %aujs_g tﬁe BB dhavSist Ve 2ty sl I%QE o@fthe e gleo%]:g
cost . Sinple and very easy to inplenent .

s@t%t?a% h%'sqﬁt?é eﬁé&qSQﬁé \é'nfb%na. Such an antenna is called bond-wire

antenna (BWA).

SUMMARY OF THE INVENTION

In general terms the invention proposes a circular polarisation (CP)
BWA. This may have the advantage of:

1. Low cost;

2. Simple and very easy to implement;

3. CP for better signal transceiving;

4. wide signal bandwidth;

5. strong directivity; and/or

6. The best CP direction is the same as the maximum gain direction.

CP for an antenna may be beneficial in some complex blocking and
reflection environments. This is because that CP has the effect of producing
greater penetration into blocking and difficult reception areas than a signal with
just one plane of polarisation.

in a first particular expression of the invention there is provided an

antenna as claimed in Claim 1.
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15 4. wide signal bandw dth; 5. strong directivity;
and/or 6. The best CP direction is the same as the
maxi mum gain direction. CP for an antenna may be
beneficial in some conplex blocking and reflection
environments. This is because that CP has the effect
of producing 20 greater penetraﬁion into blocking and

difficult reception areasthan nal. w

pl andNG SANSY artickIgh expression; qf Hg/retntlg[]lt gre %Lb?ct)vﬁgga
expression of the invention there is provided an
methathas eleimedimetRilnn’®& aim 1. 3 In a second
particul ar expression of the invention there is
provided a nethod as clainmed in Caim18. BRI EF

DESCRI PTI ON OF THE DRAWNGS 5 One or nore exanple

BRYCE DESERIPTION ©F THE'DRAWINGS now be descri bed,
wth reference to the follow ng figures, in which:

Fig. éné%r%&‘é%él@ im8nef ofth& it RoRRe thoPoSVA

‘SLSFS?L@”S 5 j;f hodh At eq#?”‘:y’ s a
H T
si ngl Egelde@ s(gbemmc(cgpmp oehglngle endeglC\lA-4 QE\PA? glmensions
are for 60Ghz of central frequency) according to a first example embodiment;
Fig.2 is a graph of the performance of the first example embodiment;
Fig.3 is a schematic of a wideband single-ended CP BWA (dimensions
are for 60Ghz of central frequency) according to a second example
embodiment;
Fig.4is a gréph of the performance of the second example embodiment;

Fig.5 is a schematic of a modified J-pole BWA (dimensions are for

' 60GHz of central frequency) according to a third example embodiment,

Fig.6 is a photo of a prototype of the second example embodiment; and
Fig.7 is a graph of the performance of the prototype in Figure 6;
Fig.8 is a photo of a prototype of the third example embodiment; and

Fig.9 is a graph of the performance of the prototype in Figure 8.

DETAILED DESCRIPTION
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are for 60CGhz of central frequency) according to a
second exanple enbodinment; Fig.4 is a graph of the
performance of the second exanpl e enbodinment; Fig.5
is a schematic of a nodified J-pole BWA (di mensions
are for 15 60GHz of central frequency) according to a
third exanpl e enbodiment; Fig.6is a photo of a .
prototype of the second exanpl e enbodiment; and Fig.7
i s aTlfpdesicottrudterepfre GPYW e 100 is seovpm ot Bigype 1iatcording to
Figure 6; Fig.8 is a photo of a prototype of the third
thexdinsbéxarapleceth beditm eran heFCB.BIVAS1 6D Brapigii-chdiéd feeding
performance of the prototype in Figure 8. 20 DETAI LED

afleheR| MElUddla LISkagrashenth r1l@)‘2t\}v‘iﬁgs§tlfht§ cﬁﬁir%\%ﬁfélgﬂg{r% for

shown in Figure 1 according to the rst anp _
BT AR TR0k 1 Yo el BT BB PRl Ay
SR o Biier HidonR ool s 70Ul whEing 38 chplu. One
affd of - SRaP BT Of & PRnCEsagianalashhie O dis 114 the

bonded at signal pad 112 in IC die 114, the other arm
othggarm 1Wsnadended aienefofitwo greenthdagadd 61 The Thdiel 1014 is
bc?rllfedlt?a IPSCT substrate 117. To make the radiation more uniformly, the two
quarter wavelength wires 108, 110 are bonded to two ground pads 116, 118
around the signal pad 112 on IC die 114. This may assist in forcing the current
at the ground around the signal pad 112 on IC die 114 to zero. The other ends
of each wire are bonded to pads 120, 122, 124 and 126 on the substrate 117.

The arm bond-wire 104 is slightly over half a wavelength, and the arm
bond-wire 106 is slightly below half a wavelength 106. The arm bond-wires 104,
106 may be spread at an angle of between 30 to 120 degrees. The quarter
wavelength wires 108, 110 may be spread at a wider angle. Each of the bond
wires is oriented in generally a straight line.

Figure 2 shows the performance of the CP BWA 100. As seen in Figure
2a, this CP BWA 100 has about 10GHz of S11 (S11<-10dB) bandwidth 200. in
Figure 2d its axial ratio bandwidth (axial ratio <3dB) 202 is about 4.5GHz. In |
Figure 2b the maximum gain direction 204 is not the same as the best CP

direction 206 (smallest axial ratio direction). The maximum gain direction is

generally aligned with the arm 104 bonded to the signal pad 112.
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bonded to a PCT substrate 117. To nmake the radiation

nmore uniformy, the two quarter wavel ength wires 108,
110 are bonded to two ground pads 116, 118 10 around

the signal pad 112 on IC die 114. This may assist in
forcing the current at the ground around the signa

pad 112 on IC die 114 to zero. ghe other ends of each
wire_are bonded to pads 120, 122, 124 and 126 on the
subsffatre SishowsTaanedified SIRIBUYA struotire 806) inglihich amoghier wire
hal f a wavel ength, and the arm bond-wire 106 is
38Riighddgd betvererhtd arme302| 804 ohtHEDB-shape antéRna according to
bond-wi res 104, 15 106 nmay be spread at an angl e of

tHeesaeer StrhplelebE@HRRS ThENRIdiHAHL Wire"@ﬁeis d at g signal
wires 108, 110 nmay be spread at a wder angle. Each o

' i oriented in generally a straight
plb?ﬁiél-?%[:}?tg&wg@%s 1051\,.\5 t he perfornmance of tgg EP BV\S t
100. in_Fiagure, 2a,.this CP B 1 as abou
T oc 5 %ES B0y gy B s duaal aters dow orperaat gore
[ i al t dwidth (axial ratio <3dB) 202 is
S35l S5 GRS adereRsaeing oo an
204 is not the sane as the best CID direction 206

alsgriae IGdE bangtwisith r Furtbedivires manjlso Heeadded foufaritar improve

direction is generally aligned with the arm 104

abt@ndedmpedahee siajoling mad CRDandwidthg ﬁﬁc&t@%le&qgth and
nodi fied CP BWA structure 300, in which another wire

didectionsofar es igs v Qiird 301, 3h8BaRBidtR OtheXxidiNGtib of BRPEnd the
ant enna according to
direction can be adjusted.

The wire 301 may be located at angle to arm 302 to adjust the circular
polarisation direction and/or the bandwidth. Typically the wire 301 is slightly
longer than half a wavelength but shorter than the arm 302. The end of the arm
302 bonded to pad 312 is also raised 100 um with respect to the wire 301.

Figure 4 shows the performance of this CP BWA 300. By adding this
wire 301, the S11 signal bandwidth 400 is much wider. It is increased to
>15GHz. The axial ratio bandwidth 402 is also increased to >15GHz. And its
best axial ratio direction 404 matches the maximum gain direction 406

Figure 5 discloses another BWA 500 for the single-ended feeding case
according to the third example embodiment. Although it is not a CP antenna, it

has simpler structure and good radiation performance. The two side bond wires

502, 504 have quarter wavelength connected to ground 506 in IC die 508 and
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the second exanpl e enbodi nent. The additional wire 301
is bonded at a signal pad 312 on the IC die 314. 5
This wire 301 nay provide additional current flowto
generate nore resonant frequency points for enlarging
t he i npedance matchi ng bandw dth and also the CP
bandwi dt h. Further wires may al&o be added to further

i Nnprove .a a .i npedance tching and. bandw dt h. )
trg P MR § PR R T carfivariirs SEPLanad) i< bprded 10 the Signal in
additional wre 301, the bandw dth, the axial ratio of
ICodiea it ist medified siuckireifm dapplp@nigfinast ed. The wire 301
may be |ocated at angle to arm 302 to adjust the

ci r clhawidgdralr CPBWanand nexdifiexhJ-quiotd antenha Hzsrsberdt h.
Typically the wire 301 is slightly |onger than half a

fabmcaleangiditdRisd. sSTRey Ravé Bafisfiditpafdimtiite. TFGuRE sRbws a
the arm 302 bonded to pad 312 is also raised 100 m

, . ) . he
e S Eing O P ARG Oy Moo RRARILT
: [ ndwi gt h 400 i h w der. i.S

erfigdeishdf, Pichre #BRoy S B ME b AnGs, 10 Bh ik iciioa 890

al so ipcreased to >15GHz. And ,jts best axial _ratio
Figure 6t P@H“ﬁ FouschrECtPyRemfifiathJRa!s amtenna dMhagegding to
Figure 5 discloses another BWA 500 for the
the; tggﬂ @Xanhiel embegimgnt digure skawsthd perfermartee 3040 ofithe
exanpl e enbodi nent. Although it is not a CP antenna,
priototypa808iimpligures.r uct ure and good radi ati on

performance. The two side bond wres

According to the application it may be desirable to encapsulate the bond
wires in mould resin. In this case the wavelength will be shorter according to
the dielectric constant, and thus the wires will be correspondingly shorter.

While example embodiments of the invention have been described in

detail, many variations are possible within the scope of the invention as will be

clear to a skilled reader.
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502, 504 have quarter wavel ength connected to ground
506 in IC die 508 and 6 the central wire 510 havi ng
three quarters wavel ength is bonded to the signal in
ICdie. It is nodified structure from J-pol e antenna.
The wi deband CP BWA and nodified J-pol e antenna has
been fabricated and tested. They have satisfied
perf rnance Figure 6 shows a 5 prototype w deband CP
y@%ordlng to the second exanpl e enbodi nment.
Flgure 7 shows the performance 700 of the prototype
600 in Figure 6. Figure 8 shows a prototype nodified
J-pol e antenna 800 according to the third exanple
1enmbodnrenénndcompeishgshows the performance 900 of the
prototype 800 in Figure 8. 10 According to the

appl b%ﬁglé%nbtfemst%réjﬁr%lndoﬁﬁ%g fﬁ&séibg%e@tt% 4 88nal pad on

wires in nould resi

ﬁ@r‘(t?é?aﬁe?{i ?lrlé\%lnlsotcguﬁ dSBR ! gﬁ{q?ﬁ%‘f $1dnaq Fégor\ﬁ ?nd Sgached to a first
SRR P@&yﬁe@rﬁ%"eé iR RnSachan halampvelength

variations are possible within the scope of t he
at agentrabional figquens¥. 15 clear to a skilled reader. 7
CLAI MVB:

2. An antenna as claimed in claim 1 further comprising a balun adjacent to

the first wire.

3. The antenna as claimed in claim 1 or 2 further comprising a second wire
including a first end attached to a ground pad on the integrated circuit and a

second end attached to a second pad on the substrate.

4, The antenna as claimed in claim 3 further comprising a third wire
including a first end attached to the signal pad and a second end attached to a

third pad on the substrate.

5. The antenna as claimed in any one of claims 1 to 4 wherein the wire is a

bond-wire.
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1. An antenna conprising: a single end fed first wire
including a first end attached to a signal pad on 5
an integrated circuit | ocated on a substrate, and a
second end attached to a first pad on the substrate,
the first wire being slightly longer than half a

wavel ength at a central signalgfrequency. 2. An
antenna as clainmed in claim1 further conprising a
Bpal uhhgdnierta as laimgdimelaimiswhereie thesanteneads ehora-wire
as claimed in claim1 or 2 further conprising a second
anjensa (BYWAudi ng a first end attached to a ground pad
on the integrated circuit and a second end attached
to a second pad on the substrate. 15 4. The antenna as
claimed in claim3 further conprising a third wire

7 econC anipnrd 88 RifiPa ™ BT of £ uRial HEAeiRAG, 40817

SGRRLWER T M RRafs aRitehngy fep lifg SnincsS of pPramrediely o0
as_ cl 'ms% in claim5 wherein the antenna is a
dggRasANPEelieehna (BWA)

8. The antenna as claimed in claim 7 wherein the second wire is slightly

shorter than half a wavelength at the central signal frequency.

9. The antenna as claimed in claim 4 wherein the third wire is slightly

shorter than the wavelength at the central signal frequency.

10.  The antenna as claimed in claim 9 when dependant on claim 4 wherein

the third wire approximately bisects the angle.

11.  The antenna as claimed in claim 2 wherein the balun comprises a pair of
wires, each of the pair of about a quarter-wavelength in length at the central
signal frequency, each of the pair of wires being attached to a ground pad on

the integrated circuit and a pad on the substrate respectively.

12. The antenna as claimed in claim 11 wherein the pair of wires provide an

angle of approximately 135 degrees therebetween.
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7. The antenna as clainmed in claim3 or 4 wherein the
first wire and the 5 second wire forma L-shape
antenna, providing an angl e of approximately 90
degrees therebetween. 8. The antenna as clainmed in
claim7 wherein the second wire is slightly shorter
than half a wavel ength at the central signa
frequency. 10 9. The antenna as clainmed in claim4
wherein the third wire is slightly shorter than the

ve th at the central aI uency

o Th8 Snlerdia e RO i SIS WiRel? WOBEHaH A SHOBI bt gain

4 wherein 15 the third wire approximtely bisects the
isggifrséantially simiardatadirectien of kasteitcular pplgrisatiomher ei n
the bal un conprises a pair of wres, each of the pair
of about a quarter-wavelength in Iength at the centra
signal frequency, each of the pair of wres being

1at t aThediriténria 8§ eliirtle@adl cRim20whBRih EBIsRWG@ iSid §dtlfied J-
and a pad on the substrate respectively. 12. The

p@@@WP@aﬁ&ngba' med in claim1l wherein the pair of
w res provide an angle of approximtely 135 degrees

t herebetween. 9 13. The antenna as clainmed in clains
l1to 12 vvherein a direction of best gain is

ubs nt| jlar to direction of best cjrcul ar
§o| a gaa[q _a as aimed in claim 1r4 ﬁthher comprising a L)alun adjacent

to the first wire.

16.  The antenna as claimed in claim 15 wherein the balun comprising a pair
of wires, each of the pair of wires about a quarter-wavelength in length at the
central signal frequency, each of the pair of wires attached to a ground pad on

the integrated circuit and a pad on the substrate respectively.

17.  The antenna as claimed in claim 16 wherein the pair of wires are parallel

and spaced from the first wire.

18. A method of manufacturing an antenna comprising:
providing an integrated circuit on a substrate,
providing bond-wires,
attaching a first end of the bond-wire pad to a signal pad on fhe

integrated circuit, and



5 14. The antenna as clained in claim1l wherein the
first wire is a nodified J- pole BWA antenna. 15. The
antenna as claimed in claim14 further conprising a
bal un adjacent to the first wire. 10 16. The antenna
as claimed in claim215 wherein the balun conprising a
pair of wres, each of the paif of wires about a
quarter-wavel ength in length at the central signal

f r eq@tiAehingeasecasd entbobiierbarfd-wireds agpachohdik sabstrate.
ground pad on the integrated circuit and a pad on the
substrate respectively. 15 17. The antenna as cl ai ned
in claim1l6 wherein the pair of wires are parall el

and spaced fromthe first wire. 18. A nethod of

manuf act uri ng an antenna conprising: 20 providing an
integrated circuit on a substrate, providing

bond-wi res, attaching a first end of the bond-w re pad
to a signal pad on the integrated circuit, and 10
attaching a second end of the bond-wire to a pad on
the substrate.



