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FIELD
The present invention relates to an antenna particularly though not solely to a

bond wire antenna (BWA) for millimetre wave (MMW) signals.

BACKGROUND

A MMW wave antenna is often made on the printed circuit board (PCB) or other
solid substrate. Due to the materials used, the loss tangent in a commercial
PCB substrate in the MMW frequency band may be high. To improve efficiency,
special processing on low loss material such as miniaturized electromechanical
system (MEMS) processing on glass (alumina) may be used. But this may be

complex and high cost.

Also the MMW signal coupling from the IC die to the substrate where the
antenna is may cause additional loss. The antenna can be directly designed in
the IC die (on-chip antenna) to avoid some coupling loss and greatly reduce the
size. However the radiation efficiency of an on-chip antenna may be very low

due to the high loss tangent of the die.

Another alternative is a bond wire on the signal port on the IC die and with a
length and shape so that the bond-wire itself works as an antenna. Because the
bond wire is over air, the loss of the IC die and PCB substrate has little effect to

the antenna. This type of antenna is called bond-wire antenna (BWA).
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.*@0Q002* FI ELD The present invention relates to an antenna particularly
t hough not solely to a 5bond wire antenna (BWA) for mllinmetre wave (MW
signal s. BACKGROUND A MWV wave antenna is often made on the printed circuit
board (PCB) or other solid substrate. Due to the materials used, the | oss
tangent in a commercial 10 PCB substrate in the MWV frequency band may be
hi gh. To inprove efficiency, special processing on |ow loss material such
as mniaturized el ectronechani cal system (MEMS) processing on gl ass

(alum na) may be used. But this may be conplex and high cost. 15Also the
MMV si gnal coupling fromthe I1C die to the substrate where the antenna is
may cause ladtl aisimgle-ended.featiogBWéniaproposdsk Inithie progosdbsivipiedntennahe | C
die (on-chip antenna) to avoid some coupling |oss and greatly reduce the

si ze. Howeeelis tdretieadC agHignitekf lirpitenay sihglarereiedcficlirntapphcationy ahe ivery
| ow due to the high |oss tangent of the die. 20 Another alternative is a

bond w re g Léifé’seasbn%nlﬁhl @Qa%r thd'op faflreoriié V@tJPe.aTIH@E;gBE%% f@pe so

that the bo wre'itse S as an antenna. Because t wre is

over air, t i 1d. P iLLleyef t to the
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bond wire over the ground plane must be strictly controlled. Otherwise, the

radiation efficiency, central frequency and radiation pattern could be affected.

10 In [2], a differential feeding triangular loop antenna is proposed. This is a
combination of a BWA and an on-PCB antenna. One side of the loop is on PCB
substrate and the other two sides are built by bond wires. Since the trace on the
PCB substrate, this antenna’s performance relies on the PCB substrate’s loss
tangent, dielectric constant and so on. It is more like an on-PCB antenna rather

15 than a BWA.

In [3], a differential feeding dipole BWA is disclosed. This has narrow bandwidth

plus a metal patch under the IC die.

20 In [5] and [6], two types of BWAs (circular polarized and linear polarized), were
described. However, the antenna radiations in the previous structures may be
affected by surrounding materials. And the radiation pattern may not smooth

enough. This may result in a sensitive relative position between transmitter (Tx)



.set is onthe ICchip. It islimted to single-ended feeding application
and it requires a ground plane on the top layer of the IC die. The ground
plane is 5 alnost as large as whole IC die size, which mght not be

i npractical. Mreover, because this BWA is just bonded over a ground pl ane,
the arch height of the bond wire over the ground plane nust be strictly
controlled. O herwi se, the radiation efficiency, central frequency and

radi ation pattern could be affected. 10ln [2], a.differential feedin
triangul a%%dﬁc%!ﬁ?%r{#&‘)vi SUshofited. smalls '$%‘Jt5’”cd?ﬂﬁch‘é@?yorfnﬁy SEYRA &nd an

on- PCB antenna. One side of the loop is on PCB substrate and the other two
si des ar e pamarmapgetessd wires. Since the trace on the PCB substrate, this
antenna's perfornmance relies on the PCB substrate's |oss tangent,
dielectric constant and so on. It is nore Iike an on-PCB antenna rather 15
than a BWA. In [3], a differential feeding dipole BWA is disclosed. This
has narrowpgniaret h plus a netal patch under the 1C die. 20In [5] and [6],
two types of BWAs (circular polarized and |linear polarized), were
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be affeécted ™y surrounding materia e radiatfon pattern may no
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| naceur acyanrg;lgr t%gurzgia%oﬁedri:e%ii\r/ri?yngree iln?gr%'ved. The side-lobe and other undesired
peak of the antenna radiation pattern may be reduced, so the invention may be
suitable for dual antenna duplex applications, where two antennas are close to
10 each other and inter-antenna isolation is high. The BWA may be used in a radio
frequency radiator/detector in the integrated circuit (IC) package. The substrate
integrated cavity may be designed to control radiation in a MMW
communication system. It may also be used in other radio frequency bands.
The antenna may be compact, for example less than 0.6mm long for a 60GHz

15 central frequency; and wide bandwidth, for example greater than 15GHz for a

60GHz central frequency.

The BWA may have 2 bond wire arms with one end on signal port on IC die and
the other end on bond pads on the substrate, respectively. Under the BWA,
20 there is a cavity in the substrate. The cavity is metal wall surrounding volume
except the side having the BWA open. The cavity contains dielectric mate~r_ial,
or nothing (vacuum), or air. The antenna central frequency may be determined

by the resonant frequency of the cavity.



. SUMVARY 5In general terns the invention proposes a resonant cavity adjacent
to one end of a BWA. This nay have the advantage that the antenna radi ation
uniformty and/or the radiation directivity are inproved. The side-|obe and
ot her undesired peak of the antenna radiation pattern may be reduced, so
the invention may be suitable for dual jantenna duplex applications, where
two antennas are close to 10 each other and inter-antenna isolation is

hi gh. The BWA may be used in a radio frequency radiator/detector in the

i nt egr at ed\ EURL GRYIY BYYApsEYGdE. Maebe ssdr tor dumex @Patiediadawwhsrend¥p be
designed to control radiation in a MW comruni cation system It may al so be
used i n otreetangaldir caitye BUéhs ard antislosghe eachariher. ing tesovaniplfaeqyerfaies
exanple less than 0.6nm long for a 60GHz 15central frequency;, and w de
bandwi dt hfof e tepasavitRsOBBH €4n bbahe $afddzorfdiffe@nbO0GHz central frequency.
The BWA may have 2 bond wire arnms with one end on signal port on IC die and
the other end on bond pads on the substrate, respectively. Under the BWA,
20 there is a cavity in the substrate. The cavity is netal wall surroundi ng
vol une except the side having the BWA open. The cavity contains dielectric
mat eri al , Tdve oaxityi slpges acay tippepvidaiwhichTineayahe esuitabtse ift thel |G disgaegrcys may be
determ ned by the resonant frequency of the cavity. 4 A dual cavity BWA
struct ur e giyddg used for duplex application, where two rectangul ar cavity
BWAs are put close to each other. The resonant frequencies for the two
cavities BWA can be the sane or different. 5The cavity shape may trapezoid,
which may be suitable if the I1C die area is crowded.

The cavity shape may be trapezoid and the wall close to the substrate edge
may be open, which may be suitable for the environment that the IC die area is

10 crowded, and the target direction may be horizontal.

The cavity can be a substrate integrated cavity or a metal tank.

In a first particular expression of the invention there is provided an antenna
15 according to claim 1. Embodiments may be implemented according to any one

of claim 2 to 12.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be fully understood and readily put into practical
20 effect there shall now be described by way of non-limitative example only, an

example embodiment described below with reference to the accompanying

illustrative drawings in which:

Fig.1(a) is a perspective view of a prior art wideband BWA;

Fig.1(b) is a graph of the radiation pattern of the BWA in Fig. 1(a);



.The .cavity shape may be trapezoid and the wall close to the substrate edge
may be open, which may be suitable for the environnent that the IC die area
is 10crowded, and the target direction may be horizontal. The cavity can be
a substrate integrated cavity or a netal tank. In a first particul ar
expression of the invention there is provided an antenna 15 according to
claim 1. Enbodi nents may be inplenented according to any one of claim2 to

12. BRI EF [.PTI ON OF THE DRAW NGS. | rder that .the invention nay be
Fui 1y undES2g0S arseaeiey Vgt ! ey R EeordRudh Mk PRIRRIE "chat | mow
be descri bed b% way of non-limtative exanple only, an exanple enbodi nent
descri bed el ith reference to the acconpanying illustrative drawings in
which: Fig.1(a) is a perspective view of a prior art w deband BWA, Fig. 1(b)
is a graplFigR(lt)hs aradsasectivpaeierfithefcavite BBVA I Rigri2ga); 1(a); 5 Fig.2(a) is
a perspective view of a cavity BWA according to the exanpl e enbodi nent;
Fi g.2(b) img2(®reasgraphlof ek hécﬁﬂi&fpétt‘@nQﬂYhéMaﬁWBWAHBig, 2(®); Fig.2(c)

[

is a graph of the radiation pattern of the cavity BWA in g. 2(a);
5  Fig.3(a) is a top view of a 60GHz+80GHz rectangular cavity BWA according to
a further example embodiment;
Fig.3(b) is a graph of the loss and cross talk of the cavity BWA in Fig. 3(a);
Fig.3(c) is a cross section view of the cavity BWA in Fig. 3(a);
Fig.3(d) is a graph of the radiation pattern of the cavity BWA in Fig. 3(a);

10 Fig.4 is a plan view of a 60GHz+80GHz trapezoid shape cavity BWA,

Fig.5 is a plan view of another 60GHz+80GHz trapezoid shape cavity BWA,;
Fig.6 is a plan view of a 60GHz+60GHz cavity BWA,

Fig.7 is a schematic drawing of an antenna measurement setup;

Fig.8 is a graph of measured antenna gain versus frequency;

15 Fig.9(a) is a graph of the measured vertical antenna radiation pattern;
Fig.9(b) is a graph of the measured horizontal antenna radiation pattern;
Fig.10(a) is a perspective view of a prior art dual BWA without cavities;
Fig.10(b) is a graph of the inter-antenna isolation of the BWA in Fig. 10(a);

Fig.11(a) is a perspective view of a dual BWA with cavities; and

20 Fig.11(b) is a graph of the inter-antenna isolation of the BWA in Fig. 11.

DETAILED DESCRIPTION
A cavity BWA 100 according to the example embodiment is shown in Fig.2 (a) &

(b). Two bond-wires 102, which are bonded at same signal port 104 on an IC



.5Fi g. 3(a)

Is a top view of a 60GHz+80GH rectangul ar cavity BWA accor

to a further exanple enbodi nent; Fig.3(b) is a graph of the |loss and
talk of the cavity BWAin Fig. 3(a); Fig.3(c) is a cross section view of
the cavity BWA in Fig. 3(a); Fig.3(d) is a graph of the radi ati on pat

of the cavity BWAin Fig. 3(a);
trapezoi d shape cavity BWA;, Fig.5 is a plan view of another
trapezoid

BWA: Fig.

t he measursei@ystrate 136) regpes
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10 Fig.g is a plan view of a 60GHz+80GHz
60GHz+80GHz
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measured horizontal antenna radiation pattern; Fig.10(a) is a perspective
vi ew of a Hereprthar tavtyals B\dfinedt apud-dimensiorsdiefécyicl Ogib) on yaaugmapreaf t he
I nter-antenna isolation of the BWAin Fig. 10(a); Fig.1l1l(a) is a

perspecti \é%n’é'uﬂbﬂ’eéfbﬁ el WAAeREs it 6A¥ i idl€opem ATHE IKiagity (1D) chh Be ¢ aph of
the inter-antenna isolation of the BWA in Fig. 11. DETAI'LED DESCRI PTI
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metal layers sandwiching a dielectric substrate (e.g. printed circuit board: PCB).
At the cavity portion, one of the metal layers is etched. The area etched is the
aperture of the cavity. Around the edges of the aperture, there is a vertical metal
wall. The metal wall can be made of aligned through hole VIAs connecting top
and bottom metal layers. The aperture size and the volume of the cavity 112
may depend on the working central frequency wavelength. For example for a
60GHz central frequency the cavity radius may be 3mm, thickness may be
0.8mm, and filled material dielectric constant may be 3.7. The longer the
wavelength, the bigger the cavity aperture and volume. The height of the cavity

112 may also depend on the signal wavelength. It may be better to make the

thickness larger or equal to a quarter wavelength of the central signal frequency.

Fig.2(c) shows the radiation pattern 200 of the cavity BWA, we can see that the
cavity BWA may have a smoother radiation pattern than that in Fig.1 (b). The
cavity 112 shape shown in Fig.2(a) is a half cylinder. It can be other shapes
such as rectangular and so on. The volume of the cavity 112 may determine the

central frequency of the cavity BWA.

Fig.3 shows an example of a dual 60GHz+80GHz cavity BWA. There are two

independent rectangular cavity BWAs shown in Fig.1. The two BWAs 300,302

ON A
(a) &
an I C



.6 die 106 and the other ends are bonded at separated bond pads 108 on the
substrate 110, respectively, and a cavity 112 just bel ow the bond pads 108.
Here, the cavity is defined as 3-dinension dielectric, air or vacuum area
surrounded by netal wall except one side open. The cavity 112 can be a 5
substrate integrated cavity [8]. The substrate integrated cavity is nmade of
2 netal layers sandw ching a dielectric substrate (e.g. printed circuit

board: PCB). At the cavjt 0 . one of the tal, layers is ched. The
v en et chats pal o s budadtutheh sindf g calin i ine' Shighda sRebhian
aperture, there is a vertical netal wal | . The metal wall can be nade of

al i gned thflﬁmglh’ Heeted! wewatsisnisem g sebstiaieafberselatian raftthe tweysawty The
aperture size and the volunme of the cavity 112 nay depend on the working
central fBy¥gAeisimpavedeagtompBoed aithopl eavities. SCODGHKNG dine paevibuequahcy t he
cavity radius may be 3mm thickness nmay be 0.8mm and filled materi al

di el ectri BWR@SF@&Laﬁ'f%MngelsélaﬁonTme quang@r ahBetheavdebenagiity Blva'diipaer the
cavity aperture and vol ume. The hei gh he cavity 15 112 may al so depend

on the,si gﬂ?énn\éfa‘é‘?)‘aefi'agt {hen : yxebﬁalpesteteefh% (ﬁeW"ﬁEFF PSV& 'B?Nﬂe%uétafé(?e; or

equal to a quarter wave e central signal frequency. Fig.2

shows the. radiati ttern20 B can see th the
cavity B\/\N‘Wé&yeﬂaﬁ% "%E)P ghey Af‘% %@%ﬁ‘%&ﬁ%@%ﬁ%&ﬁ'? POrs ¢4 E‘Ef

The cavity 112 shape shovvn in Fig 2(%| s a hal fmTéI [ nder It can be ot her
shapes 20286 dWoacAvitycBWisupEs oéﬁﬂn’@o camrea, BPihEi%s (Phdhedeiu 1439 mmy
determ ne the central frequency of the cavity BWA. Fig.3 shows an-exanpl e

of a dual b80@HziH8 OG8N CHe ang 8Bz ThetyeBilYAs avwe >13Gkz2 pramkg.y (d) aee to
each other. Since the cavities formthe antenna radiation is primarily

direct ed gpnaedthémeaxiinien sadistismtirectidieof thel @aivitgBWHA ishpviands d@wih the BWAS
is inproved as conpared without cavities. Conparing the previous dual BWA' s

inter- ant §{]P§Yrét§°| ation in Fig. 10, and the dual cavity BWA's inter- 5
antenna isolation in Fi g.11, we can see the new dual cavity BWA structure

i nproved the isolation about 4dB. Here the pitches of the signal ports on
IC die and two cavity BWAs are 0.33mm W can see fromFig.3 (b), the
return | oss bandwi dth of 60GHz and 80GHz cavity BWAs are >15GHz. From Fi g. 3

(d) we caFigaehblie arBXpaXoT Ishepat0BHLH SUEBHY @avmj Bie, whichthasBWA sasnaipwar ds
fromthe iosubstrate.
performance as shown in Fig.3 (b) and (d). Note that the bond pads 400 in Fig4
are overlaid. In this variation, the cavity sides close to the IC die are small. This
15 shape is useful in the case that the components and wire traces in the IC die

area are crowded and hence there is small space allowing cavity BWA

connection.

Fig.5 is one more variation of a 60GHz+80GHz cavity BWA. Here, one of the
20 cavity walls 500 near a substrate edge is removed for each BWA. This variation

can direct the radiation direction of each BWA to in front of the substrate.



.Fig.4 shows a trapezoid shape 60GH#+80GHz cavity BWA, which has the sane
performance as shown in Fig.3 (b) and (d). Note that the bond pads 400 in
Figd are overlaid. In this variation, the cavity sides close to the IC die
are small. This 15 shape is useful in the case that the conmponents and wire
traces in the I1C die area are crowded and hence there is small space

all owi ng cavity BV\A connecti on. Fig.5 is one nore variation of a
60GHz+80CGHz cavity Here, one of the 20 cavity walls 500 near

sUbst 1 at oF EH5S % KPS faricatish SBRkIEARG T Shirh Py BN AdiTEGe i 1

radi ati on direction of each BM to in front of the substrate. 8 Fig.6 is a
phot o of ardlbof thet wedt@tatiached@tizhe BaVAdaeding WA It iTHer sighal igegdingbandf t he
vector attached at the BWA feeding port. It is for signal feeding and
measur enefteasordment! shows a ant enna neasurenent setup for the BWA in
Fig.6. It consists of the rotation armfor test antenna gain in different
directions (radiation pattern), vector network anal yzer, standard horn
antenna, the antenna under test and so on. 10 Fig.8 shows the exanple
measured gain versus frequency performance of a 60GHz cavity BWA in Fig.6.
We can sseé€ig. hshamisem@aténregmeasyraraspiosaiap ifer thiedBW Ao g0 Gticonsiséy GHz, t he
antenna gain difference is <3dBi. Fig.9 shows the neasured radiation

pattern othd hstafi@demcrritest &BMenha ddid i diffireMedipadtioneeradiatiort pattareyi mum
antenna gain is clear and it is to the up-direction. Wile various exanple

embodi nen{g t}t}?rﬁg@(g‘ﬁa fl Qfaﬂtdhm haﬁhgﬁbﬁhé%edﬁ%hhgun%r tdst apd do be

understood ed In e technol ogy concerned that many
vari ati ons in details of design, construction and/or operation may be

10 Fig.8 shows the example measured gain versus frequency performance of a
60GHz cavity BWA in Fig.6. We can see the antenna frequency response is

wide. From 50GHz to 67GHz, the antenna gain difference is <3dBi.

Fig.9 shows the measured radiation pattern of the 60GHz cavity BWA in Fig.6.

15 We can see that the maximum antenna gain is clear and it is to the up-direction.

While various example embodiments have been described in the detailed
description, it will be understood by those skilled in the technology concerned
that many variations in details of design, construction and/or operation may be

20 made without departing from the scope as claimed.



.20 made wi thout departing fromthe scope as clained. 9 [1]. N harika
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manufacturing.” Singapore patent application 200907908-8.
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mode circular SIW cavity.” ICMMT 2008 Proceedings.



.1. An antenna conpri si ng an | C bond band(s) configured to connect
to a signal port on an IC, 5a substrate bond pad(s), a bond wre
antenna (BWA) connected between the | C bond band(s) and the substrate bond
pad(s), and a resonant cavity adjacent the substrate bond pad(s). 102.The
antenna in claiml1l wherein the cavity i a shape selected fromthe group
consisting of a half cylinder, a cube, a trapezoidal prism and any
conbination {hereof. 3. The antenna in claim1l or 2 wherein the cavity is
a substraﬁﬂaFHFégrated 15cavity or a netal tank. 4. The antenna in claim3
wherein the cavity is formed in a substrate, the substrate having a
dielectric sandw ched between two netal |ayers, and the cavity havi-ng netal
walls. 20 5. The antenna in any one of the preceding clains further

conpri sind.a ségoacteBA cantprgirgecond resonant cavity adj acent the second
BWA. 11 6. The antenna in any one of the preceding clains wherein a wall

0}‘ the cavity igh I@PEhRBENGRYChAf Lt cBhh86ttorzAslALI Ut bA a@ IKor i zont al
pl ane.
5 a substrate bond pad(s),
a bond wire antenna (BWA) connected between the |C bond band(s) and

the substrate bond pad(s), and

a resonant cavity adjacent the substrate bond pad(s).

10 2. The antenna in claim 1 wherein the cavity is a shape selected from the
group consisting of a half cylinder, a cube, a trapezoidal prism, and any

combination thereof.

3. The antenna in claim 1 or 2 wherein the cavity is a substrate integrated

15  cavity or a metal tank.

4. The antenna in claim 3 wherein the cavity is formed in a substrate, the
substrate having a dielectric sandwiched between two metal layers, and the
cavity having metal walls.

20
5. The antenna in any one of the preceding claims further comprising a

second BWA and a second resonant cavity adjacent the second BWA.



.7. The antenna in any one of the preceding clains wherein the cavity is
5sel ected fromthe group consisting of a dielectric, air and a vacuum 8.
The antenna in any one of the preceding clainms wherein the height of the
cavity is greater than or equal to a quarter of the central signa

frequency wavel ength. 10 9. The antenpa in any one of the preceding clains
wherein the volunme of the cavity is approximtely proportional to the
central frequency wavel engt h. 10. The antenna in claim?9 mhereln t he BWA
conpri ses &wo H&WWF@%'@%W GQ?%H&BVG&@dH‘%ﬂ@mﬁ wheriyravalbplthgne or more
di mensi ons of the cavity depend on the spanning angle. 11. The antenna in
any one ofcavitgisopeedntgoofigind toldineet radidtonsalasherinoatdl ph@ngads are spaced
or overlapping. 20 12. The antenna in any one of the preceding clains
configured to radiate mllinetre wave (MW signals. :

7. The antenna in any one of the preceding claims wherein the cavity is

5 selected from the group consisting of a dielectric, air and a vacuum.

8. The antenna in any one of the preceding claims wherein the height of the
cavity is greater than or equal to a quarter of the central signal frequency

wavelength.

9. The antenna in any one of the preceding claims wherein the volume of

the cavity is approximately proportional to the central frequency wavelength.

10.  The antenna in claim 9 wherein the BWA comprises two bond wires
15 juxtaposed at a spanning angle, and one or more dimensions of the cavity

depend on the spanning angle.

11.  The antenna in any one of the preceding claims wherein the substrate
bond pads are spaced or overlapping.

20
12.  The antenna in any one of the preceding claims configured to radiate

millimetre wave (MMW) signals.



