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An antenna and a nethod of manufacturing FIELD OF THE
I NVENTION 5 The present invention relates to a
mllimter wave (MWY antenna and a nethod of

manuf acturi ng an antenna, particularly though not
solely to tuning the central signal frequency,

radi ation direction/pattern and / or the bandw dth of
a directional bond wire antenna, patch antenna or
box/ pol ygon AfhgBtenina and gAmertred obmanyfgsturing
conmuni cati ons systemthe antenna is a very inportant
-part of the design. In MMN comruni cations systens,
o sk s 1 e IRIARER
FIELVB IR THE INVENTION a snal |l size ant enna,

radi ation 15 efficiency and high coupling effi.ghgicy
may be inportant considerations. A MWanienna is
often made on a printed circuit board (PCB) or other
sol i t:

o PSSR e T s TR DI A A e ane

an anten a built.on this Kkj of :

it of fiehfhgy i A E8%hna raidtialy thayshiiiet Splely ta taning the
i nprovenent is to use speci al proceSS|qg on | ow | oss
Cﬁﬁ?@‘rﬁ'&"ali’iﬁﬂﬁ'e%y Vediadien<iracppriarnan 595 thenRandyggth) of a
processi ng on glass (alum na). However this may
diracttonad boodwirekapteooaspatel antennd ghb@dpolygdhantenna. er
fromthe IC die to the substrate where the antenna is,

may al so cause | oss. Although the antenna may be

| ocated on the IC die (on-chip
BASKEROUND T TTTTETTTEENVITEVIELEVELLEEETTEET 2

antenna) to avoid sone coupling |oss and reduce the

size, the radiation

In most communications system the antenna is a very important part of
the design. In MMW communications systems, the antenna may be very smali
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
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efficiency of an on-chip antenna may very | ow due to
the high loss tangent of the |IC die. Another approach
is using a bond wire on the signal port on the IC die
5 and design the wire's Ilength and shape so that the
bond-wire works as an antenna. Because the bond wire
is over air, the loss of the2lC die and PCB substrate
h'§ tIe ffect tothﬁ antennad Suhanatennals
an PP@& °o%¥ﬂi FPME coRiiagias syeducs ,
I NVENTI ON I n general terns the |nvent|on rop oses to
effigieacy ofemamehinpatenna mayarery ipwa deerid die ﬁm@ logs tangent of
di el ectric object at a desired tuner location in
therl€xdiei ty to the antenna to tune the central signal
frequency, locating a conducting reflector at a

desi ppdtheeabpedavh ik @iig #Bohd WireOsh Mid ¥ignibPpd® ohitRe IC die
antenna to tune the radiation direction or pattern and

ahd Ggs@ﬁ thQ%t%aé%ngﬂ?aBQ‘%ﬂg% dohatiid Borfd- \gﬁ@ ks B8 oh

conducti ng patc Ject as a radiator/detector

g dsictusE R pénd B BHYEY Sl eSS of ik (4R naanfe BB

cost of the antenna nmay be | ow, -
s@ylbass namlsnatts ¢ ARIPIIG. S ah aHieRGadn alles hond-wire

radi ati on pattern tuni ng nechani sm may be nore
apteapai(B¥VA).and flexible for the real system and
application, 3

SUMMARY OF THE INVENTION
In general terms the invention proposes to tune a MMW antenna by
locating a conducting or dielectric object at a desired tuner location in
proximity to the antenna to tune the central signal frequency,
locating a conducting reflector at a desired reflector location in proximity
to the antenna to tune the radiation direction or pattern and / or to increase the
bandwidth, and / or
selecting a conducting patch or object as a radiator/detector element to
modify the bandwidth.
This may have the advantage(s) that:
- the antenna structure may be simple,
- the cost of the antenna may be Iow,
- the system implementation may be easy,
- frequency and radiation pattern tuning mechanism may be more practical

and flexible for the real system and application,



both differential feeding and single ended feeding nmay
be used, bandwi dth nay be >15GHz in case of 60GHz
central signal frequency, bandw dth may be further

wi dened to 30GHz by adding a reflector, bandw dth for
the patch antenna with reflector may be 40GH in case
of 5 60GHz central signal fBequency, central signa

o B8R A 13 SRR
tunable by a reflector. In a first particular
- expr RaRGWHthMayhe 7 H%@hiziiBsass of 0CHZeetral signal freaHeacy.

lo of manufacturing an antenna as clained in Caiml.
- I n abardwidth praytbe furtner svighe st tcoB0GHzthyeadding atrebector,
there is provided a MwWVantenna as clained in Caim

- 21.  phRhdkidBERCRhE bhtIN ditemhihir WilRAGKHBEIST nsaybe 40GHMINCase of
exanpl e enbodi nents of the invention will now be

descghbes. cém,tamsfg%ﬁf@@@@ndyo the following figures, in
which: Fig.1(a), Is a schemtic di agramof a single

120 Bt AT foqggor

: BV\A ccordrﬁa to a 20 second exanpl e enbodl ment ;
Fi g. 2\N&fs2 thematic diagramof a differential fed
BWA wi th cyI i ndri cal frequencgﬂturner according to a

- t hi r digtipradifestion /oatiesn e nadie by @i rgfleetey, is a
graph of return loss (S11) for the third exanple
enbotfi adinst pasticlhagexession of the invention there is provided a method
of manufacturing an antenna as claimed in Claim 1.
In a second particular expression of the invention there is provided a

MMW antenna as claimed in Claim 21.

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.1(a), is a schematic diagram of a single fed BWA according to a first
example embodiment;

Fig.1(b), is a schematic diagram of a differential fed BWA according to a
second example embodiment; |

Fig.2, is a schematic diagram of a differential fed BWA with cylindrical
frequency turner according to a third and a forth example embodiment,

Fig.3(a), is a graph of return loss (S11) for the third example embodiment

of Fig. 2,
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4 Fig.3(b), is a graph of return loss (S11) for the
forth exanple enbodinent of Fig. 2, Fig.4, is a
schematic diagramof a single-end fed BWA with
triangular dielectric tuner according to a fifth
exanpl e enbodinent, 5 Fig.5, is a graph of return |oss
(S11) for the fifth exarrple énbodinent in Fig. 4,

Fig. IS a grap oft attern r the .

1 2 Pledanp 2 odnBiRtrstum loss (145 Forths Tormh eameie embogiment
graph of the return loss for the first exanple

obhigodi nent of io Fig. 1(a), Fig.6(c), is a graph of

the radiation pattern for the second exanple

enmboBigmns acdchengaticldibyrantriof agirnle-angl fed B\aphwith tridrgyular

~return loss for the second exanple enbodi nent of Fig.

dibidVtric tindriadcdrding tita Sithei@iple dnasidivmenf a singl e- end
fed BWA according to a sixth exanple enbodi ment with

a reEtgg$t|9rhe rgg%‘{ reflirR Idds’ @4 1) fﬁgf}t\%ﬁﬁhy X?rfﬁé%)mqu?mant in

grap t iat1on pattern
E odinment of Fig. 7, Fig.8(b), is a graph of the
urn Ioss for the sixth exanpl e enbodi nent 20 of
, 1s a schematic diagram of a single-end

f ed Ew(@écléradgr@@htcs the ragialion ﬁatéqra'nfﬁr @%ﬂ"ﬁbaxt}mme

wth a reflector pasted in a second | ocation,
embodiment of Fig. 1(a),

Fig.6(b), is a graph of the return loss for the first example embodiment of
Fig. 1(a),

Fig.6(c), is a graph of the radiation pattern for the second example
embodiment of Fig. 1(b), |

Fig.6(d), is a graph of the return loss for the second example
embodiment of Fig. 1(b),

Fig.7, is a schematic diagram of a single-end fed BWA according to a
sixth example embodiment with a reflector pasted in a first location,

_Fig.8(a), is a graph of the radiation pattern for the sixth example
embodiment of Fig. 7,

-Fig.8(b), is a graph of the return loss for the sixth example embodiment
of Fig. 7,

Fig.9, is a schematic diagram of a single-end fed BWA according to a
seventh example embodiment with a reflector pasted in a second location,

Fig.10(a), is a graph of the radiation pattern for the seventh example

embodiment of Fig. 9,
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Fig.1 O a), is a graph of the radiation pattern for
the seventh exanple enbodinent of Fig. 9, 5 Fig.1l
Q(b), is a graph of the return loss for the seventh
exanpl e enbodinment of Fig. 9, Fig.1l1l(a), is a
schemati c diagram of a S|ngle end fed triangle patch
antenna (nmetal box) according to an eight exanple

enbo F f 0SS

For THETORyB R adurdte slafiReRor sl seghel Stgipbie

Fi é %\ # schemati c diagramof a single-end fed
%&’Hﬁ ptof dﬁt@h antenna (2-layer ceram ¢ PCB box)

accordl n o a ninth exanpl e enbodi ment, Fig.12(b),

i s aFig. é%(\ﬁ),olﬁ a sehereatin diapeass of grsingle-eridned t@a@miplp@tch

enbodi nrent io of Fig. 12(b), Fig.13(a), is a
astdnaaimetabb e racoadfing tal ah fedgherexiaaiplé ethbdodimegt)| ar

- patch antenna (2-1ayer ceram c PCB box) according to

an t efy.n1 @yaeRl graphtstdha&®eturn IdssGor the(dighthl éxam@eaph
of the return | oss for the tenth exanpl e enbodi nent

egxbﬁpdﬁf?e“#&(% ?@&FI g.14(a), is a schematic di agram of

erenti triangul ar patch antenna (netal

2 T B A A O s

el event h exanpl e, enbodi nent of F
apignie (2-layer crRBtia S BP’é)g@%ﬁﬂr%‘Pgé Frbg)@mpl%eanbodlment
triangle patch 20 antenna (et al box) with reflector
accofFdd.ng(k) pissengrambl dftthe extanp lassdab e mistit example embodiment
of Fig. 12(b),
Fig.13(a), is a schematic diagram of a differential fed triangular patch
antenna (2-layer ceramic PCB box) according to an tenth example embodiment,
Fig.13(b), is a graph of the return loss for the tenth example embodiment
of Fig. 13(b),
Fig.14(a), is a schematic diagram of a differential fed triangular patch
antenna (metal box) according to an eleventh example embodiment,
Fig.14(b), is a graph of the return loss for the eleventh example
embodiment of Fig. 14(b),
Fig.15(a), is a schematic diagram of a single-end fed triangle patch
antenna (metal box) with reflector according to an twelfth example embodiment,
Fig.15(b), is a graph of the return loss for the twelfth example
embodiment of Fig. 15(b), | |
Fig.15(c), is a graph of the radiation pattern for the twelfth example

embodiment of Fig. 15(b),
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Fig.15(b), is a graph of the return loss for the

twel fth exanple enbodinent of Fig. 15(b), Fig.15(c),
is a graph of the radiation pattern for the twelfth
exanpl e enbodi ment of Fig. 15(b), 6 Fig.1l6(a), is a
schemati c di agram of 6-side netal polygon antenna
according to an thirteenth eganpl e enbodi nent,

Fig.1l6(b),.i.s a graph of the return |loss for the

hes FRRR) o8 anleradisstiasaane! breidk grelalgalygomantenna

Fig.16(c), is a graph of the radiation pattern for the
acenrdingdotan hirteaiite exampleiembediroenti g. 16(b), Fig. 17

is a photo of a prototype of the seventh enbodi nent,

Fi g. Fig816(b),ds @rgraph of thdectamnlpss éot therthinteentcexarhplehe

prototype in Figure 17, and 10 Fig. 19 is a photo of

eﬁmbﬂﬁﬁﬁ@ﬁﬁ/&q:i%gé B?e, ei ght h exanpl e enbodi nent .
DETAI LED DES IFST ON In the foll owi ng description a

nb ' i hed f '
nurogly SRS THCH 8 PS5 A 6 R P
[ IS duri facturi but m ght al
SRR 81 P 9 Moot actu i but ot alc

retrofitting to inmprove performance of an existing
ant ehl¢a 17dh@Phdie ohajristatwrs of theaevealinempadinnegnt,
antenna may either be |eft as adjusted or
encapiguli8tiea graphiodthe measurad pedormancepdfdhe pirototype in
further novenent of the conponents (in this case the
Figun@d@eahd woul d be sized according to the

Fig. 19 is a photo of a prototype of the eighth example embodiment.

DETAILED DESCRIPTION

In the following desbription a number of embodiments aré described for
tuning or adjusting a MMW antenna. These adjustments would normally occur
during manufacturing but might also occuf during installation, maintenance or
retrofitting to improve performance of an existing antenna. Once the
adjustments have been made the antenna may either be left as adjusted or
encapsulated in dielectric or resin to prohibit further movement of the
components (in this case the components would be sized according to the
wavelength in that dielectric and a compensation made in the tuning process).
The adjustments méy be categorised into:
a. tuning of the central signal frequency,
b. tuning of the radiation direction / pattern, and

c. modifying the bandwidth.
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20 wavelength in that dielectric and a conpensati on
made in the tuning process). The adjustnents may be
categorised into: a. tuning of the central signa
frequency, b. tuning of the radiation direction /
pattern, and c¢. nodifying the bandwi dth. 7 Figures
1(a) and 1(b) show a MMW anténna according to the

first. and ond le e jments. In the first. and

secohig B AN T i ERaf MR AT & akCotitp f6 e frédhd

surrounded by air. In Figure 1(a) the antenna 100
seeayék eiargprleccmbediments. le?tmﬁr% apgsegond axamplg embodiments

single-end feed BWA. There are 5 two bond w res
theOantéoda i & BINAGUrmundedsyedit. tbdrigurpata) (e dntenix@.100

mm) 106, 108 on a PCB substrate 110. An integrated

a6tdraingttohd first dxariple @ntibdimehPigilsinglersrd idel BINA MThdte are
turn i's nounted on the substrate 110. The ground pl ane

hrJoléon@Wil%f%fWﬁ a&tgﬁﬁ{tﬁtoeﬂﬂ?émﬁp b{oﬁg dd&‘se(e'f@ﬁgﬁ(ghemm) 108,

circuit 2, althoug e slze o groun

1 B2t % 130" BhBFucbb P Bt TR S Pt bl ground

| ane is grounded via bond wres attached to a ground
plgae ¢ WHBNITR dwighis reonie o the substraes! 0 iie Sidsdgpiane 114
the bond wires 102,104 are compned together and
oplyrexdendsito tbepdgegrriithe itfearaéed eiicuihd12 ralthpughdte size of the
circuit 112. The bond wires are arranged orthogonal |y
gf{alndnmiagé neeny bé bigydr egnmgesatanthiae tob Gavalendihe widgramesgreater
is possible), and are is approximately a quarter

tW@V&h@mveleaPtﬂ m\%%emé louptiPiarhe fy GOUABEY vialb6nd wires
single- end Ted BWA 100 works as a nonopol e ant enna

a};{%{:ﬁ;élcg Eb?a plfcﬁgw_d A& oWithE ntBhRate @BRELIRN 1Y, PHd BIHeFEnlE ot the
bond wires 102,104 are commoned together and connected to a signal pad 116
on the integrated circuit 112. The bond wires are arranged orthogonally
(although anywhere from an angle of 60 to 120 degrees is possible), and are
approximately a quarter wavelength at the céntral signal frequency. The single-
end fed BWA 100 works as a monopole antenna with two arms. The wires are
generally oriented in a straight line.

In Figure 1(b) the antenna 120 according to the second example
embodiment is a differential fed BWA. There are two longer bond wires
122,124 attached to two small distant bond pads 126,128 mounted on a PCB
substrate 130, and two shorter bond wires 132,134 attached to two small closer
bond pads 136,138. The two longer bond wires 122,124 are about three quarter
wavelength and the two shorter bond wires 132,134 are about quarter

wavelength. Again an integrated circuit 142 is mounted on a ground plane 144
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In Figure 1(b) the antenna 120 according to the second
exanple enbodinent is a differential fed BWA. There
are two | onger bond wires 20 122,124 attached to two
smal | distant bond pads 126, 128 nounted on a PCB
substrate 130, and two shorter bond wires 132,134
attached to two small cl oser8 bond pads 136, 138. The

bond res 1 bout three-quarter
whithdndnt madteren s Shishats T8 frapiantigend giundplane
about quarter wavel ength. Again an integrated circuit
1‘14mniyse>ﬁ@u¢hs wtr@qe@@r@uhg inearated gircgit 148i dihei atheuends of
is mounted on the substrate 130. The ground pl ane
thgr longedr poroheire$ 44220124 axt@nnonied tbhethedaad cohnébted to a first
integrated circuit 142. The other ends of the | onger

s@ﬂﬁﬂpéﬂﬂ 26 oh&ﬁelﬂtégaéted epouenad TREStE erridhieRe BAGFHEADONd
to a first signal 146 on the integrated circuit

. hﬁ’:@&l‘%eéorﬁ%% Gfto ?Qﬂ&tc hnBARd 13 a4 c%%d signal pad
RO soiohefe i

are commone COﬂﬂECtEd

BB e B B .

antenna with two arns in _positive and negative ports,
PPIeHEEDNG With WRAAIRID RAFEIVERN RRIALIERITEh respRCtimpls!
100, 120 bandwi dth may be enl arged. For exarrpl e, the

di f f Beeausather -BUw desipradhs BIVAY 10,1128 hanswidth may be
exanpl e enbodi mrent may have a bandwi dth of 15GHz at a

enlanged| F oriexaaiplé rthguhffiergntial fe@ BWA( 120 atdordingatodiaé debond
>259% . A possible problemfor the BWA 100, 120 of the

ekample émBoamsritinafXai® at HRAGIN GG HR Yt a%ehhat sighs!
wire bond geonetry may nmeke it difficult to

fr\%&i{]ﬁm%ﬁ Sf%édll—ig‘i‘n%gé@(;eltb*ér?dvﬁﬁ H’J‘QEWQ.?‘ W th parameters

. erance, especially when bonding
WMTeA gorSeSI proable% %cr)ﬂ'ldegWAqOBe Eglo?the first and second

example embodiments may be that the wire bond geometry may make it difficult
to consistently manufacture an antenna with parameters within a small
tolerance, especially when bonding wires are manually bonded. In certain
applications it may be useful for the central signal frequency and/or radiation

beam pattern to be within a predetermined tolerance.

Tuning of the central signal frequency

Depending on the application it may be desirable to modify the central
signal frequency. Accordingly, Fig. 2 shows a differential feeding BWA 200 with
frequency tuner 218 according to the third and forth example embodiments. The
central signal frequency can be tuned by approaching a diel.ectric cylinder

218(b) between the two wires 202,204 from far to the feeding point 216
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applications it may be useful for the central signa
frequency and/or radiation beampattern to be within
a predeterm ned tol erance. Tuning of the centra
signal frequency 20 Depending on the application it
may be desirable to nodify the central signa
frequency. Accordingly, Fig. 92 shows a differentia

f eed WA 200 with f t 218 di ng t
g ed Y BHAMPBEREP alodh RRCaseRE oSeTal

signal frequency can be tuned by approaching a
fraqueney o1 eendial sianet freagemgy elthgesviennmbeqames tawer. The
202,204 fromfar to the feeding point 216 9 according
cylmdehenayhihave axdiameter effddimmeand height of 6.3oms ewith kdéeslectric
resonant frequency or central signal frequency of the

comstant 0 BAG (odstahgeer 0.00he  cyl inder may have a ,
di aneter of 0.3mm and height of 0.3mm with dielectric

Conskﬁgﬁ\ajdoelg?g Zﬂi 2 ggﬁlﬁﬁﬂ%‘ﬁ Pﬁagoé&or n Jﬁ{%ﬁh"éaol#neplé

metal cylind accor to the"torth exanp

B RERASR P 8o o M. BB o

may be a hol | ow copper cyljnder, with the sane size
Qe HOBPbct e EYITAGY Ao bom GOIoW SORRRl yiasaTewiinine same
| oss of the BWA with cylinder tuner according to 1o
siga@stthedielgaldictaylinderexanpl e enbodi nents. In Fig. 3(a)

the central signal frequency 300 becones |ower with

t he Higs Bashoavshibiewetirndosh ef thet BVWA with icpliteter t2dE( dcoadidg to
feeding point 216 reducing. In Fig. 3(b) the BWA

"R IR, g inE e
fre§EH QPI306 bBEorALS 16FE UGt the distance between a dielectric cylinder
218(b) and feeding point 216 reducing. In Fig. 3(b) the BWA central signal
ffequency 302 increases with the distance between a metal cylinder 218(a) and
the feeding point 216 reducing.

In order to tune the antenna 200 according to the third or forth example
embodiments, the cylinder 218 is located in various positions and the central
signal frequency is tested uhtil it is within the desired range. The cylinder 218 is
then fixed in place by pasting it on the substrate 230.

Fig. 4 shows a single-ended BWA 400 with frequency tuner 418
according to a fifth example embodiment. The central signal frequency may be
more significantly changed by using a triangular dielectric tuner 418.

Fig. 5 shows the return loss of the BWA 400 with triangular tuner 418

according to the fifth example embodiment. The central signal frequency 500
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15 In.order to tune the antenna 200 according to the
third or forth exanple enbodinents, the cylinder 218
is located in various positions and the centra

signal frequency is tested until it is within the
desired range. The cylinder 218 is then fixed in

pl ace by pasting it on the sltbbstrate 230. Fig. 4 shows

BRI S Vienou i GBS SRhreoehes fone

signal frequency may be nore significantly changed by
fQ%q?riﬂgp%'nff"ﬂ%-ngul ar dielectric tuner 418. Fig. 5 shows
the return loss of the BWA 400 with triangul ar tuner
418 Agsindndirdgr toctunhdhé iahtdnrexdlthbaecadingdiortba fifth Example
central signal frequency 500 10 becones |ower when

et dimérstnthe Riandulir elidlecteicttumeT4 8L lepatedas RaBol®pbsitions
feedi ng point 416. Again in order to tune the antenna

aﬂ@@h@@éﬂ?:ﬂiﬁlﬁél @reﬁh_@n&% fd s 6t is SR e sirddYange. The

triangul ar el ectric tuner 418 1s located in variou

L I S [ f ' est ed
offfter 418 % el Tre R a5 BT paSlif R on MERBRGHS a0,
418 i,5 then fi.xed in place b ting it on the
substigiEtiely if the wiierafd Gardpsiiaten T fesiediepeniral frequency
encapsul ated in resin the central frequency may be _
mMayrRe) tuiedaftes engapsylatioprOnemethad pbdowmg this weuldesto drill a
woul d be to drill a hole in the resin, where the
helegnithé cesicewbéret the dignificanngl of the hadeedould beinsed jn eoying, eg:
i o the deeper or wider the hole, the higher the

tieeaéear crivilot thier lslg ethehighethe edtrat Qignéa@é@érsw.
direction 1 pattern Fig. 6(a) to Fig. 6(d) show the
radi ation pattern and return |oss of the first and
second exanpl e enbodi nents. The nmaxi mum gain

T?J%fn%%ij 8 ?ac?igf)oﬁ g?regf/qo(;') / pattern

Fig. 6(a) to _Fig. 6(d) show the radiation pattern and return loss of the first
and second example embodiments. The maximum gain directions 600,602 and
604,606 are two diagonal directions (approximately about x=y and x=-y or 45
and 135 degrees from the x axis) in the PCB substrate plane (x,y plane, z=0).

Depending on the application it may be desirable to modify the radiation
direction or pattern. According to the sixth example embodiment 700 shown in
Figure 7, a reflector 718 is positioned at a first location 720 on the back side of
a PCB substrate 710. The reflector is floating and may be copper. The refiector
718 may be greater than two wavelengths wide and greater than one
wavelength long. The first location 720 is about in line with the back side of the

integrated circuit distant from the signal pad. The substrate may for example be
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15 604, 606 are two di agonal directions (approximtely
about x=y and x=-y or 45 and 135 degrees fromthe x
axis) in the PCB substrate plane (x,y plane, z=0).
Dependi ng on the application it may be desirable to
modify the radiation direction or pattern. According
to the si xth exanpl e enbodi nEnt 700 shomn in Figure

fI ec osi tioned. at oca
0 5257k ek Hihe eliensSoR GrsiaraptitBingBe mpe ol thp@ntenna, it
reflector is floating and may be copper. The refl ector
mayPerusehio effecithe radiation pattomands bandwidth. and
~greater than one wavelength long. The first |ocation
720 Fig. 8t shows therradiatioh patterip 806 chadge bl intheducing the
integrated circuit distant fromthe signal pad. The

refleREdr7ABEIN A firel o84S 20 bqrhéinaﬂnm?@anémrcmreéﬂoﬁs@e still
reflector is designed within the near field of the

w@&aﬁgeﬁal leectﬁ?é ﬁpﬂdﬁ(ﬁ\q%tteﬂl %éﬁgkg)ﬁq% 'ﬁdgoéhd 135

pattern and t dw dt c

0 ' :
ap GRES AP vk oKie? e Bl e P R ot M fiasm soming
radlatl n djrect ns are still 5 two dlagonal
T ORI GHRICAB PP RSN YAOBRAIOR=y and xoy or 45 and

135 degrees fromthe x axis) however the radiation is
nuc hF ige Pshgmist anatherwiiecieg 918deeatedt secerd iapatipni920
the positive y direction. Fig. 9 shows anot her

apprfoxénatety &b8nddhatbeddaiadsc<30$9008 andéineati®f@ substrate 910. to
approxi mately around the bond pads 906, 908 underneath

chdges thesiad@tonifectibA accordifp O thel S8endsll bi‘éﬂnﬁl@a embodiment
direction according to the seventh exanpl e enbodi nent

Qgg.ogl'lqgtk‘aecﬁﬁﬁ Q%t{?ﬂcﬁd @.rbo?g&adt% %ti&‘f?@f)f fhe |F1fé§rat§g:j§rcwt

e Integrated circuit the

pﬁq@&@eﬁ %?]m#gé 53%13[1[88 fltggttghe maxi mum r adi ati on

Fig. 10(a) shows that the maximum radiation direction may be modified to
the vertical direction (z-axis) 1000 and forward direction (y-axis) 1002 if the
reflector 918 is at the second location 920. Also as shown in Figure 10(b) the
reflector 918 underneath under the BWA 900, the BWA signal bandwidth 1004
can be enlarged to as much as 30GHz at a 60GHz central signal frequency

(relative bandwidth >50%).

Modifying the bandwidth
Depending on the application it may be desirable to modify the bandwidth.
For example metal patches as the radiation element may be used to increase

the bandwidth.
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the vertical direction (z-axis) 1000 and forward
direction (y-axis) 1002 if the 15 reflector 918 is at
the second | ocation 920. Al so as shown in Figure 10(b)
the reflector 918 underneath under the BWA 900, the

BWA si gnal bandw dth 1004 can be enlarged to as nuch

as 3OGHZ at a 60GHz central ¥ gnal frequency

(rel andwi dt h 0% . Modi f t he. bandwi dt
bepehth 15 @rshoNs ampniente; viFh A55gbedS she i X bt
nmodi fy the bandwi dth. For exanpl e netal atches as
efpediragntwitha sindewnd fedy! 196 tugealetnﬁt%éfr@ég@ox ht18 as the
bandwi dth. 12 Fig. 11(a) shows an antenna 1100
raxtigtor/deterterceiementi gyt h1(xahpwe therbeddwisith 1B0rachieved is
single-end fed 1116 triangle patch / metal box 1118 as
20@eiz. radi ator/ detector elenent. Fig. 11(b) shows the
bandwi dt h 1130 achieved is 20GH#. 5 The box 1118 is a
ho' "PH@ 361'11*8 a“Wc%vJ FRBIGRRAREde Fldf Eeﬁpéflhf’né Sox 1118 is

ean énm | ong vvlthahelght of

mm Wi o B S £ASBRL 5P SriAR e mew.twgy pe an

equal angl'es ess degr es
exanp e de The feed 1116 js att ched to the
SR raRE aB ?*eeh e ﬁauabmé?s BaiorSss g%&eef?@s for
| ong unequal side is distant fromthe feed 1116.
exampiroR0 degnse d@edppd dil ds aftychr in meoafaacferamneﬁ@f the two
integrated circuit. The box 1118 is attached to the
equblksiraat sidasdntditbe iloriegnedual side isudistansframt thelfeed t1d16. The
ground plane on the substrate. Fig. 12(a) shows an

apek f8gadetDibpreriphsteyds0 midroAs Miont EhesifesgtatéNtircuit. The box
1118 is attached to the substrate and the integrated circuit is attached to a
ground plane on the substrate.

Fig. 12(a) shows an antenna 1200 according to the ninth embodiment

with a single-end fed 1216 triangular patches 1218,1219 as the

~ radiator/detector element separated by a 2-layer ceramic box 1220. Fig. 12(b)

shows the bandwidth 1230 achieved is 20GHz.
The patches 1218,1219 are 0.7mm wide and 0.38mm long. In plan view
they may be an isosceles triangle, with the two equal angles being less than 60

degrees, for example 30 degrees. The feed 1216 is attached to the adjacent

.apex of the two equal short sides of the top patch 1218 and the long unequal

side is distant from the feed 1216. The apex is spaced approximately 50
microns from the integrated circuit. The bottom patch 1219 is attached to the
substrate and the integrated circuit is attached to a ground plane on the

substrate. The ceramic box 1220 is 1mm long, 3mm wide and 0.254mm high.
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with a single-end fed 1216 triangul ar patches
1218,1219 as the is radi ator/detector el enent
separated by a 2-layer ceram c box 1220. Fig. 12(b)
shows the bandw dth 1230 achieved is 20GHz. The
patches 1218, 1219 are 0. 7mm wi de and 0.38mm | ong. In
plan view they may be an isbsceles triangle, with the

wo egual angl es bei | ess than 60 . deqgrees, for
Thé Zefatn gy desnedd dart auaRon 3 ileqg rohstet g 1 and
adj acent 20 apex of the two equal short sides of the
afess fastaref£218 and the | ong unequal side is distant
fromthe feed 1216. The apex is spaced approxi mtely

50 Imigchd(e shows arheniennagr3d0eatanirdingitd the tenth entbadiment
patch 1219 is attached to the substrate and the

withteediffeterliat fgaC 13 16 trRangularPaechds01 M IreYRd 18@NE3 DNas the
the substrate. The ceram c box 1220 is 1 mmlong, 3mm

r ]%r/@@féc@or@éméhhisgg?ra@ by B- ?E'bfan:ﬂegfqgér?gel égﬁd?ig.

romquart wth a dielectritc constant o

t - 1 Fl 4G ' n_ant enna 1300
1!3@%#‘5?’%&8 Sl Reostietlf odt 2 Cone b a
fed 1316 triangul ar tches 1318, 1319, 1320, 1321 as
the T8 PRIRNSSONT Worl300 of 5. chigr; arecha7 s wile and 0.95mm
2-layer ceram c PCB box 1322. Fig. 13(b) shows the
langn diie @re spaged 8Hnistenifros each-pthernad fegne s integrated circuit.
1319, 1320, 1321 are 1.475mm w de and 0. 95nm | ong.
InTplanatiew sipacedydie an isoscefesdrimpgiehwith lilee two éqliabandiée being
integrated circuit. In plan view they nay be an

Iés%QﬁéﬁB@Sde?ré@é!gbﬁexéMq 2 30 8e§rRsCTHAfed 95 €6 iPSIAhddo the
| ess than 60 degrees, for exanple 30 degrees. The feed

<AL, STt BB ARUBREN £ DA tnd Mk g o e
patches 1318, 1319, 1320, 1321 is distant from the integrated circuit. The
ceramic box 1322 may be the same as in the ninth embodiment.

Fig. 14(a) shows an antenna 1400 according to the eleventh embodiment
with a differential fed 1416 double triangular patch antenna (metal box)
1418,1419 as the radiator/detector element. The geometry and orientation of
the boxes 1418,1419 may similar to the patches 1318, 1319, 1320, 1321 in the
tenth embodiment except with a height of Fig. 14(b) shows the bandwidth 1430
achieved is 15GHz with another band of 20GHz at a higher frequency.

Fig. 15(a) shows an antenna 1500 according to the twelfth embodiment
with a single-end fed 1516 triangle patch (metal box) 1518 as the
radiator/detector element with a reflector 1520 in the second location 1522. Fig.

15(b) shows the bandwidth 1530 achieved is 40GHz. The box is similar to that



10

15

pat ches 1318, 1319, 1320, 1321 is distant fromthe
integrated circuit. The ceram c box 1322 nay be the
same as in the ninth enbodinent. Fig. 14(a) shows an
ant enna 1400 according to the el eventh enbodi nent 15
with a differential fed 1416 double triangul ar patch
antenna (netal box) 1418 1419 as the

i di at.qr/ det ector el The o tr n
naB G D ames Bni e LonebLe) S ST iy BRLE SEVEBth he
patches 1318, 1319, 1320, 1321 |n the tenth
erahpdimenint except with a height of Fig. 14(b) shows
the bandwi dth 1430 achieved is 15GHz wi th anot her
bandrigf 1@ 66Gbwsan antenghd600rangoeding to fte fhiteerith ea)bodiment
shows an antenna 1500 according to the twelfth

wiiRashgednd fédt 1616 8isitE Rretdl polyRfbnl P18 hs ltriﬁ]@ﬂ&at@ﬁaeiéctor

(rmetal box) 1518 as the radiator/detector elenent

ell\g’lhgel.nt.q:llg?gé&)étsﬂbw%ﬁﬁg Ha‘?ldm t i 12%:64 |§%§9‘r522rhe 6-side

hows t he bandvvl |eve
mitg Rl e fEma Q’ﬁl’ §ﬁ?<§)§¢@ﬂiﬁt%car wﬂf«ﬁ'&a' sides
seventh enbodi ment. . 16 shows an antenna 16

COIRH R R & TERGH M RGBT S o terenOthe(Eh 1o Sides of each

single-end fed 1616 6-side netal polygon 1618 as the
paiaman ke adiistast, o that thecheeronapt flequendgs saphe aligeed to be
bandw dth 1630 achi eved is 40GHz. The 6-si de netal

clpsé ygostillGiffarerefrdre edehiogmedcssthalh tHehbandaidthsoavdriapp. In this
symmetrical sides contributes one of resonant

whY edeiRidesentril requBAc) 8a9bbachievedecsticdfenty wit&h enlarged
pair may be adjusted, so that the 3 resonant

ci es can be allgned to be close but still
bérﬁc?&g?rgm fromeach other so that the bandw dt hs

oveT L PR shiohih et BB hE B Bl St anc

Figure 18 shows the performance 1800 of the prototype 1700.
Fig. 19 shows a prototype 1900 of the eighth example embodiment.
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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bandw dth. Fig. 17 shows a prototype 1700 of the
sevent h exanpl e enbodi nrent and Figure 18 shows the
performance 1800 of the prototype 1700. Fig. 19 shows
a prototype 1900 of the eighth exanpl e enbodi nent. 15
Wi | e exanpl e enbodi ments of the invention have been
described . in detail, many vHriations are possible

W t hj scope of the invention as will be clear to
a skbﬂféﬂ'%reader. 15 CLAIMS: 1. A nethod of

manuf act uri ng an antenna conprising providing a

T | 1 Aeethodeieanuiepiuriagtasmanteana SOAMIISING a si gnal pad

on an integrated circuit nmounted on a substrate, and

5 adpustiding aomélirnetemwayepMMytastenmd attaehethtceasigniabpad on
conformto predeterm ned desired thresholds, |evels

aflintegnites cirshit hiduhtéden 3k ubstrmdtarics  sel ected from
the group consisting of: locating a conducting or

di el Sﬁﬂsiﬁﬁ? QRS tmére @argﬁ%tér%dofttHéﬁhteAn%%t 'dﬁrﬂoﬂnmtq

pr oxi y To the antenna to tune the central signa
j d ' reflector at. .
PlRsEREARE oBltet ARBOARR PR U Tab% oo B e Shivdment s
to %gffe thg radiation direction or pattern, and
sglectad fray the G5ARIEONSIBINMELLh or object as a
radi ator/detector elenent to nodi fg_ the bandw dth. 15
2. The netdsatingf canglugting andiedeqirip pbjeictiphg desed tinaina
conprises connecting two wires to a single feed as
radi btcatibd @t podximite kethendirstenna to tune the central signal frequency,
locating a conducting reflector at a desired reflector location in
proximity to the antenna to tune the radiation direction or pattern, and

selecting a conducting patch or object as a radiator/detector

element to modify the bandwidth.

2. The method of claim 1 wherein providing the antenna comprises

connecting two wires to a single feed as radiator/detector elements.

3. The method of claim 2 wherein the two wires with a single feed comprise

a two armed monopole antenna.

4. The method of claim 1 wherein providing the antenna comprises

connecting four wires to a differential feed as radiator/detector elements.
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3. The method of claim2 wherein the two wires with a
single feed conprise a two arnmed nonopol e antenna. 20
4. The method of claim 1l wherein providing the antenna

conprises connecting four wires to a differentia
feed as radi ator/detector elenments. 16 5. The nethod
of claim4 wherein the four Wires with a differentia
feed, co ise.a J-pole antenna wth t ar in,.
posi 116 dheingd LGBl Mefoutyirss it a dfelshtplfopd
wheheigegroviding the antenna conprises 5 connecting
COMBTIHP pele antanma witBriwoAarmsiaPasitivieahhegatine Rtor
el enents. 7. The nethod of claim2 to 6 wherein
providing the antenna further conprises attaching
each wire to a bond pad on the substrate. 10 8. The
get hTee ghetbbaionclimhendierein ppovidingghe et tnaprises
conprises connecting a single triangular box to a
; f . i ; .
oS Ras ,  e ek S har et et
conprises 15 connecting two triangular patches to a
single feed as radi ator/detector elenents. 10. The

nmet h of clai . ej.n providing.the antenna
Teonpieduetiod ol st s BTGy LinghHerRLEREA further
differential feed as radi ator/detector 20 el enents.
cemprisge ataehipg eachWwigg 1A a bpRd mad-op e substi@tehe

ant enna conprises connecting two triangular boxes to
a differential feed as radi ator/detector

5

8. The method of claim 1 wherein providing the antenna comprises
connecting a single triangular box to a single feed as a radiator/detector

element.

9. The method of claim 1 wherein providing the antenna comprises
connecting two triangular patches to a single feed as radiator/detector

elements.

10.  The method of claim 1 wherein providing the antenna comprises
connecting four triangle patches to a differential feed as radiator/detector

elements.

11.  The method of claim 1 wherein providing the antenna comprises
connecting two triangular boxes to a differential feed as radiator/detector

elements.
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el enents. 17 12. The nmethod of claim 1l wherein
provi di ng the antenna conprises connecting a six side
polygon to a single feed as a radiator/detector

el enent. s 13. The nethod of any one of clains 1 to 12
wherein | ocating the conducting or dielectric object
conprises attaching a dielecthric cylinder to the
substrate at the desired tuner |ocation. 14. The

met hod of any one of claims 1 to 12 wherein |ocating

t he conducting 10 or dielectric object conprises

13t t athe methodwf glainc! whereia @rovi@ingftEe anteNneateMptisehe
desired tuner |ocation. 15. The nethod of any one of
cohrectimgla sie side pblggen to basirgdle iged be acradihiot/detgctonrelement.
di el ectric object conprises attaching a dielectric
triangular box to the is substrate at the desired
tuner location. 16. The nethod of any one of clains 13

?o 1§h%ocat585 SF QD dr &Q:Ié*ﬁjise B 75 Q\ﬂwer%nlﬂqogﬁﬂdﬁ@ conducting

uner Ion by nmeasuri ng t e centra

oL IERIFF Poifl fompises etiiig HSlects™ ﬁhéb%ﬁ%’aﬁa&%ﬁ& a

of clalns 1to 16 wherein the desired reflector
thedegifeshiungr [a¢@liPReat h t he substrate, adjacent a side

of the integrated circuit distant fromthe signal

pad. 18 18. The nmethod of any one of clains 1 to 16
wherein the desired reflector |location is underneath

14he Fhbshethbd,of amyarendf daimsde tofl 2 tWeereint logatiigthe conducting
circuit

or dielectric object comprises attaching a metallic cylinder to the substrate at the

desired tuner location.

15.  The method of any one of claims 1 to 12 wherein locating the conducting
or dielectric object comprises attaching a dielectric triangular box to the

substrate at the desired tuner location.

16. The method of any one of claims 13 to 15 further comprising determining
the desired tuner location by measuring the central signal frequency with the

conducting or dielectric object at a plurality of locations.

17.  The method of any one of claims 1 to 16 wherein the desired reflector
location is underneath the substrate, adjacent a side of the integrated circuit

distant from the signal pad.
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adj acent to the signal pad 5 19. The nethod of any one
of clains 1 to 18 further conprising encapsulating
the antenna in a dielectric or resin material. 20. The
met hod of any one of clains 1 to 19 further conprising
providing a ground plane between the substrate and
the integrated circuit. 10 218 A millinmeter wave (MW

ntenpa ¢ rising a feed .attach to a signal . pad pon
18 DR GPAPBH oF APYTe SR O 8 WraTBe: e s defiptor
adj ust mnent neans sel ected fromthe group consisting .
logation is Undeypaath thesubstrate iasiagant a@?@@? thenintagsated eirguit
to the antenna configured to tune the central signal
afljacgotiocthe sigredpddct i ng reflector in proximty to the
antenna configured to tune the radiation direction or
pattern, a conducting patch or object attached to the
feed configured to 20 nodify the bandw dth, and any

160nMbirRatrh&RolifaR9ione of claims 1 to 18 further comprising

encapsulating the antenna in a dielectric or resin material.

20.  The method of any one of claims 1 to 19 further comprising providing a

ground plane between the substrate and the integrated circuit.

21. A millimeter wave (MMW) antenna comprising
a feed attached to a signal pad on an integrated circuit mounted on a
substrate, and
an adjustment means selected from the group consisting of:
a conducting or dielectric object in proximity to the antenna
configured to tune the central signal frequency,
a conducting reflector in proximity to the antenna configured to
tune the radiation direction or pattern,
a conducting patch or object attached to the feed configured to
modify the bandwidth, and

any combination thereof.



