DESCRI PTI ON ANTENNA DEVI CE AND RF COVMUNI CATI ON
EQUI PMENT TECHNI CAL FI ELD The present invention
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comuni cati on equi pnents (or nbdul es), and nore
precisely to the antenna device conprised in, or
connected to, such RF communi cation equi pnents (or

MO EFSERIPTRAGKGROUND ART By "contuni cati on equi pnent "
one means here any equi pnent, nobile or not, adapted
to receive and/or transmt RF signals to and/or from

il e

phone), a personal digital assistant (PDA), a | aptop,
a PEREINMCALRIELE vi ng a comuni cation functionality to

an equi pREOt) . t%?én%ﬂqjgﬁté{ % tﬁgﬁpi’r%ri]rl? %gp%ge@fr%%l%h%y (RF)

their peripherals), a sat € pPosi

(f oomimsicatior eyuigrGerts€dr madufesy) aidwrye presissly ¢b tHeoantenna
radars (collision avoi dance car radars, for instance),

a fleyiee LaMpRsSed Ke Py epNNectediop spRi Reatpimunication equipaients (or
Orm%db“:eg (Near Field Comrunication) device. Moreover,

by ante%na devi ce" one neans here a device conprising

a BUOHGROEIND ARTanar antenna el enent, and at | east a
passive conponent (for instance a LC matching filter

and/ or dB¥ogeMMgNicatitac ieapipMment” Ang/ Bieaas he®s@nynequipment,
act.| n LASE LEE. [
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or candt @ivirg edcommunicatioarfunaionatiy b araeqbipneent), a USB dongle
se%conduct or or semn,-insulatin
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£ Rt erppClerS AN el e e Bt lsT hariel 1< bashigning device (for
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car radars, for instance), a television receiver, a RFID (RF IDentifier) device,
or a NFC (Near Field Communication) device.

Moreover, by “antenna device” one means here a device comprising

a substrate, a planar antenna element, and at least a passive component (for

instance a LC matching filter and/or decoupling capacitor(s)) and/or at least an

active component (for instance a low noise receiver) connected to the antenna

element through connecting means.

When an antenna device is intended for working at very high
frequency, its (radiating) antenna element may have dimensions in the order
of few millimetres (typically a quarter of the working wavelength). So, the
antenna element can be fixed to, or integrated into, a carrier which can be a
semiconductor or semi-insulating substrate. Unfortunately, when the antenna
element is working it induces electromagnetic disturbances which are harmful

to the working of the active and/or passive components that are in its vicinity.



to the working of the active and/or passive conponents
that are in its vicinity. Therefore, the antenna

web@maomozand the active and/ or passive conmponePCHIBRIGT050864

10

15

20

25

30

be spaced apart at a distance hich renders the
antenna el ectromagneti c di sturbances negligi bl e.
Consequently, the antenna device is bulky and its

antraiefore! el ahtcand 416 ecAt 2061 tAk efttiot eI Sssh@BbBonents
function(s) cannot be integrated into the sane
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are commonly used in consuner equi pnents
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i npRievaa radiatons, But.dhregpiies e qom@iex 26d gkpengive process which is

Lﬁﬁ@osdea%qﬁ) pb% lﬁg@aord@ e¢1 gw Ce'ag @ﬁataeh:’%,rgomhénly used

Colmngonsaaisr mummmﬂHMbrewenwnlﬁom@f@esofhﬁé cairier (ot dubstrate)
front and back si des, pl anar antenna el enent and a
gr @L}tﬁegf SQtthﬁ@d§tnod?§S!’9<ﬂH¥>Bh%tta tesh ediatdised intagrated antenna

" nyIes oReeitihe paftie? (Gt \BRRRE] RithEfions SRS RGS > 1C
SUDS(L‘E@SURE?K)FSII\N,GENTION

So, the object of this invention is to improve the situation and at least

to allow a reduction of the antenna device dimensions.

For this purpose, it provides an antenna device for a RF
communication equipment, comprising a substrate with front and back sides,
a planar antenna element and a group of at least one component connected
to the antenna element.

This antenna device is characterised in that:

- its planar antenna element is fixed to the substrate back side,
- the group of at least one component is fixed to (i.e. integrated in or defined
in or else attach to) the substrate front side, in an area located under the

antenna element, and connected to the antenna element through at least a



- the group of at |east one conponent is fixed to
(i.e. integrated in or defined in or else attach to)

WO bh@740983rate front side, in an area | ocat ed PEEB20071050864
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antenna el enment, and connected3to the antenna el enent
t hrough at | east afirst connecting neans passing
through the substrate, and - it conprises a |ow

resi filst ¥brinectiny efeddidrgaedingih@ughens vhisdtras carfdor
connecting to ground in order to isolate the group of
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t flector for the ant t. - it .
pur i B Sulfe GPiack) e RaBinaigratna Bdiseehds clespent i

a ComponRiated bR itsRiidB¢Syeri t My define a part of at
| east One conponent of the group; - its antenna

el engtburied dayerdiratyi bg artagedt in orddnite actdasitd neflector for the
el enent may be sl ot antenna el ement conprising at
| easfNEARA §I&5ReHNd having first and second term nal s

r e§pﬁ$gbB}/&ﬁ¥ ?Q:%ﬁcélg(ﬁ e %et&ez?]@r L So?éorﬁ%%ﬂ%‘%ﬂﬁ c%grﬂasonent.

tot urle ayer roug connecti ng ne

and Rosiastznde cibmagaddfing aneahef Jidssst bgetdonponent dicthe group;
substrate; > in a first variant, the radiating el enent
may ﬁfearatepaa@Ieraemtemaia@ramaremwt,i n a second variant,

the radiatin ment nsm ssion |ine;
the 116 sl T SBERHIOL 5B | HeHERRE IRy PRIk at least
hol es; one iot 3RY h%?fﬁgrﬂr&earﬂ)t séc%‘?\%tteﬁﬁlﬁa%dr@ Qg c;onnected to
active conponent I nstance a radi o co ni cati1 on
conponthet grauyce lof econaporents \aadl tw the i Beriede yiev ghrqugh  the first
down conver or a transm I else a .
OO o OB hestisidhd £, 3888 b6iecth Bt ihassing hrough the
el ect r g gsdtlave;connected to at | east one conponent of
t he group;

> in a first variant, the radiating element may be a patch antenna element;

» in a second variant, the radiating element may be a transmission line;

- the first and/or second connecting means may be via holes;

- it may comprise at least one additional active component (for instance a
radio communication component, such as an active low noise receiver (or
down converter), or a transmitter, or else a transceiver) fixed to the
substrate front side and electrically connected to at least one component of
the group;

- in a variant at least one component of the group may define a radio
communication component, such as an active low noise receiver (or down
converter), or a transmitter, or else a transceiver, for instance;

- at least one component of the group may define a low loss matching filter
arranged to match the output impedance of the antenna element to an



- in a variant at |east one conponent of the group nmay

define a radi o communi cati on conponent, such as an
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transmtter, or else a transcedver, for instance; - at

| east one conponent of the group may define a | ow | oss

matching filter arranged to match the output inpedance

of tppuBst BBNRLiIGE VR AbisbTedsivaD dhd@r at RRiseehé ‘(:@r’rip@Went of the
noi se receiver, and/or at |east one component of

gr ougrovRy Noidf i q’\@"%t gtelpast p@@@'yysg@fﬁbl Qe@l@tﬂﬁ'ﬂﬁl n‘wtlons with
funﬁgﬁtggpat%)y&cghgﬁrﬁgéféa%% ecoupl i ng capacitor(s); -
1 0

i Se C dsflxedtothe substrate

frong ﬁia?ecoﬁh'p%érb@fﬁiéd’oﬁoﬁé@éﬂ%dt‘Pott'h@ BUbstesle | BYRE side,
and to af | east one of the conponents of the group

5 and/ electricaliit copnectednte die thsiedctayee ashponeinteast eine of the

comiir 638 iR o5 BRURFoREF 1oL 381 Pt Bl 3pusdEgren

r eSI ﬁirlddnhyctmp&i aabrinted @ircuindbarrc €P(UB)3|©f tie RH te@mupication
another, sem insulating Il1/V material; - its buried

Iaye?qlﬁﬁﬁﬁeﬁb made of doped silicon; - its buried | ayer
ratian

pr oc sgglﬂt?ﬁrlﬁ'ées ﬁ%}/ gg%hsreggtl\ﬂ }P §Hso Fea f(%f-_lﬁgtance made of silicon
10 Comﬁérﬁ‘(ﬂhé%rﬁﬂkistﬂﬁﬁ{gIIIWFﬂﬁtéﬁélng an ant enna device
such as the one above 1 ntroduced. Such a RF

conmimberied layerenpay peenaderalddpedsinadn; | e phone, a
Wi rel ess portable device, a RFID device, or a NFC
devi eburies layasinalibe. regiRecrbyDRSaRs Pih ORSEire iNtegReRRIsProcess.

O her feturesadadlvanta 80f t |nvent|ontvv|II {
becone a‘gﬁ%r KNENHEA 9'3R; rﬂr&\ﬂ €023 FYgGmMunication equipmen

Spegptising 'aﬂ%t@ﬁﬁ@é&%@é sal abhee apBRIMIRE istF@MceBSSuch a RF
wherein: - Fig.1l schematically illustrates a first

15 exe@PNMINatign: eawiamest ingey & dnoljlet ®hoRe. ianwdiglassnportable

in . i VA ically

[ IP {‘: oefﬁFﬁfﬁ{aw?g,toreaxa déf)m% ?Cfr%ag'q?éenna el ement

[ nBﬁlElp@gSERﬂdﬁoN @FtD@Awmb% of antenna device shown
in Fig.1, - Fig.3 schematically illustrates a second

exanpl e Othgrdéatoresndrach advaritageEndf the invention will become apparent
on examining the detailed specifications hereafter and the appended

20  drawings, wherein:

- Fig.1 schematically illustrates a first example of antenna device according
to the invention, in a cross section view,

- Fig.2 schematically illustrates a first example of slot antenna element
intended for the first example of antenna device shown in Fig.1,

25 - Fig.3 schematically illustrates a second example of patch antenna element
intended for a second example of antenna device according to the
invention,

- Fig.4 schematically illustrates, in a front side plane view, a second example
of antenna device according to the invention, comprising a patch element

30 such as the one illustrated in Fig.3.

The appended drawings may not only serve to complete the

invention, but also to contribute to its definition, if need be.
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according to the invention, - Fig .4 schematically
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exanpl e of antenna device acca¥ding to the invention,
conprising a patch elenment such as the one illustrated
in Fig.3. The appended drawi ngs may not only serve to

COMUBES ROR CARRVINGDUPTHRINMENPIGIONt ri bute to its
definition, if need be. MODES FOR CARRYI NG QUT THE

INVENTI dRefesergecnise inigaliyhi fagel yiomkda 1t doFiljraduce the  main

Eﬁé’rgt‘%gsﬁ&eof%' éht&% ?ﬁ €8 P 4 cr)cﬁﬁg ﬂtr{éﬂé&%ﬁnm ng

d evi ce accord e’ i nven

descri ptinothe 1foIMM|rhg hiescmtmndmwrﬂ bdr adonkitlerexh tieatnthe antenna
device ADjis intended to tc))z S%;t of a.RF conmuni cati on
I

eqdPYIFRAD IsdufeRded 0Bt RRMMLKIiCatipSegiRMeTH, guch as a
' t mobilé Eﬂeﬁé G\’BF m%%n%@t l?ﬁtelt s mgﬁt foNERIBE R the H‘v%htlon is not

imtedto nication equi prent
I nbhaéeld tdwhbns llypemf REmmmuappthn ewlam;enRF conmuni cat i on
equi pnen ile or ted to receive
and or -t naResHRe vebih ey aebhu ity i B mubaliSt Satibment

cebt Hdule, aNEHIRY OMKQGN éH tcprr@(%ﬁ\@%hd/@FQfa‘Pl%mlt RF signals to
posi tioni ng networks and radars and/or RFI

sysm@'ﬁs frego mobdeu(at b@”Uéﬁré;oa@d/prer\élbﬁNl adidfart broadcast and/or

Gcopliiihe hEMRLs AatBE B B REQsFaRER. Sot0tdla be aiso -

teb@r‘ébﬁaloﬂlgﬁ@lcﬁs)(ﬁént PIAY; I VEDISp, £ BaltkeliRe ﬂdéftldnﬁ@adéwce (for
(avoi dance _collision car radars, for instance),

deipstance & GERSWwE)de ¢opgle, aﬁ%le}”ﬁ@@rfﬁpgﬁernﬁyn@@W@{%@C?Ner for
Sk z{if&fbsalﬁ'é@rcoﬁﬁwnpéﬁ%éar!soforr%? c%ﬁb%ﬁ@%);@v?ce, or a NFC

especi a y 1 h W reless equipnents
Modeviger, the invention may be provided in a dongle,
for inst_gnce of i ntended for addin

t he USB t
function m‘?t'QVQrB'OBeF?(ynQ?y&ﬁBMt ey oY %ug\@ﬁeqq%lpments (or
deMiogtRsyhhd niére e%%%&ﬁ@f inﬁreIé’s% é(ﬁd ﬁﬁ’lbﬁ%t (®F r’dd@quésg Moreover,
an antenha devi ce cording t

e Inventio
cother investiait Magabe progdedtinaa @Io@glea fot msaanmofemea USB type,

el W&aﬁggﬁd 3& | On?}yg ! O@%rﬁﬁ@l?ﬁqrg@@é}sér_ngny other devices
with USB connectors.

As illustrated in Fig.1 an antenna device AD according to the invention
comprises at least a substrate S, a planar antenna element AE, at least one
group of at least one component G1 and a low resistivity layer BL.

The substrate S comprises a front side FS and a back side BS
opposite to the front side FS. This substrate S has preferably a high resistivity.
So, it may be made of silicon or another semi-insulating substrate like a IlI/V
material, for instance.

The planar antenna element AE is fixed to the substrate back side
BS. By *fixed to” one means here either attached to the substrate back side
BS or defined (or integrated or else patterned) into or on top of the substrate
back side BS.

As it is illustrated in Fig.2, the planar antenna element AE may be a
slot antenna element comprising at least one slot SL. In the illustrated



The substrate S conprises a front side FS and a back
side BS opposite to the front side FS. This substrate
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made of silicon or another send-insulating substrate

like a Ill/V material, for instance. The pl anar

antenna elenent AE is fixed to the substrate back side
BSexﬁMglefﬂhéeﬂwatp@ ofome §Begs iBabetaphliaer Bat thar kedott @andatory.
the substrate back side BS or defined (or integrated

or Inglesd, P slet Sbday Reosisaigbhor iidesd (fondnstanss: E4pay have a L

bagﬁaaﬁé) R/lo?éové%s [ﬂotre tﬁargllc:)hgsél&g“sﬁgnéf b'éi @ef edt i'ﬂfo the antenna

pl anar enna e

el eleeent (AtEmfusrl nsstalc@in drdasto mcreasé the \Sbrklrig’lbzhditﬁmdth
|Ilustrat ethe shape of the sl ot

rect angu na t”Pf'? §nte§mﬁcﬁ|e’ﬁ§ﬂhé{efo?%mprﬁ?§é@%t P{ ggd second

S' pb p%Her@ﬁn g)tﬁlbr rp%%&e QbeEQJfﬂ‘?éj 6f 8L ahB?fe%&gvélgacgﬁMected

have 'a L sha eover, nore t an one s
betadfifst fﬁédandwser:drideT&merenmﬂiseﬂeemﬁrsAEﬁ drot sécosdah2 éermlnals

d in th dt h.
L AaSIE hetS i 57 fesaf e ol Ta dbe frpdn of chMghgents G1

segad tkoPthdP abw S reddtivity ﬂQyéﬁA’BLOIPrﬂgﬁgfﬁ ef|r§! ag$1 Oind r2*,%cond VH2
slot SL and respectively connected to first

s e€@ECling agearisn aueh aghiessBOIEE {er ViFis)l pagsing éfar@nghme substrate

t eé{nﬂgg d‘ﬁ'gtuglg fﬂﬁ% R/ﬁil)tis ﬁ’ﬂ"gﬁ@fc‘i‘ rirggc?frpg ﬁ*\%\{ﬁ? tb’@n%%‘i'tp h%dS|gnaIs

r efdceiviedi by th@ygiterila eluriergthAE tostheViloupndf seapdReMd2G1 for
connecting neans, such as via holes (or vias), passing

t hp@@QﬁSm%ep@r@Q?@,r & elos frampmaity thestsignals ruiteutyby  the group of
ar E&ﬂgé@%ﬁ Cﬁﬁ%e%n‘i&ﬁfa %I@m‘éﬁfﬂ%@o B’:Ht"%gﬁ g‘?‘%é%s‘c% [The second

recei € antenna el énen
c onpanee tWHZSisl afrangg ot esdarig qoupleote, antenha eleraerst\E to the

t he signal utput t he ou conmponent

thar%aﬁg M@‘% SrRIRD &thféﬁg ra’b‘fcé%cj 'BWrrE%TéV'ty%béer BL.
second Vvja NG}& V ar']ts ef %Hﬂﬁﬂg' 'élé?ﬁ I chR 8@8%@ %h%umple
ant enna el enent e groun Ich 1s intend

t otrbmsroisaivaclired WItfe dromtrnmﬁi meiandery awn@rasBa radlatmg antenna

first variant, the antenna elenent can al so be a
Si rTansm ssion line, with or w thout neander,

acting ap & seashdlafghtaMeeBAarchRBRAA eldem ,@E‘F\%Bﬁbe a patch
variant, the planar antenna el ement AE nay be a patch
antenna element, such as the one illustrated in Fig.3. In this case, the antenna
element AE comprises only one terminal T defining a port which is coupled to
the group of components G1 through a connecting means VH1, such as via
hole (or vias), passing through the substrate S. This via hole VH1 is then
arranged in order either to transmit the signals received by the antenna
element AE to the group of components G1 for processing purpose, or to
transmit the signals generated by the group of components G1 to the antenna
element AE for radiating purpose. The antenna element AE is capacitively
coupled to ground through the low resistivity layer BL.
The group of component(s) G1 is fixed to the substrate front side FS
in an area which is located under the antenna element AE. By “fixed to” one
means here either attached directly or indirectly to the substrate front side FS

or defined (or integrated or else patterned) into or on top of the substrate front



antenna el enent, such as the one illustrated in Fig.3.
In this case, the antenna el enent AE conprises only
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group of components G 1 through a connecting neans VHL

, such as via hole (or vias), passing through the
substrate S. This via hole VHL is then arranged in

orgge Fg.ther to transmt the signals received by the
antenna el enment AE to the group of conponents G 1 for .
pr ocessi igtheuexasaele 'WStﬂaEﬁC? inahignt tthe rasodp @hgprmponent(s) G1 is

t 1} ;
anlrsnad G8. B P SRHARTS & Heebd o1& front sice Fs.
eL@hilengroN}S !G:ﬂt _(i@_p?@(btfid:alkyl y%m¢dotmwfi@MatMIeugH1 (itself
the | ow resistivi ayer BL. e grou
coRPIHIRIRY @)tﬁ@ aptq%af ‘?'é@&rﬁ oEd-HB t@'g k?%‘?g‘&feeoﬁh%ﬁ‘?mgpﬂ%nts IC1
S, ] ) L i

Shhvk %ﬂs&éﬁ@%} W?g%é%f tlrgtﬁctﬁéeébb%ﬂgfer ﬁeﬂeora%{’ ﬁg :B%rry out some

el ement one neans here el
at thatend fuhctionalitiesor Formdistandd, ytheeet bempabeartts atmayf bensimple

” i taisadn(ss shBrdetiofor uTiEsRas fing @@ R HAL0 [nd @b several
exaoithé(s) ibtsktemaponribctibl plirposkhe group of

component(s) G1 is integrated (i.e. defined) into the
subst r at Borsingtandge thevgioupf of toonfpament(s) de! FEfingdia low loss

ot e R0 o e, Y BE TR R 7L hElneoments

| Nnatrhged x@ Mdteh ah8 esutSnpseRiahse | GElihB aarftemh s @IdRgt (when it
integrated into the substrate S in order to carry out

soWersnas ensignactacsivar) 1a te. inpek of @St agiive, lopheaise receiver (or
co e Si al&isatia [ ded f

COBGIETLARY 15, PG S L AIETEY o o
f ocoraporente) @ bnisetddtrizallpoppiee. toFthe activeabaenoisbeeceiver (or

grqup of co nent (s) G 1 defjines a | ow | oss nmatching
fi 9‘@?.0%1){6&&3 é?l 5: oF IRHINSR @snmaitqhu%%é'h%s/ Glcpreqgpisi a loss

el §r%§ﬂ1ér5th?ﬁ6689ed to match the output inpedance of the
antenna el enent (when it works as a signal receiver)

to the ilmpavacdntatheagrouip ©f icompooesis) @t enayedefirer atdeast a part
BG4 55 RS Bins 2 BBER kY B fepening
tosﬁégﬂy aeédpting Ahdtiehse receiver (or down converter)
&. For instance, the matching filter G 1 presents a
| oss snmuin @pothemvarkims, the group of component(s) G1 may define a low
loss matching filter and one or more (integrated) decoupling capacitor(s).
The active low noise receiver (or down converter) G2 comprises a low
noise amplifier (LNA), a mixer intended to receive a local oscillator signal and
a filter. For instance, the active low noise receiver (or down converter) G2
offers a gain equal to 15dB, a noise factor smaller than 6 dB, and down
converts the high frequency signals (received by the antenna element AE) into
intermediate frequency (IF) signals (for instance zero IF, or few MHz IF, or
else few GHz IF).
In the example illustrated in Fig.1, the active low noise receiver (or
down converter) G2 is defined (or integrated) into a die DI, which is fixed (i.e.
attached) to the substrate front side FS through connecting means such as

soldered conductive bumps (or micro-balls) MB, and is electrically coupled to



In a variant, the group of conponent(s) G 1 may define
at least a part of one or nore (integrated) decoupling
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decoupling functions. In anoth®r variant, the group of
conmponent(s) G 1 may define a low loss matching filter
and one or nore (integrated) decoupling capacitor(s).

Thghedgiolp ®f lcomptRiehR G&CpbsIBly (tl@rbu%A\Mﬂ | S vREtedhHuéie bump
conprises a | ow noise anplifier a m xer

in ded to receive a |ocal OSC|IIator signal and a

il ter FOlnbARbanse it Renasd b SILRb IS dsge ver

(or down conver arn e dB, a
noi se f altti:impontdriteto ridtise teatdiB, a aadarﬁmﬂ‘emloo&mehs at least one

h frequency signal recejve t he ant enna
eI H?”&E)O *{ﬁ grq ?ﬁéﬁﬂ tg@(ﬁ%@}ﬁ%ip"\( F@§e§?%‘éﬁr§°r down
F?én\}err‘l%?)ac%s‘acn%@ﬂ Qb erh I\%refo%’r gﬁg el ve RJRN ﬁ&%ﬁ [e& télﬁ:}lér down

I'n the exanple iTlustrate
| omomm@e) mey éemnnected d@memsemr‘abothemompomms éthe group

DB SR 4 low BisBTelthBor s dtsiiiadd abpks Gatiler s part of at

CO%%@Féhé‘aee‘ﬁﬂjﬁﬁg%éBBmﬁ)‘? RPIkesRe. Wﬂ*ﬁ%léééé%et{%@ﬁ GPEan be
mcro-balls) MB, "and is electrlcallétcouledto
3

gr definest inkp Ayshis edtich © atfached 40 ing substaaigliroat sideas® im@e area

<1 PRHERS R PP e R 8RR el REort 2t “t 0 ot ce

that i N Fhy W Blistivfty %Wb@BLﬂ@bbn@d iNt® &% sieracP8RMeiRtended
of the group G 1 may define the active | ow noise

r etoei RRer corRreciRnta oot ety detive | Be@rawl eplane capable of
Mo C; 0 e e

LS GeP IO K ISR S5 RCE Qe o1 (and
coppssisintaneofort imere)r othpr @cﬁv@l@f|gasegetd:mn|bmer1t(@$,ssuch as the
mat Chl n%é\tl I ter descrlg)gd above and/

of a
| e8SHVey (ﬂ@(‘ﬁ%b‘?c?%\é?r aq,‘?"i’rbrconV%’fter?n@ga?Rfe'nSf%C?&if@m the
Caél%cﬁ@ﬁla ﬁ il% L%%H'bn Né?m% HBehhAEN 1S
0 the SUbStTat e 3

attac N an area
whi ch i st)romata@debéieobwrtddelayemBLes |rrsadevoft gopemlysilicdsl. .It can be
The |.ow esi St i vi

% l.aéer BL is . buried into the I
sulRdlived BY §15anp o7 sl PRISKE TiBHAUED BOGe5SdPoMAge ggnerally
deglsn,go,a,rgé@@[ga @}(@ﬂ%r&%g’gw e of electromagnetically
i sol ati n_? | east the group of conponents G 1 (and
he buried layer BL can be used to form at least a part of at least one
component of the group of component(s) G1. For instance, the buried layer
BL may define one grounded (lower) electrode of a decoupling capacitor
whose associated (upper) electrode is defined by one component of the group
G1.
In order to optimize the electromagnetic isolation of the components
(G1, G2) that are fixed to the substrate front side FS, the buried layer BL
extends over a surface which is at least equal to (and preferably greater than)
the surface occupied by the antenna element AE, while in the same time the
antenna element AE is fully located over the buried layer BL. The components
(G1, G2) being located under the antenna element AE, the buried layer BL
acts as an electromagnetic screen for these components (G1, G2).

Moreover, the buried layer BL may be arranged to act as a reflector



possi bly one (or nore) other active or passive
conponent (s), such as the active | ow noise receiver
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el ectromagneti ¢ di sturbances i%hduced by the antenna
el ement AE. For instance, the buried |layer BL is nade
of doped silicon. It can be realised by neans of a

Si forap® apesiiay lehirg Rt dspRcRIPaAssh (10§ anpatehasnéid blement
a silicon int eﬁrat ed circuit process). The buried

| a§legh & theaneplBusieaded toFigck m at | east a part of at
| east ong o 'Eéolﬂt%{{)atgé i} F'ﬁ ggr%u@trﬁgrga I%?%@?P%@Hﬁoﬁ%e?aﬁeast an

For instanceé uri ed
gr opertlegl (of k) HE ecbrd:atetoobllca/\/oteeoctrpb$in@ afatpecvitiotiole VH1

whose aSSOCIated up el ectrode is defined b one
coRYHIREHDT Jie anfenga 8[)?;5“%& AEei%thsrgcﬁ%al p CQiBPWﬁrEé

S RIS S BRI o P 1 7

that are to the”substrate ront
bumagdoéd dgziuneoan@xher&iﬂJstmta frantssidé &c® Sdmelofitiese connection

supais dCHTORPL a6 P RBCEH: o EEEHIENAE C Lo G2 throuh

t h@oﬁcﬁ]ﬁﬂn%*tr%@ké b, 3t tiRers! (@'P’@“CP%_‘ arés dfré%e/)’cdrfh%@fe@l% a via
over the buried |ayer BL. The components

beholg wfmcbu%@oummed ﬁ%éh%llbu@ﬂ@éa)@lr@i:en'ﬁhe&E carmectir pads CPi

c oo EMABE B Bt I B, oF g1 el b, for

beingtangeged to act as a reflectorfor the antenna
el ement AE, especially when it is a patch antenna
el enent E@cinstanceneoriretion nask ER &g inteneed ta bengpnnected to a

g %r‘?ﬂnélnm':é efl t<§1g;ﬁo@éﬁﬁé%%ﬁlyg%ge?&tvoCI8W@%§§%g@élver (or

| e3st4n openlng
cr dswn rwnoérter’r)léazllcmnhebtmr?\/bﬁd @ﬂﬂwcscmtemgiedrte tmnt@rmm:ted to an
el ement AE ﬁ of co

71 st e fofepogPu B T SomABidevnrutierisn e aesve low noise
(hF‘éc%l\)elr a(gll Fdéﬁv r/ JcoRB) Q’? gsf bBﬁr‘f’ec‘PlBhopéd1Q3I53‘t1§ |ﬁ%‘_hggg)to be

front s Sone O hese connecti on pa S
ar eorrmotest toeal termindl @ ututtingthet lecab olscdiatd)r@igrlahusacgby the mixer

ai PELR 9Pt de A Re e letTor ML Sahfechn) C2comhiielp £B7 are
t hptdhdeded bék%hn&tedﬁb?@uﬁ@ﬂém%bl@ﬁnp@f@ér fFbréVide a ground
i ntended to be connecte otermnals of a printed
ci raspectivehafal tireBctivelow noise receiver (or down converter) G2, the low
loss matching filter G1 and the buried layer BL (two times). The electrical
connection between the active low noise receiver (or down converter) G2 and
the conducting tracks CT, connected to the connection pad CP1 to CP4 and
to the low loss matching filter G1, is performed through the micro-balls MB.
With such an example of arrangement, the antenna element AE
receives high frequency radio signals and transmits them to the low loss
matching filter G1 through the via hole VH1. Then the low loss matching filter
G1 transmits the received signals to the active low noise receiver (or down
converter) G2 which down converts them into intermediate frequency signals
and transmits them to the connection pads CP2 (through a micro-ball MB and
the associated conducting track CT) in order they could be process into the

PCB.



i nstance. For instance, connection pad CP1 is intended
to be connected to a supply termnal in order to
w@ poraoP2zupply the active | ow noi se recei ver POT/IRROII050864
converter) &, connection padl@P2 is intended to be
connected to an input terminal to feed it with IF
signal s down converted by the active |ow noise
recei ver |t (Pimpstpiant EOntRIet ) thednverfidRes hbolimiegdtodRS é@ample
intended to be connected to a termi_ nal outputting the
I o@%&irr@mmfﬂﬁtaﬂap@dgﬁ@a?'g%é@ICQW'Of‘hEOWﬁﬁt@ﬁC@f it ey be used also
ac down converter) @&, and
@?rE%n%Si\HrﬁegﬁpAl%gﬁ@e ﬁpta%@{e connected to ground
t er m nal Boi instandey if ttioe pnterindedevigy AN inepded tiovwbyking at 24
forl_{ gNactlve | ow noi se receiver QOr down converter L
Zh eV COFESPORASC I Agauanier evavslengih APPrBalsik gatal to 5
I am ghe(cbﬁ‘% times). The electrical connection
én the active | ow noise receiver (or down
cormversulmom Sebstate Shmth:aridugih a@oroxmatelymuattmﬁemreda width
to the conn ction to,,CP4 and to the

at CRORGXTATE Stek © BT e 4 BIGHE8ST RPBRuMERY Saudl 16 350 um
m crgn@gldémhﬁ,,ty\/(\g,t)téqggptg 1qn exanpl e of arrangement,

t he ant enna el ement receives high frequency radio
si gnal gopas St|IC@mlsbﬁrte§1 tay@m Blo witle a demdtiv sappiexiciately equal to

LSt Bt T V5%, TR g comr

si gnpétveed 1 &&d BGim, \ehd rBvrIBrefRablg GRWEEn { @hd Gown,
converter) G2 whi ch down converts theminto

i nt ef r@@&ﬁm@r&em@ql@@mﬁ Ah @ﬁ‘ﬂﬂg adaagth rappesprimnatalneayaldo S mm,
the 6P8 g%‘fta %na%@%ﬂg‘?@Aé %?P@g%qléﬁgfﬁ: érid or%@ralt% }2@9@5\% 5 mm,

t he associ a cting
15 coul dr derapsmission linetwhitihectlBGS art antennap@nient; atd

et @GP THYBNE) Ash PHaCeRIetash @ 2 BeRepa eceiver (or
For  4&mh %ﬁ@ertérg G’%?fefﬁ’\%[guﬁfﬁg R &ive Yie ?\ﬁtﬁrbsl'@h & é’;ﬂoroxmately

appl I cations I nst ance, the a
devi egqua\id rlsrnnnrar@haimtjth@ppmmmeg/ muaub Gram( whi ch

caual ¢ oS T pnftail "Bt BYE CoRone AR WAL e anesor more
20 W él'éc@oh@%h’fblé@f@fn@ﬁcbrﬁ‘(@} ¥ RmtdgraRdtntem samwi cHrier (Ior more
appr oxi nmat el y_eq ual mm a thi ckness approxi mat ely

eqRegcisely g% dhentack and front sides of the substrate), it is now possible to
produce antenna devices in the form of System in Package (SiP).

10

Moreover, as the size of the antenna device according to the

invention mainly depends on the application frequency, this antenna device is

25  well fitted to microwave and millimetre wave applications and may further
comprise miniaturized sensors because such sensors can work without being
electromagnetically disturbed by the antenna element.
The invention is not limited to the embodiments of antenna device and

RF communication equipment (or module) described above, only as
30 examples, but it encompasses all alternative embodiments which may be
considered by one skilled in the art within the scope of the claims hereafter.
Thus, in the preceding description it has been described an example

of embodiment of an antenna device according to the invention in which the



and a permttivity (er) equal to 11, - a doped silicon
buried layer BL with a length approxi mately equal to

wG2@7m0n928 W dt h approxi mately equal to 5.8 mMmPCHIB2007/050864
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t hi ckness conpri sed between 11land 5 mm and nore
preferably between 1 and 2 mm - a patch antenna
el enent AE having a |ength approxi mately equal to 5

Myrop ¢ c@k@on@nt(gﬁqm )edlém@@tat fashavowdoss ﬂn@ftgﬁr’fg filter and the

approxi mat el y equal or a transm ssion |I1ne
whagditieral @Cﬁ‘ée ﬁ@fnﬁﬂ*’t‘@ﬂr@?é defiref ¢ at lgagt an activeupw gwise receiver.

bl Q) shEAIRY, G I LPWRCLEREbAR kOIS, () or @
di pogsltblb amditre;ngtactwpwo@mme(azpmglddﬂoeb radiciooimenunication
yal to As the antenna

wi dt h r oxi mat el

el EPRERP %ﬁds!é@hrﬁér%h?gtw%ﬂ%ﬂol%freﬁ@'VehéoroﬁiO%rCanerter) or a
el gehdrAmier, or e §ﬁaﬁé&é@&ér%§ﬁ9st:?rfc%” be integrated into

a same carrier (or nore precisely on the back and

front si hnetheq:fresem speblﬁcatmneand claims theowopb s ido|“en’t preceding

produ ant enna d es i.n the form

LR B 5995 naf Exsoite e WrerEe R o PURLY i Sihaclements.
deFuﬁﬁaaQﬁérﬂbﬂﬂ ESMphSIngN\RRE AG BREINLY BRPPRAARNES of other
the appflication frequency, this antenna device is well

f|ebéuﬂﬁ%ohﬂgpﬁﬂﬁvﬁhaﬁ@“ﬂfdl|netre wave applications

and Y HCC RSB Bl SpHE | RoSaRRRAEE AR BRims s

el pedriceaee Rl LisddrbtandingtaHdoie thob intéritRecadtiRImaitied. enent .
The invention is not limted to the enbodi nents of

ant enna devi ce and RF comuni cati on equi pment (or
nodul e) descri bed above, only as exanples, but it
enconpasses all alternative enbodi nents which may be
considered by one skilled in the art within the scope
of the clains hereafter. Thus, in the preceding
description it has been described an exanpl e of

enbodi nent of an antenna device according to the

i nvention in which thegroup of conponent(s) (GL )
defines at least a low |loss matching filter and the
addi tional active conponent (&) defines at |east an
active | ow noise receiver. But, generally speaking, at
| east one conponent of the group (Gl ) or a possible
addi tional active conponent (&) may define a radio
comuni cati on conponent, such as an active | ow noise
recei ver (or down converter), or a



transmtter, or else a transceiver, for instance. In
the present specification and clainms the word "a" or
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presence of a plurality of sudR el enents. Further, the
word "conprising" does not exclude the presence of

ot her elenents or steps than those |listed. The
|nng§mgn of reference signs in parentheses in the
clainms is intended to aid understanding and is not
intended to be limting. CLAIMS 1. An antenna device

AD) f ' : el i
(b Bt Ap B BEfeL! oI 0) BTRE  oSHARAICRHA Sapment
Si desprising hasubstratet () camprisingftont AE3) @ntdb@clg(Bﬁ)mdB‘s atplanar
| east one co connected to said ante

onent (Gl
el anienpa @@%cﬂﬁ%ﬁ al@éi@rgr)@ye qf gt {aqast 0@%99”}998%'3&(@1) Connected
gﬁ%?@ %h?e!ﬁ%ﬁt %ﬁ@nt'(ﬂlig' )éﬁgra‘cfér%@bldlnsﬂ%téa?é &8 antenna
In t at said grou | east one
coehmwrh(AE)as f)xedéofsa)cbwbsdrawbdclssntiet(BSD an ftinatraaics gabeip of at

( APt S8R RRGRY Al D & Dt iotaid SHEs B TR SRS n an area
thiRH@ ahdéredstl antbhi$ leldindme® g”%nﬂeédl‘_ﬁwe&éd o sald antenna
passi ng through said substrate and in th

coaipm@éa%la) thoeugheat lsasta firgt pqymctlngmeaj@r(vétﬂ )msalng through

2o SRRy Bt En I RARRIRRS T il fey (et Buriea

E| B eambgﬂrat@ (8) foridohnseRy torpogeditdigolasd &t I@Qét%értﬁgroup of
el emrent (AE). Ant enna devi ce according to claim1

\/\h@@f@pﬂn@ﬁ(sd fmmu elgcrerpagnetio fistubances hgoced kyusaigc antenna
% | east equal to the surface occupied by

sal anténn%\ el ement (AE), and in that said antenna

element (AE) is fully |ocated over said buried | ayer

(BL). 3. Antenna device according to one of clains 1

and 2, 2whAntenna skevitelaocoeding ayelair’(l BL)Nhieseialsammriéd layer (BL)

order to act as_a re cto sa a el ene

( AB¥tends ovela sHiface I?ICEéS é I'q% '%%O%HB'GS by said
whehighRa %@érﬁeMAEqdah@w 'Eha(t %'a)d bﬁteﬁﬁé te|émeﬁtt (AE3as fuI9N8cated
conmponent of sald 'group (Gl tenna deV|ce

acowrdiaityburiecblagefBLg!l ai ns 1 to 4 vvher ein said

3. Antenna device according to one of claims 1 and 2, wherein said
buried layer (BL) is arranged in order to act as a reflector for said antenna
element (AE).

4. Antenna device according to claims 1 and 2, wherein said buried

layer (BL) is part of at least one component of said group (G1).

5. Antenna device according to one of claims 1 to 4, wherein said

antenna element is a radiating element.

6. Antenna device according to claim 5, wherein said radiating element
(AE) is a slot antenna element comprising at least one slot (SL) and having



antenna elenent is a radiating elenent. 6. Antenna

devi ce according to claim5, wherein said radiating
web@nmaomo2y AE) is a slot antenna el enent conpri BCTB2a07/050864

| east one slot (SL) and havingdgBirst (T1 ) and second

(T2) termnals respectively connected to said group of

at | east one conponent (GL ) and to said buried |ayer

( Bfinst thneuedisevahd (Trz)“@tmmm@%bem/etpe@drﬁwebwdlto)smgromp of at
second connecting neans (VH2) passing throu

sulggst ane QOS)ponﬁntAﬁﬁérﬁﬂﬁ] Héﬁﬁ'é'eb!d’ iayeﬁdBEb tr@pagrmsgud first

wh [ | I

oSSR R 15y 8" onhi Rl by LA R0HS Bin
whihreugh said dubsieitetSng el ement (AE) is a transnmission
line. 9. Antenna device according to one of clainms 1

5to0 8, further conprising at | east one additional
active_conpponent 0 bstrate front
side (F) RAN8Id6Y R acsPIO G I riaE Bavhe eIt B aeviothg element

gzg@)qgrg,t péh §ﬁﬂeﬂn§%fémer{t(31 ) - 10. Antenna device

ccording to claim9, wherein said additional active
conmponent (&) is a radio comruni cati on conponent. 11.
Ant enna devi ce according to one of clains 1 to 8,
wher ei 8. af\ntesasdeyite aseafsing: it claim §awbe@1roa@d(rmla§mg element

10 oD RSt Mne a1 ' olai e 10 and 11 wher el n

said radi o comuni cati on conponent is an active |ow
noi se receiver. 13. Antenna device according to one of

cl ai rrsg;LOAaireﬂnéli,evwh%roebrdmytdiomeidf dammeﬁIrﬂhencomprlsmg
is a transpitte tenna devi c

acgﬁ‘ég%et %d%waéﬁcwea?%p%?rﬁrﬁﬁzﬂxe%w sulagiraie front side
ﬁj@ &iea Bt'éBQB et a%ﬁoﬁeﬁ%&%&éﬁ@ht"cﬁ fsaud@oﬁg (G1).
na I N C |

evi ce ccor to t e Co tion o

15 10 and 12, wherein at Ieast one conponent of said group
(GL ) defines a low |loss matching filter arranged to
mat ch 4@ Aotepoa devtmeomwediog te glaimhtvérereinesaidradditiongl) active
to_an i $% gg said.active Iowlno se receiver (QX)
anBPBPOREN (G4 s S FAEIQ EAPEINEUISH QTR P bup (Gl )
defines at |east a part of at |east one decoupling
capacitor. 16. Antenna device according to one of

cl ai ms11. Aptehha dedideh&dcording to one of claims 1 to 8, wherein at least
20 one component of said group (G1) defines a radio communication component.

12. Antenna device according to one of claims 10 and 11, wherein said

radio communication component is an active low noise receiver.

25 13. Antenna device according to one of claims 10 and 11, wherein said

radio communication component is a transmitter.

14. Antenna device according to one of claims 10 and 11, wherein said

radio communication component is a transceiver.
30

15. Antenna device according to the combination of claims 10 and 12,



conpri sing connection pads (CPi) fixed to said
substrate front side (FS), electrically connected to

wa@aiod/ 11923 ed | ayer (BL) and to at | east one coPQDIBE07/050864
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of said group (GL ) and/or toldt |east one of said
active conponents (&) and intended to be connected to
a printed circuit board of said RF conmuni cati on

equhergmtat [bést ORECOHRAPISINICEF QRO GEBUTY (GO)CtR#m@é a Iow loss
claims 1 to 16, wherein said substrate (S) is a

r eBladghing tfijtes Lﬁﬁ@nlgﬁfj eto meatchAne pvdPW eivirasianee o?fd 5?\'% gatenna
%?I'emeh? ('?:‘%\gs & Fh r@g 'og rs§|H ba%ttl{/@ﬁo‘?m (QCQ)’Pse r@géﬁ?&ﬂ(scff) andior at least

eria
andne e@ompongnt af isagl Hidup/ (@ﬁ) eleﬂraé§ at léast Anpertnet at least one
devi ce according to one of clainms 1 to 18, wherein

saflecHH NG §aPag®F- (BL) i s made of doped silicon. 20.

Ant enna devi ce according to one of clains 1 to 19,

wherein said buried layer (BL) is realized by neans of

a passigeahfdhrgr akyied Qé&%ﬁg td dne Rt SRANHCR I M) further

equi pnment, conprising an anté&nna devi ce (AD) accordi ng

tocwnerlsmgtctmnpcmqnadg (@Ri) rixed to said substrate front side (FS),
electrically connected to said buried layer (BL) and to at least one component
of said group (G1) and/or to at least one of said active components (G2) and
intended to be connected to a printed circuit board of said RF communication

equipment.

17. Antenna device according to one of claims 1 to 16, wherein said

substrate (S) is a high resistivity substrate.

18. Antenna device according to claim 17, wherein said substrate (S) is
made of material chosen in a group comprising at least silicon and semi

insulating 11I/\VV materials.

19. Antenna device according to one of claims 1 to 18, wherein said

buried layer (BL) is made of doped silicon.

20. Antenna device according to one of claims 1 to 19, wherein said
buried layer (BL) is realized by means of a passive integration process.

21. RF communication equipment, comprising an antenna device (AD)

according to one of the preceding claims.



