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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

20  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

25 semiconductor or semi-insulating substrate. Unfortunately, when the antenna
element is working it induces electromagnetic disturbances which are harmful
fo the working of the active and/or passive components that are in its vicinity.
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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
25 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,
30 - 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



- its planar antenna elenment is fixed to the substrate
back side, 30 - the group of at |east one conponent is
fixed to (i.e. integrated in or defined in or else
attach to) the substrate front side, in an area
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15 > this radiating elenent may be a slot antenna
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» 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
25 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 deiine a radio
communication component, such as an active low noise receiver (or down
30 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 fo match the output impedance of the antenna element to an
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vhew Other features and advantages of 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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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

25 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 llIV
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

30  BS or defined {or integrated or else patterned) into or on top of the substrate
back side BS.

As it is fliustrated in Fig.2, the planar antenna eiement AE may be a

slot antenna element comprising at least one slot SL. In the illustrated



20 wth USB connectors. As illustrated in Fig.1 an
ant enna device AD according to the invention

conprises at |least a substrate S, a planar antenna
el enent AE, at |east one group of at |east o0
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substrate S conprises a front %ide FS and a back side
BS 25 opposite to the front side FS This substrate S
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element AE comprises oniy one termlnal 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

25 amanged in order either fo 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.

30 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
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purpose. 10 For instance, the group of conponent(s) G
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be consti fhesndYvdrent, WP BFbLR! SN®Monent(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

25 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).

30 In the example illustrated in Fig.1, the active low noise receiver (or
down converter) G2 is defined (or integrated) info 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



arranged to match the output inpedance of the antenna
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|nst ance zero | el se few GHz
| F) wh® i$ loceted beioawl;blbéow resistivitydeyef Bln Fi g. 1, the
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Moreover, this active | ow noi se receiver (or d
26 on\Relicen Jtegptel CIrEWhOEe®d t 0 one or several ot her

conponent $x9byfkidilaGér®IPcan 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
25 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
20 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



GlL defining the low loss matching filter described
above and/or a part of at |east one decoupling
capacitor, for instance. In this case the group GL can
be 3.0 defined into a die which is attached to the
WOBSYARME front side FS in an area which i sPGT5Ba0aQs0864
bel ow the low resistivity Iayegr BL. The | ow
resistivity layer BL is buried into the substrate S

and intended to be connected to grqound to define a
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1 o SBlebw BT R e @66 BRHE) 1D BRP Bfitas Connibithpads cpi
conped pidndet tb e @whasdted 25 tdrthinalshofaa dﬂmtettl eireyit bodrd €CB, for

the el ectromagnetic isolation of the conponents (GI,
&) RYBiC€are fixed to the substrate front side FS, the

buried | aggf inBlanc&XdoRRE&ioARId BP$ W interRieditb e dx;hnat:ted to a
| east equal to (and preferably

8r eater 't har\})
sur TSHE@V dertinal da oagﬁrttﬁe(paw% (FYRPY | Rer@gtivene W’fﬁ? éeqeﬁ'er (or

khe o%ﬁﬂ%dn\/&?er?]@? Benriieti&n pad elrenB nitedied & Bl l:JJl’:hected to an
| ocat ed over t buri ed | ayer BL. The conponents

Q) inpsit igmingt i fegd dm@rli:tsmamoaﬁ\@néﬂ&ﬁbW thR@C“YEh'@W roise
bur 'r&%\!'é‘y F o%'wn %@n@ 8P, BbSHdclioNBBACEPS s Cih@pled % be

t hese corrp nent Mor eover, the buried | aye
BL reapnéiedhior alajadat @uta@limg@edoqz%ps@&at@rrawl used by he mixer

2007 ﬁfgg@e R 6@89?84.\%}23&%\,\,@05%&&@ GRBhETH 0 CP7 are

el eme especi 1S a ant enna
®| ermtandeds teche @snmet@ecbtcegrfdurxdéemma!@l Irn [rder go Provigsr @, ground

as | é%—#‘t% M%; & thd a&ihvd 1dw iR LIRS bAYSHIn BnveRBR G5 85 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
25  tothe 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 fransmits 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
30  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.



opening (or hole) HOin order to allow the crossing of
the via hole VHL 5 connecting the antenna el enent AE
to the group of conponent(s) GL. As iIIustrated in

Fi g.4, several connection pads CPi (here i =1
Wag0Ba08s i ned onto the substrate front si dé’cﬂﬁm‘@ 864
of these connection pads (CP!L0 CP5) are connected to

t he conponents Gl and GZ t hr ough conducti ng tracks

CT, sone others é ée directl congee dt |
Via 30 Tl IRRpEnCta el heithg VehicRds Bar MBI Gtk charole
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connect to terminals of a printed circuit board PCB,
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PCT/1B200¢ 09e50c\)/%r64as 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



10 It is inmportant to notice that the invention is not
limted to this exanple of arrangenent adapted to
signal reception. For instance, it may be used al so

for transm ssion applications, notably. For jn n

WP 288 enna devipge AD is intended %/or V\Drﬁﬁlﬁ(g}%?ﬁ“
5 GHz (which corresponds to a guarter wavel engt h
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51 e COMABNGiLBIGHan a1 SHVE W, Apise receal (pr AR Faaverter), or a

el engRbmitfer, RRKIsBG tPark8alGorPRIMYEMBt el y equal to 5
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appr oxi malndhe perfgat spesifiatinn andgaigls the wokth stios siprpreceding
! ! ) | _
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r ecdiuviber, (tbe wergwrooigiegt «lops Grotdexdusied thenpeesgrce of other
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lgnd eggnvm&éfﬁy\%%%ﬁﬁb ;ﬁr{a&fgélr“)s/t%g'qual to 1l mm As the
ant enna eleerdmtiusiord of oefetenset signsvin (larerdiigses iondeoelaims is
nor 2 I roni f ' : e
i nt ir&?réqoeéﬁo%ﬁc{ %nd%rsfsi%ﬁogﬁ@%rﬁ(lls&ﬁpf%érng%?%be %?@81&3& y on
the back and front sides of the substrate), it is now
possible to produce antenna devices in the form of
Systemin Package (SiP). Mreover, as the size of the
antenna device according to the invention nmainly
depends on the application frequency, this antenna
device is 25 well fitted to mcrowave and mllinetre
wave applications and may further conprise
m ni aturi zed sensors because such sensors can work
wi t hout being electromagnetically disturbed by the
antenna elenment. The invention is not limted to the
enbodi nents of antenna device and RF communi cati on
equi pnent (or nodul e) descri bed above, only as 30
exanpl es, but it enconpasses all alternative
enbodi nents whi ch may be



consi dered by one skilled in the art within the scope
of the clains hereafter. Thus, in the preceding
description it has been described an exanple of
enbodi nent of an antenna device according to the
i nvention in which the WO 2007/107923
PCT/ 1 B2007/ 050864 11 group of conponent(s) (Gl)
defines at least a low loss matching filter and the
cLAmg tional active conponent (&) defines at |east an
active | ow noi se receiver. But, generally speaking,
at | east one conponent of the group (Gl) or a
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6. Antenna device according to claim 5, wherein said radiating element (AE) is a
patch antenna element.

7. Anienna device according to claim 5, wherein said radiating element (AE) is a
transmission line.

SGPMATTERS\320372.1



passi ng through said substrate (S). 2. Antenna device
according to claiml1, wherein said buried |ayer (BL)

extends over a surface which is at |east equal to the
surface occupied by said antenna el enent (AE), and in
that said antenna elenent (AF) is fully located over

said buried layer (BL). 3. Antenna device according to
one of clainms 1 and 2, wherein said buried |layer (BL)

is arr angﬁdnﬂameﬂééj&fcozﬂﬁg aCdncadbci@mt efid BGlrter (fdﬂfpriéi@ 4l least one

adg‘ ‘n onal acP Vf%or%gg"ngﬁt ({ xed t% sal’é‘rs]t & gfrgn \éidg $FS‘3 %%(g ?étrpcgily connected

erél n sai ur e
toﬁéﬁeﬁtwcﬂﬂpqn@ﬁs‘}fsﬁﬁﬁm@dﬁ'@onent of said group (Gl). 5.
Ant enna devi ce accordi ng to one of clainms 1 to 4,
wherein a nn o adi n
toge! ) SO EDR B R Db Syl L A RATE poonen
(GPder melic spmarisptien cormE)ents a  patch antenna el enent. 7.
Ant enna device according to claim5, wherein said

radl tin ( ran [ i
crrrrenefifoidise &prend 8 ok STOMME0 B 7, WG, ot tegst one
CO'BPFé‘e@fﬁf%ﬁ“hﬂ?fﬁ'ﬁD (1} fires Sradie PREPMEKATAN C8MPY'eak | east one
addi tional active conponent (&) fixed to said
SUb‘ﬂ rat ﬁntfexqr%nhe\r% d&cérﬁﬁ% tg%qle eclf qu ithd Q\aalari&éi§ o\%ﬁ@iﬁ esgld radio
to at | east one componen sal d group
CORHRFRATEN CAEPPRS I5RR BFIHE Iy "Ptﬁe £8°8¥sh 8, wherein said
addi ti onal active conponent (&) is a radio

Com:&mi C?Hefﬂ%l n%ﬁ%oﬁ:%ﬂgmgitﬁ oné‘nc‘}fegﬁtm? %e}flj\oc% aﬁﬁé?élg'sgﬁ radio

to aone o erein east one
°°’E’6‘H’ﬁ?ﬁq%’h?°”6’P"%‘,‘éisé‘t'§P%Tﬂﬁ?r(Gl) defines a radio
conmuni cati on conponent. 11. Antenna devi ce accordi ng

to q8€ oﬁknt%hr%' :c:% &@&d%&to%@fcﬁ'&nﬁé"gdaﬁoa% Owherein said radio
conmuni cat i on conponent Is an active | ow noi se

copRuRiayn} compsnenhis AdIRREHAyi ce according to one of
clainse 9 and 10, wherein said radio conmunication

Conﬂ@nenhnﬂe%aadetnfzé‘&%%ﬁwﬁ ® the écﬁnb:réfgn% @I%n‘g%\‘a‘ng @1 whereln at least
accordi ng to on

onf SR RGP EAR  OhFeCmAa e T e apRydp e an outpu
impeeenephsalbaitena aewentdiFido eminplief saishastiveaow oriseokcaien{G#g and/or

at Radtthe bmpdMagr &'s@;daérodpe(@ﬂf defPBS atCIOSH QN of Qf le8&i fe decoupling
S) defi nes low | oss matching filter arranged

Qup (Gl
Ca‘%& "Hat ch an out put

15. Antenna device according to one of claims 1 to 14, further comprising connection
pads (CPi) fixed to said substrate front side (FS), electrically connected to said buried layer (BL)
and to at least ane 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.

18. Antenna device according to one of claims 1 to 15, wherein said substrate (S} is
a high resistivity substrate.

17. Antenna device according to claim 16, wherein said substrate (8) is made of

material chosen in a group comprising at least silicon and semi insulating IV materials.
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I npedance of said antenna elenment (AE) to an input of
said active |low noise receiver (&) and/or at |east
one conponent of said group (Gl) defines at |east a
part of at |east one decoupling capacitor. 15.

Ant enna devi ce according to,pne of clains 1 to 14,
further conprising connection pads (CPi) fixed to
said substrate front side (FS), electrically connected

to said hut@h@caeb.ay@crcoreﬁg)o ondRekcldifs Ato 17©RBdreiM BAd buried layer (BL)

said group (Gl) and/or to at |east one of
'S%gﬁﬁgg ESI?Concorrponents (&) and intended to be

connected to a printed circuit board of said RF
CONMuENI CAhtefrid delfivé iEBrAing toldhe o IRB NS THEWhdEr€in 8416 Bir@t Rger (BL)

is llegllzg@g)hrgéﬂ%lg \}e IL@?/I%?GH&)\‘\%} el L Sal d SUbSt rate ( S)

res WA rate. 17. Antenna device
accordlng to cIa|n116 wherein said substrate (S) is
madeo.of lRH’&bﬁﬁmhﬁgatiﬁlh O Aent) lcangrsmg [an GARPId Svidg l(/&[b) according to
L . and sem insulating IIIN materials.
0né§é@iﬁ%ﬁﬂ@é§%ﬁ%?2.l 14 18. Antenna device according
to one of clainms 1 to 17, wherein said buried | ayer
(BL) is made of doped silicon. 19. Antenna device
according to one of clainms 1 to 18, wherein said
buried layer (BL) is realized by neans of a passive
i ntegration process. 20. RF comuni cati on equi pnent,
conprising an antenna device (AD) according to one of
the preceding claims. SGPMATTERS\ 390372. 1
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