Integratéﬂ circuit of.inductive el enents. Yz
The invention relates to an integrated circui 4 S
i nductive elenent, and a region called active T 5 )

resistive; capacitive and sem conductor el gments, wh CloMB.1999

el enent and part of the active region are superinpg%gﬁgﬁﬁig@GROUNQ OF THE

| NVENTI ON  Integrated circuit of Andwetiveoelethens.f abr i cati on o &0 nt gt akled
circuit is mentioned in United States patent no. 5,370,766. The object of
this method is to reduce the total surface of the integrated circuit.

The invention is linked with the follow ng considerations:;—The ___
superpositioning of an inductive elenment and the active rigﬁﬂhSﬁﬁyrHa&$EEN:
t he appearance of nutual inductances and parasitic couplifgs belEgaacphe |
i nductive elenent and the el enents of the active region, which leads To a
considerabl e deterioration of the quality factor of the inductive el enent
and to a regygtn or e HieERmMEoksi on of the frequency of the circuit.

A solution already known for mnimzing the problens of interaction between
t he inductive el enentTheridventien edlatesctintas 1wtk gated cietil campresgn st leashgay indeasive
putting theinductive elenent. separate fr.gm ot he |l enents. Such a

't egr at | on EREN wistateBion Sela VG RIs viRLIaY MR AR Yo opds 98 ¢ hem

t he induct i segniedrRiierot SlefiBits [vatfllél th€induétiRrlel@ien®hind hiet éfahahctBdrédeeael the
circuit. SUMVARY OF THE | NVENTI ON I't is an object of the

i nventi on t¥ppAMgeted. r emedy t hese drawbacks by proposing an integrated
circuit in ' 'm?gﬁ | el enrent and an active region exist

t oget her be$§£%%3§?P%§ﬁ?§g§§?gé ro%ggﬁetic i nteractions are reduced without
t he bul ki ness of the A peggddbefdbidationiof suvhiangnte gratedaesit Sirgentionedint United

It is another object of the gresent I nvention to allow the integration of a
States patent no. 5,370,7606. The object of this method is to reduce the total surface of the

integrated circuit.

10 The invention is linked with the following considerations:

The superpositioning of an inductive element and the active region may cause the appearance
of mutual inductances and parasitic couplings between the inductive element and the elements
of the active region, which leads to a considerable deterioration of the quality factor of the
inductive element and to a reduction of the precision of the frequency of the circuit.

15 A solution already known for minimizing the problems of interaction between
the inductive element and the elements of the active region comprises putting the inductive
element separate from other elements. Such an integration then poses a problem of bulkiness.
Actually, to realize them, the inductive elements may require a quarter of the total surface of
the circuit.

20 SUMMARY OF THE INVENTION

It is an object of the invention to largely remedy these drawbacks by proposing
an integrated circuit in which at least an inductive element and an active region exist together
between which the electromagnetic interactions are reduced without the bulkiness of the
integrated circuit being increased significantly.

25 It is another object of the present invention to allow the integration of a
compact integrated circuit which comprises at least an inductive element that presents a high

quality factor. "
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2 | ndeed, an integrated ci RERLAeor dange with t he
open is characterized according to the invention in phap.1b99
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bands being connected to an open frame.

east--an_inducti ve el ement

Because of these characteristic features, such a plate blocks the propagation of
20  an electric field to the active region of the circuit and functions as an open circuit with respect
' to a current that could be induced there. The mutual inductance that could be generated with
the inductive element is thus nearly zero.

In a preferred embodiment of the invention, the screening means further include

a via hole of low-resistance material whose walls surround the inductive element completely,
25  said via hole having at least one slot over its entire height.

The inductive element, when positioned in the neighborhood of another
inductive element, creates a mutual inductance with this other inductive element. This mutual
inductance has a tendency to deteriorate the quality factor of the inductive element. The via
hole enables to limit the creation of such mutual inductance by limiting the magnetic

30 interaction of the inductive element with any other inductive element present in the circuit, A
slot is provided over the entire height of the via hole so as to prevent the formation of a current
loop at the surface of the via hole. .
In an advantageous embodiment of the invention, the plate and the via hole are

together connected to a reference terminal having potential. It is an object of the invention to
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The present invention may be utilized in any integrated circuit in which an
inductive element exists side by side with other elements, whether they are capacitive,
resistive or semiconductor elements. The integrated circuit may, for example, be an oscillator,
an active charge mixer, or a filter. In one of its applications, the invention therefore also relates

25  to an oscillator intended to deliver an output signal that has a frequency whose value depends
on the value of a tuning voltage, characterized in that the oscillator is realized in the form of an
integrated circuit in accordance with the invention, of which the active region includes at least
a varicap diode connected to the inductive element and intended to be biased by means of the
tuning voltage.

30 More generally, the present invention may advantageously be used in an
apparatus for receiving radio signals. The invention therefore relates to a radio signal receiving

apparatus comprising:
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Fig. 1is a View of nt egr circult 1 n accordance

WI th an enb(héfemamr of the i nventi on, Fig. 2 is a plan view of
a plate included in an integrated circuit in accordance with an

advant agéoudn BwsbeviRgsit of the invention, Fig. 3is a plan

view of two inducti vng,l ‘f”%é‘&%ss% ﬁ@rﬁ\tl vie'ilfcﬂ‘aﬁ'lﬁ@gk'afed'ci}c@@ﬁpa[c@&'dﬁl%e\/wf&maﬂ he
i nventi on, cross-sectional view of an integrated

circuit in aabodnhamcef uheurh/eanon
Fig. 2 is a plan view of a plate included in an integrated circuit in accordance
with an advantageous embodiment of the invention,
20 Fig. 3 is a plan view of two inductive elements present in a circuit in
accordance with the invention, _
Fig. 4 is a cross-sectional view of an integrated circuit in accordance with a
preferred embodiment of the invention,
Fig. 5 is a functional diagram of an oscillator of which the realization is in
25  accordance with the invention, and
Fig. 6 is a functional diagram of a radio signal receiving apparatus comprising
an oscillator in accordance with the invention.
DESCRIPTION OF PREFERRED EMBODIMENTS
Fig. 1 is a cross-sectional view of a particular embodiment of an integrated
30  circuit in accordance with the present invention. The circuit 1 is formed by a substrate 2 which
may be connected to a reference terminal having potential and on which are superimposed a
first, a second, a third, a fourth and a fifth layer of low-resistance nﬁaterial (3, M1, M2, M3 and
M4). The substrate 2 made of polysilicon, the first layer 3, also made of polysilicon, and the

second layer M1 formed by a metallic alloy enable to realize an active region 5 of the circuit

>
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MB. The inductive el enment sai d screeni ng neans b con3|?ier ed toget her
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ol onent - ThetHERE AT RO (AR B Emene LA P G Yl pf bl
separating RSl aee T BRISducidR1ERent nducti ve el ement. For minini zi ng
this value, said screening neans are at a distance fromthe inductive

el enent . ThisTwakitydaeiod wijl tefurthar impravedl thesaresaing mpans wedmade afje
fﬁ:’ geg;ggprglalgg r%srlgtar%dmatenal as|19Wercg§e|1§E}ﬁ98fan%é erial, as is the case in
- 20 Fig. 2 shows a preferred embodiment of the screening means 6 described

previously. These screening means 6 comprise a plate of low-resistance material, placed
perpendicularly to the vectors of the magnetic field developed by the inductive element 4, and
formed by an alternation of bands 8 and slots 9. The bands 8 are made, for example, of a
metallic alloy or of polysilicon. As a plate is arranged perpendicularly to the vectors of the

25  magnetic field developed by the inductive element, an induced current I could appear in the
plate if the plate were made in one piece. The alternation of slots 9 and bands 8 arranged
perpendicularly to this current I forms an open circuit preventing the flowing of this induced
current. As this current is nearly zero in the screening means, the mutual inductance that may
appear between these screening means and the inductive element is also nearly zero. This

30 makes it possible to not degrade the quality factor of the inductive element. To be kept in
place, the bands are attached on the outside to a frame 10 which is not closed. A slot 11 in the
frame 10 prevents the formation of a current loop on the frame. .

In a particular embodiment of the invention, the assembly 7, formed by the

association of the frame 10 and the bands 8, is connected to a reference terminal having
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I nductive elenents 4a, _ ) .
quality factor of the inductive element and, consequently, the performance of the circuit. Each

turn {T1,1, T1,2, T1,3, T1,4} and {T2,1, T2,2, T2,3, T2,4} acts as an assembly of four

inductors in series, each inductor corresponding to one part of the turn. The mutual inductance
between two neighboring turns depends on the choice of the directions in which the turns are
25 wound. The choice of the directions of winding is made so that those parts of said turns that
are directly opposite each other are those that are farthest away from the supply terminal. Parts
of the turns placed opposite each other create a mutual inductance that is higher as the parts
are nearer to the supply terminal. The directions of winding chosen here for the turns of the
inductive elements 4a, 4b enable to reduce the mutual inductance, because the coupling is only
30 made to the fourth part of each turn T1,4 and T2,4.
Fig. 4 is a cross-sectional view of an integrated circuit in accordance with a
preferred embodiment of the invention. This integrated circuit coinbrises two inductive
elements 4a, 4b such as the two inductive elements described in the preceding paragraph. Two

via holes 12a and 12b are formed around inductive elements 4a and 4b. Each via hole 12a, 12b
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m ni m ze t herealigeddkere of dwondutiss nateain! mya sgpare haseiand it evalls completednsiriiung lane

degrade the quality factor of t i nductivye, el nt and, conseguently, .the
per f or mance %ﬁﬁ? Wé%%t?" I’E“’tmﬁ‘cﬁg‘[éﬁcﬁva'lhft{ell,zeaﬁ'i, ,aS‘Pf?%‘,tS_, ‘f"ﬂ?"g;ﬁd_‘ 821‘*21,31’,
12,2, 12,3, Bb@hicRfempts &y fesdseklryulion FWculBttUaERES by theSiBRR e eRARRL 4,
i nductor corresponding to one part of the turn. The nutual inductance

bet ween  t wo 4teit girb@mdsdlhess vig hdlep &2 4 2ty enablecto ahivingize thie matwal didustanceshetween
whi ch the tug ar e und. The, choi.ce of the directio of wi ndi.ng. | de
so that thos@®ph%p{ndugyves ?”&enﬁff‘%ggtlﬂgl?e%{? OdE'P?%gF‘TCF 8%%‘3%1 e[a\é\fl éﬁ’c*h"g%{%e “Are
those that aqre@ﬁiearbtyE@fﬁiﬁoay@ﬁ/pahé Qfithe Neye S B laytd MEY. Thewe!via SIES Sre @hffichuatly Wigho
pl aced opposite each other create a nutual inductance that is higher as the
parts are neenseie aopaidnsylapipn petvsemihganductineelamenss ta ark4tanddimiithfgmagnstien
here for the he,i.nduct | n{ s, - :

mut ual 1 nducPSdsEn Berylelf el HBAE AR IrdechBre Bn AR E ik MR B
each turn Tlpadt ¢me idduicdive element included in the ikiegratedl digui nuaydesSnsdatd bnsireeningw
of an integrated circuit in accordance with a referred enbodi ggnt of the

i nvent i off. ~ THEanswhidygommsise snghcyig helsngsy thatdhe miggial induciencss thabmapdp develeped
such as the i 1 t i i i ;
Tao via ol SR HHAGCUBHER @ paROF b BB AP AR R R ChteRRlt g,
Each vi a hol the &2ait dr2 Ininimized. realized here of a conductive naterial has
a square base and its walls coppl et el sqlﬂrround .one _of. the inducltl?ipve '
learg) ot

el ements 4a, 4b. Each I Rl l%ﬁd”T ; the IBYfé‘!t‘O?’ttEe plateind ﬂi"FeY‘Q ‘
13a, 13b whi BethiH @hhdtRIdo AN eRASSIeRhmalhdvidy fhdn@R]. The Barabitit 8acitive ¢6@slinay
the inductive“elenment 4a, 4b it surrounds. fhese via holes 12a, 12b enable
to m ni niSze bedfweamthe plate andulee substmate bethesma haibd between thiydate wed teandustise 4a,

ot oo e Bl TR e SRS EE o BN kRl BB R e DY
suf fici entl yconkidBrably. TREAECRRIARDE inclRIBd af the thtO2htee eictlit\6f thid PesTerirai®
el ements 4a and 4b and |imt the magnetic interaction between these

i nducti ve el @nRasiment|of theapeansipn wikh hen presgetts higlhiaedity facorenent or part of an
i nductive el enent inclgded i Iyt [ ' €| d by
screeni ng neans whi ch pél?)'(r?%? Fggﬁ%ﬁgﬁ%g%%@%ﬁ%f gg,chf::;ﬂ"(r)B rrtT%{ai?‘X? ﬁ]eth%rg(?%ﬁaﬁ%a%

i nduct armges inkgtatethoirchit adeirdihg pethe hetengen Thid cillatu MO0 & istegd®Rito ppsdugant of

an i nductive el enent and other el errentsopresent in the circuit are
m ni mi zed. VYoltage signal Vio having a frequency FLLO whose value depends on a tuning voltage Vtun.

This oscillator comprises an inductive element 4 connected to a supply terminal VCC, and an
~ active region 5 comprising a varicap diode VCD, The diode VCD is biased by means of the

tuning voltage Vtun. |

25 Fig. 6 diagrammatically shows an apparatus for receiving radio signals,
comprising an antenna and filter system AF, enabling the reception of a radio signal whose
frequency FR, called radio frequency, is selected within a given range of frequencies, and its
transformation into an electronic signal Vfr. This receiving apparatus further includes a
frequency converter FC which includes a local oscillator VCO and a mixer MIX which is

30 intended to receive the radio signal Vfr and a signal Vlo coming from the local oscillator VCO
of which the frequency FLO, called oscillation frequency, can be tuned, and intended to
deliver an output signal Vfi having a frequency FI which is fixed and equal to the difference

between the radio frequency FR and the oscillation frequency FLO.
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In a preferred enbodi nent of the invention, t

and .+ bha -
e 1—~ an the—vyia hol e are
t oget her connected to a reference term nal hav 1h§f ?}GtL ’t”rl’a]F“'“NT e parasitic
capaci tive couplings between the plate and the_subdffatehn the one hand,

between the plate and the inductive el enent 8n the ot her and, finalOky0.1999
between the plate and the via hole, are accordingly |limted considerably.
The inductive el ement In thip lffé@éPthC‘?ﬂ’(é"‘?frﬁ%dhea‘f}@dfecqfrﬂéﬁh""’tlu"o?fﬂE“hP%‘“lb’t“@Per red
enbodi ment t r

g 5 o a Tokefet POk akin o E MR ERAEe 9o, Mo SEte Wi Bt hiimdic,
i ntegrated cirequenty BR cmcalisathd iotethediata fregbdnon F1 iEhemdemzt:ﬁlxddafom exarfiide] tsy means

intended to uce a v Ita e 51g havi n afre FLO whose val ue
depends on agr{‘h&]it‘?{@yﬁ}?fp ’é‘&é tﬂe{h?%“%é’?ﬂt I“IO& %Hﬁg?f e Q4P \Arf’{ﬁlﬁl&’i“\fér
el ement 4 cogpgcird réc@n%oséf)@l:ﬁla}ﬁstfﬁlﬁml Hﬁiudyg:swﬁ’ﬂ%r@d%ss@tg lhﬁ‘i?PU@ﬂbﬁH&on rrt]nake

conprising a varicap di ode The di ode VCD"I's bi ased by means
t uni ng vol t age ofthenqutput signal of the mixer MI¥, 6 di agramaticalry shows an

apparatus for receiving radio signals, conprisi hls SHaet B HRE Wk, and filter
system AF, enabling the reception of a radio si g ency FR

cal l ed radio frequency, is selected within a giv ﬂm%m m quenC| es,

and its transformation into an el ectronic signal i ving
apparatus further includes a frequency converter FC which includes a | ocal
oscillator VCO and a mxer M X which is intended to receive the radio
signal Vfr and a signal VIo comng fromthe | ocal oscillator VCO of which
the frequency FLO, called oscillation frequency, can be tuned, and intended
to deliver an output signal Vfi having a frequency FI which is fixed and
equal to the difference between the radio frequency FR and the oscillation
frequency FLO 8

In this frequency converter FC, the choice of the value of the oscillation.
frequency FLO nade by neans of a tuning voltage Vtun, inposes the val ue of
the radio frequency FR because the internedi ate frequency FlI is rendered
fixed, for exanple, by nmeans of a filter system (not shown in the Figure)

t hat woul d be arranged at the output of the mixer MX This receiving
apparatus finally includes a signal processing unit PU intended to nake use
of the output signal of the mxer MX




CLAI VE5: - -

- 1. An integrated circuit conprising at |east an

i nductive el enent, and a region cal | ed aftesiregiios pdirclh nmay i ncl ude
resistive,' capacitive and sem conductor el egrepts, RrerLacu | e the iodLrci9oge
el enment and part of the active region are supe 'nposed conpri sing

e e N

field that the 5 i nductive elenment is intended to dev whi ch
screening neans is placed between the i nductive el ew”ﬁm" Ql"lﬂvae
region and forns an open circuit, characterized in that

means further includes a via hole of |owresistance materi al Wnose wal I*s
surround t he inductive el enent conpletely, said via hole having at

| east one slot over its entire height. . An i ntegrated
circuit as gl ai med inaglifdeBlated CHERE @&B@rﬁlﬁﬂ léa@t atnhﬁ&uctnt@@eI%ﬁ‘feﬁ?'ﬁh@greoxon
means conprises a plate of | owresisti terial placed perpéndicularly to
t he vect or s celed detive region wisigmmiay mcﬂucblrdmtweeqagadtltaﬁnbeemmdwm@cblmemhe

i nductive eI ternati on aof bands

med. b and sl
per pend cut ATTEANSingllvg RICTIA TRt of A B RELE T SOhEBP e W inicerdled o
i nductive el.ga@pis chhiagreRAWAA the iRSnpAIREieaink theaRs PPRRulafifdEhe adfve region 3.
An integrated circuit as clainmed in claim2, Characterized Tn that t%
plate andl froman ﬁecmraagnetnceﬂ@ld@a@ wenm@hvwnme@ttlwtqrxdeétq@erve}oence t er m nal
havi ng potenti al . An integrated circuit as clained
in claim3, characterized | n that as the 20 integrated circuit is
basically farmed by aAsufepfaedicirceinaddlaihyen slaing dCdhafetkizedih thit the $cBd¥ning
resistance material, the walls of the via hole are forned by a stacking “of
tracks, eacHne@ns atgplaced between the ipdugtiveselpmentapd the agtivamegion ad formpaeppegef i red

by the surfage;pf the inductive el ement, while  said tracks are
i nt erconnected pari neter. 25 5. An integrated circuit as
clainmed10n claim 3, characterized in that the integrated circuit

conpri ses t i nductive el enents, the two being connected between a suppl
tem nal \gD An integrated circuit as claimed in clagnl aractenzed in thatt escreem%% Y

means comprise a plate of low-resistive material placed perpendicularly to the vectors of the
magnetic field intended to be developed by the inductive element, and formed by an
alternation of bands and slots perpendicular to a current that could be induced in the plate by

15 the inductive element, the bands being connected to an open frame.

4. An integrated circuit as claimed in claim 3, characterized in that the screening
means further include a via hole of low-resistance material whose walls surround the inductive
element completely, said via hole having at least one slot over its entire height. )

20
5. An integrated circuit as claimed in claim 4, characterized in that the plate and

the via hole are together connected to a reference terminal having potential.

6. An integrated circuit as claimed in claim 4, characterized in that as the
25  integrated circuit is basically formed by a superposition of layers, each realized of a low-
resistance material, the walls of the via hole are formed by a stacking of tracks, each cut out in

one of said layers around a parimeter defined by the surface of the inductive element, while

said tracks are interconnected parimeter.
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and a referen I ng potential, andreach—formed-py-ajturn, said
turns havi ng}i ]u h& iumf and opposite di| &8t Bﬁ%qéfﬁzgrq\ W ndi ng, the
respective pa ng turns belng SE (fh'at are farthest
away fromt he povver supply term nal . 10 6. 0490.1999
oscillator intended to deliver an output signal that has its frequency
whose Vial ue depepasinepratddeireait declaimed ih dhimd, shatdcagiaed dhtheabe itegsdd i n
that the oscillator is realized in the formof an integrated circuit
as clai med iGHCBIL SPPrises By o Rty erchanents, mﬁetWPév@mér?onmr@FeG&@sW%w acsupply dergyna
varicap di O%d%‘?é‘f%ﬁe%@%nhﬁaf &; do;t%‘déifnhl" ﬁnc?éa%g‘?&ne%@ d ke Qﬁlg“i’u&?h&%@' ased
by neans t uni ng vol t appar atus for
recei vi ng raglnmamqma:hchopposnmhrecnmg of coil wmimamm&mspecamjp;fnsldfemdfgmngmrns
enabling_to rece a radj o, signal whosefre | ed radi o 10
frequency, |b§“§é}‘%9€tt%a§ﬁ%taﬁhﬁt @Xff%‘ﬁﬂf‘er%‘a’deé Ygﬁﬁ@@‘all and its -
transformation into an el ectronic si gnal caIIed radi o signal, a
| ocal oscillator whose frequency called oscillation frequency can be tuned
as a functidh of a An ostillaion gitencled sgdslivemnah output sigalrthatm"ds its frequmhey whose

receive the r nal a Si nal com fromt illato nd
e o gl T e o i R et e e 0 P SR iatrerat o B oo i fegligas
di fference RgdweRbrlahentegrated cir@fi & d4iRE4 IQNinAD d)ftuhﬁchot% hétvatrk&hn Hcﬁme@acy,

and a signal processing unit intended to use the output signal of the
m xer, Wi cHeasppuaridapgliqds connected ¢ thedrdustive ddment and antended t¢ be hiaseskley means of
s in accorc{gnce vmtﬂ the oscillator as clainmed in Claimé6. 20
e tuning voltage
9. An apparatus for receiving radio signals, comprising:

. an antenna and filter system enabling to receive a radio signal whose frequency, called radio ‘

15  frequency, is selected within a given frequency range, and its transformation into an electronic
signal called radio signal,
. a local oscillator whose frequency called oscillation frequency can be tuned as a function of a
tuning voltage, and
. a mixer, intended to receive the radio signal and a signal coming from the local oscillator and

- 20  to deliver an output signal having a fixed frequency and equal to the difference between the

radio frequency and the oscillation frequency, and
. a signal processing unit intended to use the output signal of the mixer, which apparatus is

characterized in that the local oscillator is in accordance with the oscillator described earlier,
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