METHOD OF PRODUCI NG RESONANT PATTERNS ADAPTED TO THE | MPLEMENTATI ON OF RF
.PASSI VE FUNCTI ONS The subject matter of the invention concerns a nethod for
producing 5 one or nore radi o-frequencY resonant patterns adapted to th
i npl enent ation of RF passive functions. The invention f m l'ication
notably for producing filters tuneable electrically. Thummmm\ m\m Matter ns
of radio-frequency (RF) passive functions, to often conmwf
assenblies of coils and capacitors for frequenC| es of less than 1 qu nmay
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EI’I nted circuit, for exanple. Thgr pRdsia runcTRINsal so be etched nost often
y chem cal et chi ng, 15 into the conductive |ayers of the pri nted circuit.
'rl'gl S |stthe t echni que the nost wi dely adopted for producing m crowave
tosonaln circuits, $0rf s &Ufﬁgﬁéleéf tRE ieRBb e cohdtrAs b ribthod TBUSrodlicihg known
I npl enment by chem ca tching passive functions (filters, coupl.ers,
resohaéI 05S) ond drhnomrladnceﬂe@uertculresmﬁrﬁ rp@;t;temSpadaé%%& g, imrJemeRtating
rinte
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a Pon requenC| e ess than 1 GHz are nost
of ten basedflﬁ@[Sttbﬁealﬂ@e!B_cctrldaﬂ}(lCtOI’S of helical shape necessitating the use
of hi gh-precision nmechanical conponents |eading to high costs and despite
all this a tolerance on the value obtained that often necessitates an
adj ust ment phase af{gs reBowHACHattetns &if tradio fogqlmdapt(aﬁ)opagw furieionsduct or

Itself or by changi ng val ues of
capaci t os. often CO%S'S nwfeﬁsﬁé%@lhgf;ﬂo% %lfigsdla H‘afér%gﬁ%cﬁ%s% fJer educi ng
fgls;[ ag|n|d| ?;?ﬁ%} J %:gﬁ)é‘:c‘ir sbr@We@%”‘r'sBﬁie‘réiﬂw ﬂh@rﬁi‘m&aﬁ tircuiteSpisdattesf

equi pnent is |ncrea5| ngly COﬂStlt@t ed qftoa stack
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the printed circuit, for example.
The patterns may also be etched, most often by chemical etching,

15 into the conductive layers of the printed circuit. This is the technique the most
widely adopted for producing microwave resonant circuits, for frequencies of
greater than 1 GHz. Thus it is known to implement by chemical etching passive
functions (filters, couplers, resonators) on the printed circuit (microstrip
technology) or in the printed circuit (stripline technology).

20 The standard technologies used for “tuneable” filter functions for
frequencies of less than 1 GHz are most often based on the use of inductors of
helical shape necessitating the use of high-precision mechanical components
leading to high costs and despite all this a tolerance on the value obtained that
often necessitates an adjustment phase after manufacture, either by adaptation

25 of the inductor itself or by changing values of surrounding components such as
the capacitors.

As a general rule, RF power equipment is of reducing cost and
overall size, for ever increasing requirements in respect of reliability. Also, this
RF equipment is increasingly constituted of a stack of cards, and therefore of

30 somewhat plane mechanical structures.
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2 There therefore exists at present a requirenent f [
.circuits inplenenting different functions, includigg filter fgacF{BELEdthe
printed circuits conplying with criteria of small thickness, high ’
performance and | ow i nduced costs as wef| as of technically’easy

manuf acture. 5 The idea on which the invention is based relies
notably on the use of the printed circuit and the production techniques
associated with the manufacture thereof not sinply to support conmponents

but so that the cirguit jtself innl ; '

The circuit is no | Erthﬁrie ea!%xf{ggeagepg%%%qﬁieacg%%@gﬁ&gn@m@%dig%g%ggf s
are pl aced, ifgkRRh8AY Wiffdrehefumenoss tigeluding filter functibne, thev erintedncitoiteer ns a
met hod for. produci ng one or nore radio-frequency resonant P W n a
printed circomplyiieawiiBiasiteraeal smaflHhckngss; %&%Bé@orﬁacha%q E’ sﬁ{edgjé?)

cut ting one plRNG.PAL bEEBmiAIfREsY narifsctliee printed circuit whil st

preserving nmeans for mechanicall'y securing the resonant patterns to said
15printed circuit. The invention also concerns a nethod for manufacturing

et g’ ool TGS BRI ARHLETgen ey poben e of
(r:n(jln?: lng;le(r)ngﬁ nbrgaed. theuif cdicdwiheg psedystion 2GRohNGHes| msgpq{g’eq A Bt t he
circuit is maé‘gé%cgurcei) %géoglrfﬁgﬁirﬁp@r?gﬁk#ggéoﬁﬁ%en B@gsﬁ"%ﬁththbhﬁrcmti nt ed
produci ng cqag¥ Fhplements &ceisid nunatser of functions. Th%rcgrcﬂ(izteis ngelc():negsesr%rsgd fa(s)r

10 a simple support on which components are placed, soldered or interconnected.

The invention concerns a method for producing one or more radio-
frequency resonant patterns on a printed circuit characterized in that it includes
at least a step of cutting one or more patterns directly into the printed circuit
whilst preserving means for mechanically securing the resonant patterns to said

15 printed circuit.

The invention also concerns a method for manufacturing one or more
radio-frequency resonant patterns on a printed circuit comprising a plurality of
layers characterized in that it includes in combination at least the following
steps:

20 a) the internal layers of the multilayer printed circuit are chemically etched, after
which the printed circuit is pressed,
b) a plurality of holes is produced necessary for producing conductive metalized
vias,
c) the metalized vias are metalized,

25 d) the external layers of said printed circuit are chemically etched,
e) one or more of the following are produced by milling: external cutting of the
printed circuit, or of the internal contours, or of one or more resonant patterns,
leaving means for mechanically securing the resonant patterns relative to the
printed circuit.

30 The contours of the resonant patterns may be milled and the edge

surfaces may be metalized simultaneously during the step b), for example.



c) the netalized vias are netalized, 25d) the external |ayers of said
.printed circuit are chemcally etched, e) one or nore of the follow ng are
produced by mlling: external cutting of the printed circuit, or of the
internal contours, or of one or nore r eSonant patterns, |eaving neans for
nmechani cal |y securing the resonant patterns relative to the printed
circuit. 30The contours of the resonant patterns nay be mlled and the edge
surfaces may be netalized sinultaneously during the step b), for exanple.

3 The method e used for.t |
of diverse shapes, E"%Mg]@iyfbfﬂ §§eJ for tfe %rr&d#ﬁéh %gtr%%)ggﬁgggﬁ}hg%@tter "
her ei naf t er dmyseb@nép‘égﬂbérgranH*‘s?)irBrsOdUCt i on of high-frequency planar filters
operating in the band 10 MHz to 10 GHz. 5The inventi&ggftgrther oncerns a

r

printed circuit inclhRimeghashdessribadhereipaftsidngy patise PRIPME IS ng t he
method. high-treqenBF biaiaR it opPelinddy #Y BaRe10MHave RGHee In accor dance

\(/jm' th the inventioh econe nore apparent on reading the follow ng
escriptison of an i Bemwentiemfuripeooorreinshg PRALEJOFIrCUitinEYHEg PBR CAAY'Pn no
way |imti nges%%atnpgatterns produced using the method.
Other features and advantages of the device in accordance with the
invention will become more apparent on reading the following description of an
10 embodiment provided by way of illustration and in no way limiting on the
invention with the appended figures, in which:
e Figure 1 shows an example of a product obtained using the method in
accordance with the invention,
o Figure 2 shows an example of a communication device incorporating a

15 filter produced using the method in accordance with the invention.

The method in accordance with the invention is notably based on the
implementation on a printed circuit of passive functions floating in the air by
direct machining of the contour of one or more resonant patterns in the printed

20 circuit. The passive functions are implemented using resonant patterns the
appropriate external contours of which are produced in the printed circuit. The
resonant pattern produced in this way is not carried by the printed circuit but
forms part of it. It is produced by milling or cutting the supporting printed circuit.
It is characterized from an electromagnetic point of view by the fact that the

25 dielectric of the pattern is almost entirely air.

The printed circuit may be a single-layer or multi-layer circuit or any
other available type of printed circuit.

In accordance with one embodiment, the resonant pattern will have
the edge surface or surfaces metalized to improve its conductivity.

30 If the printed circuit used comprises a plurality of layers, the

production of resonant patterns will include the following steps, for example:



invention wth the appended figures, in which: Figure 1 shows an exanple
,of a product .obtained using the nethod in accordance with the invention,
Figure 2 -shows an exanpl e of a conmunication device incorporating a
15filter produced using the nmethod in atcordance with the invention.

The nethod in accordance with the invention is notably based on the

i npl ementation on a printed circuit of passive functions floating in the
air by direct nmachining of the contour of -one or nore resonant patterns in

the printed 20 circuit. The sive functions are. iml e |
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| ayers, the. prodyction of resanan r i i M- Ng
steps, for %’r’r‘ﬁ“’é."r externally a8 iy ﬁ{aggﬂwxaﬁglcg@g%é %yﬁ%}%gu%ggépglé%hﬁql ayer
printed cirend borbErsCofait Gasdnantpatiech arspatries praydess praduoedh by anitling ader son

killed in the art; after etchi i nternal_| it edngi T ouit
"<t hen 1 cdusaiooni B clarcaiieey o Mearnee ety fis  F Taplrdh Fing "

at this stagg %Q‘ﬁr@éé@%@ho{ B BE Snéalifed) tie ¥R bemillifetieheshtouts)oftther e t hen
follows a drif3 i ng sequence in which the holes are pr qj?a(\:q?gri necessary for
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the contours of 1 esonant pattern or patterns may be produced by mlling
at 10 this giattgms,f the edge surfaces of the resonant pattern are to be

1 i ng Bhe 4R GBATGH Ao Paaa e Bap R e sHs Yrhe e elafsTiRRet e en
of the manufiRs LuRtol FITRS essbinanDdpattérhs,ed portions are neverthel ess left as
mechani cal Sdl;%?]grchgmﬁc%r' e%c?\?ng of the external layers is effected,
e) the external cutting of the printed circuit or of the internal contours or of the
external contours of the resonant pattern is effected by milling if metalized edge
20 surfaces of these patterns are not required or if this metallization is to be
removed locally.
The resonant pattern produced in accordance with the invention may
be relatively complex and the production accuracy is of the order of +/- 0.1 mm,
for example. The minimum width of the cuts produced by milling depends on the
25 milling tool used and the milling tool is chosen notably as a function of the
thickness of the printed circuit. It may be locally reduced to less than one
millimetre for a standard printed circuit thickness of 1.6 millimetres.
The milling of the printed circuit enables production of internal cuts in
order to produce the required patterns with respect to a required device or to cut

30 the external contour of the printed circuit.



patterns, 15c) the netalized vias are netalized and at the sanme tine the
.edge surfaces of the contours of the resonant patterns, d) any chem cal
etching of the external layers is effected, e) the external cutting of the
printed circuit or of the internal contdurs or of the external contours of
the resonant pattern is effected by mlling if nmetalized edge 20surfaces of
these patterns are not required or if this netallization is to be renoved

| ocal ly. The resonant pattern produced in accordance with the

i nvention may be relatively c | ex and the p uct i on _ ac [ f th
order of +1- 0.1 he (‘}Pgéxﬂ-ﬁ%lgg.s qrhgwengﬂg%ﬁ?\(Xﬁ%twt%far?hrﬁg%ﬂf%d ;k)) o%l)ucedeby
ml1ing depgnghpiqee Kfdvreh tHel pérssn sRiflkd Ws ek andsitiar o e netdlimaltion ©f chosen

notably as a function of the thickness of the printed cj it., ]t
| ocal |y redtheemetalizedsdas. nEiererie thereforewior 'aighdaed%%’t aﬁifﬁﬁﬁgflcft'lbf’?h%%dn%?r Eﬁi t
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enabl es pro on of "internal cuts in order to produce the required
pat t er nsswi shch as frecattaahment efjimeerniali pastsor compeNeNtsot he ext ernal cont our

of the printed circiil, 4Srepresents oneTQﬁng?rﬁen?LHffgcfﬁt%r Ir?{hmf‘ed.eggqae()f the

| 5
cuts are netalized H?Fa teéﬂhlque Known e person s ed in the art,
simlar to nRhoek bBplodneihg pattefnstih eherptintbd zE#duit i The. example giventcRBe&Nér e no
hi gh i nduced additiona

| . t f t h ' d gi ' -
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nechani cal 'thdpgrifted @ircGPHPANRAt{ENCtioN. Figure 1 represents one

embodi nrent of a filter prod d by. the,. hod of [ [
Tt ed 1 oui t. THENGERMSNE G BhnEHRuE (ESo0RE AISI0.Y IR 10GB e or's,

gfsgﬂag} Pﬁtr?%téf\g@_n%ﬁ BirbMRe b &hbi plifted | AIRARPPT ATRE édyd lsarfacéstotdthei r cui t
contours 12 have been metalized. The resonant pattern is therefore in large part
in the air, retained by portions 13 of the printed circuit that have not been
eliminated by the milling operation, which from the electromagnetic point of view

15 offers the best performance in terms of losses and the lowest stray
capacitances. These portions or tenons 13 of the circuit remaining after milling
enable mechanical securing of the inductive resonant pattern 10.

The resonant patterns produced in this way are suitable for the
production of RF passive functions.

20 One of the objectives of cutting a set of patterns into a printed circuit
is for example to produce a filter that will be used in a communication system.
The filter or filters produced by the production of patterns in accordance with the
invention may be directly integrated into the printed circuit of the “radio front-
end” function of the communication means, at the level of the various transmit

25 or receive amplifier stages. In this example the principal function is high power
level (1 to 50 W) filtering to enable operation of the radio set, in a situation
where it is close to other sets, in the ultra-high frequency and very-high
frequency (VUHF) band. From the functional point of view, in Receive mode,
the filters function as protective filters in a situation of closeness of the Front

30 end and protect the latter from powerful signals coming from the nearby

collocated transmitter. In Transmit mode, they filter the signal emitted at a high



10The contours of the inductive resonant pattern or patterns 10 have been
.mlled directly into the printed circuit 11. The edge surfaces of the
contours 12 have been netalized. The reéonant pattern is therefore in |arge
part in the air, retained by portions 13 of the printed circuit that have
not been elimnated by the mlling operation, which fromthe

el ectromagnetic point of view 15 offers the best performance in terns of

| osses and the | owest stray capacitances. These portions or tenons 13 of
the circuit injn |l i,n e

i nductive r’%’&ﬂgn\w 3’2‘! S@W{ ?g}m't thegW%%A@ng&%?gF\ﬁraﬁ&wg %Ig{r g‘f}lﬁced in
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The filter Dérln If’er@BB&Hﬁﬁ@ rbt}ﬁetﬂmﬂ\/lHEQ@'HCGH.@rbr@vepaiot@Hnsband accor dance
with the |nve t|o may be directly |ntegrated intQ the cheé‘%d circuit of

the "radso front - enfigufeuc IeRFASEAS t 3 XIMAIRI A a? i HieT R Y ANy e of
the various %&?ﬁ] 2o gﬁprlrﬁéd GEat ‘é§ dﬂ@@hbéd Abovd.aneS mdif pant of ﬁveaﬂtdre t he
pri nci pal 'S ower level (1 to 50 W fllterlng/ ena

oper at i on ofconhetsrdchm mllelloscdlamfy @a@wtﬁncwt@mf twe ippyctive; 1§SoR r set s,

th | t h th
funct onal | DaRRESo10 FRAfREH BRI, i bileliFRUETTHe pHGL detdnedbgm the
protective fdaph@five iweights bbxed ia2) 28 thé osmiatios off whinh Rnehles3feayRNnd
protect the |att ercgaé%ﬂtgr%é];n%lﬁﬂa CCEP alafcgco uﬂgtlér{ ?@pﬁ'&ﬁd&eﬁ%qyan%mohocat ed

transni tOer cepiingy e signal emtted at a 6

level (1 Wap é% We 59 i lmetrfat;bearvu des hwud'rﬁpemcef oft e QGrestiltatey, whi ch
in a S|tuat|on (0}

closeness wll interfere with nearb
The met hod ddrseit) thetiwhideihedtiniag af she §lker in disrasgiRagdy %‘a‘??é‘&roh?‘gﬁowhé‘auency
filters opera Rfits WNIEBndBle @& pababand bf fegure 2
represents E‘@?('gr%)qq%&u%em?%/ﬁ%%gmﬂatgﬁzw r‘y cutting patterns into a
printed cirditet tcasedaesarmmﬂ PaBbgemamagementrfupetion &f eﬂﬁ*é‘eﬂ“i‘% ERPIINEi st s of
two parallel oscillat Ci Gt [ BHLE tHfdndtiRR Gmant
pat t er ns'510 Ws@&%@sﬁﬁﬁ rﬁ)&e?ﬁg‘qﬁ?ib%%'éc':}qcﬁ%%gh:*%d%hgfpatterns are tuned
by capaci ti gnavebeihdl sfvass 22 23 the variation of which enabl es frequency
lo centring of the filter. An inpedance matching function 20 provides the
transition between the 50 S2 interface and the | oad i npedance of the OC

(oscillatory circui Wutﬁ u%tdeWhhlngfﬂréﬁntth@ doopé g thé ihvemtibh) ttés possiblesto
pass-band. A controll coug net work 25 bet w%en the two o %A alory

circuits wilprodnebat shaeespa Battﬁih%lth:ﬁ* WilhBe chpsen Yéh%é!s%‘e?céﬁp K BUS
managenent function 27 CARAid {deve 15wei ght boxes to be
control | &4 o%rljpaﬁu cggglog 819'!:nz(r%cgEIPL(;I1‘IrequEe§nC)§e information and tinme confrol
si gnal s. The patterns produced enabling the manufacture of develope

electrically tuneable band-pass filters that have the following advantages:

e an excellent quality factor, enabling low-noise and/or high-power uses,
e very good control of coupling thanks to the dimensional precision and the
25 possibility of milling complex shapes, and therefore good control of the
pass-band of the filter within the agility band of the filter,

o the printed circuit including the tuneable filter or filters among other
functions (amplification, RF switching) incorporate the resonant patterns
but also all of the electronics and the control system necessary for use of

30 the filter or filters, whence greatly facilitated mechanical assembly given

that the general shape of the filter is plane.



Wt hout departing fromthe scope of the invention, it is possible to
.produce all shapes of patterns that will be chosen by the user according to
the 20final function of the printed cirguit and its use. The
patterns produced enabling the manufacture of devel oped electrically
t uneabl e band-pass filters that have the foll ow ng advantages: an
excellent quality factor, enabling | ow noise and/ or hi gh-power uses,
very good control of coupling thanks to the dinmensional precision and the

25possibility of mlling comle ; her af caQng kg of the
pass-band of the fi qeeF%W'Fsm%ﬁo%%égZ@F?fr{egﬂqg%ﬁﬂgo@ ?ﬁt@erﬁ?ﬂﬁt&, }Btlhe printed
circuit inckiglingptabig have ebiotiofvingtadvaotages! t ers among ot her functions
(amplification, RF switchin in porate the resona ter al so
all of the el ect9enf diofiaa %fé:yc,@% Fgﬁraf%isg?ﬁ h%%%@&gb?ﬁ%%‘}"%ﬂgéa@#%m he
filter or filtersgm,e WRRIEE BnlfeRAidtingaRidi, WHicleats hansw alielecte dssys girven
that the general shape of the filter is plane. 7 The circuits

producedsby di r eevercoe {dssgs and paima ﬁgaY RARACHARFESHt ed circuit notably have
the follow ng .ad% rrlﬁto%g%ﬁét)éof prggggngﬁqh%?gdse@ggm pakte)n SkkpeaCt eri stics

because the reso patterns are nost entirely floating in air, which
|l eads to | ow di efesd produbtiasascusacysef/the atded afsige8. 1aman. ni ni mal stray

capaci t ances, the possibility of produci ng numerous resonant pattern
shapes, goad mwmefiirewoéee'aﬁ%y, of the order of +1- 0.1 mm very

good reproduci i %!rél&tivd vaét fichd 8t ApRcHtiorRér daphple Cdll Apmicatats requirihgr
exanpl e, all applications requiring 10passive functiaons denmandi na_yery | ow
| osses ow hi gh ppassige dunatigas gclemanding very low losses or high powers at Tadio
frequencies, from a few tens of MHz to several GHz,
 a plane mechanical configuration well suited to the current configuration

of radio equipment, often constituted of a stack of cards and plane

modules,
15 e de facto integration into a printed circuit able to carry other active or

passive functions.



frequencies, froma few tens of MHz to several GHz a plan [
.configuration well suited to the current configuraiion gf r:drgcggzzgﬁgnt
often constituted of a stack of cards agd pl ane nodul es, 15 de facto ’
integration into a printed circuit able"to carry other active or passive
functions. 8 CLAIMS 1 - Method for producing one or nore radio-frequency
resonant patterns (10) 5 on a printed circuit (11) characterized in that
it includes a step of cutting one or nore resonant patterns (10) directly

into the printed circuit (11) whilst gr vin '
! g neans (13) for nechanicall
securing the resonant patterns to sai%)l'gﬁlﬁgnt ed circuit (1)1). 10 2 - Met hody
for producing one or nore radi o-frequency resonant patterns (10) on a

printed circuit (11) conprising a plurality of la [ [
prir _ ) _ yers characterized in that
it includes in conbination at |east the follow ng steps: a) the internal

layers of the_miihbl F¥EproRULRGSSheChr fidd radi ' |

: - ; radi6-freGeshsatdspnatic maft®r wh

the printed circuit is tE)_r esseg, 15b) a pluralj P o?aholpes |ﬂ;amr odﬁc(gd eh

necessar lys f @n pptittedi argutt dhueharaceriradanithaidt \Picﬁ‘éi,es a sigp qﬁgtt'ﬁgtogf’iozred vi as

are metall Zengiicbre resonant patterns (10) directly into the printed circuit (11) whilst preserving '
means (13) for mechanically securing the resonant patterns to said printed

circuit (11).

10 2 — Method for producing one or more radio-frequency resonant patterns (10)
on a printed circuit (11) comprising a plurality of layers characterized in that it
includes in combination at least the following steps:

a) the internal layers of the multilayer printed circuit are chemically etched, after
which the printed circuit is pressed,

15 b) a plurality of holes is produced necessary for producing conductive metalized
vias,

c) the metalized vias are metalized,
d) the external layers of said printed circuit are chemically etched,
e) one or more of the following are produced by milling: external cutting of the

20  printed circuit, or of the internal contours, or of one or more resonant patterns,
leaving means for mechanically securing the resonant patterns relative to the

printed circuit.

3 — Method according to claim 2 characterized in that the contours of the
25 resonant patterns are milled and the edge surfaces of the contours (12) of the

resonant patterns are metalized simultaneously during the step b).

4 — Use of the method according to any one of claims 1 to 3 for the production
of resonant patterns of diverse shapes, bars and spirals.

30



d) the external layers of said printed circuit are chem cally etched, e)
one:or nore of the follow ng are produced by mlling: external cutting of
the 20printed circuit, or of the interngl contours, or of one or nore
resonant patterns, |eaving neans for nechanically securing the resonant
patterns relative to the printed circuit. 3 - Method according to claim
2 characterized in that the contours of the 25resonant patterns are mlled
and the edge surfaces of the contours (12) of the resonant patterns are

metal i zed si_nult anequsly . .during the st a4 -
according t 3 a%e&ﬁgh%ﬂeéq\%c{ ﬁ%gtf[dlpg t§ eﬁﬁ?'b%fh%a'ﬁnrsoﬁégg iqérn{%‘ep r?@é&c}ﬁgn%f
patterns of pilingehigh-Bépresy fihéissoperatirgpin tied band 90 $Hz s®0 GHzt he net hod

according to either of clains 1 or 2 for the production of planar
hi gh-frequency filters operating in the band 10 MHz to 10 GHz. 6 -

Printed cir@ulprinhaf Gl dnapskterizddintthatit intfldedameosremore radi@frequency
radi o-frequency 5resonant patterns produced using the nethod according to
any one of cesanant patteyng produced using the method according to any one of claims 1

to 3.



