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The invention concerns radio- frequency devi ces operating {n the
frequency bands and in particular an iﬂrpedance t ransf or ey —for wi dehane*RF
anplifiers. 5Radi o- frequency (RF) anplifier circuits enpl oy [
mat chi ng networks (al so known as inpedance transformers) in opﬂwmmmm "”,”mm
optinize the - transfer of power between an RF source, RF @ fier *G00002*
‘transistors and a Ioad I{F these T
i npedance transforners gb@%ﬁ% ,;@%%W‘fﬁ?ﬂ% %’F transm ssi on
lines that often take the form nect ed coaxi al cables. For
- exanpl e, w.deband RF anpl ifiers use, notably in the case of high powers,
transi stors connected in push-pull, each having a signal input and a )
bal anced power RF output. Their RF i nputs and outputs have inpedances rruch---
| ower than that ”{a: S f
i npedance transf gtnée*rﬁgegtt% n%g% IJ’a%%ni{d%(glﬁgtn%gt ek@g?r?ggg%nwﬁhe%rv%ganm stor -
t heref ore pRBYddihdiaswsasy b@ad%@ndu iR Raftiey @r ﬁnrtmtpeda@cfeetramformerefor :

Figure 1 |5wmeﬂ;uagwmmbnme enbodi nent . of a typical push-pull RE

i f t age sfor lifier stage
' ofmfPl Igulr grl Z ?gcl %%dengejag%g%[F?l?) %’F‘p[]fe%fn%rcgtt%FE‘pAoyztS”%et%”éeEﬁ ﬁ@@?ed in
- push-pul I, aetworgitalse &neworaseimprsiaane teemstumers) intordesfooppimizesthei th
S symetri cal trbﬂéﬂa‘ﬁ éf ﬁdfﬁer%gtﬂb'é§ ahCRFagé‘t[%et Re dnﬁ'pﬂfﬁbr ﬁ‘Qﬁ’&%FsOé'ﬁd Lnpgdances,

respecti vel npl | st a means of an in al un Be and an .

_out put bal uﬁ’ §§e caae q%vff‘”ﬁﬁp?ﬁ C&Yf@th suttye |"n%‘et?§ﬁ€et§£’3§%°rmf’éstefrﬁn5| stors
A and B. Thgenerply ptmiluuad Bathahe atdtef warigmissiballines Btatrmftemtalee e foempective -

connect i Qns opatNESThdNg éd}ﬁfél@ﬁﬁlég input E and output S 'of the anplifier

and t he .bal anced accesses o e transforners.
- Igor example, wideband RF ampllfrers use, notably in the case of high

- powers, transrstors connected in push- pull, each havrng a signal input and a |
balanced power RF output. Their RF .inputs and outputs have lmpedances '
much lower than that of the usual 50Q transmission lines. The use of
15 impedance transformers at the input and output of the amplifier transrstor o
therefore proves necessary to obtain an optlmum transfer of power.
Frgure 1is a diagram of one embodlment of a typical push- puII RF
‘amplifier stage using such transformers '
_ The amplifier stage of flgure 1a includes two amplifier transfstors A
20 and B connected in 'push pull an input transformer Te and an output
 transformer Ts with symmetrlcal inputs_ and outputs to adapt the input and
output impedances, respectively, of the ampllfrer stage, by means of an input
balun Be and an output balun Bs, to the low input and output impedances of
the transistors A and B. The input balu'n Be and the output balun Bs provide |
25 respective connectlons between the unbalanced input E and output S 'of the
amplifier and the balanced accesses of the transformers '
_ A generator with an impedance of 50 Q applies an RF signal to be
- amplrfred to the-unbalanced input E of the input balun Be formlng the |nput of
the amplrfrer The unbalanced output S of the output balun Bs formtng the
30 output of the amplifier stage is applied to a 50.Q Ioad
Note that the term "balun™is a contractron of the words BALanced
' _'and UNbalanced.



~internal conduct

A generator with an inpedance of 50 Q applies an-RF signal to be anplified -
to the unbal anced input E of the input balun Be forming the input of the
anpllfler The unbal anced output S of the output balun Bs form ng the 30

out put of the anplifier stage is appllgd toa 50 QI oad. . Note that"
the term"balun”. is a contraction of the words BALanced and UNbal anced. 2 -
. Figure 2a.is a diagram of one exanpleof .a prior art coaxial line
i npedance transforner . The -transforner in figure 2a ef fect's

i npedance transformation from a hi gh-inpedance access Eh to a | owinpedance -

access Eb, and i nFighies 2exianpldiagram pivpee axesns’ Otffaepa@ceﬁscqamaldeOQ and
the i nmpedanggyp égartcaeraagfgﬁ,s@r Eb. |s 12.5 Q The transfornmer .in figure 2a ;
i ncludes .two coax thcaract r|st|c ”%@g e Zc

bach 1 nel udi ng.anRhHBPIETMEJGEDPE &SR PR AR o8 G
surroundi nghghlempedencmlacceosnﬁtcttora |0 @Fimpetancd |a|¢eesst_|Eb Landarire tbisnnect ed

-~ in seri ©% OBxABIhENmEBEANGEIRCARRSs Th & 5’@%@9 the ul%ééérf%' ofie! he

| ow- i npedance access end, ance ‘access- -
si de. of theaf’?‘%ﬁfs’f%l‘%?5Qh@%if?@?@ﬁﬂ%@d&ﬂ%%@?s‘”@éd%ﬁ’f t\"(cPt@O@’fAé' Nefes Li. L2 .
are connect &d, tageitthehamitbristis Sinpbyariae Acrebénecasen rafeg ah, mfeonalexarrpl e
ground M dapc S o t he
Ceaf ol BREUBRCBLRHRASFond ! €% urdchighb W OhBEa (e
conduct or CEORRUGHPfe ot her Ilne and vice versa. RF signal input and out put

are effemt ed i n bahaneednsode, M2 ard benriatfed i‘rhtéd’rié@orﬁm@dugfﬁ-ﬂhﬁe@nc@f t he

coaxial i N&8cess Eh S|deqand m}%?al e”Bﬁ‘f@Fot%%ﬁﬁﬁéh%fn%g%{&%Qs ItEB%de TOPTH%I ns '

- fixed, theoréetically e e ‘case 0 P 3NST oPmer:
- figure 2a. -end, on thghkighrdepedaricer a¢ceasshside kaf tézeoumsf@mercmeatermalnes (not

shown i n t hgohd @ise)CELopkagotings Pandniaed bomectétﬁtogtem&faﬁa MRsiby tee W dened -

he | owf d f an RF
ol 151 o " ISR niBRial o Gre Rl b O bt Ao « o)

.an i nt egtaat endecofrdm trapefonineh theointeraak cendudon €i b:é mmqrmédhedlnea sush-pul |,
an input tragsiss®to tHe é’aﬂgrr%f‘c&‘\’dd&%r E& JHOBIRE 1id€ aR8 Vick {&8afRBuUr € 2a.

di agram

signal rnput and output are effected in balanced mode- via the two internal
| conductors Ci of the coaxial lines. - _ .
. The |mpedance transformation ratlo remains flxed theoretlcally equal
20 . to. 4 in the case of the transformer in figure 2a.

' The use of ferrite blocks around the coaxral lines (not shown'in the -
flgure) enables the- bandwrdth of the transformer to be wrdened at the low-
.'frequency end." - B :

_ Flgure 2b is a simplified Iayout dlagram of an RF amplifier stage.
25 : The amplifier stage includes, on a printed circuit 10, an integrated
circuit 20 with | two. transistors to be connected in push-pull, an 'input :
_ transformer T1and an output transformer T2 as in the figure 2a diagram. |
, The input transformer T1 includes. two lines Le1 and Le2 connected
~in series on its hlgh impedance access Eh side and in. paraIIeI on its low-
30 impedance access Eb side, as shown in figure 2b. The mternal conductors Cr"
" of the two lines connect . the_.lnputs e1, e2 of the two transistors ‘in the
- integrated circuit 20 via a matching-unit 24. = o
The output transformer T2, constructed like the mput transformer T‘I
lincludes two' coaxnal lines Ls1- and Ls2" and is connected -by its low-
35 .impedance: access Eb to the outputs s1, s2 of the transistors in the integrated-



The knput transfor mer T1 includes two-1ines Lel and Le2 connect ed in serles
on its high-inpedance access Eh side and in parallel onits |Iow 30
i npedance access Eb side, :as shown i-n f| gure 2b. The internal conductors (@]

of the two lines -connect the , inputs3el , e2 of the two transistors in
the .integrated circuit 20 via a matching-unit 24. The output -transformer
T2, construct ed Ilke t he i nput transformer Ti; ‘includes two.coaxial |ines

Lel and -Ls2 and is connected by its | ow 35 |npedance access Eb-to the_
outputs sl ; s2 of ‘the transistors in the integrated .cirouit 20, its o
hi gh- i npedaniteuib2¢disshigirirhpédanceraceasie Bh theirgeintamard do bé coonectbdaal athat is

not shown 'lbéd"lﬁal‘rh%ﬁhown |n theﬂ ‘LI]P@ lines Lel , Le2; Lsl , Ls2 of the :
transforners Ti, ere reducet eirt overall size W|th|nthe_

amplifier. 5The ff'@%?@esz et’ E@Z n%fntthedé‘? B8 dd. ddaRieatoitene
t r ansf or ner sefestogkdlte tbiferrtdveratlastzb withiedh& arripdifigr., whi-ch i npact on the

productign cost apfl fifiGre Zibvﬁlf)éle!mb%dﬁﬁenmiftﬁleld do'axlafnr%':nan&[) dttrg'r%

anplifier st agI ance -
tr ansf or mer § Stllfdhe hapg-wited \@sbuivhish ENRass OBrtl‘?IPéCdjL@l'@%GP%tsaftdothleepl ace
‘the coaxi‘al olémésizeTaboee alif & [épgth) oflhe.ampiifigr stagh. enbodi ment's and sonme are-

COME C al.l y. aval Jl'?hrlnﬂ thg%erfaﬂ 4@004%4 mﬁ%%b%‘ﬁ"cgtt%fw f@prgg?sbgér%e?ﬁlq %HdeSt '

power s. € basis of'
whi ch the’ aév&nda@erﬁs @rrsetnﬁletqﬂorwﬁedo renlace thercamxial lines. ddste AtRevery

Figures fa anshy3Bu@l @mbRIBeh® 8hOSErSE Gk OforAM@rdial gelaeéﬁl%tbllémb&f t@-15 prior *

‘art enbodi nent an, i.npedance transfo descri bed by Georg Boeck in.
0- 7803- 9342%% gﬂ?’ 8?8’(% a@ d’emtepowers The inpedance transforner in

figure 3a i's pr odOobfdworpaItlmlat e*amrdes wili he eited orc thet ba9ds wf whidhothe

- netalized | BpARabdd GUhalhbLAGH RRLh il BE G683 type Iines. ' 20Fi gure.

3ais aviewin c'r_osssctrgn3 VJ)rrnte circurt with four
igures 3a and 3b are vre S in cross section and in elevation of a

t5 prror art embddiment of “an impedance transformer descnbed_ by
Georg Boeck in 0- 7803 9342- 2/05/$20 00 © 2005 IEEE. | -
The |mpedance transformer in frgure 3a is produced on a multrlayer
‘_ :prlnted C|rcurt 30.with four metalrzed Iayers integrating rectangular mlcrostnp_ :
_ type lines. :
" 20 . Frgure 3a is a view in cross sectron of the prrnted circuit with four.
layers in an area including lines with-an |mpedance Zy of 259 and Irnes with
- . an rmpedance Z, of 50Q. _ : |
~ These rectangular coaX|al lines may have rmpedances Z, of 25Q or
) 50Q dependrng on the chosen disposition, thus enabling mtegratlon into a
25 500 circuit of the transformer that uses 25Q lines.
Figure 3b is a plan view of the impedance transformer from flgure 3a. -
The microstrip lines are mterleaved ina spiral in order to reduce their overall ”
_size, which necessrtates numerous  crossings of lines compromrsrng_
pe'rformance -and power ratrng Vias 32 interconnect the metallizations of the |
© 30 - various layers of the printed circuit.
THe embodimernt of figures 3a ‘and 3b is surtably only for uses wrth a
" very low srgnal level because of the splral topology used, compromising
performance, notably in terms of insertion losses.



*layers in-an area including lines with an inpedance ZL of 25Q and lines
wi th.-an i npedance ZL of 50Q - These rectangul ar, coaxial lines
may have i npedances ZL of -25Q or . 50Q depending on the chosen disposition,
thus enabling integration into-a 25 50& circuit of the transformer:that. -
uses 25Q lines:’ Figure 3b-is a plan view of the inpedance
transfornmer fromfigure 3a. The mcrostrip lines are interleaved in a

spiral in order to reduce their overall size, which necessitates nunerous'
crossings of lines conprom sing. performance and power rating.. Vias 32

. interconnect the higued #& aa perspeofivet Yiew3d anattieo psiot ay embodfmerteof@ni nt ed
circuit. - impedantg® tr%ﬁ?@%gﬁnf:ig%ﬁe‘;ﬁtg%e% 3%@25’ gﬁsbsféfgllohaglf-yth%nl y for.

uses with a, ‘very |ow 'signal |evel because of the spiral topology used,.
conproni si n&a%WfB%'ﬁ'%é%%ﬂ%m y in terns of insertion |osses. -

- Figure 4ais a pelnstheciigure 4ai embodinambttine prqbiérarofanang shisgingeiiiiesodf an _
i npedance. .t gan il GUE ) 4.S - i®WA Q. CLASS . i f the R
tr_ansforfr‘jerE@?ﬁﬁéﬁﬁﬁgfﬁgiﬁ&"é? 3a -%r%jvt:ﬁ)e_d*)lgs u'ﬁcge{ %E{E_%%é(pc%pﬁ%n?ft %ﬁe probl em
of many cro§§1egiMemderelpgy hasedan daiingin Pabof tiaghs Eyming liprs Bintdess not

‘ari se becaugksidpeamoahigGmidiret trdrxperhgyn hgsed 4l & Meludebai double-t racks -

a andoab | SRFbaabb e bR fie b or BBl seocn b AR ERITEL bR o both

- faces forni Heesitbrlgsintargonngsied bineendurtive ransitierschatween éabesy  conduct i ve

. transitiqns bet weehe figeesa dABB@NTNIHcRIgda: enbodi-nent incl udes:. L. - a
"~ conductor (or nmetallization) 308 on on ce 44 of t strate 40 and
anot her. conduct or~ 3£8" ‘é‘i?f’hé‘_’%’ﬂ%taﬁ??gqnﬂogrf?% AR oeHare pgccg%ﬁ% Sb‘gsﬁ"’ﬁt@ S
substirat e 480tand enatheheohducior BA G Hagpeal the dirssam the bthee fadg 46 &f thecond

mcrostrip kiipardie 40n6 kot @ MR- SABERIEERTo$tAP ide et al | i zation) 304 on.the
face -44 of the substrate and anot ger conductor: 316-facing the first on the

other face of the 3ulSEEPRHt e MUGOBEPT din thve dcdusion uoDe s IRPEUCIAR c(Wst ri p

| i ne L2 sy mmatallization) 804 e the fade 44lof the substratt arenendther &dhdottor3ae
substrate, - (X : Fofe) - 0 t > face. 44.
i the subsi T WESNSFER 0 i, GEIRK i Sabeirdly 4005, Bini (18 BRF 1BCS 3

( hi gh- inped8hRRELREERHER Jine LA $Vimeetderldo 8te ikl bonduct ors 316, 312 on the
other face 46 of Ahenéub@Boadfﬁhé@umtﬁaté,oﬂhﬁeﬂ:‘deeéwd@@iﬁﬂhbQ:TontdQ%tBQf 308 port ﬁ
or common: pgjApt: AL the er 0f~t he substr at opposi te the
first:end 5§pﬂ_t%e-theen%an3? f@%ee%gpcﬁahgt%lrbgg%&? %? o?ﬁrée :#W%é'nfiigni?hﬁpmace- 44 of
t he. 'subs?d aseraoingH PeRe 253 ethibhoimpgsanee nensesess)3 Bedothet Red$ iafiethel on t he -

ot her face 4én@ictéroe318UB3L oAt tBe4iha facs ABNTehEdubaERE er ark & oRReSdlPUt port
2 and the e d-g{1 tfhﬁ condugt-or 312 of the line L2 on the other face 46 of -
t he subst'rao@_e R ﬁ?rh@%ﬂﬂﬂ(?‘t” r 308 of -.the line LT on.the face-
44 of the subst r ahetharatheramdeesttbel subgieatt &2 appoaitgpthet firgt ertch80,dbe esad1l and 2

- form ng theopeaddnalicloP 8ok BPEEARMEL2 on the face 44 of the substrate 40 and the -
' 25 end of the conductor 316 of the line L1 on the other face 46 of the substrate
_40 are connected tbgether to an output port 2 and the end of the conductor
312 of the line L2 on the other face 46 of the substrate and the end of the
conductor 308 of the line L1 on the face 44 of the substrate are connected |
~ together to a pbrt 1, the ports 1 and"2'forrhi'ng' the parallel .IOW-impedance
30 access of the transformer in figure 3a. . .- - . '
' This other embodiment of figures 4a and 4b, although it enables-a
gbod power rating, has the drawback:of being bulky and, furtherrﬁore'the
.'.impedancé transformation ratio remains fixed (theQreticaIIy'_equal to 4). |
To reduce the volume necessary for inStalIing an RF impedance
35 ' transformer the invention proposés an impedance transformer o‘pérating- in



~one jnner | &Rt

30 access of the transformer-in figure 3a. - -. This ot her enbodinent of
figures 4a and 4. 1D, al:though it enables a good power rating, has-the =~
~drawback of being bul ky and, furthernore the inpedance transformation ratio-
remains fixed (theoretically equal to #). To reduce the vol ume necéssary

- for installing an'RF inpedance 35 transformer the invention proposes an

‘i npedance transfornmer operating in the VHF.and UHF frequency bands havi ng
-a parallel |owinpedance access. Eb and a serial high-inpedance access Eh,.
- both intended-to be connected to a printed circuit, characterized in that
it is constihaVEF aid BHRUfrequenggbaods chawmgtmparayelalow-rhmegaecolacéess its

connect | on 9 drda BBidlHish-fbinbe aBbed AR bdIAENAGY RS ik odrldictf 100Ut e

| ayer separat ed %*oma second outer [ayer of the sane t |c ness by at Ieast
Cffllckness at | east four ‘times greater than the“thi ckness
of the outer | ayeclsaraeadbedirt drat litaig edonkttutetof aomurelagbi ziesliff lkpvdsg a0 form

~ electricy ét&é? rslts g?hrte'&t@ﬁ X héc gﬁﬁted 'E?HcH‘f“ét% th%%%%?éﬁjsaglf‘?&t riccal 10

conduct or an an ex ace 1 nc an ex‘t conduct or -
“facing the iOHteéH%ﬂr S@Pétﬁtw Fam 2 saeend wtef J?YP()PH"@ $Aree dyckngssityn@t on each
of the two te#seroreayeres, layée oifVW|th6§S)%1trlb§st| fowestihes ngreaierm@EAI Bl Wi th

ot P aTGESRT oY BORe Pyt b R o BRIABSSadS bhe cnas
of the nmiecr éara ﬁiﬁclmqaé§0néu¢t@l§p@¢t Injernel éager inchidingoaneoternal ¢eciviean 't he "end

of the it echRIUONEHE R leerrﬁH!efaBe Qﬁ@?dlhb Part ik rAddeibBRic8Ndoiiucidie
St.ri

- external co duct@] Otf th | i ‘f fg ne to I_g)noduce t&} ]p rall el
| ow i npedantEEELEJECEIF! €eC rfcag FeNJuLlendg t"hérmle&t e Qf each @ Wecr o stri p
©lines, anot hee oRErddyers, rthea\lvomommp lmesbmm@eymtrtwlcelhdsthcrésmém to-at er nal
- electrical eapgdchahe %tﬁe“%dlﬁ\@yé? Efrﬂ.ﬁ thllle‘[ 't@sthet thQFr%‘tiLl’EGeﬁt hgeserial,

“hi gh-i npeda access e mcrostrip lines, .
respecti vel V‘ﬁtr'tﬁYeifdt'rﬁﬁ't A al el | ow i npedance access . Eb and the serial
hi gh-i npedance accastve Ertindendg of thedmctdimmb dings,sa despécttvbeelauht:all ayer

circuit anchhr?éttﬁohcbe‘?\%ehr%é]@hd P tljlé mt%rntahgor?d?{c%re& He ﬁt?&ggtﬁhtﬁ’t@ wi-th t he

‘prlnted circ Ines a ageousl y
have i npedaﬁﬁééh‘?/éf‘%%(ﬁhfb%@f'@§P0@lll‘§ﬁ°'b@ft\N@éﬁh‘?w@iqm?ctwo“éﬁd@ Predneea l'ow

‘i npedance t thepdraliél ibwirepedetcd atcesslgn, t o modify the i rrpedance
transfor mat i on ratét the facmg other two ends of said mlcrostnp lines, another
' 20 electrical connection between the ends of the internal electrical conductors of
' the two m|crostr|p lines, to produce the serial hlgh |mpedance access Eh, .
both' ends of the mlcrostrlp lines, respectlvely lncludlng the. parallel o
low- |mpedance access Eb and the serial high- lmpedance access Eh, being .
o on the long side of the multrlayer circuit and close to each other to limit the
25° area of connection with the prlnted circuit, : : :
The symmetncal m|crostr|p lines advantageously have impedances .
~ varying progressively between their two ends from a low impedance to a high
“impedance in order to modify the impedance trénsformation ratio. -
' In one embodiment of- the’ |mpedance transformer for technology'
30 reasons, the inner. layer-is constituted' of two superposed Iayers to- form a
perfectly symmetrical multilayer circuit with four layers. ,
' In another embodiment the electrical ‘conductors of the mlcrostrlp_ _
_ lines are at least partlally of serpentine shape along a common’ axis XX’
_ parallel to the.Iong,snde of the multrlayer circuit including the high-impedance



width to obtain

1'n-one enbodi ment _of the. i npedance transforner, for t echnol ogy- 30 reasons
“.the inner layer is constituted of two superposed layers, to forma :
perfectly symetrical nultilayer circuit with four Iayers In anot her DR
. ‘enbodi nent the el ectrical -conductors & the microstrip |ines are at _I east
partially .of serpentine shape along a cormon axis-XX parallel ‘to the Iong_
side of the multi.layer circuit including the hi gh- Jrrpedance ~ access Eh
and the | bwi npedance access Eb, to:-educe the size of the multilayer
cirouit. ' I anot her enbodiment ‘the widths of the external and
~interndl ' casdest GBhsanarthe powgmesdane pccﬁessnEbna? oédlgdbﬁtrre eizdsoft Ithlet hef ot h?ar
. al ong. t heni es, froma certain initial width to. a smaller fina
h %@ﬁlbgt%lﬂcpg ressive variation fromthe | ow i npedance to the -
. hi gh i npedance of rtt?é'ofﬁeér%@PPij'ﬁtqfttn@§ widths. of then extasnale andnintetnaient -t he
el ectrical  condustber earpfprogressively dasns loPe'dfﬁﬁérr:eP@sW@%e eﬁrerﬁc%n?ﬁ ﬁtglt u]d: L;t
 parts.-perpe r 0 nultila Cir
!tohe engs dgf '?rth%gtr III—ie(rgl ?:rgﬁ] %oénégt& g‘?t'sa? '%tEﬁH %smah P/ﬁlﬁt widt n‘ﬁe‘ot%tﬁ@e access
Eh and t he |Wrcrq5e%ﬁa\rﬁ:éarﬁ@esfsorebhe I dopedarne to, therhigh frpedariageofof the-
hi gh- |rrpedameenmc§tﬁ§ lifBs.and the low i npedance access- Eb, .of serpentine

| o of the multilaver -
~ Shape along an axjes oneP Arilddhe o " glectisal Bindicis b orkPover ¢ he o

portions. ofinghiackidectrical -conductors of serpentine shape. - . ln
-anot her . gymbodi nment stfah@ht' %Qpﬁhg%eﬁgeﬁd’tﬁtlé‘“ tthleallﬁng Gidd O¥ithe WGhHAS -
respectlve cut edance access and t he

20 | oW i npedg?fdg lﬂ:‘ﬁ@% thﬁ '?)qs d’gptt‘ﬁ ?Jeﬁta't??'nﬁo Repfdrsptormingethe dighre | ong
si de, said gupedrrcs weesengraoduned:w-mnd»amneemoms Emder -t he transforner,

- for. any. conponent Ss&ighHaifd Hnetrst]}ﬂ@r Qird'ergfetge(h'ggrcﬁted(ed%ﬂ!: %cge]s%\r']\ggas the

.rrother boar tovr/n ch the tra or mer econ
‘I'n anot her- bbb FSEap fR aeeRsE ke €% sgipeation Sbape pleng @neaxis é%ewalle 25 100
“gm ‘the i m(mssng)tsrdtemthmmrnré;@yerrcmel ng 1600 p.m .-

_ - straight third portrons parallel to the axrs XX over the portrons of the a
i electrrcal conductors of serpentrne shape ' ' : o ,
. ~n. another embodiment the long. srde of the multilayer circuit rncludes‘ o
a respectrve cut-out, on elther side of the hrgh rmpedance access Eh and the - *.
20 * low- rmpedance access Eb, of depth P havrng edges paraIIeI to the long srde N
~ said cut-outs berng produced to leave room, under- the transformer for any | o
‘components situated on the prrnted circuit (also- known as the mother board) R
- to-which the transformer i is intended to be connected '
o _ In another embodrment the- thickness of each of the outer layers is
25 100 pm, the thrckness of the inner Iayer berng 1600 um. _ ' -
L in another embodiment the- Jinner Iayer is formed by two superposed
rnner Iayers each 800 um thick. -~ S .
~In another embodiment- the transformation ratio Rz between the . _
_ ) lmpedance of the high-impedance access Eh and that of the Iow-rmpedance _—
©. 30 access Eb may be in'the range. 210 9. :
B - . The rnventron erI be: better understood in the Irght of the descrrptron
' of an rmpedance transformer of one embodrment of the |nvent|on given wrth
‘reference to the appended frgures in whrch , ' _ R : _
-frgure 1,7 already - descrrbed - shows : dragrammattcally an -
_.3'5_ _embodrment of a prror art push puII RF amplrfrer stage ’ o



- 'I'n anot her enbodr rrent the i nner- Iayer S forrred by two , superposed |nner
~layers. each 800 p. mt hi ck o | n anot her embodi nent the
transformation ratio Rz between the mgedance of- t he hi gh-i npedance access
Eh .and that of the | owi npedance 30 ac ess "Eb may be in the range 2 to 9.
The invention will be better understood in the +i ght of 'the descri ptron of

~an inpedance. transformer of one enbodinent  of the i nvent i on given with

reference to the appended figures, in which: ‘ L i figure 1,
al ready descri bed. shows di agrammatically an. 35 enbodi ment of a prior art
push-pull- RF anpl i figere 2a,ajready. described, is: afdiaguam e prdrrarhdyaxialdiser i bed, |

is--a di agrﬂﬁb&j‘an@eﬁfalngforﬁ,@]; coaxi al |ine:i-npedance transforner

' _frgure 2b-a|reay descri asrrrplrfred out dj agram of- an RF_'

* anplifier stage, ~fgure % a'rrgurfisscgee%da aﬁynpy{qoégwutdjé@pnb%f@n BFe |
" CroSs- sectrenmllrfrerruflageront views of ‘a prior. art, enmbodi nrent of an rrrpedance

transf.or ger,’ - fi ures ?b%‘nrde&flaalre%by%g}fr Regks. se%tranafea{n%pf?c(}nt' ve -view. f..

- -of ‘anot her errbodr me rior ance %ra nsf
figure 4b, XENSLip Rr@é@rh%ebod'msnhof@rbwe@eewtrﬁarsform%w or the 10 :
transformer from ffigue edetaaiready describeld, gur @spdrspeniiie Sear of raeﬁ)pe&tlvel y ‘a

. bottom.vi ew ﬁg%éﬁt%f%co‘r.ogtﬁ’n%péﬁa&% tfarfas[fcfh%r”er of the'inventi on_:_

|nclud|ngarru ure 56 is-a partial
cross-secti onal ftSWT@f‘“t halready tdesagied, cisr @urCEOSQfsetCh@nalr dRYf of ntbe from

“figure 5@, &5nsfbrrg@rfe§m f.@dream 5e ‘show t he i'nterconnecti on between
“conductors O the ransfaormﬁ rom a,, bb a
Bf b

figure 6 is a sinmpf4¥regd? eachrr%"%lfl'éW@r daf?"hﬁ'ea’nﬂfqp? fré’Pg‘é'te‘é(gcg. -
i ncl ud| ng t he Rfr aarsﬁfoﬁrmm’rofcﬂfe inventianvieniuding & moitildyieg gireuith. :

_ - flgure 5c'is a partial cross sectronal vrew of the. multllayer crrcurt of T
} the transformer from figure 5a, _ i . L
15 - frgures 5d and 5e show the. mterconnectlon between conductors of
| 'the transformer from frgures oa, 5b and 50 and “ IR _ -
_ - frgure 6is a srmplrfled perspectlve view of an RF ampllfler stage
.including the transformer of the invention from frgure 5b '
Flgures 5a and 5b are respectrvely a bottom view and a front view of'f_
20 anRF transformer of: the invention rncludlng a multrlayer crrcurt '
' Frgure 5cis a partral cross- sectronal view of the multrlayer crrcult of' N o
the transformerfrom frgure 5a. : Lo . -
) ~The. transformer from frgures 5a and 5b rncludes a rectangular' -
_ muItrIayer substrate 60 of Iength L, helght H and thrckness E, having two
Y _ parallel Iong srdes 62 64 and two short sides 66, 68 perpendrcular to the,‘
' long sides. . T
In this embodrment the transformer rncludes three superposed-. 3
“layers (see figure 5c) a first outer Iayer Ce1 separated from a second outer _
_ layer Ce2 of the same thrckness ex, by an rnner Iayer Ci of thrckness ec very -
30, much greater than that of the outer layers Co
A AN inner Iayer Ci with a thickness- very much greater than or,_ ,
' substantrally greater than the thrckness of the outer Iayers Ceis such that the . ‘
thickness of this i rnner Iayer Cr is at Ieast four times greater than the thlckness-
of the outer Iayer o ' o



‘Fi gures 5a and 5b are respectrvely a bottom view .and a front Vi ew of 20 an
RF transforner of the invention includi ng a rrultrlayer circuit. . '
Figure. 5c is a partial cross-sectional view of the nultilayer -circuit. of
the. transformer fromfigure 5a. - 8 The. -transformer 'fromfigures 5a

" and 513 includes a rectangular multilayer Substrate 60 of l-ength L, height

H and thrckness E, having two 25 parallel long sides 62, 64 and- tmo short].
sides 66, 68 -perpendicular to the |ong sides. - In'this- :
enbodi nent, the transformer includes three superposed | ayers (see frgure
5¢c), a first outeByM&weﬁe@ampﬁemaﬂaiedbomonmtafmeoomdmgeteanamewnCez of

the same t hifkpegsh ﬁ'?‘fr &% 88 tHénﬁﬁclJn@é@rofceacﬂf of mechﬂﬁﬁeﬁé}s rgré/x 30 nuch -

h hat With
Th ckness. vaP) b dr@zr.grnq%raqr e ngiaployantsion 7 640 . deURGRr leYRr
t hi ckness - ofCi tiay alst be forayeelrtsy 1G® $supespadedtinadr 1hyes teack b88G uaf. this inher
layer G d4s at | e?ﬁé frt'ﬁuduter [Epyﬁr %eqah%rdEQQWot rjﬂgtati ?%d: Ifé‘c?esss al?tfrntdrﬁalom er.

| ayer. ayer circuit
shown in seéqeo% |fha\44nggt?r @%@"'Zf’ttt@@ f%m&é@s'noﬁfmé'aehn@tcwmé?o%ftdaranl ayers is
ex = 100 pmexenthltfaee thi ekwagsa ohetahigatio &irnligy @h EstefRl Toh608op 780 The

e | ayer i dThe a0 BEAP Y i PURCERGREH cbORSILAYES egeh of 800

-5 The first ou zed ‘Taces ternal face
70 havi ng atheefirgt outzatat/@hcea;rfcmmgﬂsﬁt migrostripaype inelldt or 72 and an external,

face 74 having a mégé&dr@aéut@na @rouzlgqcme%merrﬁ@tlanwrwé& OJn Herhaci ng the
ext er.nal , condu 76, of the ‘

~internal copduc The i

first outer ﬁcgyéﬁ ’&Vi”%rmega'ﬁart?ﬁ %r@ s P 51977l C?ncﬁ@%‘f 2 1¥fh&Nsecond
out er .| ayer ediemal fecedids haviog matrmtalileahdra&ﬁmlngmnr extemailcohdeetoBB6havi- ng a
netal | i zat i %rtgnrrr@.naarﬁarr doﬂa@étea'nreq%usarntrcr%?s g@dseef @?g% Cﬁb dupse - 84

g 40 0 <Br i e b b5 SRt S 0SB s ayer o2
forma s’e’ncomhpren’ctoostpranp df;qymrhetrgePCZofShmmtlmayat chUttrBOt perafieintstandi th -
-equidistant from the external faces 74,84.. _
In this embodiment the electrical conductors 72, 76, 82 86 of the
outer layers are superposed via the various Iayers Ce1, Ci, CeZ of the
. multilayer circuit 60. .
20 ' In the transformer from frgure 5b:
' - -on the one hand the metallrzatrons of the outer layers of the
multilayer circuit forming the electrical conductors 72,76, 82, 86 have widths -
varying progressively from one end to the other of thé lines L1 and L2, from a
~ certain initial width Le to a smaller final width Lf, to obtain a progressive
25 variation of the impedance of the lines'L1, L2 between their two ends, from a-
o low |mpedance Zb at the end-of initial wrdth Le'to a hrgh rmpedance Zf at. the'
other end-of smaller final width Lf, _
_ - on the other hand, the ends of said electrical conductors 72,76, 82,
86 are on the same edge of a long side 64 of the multilayer crrcurt 60 in a
' - 30° central area of said multilayer substrate (see frgure 5b). ..

' 'The metallizations of the outer layers Ce1, Ce2 are produced to
obtain a short length L of the multrlayer substrate 60 but complying with a
maximum height H not to be exceeded for the integration with or connection

_ to a printed crrcun (or mother board) to which the transformer.wlll be
35 ‘connected, as descrrbed herernafter a2 i '



15 respect to a pIane of synnetry PC of the nultrlayer circuit 60 paraIIeI
to and eqguidistant fromthe external faces 74, 84. : ~In this =~
-enbodrnent the el ectrical conductors 72, 76, 82, 86 of the outer |ayers are
. superposed via the various |ayers. Cel, ) G, Ce2 of the multilayer circuit .
60. 20l n the transforner fromfigure 5b: ~ .- on the one hand, the.
metal |l i zati ons of the outer ‘| ayer's of .the multilayer circuit’ forntng the
“electrical conductors 72, 76, 82,86 have W-dths varying progressively from -

- one .end to t he ot her of. the Irnes L1 and L2, froma certain initial wdth

Le to a snaller fTadhiswndtin this emboditeat, raSastmvogme‘mreébzﬁrevelectacalon of ‘the .

i mpedance. OEoﬁdlj%téﬂsQﬁﬂilelhnésa_@ﬂleﬁéﬂdé hei r: tvvo ends, froma low i rrped_ance
Zb at 't he end-of- : b

i-t.ial a h| edanc ther end-
of smaller final V\fr}bet'%hat first parps Jr&) 102 pem qg't T‘?e‘ihe BMS%F@% € ‘of said
el ectrical oudtdaygrosiscud 80 Wﬁlucﬁm tte6ends obrthet bectiak ceddiectak farmiogg si de 64
of the. my t blewig ﬁ.ﬁpé&ggge RRbIER ardlin€ W Stbedifid Roes@Ef] MUl il ayer |
substrate (see figufe

P Y atione or -t he outer.: | ayers

Cel,  Ce2 are pr odu%eé@nficpa&ﬁtwn196§rro€r'therérﬁ*§tqt the Bighrimperanes PagRss

- substraté 6Ehbard therphyipgdandeaesn Ebjruihsdrpetirte sthapetaldny be agisoeeded for

the integr agb%ﬂeWottHe ?dnrgcs%‘e‘?&to'f G%S%BIH%XQF t:rpcéﬁtd(i(?' rcuit- (or mother - -boar d)

‘to whi.ch the transforme as descri bed hereinafter.
To this-.end, in thiterightsbiad pars 108pasalahio ithe axiguPe ompr theheardd elthei-cal -

conduct oris efectral t:cbrnﬁetdpéofbé’rpeﬁrtAeJdea e . - straight first Darts 100,. .-
102 per pendi cu[arﬂ]“e i lLayer: cui t- 60 N

' t he
i ncluding the ends of“tt{‘ﬁ eI ¢ '}%§6{Pé8§%sdt?&t8{?ss'q Pr’r%l-I"ﬁQJ1 '%'r[”ﬁ% ance .
_hi gh- i npedafAeesssddeard Hie landmpedanemasersedinefsha treestormbr, a respective- sec_ond o

- parts 104, é@ﬁnmm t1hQror§eiﬂ'ﬁerC§|dé BesAtbrisTBEdapker 265856r ls@rdithe -
Chowi rrpedan cess & &etll ne sha%g 8' ong an axr s XX' parallel to -
the-1'ong ‘si Q4! Srﬂﬂrtlfel i\@ gng &ldep Beo® ‘st'rai ght 't hi rd.. a

- parts 108:parall eThet o:uttoetsamﬁ XX 20\aee  prioduped tte eRve hr@oirs widect thecal

..on t he si de

conductors. ﬂfa?%ﬁﬁ@r“ffo'r Bﬁ}/ 2BARBnents wired to tHErp'?H ega‘ é@gﬁf thbﬁt@rg)ogpdg' ncl udes,

ance access I"ow- 1 ance access:

. "Eb of "the tFOaWE'FBr”ﬁ% rgn%tor@sfpeettﬁvee%tﬂb%@nrﬁtﬁd 112 on ei-t her side of said, ™
' ports, of dept h The gadthayed ctrbeseoamtmﬁsw;mmnmgom@mgm ahdsebfth@ the Iongs_

si des 62 6Zeltectrrcal conductors fo produce floatrng ports, the serial high- rmpedance‘_.
' - : 20' _ access Eh at one end of the’ lines L1 and- L2 arid the paraIIeI low- |mpedance
- 'access Eb at the other end of the. Irnes L1 and L.2. ' S
Frgures 5d and 5e show the mterconnectron between conductors of -~
the transformer from frgures 5a, 5b and 5¢. ' ' :
; B The narrower end of an mternal conductor 72of one of the: Irnes L1 |s' '
Ces connected by vias 114- through the central layer. Ci of the substrate to'the
o -facrng end of the internal conductor 82 of the other line L2 to produce the-
| ”serlal high- |mpedance access Eh. ' ' _ C _
"The wider end of the rnternal conductor 72 of the Irne L‘I is connected
. by vias 116 to the end of the- facrng external conductor 86 of the Irne L2 to'-
30 form one of the two- poles of the parallel low- |mpedance access Eb, the other o
' poIe berng produced by the. connectron by means of vias 118 of the ‘wider CL
_ '_-».end of the internal conductor 82 of the line L2 to the facrng external_-_ B
Zconductor 76 of the Irne L1 ' Lo



15The cut - outs 110 112 are pr oduced to Ieave .“room under.-the transforner: -
~ for .any ctonponents. wired-to the prrnted circuit (or nmot her board) to which’
the transformer -is intended to be connected. ... - The I\/UI tilayer circuit
60 .i ncludes vi as |nt er.connecting the eHs. of the el ectrical conductors to

‘produce floating Qorts, -the serial high-inpedance 20 access Eh at .one end

of the lines L1 and L2 and the parallel 1owinpedance -access Eb at . the

ot her end of -‘the Tines L1 and L2. Figures 5d and 5e. shovvthe .
.~ interconnection between conductors ‘of “the transformer fromfigures 5a, 5b
~and 5c.” | - * The Whes har Ldwétheetrdngforragr haneea valyingmititbtioordst tof one of

~ the lines. Lébiaﬁt @#pédﬁﬁ@@?éﬁﬁar@foﬁnétﬁ)n}%rostﬁi Gt\‘%(tr:'%r%t 5 ( %r?@rélgj %e%Y a of

- ‘the substrate 8 achL g > | nterna e ot her .
line L2 to iﬂﬁa{) '&%V%th’eo e aane%P)gﬁoﬁffﬁ'e%faWEéO%EE@§§s EHV'”Q a constanthe . wi der.
~end of the widter nal conductor 72 of the liné L1 is connect ed. by vias 116 to

- the end qf the f&gllf)é'ﬁ’n@sxoqua h%ﬁf?tﬂﬁlb‘%tr%tr%%f{?ﬂ‘mér%? the Pfggh@orhgn;tﬁ%gor m one.

of the two pol es t he: para W- | mpedance acces er pole
being. produt@as OHVatt%raé'Bn'?\é&‘t P@rPrBQUQ?@a?%tWGE”\FF%@RQ@Wﬁ eftbe Kigher end_,

- of ‘the int eimpedanendiscesy EB%ndfthath@f thé tev-irdpédariceeaccasd AP iexierangt
. conductor. q f the I|ne L1. .10 .7 . The lines L1, L2 of the

g transferner “have a :varying wi'dth im order to- obtain i'mpedance (or
"~ transformation) 1 Bhip avyRURETRASEIBHE the Rajerefreaindycigrepnoxidinchte)linele ratr o -

'- ?L 4l obt g nfed by b ﬁa@aneloferthrcnltsob@tfétrelrﬁmlmra@atrreaeetrwn@b@orb:etnatntemvmglt h-.
e Lines of yar e i on enabl e a

" _transformat 0 }% %e\@zun\%arﬁgd q ¢ @ SlE)oe %% th%cf’wp% Eté t§fayHe - -

.. hi gh- i npedaftis swrstardiain ﬂanloBrttham thogf exﬂemalcsubstlmedayme Czejcéw &hthen the:

range 2:to- rr%ltrla-)}'érscr\"&b‘t BHRRROQS rih 1dRethEWBraRAl 47516 inCRRAMRIBHmMAM OV di ng

‘the lines 1%3 b by -neans of arthick substrate mnimzes the -coupl i ng
. between t heftP?A'°6Fder to prevent unwanted interaction.. To this end, the =
central ®ubstrat el\/lbsapeer Gn thés swniixtdimentalthy wibdthc lbéthé hanerrtatEeleottlatlnal -

tsﬁgsf I)?Ijgrl %t 7% %‘?2 |so reg't@r Wﬁbh'th@ywcrgtﬁ' BFlthé é}thn%frbﬁéétn&é’}“‘? of | ,'
I _conductors 76, 86 to obtarn better decouplrng between the two Irnes LT and R
L2. : . : ce _ ' _ _
o ' The inner layer Cr may aIso be produced by two bonded Iayers of the . .
.20 .same thlckness which amounts to producing a muItllayer substrate with four -
' layers that is perfectly symmetrrcal S|mple_ to manufactu_re _. and yrelds a'.'_- |
: product that is stable over time. T ' S | |
. In this embodrment the |mpedance of the serial hrgh |mpedance .
_ .access Eh of the transformer is chosen to be sllghtly Iess than SOQ for
-_'25‘ ‘example 46Q, in order to have wider Ilnes L1 L2 for a better power ratrng of
- the transformer In this case the |nput |mpedance Zf on the hrgh |mpedance'
.- side of each line L1ori2is ZSQ _ _ L " .
The: |mpedance Zb of the low- |mpedance access of . each line L1 L2_- sl
: :'|s chosen as. 17Q to obtain an |mpedance of 8.5Q of the Iow |mpedance
30 access Eb of the transformer i . : : _
In this embodiment; the varratron of the wrdth of the tracks (or -
' metallrzatlons) between - the - hlgh rmpedance access Eh and the . low- o
"|mpedance access Eb of the transformer enables converS|on from 46£2 to-
. 8 5Q,1i. e an |mpedance ratio of the order of5 5 T '
- 35 ’



15Mor eover in this enbodi ment ‘the wi dth of the i nternal el ectrical
Conductors 72, 82 is greater than the Wdth -of the external : electrical
“conductors 76,. .86 to obtain better decoupling between the two lines L1 and
L2..'The inner layer C may also be protliced by two bonded layers of the 20
same thickness', which amounts to producing a multilayer substrate Wth
four layers that is perfectly symretrical, sinple to manufacture and yields
a product that -is stable over tine I'n this enbodi rnent, the

i npedance-of the serial high-inpedance access Eh of the’ transfor mer is
chosen to be sl i ght tiffetant serobedimsot 2f ther tr@sfexsaTpbfe thes @ventiodraims t o have

‘Wi der "l ines ferhtle m'a?er]c aﬁlcazeéee‘?h taeéerEFQt‘ﬁJBrtLo"?tt ofntﬂgcgleétﬁ@algfg ?étBFs”ﬁlr he! N thi's

case, . the IPR WE . I'ne L1 or
L2 is 23Q s L1, L2 tppex ?%@&Hé@dﬁﬁ%ﬁt t”l‘t%'%\flﬁeﬂh?fé‘da% bitdBissisof . each
line L1, L2 achieived t;:hkbueejetmerﬂﬂcﬁ)ﬂh@coht ain an inpedance of 8.5Q of the.

| ow-i npedance 30 F’tﬁﬁ?&?% %f {)Efaedt racéé&£ Uigly: of an RE I I|§|e|S sfa&g()di ment ;

t he vari ati on of . netal i zati o en the
hi gh- i npedaﬁ@élda&té@str%f%rﬁwrpﬁ@e mvequnqt@d\ﬁwaélgacet@esTtEbtr@tsf@mer |
transf or mer wﬁf’@_bé@Staz@s‘lmrfsrrﬁ)@férd@GgHt@beQrdS‘Iz@fQ |h e. an |rrpedance rﬁti o of .
- the order of 5: nt t. rmer t he

i nvention uses fe?éjaf@“ ;gt%f-’g%c'ﬁaceg pm%te 'é?‘ﬂ'trg’l %B ﬂar&P 11%h
el ectrical e8mdueh isrmogntedran lnitemgteldlclrcug 1t38 ieduding tchératmamm/sdo beat the
Iow—freqmen@yn,eg&ed Pbushbbl. i s ' achi eved to the detr| ment of the cost.

5Fi 6 | if i f lifier stage
Phelui ng the t At BHanebBoRRE 2k s Bl e Mottt 05 SRE”

t r ansf or mer faus Sbidgauetejtﬁntsdléés 16Rdorlptwo off vehictaaghsterwrbmathe figRi8e) are -
The anplifi ﬁécéés%gﬁat Hod gdas & tﬁé'a&aﬂapbreeﬂrca| éeﬁddaéreefz bRALH) 1hd30 on

‘which is nounte egrated circult 132 1 ncluding transistors to be
10 connect e eﬁ”%lﬁq?sy %O of the mydiiayRr Srewib 8P do E?@”‘?ﬂtdg’s“’i%lo e ot her
board 13% attte dnahyformer to. the mother board. These soldered joints enable both =

- connection to and |mmob|lrzatron of the daughter board 128 on the mother.
~ board 130, an asymmetrical shape of the daughter board 128 belng an easy
~way to provide polarization. - _ : _
 The embodiment of the transformer proposeo by way of example in
20 figures oa and 5b-_ie based on a circuit design enabling the use of a daughter
board (multilayer'circuit 60) intehded to be attached vertically to the amplifier
mother board 130 in figure 6. The thickness of this daughter board is of the
- order of 2 mm. - - :
The design of the pairs of tracks for connecting the transformer of the
25 invention enables the overall size of this daughter board to be minimized.
' The  high- |mpedance access Eh and the low- -impedance ‘access Eb of the
transformer 128 are notably very close together to reduce the Iength of the
footprlnt on the mother board 130.
In the embodiment of flgures oa and 5b, the length of the ‘central
30. portion of the substrate rncludrng the high-impedance access Eh and the low-
impedance access Eb is 8.5 mm whereas the length necessary for the
connection of the transformer with' o_oiled lines Ls2 in figure 2b is much
greater (of the order of 15 mm). ' ' B



. The design .

four: sol dered joints 150, 152 (only two of vihich are shown in the figure)
‘are necessary at the ends of the external electrical conductors .72, 76 on
the external faces 74, 80.of the.nultilayer circuit 60 to connect the Iines
L1,. L2 of. 15 the transformer to the Wbther board. These sol dered joints .
- enabl.e both connection to and i mobilization of the daughter board 128 on -
~the nother board 130, an.asymmetrical -shape of the daughter board 128 being"
an easy way to provide polarlzat|0n The enbodi ment of the 'transformner
~proposed by way of exanple in 20 figures 5a and 5b.is based on-a circuit
desi gn enabl i ng tﬁ@a%ethefasamdmtgmleshabeamfdherdaughteaymard:nﬂeme Be)
~intended tojhg e@éﬁc@ct%%fdrﬁ{érﬁédébté@ td b éﬁBbérfrb@bf tR BsihpBRaid oh30 in

figure 6. The thi.ckness ter boar t he oPder of 2 mm

B (S by oty 10! 12 hiSe GRS (he 25
i nvention ena{blueﬁOt htbe ovaughitér bbael d28t ldss adaughherimpeaadcé anbiehimigni mi zed.
The hi gh né% gegﬁ@eﬁsn@%sapﬁ%fwn&n&stb% mg%aa&%mg&%ard%ge&[ fiae

t ransf or are notab very cl os tore ength of the
footprint ofMAhe RRArALS0 MFH‘?&%”Q aFﬁeEtéﬁge@r%odr ment of figures 5a and 5b,
the length of theTiembultby&Ocipmitt fravsfodndrhsf the hevaraiboe hiatcthediongwinge .

hi gh- |rrpedagtaea,ﬂgggsss Eh and the | owinpedance access Eb is 8.5 nm whereas
t he | ength necessary for the connection of the transforner with:coil ed
lines .Ls2 in figuaémal ewralligire ginerartieulgoat thadew @éthe tonmeatiops on12

~Fi nal | y; 10 heheagpermer thoaedlco af rﬁcheardﬁtelm@reﬁermﬁcst@lbl %‘%céhs@of fhae :

i ed t { d t

| ecence (LAl Etodt AU R SRS Sl g o
nul til ayer enrtbairmotber bpars eeauiihfoeintbrsandedtz® ¢irast) abdwe saie timpedance
~matching 5 egrpRMREH %@\Qare%@fcoﬁﬁﬁ‘arﬁt%%ﬁb%d)fn%dnﬁb é&ﬁ?m@h?gr ated 132

sol dered to the not her.: board Y\'{] @'ﬁi{j access theréeto. The
mul tilayer circuit ¥R GPRFE ”‘3? YhECTRE ROl SRHORS) B e
advant.agés: wrrea byrfedrid, overal | size, in particular at the level of the

. connections on - Hidbes BBNSH RRORAMIEOBPH:SLel Ao e AllsrbAISf0r e S |

not abl y beca,_' se of pr opose ena
cut-outs toll§ 5“’80%‘?” PSH?io??emaé‘UBhW'rt”ﬁeoﬁ’ﬁfﬁP@S BE?aF%P'%qG\dCQY tS'r(‘@rf'ed

i nt er connectttachraémtcof k) dalghtdrebca e ttid Itrenaiormer)fpwrbﬁgsvusteh BRMIOER her ght

eproducy b - conoatda oo B Agniertoree (g vHESes 5&%%}) nand,

depénd on the quantities manufactured.
- The impedance transformer of the invention-is adapted to pass hrgh
powers of the order of a few watts, with low radio- -frequency Iosses '



-+ reduced cost of RF anplifiers or devices using the 'transforner -of the

~invention because manual wiring operations are replaced by simplified o

attachrment of a daughter board: (the transformer) which.is itself relatively

sinple and snall;. the cost of.the daugh3er_ board (and the associated

~ saving) 20 depend on the quantities manufactured. The i npedance
“transformer of the invention is adapted.to pass high pomers ‘of the order

of a few watts, with | ow radio- frequency |osses. 13 CLAIMS a

1. An |npedance transformer operating in the VHE and UHF frequency bands

. having a parallel -l owinpedance access Eb and a serial high-inpedance
access Eh, both |ntended to be- connectgﬁ_ prlnted circuit (130),
characteri zed in that- is constitute fa nultllayer circuit (60) haV|ng

10 a long side (64) for its connection to the printed circuit, at |east

‘three layers, a first outer |ayer (Cel) separated froma second outer |ayer

Ce2) of th th t
(o oknese! (5008 | eabt 7 S0P Eilee gl 88 bogAtob B She oE LR b ¢ e
‘outer | ayef€augahbatdenariages . pnéa)ieh@owmpmr@m aengss foeantoa fserian

el ectrical ®rdingicoance abcdsati, Math frdericd 8 beldonBBicting aUstinisy afcditnt er nal
electri cal g%uctor (72;-82) ‘andan . external face (74, '84) including an

ext er nal i cal conductor (76;. 86) facing the internal electrical.
conduct or t o f or neharatteriosd ini thal it reecqnistitutedf @ muttiiayerairctih 60) Wavingt er

layers {Ceh lofg e Bhﬁfoﬁ*%@c@hﬁé&i@ﬁ lth Ehel bﬂﬁéd Hréu} ¢ doaBFIHRGE P&g}@%r hcal

with respec ent | ayer _clrcu
‘paral | el Iot otf'ﬁjié?u%d(f ééﬁélos%%%édﬁw agag):ond ﬁeteﬁﬁyer (@§drofdhe éam@
~incl udi ng: t?égtm %a)cby’lgt EradSonée(lSm%r‘lﬁ?é la)f{ln Ig,r(-:)l)osbftttrr1lc:|linla$sl’lg%!ii: (dtéeas]l}??uhr a
- respective ghRGlhleGfr tﬁé’r’i‘@ﬁé:ttl?leﬂw ¥ o Fev}gﬁe? &cif Qte? layel®
i nternal conduct 72 one os ri B Thd%nd of the
external .co 8&'898‘?’0 a“Z@@) agEs oferm iRty é@’é@%@@rﬁ an weerppbigce ¢7Gr oduce -
the parald eB0) mmludmdanntmrﬂﬂ dedess donductor (72, 82)24nd BR dxdémhBOffeEher two
(108 *bet nelrnieh FRhiding bhasferh it ot el ﬁ%ﬂﬁy{ﬁ i ?@Eﬁfﬁf?@%"” SRei59) of
the two ni cPlestricapcondystor te form aymicrostripripgut é. kPeorseachadf thegweuontfedance
access Eh, . Bfyees ([CendSeD)f tﬁd’lﬁNcﬁnnﬁél@%irfpl fhds (qu L@r:beldgzéymﬁ%ﬁR:%PWItHel y

-including the Ie

hi gh-i npedancgggg:e%essée@nrgwgeqnﬁ {ba(% @‘el @HB”@'PB&"?%&?&%p?rﬁ@elntﬂltpPI ayer

ci rcui t F060pxightal acesd/4 oBaltie roultieyet arduitrdluding: area of connection wit h
the printed circuijt we3®oing ends of the mlcrostnp lines (L1, L2), a respective

electrical connection (116 118) between- the end of the internal conductor

(72, 82) of one microstrip line (L1) and the end of the external conductor (76,

86) of the other mlcrostnp Ime (L2) to produce the paraIIeI low- lmpedance
25 .access Eb, . o ' o :

- at the facing other two ends of said microstrip ||nes.'(L1 L2)
another electrical connection (114) between the ends of the internal electrical
conductors (72, 82) of the two mlcrostrlp lines (L1 L2), to produce the serial.

~ high- lmpedance access Eh, ,
30 both ends of the mlcrostnp Ilnes (L1 L2) re'spectively'including the
_ parallel low-impedance access Eb and the serial high-impedance access Eh, '
'belng on the Iong side (64) of the multllayer circuit (60) and close to each
' .other to limit the area of connection with the printed circuit (130).
2. The VHF/UH_F |r_np_edance transformer as claimed in claim 1,
35 cha’racterized _ in that the symmetrical microstrip lines (L1, L2) have



- transforner

2. The VHF/ UHF |rrpedance transfor mer as -clainmed’inclaimil, 35
characterized in.that the symretrlcal mcrostrip-lines (L1, L2) have 14 .
i npedances varying progressively between their two ends froma | ow .
‘i rpedance (Zb) to a high inpedance (Zf%in order to nodi fy the inpedance’
transformation ratio. 3. The "VHF/ UHF i npedance transforners as clai rred in
either one of 5 clainms 1 or 2, characterized in that, for technol ogy
~reasons, the inner layer (Ci). is constituted of two superposed | ayers, to
- forma perfectly symretrical nultilayer circuit with four layer:-S."

4. The VHF/ Wrpedansesd avargingr aregressiwaly awetekan ntheiri twangndsnéroof llawns 1 to

3, (Charact eifasshricd (4t b g FELIRa! ZBPRUILOS roffy (O mB&iarke) L0 o

_ the mcrostrl east patlal serp ntine shape along a
- conmon axi s rRRS OBB?%W] @I“Oto the |ong side (64) of the multilayer circuit -
i ncluding the. hi gb-ThgeHaNEF dnpesandethtrarstorhiees be\mtaumfpedaemeeran@e@‘s Eb, to

reduce the %faﬁﬁs C\fort Qechg%&t'e IQé(c?tn t St} technology rea ons, Thfie YA Yhle! Mpedance
3 i St hectnoloqy rp

" 4, charac rlzed in
. that the w &@w é‘f’”itﬁée@)@cféWﬁéNPthS?ﬁt@fetﬁ%ItOd@Hﬂ@cPQﬁf%Ct|\\/aﬁnyb$tﬁg@leSS| vely
from one of ntdmmayereﬂdsn Wahtiber l@ydrer al ong the mcrostrip tines (L1, L2),

~froma certain’injt ( rfl th_ (Lf) t obtaln ,.
t he progressive v%r-lthgét y\grlfq Bgmlnﬁ?gtaﬁ(é\%trsagg*e ﬁc@s(%'jnv%ddmt ﬂ'éy h)i)nShOfl rrpedance o
(Zf) of theclires dstor3. whiaranierizediin tha) the He@ricaiteengptosHT 2 fpe8and®

transforer ofitheGhtrd@fp lifes Qgﬁaefatqéeétrﬂamlaxra/%f@er;séﬁaheehsﬁé éféﬁh in that

the el ectrical -conducto ?M rostr |
strai ght fi Pst°® @Pf‘sa’i‘%_dé( Fﬁﬁ!}"‘ﬁpt& §n|8P8 @% P&hq Hftét)ng‘HeC' Cé‘%) of the
~mul tilayer @iotuding thesligh-imnpedartieracoeke Edﬂnai&z:i th‘e lohveimgledatce aatessdfguct or s 25
form ng theté‘tegj@cert‘ﬂil@%%@%?tr%%@ﬁﬁayghcﬁ&ﬁt the | owinpedance access Eb,

second parts (104 é/ on eit side of the high-jnpedance access 'Eh and
t he l.owi npedance 5 athe ¥5IFAY HF omRsdapes tianefosmsp @Sataimsedalt ary Snoef parall el
t.o the | ongckirde 1( &2%, Oharbb'@rllzudi tim |tiagtethecwidths of (HEOexternal and internal strai ght

Lt PO R oAk Lot (i LB BB i O BRI i g0 o e
transf or nersr"‘é{é’SE'Paliﬂ?éd Lilh Lg,),,yfr@mea (gertaln initial width (Le) to a smaller final
: width (Lf) to obtain the progressive variation from the low impedance (Zb) to
the high lmpedance (Zf) of the mlcrostrlp lines (L1 L2). .
-20 .~ 6.The VHF/UHF impedance transformer as claimed in any one of
- claims 1 to 5, characterized in that the electncal conductors of the mlcrostrlp_
lines: (L1 L2) include: ' ' o
S stralght first parts (100 102) perpendlcular to the long side (62) of'
the _multll_ayer circuit (60) including the ends of the electrical conductors
25 forming the high-impedance access Eh and the low-impedance access Eb, | .
 -'second parts (104, 108), on either side of the high-impedance - |
‘access Eh and the low-impedance access Eb, of serpentine shape along an
axis XX' paralie! to the long side (62) of the multilayer circuit (60), '
; . - straight third portlons (108) parallel to the axis XX’ over the portlons_
30 of the electrical conductors of serpentine shape. ~ -~ ' _ '_ _
7. The VHF/UHF impedance transformers as claimed in any one of .
_ _é_laim’s 1 to 6, characterized in that the long side (64) of the n‘iultilayer circuit
: (60) includes a reSpective cut-out (110, 112), on either side of the high-
impedance access Eh and the Iow-imbedance access Eb, of depth P having
35 - edges parallel to the long side (62), said cut-outs-(110, 112) being produced



ctainms 1 to 6, characterized in that the long side (64) of the nmultilayer
circuit (60) includes a respectlve cut-out (1.10, 112), "on either side of.
t he high-. i npedance access Eh and the | owi rrpedance access Eb, of depth P
havi ng 35 edges parallel to t he | ong s?®¥le (62), said cut-outs-(110, 112)
bei ng produced ~ 15 to | eave room under the transformer, for any conponents
situated on the printed circuit (or.nother board) (130) to which the
transforner is intended to be_.connected. : 8. The VHF/ UHF |rrpedance
“transforner as clained in any one of clainms 1 to 7, characterized in that

t he. t hi cknes I€aye) roofm, aacler dfie titapstoumer, ﬂoa)aeyscdnmolmf)tsgai;tuate@ dnhiheknes's
(ec) of thephﬁt’é%rcnlcﬂbfgér r(’ugh)erlB%aRQ ﬁ@O(ogfmlch the trar%forﬁﬁ E‘ﬁ rrpedance
transformer as clai inclaim38 racterized int elnner | ayer

. (G).i's forRE &0896?% super posed i nner layers each 800 p.mthick. .10 10.
The' VHF/ UHF i.npedarities MHEIHET imredasce Itainsttmer raasaaﬂammjeuroényaloaenﬁ lto 9

~ characterd zediia L hay ERSrabicRDad o ' 02 thRkh Ao ggﬁgssn diftfie dufgedance of

t he hi gh-1 npedance access ance access-Eb- my be
in the rang yerg is 190 um, the thlckness (ec) of the inner tayer (Ci) being 1600 um.

9. The VHF/UHF impedance - transformer as claimed in claim 8,
' charactenzed in that- the mner Iayer (Ci) is formed by two superposed inner .-
Iayers each 800 um thick. ' :
.10 , 10 The VHF/UHF lmpedance transformer as claimed. in any one of
c]aims 1 to 9, characterized in that.the transformation ratio Rz between the. -.
impedance of the high- lmpedance access Eh and that of the low- |mpedance_
access Eb'may be in the range 2 to 9. '



