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1 thhod'for RF matching of an electrica

arrangenent, as well as a printed circuit board which
is suitable for this purpose 5 The inventio W“
to a method for RF nmatching of an eIectricaNMNI“ﬂMWﬂNWMl
arrangenment, and to a printed circuit board whi gk des
suitable for this purpose. EP 0 525 703 Al discloses a
pl connection for 10 conputer networks in the
daox KF mahphingngfaanmsleatorimat carpandgenent 4 as
fimal € ORNGRLIGHE RAN birhih %oﬂ%waﬁl&ﬁr i Sdiee for
conpensation being arranged in the plug connection,
yPife BFERASShi ch the crosstal k attenuation bet ween
the transm ssion conductor | oon and 15 the reception
nduct or_l.00p ¢ ncreased. For_this ose, a_
Lo 0T« TE0artS] SoaRr BRGHPS FheT (Brefecnd Of an
cdreEotioralpaat rangenehhe @mEldE conaegtdmtEal tedfcuiteboard
e CoNeati on, et yeencihe geapsctions for the
pl'ug-in cabl’'e and the connections tor the wiring, wth
20 the conductor routes for the transm ssion and

recent i obs congictor | oons bekag &arlgfhg pﬁaﬁﬁgékwn for
e arated on the printed circuit board devi ces

MR GRS t EFFWOE&‘Fpeh§atql'{?n SPBESEC oRERDI e COURSGSSMY @
anrmrwcsmse@wh pa@s aaaaal tfein® 1 EhhSerdhi gdral ewith a
d? ustah% . The k ﬁg g 5% cannecti on has the

SR B T RAE “EhE GPTPREEE b0 oiZrgAged in the
rpﬂwglve¢mneapenstvebandmbam@e dE MAiE1 08He Al crosstalk
(%E¥%ﬁ§§*ﬁ &ééhcéhemﬂﬁéﬁgﬂggﬁ¥éH éﬁﬁ%ﬁ#%'ng%gb and

ug connec or ousi n nte Cl Ir cul
V\Wh W@e@a@noﬁoaé\npé@tr ép@@emasu e tincheased st Fget this

Fusdact el ﬁg@ﬂt;%dbewzgc@ﬂ anged-on 1tshea1tf5’x'i%edf 8% the

0of the printed circuit board and projectin

oY Fﬂn{lﬁEtBFu@ad-’d:nr%’btb? RBEs M7g.e a?ﬁpli?%to%e%%ﬁ’él of
sgiie Ofplaent achnelen®rt spbewagnar taggesbedfitons for the

plug-in cable and the connections for the wiring, with
the conductor routes for the transmission and reception
-conductor loops being largely physically separated on
the printed circuit board. The devices for crosstalk
compensation are, for example, discrete components such
.as capacitors or coils, which are adjustable. The known
plug connection has the disadvantage'that the discrete

.components are relatively expensive and large.

DE 100 51 097 Al discloses an electrical plug connector
comprising a plug connector housing, a printed circuit
board with two sets of contact elements, with the first
set of contact elements being arranged on the front
face of the printed circuit board and projecting into
an opening in the plug connector housing, and the
second set of contact elements being arranged on the
rear face of the printed circuit board, and the contact
elements in the second set being in the form of
insulation-displacement contacts, with the plug
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35 rear face of the printed circuit board, and the
contact elenents in the second set being in the form

of insulation-displacenent contacts, with the plug 2
connector having a cabl e manager which has an opening
through it and is provided on the iron- face with

gui des for conductors which are intended to nake

Aastom L hothe ins Lon-di spl acenent contacts,
With 5 The gbraésfﬂe?%gﬁfogﬁ% fﬁ‘tﬁ%gafbag%f fiffe OPSn1ng
SIHQHER | 67~ @nspl agenprbvedrtacbs wihk récessedface with
dolders foF thgnghpsdl-ati oppdispl acement contacts, and |
I n which case the cable nanadiz %aﬁ békﬁﬁ ched t%?tf@@k“

Nandint Dads f peidat Fdrmansmssi-er 401 ebecomuni cations
&nd Jnformation technology, the conductors, contacts -
and conduct or 1TEAHS have o beecaesrgnedok@ehst hier the
Ayl areoii byl dediped wobhl desPecindS5it0y@Rey case the
~the&Br5%cgrdgr to comply with the required values
or the crosst alR at PEnUSE T GASAThFS netessitud esonnector
rousigrel y tight tol erances, which can be conplied
with only with difficulty during autonmated
manuf acturing processes. 20 The invention is thus
oh the iLechAReahgphelrieemaddn popvidiag ra arminhiodsion
ifror eatehj R 2RE Jplug nnector. _.tp particular an
RJ- 45 __Fengﬁlgn%onanéco?gr, aﬁgvi%&%ﬁar%g& SreTriREg sne
G 1 Toar FONWSTr St hanfr | Feed 5o retdtkdoarsde o be
deddrgeC i Eet t ROt NEHLO0R B (COM AC 5800 oCORLRCT L oo e
points Tor_ the i nsul atT on-di splacement contacts, and -
W t RonE oMt Het pBi MEGTr tRe TP LEYNMEEs FReeasinuirad

WEse dbeioy wonnectesk & Dkaat eSPREHIR, .

This necessitates extremely tight tolerances, which can

Al s m

ntion ;s Thus based on the technical problem of
ing a method for matching an RF plug connector,
in particular an RJ-45 femals connector, having at
l=ast one printed circuit board, with <The printed

circuit bcard having contact points for RF contacts and

contact points for the insulation-displacemsnt
contacts, and with one contact point for <he RF
contacts 1in each cases being connected To a respective

contact point for the insulation-displacement contacts

and & printed circuit board which is suitable fo- n:

-

purpcese and by means of which the RFT characteristics

car be adjusted within a narrow tolerance banc.

The technical problem is solved by the. subpiect matters
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advantageous refinements of the invention are described

in the dependent claims.
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contact point for the insulation.-displacenent

contacts, 30 and a printed circuit board which is
suitable for this purpose and by neans of which the

RF characteristics can be adjusted within a narrow

tol erance band. The technical Jproblemis solved by the
subject matters 35 with the features of patent claim
1.FFurthes Padpastagedus leefitnemment §iobtt heoridiverds ofrack,

anghdescyi begnnbBrthe Gdergndent gl ai gg- Foro i s Cnt
pur pose, at least one first Oggonlal%ctggggt Fg)cka, &\’A%tl%%tigom“
cotineBPed GF GHISR onECEE@E tr o BS coATARIYSS0I PR tofe aprinted

eleintdiioal beaptiadind,i stapeanged Wik haPridied one second
circuit board anlgm,1 %ogﬁt her with at |east one second g
VYeh<t's

cSHATHBOk rak” 13 rangEP Sh OF PR tife e npeinted
Cidicuiuitbolpdrdf orferms capackbariteirt h @itheast 0B&st one
fr - de a of the_arrangenent being .
measut e ,c}?%%%%%gq%netgcéggg%gﬁgéntogga?%?nsf"gﬁaB‘&eHE“t gelng
c HFFEEE Ui t htBenonf naguparamdependand t heacamduetor being
1@ dnfRGledM § e MhichnheRRbaGt | n side bein

parti al | % r emoved or cut thr%%léﬁﬁggeg’ f Sjﬁﬁl 6%eofc?% ctor
dif e ent et h THIS: Fak &911%2 Pos $iSbl B2de far moaenas tHable=ing
CapaciilaQrl yusidigowddipbe it cestogbfieaki & FRARS; 08N s the
b)éif%eq:résncof i.ch the RF .response of the arrangenent

can 15 "5& et cﬂélos. B ES 2 ofidu At DTS & K'sC af 8T & Hiastchable

caswaqprtefreratiing coimeld easind ocbbe-eohkaet vROa0f ang by
Uhe B GOnyALs . (Hnos {pLs fRans Uhal, L he maichin

capaci t ances are cl Oser to the rocati or of SEHENIEHEDE can
oSt hBagEBsEt al Rhe Howenductpn ptiackpl earé heyn mayhad saase

29 regegapnect eshio-tbe GQNt ARk R %:tOprﬂgts of the RF
i nsul ation- di Sﬁl acenent contacts, v%m ch™are -
eFEELACESr 1 y EdRFECt edDitSo t MEa@ENt adthadoi ntheof tmegching

REapantiaahees! tarshoul dsbe dwtedet hatathiRnPréNCkREC source

'%fl%ﬁgﬁéfé§§¥gl§9 ﬁg&ever, in principle, they may also
be connected to the contact points of the insulation-
displacement contacts, which are electrically connected
to the contact points of the RF contacts. It should be
noted that, in principle, it is sufficient to cut
through or to remove one conductor track of a capacitor
in order to change the capacitance.

The opposite electrode of the capacitor 1is preferably
likewise formed by a conductor track that is connected

to a contact point on one side.

In a further preferred embodiment, at least one further
second conductor track is arranged in an internal layer
in the printed circuit board and is electrically
connected to the conductor track on the printed circuit
board. This represents capacitances connected in
parallel, so that the total capacitance is added,.thus
allowing the formation of a sufficiently large

capacitance on a relatively small area.
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t hrough or to renove one conductor track of a
capacitor 25 in order to change the capacitance. The
opposite el ectrode of the capacitor is preferably
| i kewi se formed by a conductor track that is connected
to a contact point on one- gide. 30 In a further
preferred enbodi nent, at |east one further second
Emndactdmﬁmnaﬁ<|pxeﬁeﬁngsd emnaﬁlméhernabtlam&bsﬂ N two
r cI
%gﬁﬁ {t@%ﬁ? éh coLn u%t g}ﬁ??lac eeﬁfl hgeaconduc“or
EFpelft a3% bdhFaANITFRI o1 em@s@mwt@a}pa@mccamtesboard in
§0888Ct8dchPryPalal Isgmes ithat ttﬂl%uﬁlqltgalwftqpazust&&ce to
is added, thus allow ng the formation of
gtPFiCrently large capacitance on a relatlvely smal |
area. 4 In a further preferred enbodi nent, at | east
gnt _capaci tars fors by -

conductgsg%ﬁgack %éggggf%anﬁﬁg) H%hg orim ed %%?%Hﬁqcy
fepeddenh pergaetey c—‘afFr9e‘é@tfm$§lﬁﬂet8mea$GW$hﬂdingn the
Mhn%apﬁ%@egt tontaqgeouddicl Bod rbur I8l ILRldld on the

i ment, the fre uenciﬁrge pendent paraneter 'S

GRPEL AR %radpasré&u He TRinp&Sul 6288 {h nREd Plug
conodattobsar d.thEhi sprsnbased camcine 10b&m@mdedgeeuﬁatas
Lcul y kot case .of BF pl.ug on r t he
b AT Y A0 bod TR s ofasponel Bl e TortHE =S
BRfoei fc?l@fraplchSRFalteol@ﬁem@hly JhemetroFertaicganges of

gﬁ@erﬁéwmgecgneén@r&é ol enamncessof cohhBcE8¥O0Ut racks, and
ment’s, such as conductor tracks, and 15 t ol erances

SrTRREnab el Gt iR CONSLARETSF CShater |af BF 1M erial
pfi nhed paiimasd dxmnmhtﬁhéwﬁatlAuﬁeﬁsu&ewa@bsm&emaﬂt on

QRp%oﬁt’]eldatperd n §anl dcu%lrg@ft{ %oni?ltc,der abldlyderablv
an on a pop uIate printe Gicurt boar

easier than on a populated printed circuit board, or
even on a printed circuit board that has been installed
in a housing. The overall arrangement can thus be
matched even at an early stage in the process of

producing the printed circuit board. The feed and

- measurement are in this case preferably provided

centrally in soldered eyes of the contact points.

In a further preferred embodiment, only a portion of
the estimated conductor track shortening that is
necessary 1is carried out in a first step. The
frequency-dependent parameter is +then measured once
again. The measured change 1is then used to determine
the remaining conductor track length that is still to
be removed or to be cut. This also takes account of the
tolerances relating to the conductor tracks in the
matching process. The conductor track shortenihg can in

this case also be subdivided into more than two steps.

In a further preferred embodiment, the final cut during
the cutting of the conductor track is carried out in a

broader manner than the first cut. This broader cut
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even on a printed circuit board that has been
installed 20 in a housing. The overall arrangenent can
thus be matched even at an early stage in the process
of producing the printed circuit board. The feed and
nmeasurenent are in this case preferably provided
centrally in soldered eyes of 5the contact points. 25
In a further preferred enbodi ment, only a portion of

- t e negtizest e&eondpab@mbea%&h@ﬁ@l@g kRat d& part of

nqg@§§§ﬁ¥h%§ﬁéﬁaﬁqu(out inafirst step. The

frequency nt paraneter is then nmeasured once 30
agai n. The neasured change is then used to determ ne

t |1631 renMaiRk A8 rC P e d r@!%o&?ﬂgﬁp that is Sti !:lrgtsgtalk

Eo¥ed or to be cut This also takes account —0 _
tﬁé SI-EFATRES r 8Fat THE t brERESPEHIdePSPdEnackBatkAmeter,
theusnamehung ptbeesmataﬁﬁhgxﬁﬁhsdéyst'é%é&e%horEQHbgg the
C%graﬁe%%rt #g gase, alfg be SEBF!VI ed into nore than

st eps n & f uPt he pref ol néifiteHged, so
f tRar @@ﬁnﬁu4mgn0thee@ufbrn@my fiure reondiet Qfa tdACKE +he
l&n%@héh@@ o4t ithed %QEQﬂQ%r“BAH'e'& %haé‘ethegfgggss%élk as

e

cut broa er cu m ni'mzes the Cap
|HPP&8n€§50? theasgr pat ofamphe coddbctoirda ramkacinance
amtastihemepref erred enbodi nent, the near crosstalk 5

is determ ned as the frequency-dependent paraneter,

t hus maki ng the matchi ng process easier, since the
padhang@rdua-de opeicki Zed diredetrlay liys set ebli NRshn$Oor 2

tmagetzhef@e'f%rﬁglg}e%g QG n@NY,  ur ther, esti mt%sﬁgorgsﬁlgtgu a

fluence of the paraneter on'the near YOS5t

wBaV a1 BRIt Re tide, 1§ oshexarpl eshaw t ROPune. cAiaci tsacer a
measer eneot . e GonduHor dondeletbs Peehekably cife Dy,

n§gg§ oand can easily be automated. 1In principle, the

conductor track can also be cut or removed
mechanically, for example by means of milling or
electrically by using an overcurrent to burn through
it.

In a further preferred embodiment, the laser has an
associated optical positioning system. This results in
the conductor track being cut in a more defined manner,
without any damage to closely adjacent conductor tracks
and without the conductor track to be cut not being cut
completely.

During removal or cutting of the conductor track, it is
possible for copper particles to be deposited on the
printed circuit board, and these in turn reduce the
resistance to overvoltages. The cutting or removal of
the conductor track is thus preferably followed by a
cleaning step to remove the copper particles and/or any

other contamination.



10

15

20

25

30

35

| aser, preferably by neans of a short-wave |aser with
a 15 wavelength that is shorter than 600 nm The use
of a laser for cutting the conductor track is
extrenely fast, and can easily be automated. In
principle, the conductor track can also be cut or
renmoved nechanically, for exanple by. neans of

nthéi Rgveht2Bnehaatir igal bypby; 4siingnha er ent;fo
bﬁrf t hr ough Lt..lg a U%{%her %?e?gr?g%¥éﬁ%%%{§%n%§ the
t he 4 Q4ePI h5§%an "1 48s FGTaTEI GptiTad Breferppfngxemplary
sysbedimdht s Irestuthe sEigur®5 the conductor track being
cut in a nore defined manner, without any damage to

cl osely adjacent conductor tracks and without the
cOhEUES oF tFRR%S t Bbe irlawnd beildgscutat ioonplodt eky. plug
30 During resmyadeOF  Ctd | "G Dsrihe 1coNduet opathacky ;o
it is possible for copper particles to be dep05|te8

on the pri%?bb’circuit board, and these in turn

reduce the resistance to overvoltages. The cutting or

r f conductar. track is. thus preferabl .
fg{rﬂ()% bysrg&g% gl anlngcgrj&st ggg?glfer?g\%%t hIeorcoidﬁér noa
particl es a@HDredHiectiheytheontianifaimzn.l,6 The -
invention will be explained in nore detail in the
following text with reference to a preferred exenplary

et Trent . TS he PROGREE S Etra ershGig it tor the
expl oded i Ipusttred icncofi@a gdawgdl, connector’ for
transmtting RF data (prior art), Figure 2 shows a
printed circuit board for use in a 10 plug connector
SOIWES i FiiRves 12 FrametacsHawsugnsehamspionse for the

equi val ent ddcwidodHatihenprinted circuit board,

Figure 5 shows a family of curves for the attenuation
D of the near crosstalk as a function of the

length of the conductor track to be removed.

Figure 1 shows an exploded illustration of a plug
connector 1. The plug connector 1 has a plug connector
housing 2, a printed circuit board 3, a hold-down
device 4 and a cable ménager 5. The plug connector
housing 2 in the illustrated example is in the form of
a female connector housing with various latching and
insertion means. The plug connector housing 2 has a
shielding plate 6 on the side surfaces. The printed
circuit board 3 is fitted on its front face with a
first set of contacts 7, and is fitted on its rear face
with a second set of insulation-displacement contacts
8. One contact 7 in the first set is connected to a
respective contact 8 in the second set. The printed
circuit board 3 is then inserfed into the plug-.
connector housing 2. In the process, cylindrical pins 9
of the plug connector housing 2 pass through holes in
the printed circuit board 3, so that the plug connector

housing 2 and the printed circuit board 3 are adjusted
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15 Figure 4 shows a schematic frequency response for
the near crosstalk and Figure 5 shows a famly of
curves for the attenuation D of the near crosstalk as
a function of the 20 length of the conductor track to
be renpved. Figure 1 shows an;exploded illustration of
a plug connector 1. The plug connector 1 has a plug

CQﬂﬂﬁCfgiedhQHﬁhn&e%Ee%+pﬁgpg§gegb&gEgEé?og%%TCOn acts 7

wn 25 devi.ce
L‘ﬂ"é’c‘i AL Ui T £ t e WI‘E@?‘%E’&?% ekanphe +sr$‘¢1 set
tftélérorprr@jecta ﬁ.etml @ nC OByt 10f Tﬁﬂyéh ngsWatd'bé/s?srl'kﬂLés from
I sefFtd 0 ans e connect or
et R e d 'S LRl SRS e S SR Fne nola-
S IHIHE RV ITfe %rqawttéwmmtcsrrem.qvetmamb Fostddtd et 00 the -

I tsedgrant éé&ce Whﬁh as fhbsthesgt of C@Héacﬁf¥5 égﬁkector
fi.tted oné rear face with a second set
d

i TSRO difSH ddeme RS tSc e §iolanrdbhtdrticr ih has

t Heatfalristg setbsd sl@onnecnhed drod afad€£Spesdl VIESC eglﬁtng% 11
d t h ed 35.circuit boar i S

L R e e o R e e i et 6.

t élrpl*’@é”éﬁercymﬁdhpéaﬂ-dpwns ®evigfe t He rpawgtwonmmﬂcoflng

hQidﬁdldég 22 pasmildy odgh hed&s iy tf§t # %' tcl;]able-
boar d S0 that the plug connector ng 2 an
pWFﬁi@@ circuit board 3 are adjusted 7 and_flxed Wi th
respect to one anot her. The contacts 7 (mhlch are in

set

tﬁ@g&%%nbo hB&sCQﬂga% a&% pr&% §§ Bpgcyr&mbqﬂﬂg 3.

prOJect into an openi n I's~acc
Lo%t BaE <5 ?héCBFEg ﬁbcﬁohahougmng: Thethotd pvints

dawn ~deei cend Icﬁbrithaaﬁt pulélﬂeghoﬁ@{ tt?l%ecglﬁtg&%%%%ce%{]or and
econd set and. i.s e 0
h%ggpﬁg SONESC Y hiRC BUrD os%f T he? hof Af dowRedeinge lgtion-

hald splaceneny rabsat®sonThhependtbaceirandth@®ard 3 also
operi Ngs-+kkr plated-through holes 40 for connection of
eonductor tracks on the front face and rear face and
internal layers in the printed circuit board, with the
plated-through holes 40 being illustrated as small
circles. The holes 41 in the printed circuit board 3
are 1in this case illustrated as small squares. . The
conductor tracks which connect the contact points 21 -
28 to their respectively associated contact point 31 -
38 are not shown, with the exception of two parts of
the contact points 24 and 35 since they are arranged on
the rear face and/in the internal layers of the printed
Ccircuit board. In addition to the electrically
connected conductor tracks between two contact points
21 - 28 and 31 - 38, respectively, there are also feur
conductor tracks 43 - 46 which are respectively
connected on one side to a contact point 23 - 26. 1In
this case, the two conductor tracks 44 and 46 form a
capacitor between the contact points 24 and 26. 1In a
corresponding way, the two conductor tracks 43 and 45
form a capacitor between the contact points 23.and 25.

A further conductor track is preferably arranged in an



10

15

20

25

30

35

through it for the insulation-displacenent contacts 8.
10 Furthernore, the hol d-down device 4 has two

| at ching hooks 12, which are used for latching to the
cable manager S. Figure 2 shows the unpopul at ed

printed circuit board 3. 458The printed circuit board

3 has eight contact points 21 - 28 and contact holes
finfcdihen IRFLopat acts, aﬂmitﬂaqyﬂlyxnﬁﬁnécwéﬂnt§ 3dndud8or

for the ,nsg%gt &8”10%'5:%' Ef gont actdgltl%The prlcg 56-

ci rcwt board 37al So has fu er peI ared TOugh” Hof
4 A orlxonrety i BUredse, cohducoortaatagksiors the f2ont 23,

face and Jeand age, apgl 2h@t epbal Laxgestihel beaeébet gdeq
circuit board, with the plated-throu h hol es 40 bei ng

i FIATEE edORE FaFPRTEFFCIRALT ThéRhdi S 4F38R- t idie two
pfﬂutmzedccntautt padarsd 31, ape iand hp3, case dtd uskratedely

conduc r ich
c%rhcnlggtlt Ct"he co act J%%?%? rgéj t égt;?% ?‘rﬁ © two inner
rargb et /el 9a eEsh ged it ek dort aet2 poi 46 3ud 88, ar®, not the
shoydy,  Wahhy t hg -eXceplh 0mof i L WO Pad t S0t %%c%gnt@ﬁftch

poi nts 24 and 35 since the are arranged on he rear
SR and S M EPRAG S et RaF Fayeeeeofalt%elwtﬁ%dbewefan 23
cdrncult heard:1l naaddetiveBnt @3 henel €6t ritaldey the other

ed. conduct o etween two contact pojnts
| %Hbejzlg g%’nd 3%8 3% edl8 pec%)l vely, lrltgherlgc’arg "5 so9fBaret
CHIFRIATIGSS th%tdt@ﬁMBiher%6 whi ch are respectively

connected on one side to a contact point 23 - 26. In
35 this case, the two conductor tracks 44 and 46 form

£ TEHAC t oPPBEEwed'® he TESHE AR T poi FHS 4 SHd 261 EFHLt,
ainclordiggportdt ngchayatibetewn dayduet.orlird racks é«£s@ndthe

g capacity bet on oi nt
e R e o e P e RIS e RS PP Bl Bl =
i frEme by n't}e?— naPnfugepr isaekectdi @ald y%:o@me‘eﬂelj 29 43

cotgluctyor, respectively, while, in contrast, the
capacitors Csig and Cse, respectively, are formed by the
adjacent contact points 23, 33 as well as the
associated conductor track, 24, 34 with the conductor
track as well as 25, 35 with the conductor track, and
26, 36 with the conductor track. This bridge circuit
can now be trimmed in order to force the near crosstalk
below the required values. Before the trimming process,
the asymmetry is first of all determined by determining
the near crosstalk of one contact pair as a frequency-
dependent parameter. In the present case, crosstalk is
determined between the contact pair 23, 33 and 26, 36
and the contact pair 24, 34; 25, 35. Since the
measurement is preferably carried out on the
unpopulated printed circuit board 3, the contact points
33 - 36 are terminated with the correct impedance. The
near crosstalk to the contact points 25, 24 is then
measured, with RF signals being injected into the
contact points 23, 26, by means of a network analyzer
which 1is symbolized in Figure 3 by the frequency

generator 50 and the measurement device 51. The feeding
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track 44, and is | ocated under the conductor track 46.

For circuitry purposes, the contact points 21, 22; 23,

26; 24, 25 and 27, 28 and their respectively

associated 5 contacts forma contact pair. In this

case, the two outer contaet opairs 21, 22 and 27, 28

are relatively wuncritical with regard to near

Cﬁ@cSStrraalaksur-Eh%rtﬂ/\Doifnntﬂﬁe @Il-'d ismgﬁéh.ga\/afidz CQHt adlis case
r 1c?fe %6 4 edanzs 0%5 on Ot el are

p? %Yena i ¢Y The capaC|tan%%%tﬁﬁ%cﬁofﬁagﬁu%1 the solder

degesir pantes tontacs pasetar 23| ocatéed between 23  and

24 as well as between 25 and 26, since the other

couplings are negligible, owing to the greater

di s¢'aRzes Eéf*ﬁlé‘églt:ﬁéﬂrv f@OMSgufrfé% 3 Ep@¥RN ¢ heresponse of

ressl tailéaJSQUIdk&Jsej’ttalOd rewekT, | nghudi ngcide tdc o

test In_this,case, the capaci t or 5
LEehre R ng LRohTh21 CBREy (iGN S 0 B0 5ER b
coepluesentingcksedemprhgl agcweb]l asas3 crarxbB k for a

rrﬁéQ@t@f:éc\fel ¥rivbihe, dinGantrasty -4 he CaHéIﬁ!L QS near
056, respectively, are forned y t he adj acent

c%ﬁ?%%?ab%umss é%teelgl%%dmmo seKRBPlassdei abgans of a

C@@H@@mordbﬁacb 24in 34cMiéh ttheeGondiHd Ormed §@€&d aSnear
th t he._conduct or C nd 26, 36 .
mgf% %ﬁe coﬁ%u% or H cRY ?ngmBPP% g QFFﬁuifozghéﬁnthls
n@Mﬁbekﬁilﬁﬁ@éenﬁacﬁderfqm ﬁnwcehbheenEag artesstahkuctor
b@f@&‘k§hetﬁﬁ‘3u'f&ﬂléﬁ§ld1e§he Lok %ltttgﬁcte”fﬁnen%easu%e of

process, asymmetry is first of all determ ned
d%?‘ér WiaﬁVnd“lJt &S c?%s%&ldpécéf’roﬁ'éa@dht%%’Er‘b%@@n%sto
awfidequeapycidepeadeandparai®s erto | nchde ﬁé@ﬁentréagealk

C ] 0 d ,het t he contac ai
PSRk 8 BOGUBLEND DR DB VeSS0 ALk e
36l r e ebpREd , mealir eventhies dirdketatlcy caratsed out the

OﬂléﬁﬁncMnPQE@M@Eﬂd QﬂkﬂtegoﬁbﬁEHbE bQ%%@E% trﬁ%ere is
ntw% ant 33. - areteHnnMed\Mt he

o ??B% %p%%aﬁcgglqhatralght line, but an entire family
of curves, as is illustrated schematically in Figure 5.

Since the tolerances are unknown, it may first of all
be necessary to determine which curve is applicable to
. the printed circuit board to be matched. For this
purpose, a piece of conductor track is first of all
removed or cut through, and the measurements are then
carried out once again. The increase in the attenuation
D that 1is found can then be used to determine the
associated curve. If, on the other hand, the desired
attenuation is greater than that which can be achieved
with the steepest curve, the entire conductor track can
be removed or cut through without any intermediate
step. The method 1is then repeated on the other

capacitor.

The conductor track is preferably cut through by means
of a short-wave laser, whose power and focusing are
matched to the copper track to be cut such that, as far

as possible, this is all that is removed. The advantage



35 near crosstalk to the contact points 25, 24 is then
nmeasured, with RF signals being injected into the
contact points 23, 26, by means of a network anal yzer
which is synbolized in Figure 3 by the frequency
generator 50 and the neasucefgnt device 51. The
feeding 9 and neasurenent of the RF signals are in
thE Sz Cas8e rPEQVI; Vo B3NS 9f entr cont n

t he solggr egesqgflfﬁ% cGntégt %%ﬁngg gs TEP2ES u§1£ lity,
=R ! %léﬁe‘ﬁﬁt—Fé&PIgy PERERS St 1@ respielc e e pomse: saf .
the near crosstalk NEXT, with the profile a
representing nom nal near crosstalk, and the profile b
representing the nmeasured actual near crosstalk for a
nmeasured printed circuit board. The nom nal near 10
crosstalk is determ ned, for exanple, by neans of a
gol den device. In this case, the nmeasured near
crosstalk is too high by an ambunt A NEXT, so that
this nust be conpensated for by shortening the
conductor tracks, thus reducing the capacitance. The
nmeasure of 15 how many mllinmeters of conductor track
correspond to what capacitance and thus to the near
crosstalk attenuation D depends on the tol erances of
the printed circuit board, such as the dielectric
constant or the distance between the conductor
tracks. There is 20 therefore no single straight line,

but an entire famly of curves, as is illustrated
schematically in Figure 5. Since the tol erances are
unknown, it may first of all be necessary to

determi ne which curve is applicable to the printed
circuit board to be matched. For this 25 purpose, a
pi ece of conductor track is first of all renoved or
cut through, and the neasurenments are then carried
out once again. The increase in the attenuation
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eed with good reproducibility, so
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Lesindd referencesysdpol s 1) Plua connector 5 2)
3) Printed circuit board 4)

e nanager

6) Shielding plate

19 7) QEbﬁ@uM&négeibntacts 9) Cylindrical pins 10)
enings 15 12) Latching hook 21).
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Cont act p0|nts (for

(For
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Nt act®tacts

9)

10)
11)
12)

g ha

F contacts)
23) Contact points (for RF

Cylindrical pins
Latching tabs

Openings

Latching hook

22) Contact points

21). Contact points (for RF contacts

( )
22) Contact points (for RF contacts)
23) Contact points (for RF contacts)
24) Contact points (for RF contacts)
25) Contact points (for RF contacts)
26) Contact points (for RF contacts)
27) Contact points (for RF contacts)
28) Contact points (for RF contacts)
31) Contact point (for an insulation-displacement
_ contact)
32) Contact ©point (for an insulation—diéplacement
contact)
33) Contact point (for an insulation-displacement
contact)
34) Contact point (for an insulation-displacement
contact)
35) Contact point (for an insulation-displacement
contact)
36) Contact point (for an insulation-displacement
contact).
37) Contact point (for an insulation-displacement
contact)
38) Corntact point (for an insulation—displacement

contact)



24) Contact points (for RF contacts) 20 25) Contact
points (for RF contacts) 26) Contact points (for RF
contacts) 27) Contact points (for RF contacts) 28)
Contact points (for RF contacts) 31) Contact point
(for an insulation-displacenmgpt . 25 contact) 32)
Contact point (for an insul ation-displacenent

cant act) 33) & hat (for an
fﬁ@ulalT%%T%iggféggheﬁghgcontact) 30 34) Contact point
(4%r dfeleisul ation-di spl acenment contact) 35) Contact

point §Eudhot nsyhaki on-di spl acenent contact) 36)
Contact point (for. aninsulation-displacenent 35

cbht actyndETs oot act point (for an

i ol atboduetspl acesent  contact) 38) Contact poi nt

éggr gg insulatign-displacenent contact) 12 - 40)
e -?%?%ﬁg%rh f%cﬁl) Hol e 43) Conductor track 44)

Cohductfoequemck g&ndsxtConductor track 46) Conduct or

W S0dR b5 14O h&r) EP2ooal boloes  Patent ol ai ms
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1. A nethod for RF matching of an RF plug connector
(1), having a printed circuit board (3), with the 5
printed circuit board having contact points (21-28)
for RF contacts and contact points (31-38) for

kBSHb@%Z?@z‘%h%P' acement cangacts, with 9&%/%%&%@/001952

poi nt 28) for the RF contacts in each case being
connected to a respective contact point (31-38) for

the 10 insul ati on-di spl acenent contacts, and with

Papeatt iclaimsoupl i ng, whi ch causes near-end crosstal Kk,
occurring between the RF contacts, characterized in

that at |east one first conductor track (46), which is
15 coAnamttdibdnfon| RFoma &ihfang 00§ @@ntfé%tppbgntCO%Ctor

Qh) ,an S'v?ﬁb”&alpfﬁ%é“&t’ci:.sc@{Eaerc%jr@n the prided che

CIrCUIt board (3) and, together with at | east one
pEsasedc Sidwasr a3k r(%ﬂ’)“%?%lht?gtaPPéﬁﬁéd gh-28) for

a?d/orcomfadﬁbe pranged eontddt boassiASy, fosms3a) for

itar 2 wi_ th at | east _one .
g&& ggécﬁg#? ne?%?taS% St he "Ar¥ang8fgnt contact
belmg rre:a:sﬂzaml folre tfhseqaé‘n(x;pnlrtelpmdént geedtanegaer being

%% %éﬁ&?Qﬁ>%Q%%égéhf¥$%mg$ EQ@ &ﬁE @@d3§hefor the

uctor tra tact is m
gmu@u@g%d@@p&@qﬁn@nty COmRSPSESor 203 Wt E] (SRR sl ve
%ofulgbri(itrigon ehithe dififesene@arZendhe-rmidathias Jadumd ng

in claim1, characterized in that the second
@@&mﬁﬁﬂntHQ%§ﬂ<qgﬂBan§ﬂn the formof a conductor
bh&ﬂ&db@ﬁﬁ?%?linMﬁnﬂtcontact is made on 30 one side.

T thod as.clained i aim :
éﬁar28F§ |288elnf%ﬁik afo?égg% one ?%%%he§ Qheonfrich is
conthectted tomcknly @neargiede i hoam igurErard baysr i(@6) of
'aE, %%e% ted c'cfoqwatctboarl%(%)nam_{ha d$ cannegied g¥inted

secon conduct or track (44) t S arranged on
gcuit board (3) and, together with at “least one

second conductor track (44) which is arranged on and/or
in the printed circuit board (3), forms a capacitor
(Cs6), with at least one frequency-dependent parametér
of the arrangement being measured, the £frequency-
dependent parameter being compared with a nominal
parameter, and the conductor track (46) with which
contact is made on one side being partially removed or

cut through as a function of the difference.

2. The method as claimed in claim 1, characterized in
that the second conductor track (44) is in the form of
a conductor track (44) with which contact is made on

one side.

3. The method as claimed in claim 1 or 2,
characterized in that at least one further second
conductor track is arranged in an internal layer in the
printed circuit Dboard (3) and is connected to the
second conductor track (44) that 1is arranged on the

printed circuit board (3).
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printed circuit board (3). 14 4. The nethod as

clainmed in one of the preceding clains, wherein at

| east two matchabl e capacitors (C46, C35) are

arranged on the .printed circuit board (3) 5 S. The

nmet hod as clained in one of the preceding clains,

wherein the frequency-dependent paraneters are

deternmined on the unpopul ated printed circuit board

(3). 10 6. The method as claiined in one of the

preceding clains, whereinin% First step, only a

pertio f st at conductor track _shortenin .
(E thg 8is&gﬁgggss%?y'$§?%ﬁﬁ i 6d* o t R °he prgcedlng
f FegueAcy- Whsasdent atpar heeser twoneasuradthidiece @@paoitors
and, t egekni e i LS
R R - IR
this. 7. The nmethod as clainmed in claim®6, wherein, in

the frThal wéeRodt hes cofiiohad tirACkneA60£45heS SHbceding

[ .20 broader ner_than in the first.step. 8. The
85 M PR o T T eRieyt  BrzAREserE are
whetreiminedr onosshal kufippil)atsddepeintadd asrctbe board
f ygguency-dependent paranmeter. 25 9. The nethod as
claimed in one of the preceding clains, wherein the
conductor track (46, 45) is cut-by neans of a |aser.
3§. 10. THEe @t hed ass ClaiIBekd n jone ok the PERcediNdeeding
cl |n5§ m@greln the process of controlling the |aser

is

i 57248 § X6y "meldhs? of 1ARCoFitisRal FYSY efh Portion of the
estimated conductor track shortening (L) that 1is
necessary 1is carried out, the frequency-dependent

parameter is measured once again, and the remaining
conductor track length which is still to be removed or

to be cut is determined from this.

7. The method as claimed in claim 6, wherein, in the
~final step, the conductor track (46, 45) is cut in a

broader manner than .in the first' step.

8. The method as claimed in one of the preceding
claims, wherein near crosstalk (NEXT) is determined as

the frequency-dependent parameter.

9. The method as claimed in one of the preceding
claims, wherein the conductor track (46, 45) is cut by
means of a laser.

10. The method as claimed in one of the preceding
claims, wherein the process of controlling the laser is

assisted by means of an optical system.



