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diel ectric constant and the loss factor of the i ndi vi duathisisAQHARL. level s
of multilayer printed-circuit boards. 5 The inv ' ef
a ‘method for d@Rer9d ® AlaSe diel ectric tonstant and/or tﬂmmm 0
insula- tor layers of printed-circuit boards by using tes
fitted onto or g iy i nted-circuit board at neasuring frequencies in
the MHz to GHz range, as well 10 as to a printed-circuit board having at
| east one test structure for determning the dielectric constant and/or the
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i nportance® 20 This F&engnveatiasecrehates| by & methadkdosi determioings

general |y havetaePaiblledkaicPabhbBanefaddfoy AR s tHaR 2 LECEhER1a-
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For the electrical properties of printed circuits

15 on printed-circuit boards, further to the physical
thickness of the insulant layers and the physical width
of the conductive tracks, in the case of a radiofrequency
circuits, in particular the relative permittivity and the
loss factor of the insulants are of great importance.

20 This being the case, multilayer printed-circuit boards
generally have a particular pairing of the values of the
dielectric constant and of the loss factor for each
insulant level, depending on the materials used and on
the production process.

25 It is known to determine the dielectric constant,I
for example, by means of capacitance measurements with
capacitor arrangements which use the insulant of the
printed-circuit board as dielectric. In order to make it
possible to take measurements even on the printed-circuit

30 board, it is known to produce narrow-band filter arrange-
ments on the printed-circuit board, in which it is
possible to determine the dielectric constant as well as
the loss factor of the insulant by means of a trans-
mission measurement, through the transmission charac-

35 teristics.

The object of the invention is to provide a
method and a test structure with which the dielectric



met hod and a test structure with which the dielectric Th‘ss et laced
and/or the loss factor can be determ ned on prefabri cate W
printed-circuit boards with the aid of standard mneasuri n and
usi ng sol der- g&reescennpegsi ons. The intentaon is for this to be poss-

I ble, even on a comrercial scale, in the shortest poss- ible time for

mass- produced abhethas vdndioml thedldes/efacperntah chec datemindgd basi s
of a nethod of _t t i eved
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position of at least one neasuring point, in that, for ch test resonator,

15 its rBsonihiesr EYEBnOR s PIMETALAY SR A r’éhu%'%%ys QhEefh RAFER this
resonant frequeBgy kimeO o RCiAGAUEl idrtiivled hehictpeadbneadat hake
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the dielectric? cBﬁ%P&ﬁ? 5?!5F8‘F‘ the | oss factor are deternined 20 by
conputer fromthe pr edenethrenbalsds nefis erethyid et fthiec SypecBoniionedndtf r om
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15 its resonant frequency is determined in a frequency band

in which this resonant frequency is to be expected, and
in that the impedance at the measuring point is then
determined at this resonant frequency, and lastly the
dielectric constant and/or the loss factor are determined

20 by computer from the predetermined dimensions of each
test resonator and from the determined values of the
resonant frequency and of the real part of the impedance
by using the line equations.

The object can also be achieved with a printed-

25 circuit board of the type mentioned above, in which
according to the invention at least one test structure is
a test resocnator, designed as a planar microwave line and
having predetermined dimensions and predetermined posi-
tion of at least one measuring point, fitted intoc or onto
30 the printed-circuit board.

The invention permits quick and simple determina-
tion of the dielectric constant and the loss factor, even
on already finished printed-circuit boards, with the aid
of standard measuring instruments, in particular network

35 analysers, in the MHz to GHz range, and has been proven,
for example, in measurements on printed-circuit boards
for mobile radio at frequencies of, for example, 9500 MHz.

Further features of the invention are charac-
terized in the dependent Claims 2 to 8 and 10 to 17.



on already fini shed printed-circuit boards, w th thé misd@nefHaBadndkapleted
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with its dinmenSions in
15 tation of a printed-circuit board according to the

invention, having three insulant layers and three test
resonators.

According to Figs 1 to 3, a printed-circuit board

1l consists of an insulant 2, for example made of a glass-

20 fibre epoxy resin support material, in which a conductor

3, designed as a metal strip, is is embedded. Facing the

conductor 3, there are earth layers 4 on the two surfaces

of the printed-circuit board 1. A planar microwave line

of this type is referred to as a "triplate" line and is

25 represented later in further detail with its dimensions
in Fig. 4.

' On one surface, the upper surface in Fig. 3, a

coaxial measuring point 5 is designed which consists of

a circular recess 6 in the upper earth layer 4 and of a

30 contact pin 7 which extends as a through-contact from the

conductor 3 to the plane of the earth layer 4. At omne

end, the left-hand end in Fig. 3, through-contacts 8 are

provided which extend from the upper earth layer 4 to the

lower earth layer 5 and also touch the conductor 3. At

35 the other end, the right—h;nd end in Fig. 3, through-

contacts of this type are not provided but instead, as

indicated at one position in Fig. 1, lateral through-

contacts 9 can be provided which screen the conductor 3

on both sides in the manner of a cage. This is expedient



On one surface, the upper surface in Fig. 3, a coaxial neasuring point 5is
desi gned which consists of a circular recess 6 in the upper earth |ayer 4
and of a 30 contact pin 7 which extends as a through-contact fromthe
conductor 3 togkhegpbaneosf the earth |layey 4. At one end, the left-hand
end in Fig. 3, through-contacts 8 are provided which extend fromthe upper
earth |ayer 4 partheullavty esdiéd Ith)eerbﬁeaﬂdhalcm) thechediiech c Aagtexisor 43. At
35 the other _end, .the r nd, end i t hrough- contacts of this
type are not p?89P85 Q th%sPeg bgst |ca?38 at one positionin Fig. 1,
lateral through- conta®he Stcaplbaepaooodédnqhtgthgsebnt@h% thevaefese 3 on

both sides in ﬁ%gogﬁnﬂeghggta ?ggﬁltggl%ﬂé;gﬁgegﬁgg end; 4tﬂgu1éﬁ?ggrly
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Integrlerte M kr owel | enschal t ungen Inte rated m cyo- ma ci.rcuits],
Rei nmut K. Hof ?"f’rﬁnﬂ‘e%ﬂq e °Vg‘r‘?%g & PHERARtOR I—i‘”i\ 5 P8r the

Shin Effect, pgbeenl Rizldwl wilh &ﬁéreﬂ.&éZ tPpF44a- 424 5 M ke, Cuebéach,
Taschenbuch de EQEQE&E%“EFELS&hﬂéio%OalsLGdéﬁﬁgt feiaghgttequency

t echnol ogy] , nger
15 n Integrlerte M;krowellenschaltungen [Integrated micro-

wave circuits], Reinmut K. Hoffmann, Springer Verlag 1983

n Wheeler, H.A., Formulas for the Shin Effect, proc. IRE,

Vol. 39, Sept. 1942, pp 412-424

n Meinke-Gundlach, Taschenbuch der Hochfrequenztechnik
20 [Guide to radiofrequency technology]l, Springer Verlag

1992 _

The input impedance Z; of a line which has length
1 and is terminated by an impedance Z, is equal to:

+ Z, sinh(») This Sheet Has Been Replaced

ZLi=4 zz’ cosh(yd) + Z, sinh(y])
[T

25 with the line impedance Z; and the propagation constant

(1)

g. For the sake of simplicity, only "wide" offset strip-
line arrangements will be considered, for which
"W/ (D, - T) = 0.35 and W/ (D, - T) = 0.35. W is the
physical line width, D,, D, are the substrate thicknesses
30 and T is the conductor thickness (Fig. 4).
For the line impedance Z,; of a wide stripline of
this type:



i992 The i nput inpedance Z[err] of a line which has length 1 and is
termnated by an inpedance Z2 is equal to: [err] 25 with the |ine
i npedance Z[err] and the propagation constant g. For the sake of

sinplicity, onlgr"96de"20pb66set strip- lines arrangenents wl|l be
consi der ed, for which W/ (Derr] - T) [err] 0.35 and W/ (Derr] - T)
[err] O.35. Wisth sical line width, Dierr], Dlerr] are the substrate

t hi cknesses 30 s_L_huQMg_Lthckness (Fig. 4). For the I(;ape
| mpedance Z[err]z(ﬁ 8.y L2 4)2cggns type: [err] with the

rel evant capacitances per unit | eng [efr] [err] 5 Fig. 5 shows
the neani ng of the capacitances per unit |ength nodelled thereby. The
effective dielectric constant eferr], e[err] repre- sents an equivalent to
the diel ectric Wbt e sTeleyant ¢apacitamces coef fyriknlengshl ant s present
in the configuration: 10 [err] (5) It is only
meani ngful to specify an effective dielectric constant if the

el ectromagnetic fiel (#Jgtruc- tyre ig#the existing confi guration

appr oxi mat el y c&rmwe= gpondRd t&ubhé'ﬁ_el d of the uniform equivalent (3)
structure. 15 Thi s | true so long®as the dielectric constants e[err],
e[err] differ fromone another only slightly, as is the case in
conventional multilayer printed-circuit boards. The conpl ex propagation

‘constant g can be wit > a b, it enuati on const ant
aisinturn coag‘g@él- za—e}n%me.nf_} .lje (&ﬁ%\ g losses and a
conponent ad .
_ (4) .
T
Cpone (2+—-)h(2+— B _ .
b ]

5 Fig. 5 shows the meaning of the capacitances per

unit length modelled thereby.

The effective dielectric constant e_, .. repre-
sents an equivalent to the dielectric constants e_,, e_
of the different insulants present in the configuration:

_ 2n(C e 12C 1)+ £ (C e $2C 50)

10 &,
C o HC o 12C o 12C

:(5)

It is only meaningful to specify an effective
dielectric constant if the electromagnetic field struc-
ture in the existing configuration approximately corre-
sponds to the field of the uniform equivalent structure.

15 This is true so long as the dielectric constants €ryr o
differ from one another only slightly, as is the case in
conventional multilayer printed-circuit boards.

The complex propagation constant g can be written
as

20 Yy = a + jb,
the attenuation constant a is in turn composed of a
component a, for the resistive losses and a component ag
for the dielectric losses:

a = a, + ajg. This Sheet Has Been Replaced

T




for the dielectric |osses: -6- In lines which are filled with a
substantially uniforminsulant, losses in the dielectric can be described
by: [err] 5 with the frequency f and the speed of light in vacuo c[err].
The effective gpsgsfpchopstand[err] for wigle offset strip- lines is given
by considering the distribution of the electric field energy, fromthe | oss
factors tand[err], tandheliheaf whichli &tectiltadi mithved gabstaibially

(9) If the skin depth of_t rre t hg_ma I on tog is
substantlally ggfﬁanl?ﬁgf?ﬁgékngéggg 2 c%ﬁ %1813%E918. QHﬁ be
approxi mat i on déschdbedsbyti ve | osses per unit Iength Is: [err] 15 mnth t he
conductivity r of the conductor material. The phase constant b is [err]
Substituting E2£ %ﬁl——— wn Eq. (1) gives the 20 I mpedance Z[err%
occurring for ardf ?w’lln@ tefmnations Z[err]. The two inportant (8heci a
cases of open-circuit and short-circuit at the end of the line should be
consi der ed_sepat n the cas hort-ci,rc ne of length
1[err], the |hﬂﬁ€£ hﬁsdgﬁsguﬁgcxa ?QtsgeaEBSFalﬁg itgh 2B VR P1Foas
Z[err] = Z[errThank€fefpeive) loss factor tand,, for wide offset stfigy

lines is given, by considering the distribution of the
electric field energy, from the loss factors tand,, tand,
of the dielectrics involved

05,6, (C e +2C uo) t05,6,,(C o #2C 40)
T e (C 20 )+ 60 (C e #2C0) s_(c,,+zc,,.)+s_(c,.+zc-,.)

una

10 ' (3)

If the skin depth of the current in the material
of the conductor is substantially less than the thickness
of the conductor, then a good approximation of the
resistive losses per unit length is:

‘J’jﬁ 'EP.‘ &' &' ﬂ, a' a’ a}
a,= with = ="t " ar (10)
15 » an &n D, D, W T
with the conductivity r of the conductor material. The
phase constant b is
This Sheet Has Been Replaced
(11)
o2l feati L i
Substituting Eqmns (2)...(11) in Eq. (1) gives the
20 impedance Z,; occurring for arbitrary line terminations

Z,. The two important special cases of open-circuit and
short-circuit at the end of the line should be considered
separately. In the case of a short-circuited line of
length 1,, the input impedance is calculated according to



The | npedance of an open line of effective Iength | [err]
Z[err]tanh[err](glferr]).

Is 5 Z[
(13) |

err] =
nthis

case, it should be borne in mind that the effective length I[err] of the

open line is not seleptgrabs to the physiealr l-ength of the open line.

The

cause resides in the additional capacitance CJerr] of the open line end, 10
whi ch can be apgr ¢k} n@sely nodell ed by a correspondi ng extension [err] of

t he open i ne. If is assuned, than [err] and therefore
e

[err] In a pré Frert

t of the invention, each test resona

S

consists of an 1/4 |irEhazinperdanee siforn Opencihmedoﬁrﬁif%?fétbmnlwhmm ch
is representedyindhe equivalent circuit diagramaccording to Fig. 6. 20

At the measuring point of the m)del | ed test resonator, the inpedan
Z[err], Z[%rr]zdmrﬁaa?ﬁﬁ’ral géb) circuit: [err] O ose to 1/4 resonan
i npedance at the nmeasurhnghi®iddsd.cdthghoaldnbenssrnéhtnvming tihat hilse 25

| npedance is ned ne, | edance,, { he . oss h osition

of the nmeasur |?|%§?fg%h¥? "P‘g%’ %@:t efr &1 olsls?ees "Ef he‘:’e‘-TS ﬁe&é%cc:a]?mgsur ed

in the case ofthesphﬁm;eal:aihebgthnblﬁusheeépbyl dh@es e et |ctmzsﬁ xempidegio in

| ength between; £ he, &Nogds a&&a&h '&fbdd d 15, BENED opdd Pins! g, L he
es I ne change ®2&

di ssi pative inmpedanc

net wor k ana yser

@e3s t he

suitabl e ¥&r reakeRi g0t ﬁ’@ aPP@xﬁn?ﬁﬁiéfhc‘Epd?:’el%l Ry ﬁecf'é%%"é?%ﬁ’?‘!fi’dé%r in
mnd that its a&e&&eﬁ&naqcu%eaczéfl NeHSPBganC el 1S UTENedt wickn hénachieved

close to the refere ge {ppedance (e.g. Zerr] =

Cose EW(5,C 40 +£,C o) —_— (14)
heet Has Been Replaced
e \\Il\I\\lIIll\\\\lll\\II\
l .= Cg-
15 ek T (C m2C )45, (C e #2C 4) (15)

In a preferred embodiment of the invention, each

test resonator consists of an 1/4 line having cne short-

circuited and one open end, which is represented in the

equivalent circuit diagram according to Fig. 6.

20 At the measuring point of the modelled test

resonator, the impedances 2,, 2, form a parallel circuit:

Zewa = Z[tanb ™ (4, )+ tami (1, )]

(16)

Close to 1/4-resonance,_ the impedance at the

measuring point reaches a maximum. The value of this

25  impedance is determined by the line impedance, the losses

and the position of the measuring point.

For predeter-

mined losses, the impedance measured in the case of

resonance can be influenced by the selection of the ratio

in length between the short-circuited line and the open'

30 line, since the dissipative impedances along the line

change.

A network analyser is suitable for measuring the



' This Sheet Has Been Replaced.
50W. If the nmeasured inpedance is close to this 5 re
t hen the neasurenent errors occur- ring as a result of Bm mﬂ“wmtnces
and parasitic effects (stray capaci tances or inductance

m.ni mi zed. In & t%6c B &10% he use of convehtional coaxial test pins and

t heref ore autonmat ed neasurenent with 10 tol erabl e neasurenent _errors i s
made possi bl e. iFRedanA%f 1P RENRPERPARTYF tonP IS 11n BERG PRt dts
therefore, forgkepitedt valdiarael eherrhmpbaael[cerrheh@uhemmredn t ®ebring
t he rreasured |rrp%da %at11/4 resoglgnce % ose to the cﬁef ere ce i nmp ;\zdance
Z[err] = 50W ved clogf, b0, tRR ZPFEFPPCS aHPRPFT cﬁreem?asu

t wo steps [erIS]OWFhe fIife qudvecy mepeurpdat impedantiee daxi clmsect fon Ithis
occurs is ete rs Qﬁ J&al r 0 ce at
t he maasurlgng %%5{0%[ ngtﬁ freq%%yﬂ%e’?%@fs%n%%gu%régg\? %Q%@&n
correspondi ng Fdpdstdent, resvditwrk centgctr resistansen | d | pasasieicf or
the frequency fekere@ltsanqlséfayl t&paaeosa&laesdeber r&m&k&a&& Sl also
Re(Z[err]). The. rel gt shi p bet ween the neasure r’rBe ancg e 25 Z[err] and
t he val ues e[eF‘F‘]“lmt"ér‘FﬂfeFP] Pa?'ti'%uﬁ%ﬁmntlﬁr"cifgﬁ EGC f&f‘- hegixial
iterative nmethhedst t piinst handposhiebkfore f audomapadr méan&lruﬁane[ ewtikh

tandier 1] 19uh foitlrarille bl obERANERCHr LS 1 SHde pddlall A Sp of,

refflection factor reac
30  Re(Z[err] Fhiesddmensiondngorttthe c@ﬁmlm@#mmthﬁp‘sfocrmcéorﬁe

nurmerical sol ukiel cal! Radules 8kMali i edelygl he tbapk hBakuiba, pegag?gﬁﬁs
elerr], Re(Z[erﬁe) and tand[err] °[ rr] ar onIy weakly coup

measured i nped&fSe BfRFVTed s impgdanes @ 444 er‘@ﬁ%‘%dﬁﬁ€§32[@?r}5he35
In order to rrak-efletremzesuh.bedhﬁcdez rai pewt he materi aI pr operties of a
nunber N g di fferent %ul‘?g% grs I ndivid aIIy Ls neg ssary._t
measure af "l east N d|f eren s‘#ﬁat 05? <fii S 3 PRE®EaseE H‘fg t est

resonat ors nee&t®®sie chosen in such a way that aII
¢ The frequency f; at which the maximum return loss

occurs is determined
e the real part Re(Z;) of the impedance at the measuring

20 point at the frequency £; is measured
With corresponding adjustment, a network analyser can
automatically search for the frequency f; and simulta-
neously determine the resistance Re(Zp) .

The relationship between the measured impedance

25 Z,ode11 and the values €, efss tand,ze, £ is known through
Eg.(16) . With an iterative method, it is then possible to
find a pair of values €, efer tand,e, such that, at the
frequency £ = £;, the calculated refflection factor
reaches a minimum and, at the same time, Re(Z,_4.1;) =

30 Re(2;) is satisfied for the calculated measured impe-
dance. The numerical solution method is simplified by the
fact that the parameters €, aff’ Re(Z;) and tand.¢e, f; are
only weakly coupled if the measured impedance Zp is close
to the reference impedance Z5.

35 In order to make it possible to determine the
material properties of a number N of different insulant
layers individually, it is necessary to measure at least
N different test resonators. This being the case, the
test resonators need to be chosen in such a way that all



-9- the insul ant | ayers to be neasured are invol ved. _E?i he Replagedoup
of "'three resonators for neasuring a four- |ayer print et m (N=3)
having three insulant |ayers 2a, 2b, 2c with three con , c and
with 5 corresgRn@6ng 2805h | ayers 4a, b, 9c~- The effective physica
constants of the stacked insulant |ayers are given fromthe individual
physical constakee dnaulpBt| pEerehteokhesmeasuresi mrerinvatvesh. tBig. series
circuit of capaghé@@C&Sgrelipt 8kl endes! Fashalthe sl Gor e S tlr fo@ves
rise to a systemof equations which can be used.to isolate the physjcal
constants ef er ri2¥eEnBFeRFArFORFERE BPREE: i(We3pnPavdne dhiraetrselant]
talnd[ grr] . The ]lsalqséfﬂn 2, Gﬂhl,a]fz'd)lﬂﬁ.tﬁ'ﬁ tm-?er abhuuaearlsijnaarb, butamrwbﬁxh g
sol ved nu ica 0 xanpl e rando 5 i zed optim zation nethod,
especi al | ;mglf v%?%r%%%‘tgfrl%%%gien?fgél f%?fl%sg%br t h&* physi cal constants are
known. |f nore resonat dFset &ffertiteesphysacelacansabhesand tthe sytadmedf
equations is thetglpiee oyepdekbi ned, gtihﬁéhtﬂeo&legﬁa 1843423l R0l 4 S

sui tabl e solution strategy. 20 _Even t hough the nethod according
to the inven- tSFRSLIREE 13RS fheodpyesd tpirknegses: ¢nisipbian fashienitabi e
for deternini n?? b@éﬁéé\ecﬁg@lmtdf Ccd‘;f&hﬁitlﬁﬁché’é\.g sdlfﬁalmses deast i of itfhém]ny
cases it is,sufficient to determne nere the diel ectric caonstant eferr].
Because 2 of*The mtkc%%%lq:hvge%&%rﬁ/q e s@’aﬁ‘%ﬁ‘r‘bt"é{r SRR Wpic
Re(Z[err]), it d¢anihet msedcase Ssdlate ehhet phyetienli norndtantesoagt v, .
frequency flerrdangnd a si I t1.00= 4 tqr r

i nstrument suf f1cescort rﬁ?yﬁxga%g?e%{e%%sq:ﬁ%dgrﬂr_gﬁ%é??y,gofi%gg\%\ggkr%’oaffﬂ’l ng
bet ween Re (Z[ éi¥1JesandTREFYFES® of jaquakions i igenerallsh mon-idnsrmges
in inpedance ofbut tefh Bér S6VCERNhumbicha 21, degrt exaﬂi:leow faaGlaifacd to

the dielectric constant.are orthogonal o one apother (this is clear froma
Snith chaﬁ't%. e aPB%F‘ﬁf’FﬁﬁJ'BF %%'er?ﬁ?eﬁfﬁégﬁi rVeEX e 2GAUFAFS or

the sinplifiedinitial values for the physical constants are known. If

more resonators than necessary are available and the
system of equations is therefore overdefined, then the
least squares method is a suitable soclution strategy.

20 Even though the method according to the inven-
tion, and the associated printed-circuit board, are
suitable for determining both the dielectric constant and
the loss factor, in many cases it is sufficient to
determine merely the dielectric constant e, ofs+ Because

25 of the weak coupling between the parameters e orr and
Re(Zp), it is in this case sufficient to determine the

" resonant frequency f,, and a simple scalar reflection-
factor measuring instrument suffices for the measurement.
Fundamentally, the weak coupling between Re(Z;) and e, ¢¢

30 is based on the fact that the changes in impedance of a
test arrangement which are due to the loss factor and to
the dielectric constant are orthogonal to one another
(this is clear from a Smith chart). The calculation of
the material property e, takes place for the simplified

35 case in similar fashion to the full calculation, except
that the measured value Re(ZR) is replaced by the esti-
mate Z,.

The invention has been practically implemented on
printed-circuit boards of mobile radio sets, the test



35 case in sinilar fashion to the full calcul ation, excapch S eplaced
neasured value Re(ZR) is replaced by the esti- mate Z[err] "
has been practically inplenented on printed-circuit boards o]

sets, the testGR 96 PO2l05esonators bei ngl@irranged at the edge of the

bl ank. An enbodi nent of the test resonator, as repre- sented in Figs 1 to
3, is particul aebynakpzéi beingnasyangedaststshecedas efhe thesPladdk of t he
measuring point 5 5 MBK@S dnfbRRMent0 B! Chet ReskMReddnat o, crdd wapeb-
occurs at resonance to a reference-jinpedance Z[err] _of the neasurjng

i nstrument whi 8RREedyddd Figs ils &9 e3¢ tRaPATNE iléfale’?}ﬁfgeﬁtonﬁna@
determ ned by Ehe GesSidelbdEiantrehienposiciijonnef xhe medseriagt updint 5

di el ectric_constant, .and the 10 sition,_ 0 e l0g '
dictates the mﬁgﬁﬁt 1i%rn?&§3’ncté° é‘fatto%é t#beasﬂ?én%ar%%el n"?fq'f*%g??r%‘%‘%ﬁ%nﬁ
whi ch correspondsboaiicg. tb a heefesence sippedsnca Fyucd ithe onedstringnt
nsul ant | ayer $,3¢e,RLERCR chS TRARM L DY TRl Lk | Eé ViyRhod?
resonators can be s ITted by suitable through-connection to one or other
surface of thedpmensdansi ratet dsdarpingd sbfe YRe of€sifrfacBeaRRTBRABES t o

the other surfgeaquEawovahd by tBePadthihlalibleftiial tohBEafi®ASHAENERROI Nt'S
on the sarrg side of ,the §ri nted-circuit, board.. I.n th%té% cggt ext of .the
1 Ak ES t 58°

i nventiont0 t hBOFAEAPRRRELTRY RTFTUTABuRPIRE £ | i tBPRFI y,

since it coul dimpedaaxanplte theemeasusiagypbdn&rr ange t he measuring point in

o onent Bl sce ok -BabphehESURLen eadrpapmRkcu eLgoTrectige o
the sinplifiedifo&el saypadien &d Blnzadidy of (BDifexant fRvylant bta¥easfi ed
by the additiograf présad, | ttHes AbASuriafy o¥simte, JFOSehbl eih@ivaddali onal

CapaCItanggs O;eggng%gggcggntgeogﬁf tgé by suitable through-connection

to one or other surface of the printed-circuit board, or

some to one surface and others to the other surface.

However, it is practical to put all the measuring points

on the same side of the printed-circuit board. In the

20 context of the invention, the term "measuring point"

should not be taken too literally, since it could, for

example, be necessary to arrange the measuring point in

a different place from the actual resonator and to make

the connection to the measuring instrument via a lead. In

25 such a case, the impedance of the simplified model,

specified in equation (1), would need to be modified by

the addition of a lead. It is also, for example, possible

for additiomal capacitances or inductances to occur at

the measuring point, which can then easily be accounted

30 for in the model.

In order to make it possible to use a network

analyser and the possibility of problem-free connection,

for example with coaxial test pins, it is merely neces-

sary for the measured impedance resulting at the measur-

35 ing point or at the measuring instrument to be close to

the reference impedance Z, of the measuring instrument.

As already mentioned, a customary network analyser can be

used for the measurement, which can automatically deter-

mine the frequency £, of the maximum return loss and the



t he neasuring point, which can then easily be accounted 30 for in the
nodel . In order to make it possible to use a network anal yser and the
possibility of problemfree connection, for exanple with coaxial test pins,
it- is merely neres6 saranosor t he nmeasur edignpedance resulting at the
measur- 35 ing point or at the-neasuring instrument to be close to the
reference i rrpeal'alad.e Dhettr | Refigt hef netdsar iispeadmica nericurising r @ddy this

nentioned, a cy et Kk Qgﬁ! ef,1¢an Pe f Sk nt,
whi ch can automat fde%%- mn y?h rie aﬁe?lcy&?fegéf{: geﬁ%g na%g'ﬁr.'um
return | oss anéllnlq!@ the zimpedangie par e F@EP&'I&FPdofls t pdvanypoesvedy

occurring at ohRise EBGEHané(fei'&ic@Xﬁ'iH&&’aﬂ&é b tHeNdlewleii afBaFdeeTENT .
Since the inpedance to be neasured i s advant ag eouslé close tq the ref erence

i npedance 8f t A&SnASKRTUE SHRRY AFCUTACY | §A0 1P&S o Rer 51:‘} cafi& used
to the full. WebAst hthoftei @ ofthé he;emgdedmﬁaedﬂaée, pessibie
contact resistances l%etr\/é/es%r;é heetersuﬁ Jn %#} neasur i ng p‘%l1 tmeo nr

i ntroduce subsFEMTVE &rtors TNt the dere %a‘f‘f%‘h %1’ eSFr8YTFBPues.
Al t hough a triplkdng 180 héhe J-rltmodlmecataiﬂtwdmere tenr@d-‘s adarta eshed

for he purpoggseohitbiaeicaYeH ol aageqed! eqmgsprsitchsa%,hr SUUELBTRRES !

is al so possible to enploy other_ planar mcrowave |ines, for_exanp
screened &F unééP@enEﬁsm EFBQEH*?-EY Raen nitriedt Ans | festad hfé’&'rtﬁbﬁg

'slot, 15 sl opliggokieBeS ofet ®he inhlentiR entaddcdding. to phatkedafior
determ ning the d| eI ectr| (%nst ant. and/ or the Ioss f tor g£e| nsy | at or

| ayers of prin is also possible to oy o anar
microwave lines, for example screened or unscreened .
micro-striplines, micro-striplines with earthing slot,

15 slotted lines, etc. S —
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circuit boards by using test structures fitted onto or 5 into the
printed-circuit board at neasuring frequencies in the MHz to GHz range
characterized in that, as the test structure, at | easThisgheetHesdieen Replaeed
is fitted i ntoew 9@ntpo 2t10& printed-circuwi L2beard, this

designed as a planar mcrowave line with pre- 10 det ons
and predet er m Patemdsictliadmsof at | east one neasuring point, 1n that

each test resonator, its resonant frequency (f[err]) is det er mi ned |n a
frequency band in mhlch this resonant frequency is to be expected, and in
that the inpeddnce (Zz[ Mathedatfemedesermipingr ithe ;ﬁﬁﬂe?%"%‘l‘leﬁ°&§t"—éﬁ“ﬁ ned

i’it t h} S { esonaahgf/@qmélowdfaas%fy o?th.rfbttﬂ.aQﬁﬂ 11 ra;mt ant p&ad/t@a-p he
oss factor are . determ.ne uter from redet er n mensi ons
of each test r&dFFRS %ﬁﬁf‘ﬁl ﬁlﬁgt EPR= né%ﬂ)%'ij‘é‘ 5 ffﬁrée$e§5h3nf’r
frequency and dhtbhe:hg) pr:rrazédmcxﬂft thmardpetaneasbyingi Ayetthenkies
eauatl one. Zor i SHEIREY 60880 ok, OcllaBabreslUAC LGl 2tk | Nak Nl e

l i ne resonat or “i's an r ésona accor di aithl or
2, characterizé@sitn steuctumwe] | ab Aeastatone hBSSGne‘e@mattﬂG‘ r&si €agtedd 25

one open end Wihke It NGnESt \eﬁenp&ha%%ae@%cuatrrmﬂa NGeOk NeeWBhaRoks at
a distance (I[err]) fromthe _short- cifcuited end an a di stance

(I[err]) from PRéngpefegigned as 2 \RIIRAF L BIGFEVARTS - 1RE OFF' aPFE 1 to
3, char aciot er idat@ riminedntd ineng s aand f peedelue;m&hbdr iPJosiitsiatet ef mared 30
as that freque t ich 0 h t reson r es
its maxi num orﬁ]‘%éSQ %’Pectlong?%g{*g n?%’a% Bs |’§setnk1laﬁts f%i 45k %%%Q
accordi ng to omesehagioxi,nstE treapnagifarfrequendy elifin maqlel:hgmmad part Re

(Z[err]) of thg i $ana (4] %H:]c}h | o 021 £ So S0k @requenc §8odo

according to one of aimg 1 to 5, charac- terized in that est
resonator is d&8 gERessed.t A7 af® | FRAtnithe pP—EH’SfiéPﬁ’iene&l x‘l\ stdnc&he

(Dlerr[, Dberrhpagiring point is then determined at this resocnant
frequency, and lastly the dielectric constant and/or the

loss factor are determined by computer from the predeter-
mined dimensions of each test resonator and from the
determined values of the rescnant frequency and of the
20 real part of the impedance by using the line equatioms.
2. Method according to Claim 1, characterized in
that the line resonator is an 1/4 resocnator.
3. Method according to Claim 1 or 2, characterized
in that the line rescnator has one short-circuited and
25 one open end with, lying between these ends, a measuring
point which is at a distance (lz) £rom the short-
circuited end and at a distance (1,) from the open end.
4. Method according to one of Claims 1 to 3, charac-
terized in that the resonant fregquency (£f;) is determined
30 as that frequency at which the return loss of the test
resonator reaches its maximum or the reflection factor
reaches its minimum.
5. Method according to one of Claims 1 to 4, charac-
terized in that the real part Re(Z;) of the impedance
35 (2gz) is determined.
6. Method according to one of Claims 1 to 5, charac-
terized in that the test resonator is designed as a

triplate line with predetermined distances (D,, Dy) of
—_

A



the conductor fromthe earth layers. 7. Met hod accaording to C aim6,

characterized in that, for a printed-circuit board havi ngs§b eplaced

| ayers, at |east N test resonators are used. 5 8. _ lﬂltg

to one of Claigg dgtp Ziogharac- terized 1% that the phys of
)

each test resonator are chosen in such a way that its inpedance (Z[err]
occurring at t¢geBSAELEBErPELEh EHel 8aPBANLAYELEES iNn the region of the

ref erence i npegance (Z[.e of the .10 measur. i nstr ' i

used, for exanﬂfe a ngxﬁgi‘ﬁéaﬁﬁ?&?n@. to acglﬁ‘npﬁk[’ed-gi@f#gﬁﬁer\goyae% {'!?L)

havi ng at | easthatg tfet at rurcintreslfoiraster boardg hawing eNecinsglabazt ant
and/or the loss_{ or _of i | gt i - circuit boards
at neasuring f]r?%%%%%éi %g %ﬁggﬁeﬁl\ﬁés%?%nggﬁgé,Q%ﬁjg?g%tééri zed in that at

| east one %est8struct Methedazeerding ducme OR Chaimpol R8)7. (@RFRed as a
pl anar m croveyeriz8g and bRYENENR oSy &isaNedidieRBAsnensofn@ahedeést m ned
position of at |east one neasuyri n% poi nt 2 (‘{5% E%t%ed I ntp or.onto the
print ed- ci r cui ¥eBeRRHOF 1 pTel (FRoseh pip heugR & WAY BBAFd 3D HRIFIRRG to
Claim9, chara¢terigecurnihaatt brenmeasguwring podnitaomonesdrance cliesited
and one open end. .11. . Printeedscl r qui d . ﬁgfégdi t .o 10,
25 char act erll'zieé&‘len fﬁ%%gé %tésa&r% n%g%l"%gg&)‘("?yse provi dégg%at >0 Eha
predet er dhed méasaning {ngerypent whigh ifsr wsedhefgRopxamplecyiRetwerl and

fromthe open goghder, Printed-circuit board (1) according to one of
Claims 9 to 11, characterized ip that the teskﬂ.re onator 30 &Q&is an 1/ 4
line. 13. Print ed- RFiREPE-BLEFELE 1 PoaTSor fHhgPRYinge 3F &P ¢PPo 12,

characterized tésthatrikeuresttoresdardmiinillgi shdedigledtaica ¢onptane |ine
R T C e o
15 circuit boards at measuring frequencies in the MHz to GHz
range, characterized in that at least one test structure
is a test resomator (R; R1l; R2, R3), designed as a planar
microwave line and having predetermined dimensions and
predetermined position of at least one measuring point
20 (5), fitted into or onto the printed-circuit board (1).
io. Printed-circuit board (1) according to Claim 9,
characterized in that the microwave line has one short-
circuited and one open end.
11. Printed-circuit board (1) according to Claim 10,
25 characterized in that a measuring point (5) is provided
at predetermined distances (lgz, 1l,) £from the short-
circuited end and from the open end.
12. Printed-circuit board (1) according to one of
Claims 9 to 11, characterized in that the test resonator
30 (R) is an 1/4 line. .
13. Printed-circuit board (1) according to one of
Claims 9 to 12, characterized in that the test resonator
(R) is designed as a triplate line with predetermined
distances (D,, D,) of the conductor (3) from the earth
35 layers (4).
14. Printed-circuit board (1) according to one of
Claims 9 to 13, characterized in that the physical
dimensions of the test resonator (R) are chosen in such
a way that its impedance (Z;) occurring at the measuring

* c L M s *
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Clainms 9 to 13, characterized in that the physical dim st
resonator (R) are chosen in such a way that its inped 'ﬂmum“mﬁm@rrng
at the measuring -14- point (5) on resonance lies in" the regronsofsthe
reference i npeds@s (BZ[2xr05 ) of custonary ygeasuring instru- nents, for
exanpl e network analysers, and is in particu- |lar about 50 ohns. 5 15.

Pri nt ed- ci r cui tpdiger d (501) onhavriesgnhinciensbiasorihayehe, wafidli ngf t ccwe of

Claims 9 to 14 erd | h it _pas .at least N test_resongtors
(R, R2, R3), at : eaeg}geoniéz?eér?s%#a%t @?a)ye?‘p(g‘é,sg%?néc?'eﬁg}lﬁéngl MRERRY as
dielectric to ae@tasefior exammler networkl@nalyseRs|, naad- disr dui palrdeich- (1)

according to on@rofapehd M Bunz .15, characterized in that each test
resonat or s arranged at the edge of the board blank. 17.

Pri nt ed- ci Eﬁilll board FEF-RRES5Sdimfydto BRardr Lhi havding %, issamdadax i zed
in that the nedayersy abcorfdingt 8o(bne adf dieSingner t3S 12Qashalrab®asylzlddd
points for coaxlal ptest Pl 4t least N test resonators (R1, R2, R3),

at least one insulant layer (2a, 2b, 2¢) being allocated

as dielectric to each test resonator.

10 16. Printed-circuit board (1) according to one of

Claims 9 to 15, characterized in that each test resonator

(R) is arranged at the edge of the board blank.

17. Printed-circuit board (1) according to one of .

Claims 9 to 16, characterized in that the measuring

15 points (5) are designed as cocaxial measuring points for
coaxial test pins.
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