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Fig. 1. Shorted slotline and its end equivalent circuit.
An Alternative Method for End-Effect techniques [23], [24] need a large number of experimental circuits,
Characterization in Shorted Slotlines although the results are necessarily limited because of the time needed

for experiment. Using a relatively more simple method based on MDS
G. Duchamp, L. Casadebaig, S. Gauffre, and J. Pistre Momentum simulation [18], we achieved and propose an efficient
analytical model of end effects in a slot line, which can be simply
used for many applications and more general computations.
Abstract—in this paper, we propose an alternative method to charac-  Qur results are then compared to those obtained both by experimen-

terize the end effects in shorted slotlines. Using a commercial software ot : :
to model the transition, a simple mathematical expression of the end tal approaches [23], [24] and by sophisticated numerical computations

impedance, valid for a given substrate family and in a wide frequency [25].
domain, was achieved. Several dielectric substrates were considered and

the obtained results were compared with experimental ones. A correct Il. THEORETICAL APPROACH
agreement was observed. This approach can also be useful in more o ) ) o
complex simulations relative to multilayer structures. As has been shown in the literature [25], slotline termination can

be considered as a simple equivalent circuit such as a resistance and a
serial inductance (see Fig. 1). Hence the expressich pthe slotline
end-effect impedance, 8. = R. + jX. where R. represents the

I. INTRODUCTION radiation losses and’. represents the inductive phenomena at the

THE development of microwave and millimeter-wave integratelf® termination. _ o
circuits (MIC's) has increased and plays an important role in ConsideringZ, the slotline characteristic impedance, due to the

more recent mobile and satellite communication systems. Thi@n-TEM nature of the transmission mode in slot lin&s, cannot

the use of planar structures in interconnects is of greatest intBf defined uniquely [19], but in the present approach, we simply use
est, especially microstrip lines because of their simple structfé results given by the simulator. L&t be the line impedance at a
and their well-developed characterization. As a consequence, mgf¢en pointand: = Z/Z, be the normalized impedance at this point.
sophisticated multilayer circuits must be considered in order foCan &lso be written: = (1 + I'/1 —I'), wherel" represents the
reduce the dimensions. Hence, the study of transitions betwdgyresponding refl_ectlon (_:oefflme_nt. With our simulator, it is possmle
different planar transmission lines becomes necessary. For mdfyet @ portatagiven point and fiidas51, . In the case of a single-
years, several computational methods have been developed to sBRE Measurement, the literal expression of the input impedance is

electromagnetism equations in complex structures. then given by

Two main approaches are investigated. One, generally based on o (14 50)
semianalytical formulations, uses the method of moments and the T (1= S4)
spectral-domain approach [1]-[9], the second one considers esse
tially numerical algorithms like the finite-difference time-domainé1

(FDTD) or the transmission-line matrix (TLM) method [10]—[17].ﬁ

The respective benefits of these two approaches have already b&ﬁﬂed wavelength\,. In the second one, the MDS Momentum

dlscusged in the Ilteratu_re (3], (81, [14].‘ [15]'. . . optimization module gives th&:, maximum value (corresponding
In this paper, we consider the slot—microstrip transition. A rigoro the maximum VSWR) in accordance to a determined length
study of such a structure needs to take into account the end effelcté 5+ (\./2) wheres < (\./2). Therefore, the impedance at

\.Nh'Ch appear on th(_ese t_ransmlssmn lines and depend on the ch”fe' input port(zi, ) is calculated and the end-effect impedance of the
ing frequency and linewidth. These end effects have already be rted slotline. is determined as

characterized as capacitive or inductive according to the type of line.

Index Terms—End effect, slotline.

'Yet us consider a line of length For a given frequency, linewidth,
nd type of substrate, two simulation steps are necessary. The
rst one determines the characteristic impedafgeand the slot

For microstrip lines, simple calculated models have been proposed Zin _jtg<27r5)
[20]-[22]. They give a good evaluation of capacitive effects at the line L= As )
termination. For the slotlines, the existing calculations are somewhat 1 s 276

. . . — JZintg
heavy and they are not so easy to use for circuit design. Furthermore, As

many experimental measurements have been made for differgfimalized resistances. and reactances. are plotted versus
subs.trates.e.md different linewidths at given frequencies in orderﬂ‘équency for different widthe and different substrates. Each curve
obtain families of charts. However, all these proposed measuremegh, e simply fitted with a linear equation. Therefore, for a given

) ) . ) substrate with a thickneds and a dielectric constant., we obtain
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Fig. 2. Compared results of normalized short-end line reactances betwgg 4. Normalized reactance of short-end slotline on alumina substrate.
present simulation and experimental curves from [23] and (25]= 20).

TABLE |
0,7 - a; AND b; LAGRANGE S COEFFICIENTS FORNORMALIZED END
REACTANCE OF SHORTED SLOTLINE ON ALUMINA SUBSTRATE
0.6 g, =12 " —
o Wh=0221 [23] i 0 1 2 3 4
-
g 051 o aj cocfficients | 10,17 -36.03 113.364 -121.15 44.01
= x| o wh=0221 [25] of a(%
S 04 - - o~ : (_h)
; o //*/ = wh-0.892 [23] bj coefficients -10 489.25 -1011.67 968.75 -333.34
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= Y, XK
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Fig. 3. Compared results of normalized short-end line reactances betweef o4 | I - e —o-y1(£0.2)
present simulation and the curves from [23] and [25] = 12). E - o yI(E04)
< 0,035 °°
IIl. RESULTS AND ANALYSIS I & -y1(£0.6)
. . . . . 0,03 e IO
For each widthw, a simulation was made at different frequencies yIEo8)
fo in the considered frequency interval of 1-20 GHz, and a set of o0s ; ; ; | = YUELD)
curves for the normalized end line impedance was achieved. For two 0 2 4 6 8 10 12
different structures with given physical and geometrical parameters Frequency (GHz)

(g, =20,h = 3.175 mm ands, = 12, h = 3.07 mm), these results
are then compared to those obtained experimentally by Knorr a :'8
Saens [23] and Rozzi [25]. The results are shown in Figs. 2 and 3.
There is a good agreement between the present simulated approggh
and the experimental one for the lowest linewidth values. In the case .
of largerw values, a difference of about 10% appears. However, there B (g) —10-%. Z - (11))i
are also dispersions of the same order between experimental values h ‘ )
according to [23] and [25].

We then used our method to evaluate the end effects in a shortéging Lagrange’s interpolation technique, theandb; coefficients
slotline on an alumina substrate. (= 9.9 andh = 635 um). In this are easily determined. Table | presents these coefficients.
case, the real part df. (end-effect impedance), which characterizes We have applied the same method for a duroid substrate=
radiation losses at the short point, was neglected and a chart of o), and the results obtained concerning the normalized resistance
normalized reactances. was plotted versus frequency for differentand reactance are presented in Figs. 5 and 6. The expressions of the
width w (see Fig. 4). As appears in Fig. 4, the normalized reactanaermalized resistance and reactance are

b : w w ) :
D i) -a(3) 4560 D)) =46 10 )
ggrd(\)lé(ti {](lé/sz}ilr)eéolljr{hiszgTéear;?)éri)Tnziéalfeipiéscs;igﬁ:s‘jlwg/igf)l can Te (f ) %) = Y2 (f ; %) = 42 (%) - f+ B2 (%)

. 5. Normalized resistance of shorted-end slotline on duroid substrate

h

and

As for an alumina substrate,

A() =107 3w (B) L) () ()

h h h
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Fig. 6. Normalized reactance of shorted-end slotline on duroid substratfs]
(er 2,2).

TABLE 1
a; AND b; LAGRANGE S COEFFICIENTS FORNORMALIZED RESISTANCE AND
REACTANCE OF SHORTED SLOTLINE ON DUROID SUBSTRATE (&, = 2,2)

(6]
(7]

i 0 1 2 3 4
aj coefficients [8]
36 -30.35 97.04 -119.3 50.29
of 4%
bj coefficients [9]
4 22042 -576.25 677.08 -281.25
of B,(%)
aj coefficients [10]
11.7 -58.77 164.125 -192.71 81.25
of 4, (%)
bj coefficients
10 342.42 -456.46 377.08 -151.04
of B(% [11]

B (w/h) are fourth-degree polynomial expressions

=0
10}

4
w _3 4 w\?
B.(4) =10 ;)b(ﬁ)

(E) =103 a
=0
The corresponding coefficients are listed in Table II. [17]
Therefore, for a given substrate, a unique simple expression
of normalized resistance or reactance can be used to accurajey
take into account end effects in the shorted slotline for mixed
microstrip—slotline structures.

[12]
[13]

(14]

[15]

and
[16]

[19]
IV. CONCLUSION

This paper proposes a new method for modeling of end effects Y
shorted slotlines. The following main results have been achieved.
1) This method allows the determination of the slot termindR1l
impedanceZ.. [
2) A comparison with experimental results, available in the liter-
ature, shows a close agreement with our own results. [23]
3) A mathematical expression, valid for a given family of substrat94]
and in a wide-frequency domain, has been achieved.
This could be used to determine the slot terminal impedance a
hence, permits us to take into account end line effects in mi-
crostrip—slotline transitions on this substrate family. The results
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corresponding to alumina and duroid substrates are presented, but

equivalent relations could be easily achieved for other substrates.
This method can be generalized to characterize end effects of

shorted slotlines in more general multilayer structure simulations.
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