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De-Embedding Slotline Propagation Parameters
Mihai-Horia Murgulescu, Pierre Legaud, Etienne Moisan, Elisabeth Penard, and Isabelle Zaquine

Abstrrzct-A new method for extracting the slotline propagation

constants is presented. The test structure consists of coplanar
access lines, cophmar-slotline transitions, and the slotline to
be measured. Since no special mathematical computations are
needed, the method may b,e directly implemented using com-
mercially available microwave CAD packages. The method may
be applied up to millimeter-wave wavelengths. The experimental

results are compared to electromagnetic simulations.

I. ItYTRODUCTION

v ERY LITTLE experimental data [1] have been published

until now on the slotline propagation parameters extrac-

tion (characteristic impedance Zca, and propagation constant

7). me main difficulty in the experimental characterization
is due to the slotline structure itselfi it requires the use of

both uncommon “ground-signal” probe tips [2] and precision

slotline on-wafer calibraticm standards unless a de-embedding

technique is used. Microstrip or coaxial-launching slotline

structures may be designed, but they suffer from poor per-

formances and fail at high frequencies.

In this letter, we propose a new de-embedding technique

for determinating slotline propagation parameters. The method

uses usual “ground-signal-ground” probe tips (usually called

“coplanar” probe tips) for on-wafer measurements, a standard

calibration procedure, and it is suitable for slotline character-

ization in the millimeter-wave range.

II. THE PRINCIPLE OF THE METHOD

The test structure is shown in Fig. 1. Basically, it consists

of two back-to-back coplanar-slot transitions [3], Access lines

are 50-0 coplanar waveguides (CPW’ s). The slotline length

is 1. A previous TRL calibration using coplanar standards is

necessary, fixing the measurement reference planes A-A’, and

13-l?’. We use the propagation constants model [4] for the

slotline. The slotline AB CD matrix is

ABCD =
[

cosh + ZC-, sinh -yl

Y,3,sinhyl coshyl 1 (1)

Exterior access CPW’s slots do not see open circuits, but

instead an unknown complex impedance Z.P, which is due

to aperture radiation. Taking this into account, the electrical

circuit between the planes A-A’ and B-B’ is a r-bridge (Fig.

2). Its ABCD matrix is shown in (2), at the bottom of the

next page.
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Fig. 1. Slotline de-embedding structure lay-out.
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Fig. 2. Slotline de-embedding structure equivalentcircuit.

One may notice that the parameter B is independent of the
aperture impedance Z.P. Consider now two structures (Fig. 1)

having two different slotline lengths 11 and 1z. By dividing

the corresponding B parameters one obtains:

B1 sinh’yll

z=——
(3)

sinhy12

Equation (3) allows for deterrnir~ating T. The characteristic

impedance may be readily computl:d in the next step:

zcar=&> i=m

We may resume the de-embedding sequence as follows:

—

—
—
—

(4)

creating two structures (Fig. 1) having two slotline

lengths 11 and 12

TRL calibration

matrices transformation s –~ ABCD

determinating ~, (3)

detertninating Zca,, (4)

111, SPECIFIC PROBLEMS

Lengths 11 and 1z are chosel~ taking into account the

measurement frequency range. The condition is that the two

slotlines lengths significantly differ from nA/2, n = O, 1, ...,

[5]. We took the practical criteria 61(j’~i.) >20°, 192(~~.x) <
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160°, where O,(~) is the electrical length of the slotline 1; at

the frequency f.

It is important to ensure a good rejection of the even, “cou-

pled slotlines” mode on the access CPW’S. This is achieved

using air-bridges. Since the air-bridge inductance is propor-

tional with its length, in order to ensure a proper short-circuit

between the CPW’s ground planes, the CPW’S should be kept

narrow (i.e., w + 2g small). The best is to use thin film air-

bridges or to put several in parallel if bonding wires are

used.

~avirtg narrow CPW’s also presents the advantage of keep-

ing the slot bend discontinuity small. In a first approximation,

the discontinuity may be neglected. However, if it has to

be taken into account, we suggest a straightforward method.

We model the discontinuity as a slotline overlength Al. Al

may be determined from low-frequency measurements, where

sinh ~ ~ -y and the right term of (3) is independent of T. We

found experimentally that Al ~ g + s.

IV. EXPERIMENTAL RESULTS

Test structures have been built on alumina substrate (8, =

9.9, h = 2.54 pm. metal thickness = 4 pm). The 50-0 access

CPW’S (w = 50 ~~m, g = 30 &m) have a length of 540 pm.

Slotlines having four different gaps have been tested: s = 20,

30, 40, and 60 &m. The two slotlines lengths were 11 = 800

gm and 12 =1500 ~m. Slotlines lateral planes widths are b =

540 ~~m.The frequency range is 10–30 GHz. The transcendent

(3) has been solved with a precision of 2.5% by starting

from an appropriate expression of -y and by adding correction

terms. In order to check the results, one should verify that the

two characteristic impedances obtained for the two slotline

lengths are equal. In our case, this happens with a precision

better than 2%. The absolute values of the characteristic

impedance imaginary parts are inferior, for all the cases, to

6 Q. The propagation constants have been also computed

with a commercial software package (LINMIC + /N, from

Jansen Microwave), that uses the spectral operator expansion

technique [6]. In Fig. 3(a) and (b), a comparison between our

measurements and LINMIC + /lV simulations is presented.

Very good agreement is observed. The measurements are

also compared with propagation parameters computed using

Cohn’s method ([7], Fig. 3(a) and (b), s = 60 &m). This

method neglects the metallization thickness and the slotline

lateral planes’ widths. Significant differences have been ob-

served. It is therefore essential when simulating slotlines in
the millimeter-wave range to take into account both the lateral

planes’ metallization thickness and width.

V. CONCLUSION

A novel method for extracting slotline propagation param-

eters is presented. The method uses standard probe tips and

a TRL calibration procedure. It may be used both in low mi-
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Fig. 3. Measured (solid hnes-a s = 20 pm; b: s = 40 flm; and c:5 = 60
pm) and simulated (LINMIC + \.V: +: s = 20 flm; x: s = 40 pm, ❑ : s =
60 pm, Cohn’s results [7]: A: 5 = 60 pm) slotline propagation parameters.
The slotline lateral planes width is b = 540 #m. The substrate is alumina
(s, = 9.9, h = 254 pm), and the metallization thickness is 4 pm.

crowave frequency ranges and at millimeter-wave frequencies.

The simplicity of the technique allows for a direct implemen-

tation on a microwave CAD package such as MDS (Hewlett-

Packard). As a secondary result, the aperture impedance may

also be determined, We demonstrated the method in the
frequency range 10–30 GHz. A comparison with theoretical

predictions is done, and good agreement is observed.
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ABCD =
[

cosh~l + Y.P Zca,sinh~l ZC.rsinh~l

(Y2P.Z-., + Y~-r)sinhyl + 2YapcoshTl YaPZca,sinhTl + cosh-yl 1 (2)
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