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ABSTRACT the slot-line mode is not excited here because of the sym-

metry. ) Realistic MMIC dimensions are applied and thus

Open and short circuits as used in MMIC’S are in- the results provide useful information for the design of

vestigated by means of a Finite-Difference method in the coplanar MMIC ‘s.

frequency domain. Both mode conversion and finite met-

allization thickness are accounted for. For the open stub,

noticeable mode conversion is observed whereas the short

circuit behaviour shows a significant dependence ton met-

allization thickness.

INTRODUCTION

For state-of-the-art MMIC’S, the uniplanar concept

becomes more and more important. In such circuits, the

coplanar waveguide is used as basic transmission-line el-

ement, which provides some advantages compared to the

conventional microstrip structures (see [1]). On the other

hand, only few modelling tools are available for coplanar

MMIC’S and accurate descriptions of line discontinuities

are still required, even for the simple open and short cir-

cuit. As well known, the following two points need special

consideration when modelling CPW configurations:

c The line parameters exhibit a significant depen-

dence on metallization thickness t [2].

● Due to the backside met allizat ion of the substrate

and a floating potential of the ground metallizations

two parasitic modes can be excited [3,4], the “slot-

line” mode and the parallel-plate mode (see Fig. 1).

So far, only a few papers have been published investi-

gating coplanar open and short circuits. Moreover, those

investigations do not consider the typical miniaturized

line geometries used in MMIC’S [3,5] or they assume zero

metallization thickness [6].

The original contributions of this paper are mainly

that the influence of the metallization thickness is con-

sidered as well as the mode conversion from the coplanar

mode into the parasitic parallel-plate mode. (Note that

coplanar mode

slot-line mode

parallel-plate mode

Fig. 1: The three fundamental modes
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RESULTS

A three-dimensional Finite-Difference formulation in

frequency domain [7] is used to derive the generalized

scattering matrix. This requires waveguide ports to be

defined. Regarding the parallel-plate mode, therefore,

modes propagating in four directions are considered as

illustrated by Fig. 2. The resulting scattering behaviour

for the CPW mode is given in terms of the effective length

extension Zert. This quantity describes the capacit ante

and inductance due to the fringing fields at the open and

short circuit by a length increase of the homogeneous

coplanar waveguide.

The effective length extension lezt can also be related

to the transmission-line parameters in the following way:

{

+ for open circuits

l.X, = (1)

+ for short circuits

i

ppm 2

,S, w,s
1.

Fig. 2: The open and short-circuit structure and the dif-

ferent modes considered

(h = 200pm, e, = 12.9, W == 15Prn, S = 10pn,

g = 10pn and 40pm for open circuit, g = O for

short circuit ).

Where L’ and C’ represent the distributed line capaci-

tance and inductance of the CPW ,while C’Oand Lo de-

note the end capacitance of the open circuit and the end

inductance of the short circuit, respectively. One should

note that a variation of metallization thickness influences

both the end reactance and the corresponding distributed

line parameters.

.... ... t=3pm
— t=l,5pm
--- t=Opm

8~
100

frequency / GHz

Fig. 3: Length extension l,.t of the open circuit against

frequency

(g= 10prn and 40,um, respectively, t = 0... 3pm,

as specified).

OPEN CIRCUIT

Fig. 3 presents the frequency characteristics of Z.zt for

the open circuit. Two different values of spacing g (see

Fig. 2) are studied as well as metallization thicknesses

t in the range of O. . . 3pm. Due to the miniaturized

cross-sectional dimensions of the structure dispersion re-

mains negligible. Also, the variation due to metalliza-

tion thickness is very small (see Fig. 4), because the end

capacitance is dominated by the fields within the high-

permittivity substrate.

Regarding mode conversion (see Fig. 5) one should

mention, that about l~o of the power turns from the

coplanar mode into the parallel-plate modes, also in the

limit of zero frequency. This phenomenon can be ex-

plained by the existence of a backside metallization and

the finite lateral dimensions of the CP W. Thus, one has

an unsymmetric loading for the multi-mode system formed

by the CPW and the parallel-plate mode.
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Fig. 5: Transmission coefficients S(ppml), S(ppm2),

S(pprn3) of the CPW mode into the parallel-plate

modes ppm 1, ppm2, ppm3, respectively

(open circuit, for definition of the mod~ see

Fig. 2, t = 3pm).

SHORT CIRCUIT

In analogy to the open-circuit results, the length exten-

sion lert shows negligible dispersion within the frequency

range up to 100GHz. As demonstrated by Fig. 6, how-

ever, metallization thickness t influences l,z~ significantly.

Considering a 3pm thick metallization, for instance, the

assumption t = O causes 27’ZO error in lezt.

It is interesting to note that, from the homogeneous

transmission-line parameter L’ one would expect J,zt to

increase wit h growing thickness t. In Fig. 6, however, the

oppesite behaviour is observed. One concludes that the

end inductance Lo dominates the t dependence of let and

that it shows a substantial decrease when increasing t.
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Fig. 6: Effective length extension l=j of the short circuit

against metallization thickness t

(f= 50GHZ).

Generally, the values of leci are smaller than those

for the open circuit, i.e. the parasitic effects are less pro-

nounced when using a short-circuit termination.

Fig. 7 presents information on the mode conversion of

the short circuit. The absolute values for the excitation

of the parallel-plate mode sze substantially lower than

in the open circuit case. Also, mode conversion vanishes

for zero frequency due to the symmetrical loading in the

corresponding equivalent -circuit model.

Furthermore, one observes a difference in the short

and the open circuit characteristics regarding the trans-

mission coefficients S(ppm2) and S(ppm3), which refer to

the parallel-plate modes propagating into the grounded

sections (see Fig. 2). In the open case, S(ppm2) and

S(ppm3) assume similar values whereas in the short cir-

cuit case S(ppm3) clearly exceeds S(ppm2). Thk indi-

cates that the short transmits more power to the sides

than in forward direction. The open circuit, on the other

hand, does not exhibit such a distinct direction in exciting

parasitic modes. Further work is necessary to establish

detailed theory on that characteristic.
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)

S(ppm3) of the CPW mode into the parallel-plate

modes ppml, ppm2, ppm3, respectively

(short circuit, for definition of the modes see

Fig. 2, t = 3,wTz).

CONCLUSIONS

The following conclusions can be drawn regarding mod-

elling and application of coplanar open and short circuits

in MMIC’S:

● The short circuit appears to be the more favorable

alternative because less parasitic are involved. Length

extension lect as well as transmission to parasitic

parallel-plate modes are smaller than for the open

circuit.

● The properties of the short circuit depend signifi-

cantly on metallization thickness t. Hence, mod-

elling tools based on the assumption t = O become

questionable. The resulting deviations are of the

order of 10 . ..30% for realistic thickness values t.

Therefore, improved descriptions are to be devel-

oped.
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