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FDTD Analysis of Submillimeter-Wave CPW
with Finite-Width Ground Metallization

Ngoc-Hoa Huynh and Wolfgang Heinrich

Abstract—The dispersion and attenuation characteristics of magn. wall
conductor-backed coplanar transmission lines with finite-width o
ground metallizations are studied in the frequency range up | f
to 1 THz. The finite-difference time-domain (FDTD) method is ‘ PML
used for analysis. Open boundaries are described by means of 1
Berenger's perfectly matched layer. The results are compared to
electrooptic measurements. They show that introducing ground |
metallizations of finite width causes distinct changes in attenua- | _ e S W2,

tion and dispersion characteristics. T”E” -'g't'——'q!—‘“‘;m
Index Terms—CPW, FDTD method, submillimeter transmis- } % A field ‘
sion line. ; e Wh source hie
| |
I. INTRODUCTION L | x4
N recent years, planar circuits for the submillimeter-wave —______&______m__,____ N

frequency range have become a subject of increasing in-
ter.ESt' Among the transmlssmn lines used, the COp.lanar Wa}fll%f 1. FDTD model of the CPW structure under investigation, metal plane
guide (CPW) plays a major role. In the past, analytic approXiteally conducting.
mations were proposed to describe dispersion and attenuation

characteristics [1], [2]. The formulas were verified by ex- i
perimental data in the frequency range up to 1 THz [1]. IWaveguide (CPW) ground-to-ground spacing+- w. For our

[3], CPW dispersion is calculated in time domain, but thivestigations, center strip widts and slot widths are kept
frequency range is restricted to 300 GHz and attenuationGanstant® = 16 um, s = 12 um) while ground-metallization
not given. The problem of leakage is treated in [4] and [g]ndth m is varied. Substrate thickneg is 380 um. The top
where also the effects of conductor backing and finite laterdld the lateral boundaries are assumed to be open in order to
width are discussed on a qualitative basis. For the technicdfiglude radiation effects.
interesting CPW geometry, however, the conductor-backedThe waveguide in Fig. 1 supports two fundamental wave
structure with finite-width ground metallization, there is stilmodes: the coplanar mode and the parallel-plate mode, which
a lack on simulation work, particularly regarding quantitativéescribes the floating potential between the ground conductor
data. on the substrate surface and the backside metallization. In
The objective of the present paper is to clarify in whiche lateral regions with metal-free substrate surface, one has
way finite lateral width influences the propagation behavidhe well-known dielectric-slab geometry supporting surface
and to provide quantitative data for typical line geometries omaves. The surface wave with the smallest cutoff frequency
semiconductor substrate. A further contribution refers to th is the TMy mode (f. = 0), the highest order propagating
method of analysis, the finite-difference time-domain methddodes in the frequency range up to 1 THz are;Tand TE.
(FDTD). Berenger's perfectly matched layer (PML) is applied We use the FDTD method to analyze the structures. The
and found to be effective in modeling the open boundariesincident wave is excited by imposing th&, component
between center strip and ground metallization (Fig. 1). This
ensures optimum decoupling to the parallel-plate mode so
) _ ) o . that the assumption of single-mode propagation is justified.
Fig. 1 illustrates the structure under investigation. Highre gifference to the conventional way of a pulsed electric
resistivity silicon is used as substrate, but it can be replac]%ild hard source [7] is that within the source region the

by GaAs without changing the characteristics basically. Aé"lectromagnetic field is superposed and not replaced by the

in usual applications, the substrate backside is conductiggurce field. This technique offers the advantage that the
and substrate thickneds is large compared with coplanar

source is transparent to reflected waves. Sampling of the
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Fig. 2. Effective permittivitys,.g¢ of the CPW in Fig. 1 against frequency Fig. 4. Effective permittivity as a function of frequency for the structure
with ground-metallization widthn as parameter (the bars denote the frequersf Fig. 2 with m = 160 gm and¢ = 0.8 um: comparison of FDTD and
cies according to (1), also included are Frankel formula [1] and FDTD data forode-matching results (conductivity of metallizations= 35 S/jtm) with

infinite ground plane, the dimensions are= 16 um, s = 12 um, andt = 0).
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Fig. 3. Attenuation~ as a function of frequency with ground-metallizationFig- 5. Attenuation as a function of frequency far= 160 nm (other data
width m as a parameter (dimensions as in Fig. 2); additionally included a@§ in Fig. 4).

the results for infinite ground plane by FDTD and Frankel [1].

center. A graded mesh is applied. Dispersion and attenuation o
the coplanar mode are calculated from the Fourier-transform%d
electric fields at two locations along the CPW [3]. Substra
and conductor loss is neglected in the FDTD analysis. Th
the resulting attenuation is only due to radiation. The me

dimension for the structure withn = 160 pm is 117 x

2 for m = 80 pum andn = 2,4 for

= 160 um, respectively (Fig. 2)6; = 2m+2s+w denotes

e total CPW width including the ground planes. Equation

‘i) corresponds to the frequencigswhere multiples of the
feral wavelength of the waves in the substrate (propagation

constantw,/zi€) coincide with the total CPW width. Varying

ho;ds with n =

103 x 190 cells. The simulation takes about 14 h on parallfje substrate thickness from 323 to 44Qum does not change
DECmpp 12 000 machine (SIMD with 64 64 processor field, the results. This differs from the Frankel formula [1] which

1-GFLOPS peak performance).

lll. RESULTS

In Figs. 2 and 3, the behavior ef.x = (5/5)* and «
versus frequency is plotted with ground-plane width as
a parameter. The widthn varies between 16 and 16@m.
All structures have zero metallization thicknégs= 0). With
respect tce,.g, increasing the lateral width from 16 to 160

predicts a distinct dependence on thicknessIin comparing
both results one has to note, however, that the consideration
in [1] refers to a structure without conductor backing and for
thicknesses:; in the range ofw + 2s whereas in our case a
backside metallization exists with, > w + 2s.

For the attenuation, the influence of ground-metallization
width m is more pronounced than for..x (see Fig. 3).
Clearly, a dependence on widih is observed. The general

pm raises dispersion slightly. More important is, however, thifgnd is: the largern the larger the attenuation. The special

for m = 80 andm = 160 um the curves exhibit small loca
maxima. One finds that the maxima occur at frequencies wh

2
nmw
WQNE_ |:6_1:| = jgl)w (1

| feature is that maxima occur within the given frequency range
&og m = 80 and 160 pm. These maxima correspond to

frequencies of (1) fob; = 2m. A possible explanation is the
fact that the CPW mode excites waves propagating laterally
toward the outer edge of the ground plane. In the case of an
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infinitely wide ground conductormg = o) they cause leakage < Substrate thickness valués much larger than ground-
of the CPW mode [4], [5]. For finite width:, however, they to-ground spacingy+ 2s do not influence phase constant
are reflected at the outer edge of the ground plane forming and attenuation.
a transverse standing-wave pattern. This leads to cancellatiom The available approximations (e.g., [1]) fail to describe
and resonance effects at certain frequencies and may cause the case of finite lateral width accurately enough. This is
enhanced attenuation of the CPW mode. However, this effect true in particular for the attenuation characteristics.
still needs a more detailed investigation.

Finally, in Figs. 4 and 5 a comparison with electrooptic
measurements is presented for the CPW with= 160 zm.
The measurements were performed at the RWTH Aachen [8]. REFERENCES
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