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ABSTRACT

By comparing the results by the modified

spectral-domain approach with those by the previ-

ous empirical formulas, a new attenuation constant

empirical formula is proposed in discussing the

conductor and leaky-wave losses associated with

a practical coplanar waveguide (CPW) in which

the thickness and conductivity of signal strip and

ground planes are finite. Based on this new em-

pirical formula, the transient propagation charac-

teristics of Gaussian pulses along a lossy coplanar

waveguicle are investigated in detail, In particu-

lar, the t~ansient propagated pulses calculated by

different empirical formulas are discussed and com-

pared with those of the experimental data.

1 INTRODUCTION

Moclern development of high speed devices

and circuits necessitates a more acurate time-

domain analysis of transmission lines. Specifi-

cally, transient analysis of coplanar transmission

line structures, such as suspended coplanar wave-

guides [1], slot lines and open coplanar waveguides

[2]-[3], has been reported. Meanwhile, two ap-

proximate formulas were proposed for modeling

the modal dispersion and attenuation of coplanar

transmission lines. However, all transient propa-

gation studies were usually conducted under the

assumptions of perfectly electric conductors and

zero metallization thickness [1]–[3], In practical

MMIC structures, the effect of finite thickness and

finite conductivity of the metal can not be ne-

glected [4] and a more accurate model is needed,

Fig. 1: Cross section of coplanar waveguide.

In this study, a new empiricr.1 formula for atten-

uation constant of CPW in describing conductor

losses and surface-wave leakage is proposed, from

which an efficient time-domain propagation model

may be established.

2 FORMULATION

The transient propagation behavior of a Gaus-

sian pulse along a practial coplanar waveguide as

shown in Fig. 1 is the main concern of this study,

To this end, the propagation constant of the wave-

guide (~=a+j~), which incll~des the attenuation

constant a and phase constant. @, is needed in char-

acterizing the time-domain wave behaviors. The

propagation constant can be computed, numeri-

cally, by the time-comsuming full-wave techniques

such as the modified spectral-domain approach [4].

For practical design purpose, it is better described

by the empirical formulas.

One simple empirical formula [2] was proposed
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for the effective dielectric constant of an idealized

coplanar waveguide. This formula was obtained

under the assumption of infinitely thin conductors

and infinity conductivity.

Accurate values of attenuation constant asDA

were available by the modified spectral-domain ap-

proach [4]. But this method is too time consum-

ing to become a practical tool for circuit design

purpose. Physically, high-frequency attenuation

constant of CPW is mainly due to the surface-

wave leakage, and it can be approximately rep-

resented by the radiation empirical term ar~~ [3].

This radiation term was derived by the assumption

of infinitely thick substrate as well as zero metal-

lization thickness and infinity conductivity. In the

lower frequency region, the attenuation constant is

mainly associated with the conductor loss which

may be approximated discussed by a simple ana-

lytical formula af”’d [5].

However, the sum of CJad and CYc”ndis inade-

quate in representing the more accurate c#D i. In

this study, a new corrected term QC is proposed

so that it may better fit the curves for ( QSDA -

c@). After comparing the results for QsD~ and

a “’d, a new corrected empirical formula for attenu-

ation constant acEF is established for the pratical

CPW shown in Fig.1 ,

~CEF = ~rad + ~. (Np/mrn) (1)

f(k) .(+ .p .g(~). (:)-077(2C =
(w+ 2s) ft.

where ft,, = c/ (4h~~) is the cutoff frequency

of the T131 mode [2], j’(k) = 8.67k2 – 7.82k + 4.17,

B = (0.25(;) + 0.14) . (0.59k + 0.73), g(t) =

0.01(~)2 + 0.42(~) + 0.63, and k = *. In (l),

w and s are in pm, Or is 1.0 x 107 S/m, and tr is

1.0 pm.

3 NUMERICAL RESULTS

Fig. 2 compares the effective dielectric con-

stants ee,rf and attenuation constants Q of a prac-

tical CP’W, based on different approaches. With

the presence of the internal inductance of the con-
ductor, the effective dielectric constant &’-4 by the

modified spectral-domain approach [4] is somewhat

different from that c~f by the empirical formula
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Fig. 2: Effective dielectric constant C.ff and at-

tenuation constant a by different ap-

proaches.

[2]. But this difference is not essential in affect-

ing the transient behavior and will be neglected in

this study, The attenuation constant o@F by cor-

rected empirical formula (1) is compared with that

~SDA bY the modified spectral-domain approach

[4]. .Also included are the approximate one a“”

and the sum (o?ad+c#O~d). Good fitting between
*CEF and c#DA curves suggests the use of the

corrected empirical formula (1) in the subsequent

analysis.

Shown in Fig. 3 are the simulated propagating

pulses at positions z = O, 3 mm, and 5 mm by three

different empirical formulas. Also included are the

corresponding measured pulses by [6] for compar-

ison. Here the input is a Gaussian pulse whose

full width at half maximum (T) is 0.52ps. The cor-

rected empirical formula ac~~ in (1) is better than

the others, dad and (QT’d+Cto”d), as reflected by

the good agreement with the experimental data.
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Fig. 3: Propagation of Gaussian pulses based on

different empirical formulas,

Fig. 4 shows the transient waveforms with

propagation distance as parameters. Note that

lhe tails of narrow pulses show ripples while the

wide pulses do not. Physically, a broader frequency

spectrum is associated with the narrow pulse whose

lower frequency component has a phase velocity

faster than the higher frequency component. And

the appearance of ripples in pulse tails is a conse-

quence of this difference in phase velocities.

Fig. 5 shows the waveforms for different in-

put pulse widths at z = 3mm, 5mm. The attenua-

tion constant of CPW increases rapidly as the fre-

quency increases, especially when the leaky surface

wave is excited. The high frequency component of

narrow pulse, which has broader frequency band,

would suffer greater attenuation than that of wide

pulse. Thus, the amplitude of narrow pulse would

be lower than that of wide pulse, when they are

propagated along the CPW.
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Fig. 4: Propagation of Gaussian pulses

propagation distance as parameters.

with

Shown in Fig. 6 are the results for character-

izing the pulse shape such as peak amplitude, rise

time, pulse width, and delay time. The delay times

are almost the same for the three pulses, but the

dispersion and attenuation become serious as the

pulse becomes narrower.

4 CONCLUSIONS

In this work, an accurate empirical formula

for discussing the conductor and leakage losses of

practical coplanar waveguides with finite metalliza-

tion thickness and finite conductivity has been pro-

posed. Based on this new empirical formula, exten-

sive propagation studies of Gaussian pulses along

lossy coplanar waveguides have been conducted,

and the dispersion and attenuation characteristics

of lossy coplanar waveguides have been discussed.
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