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Dispersion Characteristics of Square Pulse

with Finite Rise Time in Single, Tapered,

and Coupled Microstrip Lines
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Abstract —The distortion of an electrical pulse, with finite rise

time (quadratic-linear-quadratic transition) caused by disper-

sion as it propagates along a uniform microstrip, a tapered
microstrip and a coupled pair of microstrips is investigated.

Closed form analysis equations for single and coupled mi-
crostrips have been used to find the frequency dependent phase

velocities. Results have been presented for two different taper
profiles (exponential and triangular distributions). It is con-

cluded that the optimization of the taper profile will provide the
least pulse distortion.

I. INTRODUCTION

M ICROSTRIP line finds extensive use in modern

fast computers, phased array antennas, filters etc.

The knowledge of time domain analysis reveals many

useful facts regarding the frequency domain behavior of

such microstrip components [1]. In addition, ultra-fast

switching speeds and decreasing circuit dimensions of

MMIC’S cannot ignore the dispersive role of phase veloc-

ity in microstrip of various forms used in MMICS.

Dispersion of dc and RF pulses in waveguides and

other transmission lines have been investigated [2]–[4].

Veghte and Balanis [5] studied the dispersion of ideal

square, Gaussian and modulated Gaussian pulse in uni-

form microstrip line. Leung and Balanis [6] extended the

analysis to lossy microstrip lines. Full-wave spectral do-

main analysis of the phase velocity of microstrip was used

by Leung and Balanis [7] in pulse distortion analysis of

shielded and open microstrips. Gilb and Balanis [8] re-

ported Gaussian pulse distortion analysis in more general-

ized multi-layered coupled microstrip lines. However, the

distortion of a nonideal square pulse, i.e., a square pulse

with finite rise time in a nonuniform or coupled pair of

microstrips has not been analyzed. Since in a real situa-

tion all square pulses are nonideal, such an analysis is

required.

A pulse consists of an infinite number of pure sinusoids

with increasing frequencies and decreasing amplitudes.

Since in a microstrip, the phase velocity depends upon

frequency, different components of a square pulse propa-

gates at different phase velocities. Consequently, a dis-
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torted pulse shape

microstrip line.

results at the receiving end of the

Tapered and coupled lines form the basic building

blocks of many microstrip components. This paper plre-

sents the analysis and the results of the distortion c)f a

nonideal square pulse, shown in Fig. 1, as it propagates

along a uniform, an exponentially tapered, a triangularly

tapered and a coupled pair of microstrip lines.

II. THEORY

A. Tapered Line

Let us consider a tapered transmission line shown in

Fig. 2. The transfer function of the transmission line can

be written as [9]

‘(o)=H(~)F(e(o))r‘1)
where F(f3(ti)) depends on the type of the profile chosen.

As an example, for an exponential line [9]

sin(6(0))
F(e(@)) = ~(o) . (2)

For a triangular distribution of the impedance profile [9],

(3)

where

@)=~~~(~,z)dz. (4)
o

fl(ti, z) is the propagation constant profile. For a rton-

ideal square pulse with linear-square-linear transition., as

shown in Fig. 1, the time domain representation is given

by

V(t, z=o)=

1 O<t<T1

l–a(t– T1)2 T1<t<T1+qrl

bt+e T1+qT1<t<’T-qT,

a(t – ~)z T—qrl<t<r

o t>T

(5)

0018-9480/91$01.00 @1991 IEEE



2118 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 39, NO. 12, DECEMBER 1991

/-=----------

,/
flal

quodrotic

(

Iineor

\

@

\

-7+ ‘Ii

‘-< ~ quodrolic ,
“-...

r ‘-/---’-
,/--’ .L--

+
._.

2’f
t

Fig. 1. Square pulse with finite rise time.

Fig, 2. Tapered transmission line,
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where T1=r–rl, rl<r, O< q< 0.5 and

–1 –1 2T – qT1

a=
2u(l–q)7:’ b=(l-q)T1’ ‘=2(1 -q) T,”

The Fourier transform of the pulse is given by [10]

8
V(a, z=o)=

q(l–q)T;

sin[(T-~)~jsin[~] sin[(l-~)7to] ,6)

x
lu3

Fig. 3 shows that the amplitude of a non-ideal pulse
decays faster than the ideal square pulse in the frequency

domain. At z = L along the tapered line, the pulse in the

frequency domain becomes

V(oJ, z=L) =V(OJ, Z =O)lT(ti)le-j@(@). (7)

Taking the inverse transform of (7) gives the time domain

representation of the pulse at z = L which can be written

as

— : (q=o.oo,t,/T=o.o)

----: (q=o.05,’K,/T=o.1)

o s 10 15 20 2s 30 35 40 45 so

70)

Fig. 3. Frequency domain representation of ideal and nonideal square
pulses.

In (8), for each value of ~, f3(0) is obtained by numeri-

cally evaluating the integral in (4). The propagation con-

stant profile is given by

Where c is the velocity of light in free space and the

frequency dependent effective dielectric constant profile

is given by [5], [11]

e, – eeff (O, z)
Eeff(@, z) =Er–

(-)
(10)

Eeff(o,z) CfJ 2
1+

●T tip

where
Zo(o,Z)7T

Cl)P =

~oh
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Fig. 4. Microstrip line.

2.(0, z) is the zero frequency characteristic impedance of

the tapered line at a point z. ~0 is the free-space perme-

ability and h is the substrate thickness of the microstrip

shown in Fig. 4:

Er+l
Eeff(o, z) = y

~+zo:;z)lx%

for 2.(0, z)> 63 – 26,

and

●.ff(O, Z) = 6,[0.96+ e,(O.109–0.004e,)]

. [log(lo+ Zo(o, z))] “ (12)

for 2.(0, z)< 63 – 2er. In’(8), the limits of integration are

– IX and + ~. However, one need not liave to consider the

entire range, because beyond a certain frequency limit,

the contribution to the integral is negligible. This is more

true for a slow rising wider pulse. Therefore (8) can be

written as

(13)

Different values of o~ are tried to obtain the conver-

gence of the integration. Since we are concerned with the

real part only, (13) can be written as

1 UL

j(V(t,L)=fi _@Ll’” @,z=o)lT(al)l

“Cos(tit-e(o))do. (14)

Equation (14) is numerically evaluated using a suitable

computer program. The limit of integration ti~ is chosen

on the basis of the criterion described in [5].
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Fig. 5. Coupled line.

B. Pair of Uniform Coupled Lines

The best way to analyze the response of the couplled

pair of transmission lines shown in Fig. 5, is to split the

input signal into even- and odd-modes. In the even-mode

two in phase signals of half the amplitude of the original

signal are fed to both the microstrips while in the odd-

mode, the same two signals are fed but with a ,18(P phalse

opposition to each other. The effective dielectric constant

for each mode can be easily calculated using Kirschning

and Jansen’s [12] closed-form equations. The response to

lines 1 and 2 for signal in line 1 only are given by

u2(t,L)=&e(t,L)-q&L)], (15b)

where Ug(t, L) and r,IO(t,L) are even- and odd-mode :re-

sponses of line 1 to the input signal

~e(t,q=;{:’ V( O, i = O)d(o’-Be(@)L) da (ltia)
‘L

●c(ti) and ~0(~) are the even-mode and the odd-mode

effective dielectric constants, respectively of the mi-

crostrips. Following the arguments in the previous sec-
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tion, (15a) and (15b) can be written as

ul(t, L) = :J:”L~(@.=o)

[

“:m-dm
“Cos —

c 2 1

cos., ‘L M+Jm
[ 2

1

do (18a)

c

r2(t, L) = ;J:oL~(@7.=o)

sin ~m-~~

[
c 2

1

I

sin tit (JJL ~~+~~

2
I

do.
c

(18b)

Equations (18a) and (18b) can be numerically evaluated

using a suitable computer program. As mentioned above

~,(o) and eO(OJ) are obtained from Kirschning and

Jansen’s [12] equations.

III. NUMERICAL RESULTS

A. Uniform and Tapered Microstrip

The dispersions of a nonideal square pulse in a one

inch long straight and tapered microstrip for various

impedance ratios are shown in Fig. 6(a) and (b), for

exponential [9] and triangular [9] profiles, respectively.

We observe from the figures that the effect of the ratio

Z~ /20 on the delay of the pulse is more in the exponen-

tial profile than on the triangular profile. Fig. 7(a) and (b)

show that for Z~ /20 = 2 the difference in delay is almost

negligible. However, it increases as Z~ /20 increases. In

all the above cases we find that as the ratio Z~ /ZO

increases, the amplitude of the transmitted pulse reduces.

This is expected because for the same length of the taper,

higher Z~ /20 produces larger passband ripple in fre-

quency response of the taper giving rise to larger mis-

match, consequently larger reflected signal and smaller

transmitted signal. The amplitude of the reflected signal

can be calculated using the following equation:

V(t, O) = &f_+mV(a, Z = o)/R(~)leJ(2m’-e(ojJd@

co

Fig. 8(a) and (b) show the reflected pulses for exponential

and triangular distributions, respectively. We observe that

for Z~ = 220, the difference in pulse distortions between

exponential and triangular distributions is negligible.

However, the difference is obvious for Z~ = 320. From

the computed results we may conclude that a Chebyshev
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Fig. 6. (a) Distorted pulse for an exponential taper. 1) ZL /ZO = 1.
2) ZL /ZO = 2. 3) ZL \ZO = 3. (b) Distorted pulse for a triangular taper.
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Fig. 7. (a) Comparmon of dispersed pulse for different taper profiles.
1) Exponential. 2) Triangular, Z== 2Z0 (b) Comparison of dispersed
pulse for different taper profiles. 1) Exponential, 2) Triangular, Z= = 3Z0
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Fig. 9. Dispersed pulse in coupled microstrips: for L = 25.4 mm, and
L = 50.8 mm, h = 0.635 mm, .s~ = 10.2, S = 2 mm, W = 0.635 mm, q =
0.005 (SUM).

taper will offer the minimum pulse distortion due to its

minimum passband ripples and the shortest length.

B. Coupled Uniform Microstrips

Figs. 9 and 10 show the pulse response of a coupled

pair of microstrip lines, on a 25 mil substrate of dielectric

constant 10.5, to a nonideal square pulse. The even and

the odd-mode pairs of pulses add constructively on the
signal line and destructively on the sense line. As the

signals start out, the even and the odd pairs separate from

each other due to their different phase velocities. What

have been shown in Figs. 9 and 10 are the difference of

the separated signals in the sense line and the sum in the

signal line for two different line lengths. The total pulse
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Fig. 10. (a) Dispersed pulse in coupled microstrips: for L = 25.4 mm,

h = 0.635 mm, c,= 10.2, S = 2 mm, W= 0.635 mm, q = 0.005 (l)IF-
FERENCE). (b) Dispersed pulse in coupled microstrips: for L = ‘50.8

mm, h = 0.635 mm, C, = 10.2, S = 2 mm, W= 0.635 mm, q = 0,005

(DIFFERENcE).

spread, in time due to the difference between the odd

and the even mode phase velocities at a distance L, can

be written as [8]

At=;[~~-~~]

where c is the speed of light in free-space.

IV. CONCLUSION

This paper has analyzed the distortion, due to disper-

sion, of a nonideal square pulse (quadratic-linear-
quadratic transition) in. uniform, tapered and coupled

microstrip lines. It has been observed from the analysis

that a faster impedance variation along the taper gives

rise to smaller amplitude of the transmitted pulse and

larger amplitude of the reflected pulse. Detailed compar-

isons have been made between the effects of exponential

and triangular taper profiles, and different impedance

ratios matched by the tapers. Numerical results have also

been presented for coupled microstrip lines.
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