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Discussion on Spikes and Plateaus in Pulse Distortion Z 4
Shape Along Exponential Microstrip Taper

Yue Peng Yan and Masanori Kobayashi y

Abstract—The propagation distortions of a nonideal square pulse along
an exponential microstrip taper have been numerically calculated. Each
part of the distorted pulse shape is related to either the frequency-
dependent characteristics of the effective relative permittivity or to the
frequency-dependent reflection coefficient characteristics. The compo-
nents of signal spectra at frequencies below 9 Grad/s do not cause the
ringing distortions, but cause the upward slope shift in the center part
and the upward parallel shift in the sustained tail part to the distorted
pulse shape for the case of no reflection (NR). The ringing distortions (@) (b)
and the large spikes of the overshoot and undershoot distortions are
caused by the components of the signal spectra in the frequency range
100< w <200 Grad/s where the effective relative permittivity is changing
very quickly with frequency.
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Fig. 1. Exponential microstrip taper. (a) Cross section. (b) Configuration of
strip conductor.

Index Terms—DPistortion, microstrip taper, multiple reflections, pulse. ,
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I. INTRODUCTION
In microwave integrated circuits (MIC’s), monolithic microwave 10 vadratic
integrated circuits (MMIC’s), and high-speed digital circuits, ul- : 1

trashort electric signals or high switching speeds are now avail-
able. Those spectra extend into the dispersive frequency regions
of microstrip transmission lines. Therefore, analyzing distortion is
important because the distortion significantly alters the form of a

pulse as it propagates down the line. It has also been investigated by 0-5
a number of researchers [1]-[5].

A tapered microstrip transmission line has been used in MIC’s for
impedance transformation. The characteristic impedance is distance 0.0

dependent in the tapered line. This distance-dependent characteristic
impedance causes multiple reflections in the tapered line. Therefore, 0
the pulse distortions are caused by both the retarded time owing to the
frequency-dependent phase velocity and the multiple reflection owiE%_ 2
to the distance-dependent characteristic impedance [5]-[9]. Reference
[6] described the following results: the large and sharp peaks in the
distorted wave are caused by the frequency-dispersive permittivity . . . .
and the sustained tail and slope of the plateau in the distorted wav,érhe dlstorte.d signal(t, » = L) received at = L can be obtained
are caused by multiple reflections in the tapered line. as follows [6]:
However, the detailed theoretical discussion for these results was . i
not given in [6]. o(t, 2= L) = 5 / Viw, 2=0-)

—o0

Nonideal square pulse.

OO

{1+ p(w)]ejw[t*TL(w)/Z] dw (1)
Il. PLATEAU DISTORTIONS

Consider the exponential tapered microstrip transmission liéereV(w, z = 0-) denotes the Fourier transform of the sending
shown in Fig. 1, which is identical to the transmission line analyzeignal v(#, = = 0-), p(w) the input reflection coefficient, and
in [6] and [10]. Numerically calculating the pulse distortions along («)/2 the propagation time. o
the tapered line requires the values of the phase velocity andr his paper discusses the frequency-dependent pulse distortions for
the characteristic impedance at position Let those values be the case of a nonideal square pulse [5], shown in Fig. 2, along the
approximated by those of a uniform line having the same sectiorfafponential microstrip taper, shown in Fig. 1. The parameters of the
dimension as the taper has at that point. To simplify the analysfonideal square pulse are takenZy = 200 ps, 1 = 20 ps, and
this paper assumes that the characteristic impedance is independént)-12- The parameters of the exponential taper are taken-bys,
of frequency. The phase velocity and the characteristic impedarfte= 1 MM, L = 50 mm, R, = 63.58 Q (w/h = 0.7 atz = 0),
can be obtained using the method shown in [6] and [10]. and R, = 11799 Q (w/h = 0.1 at = = L). These parameters are
identical to those of the case described in [6] and [10]. This small
range ofw/h and the value of = 8 are taken for simplicity in the
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. ) . ) . Fig. 5. Influence of reflection coefficients on distorted pulse shapes.
Fig. 3. Input reflection coefficierip(w)| and propagation time, (w)/2. vi(t, 2 = L) whenp(w) = 0 for w < 1 Grad/s.v2(t, = = L) when
p(w) =0forw < 4 Grad/sws(t, = = L) whenp(w) = 0 forw < 9 Grad/s.
vo(t, z = L) whenp(w) = 0. v(t, = = L) whenp(w) # 0.
8.0
751 we = 4 Grad/s, andvs = 9 Grad/s, respectively. Fig. 5 shows those
' results. The dashed lines are the pulse distortions, = = L),
va(t, z = L), and v3(¢t, = = L). The dotted line is the pulse
7.0 distortion vo (¢, = = L) for the case of no reflection (NR) where
p(w) = 0 for all frequency. The solid line is the pulse distortion
i 6.5 - v(t, z = L) wherep(w) # 0 for all w. The difference between curves
® v andv, represents the contribution of the componénts |w| < w;
6.0 on the distortion shape. The difference between curjesnd vg
represents the contribution of the componept$ > w; on the
550 distortion shape. Moreover, the difference between cumjesind
L v, represents the contribution of the components< |w| < wi on
A the distortion shape.
50 In Fig. 5, curvesyy, and vs cannot be distinguished from each
10° 10! 10° 10° other. This shows that the plateau distortions in the center and tail

parts of the distortion shape are caused by the multiple reflections in
the low-frequency range below 9 Grad/s. The lower the frequency,
Fig. 4. Spectra of nonideal square pulkéw, = = 0_) and dispersive the larger the reflection coefficient, as shown in Fig. 3, and the larger
characteristics of effective relative permittivigys for microstrip lines with  the plateau distortions, as shown in Fig. 5.

u}/ t}; ; t0h~L 0.4, |0~7f(e =38). Effegt;\ée relattlye pfern:;:tlvny Is thet,flllft‘Ct'O” Note, however, that the curves v, v2, andvs have the same

or bo € angular frequency an € positiorr Tor the exponential taper. . . . PO .

That curved surface of.g(w, z) for two variablesw and z can be easily ringing shapes as curvey. This implies that. thg compongnts of .
visualized using the three curves for microstrip liness(w, =) is used in SPectra below 9 Grad/s do not cause the ringing distortions. This
obtaining the results shown in Fig. 5;; A — B; — C; — D, j = 1,2, is because the propagation time(w)/2 does not change in the

3,4,5,6,v0; A — Do, vp; A— C1 — Cy —--- — Cs — D atthe |ow-frequency range below 9 Grad/s, as shown in Fig. 3.
positionz havingw/h = 0.4 as the example in the exponential taper.

o(Grad/s)

Ill. SPIKE DISTORTIONS

The spectrum of a nonideal square pulsev, = = 0_) is shown  To pursue in detail the frequency dependence of the spikes of
in Fig. 4. Reference [6] showed that the plateau distortions in tiige overshoot and undershoot distortions, this paper considers the
center and sustained tail parts of distorted pulse shape are causisttive relative permittivitye; (w, =) obtained by letting
by multiple reflections in the tapered line. To pursue in detail the
frequency dependence of the plateau distortions, this paper replaces
p(w) in (1) by the reflection coefficienp;(w) obtained by letting 6w, z) = {
p(w) = 0 as follows:

€ei(w =0, 2), |w| < w;
: 3
o 2, el > w, ®

() {0, lw] < w; Therefore, the propagation time.(w)/2 in (1) is replaced by
pi(w) = e

p(w), |w] > w;. @ 7;(w)/2, which is obtained as follows:

(4)

o1 X
The pulse distortions (t, z = L), va(t, z = L), andwvs(t, z = mi(w)/2= / L
L) were numerically calculated for three cases.of = 1 Grad/s, o Ve(w, z)
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15 : : : | i , the greatest influence on the large and sharp spikes in the distortion
shape is caused by the components of spectra in the frequency range
100 < w < 200 Grad/s, where the effective relative permittivity;

is changing very quickly with frequency, as shown in Fig. 4, for the
case of microstrip lines. The effective relative permittivityt (w, z)

1.0 ) o -
§ of the exponential tapered line is the function of both the angular
% frequencyw and the position. That curved surface etg (w, z) for
5 two variablesv andz can be easily visualized using the three curves

for microstrip lines, as shown in Fig. 4.

The differences\v; = (v;—wo) are illustrated in Fig. 7 and clarify
that the spikes are caused by the frequency componéntsl w <
200 Grad/s. Curves\vs andAwvg show only very small ringing. This
means that the components of frequency 250 Grad/s exert only
very slight influence on the distortion shape. Even though this high-
frequency rangev > 250 Grad/s has large dispersion of effective
relative permittivity, the spectra of the signal is very small in this

<o
n

0.0

200 300 400 500 600 region, as shown in Fig. 4.
t(ps)
Fig. 6. Influence of each part in dispersive characteristics of effective relative
permittivity on the large and sharp spikes in the distortion shape (NR). IV. CONCLUSIONS

eetf(0,2) N0 < w < wjy,j =1,2,3,4,5 6, w; = 50, wy = 100, ) ] ) ) )

wz = 150, wy = 200, ws = 250, wg = 300 Grad/s.vo: ecgr (0, z) (NO The spikes and plateaus in the propagation distortions have been

dispersion).vs: e.f(w, z) (full dispersion). discussed for the nonideal square pulse along the exponential taper.
It has been clarified that(.) controls the plateau slope and slow tail
response, ané(w) controls the large spikes and ringing distortions.
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