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ABSTRACT: A method of generating more efficient RF from a soliton

generating nonlinear lumped element, transmission line (NLETL) is
presented. A bipolar input is coupled into an NLETL, which is DC,
biased to the amplitude of the input pulse. The input evolves into a

soliton containing pulse that would take twice as much power to
produce from a unipolar input. Simulations demonstrate that, this

method increases the maximum RF generating efficiency of an NLETL
from 1/3 for a unipolar input pulse to 2/3 for a bipolar input pulse to a
biased line, in agreement with simple analytical arguments. VC 2010

Wiley Periodicals, Inc. Microwave Opt Technol Lett 52: 1411–1413,

2010; Published online in Wiley InterScience (www.interscience.

wiley.com). DOI 10.1002/mop.25170
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1. INTRODUCTION

A soliton is a solitary wave or pulse that propagates infinitely as

a result of a balancing effect between nonlinearity and disper-

sion [1]. Electrical solitons can be generated by using a nonlin-

ear lumped element transmission line (NLETL) [2]. An NLETL

is a ladder network of repeating inductors and capacitors, where

the inductors, the capacitors, or both are nonlinear in their

response to voltage or current. A schematic of a NLETL with

linear inductors and nonlinear capacitors is shown in Figure 1.

High power, high frequency NLETLs have been built from peri-

odic transmission lines with nonlinear dielectrics [3–5].

An appropriately designed NLETL that accepts an input

pulse with a large DC or low frequency component will break

the pulse into a train of high frequency solitons [2]. If the soli-

ton oscillations can be well matched to a linear load, the device

has converted a percentage of the input power into high fre-

quency oscillations. A soliton generating NLETL acts like a fre-

quency step-up device. The efficiency of such a device at gener-

ating useful RF can be calculated as Eff ¼ ERF/Ein, where ERF

is the output energy in the desired frequency range (calculated

from the Fourier transform), and Ein is the total input energy.

In this article, a method is proposed and demonstrated via

simulation, which increases the RF efficiency of such a line by

a factor of 2, compared with traditional methods. In this method,

the NLETL accepts a bipolar input pulse across a DC blocking

capacitor, into an NLETL that has a voltage bias that is near the

amplitude of the input pulse.

Figure 2 is a cartoon showing the generation of RF energy

from a unipolar input pulse into an NLETL. The rise time of the

input pulse sharpens until solitons begin to form. At best, soli-

tons will form so that the minimum between each soliton has a

voltage of zero. If the soliton pulse can then be matched to a

linear load (which has been demonstrated numerically [6]), then

1/3 of the energy in the input pulse will have been converted

into useful RF. The reason for this is sketched in Figure 2: the

output of a fully modulated soliton pulse is approximately

described by the sum of a DC and an oscillating component,

V(t) ¼ B þ B sin (x2t).
The power in the DC component is � B2, whereas the power

in the RF component is � B2/2. Then, assuming dissipation in

the line is negligible and the load is well matched, so that Ein ¼
Eout, we get Eff ¼ ERF/Ein ¼ ERF/Eout ¼ 1/3. Simulations of

unipolar input pulses to an NLETL have found RF efficiencies

of 1/3, when there is no dissipation, the nonlinearity is appropri-

ate, and the line is long enough for soliton oscillations to form

fully [7].

The efficiency can be increased by inputting a bipolar pulse

into a DC biased line, as illustrated in Figure 3. As this line is

biased, there must be DC blocking capacitors at both ends of

the NLETL. As shown in Figure 3, the line is DC biased to a

level of A/2. Then a bipolar pulse, with voltage 6A/2 on the

positive and negative sides, is inputted into the NLETL.

For the sake of comparison, both the positive and the nega-

tive sides of the bipolar input (Fig. 3) have the same duration,

W, as the unipolar input shown in Figure 2. The power in the

unipolar input pulse is A2, and the duration is W, so that the

Figure 1 Schematic of a biased nonlinear lumped element transmis-

sion line (NLETL), which can accept a capacitively coupled bipolar

input. [Color figure can be viewed in the online issue, which is available

at www.interscience.wiley.com]

Figure 2 Traditional method of soliton formation from an NLETL,

accepting a unipolar input pulse. [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com]
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total input energy is WA2. However, the peak power for both the

positive and negative sides of the bipolar input pulse is (A/2)2 ¼
A2/4, and the total input energy is WA2/2.

Despite the fact that the bipolar input in Figure 3 requires

only half the input energy, the pulse evolves inside the NLETL

into a shock containing waveform that is almost identical in the

region of interest to the pulse that evolves from a unipolar input.

A similar chain of solitons will form from the bipolar input, and

the device will produce approximately the same amount of RF

energy out. The efficiency of a biased NLETL accepting a bipo-

lar input will be twice that of an NLETL accepting a unipolar

input, or 2/3.

A numerical lumped transmission code was written in MAT-

LAB to test these ideas. The code assumes an absolute capaci-

tance, C(V) ¼ Q(V)/V, given by

CðVÞ ¼ C0½aþ ð1� aÞexpð�jV j=bÞ�: (1)

For the simulation shown below, a ¼ 0.2. Details of this

code are given in [7]. The relevant parameters can be made

dimensionless in terms of the small signal impedance of the

line, Z0 ¼
ffiffiffiffiffiffiffiffiffiffiffi
L=C0

p
, where C0 ¼ Cð0Þ, the small signal time con-

stant of the line, s0 ¼
ffiffiffiffiffiffiffiffi
LC0

p
(with the small signal frequency

cutoff f0 ¼ 1=ðps0Þ), and the parameter b in Eq. (1).

Because of the DC blocking capacitor at the output, shown

in Figure 1, the NLETL has a reactive output. This is shown in

[7] to improve the RF efficiency. The reactive output is defined

in terms of the complex impedance Zi ¼
ffiffiffiffiffiffiffiffiffiffiffi
Lt=Ct

p
, the real im-

pedance RL, and the resonant frequency ft ¼ 1=ð2p ffiffiffiffiffiffiffiffiffi
LtCt

p
.

The bipolar input pulse for this simulation is given by the

following analytical function:

Vin ¼ �A

0:3
J2

8:5t

B

� �
cosh�1 � 8:5t

B
� 6

� ��
C

� �� �
: (2)

Here J2 is a second order Bessel function of the first kind.

Equation 2 is plotted in Figure 4, and essentially describes a

monocycle with a smooth transition to V ¼ 0 at t ¼ 0. The pa-

rameter A approximately equals the amplitude of the pulse, B
describes the period, and C controls the relative sizes of the pos-

itive and negative peaks (being close to equal when C ¼ 2.5).

This function is used to ease numerical calculations: the func-

tion is smooth, and the input decays away rapidly enough so

that a single bipolar input pulse can be effectively studied.

Figure 5 shows how solitons evolve from a biased line with

a bipolar input. The NLETL is DC biased to a value of VDC/b
¼ 0.26, and the input is the pulse shown in Figure 4. On Stage

1, we see the sinusoidal oscillation in the transmission line. This

oscillation brings the total voltage on the NLETL close to zero

at its minimum, and near two times the DC bias of the line at

its maximum. The low frequency pulse propagates down the

NLETL, and steepens because of the nonlinear nature of the

capacitors, in the same way that a unipolar input pulse with a

long rise time steepens [6, 8, 9]. By Stage 40, the sine-like input

pulse has evolved into a shock with a triangular tail. The nonli-

nearity and dispersion of the line then combine to create solitons

with amplitude of four times the peak amplitude of the input

pulse. For this simulation, RL ¼ 2.2 Z0, Zi ¼ 3.13 Z0, ft ¼ 0.95

f0, VDC/b ¼ 0.26, there is a total of 140 stages, and the DC

blocking capacitor at the input is set to 60C0.

Because the line is biased to a large DC value, the bipolar input

pulse evolves into a unipolar shock on the NLETL that has twice

the voltage variation as the peak voltage of the bipolar input.

Figure 4 Bipolar input into the DC biased load. This pulse is

described by Eq. (2), with A/b ¼ 0.36, B/s0 ¼ 92.9, and C ¼ 2.5. [Color

figure can be viewed in the online issue, which is available at

www.interscience.wiley.com]Figure 3 Soliton formation from a DC biased NLETL, accepting a

bipolar input pulse. [Color figure can be viewed in the online issue,

which is available at www.interscience.wiley.com]

Figure 5 Evolution of solitons from a bipolar input pulse onto a bi-

ased NLETL. Here RL ¼ 2.2 Z0, Zi ¼ 3.13 Z0, ft ¼ 0.95 f0, VDC/b ¼
0.26, and there is a total of 140 stages. The input is the pulse shown in

Figure 4. [Color figure can be viewed in the online issue, which is avail-

able at www.interscience.wiley.com]
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Figure 6 shows the output of this simulation in the time and

frequency domain, with the frequency spectrum calculated from

the FFT. Defining RF energy as all output energy > 0.7 f0, the
RF efficiency from this simulation is 0.66. Because the output

load is reactive and only absorbs energy in a narrow frequency

band, the RF efficiency and total matching efficiency are the

same in this case, and the 1/3 of input energy that is not con-

verted to RF is reflected back into the load. The efficiency from

this simulation is in good agreement with the predictions dis-

cussed above.

The full 140 stages were needed to achieve the maximum

predicted efficiency. Using the same bipolar input pulse as

before, and the same values of RL, Zi, and VDC/b but with only

100 stages on the biased NLETL, the best RF efficiency is 0.43

(when ft ¼ 1.1 f0). A large number of stages are needed because

the bipolar input pulse has a gradual rise time, and it takes

almost 40 stages to sharpen this into a soliton forming shock.

Increasing the nonlinearity can lead to faster soliton formation

[3], but this increases the matching problems with the linear

load and does not increase the RF efficiency of the line [7].

One of the practical reasons for limiting the total number of

stages in an NLETL is that conductor and dielectric loss will

dissipate much of the energy in the oscillations. This can signifi-

cantly reduce the overall efficiency of the line [3, 5], for

NLETLs with a large number of stages. As both conductors and

dielectrics become lossier at high frequencies, the energy dissi-

pated during the initial pulse sharpening stage will be small

compared with the energy dissipated after the high frequency

solitons have formed. Thus the extra stages needed to sharpen a

sinusoidal bipolar input pulse will not lead to significant addi-

tional dielectric or conductor loss. Simulations similar to the

one described in this article, but including Debye relaxation

(using the technique described in [5, 8]), indicate that essentially

no power is dissipated during the initial pulse sharpening stages.
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ABSTRACT: This article presents a novel wideband Sierpinski fractal

stub-based microstrip filter that provides a notch band at 5–6 GHz. The
frequency bandwidth is 103% from 2.89 to 9.0 GHz, which has two

passbands of 40 and 25% separated by the notch band. The filter has
been designed using full wave analysis tools and has been
experimentally verified. The simulated and measured results are found to

be in acceptable agreement. VC 2010 Wiley Periodicals, Inc. Microwave

Opt Technol Lett 52: 1413–1416, 2010; Published online in Wiley

InterScience (www.interscience.wiley.com). DOI 10.1002/mop.25194

Key words: microstrip filter; Sierpinski fractal; wideband; notch band

1. INTRODUCTION

One of the limitations of the ultra-wide bandwidth (UWB:

110% from 3.1 to 10.6 GHz) communication system is the low-

power requirement that prohibits significant power being radi-

ated over other smaller communication bands, such as the wire-

less local area networks (WLANs) at 5–6 GHz. Basically, UWB

wireless communication requires that signal be kept under

�41.3 dBm/MHz [1]. Therefore, to prevent the relatively high-

powered communication signals from interfering with the low-

powered UWB signal, a filtering system is required. Several

microwave filter designs have been reported in Ref. 2–5 illus-

trating novelty that minimizes the filter size and also provides

the notch band.

Figure 6 Output of solitons on the resistive load RL, from a bipolar

input pulse through a biased NLETL. (Top) Output in time domain;

(Bottom) Output in frequency domain. [Color figure can be viewed in

the online issue, which is available at www.interscience.wiley.com]
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