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A Parameter Study of Stripline-Fed
Vivaldi Notch-Antenna Arrays

Joon Shin and Daniel H. Schaubert,Fellow, IEEE

Abstract—A parameter study of Vivaldi notch-antenna arrays
demonstrates that the wide-band performance of these antennas
can be improved systematically. Stripline-fed Vivaldi antennas
are comprised of: 1) a stripline-to-slotline transition; 2) a stripline
stub and a slotline cavity; and 3) a tapered slot. The impedances
of the slotline cavity and the tapered slot radiator combine
at the transition to yield an equivalent series impedance on
the feedline. The stripline stub can be represented by a series
reactance. The resistance and reactance of the antenna impedance
yield insights into the effects of various design parameters. In
particular, it is found that the minimum operating frequency
can be lowered primarily by increasing the antenna resistance
through the change of design parameters. However, beyond a
limit for each design parameter, the in-band performance begins
to deteriorate. Plots of antenna impedance versus frequency for
several parameter variations have been obtained by using a full
wave method of moments analysis of infinite arrays. These plots
provide a means for designers to systematically improve array
performance with bandwidths in excess of 6 : 1 having been
achieved.

Index Terms—Notch antennas, phased array, ultrawide-band
antenna.

I. INTRODUCTION

V IVALDI notch antennas can provide multioctave opera-
tion in phased arrays that scan over wide angles. Several

examples have been built, e.g., [1]–[3]. When a successful
design is achieved, its performance can sometimes be im-
proved by varying the design slightly, but the relationships
between antenna design parameters and array performance are
not well understood. The performance of single antennas has
been described and it has been found that single antennas work
best when they are more than one wavelength long and when
the height of the antenna aperture is greater than one-half
wavelength [4], [5]. However, arrays of Vivaldi notch antennas
perform best when the antennas are less than one wavelength
long and when the element heights are much less than one-
half wavelength [1]–[3], [6], [7]. This difference between the
performance of isolated antennas and elements in arrays is
due to mutual coupling effects, which can now be modeled
accurately and efficiently by using numerical computations
[7]–[9]. Thus, it is now possible to ascertain if a proposed
design will work as desired. However, it is still difficult
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to determine what changes may be needed to improve the
performance of a particular design.

This paper attempts to aid the antenna designer by identi-
fying some of the relationships between the design of Vivaldi
notch antennas and their performance in an array. The results
of an extensive parameter study are presented in the form of
active antenna impedances seen in a large array. The com-
putational advantages of infinite periodic arrays are utilized,
so these results are appropriate for the interior elements of
large-phased arrays. A portion of a typical array is depicted
in Fig. 1. The antennas studied here utilize a stripline feed
coupled to bilateral slotlines (identical slots in both ground
planes of the stripline). This is the type of design proposed in
[10]. Other configurations have been studied by researchers:
for example, asymmetric antennas with a single slotline and
microstripline feed, antipodal fins fed by microstripline [5],
and balanced antipodal versions [11]. These variations are not
considered in this paper.

The parameter study reported here is carried out for ranges
of parameters that include a “good” design, i.e., a design
that works well over a 5 : 1 bandwidth. The parameter vari-
ations result in changes to the array’s performance within its
operating band and at the band edges. The results here are
for arrays radiating in the broadside direction. It has been
found that good performance at broadside is usually a positive
indicator of good scan performance, although additional design
considerations such as grid spacings, become important for
wide scanning [6].

It has been found that the active input impedance of the
antenna, resistance and reactance, at the point of the stripline-
to-slotline transition is a useful indicator of the effects of
parameter variations. Furthermore, since the upper operating
frequency is limited by the onset of grating lobes, increased
bandwidth is achieved by reducing the lowest frequency
for which acceptable performance is obtained while main-
taining in-band performance. The next section describes the
parameters of the Vivaldi notch antenna and the method of
analysis. Section III contains plots of active impedances for the
antennas and discussions of the trends that have been observed.

II. M ETHOD OF ANALYSIS

A. Design Parameters of a Vivaldi Notch-Antenna Array

The design parameters of a Vivaldi notch-antenna array are
defined in Figs. 1 and 2. They can be classified into three
categories: substrate parameters (relative dielectric constant,

, and thickness,), array grid parameters (-plane spacing,
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(a)

(b)

Fig. 1. (a) Portion of infinite stripline-fed Vivaldi notch-antenna array. (b)
Exploded view of single element.

, and -plane spacing,), and antenna element parameters,
which can be subdivided into the stripline/slotline transition,
the tapered slot, and the stripline stub and slotline cavity.

The stripline/slotline transition is specified by
(stripline width) and (slotline width). The exponential
taper profile is defined by the opening rateand two points

and

(1)

where

The taper length is and the aperture height is
. In the limiting case where approaches

zero, the exponential taper results in a so-called linearly
tapered slot antenna (LTSA) for which the taper slope is
constant and given by . For the
exponential taper defined by (1), the taper slopechanges
continuously from to , where and are the taper
slope at and at , respectively, and
for . The taper flare angle is defined by .

Fig. 2. Definition of parameters of Vivaldi notch-antenna element with
circular cavity and radial stub.

The flare angles, however, are interrelated with and defined
through other parameters, i.e., and .

The parameters related to the stripline stub and slotline
cavity shown in Fig. 2 are as follows:

radius of radial stripline stub;
angle of radial stripline stub;
diameter of circular stripline stub [see inset of
Fig. 4(b)];
diameter of circular slotline cavity;
offset of slotline cavity from the ground plane;
distance from the transition to the slotline cavity;
distance from the transition to the taper.

In this study, is confined to the commonly used value
of 2.2. Also, and are fixed to 0.25 cm. Experi-
ence indicates that and should be large enough
to accommodate the stubs of the transition, but otherwise
should be small. The shape and size of the stripline stub are
not investigated explicitly in the parameter study. However,
the effects of the stub can be extracted by using a simple
equivalent circuit model as described below.

B. MoM Formulation and Equivalent Circuit Model

The program used for computing the active input impedance
of the arrays is based on the Green’s function—moment
method formulation [7]. It treats infinite phased arrays by
analyzing the unit cell in detail. Triangular basis functions
[12] have been added to improve the modeling capability for
exponentially flared slots and impedance matrix interpolation
[13] has been used to speed up the overall computations over
a given frequency band.

In the equivalent circuit of Fig. 3, the total impedance
at the reference plane on the stripline can be expressed as
a series connection of the stripline stub reactance and
the antenna impedance . The reference-plane impedance

and the stub reactance are obtained by using
the MoM program to analyze the full structure and a purely
stripline structure without any slot, respectively. The equiv-
alent circuit model has been validated by observing that the
correct is computed this way for stripline stubs of different
shapes and sizes. It has been found that the stub reactance is
independent of the array dimensions and scan angles, which is
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Fig. 3. Equivalent circuit for Vivaldi notch-antenna array element.

expected because the stripline is screened by the ground planes
and does not introduce interelement interaction. By using this
equivalent circuit, the role of the stripline stub in the wide-
band performance of the arrays can be clearly understood in
connection with the antenna impedance. Use of the equiv-
alent circuit also reduces the number of parameters of the array
since it eliminates the necessity of a parameter study involving
different stub shapes and sizes. Although Knorr’s equivalent
circuit [14] has been used for single element antenna analysis
[15] to further decompose into a transformer followed by
parallel-connected slotlines terminated by the cavity slot and
the radiating tapered slot, it has been found not to work for
quantitative analysis of wide-band phased arrays because the
cavity slot and the tapered slot exhibit significant interaction
with neighboring array elements. Therefore, the equivalent
circuit of Fig. 3 treats the impedance of the antenna as
a single complex value that depends on frequency and scan
angle as well as the parameters of the antenna.

III. RESULTS AND DISCUSSIONS

The parameter study is carried out in three sections:
A—substrate thickness and stripline/slotline transition, B—slot
parameters and backwall offset, and C—array grid spacings.
All results are for and cm. Only
one parameter (two for interrelated parameters) is varied at a
time and all other parameters are fixed to the values specified
below unless otherwise stated.

The proper selection of the stripline/slotline transition is
crucial to the wide-band performance of the array. So, in
Section III-A, various combinations of and have
been studied for three different dielectric thicknesses. The
array spacings are fixed to and cm. With
these array dimensions, the upper frequency limit of interest
is set to 5 GHz to ensure no grating lobes within45
scan volume in both - and -planes, even though only the
broadside results are presented here. All parameters except
are set to the fixed values: , cm,
cm, cm, cm, cm,
cm, and cm. The opening rate is varied from
0 to 0.7 to find the maximum impedance bandwidth over
which standing-wave ratio (SWR) is less than two. Several
“good” combinations have been found through this parameter
study, i.e., combinations of, , and for which the
bandwidth is larger than 4 : 1 at broadside scan.

In Section III-B, for one of the “good” choices of
cm, the effects on the active

input impedance over 0.8–5.3 GHz are studied by varying each
of the slot parameters ( and ) or the backwall

TABLE I
BROADSIDE IMPEDANCE BANDWIDTH: SUBSTRATE THICKNESS= 0.144 cm

TABLE II
BROADSIDE IMPEDANCE BANDWIDTH: SUBSTRATE THICKNESS= 0.288 cm

TABLE III
BROADSIDE IMPEDANCE BANDWIDTH: SUBSTRATE THICKNESS= 0.4 cm

offset ( ) from its nominal value. The effects of the flare
angles near the transition are studied through the variations
of and . The fixed or nominal values are: ,

cm, cm, cm, cm,
cm, and cm with a circular or radial stripline stub
of proper size.

In Section III-C, the effects of varying the array grid spac-
ings and are studied over 0.9–7 GHz with all other fixed or
nominal parameters: cm, cm, cm,

cm, cm, , cm,
cm, cm, and .

A. Substrate Thickness and Stripline/Slotline Transition

Tables I–III show broadside scan impedance bandwidths
attainable by varying from 0 to 0.7 for various combinations
of and and for dielectric thicknesses of ,

, and cm, respectively. The shape of the antenna
element is the same as that depicted in the inset of Fig. 7(b).
The wide bars in the tables denote frequency bands over which
the SWR is continuously less than 2.0. Several insights have
been gained by studying these tables and many other cases
that are not shown here. For example:

1) There appear to be many stripline-to-slotline combina-
tions that result in bandwidths of larger than 4 : 1. Taking
account of the unit-cell dimensions and restricting the
parameters of Fig. 2 to reasonable values that fit within
this space, the limit of the lower operating frequency
( ) is about 1–1.2 GHz and that of the upper end ()
extends far above 5 GHz in some cases, but is set to 5
GHz to ensure no grating lobes in45 scan volume.
These “good” combinations have shown comparable
wide-band performance at 45scan in both -plane and
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(a)

(b)

Fig. 4. Effects of aperture height on antenna impedance forH =

1:7; 2:2; 2:7; and 3:2 cm with fixed antenna length,L = 4:5 cm. (a)
Antenna resistance and SWR. (b) Antenna reactance (lines), reference-plane
reactance (lines with points), and stub reactance.

-plane, except the two cases of cm with
cm and and 0.1 cm for which

is about 1.8 GHz for -plane 45 scan.
2) The performance of the transition depends on the

stripline stub and slotline cavity, the tapered slot, and
the array spacing. For example, a different set of “good”
combinations of have been obtained by us-
ing a uniform width stripline and a square-slot cavity [6].

3) Several cases involving “good” combinations of pa-
rameters have been checked for significantly reduced
and/or and they still result in wide-band performance.
Reducing and may be required to increase the upper
frequency limit of a scanning array due to grating lobes
and -plane scan anomalies [6].

B. Taper Parameters and Backwall Offset

The effects on the antenna impedances
from changing parameters and , with all
other parameters fixed to the values mentioned previously are
presented in Figs. 4–9, together with the SWR performance
and the stub reactances. In Fig. 4(b), the total reactances at

(a)

(b)

Fig. 5. Effects of taper length on antenna impedance forL = 3:5; 4:5; 5:5;

and6:5 cm with fixed aperture heightH = 2:2 cm. (a) Antenna resistance
and SWR. (b) Antenna reactance and stub reactance.

the reference plane are also shown.
The SWR at the reference planeis computed with respect
to 81 , the characteristic impedance of the stripline.

A detailed discussion of the effects of individual parameters
is presented below. However, the general behavior ofcan
be summarized as follows for parameter values that are close
to the nominal values listed above, which yield reasonably
good performance.

1) The most important effect of each parameter change
on the antenna impedance occurs around the lower end
of the frequency band . This effect is important for
the operating bandwidth because the bandwidth, defined
by the ratio , changes significantly with a small
change of .

2) At the lower frequency end, the antenna resistance de-
creases rapidly toward zero, resulting in a sharp increase
in SWR. This occurs because the slot cavity of finite size
acts as a short circuit as the wavelength increases.

3) Above the lower end of the operating band, the
antenna resistance oscillates about the stripline char-
acteristic impedance . In this study, where
cm, cm, and , is 81 .
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(a)

(b)

Fig. 6. Effects of taper length on antenna impedance forL = 3:5; 4:5; 5:5;

and 6:5 cm with fixed flare angle. (a) Antenna resistance and SWR. (b)
Antenna reactance and stub reactance.

4) The antenna reactance oscil-
lates near zero throughout much of the operating band.
It has a large inductive peak around 1 GHz and then
decreases toward zero in the lower frequencies. The ca-
pacitive reactance of the stripline stub at low frequencies
partially cancels this inductive peak, improving overall
performance at low frequencies.

5) It is observed that smaller flare angles near the transition,
which correspond to larger , smaller , or larger

, result in improved SWR performance through the
increase of the antenna resistance near.

The stripline stub reactance of a radial stub or a circular
stub varies from very large capacitive values in the lower
frequencies, through a wide frequency range of near-zero
reactance in the mid-band, to inductive values in the upper
band. This behavior of the stub reactance results in favorable
compensation of the antenna reactance, contributing to wide-
band performance. Uniform-width stripline stubs have a much
greater rate of change of the reactance with frequency, which
results in a maximum operating bandwidth of about 4 : 1 over
which the SWR is less than two. A radial or a circular stub
can achieve about 6.5 : 1 bandwidth for broadside scan. The

(a)

(b)

Fig. 7. Effects of opening rate on antenna impedance forR = 0; 0:3; 0:5;

and 0:8. (a) Antenna resistance and SWR. (b) Antenna reactance and stub
reactance.

maximum broadside impedance bandwidth is also dependent
on the array spacings.

1) Aperture Height— : Fig. 4 shows the effects of vary-
ing aperture height ( and cm) for an
LTSA with a fixed taper length of 4.5 cm and corresponding
flare angles ( , , and ). For
the results of Figs. 4–7, a circular stripline stub of
cm has been used. The other parameters are fixed at the
values in the beginning of Section III. A smaller aperture
height results in improved lower end of the operating band

through an increase of the antenna resistance. It is the
smaller flare angle that makes the antenna resistance increase
with decreasing aperture height. The slightly increased SWR
in the midband with decreasing is due to the increased
capacitive antenna reactance . The amplitude of the
periodic oscillations increases with decreasing aperture height,
which causes a larger reflection from the aperture.

2) Taper Length—: The effects of varying the taper
length ( and cm) for an LTSA with
a fixed aperture height of 2.2 cm and corresponding flare
angles ( , , , and ) are shown in
Fig. 5. Again, a smaller flare angle of the taper due to longer
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(a)

(b)

Fig. 8. Effects of backwall offset on antenna impedance forLG = 0; 0:5; 1;

and3 cm. (a) Antenna resistance and SWR. (b) Antenna reactance and stub
reactance.

taper length results in increased antenna resistance near,
which, in turn, leads to improved . The periods of the
oscillations in and , which are due to the reflections
at the aperture plane, decrease as the taper length increases.
The amplitude of the oscillations, however, do not change
significantly by changing since the aperture height remains
the same. Increasing also reduces the capacitive antenna
reactance in the mid-band to improve the mid-band
SWR performance.

The effects of varying the taper length (
and cm) for an LTSA with a fixed flare angle ,
and corresponding aperture heights (
and cm) are shown in Fig. 6. This time, the effects of
changing the taper length on the antenna resistance near
are not so significant as in the previous cases of changing
with a fixed and changing with a fixed , both of which
involve changing the flare angle. Thus, it seems that the
small flare angles near the transition result in increased antenna
resistances near the lower end of the band. For shorter taper
lengths, the expected longer periods of the antenna impedance
oscillations are observed with increasing amplitudes due to
the smaller aperture heights.

(a)

(b)

Fig. 9. Effects of size of slotline cavity on antenna impedance for
DSL = 0:8; 1:0; 1:2; and 1:5 cm. (a) Antenna resistance and SWR. (b)
Antenna reactance and stub reactance.

3) Opening Rate—: The effects of varying the opening
rate ( and ) with corresponding flare angles
( , , , and

) are shown in Fig. 7. An improvement of
through an increase of antenna resistance is observed for larger
opening rates, which correspond to smaller flare angles near
the transition. The larger opening rates also result in large
changes of the antenna resistances in the frequency range
from to about 3 GHz, which makes the first in-band hump
of SWR increase. It is also observed that for larger opening
rates, the SWR performance improves through the reduced
capacitive antenna reactances above 3 GHz.

4) Backwall Offset— : The effects of the backwall offset
( and cm) are shown in Fig. 8. For the
results of Figs. 8 and 9, a radial stub of cm and

has been used. The increase of from 0 to
0.5 cm improves significantly through increases in both
antenna resistance and inductive antenna reactance. Further
increase of beyond 0.5 cm does not affect much, but
raises the first in-band hump in SWR. There is a steep SWR
increase at the upper frequency end for cm. This has
been found to be due to a broadside scan blindness at 5.315
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GHz, which is explained and predicted by Schaubert [16].
The blindness is related to a surface wave on the equivalent
corrugated surface that results from closing all of the slots in
Fig. 1(a) with conductor.

5) Size of Slotline Cavity— : The effects of varying
the size of the slotline cavity ( and
cm) are shown in Fig. 9 with a fixed antenna depth of
cm and corresponding backwall offset
and cm. From Fig. 9, it can be seen that a larger cavity
improves greatly through increased antenna resistance and
inductive antenna reactance, which is compensated by the
large capacitive stub reactance. An excessively large cavity,
however, introduces a large hump in the SWR near 1.5 GHz,
which is due to the increased capacitive antenna reactance. At
the upper frequency end, there is a steep increase of SWR.
This has also been identified as the same kind of broadside
scan blindness [16] occurring at 5.39 GHz for cm
and slightly higher in frequency for smaller .

C. Array Grid Spacings

The effects of varying the -plane grid spacing (
and cm) are shown in Fig. 10, with the

-plane grid spacing fixed to 1.7 cm. Reducingincreases
both the antenna resistances and reactances nearand lowers

. However, it also increases the peak value of the antenna
resistance and decreases the inductive reactance near 1.5 GHz,
which results in a larger SWR hump. Since this first SWR
hump usually gets larger for scan angles off broadside in the

-plane [6], the SWR at the first hump should be well below
two in the broadside scan to achieve wide-scan performance.
From 2 to 6 GHz, reducing does not change the antenna im-
pedances significantly, although the amplitudes of the in-band
SWR oscillations increase a little. The sharp increases in SWR
at 6.27 GHz for cm and at GHz for cm are
again due to the -plane scan blindnesses described in [16].

The effects of varying the -plane grid spacing (
and cm) are shown in Fig. 11, with the -

plane grid spacing fixed to 2.5 cm. Increasingincreases the
amplitudes of the oscillations in both the antenna resistance
and reactance over the frequency range. This is opposite to
the effect of -plane spacing, where increasingdecreases
the amplitude of the oscillations. The case of cm can
be compared with the case of cm in Fig. 4 where all
other parameters are similar except that cm instead of
2.5 cm. Both cases have small aperture height ( cm)
with large -plane grid spacing ( cm) and have large
amplitudes of impedance and SWR oscillations due to large
reflections at the aperture. For smaller-plane grid spacing
(e.g., ), it seems that the strong interactions between
antenna elements in-plane results in better impedance match
at the aperture plane, even though the element height is small.

IV. CONCLUSIONS

An efficient, full wave method of moments analysis program
has been used to study the effects of various design parameters
on the performance of wide-band Vivaldi notch-antenna arrays.
It has been found that the input impedance of the antenna,

(a)

(b)

Fig. 10. Effects ofH-plane grid spacing fora = 1:7; 2:0; 2:5; 3:0; and
3:45 cm. (a) Antenna resistance and SWR. (b) Antenna reactance and stub
reactance.

resistance and reactance, at the point of the stripline-to-slotline
transition is a useful indicator of the effects of parameter
variations. Furthermore, since the upper operating frequency
is limited by the onset of grating lobes, increased bandwidth
is achieved by reducing the lowest frequency for which
acceptable performance is obtained while maintaining in-band
performance. Many parameters can be used to achieve wider
bandwidth by lowering the minimum operating frequency,
but a limit is reached when in-band performance deteriorates.
Contrary to observations for single antennas, array elements
perform better when the antenna height is much less than one-
half wavelength. Many antennas operate well at frequencies as
low as 1 GHz. At this frequency, the aperture is only 0.06–0.07
wavelengths and the total array depth back-wall-to-aperture is
less than 0.25 wavelength.

The open-circuit stripline stub does not radiate and can
be adequately described by a series reactance. Typical stub
configurations can be evaluated separately from the antenna
array and their reactances used in the equivalent circuit. The
reactance variation of the stub is opposite that of the antenna
over much of the frequency band, which results in improved
overall performance. It has been found that the reactance vari-
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(a)

(b)

Fig. 11. Effects ofE-plane grid spacing forb = 1:7; 2:0; 2:5; and3:2 cm.
(a) Antenna resistance and SWR. (b) Antenna reactance and stub reactance.

ation of radial and circular stubs is better suited for wide-band
operation than is the reactance of constant linewidth stubs.

The antenna impedances are shown in the figures. By
using the results in Figs. 4–11, a trial array of Vivaldi notch
antennas has been systematically redesigned to yield operating
bandwidths in excess of 6 : 1. Many of the trends observed
in Figs. 4–11 have been observed in other similar Vivaldi
notch-array designs, but the available data do not provide
enough cases to set limits on the extrapolation of the present
work. Efficient numerical simulations that permit the designer
to observe variations of and continue to be impor-
tant for wide-band Vivaldi notch-array design. Future work
will explore the scan performance of these wide-band arrays
attempting to improve the performance of scanning arrays.
Preliminary results have yielded 5 : 1 bandwidth for scanning
to 45 in both the -plane and -plane.
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