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Abstract—Endfire slotline antenna arrays, also known as Vi-
valdi notch arrays, may be used to build broad-band phased ar-
rays with wide scanning capabilities. However, scan blindnesses
may render the phased array unusable over portions of its intended
operating frequency range and scan volume. One such scan blind-
ness occurs in the -plane of single polarized arrays and can be
predicted by a simple formula. By inserting full and partial cross-
walls between unit cells of the array, this blindness can be moved
to higher frequencies, moved toward endfire, or totally eliminated.
Arrays with upper crosswalls exhibit another type of scan blind-
ness. This scan blindness can be utilized to reduce far-out sidelobes
of a limited-scan array.

Index Terms—Electromagnetic surface waves, phased arrays,
scan blindness, sidelobe suppression, Vivaldi notch arrays.

I. INTRODUCTION

BROAD-BAND phased-array antennas with wide scanning
capabilities may be built by using endfire slotline antennas

as array elements. This type of array was proposed by Lewiset
al. [1] in 1974. Small endfire slotline antenna arrays are depicted
in Fig. 1. A stripline feed embedded in the dielectric couples en-
ergy to the slotlines printed on each side of the dielectric (Fig.
2). This is known as the bilateral configuration. The width of
the slotlines increases near the edge of the dielectric. The trans-
mitted wave travels down the slotline toward the edge, where it
launches into free-space. The widened portion of the slotline can
take a number of different shapes [2]–[5]. Microstrip feeds cou-
pling to slotlines in the unilateral configuration (slotlines printed
on only one side of the dielectric substrate) are also possible, [6]
for instance.

It is clear that the authors of [1] introduced this antenna pri-
marily as an array element, although the single element is useful
by itself. The arrays analyzed in this paper are single-polarized
infinite planar arrays backed by a ground plane. The ground
plane is needed to prevent radiation in the backward direction,
which will occur if the -plane spacing exceeds one-half
wavelength. The elements are located in a rectangular grid.
Fig. 1(a) shows a small ordinary array (without crosswalls)
above a ground plane. Fig. 1(b) shows the small array with full
crosswalls inserted between unit cells.

When the notch antenna is used in the array environment,
scan blindnesses and resonances can occur, rendering the
phased array unusable over portions of the intended frequency
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Fig. 1. Small arrays (a) without crosswalls and (b) with full crosswalls.

range and scan volume. These catastrophic effects are not
easily predicted. They usually become apparent only during
prototyping or computer simulation of the proposed array. An

-plane scan blindness can occur when the-plane spacing
exceeds one half of a free-space wavelength [7]. Equations that
predict the blind angle, given the frequency and array geometry,
are provided in [8]. A surface wave traveling down the trough
formed by the metallization on the dielectric and the ground
plane (Fig. 3) provides the physical mechanism on which
these equations are based. The criterion requiring-plane
spacing greater than one-half wavelength is not usually met
for arrays that scan in that plane, but arrays that scan in the

-plane only often have -plane spacings of approximately
0.75 wavelengths.

This paper investigates the effects of inserting full and partial
metallic crosswalls between unit cells. These crosswalls are in-
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Fig. 2. Slotline antenna used in these simulations.E-plane element spacing in
array= 0:5 cm.H-plane spacing= 0:62 cm. All dimensions in centimeters.

tended to obstruct the path of the surface wave. A full-wave mo-
ment method computer code capable of modeling these arrays
with crosswalls was used to obtain the active element patterns.
This paper contains broad-band (10 to 45 GHz)-plane scan
patterns, which are computed for the array with no crosswalls,
full walls, lower walls, and upper walls. Single-frequency pat-
terns for these arrays were presented in [9].

II. M ETHOD OFSIMULATION

A full-wave moment-method computer program was devel-
oped that is capable of simulating full and partial crosswalls be-
tween unit cells of these arrays. A complete description of the

Fig. 3. Trough to support guided mode.

simulation method can be found in [10]. It is similar to those
described in [11] and [12], but has metallic crosswalls included
as part of the unit cell structure, as in [13]. Additionally, this
program allows sheets of magnetic current to be placed upon
the metallic crosswall, simulating openings in this wall by the
equivalence principle. If these current sheets cover the entire
crosswall, the structure reverts to the structures described in
[11] and [12]. As in [11]–[13], the analysis utilizes the equiva-
lence principle, resulting in unknown equivalent currents at the
array aperture , in the slotline and on the crosswalls ,
and on the stripline feed . In this implementation, the basis
functions representing are Floquet modes, described below.
The code solves the infinite array problem for currents on the
stripline feed, slotline, crosswall, and aperture. Excitation of the
system is provided by a delta gap generator at the ground plane
end of the stripline feed. Using the values of the currents, the
active element impedance at the stripline feed point can be de-
termined. The active element pattern is computed as

where is the reflection coefficient looking into the
stripline feed.

This computer program evaluates moment method matrix ele-
ments using Green’s functions. The Green’s functions that relate
to fields in the region are represented by double infinite
summations, so the matrix elements also require double infinite
summations [10]. To calculate numerical values, both summa-
tions were truncated at the same value.

The aperture current sheets that relate to radiation in the re-
gion are expanded as

where
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Fig. 4. Behavior of radiated power density for array without crosswallsE-plane scan. Contour lines indicate active element pattern levels of�3;�6;�10; and
�20 dB.

is the scan angle and and are the unknown
current coefficients. Letting both and go from to
generates a set of basis functions for the expansion
of the aperture current sheets. The results shown in this paper
were obtained using and . Convergence studies
have shown (Appendix D of [10]) the numerical results to be
well converged with respect to the parametersand .

The antenna and feedline structure used in the simulations is
shown in Fig. 2. The various crosswall configurations are de-
picted in insets to Figs. 4 –7. Fig. 4 shows a portion of two
adjacent unit cells without crosswalls. In Fig. 5, a full cross-
wall has been added between the unit cells. The crosswalls are
electrically connected to the metallization on the substrates of
the antennas. Fig. 6 shows a lower wall; a partial crosswall that
contacts the ground plane and extends up to a height. Fig. 7
shows an upper wall extending from the aperture plane toward
the ground plane a distance.

III. B ROAD-BAND RESULTS

In this section, the broad-band behavior of-plane active
element patterns is presented for selected crosswall arrays.
The active element patterns were computed using a generator
impedance of 87 instead of using conjugate matching. This
value gives a reasonable broadside match through a large
frequency range. For these plots (see Fig. 4), the horizontal
axis is -plane scan angle in degrees and the vertical axis is
frequency in gigahertz. Thus, a horizontal slice at any fre-
quency represents an active element pattern at that frequency.
For example, at 30 GHz, the active element pattern has a null
due to the blindness at 19.2and the pattern attains values of

3 dB at 55, 6 dB at 67, etc. For this array with -plane
spacing cm, a grating lobe can occur in the-plane for

frequencies above 30 GHz. At 30 GHz, the grating lobe occurs
at 90 when the array is scanned to90 . At 45 GHz, the
grating lobe occurs at 90 when the array is scanned to 19.5.
The boundary of the region where grating lobes occur is shown
on the broad-band plots as a dashed line. The region where
grating lobes occur is not of interest and no contours are shown
there.

Fig. 4 shows the broad-band behavior of the active element
patterns for the array with no crosswalls. A scan blindness
appears near broadside at 28.4 GHz and follows an arc through
19.2 at 30 GHz and 34.0at 34 GHz. Fig. 5 shows the
broad-band behavior of the active element patterns for the
array with full crosswalls. No corresponding scan blindness
was found for this array, further substantiating the hypothesis
that a guided wave in the trough creates the blindness. The
crosswalls have extended the upper frequency for which the
pattern exceeds3 dB to more than 35 GHz. However, the scan
range (active element pattern 3 dB) is reduced somewhat
from 50 at 25 GHz without walls to 40with walls.

Fig. 6 shows the broad-band behavior of the active element
patterns for the array with lower walls of height 0.20 cm. This
height eliminates the scan blindness at 30 GHz, but a scan blind-
ness still occurs near broadside just above 30 GHz. At 30.1 GHz
the blindness occurs at 3.0, at 31 GHz it occurs at 19.6, at 32
GHz it occurs at 28.8, and at 33 GHz it occurs at 37.0. The
inclusion of these lower walls creates a region from 10 to 30
GHz and from 0to 45 that have combined mismatch and scan
losses of less than 3 dB.

Fig. 7 shows the broad-band behavior of the active element
patterns for the array with upper walls of height 0.02 cm. There
is a blindness near broadside at about 24 GHz that moves to-
ward endfire as frequency increases. In contrast to the lower
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Fig. 5. Behavior of radiated power density for array with full crosswallsE-plane scan.

Fig. 6. Behavior of radiated power density for array with lower crosswallsh = 0:20 cmE-plane scan.

wall blindness, the null associated with this blindness has a very
wide bandwidth and angular extent. Also, a second scan blind-
ness appears near broadside at a frequency of 32.5 GHz.

IV. DISCUSSION

The scan blindness reported in [7] and [8] was reproduced
by using a method of moments code that can model full or

partial crosswalls. If an array exhibits this scan blindness in
its intended operating range, the problem can be remedied by
inserting crosswalls. This substantiates the hypothesis that a
trough mode causes the blindness. It was concluded in [9] that
increasing the height of the lower walls moves the blindness
toward broadside until it eventually disappears, whereas the
broad-band results in this paper suggest a different interpreta-
tion: the blindness is pushed higher in frequency. At a fixed
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Fig. 7. Behavior of radiated power density for array with upper crosswallsh = 0:02 cmE-plane scan.

frequency, this results in blindnesses moving toward broadside,
then disappearing. The scan blindness seen with lower walls
separating the unit cells is likely due to the trough surface wave
with periodic loading effects from the lower walls. Since the
trough-mode blindness is not very sensitive to the shape of the
tapered slot [8], the conclusions of this paper are not expected
to be sensitive to the slot shape.

The broad-band results for an array with upper walls sug-
gest that the array can be used for limited scan applications
with far-out sidelobe suppression over a moderate frequency
range, perhaps from 27 to 30 GHz. However, the spatial fil-
tering characteristics change throughout this frequency range.
Sidelobe suppression of 14 dB or more beyond 60can be at-
tained only from 28 to 30 GHz. The extra sidelobe suppression
drops to just 10 dB for the 25 to 28 GHz frequency range. Also,
the usable scan range drops to about 20for the lower part of
this frequency range.

The upper wall blindness occurs near broadside at 24.1 GHz.
At this frequency the -plane spacing is and the
trough width is . It seems unlikely that the trough
surface wave is the cause of this blindness, since must be
greater than for this surface wave to propagate. It is more
likely that this blindness is caused by some other mechanism,
unknown at this time. In fact, the null depth of this blindness
seems to be limited to about25 dB. This may indicate that
the phenomenon is not a true scan blindness, but rather some
sort of element resonance that creates substantial, but not total,
cancellation of the radiation. The computations assume lossless
structures, so the finite null depth is not related to conductor or
dielectric losses. Whether the null is a true blindness or some
other kind of resonance, its impact on practical array designs is
clearly illustrated by these results.

Changing the height of the upper wall does not eliminate the
24 GHz blindness. Arrays with and

cm all showed the blindness appearing near broadside at
around 24 GHz. Varying does affect the value of the blind
frequency as a function of scan angle. With cm, the
blind frequency changes very little with scan angle, being about
26 GHz when scanned to 60. The fact that the blindness appears
with cm (99.6% of the depth) demonstrates that good
electrical contact between the ground plane and the crosswall is
necessary to successfully implement a full-wall array. This also
applies to arrays with lower walls.

The second blindness in Fig. 7 is likely due to the trough sur-
face wave periodically loaded by the upper walls. This second
blindness moves up in frequency asis increased. With

cm it appears near broadside at 32 GHz, with cm
at 36 GHz, with cm at 38 GHz, and with greater than
0.30 cm, the blindness has moved to frequencies greater than 40
GHz.

V. CONCLUSION

Numerical simulations were performed on single-polarized
arrays of endfire slotline antennas without crosswalls and with
full-height crosswalls, lower crosswalls, and upper crosswalls.
The array without crosswalls is known to have a scan blindness
in the -plane. The simulation reproduces this scan blindness
and shows that the addition of full height crosswalls between the
array unit cells completely eliminates this scan blindness. This
finding supports the hypothesis that the blindness is caused by
a trough surface wave as described in [7] and [8]. When using
the full wall to eliminate the scan blindness it is important to
have good electrical contact between the ground plane and the
crosswall, otherwise another type of scan blindness may appear.
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Arrays with partial crosswalls of the lower wall and upper
wall variety were also analyzed. Lower wall arrays increase the
frequency at which the scan blindness occurs. Upper wall ar-
rays were found to have active element patterns with a some-
what different behavior. The upper wall with a height of 0.02
cm was found to have possible applications for moderate band-
width—limited scan antennas that require far-out sidelobe sup-
pression.

Crosswalls with other shapes may further alter the behavior
of the -plane active element patterns of these arrays and it
may be possible to tailor the pattern by various shapes of par-
tial crosswalls. Logical extensions of the crosswalls examined
in this paper include various patterns of metallic walls, dielec-
tric crosswalls, and dielectric crosswalls with printed metallic
patterns.

The latter extension includes the configuration of dual-polar-
ized endfire slotline arrays. The dual-polarized version has been
suggested for electronic warfare applications [14], and for mul-
tifunction or shared aperture antennas [15].
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