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Design of a 5:1 Bandwidth Stripline Notch Array
from FDTD Analysis

Mark Kragalott Member, IEEEWilliam R. Pickles Member, IEEEand Michael S. KluskendMember, IEEE

~ Abstract—A 5:1 bandwidth stripline notch array antenna least 50 in both theE- and theH-plane. Achieving an active
is designed from parametric investigations of flare and feed array voltage standing wave ratio (VSWR) of less than two over
dimensions. The finite-difference time-domain (FDTD) method iha required scan angles and operational frequencies assures

is employed to perform the parametric studies. Both linear and bilit hil idi ting lob h ina to th
planar single-polarization arrays are considered with half-wave- Scannability, while avolding grating lobes when scanning to the

length element spacing at the highest frequency. The linear-array horizon is enforced by half-wavelength element spacing at the
elements depend uponE-plane element mutual coupling to highest frequency of operation. The finite-difference time-do-

achieve wideband behavior. Edge elements, which cannot benefitmain (FDTD) [8], [9] method is employed to optimize the feed
from full E-plane coupling, are shown to maintain good transmit 5 flare parameters of the array. Section Il addresses the de-

performance with the application of amplitude tapering. The . - L - .
planar array is shown to have a scannability (active VSWR<2) SI9N procedure. In Section II-A, the stripline to slotline transi-

averaging 5P off broadside in the E-plane and exceeding 60in  tion is optimized for good energy transfer across the frequency
the H-plane. As an infinite planar array, the antenna is predicted band. Section II-B describes the basis for employing active scan

to have a bandwidth exceeding 7:1 on broadside. Measurementsimpedance optimization instead of element pattern optimiza-
are in good agreement with the computations. tion in the design process. In addition, the procedure for finding
Index Terms—Element coupling, FDTD, phased arrays, stripline active scan impedance is described. In Section II-C, the op-

antenna, wide-band arrays. timal flare length element for a linear array is found. The linear
array E-plane scan performance of the element is character-
I. INTRODUCTION ized in Section 1I-D and the effects of mutual coupling are ana-

. lyzed. Section II-E presents the scan performance of planar ar-
U LTRAWIDE-BAND (UWB) array antennas are utilized rays from FDTD numerical waveguide simulators. A numerical
for electronic steering applications requiring either mukyyr-wall waveguide simulator is utilized to calculate the infi-
tiple functions spanning a wide frequency range or pulse exgiite planar-array broadside scan performance, and parallel-plate
tations. Traditionally, wide-band flared-notch antennas and aveguide simulators are employed to exantinandH-plane
rays have been primarily analyzed through experimentation [3han performance of planar arrays that are of infinite extent in
[2], while in recent years, these antennas have been incregse dimension. Finally, Section II-F describes the construction

ingly designed and analyzed using computational electromagyy measurement of linear and planar arrays for performance
netics [3]-[5]. Assuming large periodic arrays with a substagayrification.

tial number of elements so that edge effects are negligible, many
of these numerical array analyses are efficiently conducted on a
unit cell of the array using periodic boundary conditions. Peri-
odic boundary conditions, which simulate an infinite array, are A linearly polarized wide-scan array is required that will
satisfied either through the summation of Floquet modes [4}Perate over a frequency range of 1-5 GHz and wide scan
[6] or through numerical waveguide simulators [7]. Time-do@ngles without grating lobes. The printed stripline notch
main waveguide simulators, while not as versatile as full FIés chosen as the basic element because it offers directive
quet-mode solutions, offer a simple way of obtaining wide-baryjde-band behavior, repeatability in construction, and a low
infinite planar array impedance from the computation of voltagd0ss-polarization field component. The substrate dielectric
and current followed by a Fourier transform. Since infinite-arra§glected is low-loss Duroid 587@,(= 2.33, tan§ = 0.0012
analysis combines the mutual coupling effects of all array @ 10 GHz) owing to its availability and ability to handle
ements, finite-array analysis must be employed to predict tfrasonable power levels without bonding failure. The thickness
performance impact of coupling from individual elements. IRf the element is 0.157 cm (0.0252, where;, is the wave-
addition, edge effects are most accurately predicted from #§89th at 5 GHz)from groundplane to groundplane. Thicker
analysis of finite arrays. commercially available substrates were evaluated, but resulted
In this paper, the active impedance of a stripline notch arrifyy narrower array bandwidths. The exploded view of the array

is optimized over a 5: 1 bandwidth for scan angles averagingg@mentin Fig. 1(a) shows that the element is comprised of two
outer groundplane layers that are separated from the strip layer

Il. DESIGN OF THESTRIPLINE NOTCH ARRAY
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and slotline, which depend on the line effective dielectric con-
stants, must be calculated because the electrical lengths of the
Y-arms in the strip layer and the groundplane layer must be
equivalent. In this case, the slotline propagates a quasi-TEM
mode whose effective dielectric constant declines gently with
frequency, whereas the stripline propagates a TEM mode whose
effective dielectric constant is nearly constant with frequency.
Therefore, the equivalent electrical length condition can only
be satisfied in an average sense over the frequency range of
the array. The FDTD calculated propagation constants dictate
that the slot Y-arm should be a factor of 1.206 longer than the
strip Y-arm. The slotline Y-arm is set @06, long, which re-
quires that the stripline Y-arm length should®@498;,. How-

ever, thed.0046\;,, FDTD cell size means that the Y-arm length
ratios can only be approximated to within 4%. The stripline
Y-arm short circuit is formed with a plated-through hole from
the truncated strip end to each groundplane layer. The stripline
Y-arm open circuit is formed in the usual manner by truncating
the strip. The slotline short circuit in the groundplane layer is
formed by a slot truncation. The largest obstacle to an effective
YY transition design is the formation of a slotline open circuit.

In principle, an open circuit is formed by truncating the slot into
open dielectric. However, in practice, the open dielectric must be
approximated by a finite-size cavity. Factors that limit the size
of this cavity include the inter-element spacing, the position of
the YY transition, and the length of the element. In addition, if
dual polarization is planned, the cavity must accommodate or-
thogonal element insertion.

The groundplane layer cavity was numerically optimized
without the flare attached. The slot is more than a wavelength
Fig. 1. (a) Exploded view of the stripline notch element and (b) Iineararrangng at the lowest UWB frequency with the open end of
5 elements. the slot terminated in FDTD absorbing boundary layers to

simulate infinite length when testing the transition alone. A
by two dielectric layers. The groundplane layers contain thexagonal cavity shape is used to simplify both modeling and
slot and flare whereas the strip is electrically connected to thedification. The VSWR of the YY transition for various
center conductor of a feeding coaxial line. groundplane layer cavity shapes and sizes is shown in Fig. 2(b).
The cavity shapes are shown to scale relative to one another.
It can clearly be seen that transitions with smaller cavities are
less efficient at transferring lower frequency energy than larger

The firstissue to resolve is the manner of coupling wide-bamavities because the larger cavities are better approximations to
energy from the stripline to slotline. The YY transition [10Jan open circuit. For hexagonal cavities that are nearly circular
pictured in Fig. 2(a) is utilized for this purpose owing to itsn shape, only the largest cavity with an effective diameter
good UWB behavior as noted in [11]. While previously deef one half-wavelength at 5 GHz has acceptable behavior at
scribed as a microstrip to slotline transition, extending the idé@quencies near 1 GHz. However, this large cavity size is
to stripline is natural. In this case, 0.119-cm (0.019B8wide not acceptable if an orthogonal polarization element is to be
502 stripline is employed because a 8zoax TEM mode will inserted between the flares because the orthogonal element
couple readily to it. A slotline width of 0.0275 cm (0.0049 is would intersect the cavity. The cavity design was optimized
chosen to produce a frequency averaged3@ansmission line with the constraint to allow for a second polarization. The
for impedance matching. The FDTD cell size is set equal to tieavity shape that gives the best wide-band performance for
slotline width, which makes the number of cells per free-spatiee imposed constraints is shown in Fig. 2(a) and (b). The
wavelength equal to 218 at the highest frequency of 5 GHz. Thavity area is increased over nearly circular hexagonal shapes
YY transition works as a six-port network that depends updhrough the elongation of the cavity in both the coaxial feed
electrically short and geometrically opposed Y-arms, with orend flare directions. As observed in Fig. 2(a), the portion of
stripline Y existing in the strip layer and the oppositely orithe cavity sloping away from the slotline is a consequence
ented slotline Y present in each groundplane layer. Each Y carf-accommodating the stripline short circuit. It is important
tains a short circuit on one arm of the Y and an open circuit do note that avoiding this slope by looping around the short
the other arm. The propagation constants for both the striplioigcuit causes no increase in bandwidth and that removing the

groundplane layers

strip layer

Y

|

dielectric layers (€:=2.33)

311 >

A

A. YY Stripline-to-Slotline Transition Design
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: . tion of (1) is that if the active reflection coefficient (and thus, ac-
058 hn ; 0.28 A tive VSWR) is low at a scan angle, thenitis possible to scan with
P : e section  '€@SONADIE directive gain at that angle. Pattern calculations are
_, stp apen cirut | begins here thus not necessary in the design process since optimization of
e Seictimeils V e B the active scan impedance assures scannability if thermal losses
&oax are small.
sirip short circuit The active scan impedance of a finite array can be found over
the full bandwidth and all angles by calculating the driven re-
sponse of each antenna element with all other elements in the
array terminated in matched loads. Linear superposition is then
applied to obtain the active array impedance. For example, for
a three element array with feed voltaged®f V3, V3 and feed
currents offy, I, I3, the relationship between the feed voltages
and currents is given by

slot open circuit

Yiu Yo Yis| | V2 I
Yoo Yo Yas| |Va|=|12]. 3)
Y31 YE&Q YE&3 V3 I3

VSWR

The admittance matriX is obtained by individually feeding
each element with the testing voltag&’,, and calculating the
feed currents with all other feed voltages set to zero. Then the
elements of theith column of the admittance matrix are given

by

Frequsency (GHzl;f ° Yon = % 4)
n
Fig. 2. (a) Detail of the YY transition and (b) calculated VSWR of variou§or m = 1, 2, 3. To calculate the active impedance of an el-
cavity sizes and shapes. ement at a given scan anglé, ¢), the feed voltages for the
phased array are given by
sharp cavity vertices with shaping gives very little performance ' ) )
Change. Vn _ e—] k[(z,, cos ¢p+yr sin ¢) sin 0+z,, cos 8] (5)

B. Active Reflection Coefficient and Element Pattern wheref; is the wavenumber ang{. v, z,) are the coordinates

L . of each element. Then the active impedance is
Active impedance and far-zone patterns are vital performance

measures for any array. Active impedance is a straightforward g - Vo _ Va
calculation of voltage and current in FDTD. In contrast, the "L YouVi 4 YV 4+ Y Vs

far-zone pattern calculation is a computationally intensive op- . . . . .
o : sing this postprocessing technique, the effects of nonuniform
eration in a standard FDTD solution. Fortunately, pattern cal-_ '~ S L
S . . amplitude weighting on active impedance as well as edge effects
culation is not necessary in the array design procedure owin . : .
X : in"phased arrays can be studied without recalculating the FDTD
to the relationship between embedded element pattern and ac-
o response of the array for each set of parameters.
tive impedance for large arrays. When a large planar array has

no grating lobes in its pattern, the active array reflection coeff Optimal Linear Array Flare Length
cientT'(8, ¢) is approximately related to the normalized array
element power patterf?(6, ¢) in a terminated array environ-

(6)

The flare attaches to the YY transition section in a linear array

ment [12], [13] by configl_Jration as s_hown in Fig_. 1(b), and the scan impedance is
numerically optimized by varying flare parameters. A seven ele-
A2P(6, ) ment linear array is chosen to give the array an aperture width of
L', )| =4/1 - T cosd (1)  greater than a half-wavelength at the lowest frequency of 1 GHz.
Wy

The spacing between the elements is set at a half-wavelength

whered, andd, are the element spacinginandy, and ¢, ) at5 GHz. A standard exponential taper is employed owing to
are standard spherical coordinates. In gL} 0 at broadside its straightforward implementation, although other smooth ta-

and the second term inside the square root never exceeds R#i& were successfully applied. The staircase approximation to
since the flare inherent with the orthogonal coordinate FDTD is not

dod. cosd an issue owing to the very small cell size and the avoid_ance
% (2) of half-wavelength long steps along the flare [14]. For a fixed
A aperture width, a short array element is preferable to a long one
gives a upper bound on the terminated array element power gating to its smaller size and wider embeddeglane element
tern. Similar relationships hold for linear arrays. The implicggattern. Thus, the flare length was initially setats A, where

P(o, ¢) <
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Fig. 4. (a) Calculated time-domain current coupling at the center element of

Fig. 3. (a) Calculated broadside scan VSWR of 7-element linear array ta 7-element linear array; (b) calculated coupling at the edge element of the
é?(
Vi

various flare lengths and (b) measured versus calculated broadside VSW ri)l/J;SaSgVSce)igca{gtélztoefmt:)g;adS|de scan VSWR atthe edge element for weighted
an 8-element linear array and the infinite planar array VSWR. '

Ay, is the free space wavelength at 5 GHz. However, this length
gave an unacceptable center element broadside active VSWI

a
over the entire frequency band. As a consequence, the flare wa ) ///////////
lengthened t@.5);, and the acceptable broadside impedance ,/////// //////
improved down to 3.4 GHz as shown in Fig. 3(a).140),, flare Bé‘i’:g' 3 //;5/////;4%'//,,///
length, the linear array had acceptable VSWR down to 1.8 GHz, auive - //// Qf/(/?/}////// =
but below that quickly rose to a large local VSWR maximum ex- vSwR % p—
ceeding 6 near 1.6 GHz. This local VSWR maximum is attenu- > = 15 —
ated by increasing the length further as indicated by2tB&)\;, D e S e
flare length curve, where the local VSWR maximum has been s SR ; 57 ° .
reduced to 1.6. Further, the acceptable broadside low frequenc i 3 Number of active
scan behavior has been reduced to 0.9 GHz. The flare length o Frequency (GHz) 5 E-plane elements

2.25\;, (0.45);) has achieved a broadside scan 5: 1 impedance )

bandwidth. Increasing the flare length further has little benefit e “o ¥ “"";"N“o v
. . . 3 2o A /
for the parameters examined. As seen in Fig. 3(b), a measure- stive TR ‘\‘ e AT ’,:‘22,.;;‘;:19?9
. . ! $Y. 4 KK
ment of the constructed corporate fed 8-element linear array is g 3 M s 7

WR 2 Hase
compared against the calculated result, and good agreement it 1

demonstrated.

D. Beneficial E-Plane Mutual Coupling in the Linear Array

E-plane scan

Z
To better understand the broadside wide-band active Frequency (GHz) angle (degrees)

impedance behavior of the linear array, it is instructive to
study the time-domain mutual coupling between elements of _ ,
5. (@) Calculated broadside scan VSWR of a 13-element linear array for

. .l
alseven elemen.t linear array when all elements are exlc'g%%ous numbers of active elements and (b) calcul&giane scan VSWR of
with equal amplitude and phase. The excitation pulse istt@ 7-element linear array.
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Fig. 6. (a) Broadside scan infinite planar array humerical waveguide simulato-gtne scan 3 row by infinite number of elements per row waveguide
simulator; and (CE-plane scan 3 elements per row by infinite number of rows waveguide simulator.

modulated Gaussian sine with more than 99% of the pulseThe beneficialE-plane mutual coupling effects of adjacent
energy contained between 0.75-5.25 GHz. Fig. 4(a) shoelements brings into question element performance at an edge
the time-domain current induced at the array center elemenglément or next to a dormant element where the benefit of active
feed port due to itself, coupling from adjacent element 3, ardray cancellation of aperture reflection is diminished. However,
coupling from element 2. Elements 5, 6, and 7 produce essémnsmit power tapering can mitigate elevated VSWR at these el-
tially the same amplitude and time phase current and voltageents. To demonstrate this principle, consider the case where
signal at element 4 as elements 3, 2, and 1, respectively. The array is transmitting equal time phase and amplitude pulses
self-coupling current in the first nanosecond strongly resembles elements 1-7. Element 1 is an edge element with elements on
the input current. In the highlighted time zone between 2-ely one side of it providing cancellation of its aperture reflec-
nanoseconds, the self-coupling current is indicative of strotign. The VSWR of element 1 under these conditions is shown
aperture reflection owing to an aperture width less thanimFig. 4(c). It can clearly be seen that the VSWR of element
half-wavelength for frequencies below 5 GHz. However, theis elevated relative to a center element with all elements ex-
active element VSWR is excellent primarily because elemertited as seen in Fig. 3(a). Inspection of the highlighted time zone
3 and 5 provide nearly identical signals at port 4 that combimetween 2 and 3 nanoseconds in Fig. 4(b) reveals that if the ele-
to cancel most of the aperture reflection of element 4. Thment 1 pulse amplitude is halved, element 2 would provide most
energy is radiated since the effective aperture size has increasitie cancellation required. Thus, as the simplest example of ta-
from the cooperation of active elements. The dominant portigering the current and voltage of the incident pulse at elements
of the remaining reflected voltage and current at element 4Jisand 7 are weighted by one half, whereas the incident pulses
cancelled by elements 2 and 6. Elements 1 and 7 couple vefielements 2—6 remain unweighted. The diminished VSWR of
weakly to element 4 except at the lowest frequencies, whehe weighted edge element is contrasted with the unweighted
residual element 4 aperture reflections are further cancelledetiige element in Fig. 4(c). When the edge element is weighted,
extend the impedance match to lower frequencies. the adjacent unweighted element 2 will suffer a slightly elevated
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VSWR owing to the imbalance of amplitude excitations of adFhe broadside VSWR of the infinite planar array is shown in
jacent elements 1 and 3, but this elevation is small and couldBig. 3(b). The broadside scan bandwidth of the planar array
mitigated with the incorporation of more sophisticated tapers.i#t 7: 1 since the active VSWR is less than 2 for frequencies
should be noted that if there is a passively terminated edge elewn to 0.75 GHz. The infinite planar array exhibits a local
ment so that the first active element is the second element, th&WR maximum of 1.95 between 1 and 2 GHz. As in the
amplitude tapering performed on this second element is condidear array case, the planar array active VSWR rises for lower
erably more effective than the case considered above. frequency ranges if the flare length is shortened fa@5),,.

Fig. 5(a) shows the broadside scan VSWR of a 13-eleméfhe broadside scan VSWR predicts that good performance is
linear array as a function of the number of active elements. Thebe expected if the array is very large. Owing to the large
first active element is the center element with all other elemengsource requirements imposed by both the small FDTD cell
terminated in 502 loads. Successive pairs of elements on eithsize (218 cells per free space wavelength at 5 GHz) and large
side of the center element are made active to form the cont@lmnar arrays, numerical infinite parallel plate waveguide
plot. The single active element VSWR is quite poor because aimulators were employed to analyze semi-infinite planar array
jacent element coupling is required to cancel the aperture reflscan behavior.
tion. The single active element VSWR calculation is confirmed For efficient calculation oE-plane scan VSWR, infinite mag-
with good accuracy against measurements. At least seven retic conducting plates parallel to theplane are placed both
tive elements are required to get adequate 5:1 bandwidth bbove and below a 7-element linear array at a distance of one
havior, but the low frequency impedance match is shown to irhalf the element spacing. This arrangement simulates a planar
prove as the number of active elements continues to increaseay with seven elements per row and an infinite number of
toward 13. Notice that the rate of low frequency performang¢ews. Fig. 6(c) illustrates a similar type &plane simulator
improvement declines with increasing elements. This is mosith three elements per row. By phasing the elements, scan
likely the result of feed limitations as the YY transition opemperformance in th&-plane can be found. Analysis of the mu-
circuit cavity becomes electrically smaller with decreasing fréual coupling indicates that the best performance is obtained
quency. The broadside scan bandwidth of a 13-active-elemefiten edge element sources are amplitude weighted by one half,
linear array is 7: 1. whereas all other sources have unit amplitude weights. Fig. 7(a)

The active scan VSWR performance of the seven-elemetitows theE-plane scan performance of the array. With the ex-
linear array in theE-plane as function of frequency and scaeption of a small scan region near broadside between 1.3—-1.6
angle is shown in Fig. 5(b). It can be seen tEaplane scan GHz where the active VSWR slightly exceeds 2, scan perfor-
performance is good across the 5: 1 bandwidth for scan angieance is good down to 0.75 GHz and up to 5 GHz for scan an-
up to an average of 45As the frequency increases, there argles up to an average of 51The infinite planar array broadside
narrowed scan regions at some frequencies. Fig. 4(a) helpstan curve in Fig. 3(b) clearly shows that the VSWR between
illustrate that when signals are fed in time phase, as they dr8-1.6 GHz will decline below 2 as the numbeEsplane ele-
in the broadside scan case, neighborifiglane element cou- ments increases. However, the computational resources required
pling tends to cancel the aperture reflection of an element. Whienfind this limit were not available.
time-delay steering is employed, signal cancellation deterioratedn the H-plane scan case, infinite electric conducting plates
owing to divergent time phasing of elements. This effecttendsparallel to theH-plane are positioned on each edge of five
worsen with increasing scan angle, and thus frequency averagedically stacked single-element rows. This simulates a planar
VSWR also rises with scan angle. In all contour plots presentattay that has five rows with an infinite number of elements per
in this paper, the active scan VSWR is nearly symmetric abouww. Fig. 6(b) illustrates a similar type d¢f-plane simulator
broadside scan, so only half the scan volume is plotted. with three rows. Scan performance in tHeplane can be found
with the phasing of each row. Fig. 7(b) shows thatithelane
scannability of the array extends from 1 to 5 GHz and includes
nearly all angles out to 60 The planar-array broadside scan
VSWR curve in Fig. 3(b) shows that the array will operate

Planar array scan performance is characterized by addsignificantly below 1 GHz as the number of rows increases to
multiple rows of elements with the aid of computationallsome undefined limit. Again, limited computational resources
efficient numerical waveguide simulators. A single row iprevented the discovery of this limit. Fig. 7(c) shows how the
defined by a linear array of elements in tBeplane. Each row number of active rows in a 5-row environment impacts broad-
is separated from the adjacent row by half-wavelength spacisige scan VSWR. A single active center row with the other
at 5 GHz. Initially, the infinite planar array performance isows terminated in 5@ loads has performance degradation
characterized in a FDTD broadside scan four wall waveguidelative to a single row in free space (linear array) shown in
simulator [7] holding a single element as shown in Fig. 6(alrig. 3(b). Thus, the beneficial element to element coupling
The simulator is comprised of two magnetic conductingp the E-plane is negatively impacted by multiple bounces
plates parallel to theE-plane placed above and below thdrom the passive rows. This effect can be observed directly
element at a distance of one half the element spacing and twaime domain mutual coupling analysis. It is interesting to
electric conducting plates parallel to théplane placed at note in Fig. 7(c) that an even number of active rows, which
the element edges. The waveguide simulator is terminatedcmrresponds to asymmetrical excitation, produces excellent
FDTD absorbing boundary layers to simulate infinite lengthd-plane performance. With three active rows, the VSWR

E. Planar Array Scan Analysis with Numerical Waveguide
Simulators
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co-pol gain. From 1 to 5 GHz, the broadside scan cross-pol of
the array is down by an average of 28 dB from the co-pol, and
Fig. 7. (a) Calculate&-plane scan VSWR of a 7-element wide-planar arrajaverages 20 dB down for 5@E-plane ancH-plane scans. The

with an infinite number of rows; (b) calculatédtplane scan VSWR of a 5-row aperture efficiency of the array, which is defined by the ratio of
planar array with an infinite number of elements per row; and (c) calculate

broadside scan VSWR of the 5-row semiinfinite planar array with variol®@ximum effective aperture to the phys!cal aperture size, av-
numbers of active rows. erages 62% from 1 to 5 GHz on broadside scan, although the

antenna is more efficient at lower frequencies. The front to back

exceeds 2 in two low-frequency ranges, but when the numbetio on broadside scan ranges from approximately 20 dB at the
of active rows is increased to 5, the broadside scan VSW&w frequency to 30 dB at the high frequency.
remains below 2 from 1 to 5 GHz. The measured and calculated active VSWR of the array at
broadside scan are compared in Fig. 9(a). The same compar-
ison is made for the active VSWR at 5&-plane scan in Fig.
9(b) and for 50 H-plane scan in Fig. 9(c). The curves show

A single polarization 8x 8 planar array was constructed andjood agreement considering the complexity of the antenna and
measured both to verify the scan impedance performance of the subtle differences between the constructed elements and the
numerical array design and to characterize the patterns. A giveDTD simulated elements. In addition, the measurements em-
row was fed by a coaxial line through a corporate feed ngitoy a corporate feed that combines all signals from a row or
work. The measured co-pol array gain patterns inBklane column of elements back at the receiver, whereas the calcula-
andH-plane for broadside scan are shown in Fig. 8 from 1 tions assume a transmit and receive module at each element.
5 GHz along with the co-pol element patterns and the cross-falrther, the 8x 8 constructed array is too large a problem to
array patterns. No amplitude tapering was applied to the arrlg handled by present computational resources, so the numer-
The co-pol gainincreases from approximately 9 dBi near 1 Ghtzal arrays are semiinfinite. This can cause differences in active
to 20 dBi near 5 GHz. Naturally, the beamwidth of the patteMSWR between the measuredx88 array and the semiinfinite
declines with increasing frequency owing to the increasing gasrray because convergence of the solution is dependent on the
The arrays were also successfully scanned td®the both the number of active elements in each dimension as seen in Fig. 5(a)
E-plane andH-plane using time-delay networks. Depending oand Fig. 7(c). The biggest discrepancy between measurement
the frequency, the co-pol gain at%8can in thekE-plane and and FDTD occurs in the S0E-plane scan, where the measured

F. Constructed Planar Array Pattern and Active VSWR
Measurements
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VSWR has a lower value than the calculated VSWR over most
of the 5: 1 band. The discrepancy between the curves could be a
result of numerical error arising from staircase approximatiol
to the YY transition, but doubling the resolution of the FDTL
grid to resolve the issue is not feasible with available comput
tional resources. However, the desired 5: 1 bandwidth behav
of the stripline notch array has been demonstrated.
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