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Abstract

A planar Delta—Cross shaped loop antenna is proposed. The
presentation includes results from an analytic study of the
radiation  pattern, as well as, from a  simulation  study for
both the electric and radiation characteristics: input imped-
ance, standing wave ratio, radiation pattern and directivity.
The loop was initially shaped as 4 non-overlapping equilat-
eral triangles  on a plane, symmetrically oriented around a
common vertex, center fed at one triangle base. In order to
improve the antenna characteristics, its shape was then modi-
fied by equally changing the triangle base angle—while keep-
ing the loop length constant and equal to 2 wavelengths WL.
In this way, the final antenna loop was shaped with 4 isosce-
les triangles. The analytical and simulated results for the
radiation pattern were found to be in good agreement. Fur-
thermore,  a  comparison  with  antenna's  dipole  counterpart
characteristics showed a much better performance of the pro-
posed antenna. 
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Introduction

The cross loop antenna con-
sisting  of  four  delta  ele-
ments was examined as a pro-
totype antenna during prepa-
ration  of  an  EECE  diploma
thesis [1]. The  main avail-
able tools for its study were
the antenna theory  [2], the
[RadPat4W]  computer  program

for antenna patterns [3] the
[RICHWIRE] simulation program
[4] and the mini-Suite of
software tools  [5].  Its sim-
ple  plane  figure of double
symmetry with respect to two
axes which means easy geomet-
rical representation for the
theoretical  consideration  of
its radiation pattern as well
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as  for  the  simulation  and
easy  construction,  was  the
basic  reason  for  this  pro-
posal.  The  initial  antenna
consists of four equilateral
triangles  with side  length
λ/6  and  almost  coincident
their  four  vertices.  Thus,
the total length of the an-
tenna is 2λ. The feed source
was at the middle of the base
of one of the triangles as it
is shown in Fig. 1. 

Fig. 1: Planar Delta—Cross
Shaped Loop antenna

Then, the antenna was mod-
ified  only  with  respect  to
the base angles of the trian-
gles,  keeping  constant  the
triangle  perimeter  equal  to
λ/2,  resulting  a  cross  an-
tenna of four isosceles tri-
angles. The angle was varied
between 48° and 78°, in order
to improve both of its elec-
trical and radiative charac-
teristics  and  the  one  with

48° angle was selected as the
improved  Delta—Cross  Shaped
Loop antenna. 

Analysis

The  initial  antenna  was
analytical  studied  consider-
ing standing waves, that is,
sinusoidal, current distribu-
tion  in  a  parallel  wire
transmission line.  Since the
perimeter of each equilateral
triangle  is  λ/2,  the  total
antenna length is equal to 2λ
and it corresponds to a prop-
erly  formed  short  circuited
transmission  line.  However,
the study was carried out in
a  5λ/2  piece  of  open  cir-
cuited  transmission  line,
formed properly as in Fig. 2,
since  the  available  formula
of equation (1) concerns open
circuited two parallel wired
transmission lines

İ(ℓ) = İ sin (β(h – ∣ℓ∣)) (1)

with

–h⩽ℓ ⩽+h  where h =
5

4
λ .

The  above  current  distribu-
tion (1) was used to evaluate
the radiation pattern of the
antenna through the relations

Ǟ = e
iβR

kr
ṖF [ℓ θℓ

 φ
] (2)

ṖF =∫
ℓA

ℓT

İ(ℓ)e
iβℓ

 r
ℓ
dℓ (3)
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According  to  the  basic
standing wave theory: i) the
direction of current changes
per  λ/2 segment, ii) between
two successive standing wave
nodes the current  phase re-
mains the same and iii) if a
source is between two succes-
sive standing waves the cur-
rent direction does not chan-
ges.  These  principles  were
applied at the properly ben-
ded 2-wire transmission line
of  Fig  2,  keeping  in  mind
that the Kirchhoff laws must
be simultaneously satisfied. 

Fig. 2: 5λ/2 properly bended
2-wire transmission line

The double arrows indicate

the direction of  İ ℓ⃗

 product

for  every  one  segment,  and
the dotted circles at the al-
most  coincident  vertices  of
the  four  equilateral  trian-
gles correspond to a zero in
the current distribution. 

The two parallel  λ/4  seg-
ments  are  almost  coincident
with  opposite  currents,  so
they are mutually canceled as
for  the  radiation  and  they
are excluded from further stu-
dy. Thus, the remaining seg-
ments  form  the  desired  an-
tenna,  with total length  2λ
and a current maximum at the
source,  as  it  is  shown  in
Fig. 3. 

For  every one segment  0-
12, of Fig. 3, we had to de-
termine four quantities: the
length of its starting point
ℓA ,  the  length  of  its  end
point ℓT , the position vector

of its center R⃗k , as if they

were part of the correspond-
ing  line  of  2λ  length,  and

its unit direction vector ℓ⃗

,

with its direction to be in
all segments from  ℓA  to  ℓT .
The  planar  antenna  was  ar-
ranged on yOz as it is shown
in Fig. 4, along with all the

R⃗k  position vectors as they

were determined by the rela-
tion 

R⃗kν
= O⃗Aν – ℓAν

ℓ⃗
 ν

(4)
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and Tab. 1 contains all the
above  mentioned  geometrical
quantities.

Fig. 3: 13 segments

Then through (1)-(3), that
is, after the  evaluation of
the definite integral for the

Pattern  Factor  ṖF  [2],  [6]
the radiation pattern of all
the  13  segments  was  formu-
lated  and  according  to  the
law of superposition the to-
tal  radiation  pattern  is
given by

Ǟ =∑
ν=0

12

[ Ä̇νθÄ̇
νφ
] = [ Ä̇θÄ̇

φ
] = Ä̇

θ
θ⃗

+ Ä̇

φ
φ⃗

=

=(Äθ
R
+iÄθ

I
)θ⃗


+ (Äφ

R
+iÄφ

I
)φ⃗



(5)

which,  after  a  lot  of sym-
bolic manipulation where the
real parts are mutually elim-
inated, leads to a more sim-
plified expression 

Ǟ =[ Ä̇θÄ̇
φ
] = i( Ä

θI
θ⃗

+ Ä

φI
φ⃗

) (6)

and  by  the  symmetry  of  the
geometry  radiation  patterns
of 0th, 12th and 6th wire are
combined, as well as the five
(5) couples: 1, 7 – 2, 8 – 3,
9 – 4, 10 and 5, 11 as it is
obvious  from  Tab.  1.  Thus,
the total radiation pattern is

Ǟ = Ǟ0,12,6 + Ǟ1,7 + Ǟ2,8 +  
 

+ Ǟ3,9 + Ǟ4,10 + Ǟ5,11

(7)

Simulation

The simulation process was
carried out in terms of [RICH-
WIRE] program. The center fre-
quency  was 1111 [MHz]  where
the wavelength is λ = 0.27 [m]
and  the  wire  radius  was  1
[mm]. We studied the antenna
characteristics both electric
and electromagnetic (SWR, In-
put  Impedance,  Directivity,
Radiation  Pattern)  in  the
range [600, 1300] MHz around
the  center frequency with  a
10 [MHz] step. 
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Fig. 4: 13 position vectors
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Tab. 1:   Geometrical Data

# ℓA ℓT R⃗k βRk
r

y⃗


z⃗


0 –λ –
11

12
λ –λ

√3
12

λ

1 –
11

12
λ –

9

12
λ

3

8
λ –

3√3
8

λ

2 –
9

12
λ –

7

12
λ –

3√3
8

λ
3

8
λ

3 –
7

12
λ –

5

12
λ –

√3
12

λ –
λ

2

4 –
5

12
λ –

3

12
λ

√3
8
λ

λ

8

5 –
3

12
λ –

λ

12
–
λ

8
–

√3
8
λ

6 –
λ

12

λ

12
0 –

√3
12

λ

7
λ

12

3

12
λ

λ

8
–

√3
8
λ

8
3

12
λ

5

12
λ –

√3
8
λ

λ

8

9
5

12
λ

7

12
λ

√3
12

λ –
λ

2

10
7

12
λ

9

12
λ

3 √3
8

λ
3

8
λ

11
9

12
λ

11

12
λ –

3

8
λ –

3√3
8

λ

12
11

12
λ λ λ

√3
12

λ
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–
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–
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# ℓ⃗


ℓ
 r

ℓ
 θ

ℓ

φ

y⃗


z⃗


0 –1 0 –sinθsinφ –cosθsinφ –cosφ

1
1

2
–

√3
2

1

2
sinθsinφ–

√3
2
cosθ

1

2
cosθsinφ+

√3
2
sinθ

1

2
cosφ

2 –
√3
2

1

2
–

√3
2
sinθsinφ+

1

2
cosθ –

√3
2
cosθsinφ–

1

2
sinθ –

√3
2
cosφ

3 0 –1 –cosθ sinθ 0

4
√3
2

1

2

√3
2
sinθsinφ+

1

2
cosθ

√3
2
cosθsinφ–

1

2
sinθ

√3
2
cosφ

5 –
1

2
–

√3
2

–
1

2
sinθsinφ–

√3
2
cosθ –

1

2
cosθsinφ+

√3
2
sinθ –

1

2
cosφ

6 1 0 sinθsinφ cosθsinφ cosφ

7 –
1

2

√3
2

–
1

2
sinθsinφ+

√3
2
cosθ –

1

2
cosθsinφ–

√3
2
sinθ –

1

2
cosφ

8
√3
2

–
1

2

√3
2
sinθsinφ–

1

2
cosθ

√3
2
cosθsinφ+

1

2
sinθ

√3
2
cosφ

9 0 1 cosθ –sinθ 0

10 –
√3
2

–
1

2
–

√3
2
sinθsinφ–

1

2
cosθ –

√3
2
cosθsinφ+

1

2
sinθ –

√3
2
cosφ

11
1

2

√3
2

1

2
sinθsinφ+

√3
2
cosθ

1

2
cosθsinφ–

√3
2
sinθ

1

2
cosφ

12 –1 0 –sinθsinφ –cosθsinφ –cosφ
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The  total  number  of  96
segments  for  the  whole  an-
tenna,  where  all  sides  had
equal number of  points, was
selected for the simulation,
after  the  investigation  for
13, 24, 48, 72, 96, 120, 144,
168, 192, 216, 240 segments.
The  above  mentioned  charac-
teristics  remained  almost
constant after this number of
96  segments.  An  appropriate
computer  program  was  devel-
oped in Fortran to create the
input file with antenna geom-
etry for [RICHWIRE].

A very good agreement be-
tween simulated and analyti-

cal  produced  radiation  pat-
terns is shown in Fig. 5 for
the three main planes in 1111
[MHz],  although  there  is  a
point for discussion here. A
closer  examination,  after  7
years  from the initial  work
[1], of what was really com-
pared in Fig. 5, proved that
the analytical patterns illus-
trated corresponds to rather
an upper bound of the abso-
lute radiation pattern since
it  results  from  the  sum  of
the  13  absolute  radiation
patterns  and  not  from  the
total absolute radiation pat-
tern. 

Fig. 5: Radiation patterns in 1111 [MHz]

Furthermore,  the  simula-
tion model, as it is shown in
Fig.  6,  consists  inevitable
not in four equal delta ele-
ments but in  four truncated
ones, as care must be taken 

a) to avoid  the overlapping
of the wires in a future con-
struction and 

b) to reduce the strong cou-

pling caused by the proximity
effect.

Thus, the minimum permit-
ted  square region with  side
(2a+a/10),  where  "a" is  the
used wire radius, was removed
from the center intersection
point of the four delta ele-
ments,  while  in  the  same
time, in order to achieve the
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connection of the neighboring
sides, the base angles of ev-
ery  element  are  slightly
greater that 60°, and the to-
tal length of such formed el-
ement  was  slightly  greater
than the initial λ/2. 

Fig. 6: Simulation models

Extremely  high  values  of
Standing Wave Ratio [SWR] in
1111  [MHz]  for  the  three
characteristic impedances 50,
75 and 300 [Ω] as it is shown

in  Fig.  7,  made  clear  the
need for further research on
the antenna's geometry. 

The  antenna  was  modified
only with respect to the base
angles  for  constant  delta
perimeter, resulting a Delta—
Cross  Loop  antenna  of  four
isosceles  triangles.  A  com-
puter program was also devel-
oped in Fortran producing the
corresponding input data for
[RICHWIRE].

The investigation was per-
formed from the value of 48°
for the base angles to 78° in
step of 1°  at the frequency
of 1111 [MHz]. The best per-
formance was noticed between
48°  and  52°  and  the  model,
shown  in  Fig.  8,  with  48°
base angles was selected. 

Fig. 7: Standing Wave Ratio against frequency
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Fig. 8: Improved antenna

In Figs. 9 – 13 SWR, Input
Impedance [Zinp] as Input Re-
sistance Rinp and Input Reac-
tance  Xinp in [Ω] and Direc-
tivity D in [dB] of the im-
proved antenna together with
that of the initial one and
of 2λ  dipole, are shown re-
spectively. Fig. 12  shows a
properly  selected  window  of
the total frequency range for
the Input Impedance in order
to clarify the improvement of
the  modified  antenna.  In
Figs. 14 – 15 a comparison of
the radiation patterns of the
three  antennas  is  given  at
five frequencies in the three
main planes zOx, xOy and yOz.
In Fig. 16 the 3D analytical
radiation  pattern  at  1111
[MHz] and in Fig. 17 the cor-
responding 3D patterns in all
frequencies are shown.

Conclusion

Although, the agreement of
results  between  simulation
and analysis was  very good,

the  characteristics  of  the
initial antenna were not sat-
isfactory.  An  improvement
process  was  needed  and  the
research was here limited to
the change of the base angles
only  to  the  rather  small
range  of  –12°,  +18°  around
the  initial 60°  base  angle.
Thus,  the  improved  antenna
had  the  best  performance
about  100  MHz  lower  of  the
desired  frequency  of  1111
[MHz],  as  it  is  shown  in
Figs. 9 – 13. The SWR for the
50 [Ω] characteristic imped-
ance  has  its  best  value
closer  to  1111  [MHz]  while
the  initial antenna and  the
2λ  dipole  of  equivalent
length  had a relative  small
value  of  SWR  at  about  800
[MHz]  (Fig.  9).  It  is  also
obvious that the Input Imped-
ance  as well as  Directivity
is  relatively  stable  and
slightly  better for the  im-
proved antenna and much bet-
ter  from  the  initial  one
(Figs. 10 – 13).  Correspond-
ing values for SWR, Input Im-
pedance  and  Directivity  for
the three antennas are given
in Tab. 2. 

The  radiation  pattern  of
the improved antenna is clo-
ser to that of a centered fed
sinusoidal λ/2 dipole, avoid-
ing the dispersion of radia-
tion  in  multiple  directions
of the rather long 2λ dipole
antenna (Figs. 14 – 15, 17).
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Tab. 1: SWR, D, Zinp

SWR D [dB] Zinp [Ω]

1111 [MHz]

60° 43.7 2.49  40 – i 287

2λ 26.1 4.09 577 – i 647

48° 6.55 3.10  70 + i 127

800 [MHz]

60° 1.44 2.61 36 + i 5

2λ 2.55 3.21 88 – i 52

48° 42.7 2.30 24 – i 219

1010 [MHz]

60° 29.6 2.85 1297 + i 485

2λ 20.4 3.74 993 + i 168

48° 1.26 2.90 40 + i 3

An extensive investigation
concerning the analytical de-
termination  of  the  antenna
radiation  pattern  and  its
normalized absolute values is
in the immediate future plans
of  the  authors  in  order  to
achieve the clarification of
its  relation  with  the  one
produced by simulation.

A wider range of the base
angle variation or the varia-
tion of the total length of
each  delta element are  some
design ideas for a future re-
search  work.  Nevertheless,
the  final  step  is,  without
doubt,  the  construction  and
measurement  of  the  proposed
antenna  together  with  the
comparison of the correspond-
ing results.

Fig. 9: SWR for improved-48°, 2λ and initial-60° antenna
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Fig. 10: Rinp for improved-48°, 2λ and initial-60° antenna

Fig. 11: Xinp for improved-48°, 2λ and initial-60° antenna
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Fig. 12: Rinp, Xinp for the three antennas in [800, 1200] MHz

Fig. 13: Directivity of the three antennas
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Fig. 14: Radiation patterns at 600, 800 and 1010 [MHz]
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Fig. 15: Radiation patterns at 1111 and 1300 [MHz]

Fig. 16: 3D Analytical Radiation Pattern
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Fig. 17: 3D Simulated Radiation Patterns
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