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Abstract

This study presents an innovative design for a four-port square sector power splitter, showcasing its

practical applications. To enable precise signal manipulation of phase and amplitude across power

divider branches, insertion and insertion fitting techniques are employed. Impedances are tailored to

achieve the required power ratio through pairing techniques. The design process leverages

electromagnetic solvers based on the Method of Moments (MOM). Key parameters for the power

divider include a dielectric constant (Er) of 4.3, a loss tangent of 0.02, and a height of 1.6 mm. In

addition to the antenna array, an ultra-wideband antenna is also designed. To further enhance its

performance, optimization techniques such as the fly flight algorithm, cuckoo search algorithm, and

spring cuckoo algorithm are applied. These strategies focus on minimizing mutual coupling and refining

key antenna parameters, including return loss, gain pattern, directivity, and radiation.

Antenna design

Substrate material selection

2.1 Substrate Materials Selection

Table 1: Substrate matertals used for proposed designs

Materials
tsed

Dielectric constant

Thickmess
(mm)

Loss
fangent

FR

43

16

0.003
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Fig.1:Proposed U-slot antenna

Fig .3: Testing Arrangement of Proposed U-Slot
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Table 2: Dimensions of the TJ slot antenna

Dimension Walue (rmmm)
L 25
WA 25

W 10.6
L 1
L2 16
1.3 8
S 2 1
Wt 3
g1 o4
8z 0.8
La s
) 7
Ls¢ o5
W 3
H 1.6

C | ]
C =1

1 B [

Fig 4: 1X2 proposed array antenna
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1X4 Array Antenna Implementation

Fig.5: 1X4 proposed antenna Array
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Design Procedure for Proposed for Proposed Power Divider

Table 3: Dimensions of the Proposed 1X2 Power Divider

S No Dimension Calculated WValue
(Millimetres)
1 L 4.3
2 Lo S
3 ILs 4.5
4 La 1.7
s Ls 11.42
6 Le 10.3
7 W 1
8 g1 1
9 ) 0.7
10 3 0.2
T <>
Z+, T2 Port 2
: R
Port 1
.—
Zt, TT/2 Port 3

Fig. 6:Schematic diagram of 1X2 Wilkinson power divider

W
Port 3

'L,

Fig.7:Layout of Proposed 13X2 WB Power Divider (Dimension is 11.42

mm>10.3 rmm)
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Fig 8: Basic 1X2 Wilkinson power divider
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Testing arrangement of proposedl1X2 power Divider on FR4

Fig 10:
material
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Structure of Proposed Four-Way Wilkinson Power Divider
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Fig. 12:T ayout of Proposed 1X4 WB Power Divider (Dimension 32.9mm
=< 22 _5S5mm)

Fig.13: Fabricated Structure of Proposed 1X4 WBPowerDivider
(MDMimension is 32.9 mmx>=<22.55 mm

Fig 14: Testing arrangement of proposed 1X4 powerDivider on FR4
Material
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Table 4 Dimensions of the Proposed 1X4 Power Divider
.

SNo|| Dimension | Calculated Value
(Millimetres)
1 Wi 45
2 W, 1.7
3 W3 6
1 W, 43
5 W;s |
6 Ws 20.55
7 L 6
8 Ly 19
g L; 1
10 Ly 329
11 g, 0.2
12 R 100Q
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Array Implementation Using 1X2 Power Divider

s =z R
1| B
rl rlni=. _f_.

Fig. 16:Testing arrangement of proposed1X2 Antenna Array using power
divider
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Array Implementation Using 1X4 Power Divider
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Fig. 18:Testing arrangement of proposed1X4 Antenna Array using power

divider
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Results

S Pobiend] 3.5 Radiation pattern
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Fig.11 (a): Retumn loss parameter of U-Slot antenna Fig.11 (e): Radiation parameter of U-Slot antenna
3.2 VSWR 3. b. Validation Results of U-Slot antenna
3.6 Return loss
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Fig.11 (b): VSWR parameter of U-Slot antenna
E 5 10 s
3.3 Directivity Frequency in Gz

Farfied Drectiey Abs (Phi=262)

Fig.11 (f): Validation of Return loss parameter of proposed antenna
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3.7 VSWR
. RETURN LOSS(S11) PARAMETER
3
\ /
|
| /
Fraquency = & -
Main be magntute = 4,54 d8 = |
Main lobe directon = 97.0 deg. % I, /
Snguler vidh (3 08) = 70.2 deg. H I 7
Theta ) Degree ve. d8 Sde cbelevel = -1.1.63 2 | /
. L H \
Fig.11(c): Directivity parameter of U-Slot antenna | L/
3.4 Gain 0
. 1 ) o 2 4 L] B 10 2
Farfield Gain Abs (Phi=285) Frequency n G

Phi=285

Fig.11 (g): Validation of VSWR parameter of proposed antenna
3. ¢. 1X2 Array antenna Results

3.8 Return loss

\ | g Frequency = §
P g Mai lobe magnitude = 396 d
180 Main lobe direction = 36.0 deg.
Mnguler wicth (38) = 701 deg
Thess | Degrae va. 4B Sdelbeleel = 118

Fig.11 (d):Gain parameter of U-Slot antenna
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Fig.12 (a): Return loss parameter of 1X2 proposed antenna
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Fig.12 (b): VSWR parameter of 1X2 Proposed antenna

3.10 Directivity
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Fig.12(c): Directivity parameter of 1X2proposed antenna

3.11 Gain

Frequency = §

Man obe magriude = 4758
Main icbe drection = 104.0deg.
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Fig.12 (d): Gain Parameter of 1X2 proposed antenna

3.12 Radiation Pattern
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Farfid E-Patem As Phi=30)
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Fig.12 (e):Radiation Parameter of 1X2 proposed antenna

3. d. 1X4 Array antenna Results

3.13 Return loss
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Fig.13 (a) Retum loss parameter of 1X4 proposed antenna
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Fig.13 (b): VSWR parameter of 1X4 proposed antenna

3.15 Directivity
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Fig.13(c): Directivity parameter of 1X4 proposed antenna

3.16 Gain
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Fig.13 (d): Gain parameter of 1X4 proposed antenna

3.17 Radiation Pattern
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Fig.13 (€): Return loss parameter of 1X4 proposed antenna
3. E. Basic 1X2 Wilkinson Power Divider Results

3.18 Return Loss of Proposed 1X2 Power Divider
Si1
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Fig. 14(a): Return loss (S11) parameter Performance of proposed
1X2 power divider
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Fig. 14(b): Retum loss (S22) parameter performance of proposed
1X2 power divider
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Fig. 14(c): Retumn loss (8S;;) parameter performance of proposed
1X2 power divider

3.19 Insertion Loss or Transmission Parameter Of
proposed 1X2 power divider
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Fig 15(a): Insertion loss (Sa1) parameter Performance of proposed
1X2 power divider
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Fig 15(b): Insertion loss (S31) parameter Performance of proposed
1X2 power divider

3.20 Isolation Loss of Proposed 1X2 Power Divider
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Fig. 16: Isolation loss (523) performance of proposed
1X2 power divider

3.21 VSWR of Proposed 1X2 Power Divider
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Fig. 17: VSWR performance of proposed 1X2 Power divider
3. F. Basic 1X4 Wilkinson Power Divider Results

3.22 Return Loss of 1X4 Power Divider
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Fig. 18(a): Return loss (S1;) parameter performance of proposed
1X4 power divide

S22

e b 3

n [ El b

Freme Bt

Fig, 18(b): Retum loss (S22) parameter Performance of proposed
1X4 power divider
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Fig. 18(c): Return loss (S3:) parameter performance of proposed
1X4 power divider
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Fig, 18(d): Retum loss (S43) parameter Performance of proposed
1X4 power divider
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Fig. 18(e): Return loss (Sss) parameter performance of
Proposed 1X4 power divider
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3.23 Insertion loss of proposed 1X4 power divider
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Fig. 19(a): Insertion loss (521) parameter Performance of proposed
1X4 power divider
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Fig. 19(b): Insertion loss (S31) parameterperformance of proposed
1X4 power divider
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Fig. 19(c): Insertion loss (S41) parameterPerformance of
Proposed 1X4 power divider
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Fig. 19(d): Insertion loss (S51) parameter performance of proposed
1X4 power divider
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3.24 Isolation Loss of Proposed 1X4 Power Divider
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Fig. 20(a): Isolation loss (523) parameter Performance of proposed
1X4 power divider
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Fig. 20(b): Isolation loss (524) parameter performance of proposed
1X4 power divider
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Fig 20(c): Isolation loss (S25) parameterPerformance of proposed
1X4 power divider
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Fig. 20(d): Isolation loss (S34) parameter performance of proposed
1X4 power divider
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Fig. 20(e): Isolation loss (S35) parameter Performance of proposed

1X4 power divider
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Fig. 20(f): Isolation loss (S45) parameterperformance of proposed

1X4 power divider

3. G. Validation of Proposed 1X2 Power Divider

Parameters

3.25 Return Loss Parameter

1X2 POWER DIVIDER RETURN LOSS(S11) PARAMETER
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-
=

- \/

(] 7 4 o ] 0 T
Frequency in GHz

Fig. 21: Validation of Return loss parameter of proposed 1X2 power

Divider of FR4 material

3.26 Insertion Loss Parameter

1X2 POWER DIVIDER Insertion LOSS(521) PARAMETER
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Fig. 22: Validation of Insertion loss parameter
Divider of FR4 material

of proposed 1X2 power

3.27 Isolation Loss Parameter

1X2 POWER DIVIDER ISOLATION L OSS(S523) PARAMETER

Isclaticn loss in (dB)
-,
[

a 2 4 5 B 10 1z
Frequency in GHz
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Fig. 23: Validation of Insertion loss parameter of proposed 1X2 power

Divider of FR4 material

3. H. Validation of Proposed 1X4Power

Parameters

3.28 Return Loss Parameter
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Fig 24: Validation of Return loss parameter of proposed 1X4 power

Divider of FR4 material

3.29 Insertion Loss Parameter

1%4 POW ER DIVIDER INSERTION LOSS{S21) PARAMETER

Insertion loss in (dB)
=

2 4 B 8 10 12
Frequency in GHz

Fig. 25: Validation of Insertion loss parameter of proposed 1X4

Power Divider of FR4 material

3.30 Isolation Loss Parameter
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1X4 POWER DIVIDER ISOLATION LOSS(S23) PARAMETER Ferfield Directity Abs (Pri=100)
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Fig. 27(c):Directivity parameter of 1X2 proposed antenna array
Fig.26: Validation of Insertion loss parameter of proposed 1X4
Power Divider of FR4 material 3.34 Gain

3. I Array Implementation Using 1X2 Power Divider
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Fig. 27(b): VSWR parameter of 1X2 proposed antenna

3.33 Directivity
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Fig. 28(a): Return loss parameter of 1X4 proposedAntenna array Fig. 28(d):Gain parameter of 1X2 proposed antenna array
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Fig. 28(b):VSWR parameter of 1X2proposed Antenna array it St :

Fig. 28(e):Radiation parameter of 1X2 proposed Antenna array

3.38 Directivity
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Fig. 28(c): Directivity parameter of 1X2 Proposed Antenna array

Fig.29 (a): Directivity of 1X2 Array antenna withPower divider
3.39 Gain

3.42 Gain
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conclusion

In this paper, we introduce a proposed CPW-fed co-planar Ultra-Wideband (UWB) antenna and its
accompanying array system. The planned antenna array structure comprises two essential components:
the antenna array itself and its feeding network. We present a novel design for the Wilkinson power
divider, which serves as the feeding network, ensuring equal power division between output ports. The
prototypes of both the power divider and the antenna array are fabricated using thin film technology
and the photolithographic technique. We have designed 1X2 and 1X4 power dividers for the UWB
frequency range, employing the Wilkinson topology.
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