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Two-Way Modified Wilkinson Power Divider for UWB Applications
Using Two Sections of Unequal Electrical Lengths

Shaimaa A. Osman'> *, Ayman M. El-Tager?, Fawzy Ibrahim?®, and Ismael M. Hafez*

Abstract—This paper presents 2-way Power Divider (PD) for Ultra-Wideband (UWB) applications.
The proposed power divider is realized using two cascaded sections of Wilkinson Power Divider (WPD)
of equal characteristic impedances and unequal electrical lengths with inserted open stub to improve
matching, isolation and to broaden the bandwidth. It is proved analytically using the “Even Odd
Mode” analysis method and the ABCD matrix to obtain exact closed-form design equations. A detailed
design methodology is introduced to facilitate the implementation without needing CAD optimization.
To verify the proposed design methodology, a 2-way power divider is designed, fabricated on a Rogers
RT /Duroid 5880 substrate and compared to other published 2-way microstrip power dividers. Measured
data show good agreement with Electromagnetic (EM)-Circuit Co-Simulation, which proves the design
equations and methodology. The proposed planar 2-way PD achieves an isolation > 13.5 dB, input return
loss > 10 dB, output return loss > 14.5 dB and exceeded insertion loss < 0.9 dB (over the —3 dB splitting
ratio) through the whole UWB range from 3.1 GHz to 10.6 GHz. Furthermore, it has a compact area of
22mm x 15 mm, which provides 50% enhancement over similar microstrip PD circuits while achieving
better isolation and matching.

1. INTRODUCTION

Power dividers and combiners are essential passive microwave components. Wilkinson Power Divider
(WPD) [1] is the most practical and popular type as it provides matched ports, good isolation between
output ports and lossless even when output ports are matched. In addition, equal division ratio WPD
can be easily analyzed using “Even-Odd Mode” Analysis Method for three ports network by Cohn [2].
To overcome the narrowband problem of WPD, other structures are proposed for multi-band operation
[3-5]. On the other hand, when designing an UWB WPD, three main criteria must be taken into
consideration: isolation enhancement, matching improvement and bandwidth broadening.

Replacing the uniform quarter wavelength transmission line (TL) by tapered microstrip line as
in [6-9] extends the bandwidth but on the expenses of large length, lots of passband ripples, and to
have good S-parameters, two or three-section WPD is used. Another technique is to add a stub network
to WPD to improve the bandwidth and the output return loss. Single stub is used as radial in [10], and
as delta in [11], but both rely on EM simulators and optimizers. Double stubs are used in [12] and triple
stubs used in [13], but it occupies large area and forces the designer to add DGS or other techniques
to reduce the size. Microstrip to slotline transition is used in [14-16] to get UWB power divider with
compact area, but it needs multilayer fabrication facility as well as full 3D EM simulation.

In [2], Cohn introduced an analytical solution to analyze an “N-Section” 2-way WPD containing N
pairs of equal lengths TLs and unequal characteristic impedances as in Fig. 1. The circuit is analyzed
using even-odd mode method to find the design formulas for the isolation resistors and the electrical
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Figure 1. General circuit of the multiple-section three-port hybrid of [2].

length at which reflection coefficient is zero. The characteristic impedance values are decided from the
desired fractional bandwidth ratio, and it relies on Young’s Transformer Tables.

A broadband asymmetric multi-section WPD is proposed by Oraizi and Sharifi in [17] which is
based on numerical optimization using method of least square. In [18], three sections of a non-uniform
transmission line WPD are used to get broad bandwidth. Multiple-sections of WPD improve the
isolation and broaden the bandwidth. It only needs to be implemented in a compact area. Therefore,
this paper employs only two sections of WPD but with certain modifications to broaden the bandwidth
and maintain compactness in the meanwhile. Matching improvement and bandwidth improvement
can be achieved using open shunt stub matching network. In [19], Ahmed and Sebak introduced a
single section Wilkinson Power Splitter (WPS) with adding a stub-matching network to broaden the
bandwidth and also adding two transmission lines to the end of each branch to control the operating
bandwidth. They stated the equations based on Cohn’s procedure for their proposed design. To find
the final formulas, they simplified the design by removing the output TLs without fixing them to Z,
which caused a huge difference between measurements and calculations.

Therefore, a novel design is proposed to overcome these problems as described throughout this
paper. First, the design is based on a two-section WPD and a stub-matching network on each section
to get broader bandwidth and improve the isolation, while fixing input and output ports to Z, = 50 ohms
to have perfect matching. Second, the two sections will have equal characteristic impedances in order to
decrease ripples caused by discontinuities in widths. Third, change their electrical length to control the
isolation and the matching bandwidths, while obtaining a compact design through the proper choice
of electrical lengths ratio. Fourth, full analysis based on even-odd mode method and ABCD matrix is
introduced to obtain exact closed-form expression and minimize the difference between the calculations
and measurements.

In this paper, a UWB 2-way two-section WPD of unequal electrical lengths is proposed with single
stub-matching network on each section. The proposed circuit is analyzed, designed and implemented
based on the exact closed-form expressions. Section 2 introduces the structure of the proposed power
divider. Section 3 explains the analytical solution for the proposed power divider. A parametric analysis
for the electrical length ratio between sections one and two is reported in Section 4. The numerical
solution of the 2-way power divider along with its simulation, implementation algorithm and comparison
with other similar published 2-way power dividers is reported in Section 5. Finally, Section 6 concludes
this paper.

2. STRUCTURE OF THE PROPOSED POWER DIVIDER

A schematic diagram of the proposed UWB 2-way power divider is shown in Fig. 2. The divider consists
of two sections of modified WPD. The “first section” consists of primary transmission line (TL) of
characteristic impedance Z1, electrical length 61, an open shunt stub of characteristic impedance Z,1,
and electrical length 641, in addition to secondary TL of characteristic impedance Z; and electrical
length 617. The first section has an isolation resistor of R;. Similarly, the “second section” has a
primary TL of (Z1, 63), stub matching network of (Zs2, 652) and secondary TL (Z7, 6a2), and has a
second isolation resistor of Ry. To achieve perfect matching, the input and output TLs are chosen to
have characteristic impedance Z, = 50 (2.

The proposed structure shown in Fig. 2 is difficult to analyze, as the number of variables is big.
Therefore, to analyze the circuit, we simply replaced every Tee-section with its equivalent transmission
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Figure 2. The schematic diagram of the proposed  Figure 3. Simplified 2-way PD after
UWB 2-way power divider. fixing the input and output TL at Z, and
replacement.

line to get the simplified figure shown in Fig. 3, where the even-odd mode method can be applied as
in Section 3.1. The relation between each TL and T-section is obtained using the ABCD matrix as in
Section 3.2.

3. ANALYTICAL SOLUTION FOR THE PROPOSED PD

The analysis starts by replacing each section with its equivalent single transmission line as shown in
Fig. 3. The novel idea of this paper is to examine the case of unequal electrical length transmission
lines with equal characteristic impedances i.e., @1 # @a, Zy = Ly = Zj.

3.1. Even-Odd Mode Analysis

The divider is symmetric as shown in Fig. 4; therefore, it can be analyzed using “even-odd mode”
method as follows:

1. The voltage generators Vo and V3 are applied at the output ports.

2. The input impedance Z, is divided into 2 parallel impedances, each of value 2 Z,,.

3. The isolation resistor R; is divided into 2 resistors, each of value R;/2, and similarly Ry is divided
into 2 resistors, each of value Ry/2.

4. Two excitation modes are applied: Even mode and Odd mode.

Figure 4. The proposed 2-way PD in symmetric =~ Figure 5. Even-mode bisection of the proposed
form ready for even-odd mode analysis. PD in admittance representation, input admit-
tance as seen at P;.

3.1.1. Even-Mode Analysis at Port 1 (P1)

With even-mode excitation, an equal magnitude in phase signals is applied to output ports, i.e.,
Vg2 = V3. Therefore, no voltage difference across the isolation resistors exists, and the circuit is bisected
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with an open circuit (O.C.) i.e., isolation resistors have no effect in even mode analysis. Moreover, there
is no current flowing through the short circuit between the inputs of the TLs at port 1; therefore, the
impedance at port 1 is seen as 27,. Fig. 5 shows the even mode bisection where the voltage generators
are omitted for simplicity. Since the design is based on insertion of parallel stub, it is convenient to use
the admittance representation of TL. For perfect input and output matching;:

St =8 =58m,=0, n=2,3 (1)

where S§; is the even-mode scattering parameter at Port 1 (P;),St,, the even-mode S-parameter at
Port n (P,), and S¢,, the odd-mode S-parameter at P,. Using Cohn’s procedure for the two-section
WPD, the input admittance at Py, Y;¢. 1is calculated as follows:

1,in
Jtan ¢
.1 Tty
Zy ye
7 + Yy tan
1 Jtan o
— +
Ye _ i ZO J Zt (3)
L= 7.1 I
F— 4+ j— tangs
Zt Zo

The even-mode scattering parameter at P is given by:

1
—YE.
27 1,in
ST @)

From Eq. (1) and Eq. (4) we get:

Substituting Eq. (5) into Eq. (2) and rearranging, we have:
e J2Z,tanpy — Zy

7 —
B L JZitanp — 27,

Then, rearrange Eq. (3), to obtain:
Zt + jZo tan »2
Zo + 77 tan g

e __
ZiYi, =

Equate Eq. (6) and Eq. (7) to get:
JZ2 (tan @1 + tan py) — Z1Z, [1 — tan ¢ tan o] — j2Z2 (tan @; + tan @g) = 0 (8)

3.1.2. Even-Mode Analysis at Port n (Pn)
The input admittance at P,, Y,°

ins @ In Fig. 6, is calculated from:

tan @9
e
e 1 Yn,l i J Zt
b — + Y tan oo
Zt ’
1 Jtan g
— +
e __ i QZO J Zt (10)
A 1
— + tan ¢
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The even-mode scattering parameter at P, is given by:

1 e
T~  Ingan
Sq, = o (11)
e
Z + Yn,in

Repeating the same steps carried out in Egs. (5) to (7) to get the following equation:
§Z?2 (tan @1 + tan o) — Z; Z, [tan ¢y tan g — 1] — j2Z2 (tan @ + tan py) =0 (12)

From Egs. (8) and (12), we get:
7 =227, (13)

Pn.n=23

1/2,

Figure 6. Even-mode bisection of the proposed  Figure 7. Odd-mode bisection of the proposed
PD in admittance representation, input admit- PD in admittance representation, input admit-
tance as seen at P,. tance as seen at P,.

3.1.8. Odd-Mode Analysis at Port n (Pn)

With odd-mode excitation, an equal magnitude, out of phase signals are applied to output ports.
Therefore, there is a voltage null along the mid-point of the circuit, and it is bisected by using ground

as in Fig. 7. The input admittance at P, Y,;7;, can be found from:

Jtan @9
, _ 2 1 YmtiTg
2 t?+jY7thang02
t
2 1
Yrj’,l = — —j— (15)

R, —J Z tan 1

The odd-mode scattering parameter at P, is:

1
7 - Yno,in
5, = Ze (16)
o
7 + Yn,in
o
From Egs. (1) and (16), we have:
1
Vo= (1)
o
Substituting Eqgs. (17) into (14) and rearranging, we get:
1 ZoRo t -7 27,7,

nl = JZiRo tan o — j27, 7 tan o — ZoRa
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Also, rearranging Eq. (15), we get:
o 2Zstan g — jR;

n, —

Zy

19
R tan ¢ (19)

Equating Egs. (18) and (19), we get:
JZoR1 Ry tan oy tan oo — ZyRitan @1 (R, + 27,) = j2Zt2R2 tan 1 tan o — j4ZOZt2 tan ¢1 tan

—2Z,7ZyRotan o1 + Z R1 Ro tan g — 27,7 Ry tan s + jZ,R1 Ro (20)
First, work with the real part of Eq. (20) to get a formula for the first isolation resistor R;:
2Z,Raot
R Calchid & (21)

- Rs (tan 1 + tan o) — 27, (tan 1 + tan @3)
Second, work with the imaginary part to get a formula for the second isolation resistor Ry, where R is
substituted from Eq. (20) and Z; substituted from Eq. (13):

_ 4Z,tan o (tan @ + tan ga) + 2\/§Zo\/tan o (tan 1 + tan po)y/tan 1 tan g — 1
N 1+ 2tan ¢ (tan 1 + tan o) — tan 1 tan @y

Ry

(22)

3.2. ABCD Matrix Analysis

In order to find the equivalency between the parameters of simplified structure [(Z, ¢1), (Zy, p2)] of
Fig. 3 and the detailed one [(Z1,61,6011 and Zg,6041),(Z1, 02,022 and Zgo,60,)] of Fig. 2, the ABCD
matrix is used. Start with the first section as shown in Fig. 8 where the open shunt stub admittance
Y,1 is represented as follows:

) .tan 6
Ya=iBi=j— . (23)
sl
where By is the stub susceptance for the first section.
cos 1 jZysin g cosfy jZysinb, 1 0 cosfi1  jZqsinfiq
MiMsMs = | sin¢p, = | .sin#; . .sin f11
j coS @1 J cos 61 JB1 1 j— cos 011
Zy 7 Z1
(24)
Multiplying the right hand matrices, equating element A of both matrices and solve for Bj:
B, — cos (61 —|— 011) — cos p1 (25)
Zl Sin 91 COS 911
Similarly, equate element C of both matrices and solve for Z:
011 — 0
Zl _ Zt COSs 11. COS.g01 COS 17 Zt _ \/520 (26)
sin 1 sin 01
From Eqgs. (23) and (25) and arranging, we get that
Z1sinf 0
Zg1 = tan by 1 S Cos b (27)

cos (61 + 011) — cos 1

Repeating the ABCD matrix procedure for the second section of Fig. 9 where the open shunt stub
admittance Yo is represented as follows:

. tan By
Yso=jBa = 7 -
s2

where Bs is the stub susceptance for the second section

(28)

Z1 sin 05 cos 99
Zgo = tanf 29
52 Y2 cos (02 + O22) — cos @ (29)
A UWB 2-way two-section WPD of unequal electrical lengths can be designed by substituting in
Egs. (13), (21), (22) for the desired ¢ /¢ ratio and in order to determine the Tee-sections parameters,
substituting in Egs. (26), (27), (29). The only remaining step is to determine the ratio between the
electrical lengths of sections one and two, i.e., ¢1/p2, which will be investigated in the following section.
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4. PARAMETRIC ANALYSIS OF ¢; AND &,

In this section, a parametric analysis of ¢1 and s is introduced to determine the electrical length
ratio (¢1/p2) that meets the required performance parameters such as input return loss, output return
loss, insertion loss, isolation and fractional bandwidth. This is achieved by simulating the simplified
structure for different ¢ /po ratios as follows:

1. Calculate Ry and Rs using Egs. (21) and (22) for different 1 /¢o.

2. Carry out the simulation as in Fig. 3 for each ¢1/¢2 to get the performance parameters such as
isolation, input return loss, output return loss, insertion loss and fractional bandwidth (FBW).

3. Plot performance parameters versus ¢1 /@9 ratio. For example, the isolation (S32) for various ¢1 /@2
ratios is shown Fig. 10 where S3y has lower variation for ¢1/p2 = 1/2 and 2 for a wide range of
frequency, and it is better than —10dB.

Figure 11 shows different performance parameters versus ¢1/¢2 (Note that the input return loss
and exceeded insertion loss are excluded from the graph, as they are constant for different ¢ /¢2). From
Fig. 11, v1/p2 = 1/2 and 2 achieve better performance than other ratios. Here in this proposed work,
©1/p2 = 2 is chosen as it gives better flexibility in the implementation process.

5. DESIGN AND IMPLEMENTATION OF UWB 2-WAY PD

It is desired to design a 2-way PD with the following specifications: S1; < —10dB, |S91| = 3dB + 1.0,
S99 = S33 < —10dB and S32 = S32 < —10dB. A schematic diagram of the proposed UWB modified
Wilkinson power divider (N = 2) is shown in Fig. 2.

5.1. 2-Way Power Divider Initial Design Procedure

In the previous section, a detailed analytical solution for the proposed two-section unequal electrical
length power divider is introduced. This analytical solution is used in this section to get an initial
numerical solution for the proposed power divider according to the following procedure:

1. Determine the characteristic impedance of each section (Z;; = Zio = Z;): From Eq. (13), for input
and output ports matched at Z, = 50 €, then Z, = v/2Z, = 70.71 .

2. Determine the electrical length of each section (p1, p2): for two-section conventional WPD, the
total electrical length ¢; = ¢ + @2 = m. For this proposed method, ¢; = 2¢p,, then ¢; = 120°,
and o = 60°.

3. Calculate the isolation resistors (R;, R2) using Egs. (21) and (22), then Ry ~ 122  and Rz ~169
Q.

4. Determine the physical design parameters of the 1st section: The primary TL has an electrical
length, 60, of quarter wavelength leaving A/12 electrical length divided equally between 611, 641,
ie., 61 = 90°, 017 = 15° and A5 = 15°. Using Eq. (26), the characteristic impedance of the main
TL, Z; = 78.87€). From Eq. (27), the stub characteristic impedance, Zs; = 84.63 ).

5. Determine the physical design parameters of the 2nd section: For 8y = 30°, 055 = 15° and 64 =
15°. Using Eq. (29), the stub characteristic impedance, Zs = 58 Q. The calculated parameters of
the divider’s ideal TL representation are summarized in Table 1.

Figure 8. Matrices identification of the first  Figure 9. Matrices identification of the second
section. section.
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Table 1. Calculated initial parameters for the proposed ideal TL 2-way PD.

Input and output ports Zo O,
P putp 500 50° /130°
1st Section 2nd Section

Zy | 01| 011 | Zau | Os1 | Ry | 02 | O | Zs2 | Os2 | Ra
788 190 | 15 | 84.6 | 15 | 122 | 30 | 15 58 | 15 | 169

5.2. Proposed 2-Way Power Divider Circuit Simulation

To examine the performance of the proposed UWB modified WPD, the initial design parameters
calculated in the previous section are modeled as an ideal TL circuit. The Advanced Design System from
Agilent (now known as Keysight) simulation package is used in this work. The simulated S-parameters
for the proposed TL PD are shown in Fig. 12, where it can be noticed that this design fulfils the desired
requirements even without the need for any further tuning or optimization.
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Figure 12. S-parameters for the proposed TL form of the divider according to initial calculation.
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5.3. Implementation of the Proposed 2-Way Power Divider

The proposed UWB 2-way PD realized using a commercial Rogers RT /duroid 5880 substrate with
height A = 0.787 mm, dielectric constant &, = 2.2, and loss tangent tané = 0.0009. The proposed TL
PD is converted to microstrip (MS) at the center frequency 6.85 GHz (f. = fl;f“ = 314106 — 6 85 GHz)
where, the physical dimensions obtained are tabulated in Table 2. A schematic diagram of the 2-way
PD in microstrip is shown in Fig. 13, where no tees or corners are added, and since the Duroid 5880 has
a low dissipation factor, it is predicted that the ideal TL form and MS form without discontinuities will

give almost identical S-parameter performance. This is validated through circuit simulation as shown
in Fig. 14.

Table 2. Physical dimensions of the proposed initial 2-way PD.

w L
Input/output 2 2
nput/output (mm) 241 | 4.42/11.42
1st Section (mm) 2nd Section (mm)

wy | L1 | Lin | wer | Lst | Lo | Laa | wea | Lo
1.1 1815 (136|097 | 1.36 | 2.72| 1.2 | 1.8 | 1.55

MLOGC
MLOC s
TL4 0 #
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W=W1mm W=W1 mm weviimm 199 mm W=Wo mm
L=L1 mm L=L11 mm L=L2 mim L=Lo_1 mm
3\31’5,}; ﬂi"“1*l:l~ g T o I Y, U SN
M ot MLN <j Term2
) R ukl t S| Num=z
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Figure 13. Microstrip form of the proposed 2-way PD without discontinuities.

In order to get a practical layout that can be fabricated, tees and corners must be added as in
Fig. 15, where lengths, such as L1, L11, Lo, and Lo, are divided into sub-lengths. Despite taking tees
and corners lengths in calculations, it still causes the performance to degrade as in Fig. 16.

To enhance the performance, a tuning analysis for design parameters is carried out to get the final
physical dimensions of the 2-way PD as listed in Table 3. The generated layout is simulated using
EM simulator. An “EM-Circuit Co-Simulation” is carried out, where the generated EM model for the
proposed divider has been placed back in the schematic. Then, the ideal isolation resistors are added, and
the whole design is simulated. To get practical performance, the isolation resistors are replaced by their
S-parameter models. From the simulation, it is noticed that the resistor model gives a slight deviation
in S-parameter, i.e., the design is less sensitive to resistor models. The proposed 2-way PD is fabricated
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as shown in Fig. 17. S-parameters measurements are carried out using Rohde & Schwarz ZVB20 vector
4-port network analyzer. Table 4 presents the simulated and measured S-parameters of the proposed 2-
way PD, where the measured input return loss is better than 10 dB; measured insertion loss is 3+ 0.9 dB;
measured output return loss is better than 14.5 dB; measured isolation is better than 13.56 dB for the
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Table 3. Final dimensions for the proposed microstrip 2-way PD on Duroid 5880.

W, L,
Tnput/output (mm) 941 | 4.42/11.42
Ist Section (mm) 2nd Section (mm)
Wi | Ln | Lu | Wa | La | Ly | Loy | Wea | Lg2
1 17721122097 | 127 | 272 | 1.2 | 1.5 | 1.55
. . Ry Ry
Isolation Resistors (£2) 120 130

Table 4. EM-circuit co-simulated and measured S-parameters of the proposed 2-way PD.

Figure 17.

S-parameters [dB]

e s s s s TS L T s s et Sl " " el et * e et 2
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Figure 18. Measurements versus EM-circuit co-simulated results of 2-Way PD, (a) input return loss,
insertion loss, (b) output return loss and isolation.

entire UWB range. Fig. 18 shows the measurements versus the EM-Circuit Co-Simulation results for
the proposed 2-way power divider. Although all required specifications are satisfactorilly achieved, some
discrepancies between measured and simulated results are noticed especially in S3o. This deviation may
be due to fabrication tolerances, isolation resistors soldering, and parasitics. Otherwise, measurements
agree well with simulations, which verifies the design equations as well as the proposed methodology.
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5.4. Comparison to Other Published Work

Table 5 shows a comparative study for this work with other published UWB MS power dividers that
use stubs and have similar substrate parameters. Ref. [19] introduced a single section WPS with single
stub-matching network. Although our proposed PD has two sections, it occupies less area with improved
insertion loss, output return loss and port isolation compared with that of [19]. Ref. [11] introduced a
single section WPD with delta stub and single isolation resistor. Our proposed PD achieves comparable
performance with improved isolation. Ref. [12] shows single section unequal WPD with two folded
shunt A/4 short circuit stubs and single isolation resistor. Despite the complexity of the design, it
achieves moderate performance with large area. The proposed work enhancement percentage over [13]
is presented.

The enhancement percentage of the proposed work over [13] is presented as both works use two-
section WPD with total number of two resistors. Despite the fact that [13] has a complicated structure
of using three open stubs and two aperture backed inter digital-coupled lines, and has Defected Ground
Structure (DGS), our proposed 2-way PD achieves 50% area reduction without any DGS or other
reduction techniques. In addition, this novel technique without intensive CAD optimization improves
output matching, isolation and insertion loss by 45%, 23% and 13%, respectively. Meanwhile, it achieves
comparable input return loss to others. The exceeded insertion loss is less than 0.9 and can be enhanced
by using fabrication facility with better tolerances and modeling the soldering points properly.

Table 5. A comparative study for this proposed 2-way PD with other published 2-way PD.

Specs. [19] 11 12] [13] | This Work E;)hj:ecreﬁ;“t
Freq. Grs 31106 | 31106 |29109| 3.1106 | 3.110.6 :
Siidap ~ 11 ~10 ~ 85 ~10 ~10 _
Sordn 232 303 | ~-31]|~-315| -3009 ~ 13%
Sozan ~10 ~15 ~ 6 ~10 145 ~ 45%
Sosdn _5 ~10 ~10 ~11 ~13.56 ~ 23%
AreaZ 22 % 20 18+13 | 3424 | 20+%45 22 % 15 ~ 50%
substrate &, and | o o 0 7er | 338 0508 | 2.2, 1.0 | 2.2, 0.787 | 2.2, 0.787 -
h in mm

6. CONCLUSION

In this paper, a novel 2-way power divider for UWB systems is proposed. The proposed 2-way power
divider has two sections of unequal electrical lengths from modified Wilkinson power divider. The
modification in WPD is by inserting a stub matching network on each section to improve matching and
broaden the bandwidth. A detailed analytical solution for the proposed 2-way power divider is discussed
to obtain exact-closed form design equations. The analytical solution is based on the “even-odd mode”
method. Moreover, the stub susceptance equations are obtained using the “ABCD matrix” approach.
In order to decide the ratio between the electrical lengths of the two sections, a parametric analysis
is carried out. The proposed 2-way power divider’s design methodology is employed to utilize 2-way
power divider for UWB systems. The initial TL 2-way PD based on the analytical solution verifies
the requirements without the need for further optimization. The proposed 2-way PD is fabricated and
measured. Good agreement between simulated and measured results is achieved which verifies the design
equations and methodology. The comparison between the fabricated 2-way PD and similar microstrip
PDs shows improvement of 13% insertion loss, 45% output return loss and 23% isolation with 50% area
reduction without any intensive optimization.
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