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Abstract: In this paper, the analysis and design of a compact Ultra-Wideband (UWB)
Wilkinson Power Splitter (WPS) is presented. The proposed splitter consists of two sections
Wilkinson power splitter of equal characteristic impedances and unequal electrical lengths
with a single stub on each section. The proposed power splitter examined analytically using
the “Even Odd Mode” analysis method and the ABCD matrix. The simulation is done using
Agilent ADS circuit and EM simulator. The proposed structure achieves an input return loss,
S11 better than 12.2 dB, an output return loss, Sy, and Ss; better than 19.59 dB, output ports
isolation, S,z and Ss, better than 12.75 dB and insertion loss, S, and Si; from 3.15 to 3.41dB
through the whole UWB range from 3.1 GHz to 10.6 GHz. Furthermore, the power splitter
has a compact size of 18.38 * 10.25 mm? compared to other similar networks.

Keywords: UWB Wilkinson Power Splitter, Divider, Single stub, Even-Odd, ABCD Matrix,
Isolation Enhancement.

I. INTRODUCTION

Power dividers and combiners are essential passive microwave components. Wilkinson Power
Divider (WPD)[1] shown in Fig.1 is the most practical and popular type as it provides
matched ports, good isolation between output ports, lossless even when output ports are
matched; only reflected power is dissipated [2] also, equal ratio WPD can be easily analyzed
using the “Even-odd Mode Method” [3].

B2 matched at 7, O
V22,274
R=2Z,
P1 maiched at Z, £}
M'FE Zo,A[% P53 matched at Z, 2

Fig. 1. Conventional Transmission line WPD.
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The Federal Communication Commission (FCC) of USA has assigned the band 3.1 GHz to
10.6 GHz for Ultra-Wideband (UWB), which is a short-range wireless communication
technology for transmitting high-speed data using extremely low power. The narrow
bandwidth of WPD is a problem for UWB applications, recently many designs tried to
overcome bandwidth limitation of WPD for UWB, also tried to improve the ports isolation
and output matching. Exponential tapered line replaced the quarter wavelength transmission
line in [4] and [5] to improve the S-parameters and the bandwidth but on expenses of using
multiple lumped elements and having large area. In [6] an open stub and parallel-coupled
lines are installed to output ports, the design achieves moderate S-parameters. In [7] a design
for UWB WPD with delta stub is introduced, Delta stub is good alternative for radial stub as it
has simpler contour and it is easier to be fabricated, the design has small area and moderate S-
parameters.

In [8] an UWB power divider consists of two microstrip transmission lines, parallel-coupled
microstrip transmission line and a single resistor introduced. The design is very compact,
single layer and has two transmission poles at 5.2 GHz and 9.5 GHz; it gives moderate
simulation parameters along the UWB Range. In [9] an UWB power divider consists of
Stepped-impedance three-line coupled structure and microstrip to slot-line transitions is
introduced; it achieves good S-parameters with moderate area. In [10] single, two and three
sections Wilkinson power divider using binomial multi-section matching transformer is
designed for ultra-wideband applications, good S-parameters are achieved for two and three
sections.

When designing an UWB Wilkinson power divider (WPD), combiner or splitter, three main
criteria must be taken into consideration; isolation enhancement, matching improvement and
bandwidth broadening. Isolation enhancement can be achieved using multiple sections of
WPD but in most cases on expense of large area. In [11] series and parallel RLC circuit are
used to realize complex isolation component, but LC are not recommended in microwave
frequencies as it gives a narrow bandwidth. In [12] a dual frequency power divider with
isolation stubs is presented where stubs are used to connect the isolation resistor; this
technique achieves a good isolation at the dual frequencies. Matching improvement and
bandwidth broadening are achieved mainly using either single stub matching network as in
[7], [13] and [14], double stub matching network as in [15] or triple stub matching network as
in [16].

In this paper, a compact UWB modified Wilkinson Power Splitter (WPS) is analyzed and
implemented. The rest of this paper is organized as: Section Il presents two analytical
approaches: even-odd mode analysis method and ABCD matrix technique. Section Il
introduces the design procedure to calculate initial design values that will be used in
simulation. Section IV illustrates the resulting simulated S-parameters for the transmission
line representation and Section V discusses the implementation of the splitter, results analysis
and comparison with other similar implementations.
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Il. ANALYSIS OF THE PROPOSED MODIFIED WPS

The schematic diagram of the proposed UWB modified Wilkinson power splitter is shown in
Fig. 2. It consists of two sections WPS each of a transmission line followed by a single stub-
matching network and a single isolation resistor. The stub matching networks installed to
broaden the bandwidth and to improve the matching of the splitter. The isolation improved by
using two sections of “WPS with single stub”. Moreover, to achieve perfect matching with
input and output ports, the input and the output transmission lines are chosen to have
characteristic impedance, Z, = 50 Q, thus their electrical length will have no effect on the
matching.

1% Section | 2=t Sectien

‘-| Zy.8 Z.8n I } 2,6, 7.0 I I 706, P2 machad @t - 100

R matchad =2, = 290
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11.1. Even-Odd Analysis
The proposed power splitter has a symmetric structure, thus it can be analytically analyzed
using “Even-Odd Mode” method of Reed and Wheeler [17]. It has been used also by Cohn [3]
to analyze Wilkinson Power Divider. Fixing the input and output ports at Z, = 50 Q helps
simplifying the analysis by omitting them from the design procedure as illustrated in Fig. 3. In
addition, fixing the characteristic impedance of the two sections limits the flexibility of design
but simplifies the analytical solution.

Zsll Hsl ZsZI 9:2

P2 matched at Z, « 50 O
2,6, 2,6, | ze Bl

P1matched 3t 2,=500 R1 § Rz
25,0, 25,614 4{ 2,6, Zy,62,

P3matched atZ: =50 &

241,051 Zs3, 652

Fig. 3. Simplified schematic diagram after fixing the input and output ports to Zo = 50 Q.

The analysis Starts by replacing each section with its equivalent single transmission line as
illustrated in Fig. 4. In Cohn [3] the case of equal electrical length transmission lines is
examined, here we examine the case of unequal electrical length transmission lines and equal
characteristic impedance i.e. @1 # @2, Ziine1 = Ziine2 = Z¢-
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Fig. 4. (a) Proposed power splitter after simplification, (b) 1st section equivalent, (c) 2nd section equivalent.

1- Even-mode analysis at Port 1 (P1)
With even-mode excitation, an equal magnitude zero phase difference signals are applied to
port 2 and port 3. Therefore, there is no voltage difference across the resistors and the circuit
is bisected at the mid-point with open circuit (0.c). i.e. isolation resistors have no effect in
even mode analysis. Moreover, the impedance at port 1 doubled, as there is no current flow
through the short circuit between the inputs of the two transmission lines at port 1 as in Fig. 5.
It is convenient to use the admittance representation of transmission lines.

e e
Yl,in Yl,I
L
P1
1/Z,, ¢4
1/2Z, =2/R,
(o]
s 0.C

Fig. 5. Even-mode bisection of the proposed splitter in admittance representation, input admittance seen
at P1.

For perfect input and output matching:

Where S7; is the even-mode scattering parameter at Port 1 (P1), S5, is the even-mode S-
parameter at Port 2 (P2) and S3, is the odd-mode S-parameter at P2. Using Cohn’s procedure
[3] for two sections Wilkinson, the input admittance at P1, Yy*;,,, can be found from:

.tan ¢,
] Z

. 1 Yt
Ye =

1,in Z_t l

7. +jYf tan @,
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1 e

The even-mode scattering parameter at PL: §¢ = Ze 5% s (4)

2Zo yl,in

=
Y

From eq. (1) and eq. (4)

1
1,in ZZO ( )

Substitute eq. (5) into eq. (2), we get

Ze Z,Y{ +jtan g,
2Z, 1 +jZ,Ytang,

j2Z,tang, — Z,

Z,Y5 = ..(6)

T, I g — ZZ, T e s

Also, rearrange eq. (3), it becomes

Zi+ jZtan @,

ZYE = - (7)

Equate eq. (6) and eq. (7) we get
jZE(tan @, + tan@y) + Z,(—Z, + Z,tan @, tan@,) —j 2 Z2(tan @, + tang,) =0...........(8)

e e
YZJ:?I Yzi

A

1/21‘1 1

1/22,

Fig. 6. Even-mode bisection of the proposed splitter in admittance representation,
input admittance seen at P2.
2- Even-mode analysis at Port 2 (P2)

The input admittance at P2, Y;,,, as in Fig. 6 can be found from

in
e + .tan @,
1 2,1 ] Zt

, Z, 1 ,
t 7. + jY7 tan @,
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1 .tan @,
1 +J
S = oh 12 Zo 1 SOOI (10)
¢ 7 +jmtan 01
- l_Yein
The even-mode scattering parameter at P2: sg, = %2 +Y2; T TPRRPRIRTN ¢ & §)
Z 2,in
From eq. (1) and eq. (11)
o
Substitute eq. (12) into eq. (9), we get
Zy LYy tjtang,
Z, 1 +jZ,Yf tang,
jZtan @, — Z,
o = T tan g, — 7, (13)
Also, rearrange eg. (10), it becomes
Zi+ j 2Z,tan @,
e __
Z.Y5 = D7 Zy B gy T . (14)
Equate eq. (13) and eq. (14) we get
jZE(tan @, + tan@,) + Z,(Z, — Z,tan @, tan@,) — j 2 Z:(tan ¢, + tang,) =0 ........(15)
From eq. (8) and eq. (15) we get
A /ORI € 1)

3- Odd-mode analysis at Port 2 (P2)
With odd-mode excitation, an equal magnitude 180° phase difference signals are applied to
port 2 and port 3. Therefore, there is a voltage null along the mid-point of the circuit and it
can be bisected by using ground as in Fig. 7.

0 ]
YZ.I YZ.in

-
+

Pl P2
1/Zy. 94 T{ /2,9,
. TZI& =2/R:| |1/Z,

I

Fig. 7. Odd-mode bisection of the proposed splitter in admittance representation, input admittance seen
at P2.

The input admittance at P2, Y,’;,,, can be found from

.tan
2 1 Yt Z:DZ
Ry " ZeL, o
Z

o _
YZ,in -

+jY7 tan @,
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1
Yo =——j e ees e e o o e eee eee 1ee 1ee 2ee 2ee ees eee 22s 2en sen 2en san mrn e e 2ee e trn e e e eee see aee aee aee one (18
21 R, ]Zt tan ¢, (18)
£y,
The odd-mode scattering parameter at P2: sg, = f°+ YZO‘” TR & L) |
Zo 2,in

From eqg. (1) and eq. (19)
1
YZ(?in = 7 S5 SHW GEE HEE HE4 mEm mEE EEE @AE HEE es SES BES @ma @AE HEs He® SaE SEE HAS ms 4 HEE SHa WS HES Gas dum HEE EEE 4 Ba8 u 4 SEs aua S mm G4e sHe man (20)

Substitute eq. (20) into eq. (17), we get

1 2 1 Z)Yy +jtan g,

Z, R, Z;1+jZ,Y) tang,

Z Yo — ]Zothan (pz - ZfRZ + 2 Z()Zt' (21)
tia ththan 0, _] ZZOZt. tan 0, — ZORZ aa e was wes aes owas ses was was e aes waa s wes s s wes mrr e resas owas

Also, rearrange eqg. (18), it becomes

2Z.tanp, — JR
ZY 0 = e o e e e e e (22)
’ R, tan ¢,

Equate eg. (21) and eq. (22) we get

JZ,RiRytan @ tan@, — Z,R R tan @, + 2 Z ZtR1 tan ¢,
= j2Z?R,tan @, tan @, — j 4Z Zt tang tan@, — 2 Z ZtRz tan ¢, + ZtR R, tan @,
—2Z,ZRitan@, +j Z,RR; ... re e e e e e e e e e e e e ..(23)

Separating the real and the imaginary parts of eq. (23), first, work with the real part to get a
formula for the first isolation resistor Ry we get:

2Z,R, tan ¢,

L7 R, (tan @, + tang,) — 2 Z,(tan @, + tan @,)

..(24)

Second, work with the imaginary part to get a formula for the second isolation resistor R,
where R; is substituted from eq. (23) and Z; is substituted from eq. (16) to get

4 Z, tan @, (tan @, + tan @,) + 22 ZO\/ tan @, (tan ¢, + tan <p2)\/tan ptan@, — 1
2 =

..(25
2 tang, (tan @, + tan@,) + (1 — tan @, tan @,) (25)

11.2 ABCD Matrix Analysis
In order to find the equivalency between the parameters of simplified structure [
(Ze, 01), (Zt, 02)] of Fig.4 and the detailed one
[(Z,,0,,6,, and Z4,04,), (Z,,6,,0,, and Z,,,0,)] of Fig.3, the ABCD matrix is used.
Starting with the first section of Fig.8 where the shunt open circuit stub admittance Y
represented as follows:

tan 8
Yoo =jB; =] Z iy B;is the stub susceptance for the first Section ... ... ... . e ceu vee ev wen .. (26)
s1

o singq
Zy

M1M2M3 = o (27)

cos ¢4

cos @, jZ.sin %‘
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Fig. 8. Matrices identification of the 1st section
Also,

cosB, jZ,sin0, c0s0y; JZisinBq

. 1 0 .
= sin @ sin @
MM, M, j 1 cos 6, [iBl 1] l] 11 cos 61,
A Zy

cos0,— Z;Bysin0, jZ;sin0,]| cosb,; jZsinb,

= | sin6; _sinf,
j + jB; cos 0, cos 0, j
Z Zy

cos 044

Which leads to:

—COS(QI + 611) - Zl 31 Sln 91 CcoS 911 ]Zl Sln(91 + 911) —jle Bl Sin 91 Sln 911
jsin(6; +011) ,
— +j B; cos 6, cos 0 cos(0, +6,,) —Z, B, cos 6, sin 0,
L 1
[ cos@, jZ,sing,
= |, sing, cet et et e eeh eee b eas ee b ees ane e ees ees 2 e2n eee te een 1es te ern 1ns te ern sen tee s ee sa enn aen 1 ens (28)
j coS @4
Zy

Equating element A of both matrices and arrange for a solution for B; we get:

B — cos(6, + 0,1) — cos ¢, 29)
1 - Z1 Singl COS 011 WEE EEE EEE SEE EEE EES NS EES EEE EEA SAE EEE NEE SN EES NS EES GAN NEE GAE SAE NSNS NN NEN B N EAE W NEE EEE NEE NN EEE

Similarly, equate element C of both matrices and solve for Z;:

sin sin(6, + 6
LN G 1) + B cos 6; cos 614
Zy Zy

Substitute for B; from eq. (29) and arrange we get that

cos 0,1, — cos ¢, cos 0,
! t sin @, sin, e = V2Z, (30)

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

tan @

Z 2 B, is the stub susceptance for the second section ... ... ... e ev ver e ... (31)
s2

Yoo =jB; =]

_cos(8; + 653) — cos @, 32)

Z; sin 8, cos 0,
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21,02 }—Q:l — Zuex |—

Fig. 9. Matrices identification of the 2nd section.
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I1l. INITIAL DESIGN
In the previous section, a detailed analytical solution for the proposed two sections unequal
electrical length power splitter is introduced. This analytical solution is used in this section to
get an initial numerical solution for the proposed power splitter according to the following
procedures:
1. Determine the characteristic impedance of each section (Zjine1 = Ziinez = Zy):
For input and output ports matched at Z, = 50 Q, then from Eqg. (16), the characteristic

impedance is given by Z, = v2Z, = 70.71 Q.

2. Determine the electrical length of each section (¢, @5):
The conventional Wilkinson power splitter has a length of quarter wavelength (A/4) for
each section i.e. ¢ = n/2 , that for two sections WPS the total electrical length
0= T9,=T. Cohn [3] and others had studied the case of equal electrical length

sections. Here, in this proposed paper the case of ¢, = 2 ¢, will be examined.
i.e. ¢; = 120°, then ¢, = 60°.

3. Calculate the isolation resistors (R1, Ry):
Using Eqg. (25), then R, = 169 Q, substitute in Eq. (24), then R; = 122 Q.

4. Determine the physical parameters of the 1% section:
The first main transmission line has an electrical length (6;) of quarter wavelength
leaving A/12 electrical length divided equally between the stub-matching network (814,
0s1), 1.e. 01 =90°, 013 = 15° and 653 = 15°. Using eq. (30), the characteristic impedance
of the main transmission line Z; = 78.87 Q. From eq. (26) and eq. (29), the stub
characteristic impedance Zs; = 84.63 Q.

5. Determine the physical parameters of the 2" section:
Since the electrical length of the second section is half that of the first section, then 0,=
45°, 0= 7.5° and 0= 7.5°% Using eq. (31) and eq. (32), the stub characteristic
impedance Zs, = 66.92 Q.

IV. CIRCUIT SIMULATION AND OPTIMIZATION

To examine the performance of the proposed UWB modified WPS, the initial design
parameters calculated in Section Ill are the inputs for the simulator. The Agilent advanced
Design System (ADS2011.10) simulation package is used in this work. Tuning and
optimization are carried out in order to improve the isolation between the output ports and to
broaden the bandwidth. The schematic diagram for the proposed divider after tuning and
optimization shown in Fig. 10.

The calculated and optimized parameters of the splitter’s ideal transmission line (TL)
representation are listed in Table 1. The circuit simulated S-Parameters for the proposed
splitter shown in Fig. 11. From the optimized simulation, the following specifications are
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achieved: the input return loss, Sy, is better than 12.96 dB, the output return loss, S,; is better
than 15.4 dB, the output ports isolation, Sy is better than 15 dB and the insertion loss, Sy; or

Ss1 ranges from 3.03 to 3.17 dB through the whole UWB frequency from 3.1 GHz to 10.6
GHz.

optim
optim2 |@| S-PARAMETERS |
OptimType=Random  UseAllGoals=yes
Maxiters=200 SaveCurenEF=no 5_Param
DesiredError=0.0 EnableCockpit=yes e SP1
StatusLevel=1 SaveAlrials=no & Stan=30 GHz
FinalAnaly sis="None" Stop=11.0 GHz
MNormalizeGoals=yes TLOC =i = Step=10MHz
SetBestValues=yes
SavesSolns=yes E=xs1
SaveGoals=yes F=Fo GHz gg“mG "
SaveOptimvars=no ] | ] { | i I Term i
= ="dB{S11)
SveNornay T N o ihy Tamz Sirg_rlnstanceNm:'sm*
Savedllterations=no 7=710h - - - - = Weight=7
=Z10hm  Z=Z1 Ohm Z=210hm Z=710hm Z=50 Ohm 7=Z0 Ohm
UseAllOph/ars=yes E=x1 E=x11 R E=2 E=x22 E=50 L
F=FoGHz | g1 F=FoGHz F=Fo GHz RF=FoGHz
§ R=R1 Ofm § R o ohm v
OptimGoal2
Expr="dB{S21)"
siminstanceName="sPT"
Weight=3
1= ] 1 I { I {
L4 TLa TLF L4 Term3 o
7=71 0hm Z=Z10m]  Z=Z10hm Z=50 Ohm Num=3 ca
E=x11 E=x2 E=x22 E=50 2=Zo0Om EXF’“T%SE('S?'ZZ),
F=Fo GHz F=FoGH| F=FooHz FFookz = Ao A
L 5 = Weight=7
3 a,
¥z2=11{o} =
x51=14 {o} TLOC G
Zs2=62 noc ol
sl s T2 om oGt
20=50 Z=251 0m et Bpe'dB(S23r
R1=120 {0} E=xs1 Fero Gl SlmlnstfnceName- sP1
R2=140 {o} F=Fo GHz Weight=10
Fig. 10. The Schematic diagram of the ideal TL form for the proposed splitter after
optimization
Table 1. Calculated and optimized initial parameters for the proposed ideal TL splitter.
Input and
Output 1% Section 2" Section
PO ..
Z, | 6, Z; 0, | 011 Zy 051 Ry | 62 | 62 Zs 0, | R
Calculated | 50 78.87 84.63 122 66.92 169
50° 90° 15 15° 45° 7.5° 7.5°
Q Q Q Q Q Q
Optimized | 50 120 180
P 50° 83 Q 85° 10° 83 Q 14° 40° 11° 62 Q 11°
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Fig. 11. The circuit Simulation S-Parameters for the proposed TL form of the Splitter according to:
() Initial calculation, (b) Tuning and optimization.

IMPLEMENTATION

The proposed UWB modified WPS realized using Rogers_RT_Duroid 5880 substrate. The
substrate parameters are: the dielectric constant, &, = 2.2, loss tangent Tané = 0.0009, height,
h = 0.787 mm and conductor thickness, t = 17 um. The final dimensions of the design
calculated with the aid of LineCalc tool on Agilent ADS are listed in Table 2. The final
schematic layout diagram is shown in Fig.12.

Table 2. Final dimension for the proposed microstrip splitter.

Input and 1 Section 2" Section
output ports
wWo [ Lo | ow [ L[ Lu | wa [ La | L [Le | we | Le |
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
241 | 4.42 1 7.72 | 0.91 1 1.27 | 3.63 1 1.71 0.98

(CURVE NLCC MTEE ADS  wioC
Msus iy a4 Tee10 e Num=2
MSuwo1 SubE = MELB1* s MSUDT SubS MSUDT  Sybet="MSuUDI” Z#500hm
H=0787Tmm oo e V=51 mm Wi=Wimm  w=w=2 mm
Er=22 Anle=20 =Ls1 mm Wz=W1mm L=ts2mm g
Mur=1 Ridiast mat W3l mm
Cong=10E+50 e Sub.l “MSubT
HJ=10e+035um [=—] * i, 3} :x;_aomm
T=17um MLN MTEE_ADS o0 MTEE_ADS \VS-:W:mm AR
R o n Tee3 Stbed="U ST Tee6 T VAR
Rough=0 um Sibs=MSLbISubR=NSubr S SubsIMSLTT  SUBStEMSUbT” AT 3
ol w=w1mm o RI1=120  Lri=0726
sions wewtmm WiWImm gt mm Wewt mm WA ram R2=100  L2:05
Dpeaks= =1 1mm W2sWimm o L=L2_1 mm Ww2=K1mm MUN il o O
NLM W3SWs1 mm T8 W3=Ws2mm TL16 Lo=4 42
T Subst="M Sub1" wi=1
Subst="MSud1™ W=\Wri mm L1 1=523
W=Nomm MTEE_ADS L=Lr1rnem =05
Teel Wstal
g . L51=1 27
Subs="MSLb1
W1=w1mm R L11_1=041
W2=W1 mm Rz L2_14D.345
W32=Wo rm MUN R=RZOMM  we2=171
e Ls2-098
Swet="Msyle 122_1e1
w=wn N Lo =22
e Ao L=Lr1 mm MTEE_ADS SbauSDY
NLN Teaz MUN Too7 W=¥omm
s Sutet=MSub* nz S=MSWD" |y 3 mn
Subs="MSOT v 1-yr4 mm SWE="MSot  W1=W1mm NTEE_ADS
MCURVE WEHIMM o ws mm W=W1mm W2eW1 mm Toos
Cunve2 ELAmN yaswstmm Subst="MSubT"
Subst M SR WiWomm
W=W1mm " - = W2=Wormm
MUN MTEE_ADS z
Argle=00 s Tz Tees MLEE Wi=w1mm
it Sbst="MS 0T SUbSL="MSubI” Subst="MSut®  TLA SULEL=MSUbT® 2
Wewst mm W=W1nmm Wi=W1rmm Sukst="MSub1* W=W1mm _erm
SPARAMETERS | 1oy otmem L=L11 Amen W2sWimm  W=Ws2 L=122_ 1mm T3
W3=Wrl mm L=Ls2 mm Num=3
S_Param SUE"M S 250 0tm
sP1 w=Womm
Start=3.0 Ghz LLotmm L
Siop=11.0GHz
S10p=10.0 MHz

Fig. 12. The microstrip schematic diagram for the proposed splitter.
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The generated layout shown in Fig. 13 is simulated using EM simulator (ADS2011.10). The
EM simulator ignores lumped element effect during simulation; it only simulates its footprint.
In order to overcome this problem, the generated EM model for the proposed splitter is placed
back in the schematic window then the isolation resistors are added and the whole design is
simulated again with circuit simulation as shown in Fig. 14.

i

Fig. 13. Generated layout after EM-Simulation. Fig. 14. EM-model with isolation resistors.

The EM Co-Simulations for the proposed splitter are shown in Fig. 15 and Fig.16. The
designed splitter achieves an input return loss, Sy, is better than 12.2 dB, an output return loss,
Sy, is better than 19.59 dB, output ports isolations, S,3 and Ss; are better than 12.75 dB and
insertion loss, Sy; and Ss; are ranges from 3.15 to 3.41 dB through the whole UWB range.
The power splitter has a compact size of 18.38 * 10.25 mm?. Table 3 shows a comparative
study for this work with other similar UWB power dividers.

m1 m2 m3
freq=3.100GHz freq=6.850GHz freq=10.60GHz
dB(S(1 1)}' -12.217| dB?S(1,1))- 17.187||dB(S(1,1))=-15.981
S 2,1))=-3.301 ||dB(S(2,1))=-3.228 |[dB(S(2,1))=-3.415
5(2.2)1=-27.963|[dB(5(2.2))=-24.12||dB{S(2,2)}=-19.595
dB(S(Z 3)}=-12.750||dB(S(2,3))=-18.072|dB(S(2,3))=-13.769)
m1 m2 m3
i 2 ¥

5 _

Ll | dBS(1.1)) o —
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Fig. 15. EM Co-Simulation S-Parameters for the proposed splitter.

I [m7 [ms

‘;‘:Fa 100GH: 5 freq=3.100GHz fre =6.850GHz. freq=10.60GHz
‘dE(5(2.1J]=-3. 9§ dB(S(2 1)) 2 qu5= 3 415 dB SEZ 2;% -27 863 dB(SEZ Zg -24.121|(dBy S 2,2) ; -19.585
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Fig. 16. (a) Insertion loss S21 and S31, (b) Output matching S22 and S33.
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Table 3. A Comparative Study for this proposed power splitter with other published power dividers.

This Work [13] [7] [16] [18]
Si1 48 12.2 13 10 10 10
So1 4B 3.15-341 3+0.5 3 around 3 3
S» 48 19.59 15 15 10 around 6
S»3 a8 12.75 10 10 11 10
Freq. g 3.1-10.6 3.1-10.6 3.1-10.6 3.1-10.6 2.9-10.9
Area 2 18.38 * 10.25 22%19.6 18* 13 ;‘6032% 34 * 24
substrate &, , 2.2,0.787 2.2,0.787 3.38, 0.508 2.2,0.787 22,10
thickness mm
Notes I.EM Co- Calculated Measured Measured Measured
Simulated
Two section Two section
WPD with three | Single section
WQPS each . . . .
section with a Single se_ctlon Single _sectlon open stubs, two u_nequal WPD
Desian single stub- WPS with a WPD with delta | aperture backed | with two folded
Method%lo mgtchin single stub- stub and single interdigital- shunt A/4 short
9y g matching isolation coupled lines | circuit stubs and
network and . . ; .
. . network. resistor. and two single isolation
one isolation . . .
i isolation resistor.
resistor. .
resistors.

V. CONCLUSION
This paper represents an UWB modified Wilkinson power splitter; the splitter consists of two
sections of unequal electrical length and each with a single open stub and the whole splitter
uses two resistors. A detailed analytical solution for the proposed splitter is discussed to
obtain exact closed-form design equations. These equations are used to get an initial
numerical design parameters for the splitter. These initial design parameters are optimized and
improved with the aid of ADS simulator to get the final dimensions of the splitter. The splitter
has a compact size, good matching, equal division ratio and the desired bandwidth achieved.
Moreover, the splitter achieves better ports isolation in comparison with other similar power
dividers that use stubs and for the same UWB frequency range. The proposed splitter is a
good candidate for most of Microwave Integrated Circuits because of its improved S-
parameters, compact size and simple layout. The analytical solution for the splitter can be
generalized to get closed form expressions for N-ways power divider.
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