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A New Approach to Design of Dual-band Power Divider Using
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Abstract—A new approach to design of a dual-band power divider with single transmission-line section
is proposed in this paper. Apart from the isolation resistor, admittance matrix is used to synthesize
the dual-band divider. According to the required admittance matrixes at two frequencies, a modified
configuration with shunting open/short stubs at each port is presented. A new compact dual-band
power divider (operating at 1.0 GHz and 4.5 GHz) is developed to validate this proposal. Experimental
results demonstrate that the return loss is better than 19.2dB, insertion loss less than 0.59dB, and
isolation better than 23.61 dB at two operation frequencies. The measured relative bandwidths of 15dB
return loss are 35.9% and 12.4% for the lower and higher bands, respectively.

1. INTRODUCTION

Power dividers are widely used in microwave and RF applications. In recent years, the trend of multiband
mobile phones promotes the development of dual-band power dividers [1-8]. A conventional Wilkinson
power divider operates only at design frequency and its odd harmonics. A dual-band power divider
with a simplified two-section transformer was proposed [1], but its outputs return loss and port isolation
were poor [2]. In [3] and [4], a new design was realized with ideal response using extra inductor and
capacitor connected in parallel with the isolation resistor. But characteristics of lumped elements
usually deteriorate properties in high frequency because of parasitic effects. In [5], composite right-
/left-handed transmission lines were used to realize dual-band power dividers. However, the proposed
configuration was complicated, which increased design and fabrication difficulties. In [6], coupled lines
were used to realize a dual-band power divider. However, the relative bandwidth of 15dB return loss
was narrow. The power dividers in [7] still suffered from large size. Moreover, frequency ratio in previous
works is small which limits the applications in some multi-band systems such as the fourth generation
mobile communication systems. Frequency ratios in [8] were large, but the extra lumped elements used
decreased their performance in high frequencies. Besides, two-section transformer means large circuit’s
size especially at low frequency.

In this paper, a new approach to design of a dual-band power divider is presented. It uses single
transmission-line section and does not include extra lumped components. Based on the admittance
matrix, closed-form design equations are derived. For verification, a new dual-band (1.0 GHz and
4.5 GHz) power divider is shown. The main features of the proposed power divider are: 1) only single
transmission-line section is used; 2) no other extra lumped component is used except the isolation
resistor; 3) wide range of frequency ratios m is implemented; 4) closed-form design equations are
deduced. The method proposed in this work simplifies the design of a dual-band power divider.
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2. DUAL-BAND POWER DIVER THEORY

Power divider is a three-port network with one input (port 1) and two outputs (port 2 and port 3). All
ports are matched (S; = 0, 7 = 1, 2, 3), and two outputs are isolated (Se3 = 0). For the equal-split
case with @ phase shift, its scatter-matrix can be expressed as:

ﬁe—jélo 1 1]

S 1 00

1 00

(1)
The conversion of scatter-matrices to admittance matrices is as follows:
Y:(U—S)(U+S)—1/ZO (2)

where Zj is the port impedance and U the unit matrix.
So, the admittance matrix of a power divider with 6 phase shift is:

1 -J cot ¢ J3sing J2sing
_ - - V2 1_j 1_J
Y = ZO ]m E—ECOto —5—560‘59 (3)
j2;i/39 —3—Z1cotd $—Zcotd

For dual-band operation, let fi; and fo = mf; (assuming that the frequency ratio is an arbitrary
rational number larger than 1) be the lower and upper band frequencies, respectively, and let 6 and 6
be the phase shifts corresponding to the two frequencies. To simplify the design, it is better that the

mutual admittance between port 2 and port 3 is a pure real number, so ¢y = /2, 0y = —0; = —7/2
are selected. And the admittance matrix at the two frequencies can be expressed as:
0 (=D (=)
V22 V22
—1)it15 1 1 3
Y = (\/%TOJ 2 —3 i=1,2 (4)
(=D

D=

V2Zy

1
2
From Eq. (4), it can be seen that Y7(2,3) = Y2(2,3), and it is a pure real number, so the nets
between port 2 and port 3 can be realized by a resistor.
The configuration in dashed frame of Fig. 1 is a conventional Wilkinson power divider. Its
admittance matrix can be expressed as:

__ ;2coty 7 7
J=Z Z sin @ Z sin @
_ 7 1 - cot 1
YVCO” - Z sin ¢ R Iz "R (5)
7 1 1 _ coty
Z sin @ R R~ J)Z

From Eq. (5) it can be seen that the imaginary parts of Yo, (1, 1), Yeon(2,2), and Y, (2, 3) are not
equal to zero when the electrical length ¢ of the two transmission lines is not equal to 90°. Therefore,
the conventional power divider is no longer available for Eq. (4). A modified configuration with shunting
short /open stubs at each port is proposed. The new configuration is shown in Fig. 1, where Y, and Y} are
the input admittances looking to the arrows of the short/open stubs; Z, and Z; are their characteristic
impedances; ¢, and ¢} are their electrical lengths.

The admittance matrix of the proposed power divider can be expressed as [7, 8]:

_ ;2coty j j
Ya J=Z Zsin @ Zsin @
= J 1 _ scoty 1
Y Zsin ¢ R Iz +Y;’ R (6)

7 1 1  .coty
Z sin ¢ R R J 7z +YE)
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open/short

open/short
open/short

Figure 1. Configuration of the proposed power divider.

where
v -1~ jeot @, /Z, short stub -
“ | jtanye/Z,  open stub
[ —jcotyy/Zy, short stub
Y = { jtanyy/Z,  open stub (8)
So in frequency f; and fo, the admittance matrixes are as follows:
.2 cot ; ,
Yaz - ] CO go Z; s{napl Z; s?ngoi
Y = Zisfngpi __jCOtkpl + Y —% i=1,2 (9)
Tk —% — G+ Yy
Let Yar1 = Y1 and Yz = Y2, and the following equations can be derived:
2 cot
Yoo ==t =0 (10)
1
2 cot
Ya2 —J COZ Lt =0 (11)
2
Zysin 1 = V27 (12)
Zosin g = —\/§ZO (13)
1 cot @1
R Yoo = 5 14
R Tz TmT g (14)
1 cot o 1
R Yo = 5 15
R Z, T aog (15)

Given the dimensions of the microstrip line, the characteristic impedance and electrical length
respectively are [1]:

d_ W
7 — 7= In (77 + 1) for W/d<1 a7
\/st[W/d+1.393+102 SermvarTa  for W/d>1
27
o = 6l = VEckol = e oL (18)

So Zy = Z; and @3 = myp1, and Equations (12) and (13) lead to:
sinmp; = —sin (19)



88 Yan et al.

So:
meq :2]€17T—g01 k1:1,2,... (20)
or mpi1 =lr+¢1 1=1,3,5,... (21)
2]4317'('
= kk=1,2,3,... 22
P1 m4+ 1 1 ) &y Dy ( )
I
= 1=1,3,5,... 23
or 1 m—1 39y Uy ( )
27
7y = Zy = ‘f 0 (24)
|sin 1|

Now, consider for different cases:
1) For the situation of Eq. (22), from Equations (10) and (11), Y1, Y2 can be expressed as:

.2 cot 1
Yor = 25
al J Zl ( )
.2 cot o .2 cot 1
Yoo =)—5"——=— =Y, 26
a2 J 22 J Zl al ( )
From Equations (14), (15) and (16), Y31, Y2 can be expressed as:
.cot 1
Y = 27
b1 = J 7 (27)
.cot
Yio = —j— % = Yy (28)
1

According to the imaginary parts of Y,; and Y}, it can be decided to use open or short stubs. If their
imaginary parts are greater than zero, open stubs can be used; on the contrary, short microstrip lines
are good candidates. From Equations (7), (8), (26) and (28), the following equation can be deduced:

ko

%lzmil ke =1,2,... (29)
ko

gpbl:mj—l ky=1,2,... (30)

Then Z, and Z; can be expressed as:

7 —Z1 cot pa1/(2cot 1) short stub (31)
“ | Zitanpa/(2cot 1) open stub
—Zj cot ppy/ cot 1 short stub
Zy = (32)
Zitan gy /cot o1 open stub
2) For the situation of Eq. (23), from Equations (10) and (11), Y51, Ya2 can be expressed as:
.2cot 1
Yo = 33
al J Zl ( )
.2 cot g .2 cot 1
Yo — _ _ 34
a2 J Z2 J Zl al ( )
From Equations (14), (15) and (16), Y31, Y32 can be expressed as:
.cot 1
Y = 35
b1 = J 7 (35)
.cot
Yoo = j Ziﬁ =Yy (36)
From Equations (7), (8), (24) and (36), the following equation can be deduced:
ko
= ke =1,2,... 37
Pal m+1 2 ) 4y ( )
ko
= ke =1,2,... 38
©b1 m+ 1 2 ) ( )

In this situation, Z, andZ;, can also be expressed as Egs. (31) and (32).
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3. POWER DIVIDER DESIGN

Based on the above analyses, the design procedure is described as follows:

Step 1: According to the given operating frequency f; and fo = mf1, calculate the two branch-lines
electrical length ¢q at frequency fi; by Equation (22) or (23);

Step 2: Calculate the two branch-lines characteristic impedance by Equation (24);

Step 3: Calculate Y,; and Y by Equations (25) and (27), according to Yy and Yp imaginary
parts to decide the use of open or short stubs;

Step 4: Calculate the electrical lengths ¢,1 and ¢p1 by Equations (29) and (30) or by Equations (37)
and (38);

Step 5: Calculate the impedances Z, and Z; according to Equations (31) and (32);

Step 6: Calculate the geometric parameters according to the used substrate.

Different m values of double frequency power dividers can be implemented according to above
procedure. The isolation resistor is set to 100 Ohm, and the electrical parameters of different m values
of the double frequency dividers are listed in Table 1, according to which the appropriate parameters
can be selected.

Table 1. The electrical parameters for the dual-band power divider. (S.L means short line; O.L means
open line).

Casel mp1 = 2kim — @1 kt=1,2,...
m o1 Z Y, a1 Za Y, R
1.5 288  74.35. S.L 72 37.2 S.L 72 74.4
2.5 308 904 S.L 51.4 45.2 S.L 51.4 904

3.5 240  81.7 O.L 200 25.7 O.L 200 514
45 655 777 O.L 327 547 O.L 327 109.
5.5 554 859 O.L 2r.7 327 OL 277 654

Case2 mp1 = 1T+ @1 1=1,3,5,...
m ¢1 Z Y, a1 Za Yy P Dy
1.5 360 %9) S.L 72 115 S.L 72 23
2.5 120  81.7 S.L 51.4 56.4 S.L 51.4 112.8

3.5 216 120.3 O.L 40 36.7 O.L 40 734
4.5 51.4  90.4 O.L 32.7 364 O.L 327 T28.
9.5 40 110 O.L 277 242 OL 277 484

4. SIMULATED AND MEASURED RESULTS

To validate the proposed design, a new compact dual-band power divider is implemented. The two
operating frequencies are chosen to be 1.0 GHz and 4.5 GHz. The developed divider is fabricated on a
Rogers 4003 substrate with the relative permittivity of 3.55 and thickness of 0.508 mm. Fig. 2 shows a

Table 2. The geometric parameters for the fabricated divider (D means design).

Y wl w2 w3 1 2 13
4.5 0.975 0.5 0.27 16.9 34.08 16




90 Yan et al.

Figure 2. Power divider worked at 1.0 GHz and 4.5 GHz.
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Figure 3. Simulated and measured (a) [S11], |S21], |S31] and (b) |Saz], |Sas].
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Figure 4. Simulated and measured phase difference between the two output ports.

photograph of the fabricated power divider. The corresponding geometric parameters for this divider
are listed in Table 2. The full wave simulator Ansoft HFSS 13.0 has been used. The S-parameter
measurements are performed using an Agilent network analyzer, and the measured frequency range is
from 0.5 GHz to 5 GHz.

The simulated and measured results are shown in Fig. 3. At the operating frequency of 1.0 GHz, the
insertion losses are |S2;| = —3.24 dB and |S31| = —3.24 dB, and the return-losses are |S11| = —19.27dB
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and |So2] = —25.95dB. The isolation (|S23]) is —26.51dB, and the 15dB return loss bandwidth is
better than 35.9%. At the operating frequency of 4.5 GHz, the insertion losses are |S21| = —3.59dB
and |S31| = —3.56 dB, and the return losses are |S11| = —26.71dB and |Sa2| = —27.35 dB. The isolation
(|S23]) is —23.61dB, and the 15dB return loss bandwidth is better than 12.4%. Fig. 4 shows that the
|£S91 — £S31| of the phase difference is less than +£1° at both passbands. In addition, the proposed
structure is relatively simple and realizes wide range of frequency ratios m while keeping small size. A
wide bandwidth is achieved at lower frequency, and a modest bandwidth is obtained at higher frequency
compared with other structures.

5. CONCLUSION

Admittance matrix is used to synthesize the dual-band power divider in this paper. A new compact
dual-band power divider with single transmission-line section is designed and fabricated. It is found
that this method can realize large frequency ratio, and the area of the proposed power divider is reduced
effectively. The results show that the fabricated power divider agrees well with the proposed theory.
It is expected that this proposed design theory for generalized power dividers can find many potential
applications in practical circuit designs.
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