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A Modified Gysel Power Divider With Arbitrary Power
Dividing Ratio

Shiyong Chen*, Guoqiang Zhao, and Yantao Yu

Abstract—A modified Gysel power divider with arbitrary power dividing ratio is proposed in this
letter. The power dividing ratio of the proposed circuit is determined by both the electrical lengths and
characteristic impedances of transmission lines. The proposed circuit is analyzed based on transmission
line theory, and design equations are derived. For verification, two prototypes operating at 2 GHz with
power dividing ratios of 1 : 1 and 4 : 1 are designed, fabricated and measured, respectively. The
measured results are in good agreements with the simulated ones.

1. INTRODUCTION

Microwave power dividers are one kind of important components and have been widely utilized in
microwave circuits and systems [1]. As a Gysel power divider has advantages of high power capacity
and easy layout, a lot of related research works have been reported: single or dual band operation [2–6]
improving operating bandwidth [7–10] and out-of-phase feature [11–13]. To reduce the size of microwave
sub-systems, Wilkinson or Gysel power dividers with filtering response have been introduced in [14–18].
For a single or dual band Gysel power divider, there are two methods to realize the required power
dividing ratio between output loads. Firstly, the power dividing ratio can be achieved by designating
different characteristic impedances of transmission lines with the same electrical lengths [2–5, 7–13].
However, physical realization is very difficult for the power divider with large power dividing ratio.
Moreover, the power distribution ratio of the Gysel power divider is determined by only the electrical
lengths of transmission lines with uniform characteristic impedance [6] as shown in Figure 1(a). For
the Gysel power divider discussed above, design flexibility is limited to some extent, as purely a set
of transmission line parameters (the characteristic impedances or the electrical lengths) are utilized to
obtain the required power dividing ratio.

Different from the reported works, the power dividing ratio of the proposed Gysel power divider
is controlled by two sets of transmission line parameters, which help to design the power divider more
flexibly. The proposed circuit is analyzed, and design equations are derived. Experimental results have
verified the concept.

2. THEORY ANALYSIS

The configuration of the proposed Gysel power divider is shown in Figure 1(b). It consists of five
transmission line sections with the characteristic impedances of Z1, Z2 and Z3, and two isolation resistors
of R1 and R2. The power dividing ratio between two output loads is defined as K2 = P3/P2. When the
input port is fed by microwave signal, the electromagnetic energy is only transmitted into two output
loads, and the isolation resistors can be regarded as short circuited. Therefore, the original circuit can
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Figure 1. Topology of power divider. (a) Gysel power divider in [6]. (b) Proposed Gysel power divider.
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Figure 2. Even-mode equivalent circuit.

be converted into an even mode equivalent circuit, as shown in Figure 2. Based on the even-mode
voltages V2e and V3e, the designated power dividing ratio can be written as

P3

P2
=

|V3e|2 /Z0

|V2e|2 /Z0

= K2 (1)

which indicates that V3e = KV2e as the input port is excited.
The node voltage of V1 shown in Figure 2 is described by using ABCD parameters as

V1 = (cos θ2 + Z2Y1sinθ2ctgθ1) V2e + jZ2Y0 sin θ2V2e (2)

V1 = (cos θ1 + Z1Y2sinθ1ctgθ2) V3e + jZ1Y0 sin θ1V3e (3)

where Y2 = 1/Z2, Y1 = 1/Z1 and Y = 1/Z0.
By substituting V3e = KV2e into Eq. (3) and equating the real and imaginary parts of Eqs. (2)

and (3), the power dividing ratio of K2 can be expressed as

K2 =
(

Z2 sin θ2

Z1 sin θ1

)2

(4)

From Eq. (4), it can be seen that the power dividing ratio can be determined by both the characteristic
impedances and electrical lengths of transmission lines. Different combinations of (Z2/Z1) and
(sin θ2/ sin θ1) can be adopted to realize the specific power dividing ratio, which increase design agility.
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By applying transmission line theory, the input admittances of Yu and YL shown in Figure 2 can
be expressed, respectively, as

Yu = Y2
Y0 − jY1ctgθ1 + jY2 tan θ2

Y2 + j(Y0 − jY1ctgθ1) tan θ2
(5)

YL = Y1
Y0 − jY2ctgθ1 + jY1 tan θ1

Y1 + j(Y0 − jY2ctgθ1) tan θ1
(6)

To satisfy the matching condition of the input port, the sum of Yu and YL should be equal to Y0.

YU + YL = Y0 (7)

As transmission lines are assumed lossless, and the branch circuits have a common voltage node of V1,
the real parts of Yu and YL can be described as

Re(Y u) =
1

1 + K2
Y0 (8)

Re(Y L) =
K2

1 + K2
Y0 (9)

To substitute (8) and (4) into (5), the characteristic impedance of Z1 and Z2 can be derived, respectively,
as

Z1 =
Z0

√
1+K2−K2(cosθ1+ cosθ2/K)2

K sin θ1
(10)

Z2 =
Z1K sin θ1

sin θ2
(11)

The ABCD parameters of transmission network (TN) and isolation network (IN) shown in Figure 1(b)
can be written as[

ATN BTN

CTN DTN

]
=

[
cos θ2 jZ2 sin θ2

jY2 sin θ2 cos θ2

] [
1 0
Y0 1

] [
cosθ1 jZ1sinθ1

jY1sinθ1 cosθ1

]
(12)

[
AIN BIN

CIN DIN

]
=

[
cos θ1 jZ1 sin θ1

jY1 sin θ1 cos θ1

][
1 0

G1 1

][−1 0
0 −1

][
1 0

G2 1

][
cos θ2 jZ2 sin θ2

jY2 sin θ2 cos θ2

]
(13)

where G1 = 1/R1G2 = 1/R2.
As discussed in [2], the perfect isolation condition between two output ports means that the sum

of BTN and BIN is equal to zero.
BTN+BIN= 0 (14)

By substituting Eqs. (12) and (13) into Eq. (14), the isolation resistors R1 and R2 must satisfy the
following equation.

Y0=G1 + G2 (15)

As the characteristic impedance Z3 of phase inverter does not affect the port matching, it can
be freely selected. The whole power dividing ratio of K2 is equal to the product of (Z2/Z1)2 and
(sin θ2/ sin θ1)2. Proper electrical lengths of θ2 and θ1 can be firstly chosen to realize a part of K2, and
then Z1 and Z2 are calculated based on formulas (10) and (11), which contribute to the left proportion
of K2.

3. DISCUSSION

If Z1 = Z2, by substituting Eq. (4) into Eq. (10), it is interesting to find that the characteristic impedance
can be expressed as

Z1=Z2=Z0

√
2 − 2ctgθ1ctgθ2 (16)

which is identical to the characteristic impedance expression described in [6].
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Figure 3. Photographs of fabricated circuits. (a) K2 = 1. (b) K2 = 4.

(a) (b)

(c)

Figure 4. Simulated and Measured results for K2 = 1. (a) S11, S21, S23. (b) S22, S33. (c) ∠S21−∠S31.
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Moreover, if θ1 = θ2 = 90◦, in the same way, the characteristic impedances can be rewritten,
respectively, as

Z1 = Z0

√
1+K2

K2
(17)

Z2 = KZ1 (18)

which is corresponding to design formula of the Gsyel power divider with terminations of Z in [2].
Therefore, the power dividers with terminations of Z in [2] and [6] can be regarded as special cases of
the proposed one.

In addition, if only θ2 = 90◦, formulas (10) and (11) can be simplified as

Z1 = Z0

√
1+

1
K2sin2θ1

(19)

Z2 = Z0

√
1+K2sin2θ1 (20)

From Eqs. (19) and (20), physical realization of the proposed power divider with extremely high power
dividing ratio is very easy if we choose a proper value of θ1 to make K2 sin2 θ1 approximately equal to 1.

(a) (b)

(c)

Figure 5. Simulated and Measured results for K2 = 4. (a) S11, S21, S31, S23. (b) S22, S33. (c)
∠S21 − ∠S31.
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4. EXPERIMENTAL RESULTS

To verify the concept, two prototypes operating at 2 GHz with K2 = 1 and K2 = 4 have been designed,
respectively. The relative dielectric constant and the thickness of the substrate are 2.65 and 1mm. For
the first example (K2 = 1), θ1 = 70◦ and θ2 = 60◦ are selected. The calculated characteristic impedances
are Z1 = 60.5Ω and Z2 = 65.5Ω. For the second one (K2 = 4), θ1 = 45◦ and θ2 = 90◦ are selected. The
corresponding characteristic impedances are Z1 = 61.2Ω and Z2 = 86.6.7Ω. In addition, Z3 = 50Ω
and R1 = R2 = 100Ω for two experimental circuits are chosen. Figure 3 shows photographs of two
fabricated prototypes. The experimental circuits were measured by the vector network analyzer. The
simulated and measured results for K2 = 1 are shown in Figure 4. It can be observed that the measured
|S21| and |S31| are about 3.55 dB at 2GHz. The measured operating bandwidth based on |S11| < 20 dB
is about 17%. The measured isolation is better than 20 dB in the range of 1.74 to 2.18 GHz. Figure 4(c)
shows the phase differences between two output ports, and the measured maximum phase difference is
about 1◦ from 1.5 to 2.5 GHz. Moreover, the simulated and measured results for K2 = 4 are shown in
Figure 5. It can be seen that the measured |S21| and |S31| are 7.14 and 1.25 dB at the center frequency.
The measured |S11| is greater than 20 dB from 1.83 to 2.27 GHz. The measured isolation is larger than
20 dB from 1.71 to 2.25 GHz. In addition, the simulated and measured phase differences are shown in
Figure 5(c). The measured maximum phase imbalance is about 1.6◦ in the range of 1.8 to 2.2 GHz. The
measured results are in good agreements with the simulated ones.

5. CONCLUSION

A modified Gysel power divider with arbitrary power dividing ratio is presented in this letter. The power
division ratio can be achieved by controlling both the electrical lengths and characteristic impedances
of transmission lines. The circuit is analyzed, and design equations are given. The measured results of
two prototypes have verified the idea. The proposed circuit can be utilized in related applications with
power dividing requirements.
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