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Microwave Power Divider with Arbitrary Distribution Ratio
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Abstract As is well known, the EM field of TE11 mode at the wall of the circular waveguide changes as sine (or cosine) function

azimuthally. So when we attach two perpendicular waveguides to the wall of the circular waveguide and rotate them around the axis of

the waveguide, we can distribute the input power between the two waveguides with arbitrary distribution proportion. We have designed

a new power divider following this idea.The 3D electromagnetic simulation software HFSS is used in the design. And a new type cir-

cular TE11 mode launcher is developed.
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1 Introduction

The distribution ratio of power dividers is usually fixed.
If the distribution ratio can be adjusted, the system will be
more flexible. We have observed that the electric field of
TE11 mode at the wall of the circular waveguide changes as
the sine (or cosine) function azimuthally. This character can
be used to design an adjustable power divider. We have ex-
plored this intuitive idea using the 3D electromagnetic simula-
tion software HFSS and developed a 30GHz power divider
successfully .

We also have developed a new type circular TE11 mode

launcher, which is very useful to many microwave devices.

2 Power divider design

The model of the power divider is shown in Fig.1. It
consists of a circular TE11 mode launcher, a straight circular
waveguide, two short circuit waveguides for matching and two
output waveguides. As the circular waveguide rotates around

its axis, the power distributions in the two output rectangle
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waveguides change accordingly.
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Fig. 1. The model of the power divider

2.1 Circular TE11 mode launcher'!’

The circular TE11 mode launcher can be used in many
kinds of devices such as rotary variable attenuator, phase
shifter and many ferrite devices. Traditionally it is made by
tapering the rectangle waveguide to the circular waveguide.
We have developed a new type circular TE11 mode launcher.
It is made by simply connecting a standard rectangle waveg-
uide to the sidewall of a circular waveguide. The model and
its electric field are shown in Fig. 2. Matching can be met by

adjusting the depth and width of the connection. Its band-
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width can be better than 20% . The new mode launcher is
very simple and much easier to be fabricated than the tradi-

tional one.

Circular TE11 mode launcher

Fig. 2.

2.2 The Power Divider

The electric field at the wall of the circular waveguidem
can be written as
E,= - oyH, —Z&Sine. (1)
Bera

The plots of the electric field at different angles are
shown in Fig.3. At O degree, there is no power flow to port
1. All the power goes to port 2. As the waveguide rotates,
the power distribution between the two output ports changes.
At 45 degree, the power divides equally between the two out-
puts. At 90 degree, all power goes to port 1 and no power
flows to port 2. The change of the magnitude of the electric
field in the two output waveguides as the waveguide rotates is
shown in Fig.4. It can be seen that the change of the electric
field magnitude in the two output ports coincides very well
with sine and cosine functions. The output powers from port 1
and port 2 are

P, = Pinputsinzﬁ
P, = Pinpmcoszﬁ @)

The reflection at different angles is shown in Fig. 5. It

Fig. 3.

Electric field at different angles

can be seen that the matching is very good in the full range.
The bandwidth (S11 under — 20dB) at different angles is
shown in Fig. 6.
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Fig. 4. Magnitude of the electric field in the two output
waveguides at different angles
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Fig. 5. change of S11 with rotation
1.3 v v -
12
E 1.1
3 10
£ 09}
% 08 }
< 0.7
0.6
0.5 .
0 10 20 30 40 50 60 70 80
angle/(*)
Fig. 6. Change of bandwidth with rotation

3 Conclusion

The concept to design a power divider with arbitrary dis-
tribution ratio has been fully tested. A new 30GHz power di-
vider has been designed using HFSS. The design concept can
be easily adapted to other working frequencies. The new
circular TE11 mode launcher is also very useful in many mi-

crowave devices.
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