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Abstract 
This paper presents a design of a compact variable X-

band RF power splitter. The RF power splitter includes one 
input port and two output ports, and the power division ra-
tio can be adjusted by changing the position of a short cir-
cuit piston. This system keeps a good match (less than -40 
dB) at any power division ratio. An E-bend waveguide 
structure is selected to make the geometry more compact 
(11cm in length, 3.5cm in width and 5 cm in height). Spe-
cial studies was conducted to sustain a low surface electri-
cal field (maximum 65 MV/m at 100 MW input), and large 
bandwidth (250MHz). This power splitter is designed for 
high-power test stand at Tsinghua University. 

INTRODUCTION 
A high RF power (50 MW) X-band test stand was con-

structed at Tsinghua University [1]. Accurate power adjust-
ment and division is required for different situations, such 
as high-power performance tests of new designed RF com-
ponents and several branch experiments simultaneously.  

A usual approach to adjust the power level is to change 
the power of input signal or the emit current of the klystron. 
This approach changes the working state of the power 
source which is hard to measure. A design of power splitter 
with arbitrary division ratio was presented in ref [2], which 
is able to adjust the input power at the device under test 
without changing the power source. Another advantage is 
only one klystron used in this approach, different from two 
klystrons sources system presented in ref [3]. The design 
of power splitter was manufactured and was installed in the 
X-Box test stand at CERN. 

RF power splitter has been researched for years [4-8].As 
Fig.1 showing, this method uses only one klystron as 
power source and the driving power is divided into two 
ways through power splitter: one port is connected to next 
devices, another is connected to matched RF load or atten-
uator with low power controlling and measuring system 
followed. To realize power splitter’s function, this compo-
nent should have following features: power division ratio 
can be adjusted to arbitrary number; whole component 
should be matched, which means little reflection in input 
port. To bring it into practical application on high-power 
test stand (power level up to 100MW), surface electronic 
field, compactness, and bandwidth should also be consid-
ered.  

 
Figure 1: RF power splitter. 

This paper presents a more compact design by optimiza-
tion of RF circular polarizer and using E-bend waveguides. 

PRICIPLE OF DESIGN 
The detailed principle is explained in Ref [2]. A different 

explanation is briefly showed in this part. Fig. 2 shows the 
schematic of choke-mode. Choke-mode basically is a 
three-port tee junction, and a designed component as RF 
impedance combiner so that impedance seen from each 
port is the sum of other two port. If one port is matched as 
output while another port is shorted with phase difference φ, the normalized impedance seen by the input port can be 
calculated: Z1 = Z2 + Z3 = jtanφ + 1 

Where Z1，Z2，Z3 are, respectively, the impedance of 
three ports, and j is the imaginary unit. 

 
Figure 2: Schematic of choke-mode. 

So the impedance of input port can be adjusted by chang-
ing the position of shorted plane connected to port 2. When 
phase difference φ = N ∗ π , Z1 = 1 , meaning choke-
mode is fully open without any reflection; when phase dif-
ference φ = + N ∗ π , Z1 = ∞ , meaning choke-mode is 
fully closed with all power reflected. Thus, choke-mode 
equals a switch in transmission line. 

The schematic of the RF power splitter is shown in Fig.3. 
Two choke-mode are introduced in 3-port network, and 
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they work at different working state because of π/2 phase 
difference. When choke 1 is open, choke 2 is closed; simi-
larly, while choke 1 is closed, choke 2 is open. Power divi-
sion ratio can be adjusted into arbitrary number between 
these two extreme cases, with constant π/2 phase difference 
during adjustment. 

 
Figure 3: Schematic of RF power splitter. 

To ensure input port is always matched at arbitrary divi-
sion ratio, distance between two choke-mode and junctions 
should be well-designed [2]. Because of the limit of paper, 
explanation isn’t included this time. 

DESIGN AND OPTIMIZATION 
RF Circular Polarizer 

System shown in Fig.3 is a 5-port network needing two 
variable shorted plane, and it would make adjusting pro-
cess complicated. The design can be simplified by replac-
ing two single-mode ports with two different modes in one 
port. An appropriate choice is TE11 mode in circular wave-
guide, which is polarization degenerate and similar to 
TE10 in rectangular waveguide. RF circular polarizer can 
achieve such function [9], and design is modified by chang-
ing the convex bottom cylinder into concave stub, to mak-
ing geometry more compact, as shown in Fig.4 (a). As 
Fig.4 (b) showing, when RF signals come from the left port 
(port 4), the polarizer can fully reflect all power back to 
port 4 and no signal can be transmitted to the right port 
(port 5). The requirement of constant π/2 phase difference 
can be easily satisfied by lengthening λ/4, and the phase of 
reflected signals can be adjusted by mechanically changing 
the position of a short-circuit piston, which equals to ad-
justing the RF division ratio of whole system. 

 

 
Figure 4: RF circular polarizer: (a) geometry (HFSS 
model); and (b) power distribution.  

RF Power Splitter Using E-Bend 
Thanks to the modified design of RF polarizer, E-bend 

waveguide structure has special advantage to make geom-
etry more compact. As shown in Fig.5, the bottom of po-
larizer is faced with inside of component using E-bend. The 
dimension of whole component is 11cm in length, 3.5cm 
in width, 5 cm in height without piston counted. 

 
Figure 5: Geometry of RF power splitter (HFSS model).  

Output RF power values at each ports are shown in Fig.6 
(a). After optimization, arbitrary RF division ratio at port 2 
and port 3 is achieved and component is matched at any 
division ratio with the maximum reflection below -40dB. 
Surface electrical field distribution when all RF power is 
output at port 3, as shown in Fig.6 (b). For 100MW peak 
RF power, the maximum field is optimized to 65MV/m，
considered safe without RF breakdown. As shown in Fig.6 
(c), the bandwidth is 250MHz for port2 and 320MHz for 
port3, which is large enough for operating at 11.424GHz as 
center frequency. 
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Figure 6: RF splitter using E-bend: (a) power at each port 
versus position of piston, (b) surface electrical field distri-
bution, and (c) bandwidth of output ports. 

CONCLUSION 
A compact X-band RF splitter with arbitrary power divi-

sion ratio was designed. The optimization of RF circular 
polarizer and E-bend structure makes the geometry of 
whole component more compact. Meanwhile, the splitter 
has advantages of low reflection, large bandwidth, and safe 
surface field for high-power use. This component is de-
signed for the high RF power X-band test stand in Tsinghua 
University, and will be manufactured in the second half of 
this year if time permits. 
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