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Abstract 

Currently, satellite navigation is considered as one of the most important infrastructures 
in countries around the world. In order to achieve the basic functions of a navigation 
receiver, a novel square 3dB electric bridge is researched and designed. This 3dB electric 
bridge is of square structure and compatible with GPS L1 and BD B1 frequency bands. 
According to the design principle of microwave circuit, electromagnetic simulation 
software is used for optimization of system parameters, after which the basic 
requirement that the input signals should be evenly distributed to two channels with 
phase difference of 90° is satisfied. At the same time, this electric bridge suffers less 
energy loss, which satisfies the demand in engineering design. 
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1. Introduction 

Satellite navigation system is closely related to our travelling. Furthermore, it is widely used. 
What’s more, the global network of BeiDou Navigation Satellite System has been completed to 
became the fourth major navigation system following U.S. GPS, European GALLILEO, Russian 
GLONASS. The services rendered by navigation systems will bring enormous benefit to social 
economy and livelihood activities, while GPS is most widely used at present [1-7]. In order to 
respond actively to the use of Beidou Navigation System, a 3dB electric bridge which is 
compatible with GPS L1 and BD B1 frequency bands has been proposed herein.  

2. Selection of design scheme and design principle 

2.1. Selection of design scheme 

The standing-wave ratio (SWR) at the input port of microwave network reflects the degree of 
matching with input port. The SWR is expressed as follows: 
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For microwave network, the reflective wave due to impedance Matching causes power loss. 
There are two methods of impedance matching: conjugated matching and non-reflection 
matching. In order to adapt to most microwave circuits, the input port is matched to 50Ω. At 
the same time, the reflection coefficient at the input port reflects the degree of matching with 
the microwave network ports, being an index of microwave network design [8, 9]. The common 
device includes 3dB electric bridge, directional coupler, power distributor, Wilkinson Power 
Divider and phase shifter.  

Both the power distribution bandwidth and phase bandwidth of Wilkinson Power Divider and 
phase shifter’s microwave network are relatively wide with satisfactory performance. In the 
design herein, however, the microwave network is of narrow bandwidth. Furthermore, the 
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network design is complicated with many parameters to be optimized. As conventional 
microwave network may also satisfy the design requirements herein, the 3dB design scheme is 
selected given that the processing price of directional coupler and power distributor is higher 
than that of 3dB electric bridge.  

The common 3dB electric bridge is of ring or square structure. The 3dB electric bridge of ring 
structure is shown in Figure 1 below.  

 
Figure 1 3dB electric bridge of ring structure 

Port 1 is input port; ports 2 and 4 are output ports which output continuous signals at a power 
that is half of input power. The phase difference of transmission is 90° from port 1 to port 2, 
270° from port 1 to port 4, and 180° from port 2 to port 4. There is no output of port 3. 

Figure 2 shows a 3dB electric bridge with two-stage cascade for the purpose to expand the 
bandwidth. However, the expansion of bandwidth also results in extension of microstrip lines 
and increased loss. Therefore, a compromised solution should be sought between bandwidth 
and transmission parameters in the design. Port 1 is input port; ports 3 and 4 are output ports. 
Generally, when dual polarization is not required, absorption resistance may be added to port 
2 to improve the isolation degree of the two output ports. In an ideal condition, the output 
power of ports 3 and 4 are equal and half of input power, with a phase difference of 90°.  

 
         (I)  Two-stage 3dB electric bridge       (II) 3dB electric bridge 

Figure 2 3dB electric bridge with two-stage cascade 

The 3dB electric bridge of ring structure is of simpler design with less parameters to be 
optimized. However, the ring structure will result in increased size of microwave network. In 
this design, a square 3dB electric bridge is selected. In addition, since it only needs to cover GPS 
L1 and BD B1 navigation frequency bands other than all frequency bands, the single-stage 3dB 
electric bridge is adopted in the design scheme to recue the loss of microstrip lines.  

2.2. Design principle 

As 3dB electric bridge is geared to symmetric four-port network, it can be simplified as a 
symmetric reciprocal two-port network in even and odd mode analysis. Therefore, an electric 
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bridge geared to symmetric two-port network is adopted to explain the basic principle of even 
and odd mode analysis.  

According to the definition of reflection coefficient and transmission coefficient, the reflective 
coefficient 厂 and transmission coefficient T of original network are as follows:  

 

 
Upon foregoing analysis, it can be learned from the symmetry and reciprocity of network that 
the scattering parameter of two-port symmetric network is: 

 
According to foregoing design principle and in order to adapt to most microwave circuits, the 
input port may be matched to 50Ω. The resistance value of each section of microstrip line can 
be calculated, as shown in Figure 3. 

 
Figure 3 resistance value of each section of microstrip line 

 
Figure 4 Calculated length and width in the software 

As dielectric constant of FR4 dielectric slab will change at different temperature, RO4003 is 
selected as the dielectric material. The dielectric slab has a dielectric constant of 3.55 with a 
slab height of 0.72mm and is characterized by less dielectric loss. The copper clad thickness of 
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microstrip line has insignificant influence to the performance of microwave network. At the 
same time, in order to reduce the processing price, the routine cooper clap with a 35μm-thick 
conventional copper lab of microstrip line is selected.  

The designed frequency points are GPS L1 and BD B1, with a working central frequency of 
1.55GHz. The length and width of each section of microstrip line is calculated with microstrip 
calculator by inputting the resistance value of microstrip line, dielectric constant, thickness and 
loss of dielectric slab and the thickness of microstrip line, the result of which is shown in Figure 
4.  

Modeling is carried out with electromagnetic simulation software based on the data of 
microstrip line as shown in Figure 4. The process is divided into modeling process and 
optimization process.  

3. Simulation design and modeling process 

1)  By setting the coordinates and dimensions, dielectric slab is at the center of coordinates. Set 
the dielectric material to increase the bound of microwave network to electromagnetic wave. 
The other side of dielectric slab should be covered by copper clad.  

2)  Use txline to calculate the width and length of microstrip line. The thickness is set to 35μm. 
At the same time, in order to facilitate subsequent optimization, the width and length of 
microstrip line are set as variables.  

3)  The initial value of the length of each section is set to one fourth of wave length, namely, 90°. 

4)  Optimizable variables (Figure 5). 

 
Figure 5 Setting of optimizable variables 

5)  The microstrip line is set as copper. Furthermore, the isolation resistance R is added. 
Generally, it is 50Ω or 100Ω. 

6)  The 90° break angle of microstrip line will result in resistance mismatching and lead to 
parasitic radiation. Therefore, the 90° break angle should be substituted with corner cut.  

7)  Place the dielectric slab in the shielding box to prevent electromagnetic radiation. By the 
same token, use variables to indicate the coordinates, so as to prevent model error during 
optimization.  

8)  In order to improve simulation accuracy, the absorption boundary is set.  

9)  Set the solution result, S11, S12, S13, VSWR and the phase difference between S12 and S13. 

10) Establish physical model (see Figure 6).  
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Figure 6 Physical model of electric bridge 

4. Simulation and optimization result 

Optimize the parameter sweeps. The objective of optimization: The smaller the S11 and VSWR, 
the better. The transmission coefficient of S12 and S13 is close to -3.1dB. After addition of loss, 
it may be extended appropriately to -3.2dB. The phase difference between S12 and S13 is 
between 85°-95°. The bandwidth is centered at 1.55GHz, covering the two navigation frequency 
points of GPS L1 and BD B1.  

Where, S11 and VSWR represent the resistance matching degree at input port, indicating the 
reflective coefficient and SWR of port 1 respectively. The smaller the reflection coefficient, the 
higher the matching degree of port; the smaller the reflection power, the greater the energy fed 
into microwave network; SWR refers to the ratio of the antinode voltage's amplitude to the 
trough voltage’s amplitude. When the SWR is 1, it indicates the resistance of feedline and 
antenna is totally matched, without reflection loss of energy. Therefore, the smaller the SWR, 
the higher the matching degree of port and the less reflection loss of energy. S23 represents the 
isolation degree of Ports 2 and 3. It is defined as the ratio of power of signal leakage to other 
ports to the input power. When the isolation degree is small, it means there is less energy leaked 
from port 2 to port 3. S12 and S13 represent the transmission coefficient from port 1 to ports 
2 and 3. -3dB means energy input from port 1 is evenly divided into two channels when it passes 
the 3dB electric bridge and output from ports 2 and 3.  

After optimization, the GPS L1 field distribution of novel 3dB electric bridge is shown in Figure 
7. 
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Figure 7 GPS L1 field distribution of novel 3dB 

After optimization, the BD B1 field distribution of novel 3dB electric bridge is shown in Figure 
8.  
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Figure 8 The BD B1 field distribution of novel 3dB electric bridge 

It can be learned from above that the field distribution of 3dB electric bridge is basically 
symmetric, with signals transmitted from port 1 to two output ports. The energy strength is 
basically the same but the phase is obviously not synchronized.  

After optimization, the changes of parameters are shown in Figure 9.  

After optimization of parameter sweep, the coefficients at the central frequency of 1.55GHz is 
shown in Figure 9. It can be seen that after optimization of parameter sweep, the optimization 
requirements are satisfied, that is, the S11, S23 and VSWR are as smaller as possible and the 
transmission coefficient of S12 and S13 is close to -3.1dB with a phase difference between 85°-
95°. 

 

 
(a) Comparison of parameters 
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(b) S11(dB) 

 
(c) VSWR 

 
(d) S12, S13(dB) 
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(e) Phase difference between S12 and S13 

Figure 9 Change of parameters after optimization 

5. Conclusion 

Based on the design principle of microwave circuits, a 3dB electric bridge with compatibility 
with GPS and BD navigation frequency bands is designed herein to cover both GPS L1 and BD 
B1 navigation frequency bands, thus achieving division of input signals into two channels with 
a phase difference of 90°. First, the working principle of 3dB electric bridge is introduced. On 
this basis, the length of each section of microstrip line is bounded mathematically to achieve 
output to specific position. Through simulation optimization, S13 and S14 are between -
3.1dB～-3.2dB with a loss of 0.2dB, which is allowed in engineering application. The phase 

difference between S13 and S14 is between 85°～95° with an error of ±5°, satisfying the 
demand of engineering design.  
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