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Abstract 
 

This paper studies such microstrip device as crossover. 

The dimensions of this device were reduced by simple 

substitution of quarter-wave segments with an artificial 

transmission line consisting of a microstrip line with 

open-circuit stubs of various lengths connected to it. The 

entire design process was performed in AWR Design 

Environment 12 three-dimensional electrodynamic 

simulation software. A prototype with central frequency 

of 1000 MHz was produced based on the obtained 

calculations. Using the vector network analyzer, 

experimental dependencies were obtained. The obtained 

crossover surface area was reduced by 71% as compared 

to standard design. 

 

1. Introduction 
 

Today there is a broad variety of microstrip devices, for 

example phase inverters, power dividers, tees, crossovers 

etc. This paper studies the crossover layout, based on 

structural scheme shown in fig. 1. Wave resistance values 

used in the scheme: Z1=69.9 Ohm, Z2=48.3 Ohm, 

Z3=40.1 Ohm, Z4=31.9 Ohm. This device is used in cases 

when it is necessary to transmit the signal during 

intersection of microstrip segments. However, it is worth 

noticing that if such devices are used for low-frequency 

operation, their usage is impractical due to their large 

dimensions.  

 

This is why it is necessary to reduce the dimensions of the 

device by various methods, along with preserving the 

characteristics within a broad frequency band. Various 

methods of miniaturization have been invented by now 

[1-18]. For example in [1] geometrical sizes are 

decreasing by quasi – lumped elements, periodical 

capacitance in [2], non – symmetrical T – shaped 

structures [3], retarding structures [4,5], fractals [6], high 

resistance structures [7], loaded lines [8], inter-digitated 

capacitor [9]. There are also a lot of other various 

methods of miniaturization of microstrip devices [10-13]. 

The latest author’s works involve development of small 

traditional microstrip couplers as well [14]-[18]. 

However, not all methods allow preserving the 

characteristics within a broad frequency band. This paper 

suggests using such design solution as substitution of all 

microstrip sections with artificial transmission lines. 

 

 

Figure 1. Crossover layout 

 

2. Method 
 

A crossover is a passive microwave device providing 

signal transmission during crossing of the lines. Usually 

such devices are used in antenna array beam-forming 

network circuits. Before circuit modeling a central 

frequency of 1 GHz was selected and FR-4 was selected 

as substrate material with dielectric permeability of ε = 

4.4 and thickness of h = 1 mm  

 

Special electromagnetic analysis software – AWR DE, 

was used in design process. With its help the layout of a 

conventional crossover was obtained (see fig.1). Fig. 2, 3 

show its frequency characteristics, obtained as a result of 

circuit analysis. The device surface area equals 47.5 mm x 

121.6 mm = 5776 mm
2
. 

 

 

Figure 2. Conventional crossover layout 



 

Figure 3. S-parameters versus frequency dependence 

 

 

Figure 4. Output port phase 

According to analysis results we can see that the working 

band by propagation ratio (1 dB from minimum loss 

level) is 447 MHz. The propagation ratio at central 

frequency equals -0.9 dB. Since the device is 

symmetrical, input change does not affect the propagation 

ratio. S11, S21, S41 matching and decoupling ratios are 

lower then -15 dB level throughout the entire working 

band. The propagation ratio phase value at the central 

frequency is 44°.  

 

In order to eliminate such disadvantage as large 

dimensions, we performed the miniaturization process 

using artificial transmission lines. The artificial line 

consists of a microstrip line (inductor), to which open-

circuit stubs of varying lengths are connected (capacitors). 

Such structures possess characteristics similar to those of 

conventional shape sections. Using such compact artificial 

lines allowed to obtain a compact layout, which is shown 

in fig. 5. Frequency characteristics obtained in the 

software are shown in fig. 6,7. 

 

 

Figure 5. Compact crossover layout 

 

 

Figure 6. S-parameters versus frequency dependence 

 

 

Figure 7. Output port phase 

From the obtained results it can be seen that the crossover 

operates at a central frequency of 1000 MHz. The 

propagation ratio at the working frequency decreased to 

the value of 1.05 dB. The working band is 280 MHz. It is 

also seen that the uncoupling with non-operating outputs 

is provided at the level of -20 dB throughout the entire 

working frequency band. The output phase angle is 43°. 

 

3. Measurement  
 

Then, according to the obtained data, a crossover is 

produced by means of PCB etching. The surface area of 

the produced device is 26.1 mm x 64.4 mm = 1680.8 

mm2. Its picture is shown in fig. 8. The frequency 

characteristics obtained with R&S vector network 

analyzer are shown in fig. 9-10. 

 

 

Figure 8. Compact crossover model 



 

 

Figure 9. S-parameters versus frequency dependence 

 

 

Figure 10. Output port phase 

We determined from frequency dependencies that the 

crossover operates at the central frequency of 1000 MHz 

and has a working frequency band equal to 276 MHz. The 

propagation ratio at central frequency is -1.05 dB. 

 

The coefficient of reflectivity of the input port is lower 

than -20 dB value throughout the entire frequency band. 

The output phase angle is 49°. All the obtained data are 

summarized in Table 1. 

TABLE I.  Compares the numerical and measured results 

Parameters Standard Compact 

Bandwidth, MHz 447 276 

Relative band, % 44.6 27.6 

Area, mm
2
 5776 1680 

Relative area, % 100 29 

Center frequency, MHz 1001 1000 

 hase output port    44 49 

 

3. Conclusion 
 

This paper describes successful reduction of crossover 

surface area by 71% as compared to conventional layout, 

by simply substituting the microstrip sections with 

artificial transmission lines. The entire process of creating 

the compact device is carried out in AWR DE 12 

electrodynamic simulation software. A prototype was 

produced using the PCB etching method, and its 

dependencies were measured by R&S vector network 

analyzer. As a result of miniaturization, the propagation 

ratio value increased by 0.15 dB and reached the value of 

-1.05 dB. The working frequency band was reduced by 

17%. 
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