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Abstract 
 

In this paper, the characteristics of the phase shifter are 

investigated when connecting micropelax segments. To 

change the phase at the output of devices, it is necessary 

to connect or disconnect the sections of the microwave 

line with the help of pin-diodes installed in the structure. 

Thus it was obtained that the proposed method allows to 

expand the possibilities of using phase shifters. The 

electrodynamic analysis of the proposed design was 

implemented in the NI-AWR program. 

 

1. Introduction 
 

To date, developers around the world are conducting 

research aimed at improving the theory and technology of 

phased array antennas (FAS) and expanding the field of 

their application [1,2]. With the aid of an electrically 

controlled device, it is possible to control the orientation 

of the beam of the antenna array in space, for this the 

phase between the emitters must vary in the process of 

operation according to a certain law. Controlled devices 

with lumped elements contain elements with electrically 

controllable parameters. 

 

The principle of their work is that under the influence of 

current or voltage, the parameters of the elements that 

make up such a device change. So it is worth highlighting 

semiconductor pin-structures, which due to their relative 

simplicity could find the widest application in the designs 

of phase shifters (FS). Devices that are able to control the 

phase of the signal in the microwave path are called phase 

shifters. Phase shifters can be divided into two main 

groups: semiconductor and ferrite. 

 

For such devices, the main parameters are: the number of 

different phase states, the phase shift, its stability, the 

operating frequency band, etc. Thus, in order to control 

the excitation phase of the radiators, as a rule, phase 

shifters of discrete action are used in the array of antenna 

arrays. The merits of semiconductor phase shifters include 

small size and weight, high switching speed, simplicity of 

control devices. In order to realize these advantages in 

practice, semiconductor phase shifter are manufactured in 

strip and microstrip design, which makes it possible to use 

cheap technology for the production of printed circuits. 

 

To date, the following types of phase shifter are widely 

known: a loaded line, a switched line and based on 

quadrature couplers [3-12]. However, today well-known 

phase shifters are not used in their usual design, they are 

subject to various circuitry solutions that increase their 

effectiveness. In this paper, we will investigate the 

possibility of connecting additional microstrip segments 

using pin-diodes, which will increase the number of 

possible phase variations at the output of the phase shifter. 

 

2. Design 
 

Initially, standard designs of phase shifters were designed 

in the AWR program [13]. The material used was a 

standard FR-4 microwave material, with a dielectric 

constant ε = 4.4, a dielectric loss tangent tanδ = 0.02, and 

a thickness h = 1 mm. For greater reliability of the 

obtained results, the models used real capacitances and 

pin-diodes. 

 

Initially, a phase shifter based on a quadrature coupler 

was investigated, with a standard implementation, the 

phase shifter can provide only one phase change at the 

output of the device, which limits its use. Therefore, a 

design solution is used that will eliminate this drawback 

by connecting an additional loop. This allows you to get 

three different phase values at the output of the device 

when switching the state of the p-i-n-diodes. It should be 

noted that in order to eliminate the influence of the power 

systems of two separate p-i-n-diodes, a capacitor was 

added to the segment of the additional pluggable loop, 

which provides a DC break. 

 

The topology of the three-position phase shifter is shown 

in Fig. This design allows you to get a phase change of 

45, 90 and 180 degrees, respectively. The principle of 

operation of such a phase shifter remains the same and is 

based on connecting or disconnecting additional sections 

of microwave lines that extend the path of the wave along 

the microstrip line, thus providing the necessary phase 

shift. 

 



When the p-i-n-diodes are open, the microwave signal 

travels to the end of the microstrip line from it and passes 

to the output of the phase shifter, from where the signal is 

already fed to the input of the radiator. The characteristics 

of the proposed construction are shown in Fig. 2-3. In the 

frequency band 1.9-2.1 MHz, the insertion loss level does 

not exceed 1.5 dB, the level of return loss is not worse 

than 13 dB. Allows you to obtain a phase change at the 

output of 45.90 and 180 degrees. 

 

 

Figure 1. The topology of the phase shifter 

 

 

Figure 2. Graph of the dependence of the S-parameters 

on the frequency 

 

 

Figure 3. Phase value depending on the applied voltage 

 
The next design for the study is a phase switch of the 

"switched line" type. The topology of the three-position 

phase shifter is shown in Fig. The principle of operation 

of such a phase shifter is based on switching between 

microwave lines of different length, thus providing the 

necessary phase shift. Depending on the length of the 

selected segment, the phase entering the output of the 

phase shifter will change. 

It is worth noting that to implement additional phase shifts 

on the phased rotator of the "switched line" type, it is 

necessary to have the overall microstrip capacitances in 

the diode supply system to replace the capacitors with the 

chip, this will allow increasing the number of possible 

phase variations at the output of the phase shifter. The 

characteristics of the proposed construction are shown in 

Fig. 5-6. In the frequency band 1.9-2.1 MHz, the level of 

insertion loss does not exceed 1.2 dB, the level of return 

loss is not worse than 15 dB. Allows you to obtain a phase 

change at the output of 0, 47 and 240 degrees. 

 

 

Figure 4. The topology of the phase shifter 

 

 

Figure 5. Graph of the dependence of the S-parameters 

on the frequency 

 

 

Figure 6. Phase value depending on the applied voltage 



 

The last design for the study is a phase-shifter of the 

"loaded line" type. The topology of the three-position 

phase shifter is shown in Fig. The characteristics of the 

proposed construction are shown in Fig. 8-9. In the 

frequency band 1.9-2.1 MHz, the insertion loss level does 

not exceed 1.5 dB, the level of return loss is not worse 

than 13 dB. Allows you to get the phase change at the 

output at 0, 15 and 26 degrees. 

 

 

Figure 4. The topology of the phase shifter 

 

 

Figure 5. Graph of the dependence of the S-parameters 

on the frequency 

 

 

Figure 6. Phase value depending on the applied voltage 

 

 

 

 

3. Conclusion 
 

In this paper, three designs of widely known phase shifter 

were designed - this is based on quadrature bridges, a 

loaded line, a switched line. By connecting additional 

loops, we received an additional phase change at the 

output of the phase shifter. The magnitude of the 

controlled phase shift is controlled by the state of the pin-

diodes, which allow you to disconnect or connect 

additional sections. As a result of the simulation, good 

values of PFC and SWR were obtained. The proposed 

method for implementing phase shifts can be used in the 

array of antenna arrays. They can also be manufactured 

using standard methods of manufacturing printed circuit 

boards. 

 

6. Acknowledgements 
 

Author are grateful for the simulation software NI-AWR 

Design Environment provided by the National 

Instruments Company. The research was executed by the 

grant of the Ministry of education and science of the 

Russian Federation (project № 8.2538.2017/4.6). The 

research was performed on equipment of the Urals 

Federal University common use center. 

 

7. References 
 

1. Constantine A. Balanis, « Antenna Theory: Analysis 

and Design», John Wiley & Sons, 2005. 1136 p. 

 

2. Sergey Knyazev, Sergey Shabunin, “Antenna Systems 

for the Meteorological Radar Design” // Radar 

Conference, 2006. EuRAD 2006. 3rd European, DOI: 

10.1109/EURAD.2006.280310 

 

3. Yulin Huang, Jingfu Bao, Xinyi Li, Yiling Wang, Yijia 

Du.,“ A 4-bit switched-line phase shifter based on MEMS 

switches”// Nano/Micro Engineered and Molecular 

Systems (NEMS), 2015 IEEE 10th International 

Conference. DOI: 10.1109/NEMS.2015.7147454. 

 

4. Jun Zhang, S.W. Cheung, Qi Zhu, “Design of 180°-

switched-line phase shifter with constant phase shift using 

CRLH TL” // Antennas and Propagation Society 

International Symposium (APSURSI), 2014 IEEE. DOI: 

10.1109/APS.2014.6904504. 

 

5. Y. Du, J. Bao, Z. He, J. Jiang., “A X-band switched-

line 5-bit phase shifter with RF MEMS multithrow 

switches” // Nano/Micro Engineered and Molecular 

Systems (NEMS), 2013 8th IEEE International 

Conference. DOI: 10.1109/NEMS.2013.6559735. 

 

6. Puneet Anand, Sonia Sharma, Deepak Sood, C.C. 

Tripathi, “Design of compact reconfigurable switched line 

microstrip phase shifters for phased array antenna” // 

Emerging Technology Trends in Electronics, 

Communication and Networking (ET2ECN), 2012 1st 

http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.%20Yulin%20Huang.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.%20Jingfu%20Bao.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.%20Xinyi%20Li.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.%20Yiling%20Wang.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.%20Yijia%20Du.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.%20Yijia%20Du.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Jun%20Zhang.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.S.W.%20Cheung.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Qi%20Zhu.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Y.%20Du.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.J.%20Bao.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Z.%20He.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.J.%20Jiang.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Puneet%20Anand.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Sonia%20Sharma.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Deepak%20Sood.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.C.C.%20Tripathi.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.C.C.%20Tripathi.QT.&newsearch=true


International Conference. DOI: 

10.1109/ET2ECN.2012.6470078. 

 

7. Zheng Mao, Fan Yong, “Improvement of the Design of 

Switched-Line Phase Shifter” // Microwave Conference, 

2008 China-Japan Joint. DOI: 

10.1109/CJMW.2008.4772380. 

 

8. B. Vasudev Anand, E. S. Shajahan, M. S. Bhat, “Stub 

mounted loaded line phase shifter using novel RF MEMS 

switch” // Electron Devices and Solid State Circuit 

(EDSSC), 2012 IEEE International Conference. DOI: 

10.1109/EDSSC.2012.6482859. 

 

9. Mohsen Sazegar, Arshad Mehmood, Yuliang Zheng, 

Holger Maune, Xianghui Zhou, Joachim Binder, Rolf 

Jakoby, “Compact tunable loaded line phase shifter based 

on screen printed BST thick film” // Microwave 

Conference (GeMIC), 2011 German. 

 

10. Xinyi Tang, Koenraad Mouthaan, “Loaded-line phase 

shifter with enlarged phase shift range and bandwidth” // 

Microwave Conference (EuMC), 2010 European. DOI: 

10.23919/EUMC.2010.5616342. 

 

11. H.A. Atwater, “Circuit Design of the Loaded-Line 

Phase Shifter” // IEEE Transactions on Microwave 

Theory and Techniques. DOI: 

10.1109/TMTT.1985.1133038. 

 

12. Johannes Herrnsdorf, Michael John Strain, Erdan Gu, 

Robert K. Henderson, Martin D. Dawson, “Positioning 

and Space-Division Multiple Access Enabled by 

Structured Illumination With Light-Emitting Diodes” // 

Journal of Lightwave Technology, 2017. 

DOI: 10.1109/JLT.2017.2672864. 

 

13. Zhe Chen, Dushyantha A. Basnayaka, Harald Haas, 

“Space Division Multiple Access for Optical Attocell 

Network Using Angle Diversity Transmitters” // Journal 

of Lightwave Technology, 2017. 

DOI: 10.1109/JLT.2017.2670367.  

 

14. Harold Seidel, Warren N.J. Coupling networks having 

broader bandwidth than included phase shifters. Patent 

US N 3748601. 

 

15. http://www.ni.com/rf/awr/ 

 

http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Zheng%20Mao.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Fan%20Yong.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.B.%20Vasudev%20Anand.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.E.%20S.%20Shajahan.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.M.%20S.%20Bhat.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Mohsen%20Sazegar.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Arshad%20Mehmood.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Yuliang%20Zheng.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Holger%20Maune.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Xianghui%20Zhou.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Joachim%20Binder.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Rolf%20Jakoby.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Rolf%20Jakoby.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/xpl/mostRecentIssue.jsp?punumber=5754332
http://ezproxy.urfu.ru:2160/xpl/mostRecentIssue.jsp?punumber=5754332
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Xinyi%20Tang.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Koenraad%20Mouthaan.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/xpl/mostRecentIssue.jsp?punumber=5606055
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.H.A.%20Atwater.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Johannes%20Herrnsdorf.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Michael%20John%20Strain.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Erdan%20Gu.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Robert%20K.%20Henderson.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Martin%20D.%20Dawson.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/xpl/RecentIssue.jsp?punumber=50
https://ezproxy.urfu.ru:4262/10.1109/JLT.2017.2672864
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Zhe%20Chen.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Dushyantha%20A.%20Basnayaka.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Harald%20Haas.QT.&newsearch=true
http://ezproxy.urfu.ru:2160/xpl/RecentIssue.jsp?punumber=50
http://ezproxy.urfu.ru:2160/xpl/RecentIssue.jsp?punumber=50
https://ezproxy.urfu.ru:4262/10.1109/JLT.2017.2670367

