
Sensors & Transducers, Vol. 179, Issue 9, September 2014, pp. 201-206 

 201

   
SSSeeennnsssooorrrsss &&& TTTrrraaannnsssddduuuccceeerrrsss

© 2014 by IFSA Publishing, S. L. 
http://www.sensorsportal.com 

 
 
 
 
 

A Novel Compact Planar Phase Shifter  
with a Microstrip Radial Stub  

 
1, 2 Weimin WANG, 1, 2 Yuanan LIU, 1, 2, 3 Yongle WU 

1 School of Electronic Engineering, Beijing University of Posts and Telecommunications,  
Beijing, 100876, China 

2 Beijing Key Laboratory of Work Safety Intelligent Monitoring,  
Beijing University of Posts and Telecommunications, 100876, China 

3 The State Key Laboratory of Millimeter Waves, Southeast University, Nanjing, China 
1 Tel.: +86-10-62282698-207, fax: +86-10-62281558 

E-mail: wangwm@bupt.edu.cn 
 
 

Received: 13 June 2014   /Accepted: 29 August 2014   /Published: 30 September 2014 
 
 
Abstract: This paper presents a novel compact phase shifter with simple planar structure. The configuration 
consists of a microstrip line and a microstrip radial stub to implement wide-band phase shifting functions. 
Changing the length of the microstrip line and the angle of the radial stub, arbitrary phase differences can be 
obtained. For demonstration purpose, a 45° and 90° phase shifter are designed, fabricated and measured. The 
good agreements verify our proposed structure and design method. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

Phase shifters are widely used in many 
microwave circuits. They are most important 
components in phase-array antenna systems in which 
they are used to control phases. With the 
development of wireless communications, more and 
more compact and simple phase shifters are needed. 
Phase shifters can be made of coupled lines [1] and 
microstrip lines [2] for simple structures. To get 
larger bandwidth for coupled-line structure, tighter 
couplers are needed which increases the difficulty of 
fabrication [3]. To avoid using too closed coupled 
lines, [4] proposed a structure of two layers of 
microstrip substrate to get tight coupling performance 
through locating an elliptical slot in the mid layer. 
But the multilayer substrate leads to high complexity 
and cost. Compared to [1, 5-7] presented the 
modified Schiffman phase shifters with a patterned 

ground structure, which has the drawback of bringing 
serious radiation in this structure. Transmission-line 
phase shifters have planar structures. They always 
use open or shorted stubs loaded onto a long 
transmission line to realize phase shifters [8, 9]. But 
these structures often need a large ground and high 
impedance stubs which lead to a big size circuit 
board. Other methods have been presented to realize 
phase shifters [10-13]. But using reactive components 
in [10-12] and a vertically installed coupling structure 
in [13] are not suitable for mass production. 

In this paper, a novel compact planar phase shifter 
is presented. The structure of the phase shifter is very 
simple which is composed of a microstrip line and a 
microstrip radial stub. As an alternative to the 
conventional straight stub, the radial stub has the 
advantages of a very low characteristic impedance 
and an accurate localization of the impedance 
reference plane [14, 15]. The phase shifter can realize 
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any phase shift degrees flexibly with the transmission 
line of different electrical length. Through adjusting 
the radius and the sector angle of the radial stub, 
phase shifters with good performance can be 
achieved. The available design parameters of typical 
examples are presented. Two phase shifters of 
90° and 45°  phase degree are designed, fabricated, 
and measured. The calculated and measured results 
verify our proposed idea. 
 
 
2. The Proposed Circuit and Design 

Approach 
 

The circuit configuration of the proposed phase 
shifter is shown in Fig. 1. The structure consists of a 
microstrip line which characteristic impedance is 
50 Ω and a shunt microstrip radial stub which 
characteristic impedance is defined by its geometry 
parameters. The geometries and the parameters of 
the shunt radial stub are shown in Fig. 2. Parameters 
ϕ  (sector angle of the radial stub) and or  are to be 

determined. The input impedance of the radial  
stub is [16] 
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where e 02π /β ε λ= , eε  is the equivalent relative 

permittivity of the microstrip with the width of 
( )sin( / 2)i ow r r ϕ= + , and γ  is the Euler-Mascheroni 

constant (0.5772). 
 
 

 
 

Fig. 1. The circuit configuration of the proposed phase 
shifter with a microstrip radial stub. 
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Fig. 2. Geometries and parameters of the microstrip  
radial stub. 

From equation (1), it can be observed that the 
input impedance of the radial stub is decided by or  

and ϕ  if ir  is a constant value. To simplify the 

calculation process, a simulation ADS tool is used to 
calculate the impedances of the radial stub. 

Fig. 3 shows the calculated input impedances of 
the radial stub with different or  and different ϕ . 

Since the input impedance of the shunt radial stub is 
reactance, the modulus of the input impedance values 
is shown in Fig. 3. From Fig. 3, we can see that the 
values of or  and ϕ  affect the input impedances of 

the radial stub, thereby they can affect the frequency 
band of the phase shifter. By selecting suitable values 
of or  and ϕ , phase shifters with good performance 

can be achieved. 
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(b) 
 

Fig. 3. The calculated input impedances(modulus) of the 
radial stub with (a) different or  and (b) different ϕ . 

 
 

As illustrated in Fig. 4, the radial stub with 
different ϕ  causes different frequency band of the 

phase shifter. The smaller value of ϕ is, the broader 

band of the phase shifter can be achieved. To 
equalize larger bandwidth and fabrication technique, 
the value of ϕ  is always not smaller than 10°. 



Sensors & Transducers, Vol. 179, Issue 9, September 2014, pp. 201-206 

 203

1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6
-135

-120

-105

-90

-75

-60

-45

ph
as

e(
S

21
)-

ph
as

e(
S

43
),(

D
eg

re
e)

=9
0d

eg

Frequency(GHz)

 Sector angle=10deg
 Sector angle=20deg
 Sector angle=30deg
 Sector angle=40deg

 
 

Fig. 4. The phase differences of the proposed phase shifter 
with different ϕ . 

Fig. 5 presents the ideal scattering parameters and 
phase differences of four typical phase shifters with a 
radial stub of 39.7 mmor = , 20ϕ = °  at the 

frequency of 2.6 GHz . From Fig. 5, we can see that 

whenever the phase differences are 30° , 45° , 60°  
and 90° , the values of 11S  are all below 20 dB− in the 

whole frequency band. The center frequency of phase 
shifters happens at 2.8 GHz  (phase-shift degrees are 

30° , 45° , 60° ) and 3.2 GHz  (phase-shift degree is 

90° ) respectively shown in Fig. 5(c). Since the phase 
shift degree of 90 10° ± °  is obtained across the 
frequency range of 2.23 GHz - 3.46 GHz  (including 

2.8 GHz - 3.2 GHz ), the performance of the phase 

shifter is acceptable. 
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(c) 
 

Fig. 5. The calculated results of four typical phase shifters (phase shift degree is 30° , 45° , 60° , 90°  respectively)  
with a radial stub of 39.7 mmor = , 20ϕ = ° : (a) scattering parameter of 11S , (b) scattering parameters of 33S ,  

(c) phase differences. 
 
 

3. Examples 
 

To verify the proposed idea experimentally, two 
typical examples are designed, fabricated, and 

measured. The first phase shifter (A) is for 90°  phase 
shift. The second phase shifter (B) is for 45° phase 
shift. F4B with a dielectric constant of 2.65 and a 
thickness of 1 mm is used as the substrate. The 
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corresponding microstrip layout with defined 
physical parameters is determined as demonstrated  
in Fig. 6. 
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Fig. 6. The layout of the designed phase shifter. 
 
 

Fig. 7 shows the photographs of the fabricated 
phase shifters. To demonstrate the relationship 
between the frequency band of the phase shifter and 
the angle ϕ  of the radial stub, the value of ϕ  is 

selected 20°  and 10°  respectively. The parameters 
of phase shifter A are 1 40 mml = , 2 20 mml = , 

o 39.6 mmr = , 20ϕ = ° . The parameters of phase 

shifter B are 1 30 mml = , 2 20 mml = , 

o 39.6 mmr = , 10ϕ = ° . 
 
 

 
 

(a) 
 

 
 

(b) 
 

Fig. 7. The photographs of the fabricated phase shifters 
(a) A and (b) B. 

Fig. 8 presents the simulated and measured results 
of the fabricated phase shifters.  

From Fig. 8(b), we can get that phase shift degree 
of 90 10° ± °  is obtained across the frequency range 
of 2.63 - 3.38 GHz  (simulated) and 2.82 - 3.51 GHz  

(measured). From Fig. 8(c), we can obtain that phase 
shift degree of 45 5° ± °  is obtained across the 
frequency range of 2.64 - 3.06 GHz  (simulated) and 

2.51 - 3.06 GHz  (measured).  

The results show that the frequency band of the 
fabricated phase shifter has some deviation from the 
simulated. Since all the values of 11S with phase 

shifter A are all below 13dB− , and the values of 11S  

with phase shifter B are all below 15 dB− , the 

influences are acceptable in practical application. The 
simulated and measured results verify the availability 
of the proposed structure. 
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Fig. 8 (a). The simulated and measured results of the 
fabricated phase shifters S parameters of A. 
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Fig. 8 (b). The simulated and measured results of the 
fabricated phase shifters phase difference of A. 
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Fig. 8 (c). The simulated and measured results of the 
fabricated phase shifters S parameters of B. 
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Fig. 8 (d). The simulated and measured results of the 
fabricated phase shifters phase difference of B. 

 
 
4. Conclusions 
 

A novel compact phase shifter with a radial stub 
is proposed. The proposed structure is planar and 
simple. The parameters which influence the input 
impedances of the radial stub and the frequency band 
of the phase shifter are analyzed. The design 
parameters of typical examples for phase shifters are 
illustrated. Two phase shifters are designed, 
fabricated and measured. The simulated and 
measured results verify the designed structure and the 
analysis. It is believed that the proposed structure 
offers an alternative where simple and planar phase 
shifters are required. 
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