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Abstract — Losses in the phase shifters of phased arrays are 
one of the main limitations of these reconfigurable antennas. This 
contribution presents the design and measured results of variable 
phase shifters on triplicate suspended transmission lines in the 
microwave X-band for variable pointing radar applications. The 
antenna assembly remains passive and with a very low level of 
losses in the power distribution network and the phase shifters. 
PIN or varactor diodes are used to control the load on the 
transmission line. Each of these components has advantages and 
disadvantages that are discussed are presented in the 
communication. 
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I. INTRODUCTION 

Phase shifters are essential circuits for phased array 
antennas. Fig. 1 shows a typical phased array antenna structure, 
in which phase shifters are used to provide phase increments to 
each array radiant element and point the beam at different 
directions. On transceivers, phase shifters should either be 
digital or programmable to control the phase in a way that is 
adaptable to dynamic system scenarios [1-2]. Digital phase 
shifters may have diverse topologies, but in general there are 
two different technologies. The first technology works with a 
fixed phase difference and the second controls the phase shift 
of a network by switching circuits. There are six types of digital 
phase shifters, each with its own limitations: serial connections 
(for narrowband), reflection (poor coupling), charged line 
connection (only for small number of bits), low-pass to high-
pass switching (high insertion losses), switched network 
(suitable for 180° bits only) and FET integrated circuits 
(suitable for small phase bits) [2]. 

Commercial phase shifters in the form of integrated circuits, 
both with analog and digital control, have the virtue of their low 
cost, broadband and large phase-control range, but have high 
losses and a very limited working power level [3]. 

The best options for the design of constant phase circuits are 
switching networks and load line techniques [4,5]. These linear 
phase designs are widely used in phased array type antenna with 
realtime delay [4]. 

Although there are a variety of phase shift circuits, load line 
circuits offer simplicity, low insertion losses and good 
performance for small phase changes [5]. Similarly, these 
circuits are characterized by their simplicity of manufacture and 
allow low insertion losses, especially for phase changes of less 
than 90° [6]. Due to the misadaptation that occurs with a 90° 
phase shift circuit, the use of load line phase shifting circuits is 
limited to small phase shifts. 

This contribution presents the design of triplicate suspender 
passive devices and variable phase shifters loaded on a 
suspended transmission line in the X-band for variable pointing 
radar applications. 

II. LOADED LINE PHASE SHIFTER ON A SUSPENDED 

TRANSMISSION LINE 

The losses in array power supply networks strongly depend 
on the type of used line. In general, dielectric supported lines 
have higher losses than airborne lines. On the other hand, the 
larger the section size, the lower the losses. One structure that 
has great advantages over microstrip is the suspended strip line. 
In this case, the dielectric is reduced to a minimum thickness 
that allows to work with printed techniques of line engraving, 
while the rest of the space between the mass planes is left empty. 
This form has much lower losses and allows you to work with 
active components on the printed circuit board without 
problems. This plate can be fastened by means of mechanical 
parts which also perform the function of connection between 
the ground planes, as shown in Fig. 2. The loss level obtained 
by simulation for Roger RO4003C substrate with a thickness of 
H=0.508 mm, width A=12 mm and height B=8 mm for an 
impedance line of 87 Q (W=4mm) is 0.65 dB/m at 10 GHz. For 
this width the cut-off frequency of the upper modes is above the 
working frequency. The RO4003C substrate has a dielectric 
constant er = 3.38 and a loss tangent tanS = 0.0027 at 10 GHz. 

Fig. 1. Phased array architecture. 



Fig. 2. Section of a suspended transmission line. 

There are many options to change the phase of a signal in a 
controllable way within a certain range. The most difficult thing 
is to achieve this type of circuitry with a low level of losses and 
the ability to work with high power levels. That is why in this 
contribution we are going to use the loaded line phase shifters, 
which allows us to achieve a phase change with a good input 
adaptation, at least in a narrow band. PIN or varactor diodes are 
used to control the load on the transmission line. The losses can 
be reduced and their implementation relatively simple and with 
a reduced size in the transmission line. The scheme of the 1-bit 
loaded line phase shift with transmission line and diode is 
shown in Fig. 3. 
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Fig. 3. Scheme of the 1-bit charged line phase shift with transmission line and 
PIN or varactor diode. 

Each section of the charged line phase shift consists of a 
transmission line symmetrically charged at its end by small a 
susceptance for mutual reflection cancelling thanks to the 
lambda-quarter separation (9 = 90º: electrical length of the 
transmission line). The values of susceptance are controlled by 
semiconductor switches such as PIN diodes or varactor diodes. 
The desired charged line phase shift is obtained by adequately 
switching the diodes to change the effective electric length of 
the line. [6]. 

This design uses PIN MACOM MA4SPS502 LEDs as 
switches. Their parameters for the equivalent circuit model are 
Cr = 0.1 pF @ -5V in inverse (OFF) and Rf = 4 Q @ 10 mA 
(ON). Switching between the two susceptance values 
correspondent to each bit stateis carried out by applying the 
appropriate polarisation voltages to the PIN diodes. 

III . MEASURED TRANSITION RESULTS 

This section presents the measured transition result 
suspended line, a symmetrical T power divider and 
asymmetrical T power divided. 
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Fig. 4 presents the prototype of the passive devices in our 
architecture, which are the suspended transmission line, a blend, 
a symmetrical T power divider and an asymmetrical T power 
divider. 

Fig. 4. Transition based on suspended transmission line. 

Fig. 5 presents the measured result of the transmission line: 
the reflection coefficient is below -25 dB and the transmission 
coefficient is -0.5 dB. 

Fig. 5. Measured result of a suspended transmission line. 

Fig. 6 presents the measured result of the symmetrical T 
power divider: the entrance is matched and the amplitudes at 
each output port are -3.5 dB. 

Fig. 6. Measured result of the symmetrical T power divider. 

Fig. 7 presents the measured result of the asymmetrical T 
power divider, the entrance is matched and the amplitudes at 
each output port are -5.5 dB and -2.2 dB respectively. 



Fig. 7. Measured result of the asymmetrical T power divider. 

I V . MEASURED PHASE SHIFTER 

This section presents the simulation results and 
measured results of the 1-bit 11º and 1-bit 22º phased shifter 
based on suspended transmission lines. Phase shifters are 
designed on the X-band, especially the design centre frequency 
is 9.65 GHz. 

Fig.8. presents the prototype of different phase shifters 
based on triplicate suspended line whose the measured 
behaviour is shown in the Fig. 5. 

Fig. 8. Prototype of phase shifters based on triplicate suspended line. 

Fig. 9. presents the simulation model of 1 bit 11 degrees 
phase shifter based on triplicate suspended line. Fig.10. and Fig. 
11 present the simulation results in amplitude and phase 
respectively and the measured results are shown in Fig. 12. 

Fig. 10. 11º phase shifter simulation results in amplitude. 

Fig. 11. 11º phase shifter simulation results in phase. 

Fig. 12. 11º phase shifter measured results. 

Fig. 13. presents the simulation model of 1 bit 22 
degrees phase shifter based on triplicate suspended line. Fig.14. 
and Fig. 15 present the simulation results in amplitude and 
phase respectively and the measured results are shown in Fig.16. 

Fig. 9. 11º phase shifter simulation model. 
Fig. 13. 22º phase shifter simulation model. 



Fig. 14. 22º phase shifter simulation results in amplitude. 
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Fig. 15. 22º phase shifter measured results in phase. 

Fig. 16. 22º phase shifter measured results. 

V . CONCLUSION 

This article presents the design and measurement results of 
the passive devices of triplicate transmission line and variable 
phase shifters in the X-band for applications of a variable 
pointing radar. The results obtained with the loaded triplicate 
phase shifters have good behavior in frequency and the 
measured losses are less than 1.2 dB. 
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