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Abstract 
A new radial-line helical array (RLHA) using dual-branch helical antennas 
has been designed for improving the power capacity of RLHAs. The helical 
element is cavity-backed to lower the mutual coupling and its power capacity 
is higher than the conventional ones. The components of the proposed array 
are discussed and the power capacity is obtained by simulation. Compared 
with the typical RLHAs, the proposed sub-array has not only higher power 
capacity but also uses fewer elements. Experimentally, the measured results of 
an array prototype indicate that high gain as well as circular polarization has 
been successfully achieved. 
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1. Introduction 

High power antennas are important to high power microwave (HPM) systems 
and they are of special concerns in power handling capacity. Constantly, insu-
lating gas or vacuum conditions are also required for high breakdown threshold. 
Along with the development of HPM technology, there is noticeable improve-
ment on the output power of narrowband HPM sources [1], the peak power 
could be as high as GW-class even though at high frequency bands. On the other 
hand, a lot of high power antenna arrays have been investigated so that the per-
formance of HPM sources can be fully exploited. The high power elements, such 
as horns [2] [3], slots [4] [5] and helixes [6] [7] [8], are used for researches. 
When excited, the input power will be distributed to a number of antenna ele-
ments. The horn antennas have high power capacity but they are not suitable for 
compact design [3]. As for the slots, it is difficult to use high power phase shif-
ters for the antenna elements [5]. The RLHA is more preferable among those 
HPM antennas, this kind of array is considered having high power capacity, low 
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profile, circular polarization and rotating-based phase shift. A high power RLHA 
consists mainly of a radial-line, a few feed probes and the same amount of helical 
elements. The RLHAs are widely investigated in recent years, X. Q. Li [6] pre-
sented a 3-ring helical array with high aperture efficiency and high power capac-
ity of 1 GW; a 500 MW, 4-ring helical array was described by S. B. Pottier [7], 
and it showed the compactness of the array; L. Z. Yu [8] used slot-coupled tech-
nique instead of coupling probes to feed the elements, the power capacity was 
416 MW at 14.25 GHz. These above-mentioned arrays have shown great high 
power characteristics due to the small E-field strength and high breakdown 
threshold.  

However, the power capacity of the conventional helical element is the limita-
tion. As the output power of HPM sources become higher, the breakdown phe-
nomena will occur more easily at the helical elements, so there is a pressing need 
to improve the power capacity of them. For this reason, we present a high power 
helical array by using dual-branch helical antennas [9] (DBHA), but the helical 
element has been cavity-backed for low mutual coupling in array circumstance. 
Its characteristics will be shown via simulation and experiment. 

2. Antenna Design 
2.1. Helical Element 

For a RLHA, the axial-mode short helical antenna is chosen to be the antenna 
element, hence the array is also circularly polarized. These antenna elements are 
placed on the upper side of the radial-line, and the waveguide wall transforms 
into a reflecting plate. Even though the output phases of the probes may be dif-
ferent, bore sight peak can be realized by rotating the helical elements.  

The power capacity of antenna element is the key for a RLHA, but the con-
ventional single-branch helical antenna (SBHA) element lacks of sufficient pow-
er capacity as the output power of the HPM sources becomes higher nowadays. 
The DBHA was put forward to lower the maximum E-field over the helical arms. 
It consists of two independent helixes, between which there is a relative rotation 
angle to adjust the phase difference, then the radiation path is divided into two. 
As the current amplitude over the helical arms decreases, the maximum E-field 
of the helical antenna becomes smaller. Specifically, the feed line and radiation 
characteristics of DBHA are the same as SBHA, it is feasible for DBHA to re-
place SBHA so as to improve the power capacity of RLHA.  

Because the DBHA prototype is not able to be applying in array directly [9], 
so it has been cavity-backed to strengthen its independence. Figure 1 shows the 
perspective of the heliacal element model. In order to accommodate for array 
application, the element is optimized with periodic boundary using CST Micro-
wave Studio (the input power is 0.5 W). Figure 2 plots that the gain of the cavi-
ty-backed DBHA is 7.4 dB and the axial ratio (AR) is 4.2 dB at θ = 0˚. Although 
the AR is not small enough, better value will be achieved in the helical array [10].  

The height of the cavity should not be larger than the top of dual-branch helix  
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Figure 1. Perspective of the DBHA. 

 

 
Figure 2. Far-field characteristics of one DBHA. 

 
since most of the microwave energy is restricted inside the cavity and then ra-
diates outside, the current density of the upper helical arm will be higher if all 
the energy radiated from the lower helix passes the upper. In addition, even 
though maximum E-field of the helical element has been well optimized, it is 
difficult to guarantee uniform amplitude feeding for each element, the E-field 
might continue to change after assembling the elements and the feed line. 

The optimized parameters of the cavity-backed DBHA are listed in Table 1. 
Here the parameters are defined as follows: R is radius of the helix, S is the pitch, 
ρ is diameter of the helical arm, t is turn of the helix, θ0 is the relative rotation 
angle, h0 is height between the two feed points, hc is height of the cavity, and dc is 
diameter of the cavity.  

2.2. Helical Array 

As shown in Figure 3, a 30-element array prototype has been designed to verify 
the characteristics of DBHA, the elements are arranged on triangular grid and 
the same to the probes in the feed line.  

According to the field-asymmetry, the output ports are divided into nine 
groups, which are 1 - 4, 5 - 6, 7 - 8, 9 - 12, 13 - 16, 17 - 18, 19 - 22, 23 - 26, and 27 
- 30. The dimensions and the output characteristics of the probes are the same  
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Figure 3. Output ports distribution of the array. 

 
Table 1. Dimensions of the cavity-backed DBHA. 

Parameter R1 R2 S1 S2 ρ1 ρ2 

Value 4.5 mm 5.8 mm 2.7 mm 2.7 mm 2.3 mm 2.45 mm  

Parameter t1 t2 θ0 h0 hc dc 

Value 0.7 0.77 60˚ 5.4 mm 10 mm 19.2 mm 

 
for those in the same group, but it means that in different groups are not. The 
purpose of the feed line design is to obtain uniform output amplitude for the 
ports, but the imbalance of output magnitude will increase when the frequency 
deviates from the center, this might decrease the aperture efficiency of the an-
tenna at these frequencies. In order to handle with this, cylindrical-base probes 
are used to couple energy from the radial waveguide. As diagramed in Figure 4, 
the cylindrical-base probe increases its coupling coefficient by adjusting the pa-
rameters of the cylindrical base, which provides much more surface areas to en-
hance the coupling coefficient. With this metal base, excessive reflection will be 
introduced but it is acceptable before the height of it gets overlarge. The base 
and the probe are fabricated together onto the bottom of the feed line. Other-
wise, these components should be fabricated separately and be assembled to-
gether with screws, which could bring assembly errors.  

The characteristics of the probes can be approximately analyzed by being 
placed in an infinite omnidirectional wave guide. The typical characteristic of 
the probe is simulated and shown in Figure 5 (assuming the input magnitude is 
1). This shows that the probe smoothly changes its coupled magnitude, and it is 
suitable for energy coupling. Since the output phases of the port groups are dif-
ferent, the corresponding helical antennas might rotate for compensation. On 
the other hand, the field distribution of the feed line is calculated and the result 
is shown in Figure 6. It can be seen that the maximum electric field is 1925 V/m, 
so the power-handling capacity for this array is approximately 885 MW if we 
take the breakdown threshold of 81 MV/m [11]. In Table 2, the comparison ex-
plains that the proposed array not only has high power capacity but also uses few 
elements.  
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Figure 4. Cross-section of the array. 

 

 
Figure 5. Coupling characteristic of the probe. 

 

 
Figure 6. E-field distribution of the array. 

 
Table 2. Comparison for typical RLHAs and the proposed array. 

 Li [6] Pottier [7] This paper 

Number of elements 48 80 30 

Frequency 4 GHz 9.3 GHz 9.7 GHz 

Power capacity 1 GW 500 MW 885 MW 

 
It can be read from the curves of Figure 7 that the measured VSWR of the 

prototype array (see Figure 8) agrees with the simulated. It is ascribed to the 
corresponding frequency response of the feed line that the VSWR gets worse at 
the frequencies far from the center. As for the far-field results, the radiation pat-
terns at 9.7 GHz are depicted in Figure 9. The 3 dB widths of the measured and  
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Figure 7. VSWR results. 

 

 
Figure 8. Array prototype. 

 

 
Figure 9. Far-field characteristics of the array. 

 
simulated main-lobes are nearly the same whereas the side-lobes are not. Be-
cause of the assembly errors, the measured gain is 21.9 dB, which is 0.2 dB less 
than the designed value. Moreover, the simulated and measured bore sight AR 
values imply that the circular polarization has been realized.  
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3. Conclusion 

The design of a 30-element triangular-grid helical antenna array was de-
scribed and it showed higher power capacity by aid of using the cavity-backed 
dual-branch helical antennas. The simulated results of the array showed that the 
power capacity was noticeably high, and it has achieved the expectant directional 
radiation and circular polarization. As a result of higher power the array could 
handle, it is feasible that we use dual-branch helical antennas for high power ap-
plications. 
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