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Abstract. Most multi-band all-metal slot antennas are dual-band. Their design concept
is not feasible for triple-band antennas. A triple-band all-metal slot antenna is
designed using an electromagnetic band gap structure (EBG). The antenna can work at
C/X/Ku-band. Simulated results are presented to demonstrate the feasibility of the
design. The compact antenna expands the working frequency of an all-metal slot
antenna, which is especially appealing for high-power antennas.

1. Introduction

With the development of communication technology, the demand for multi-band antennas has been
growing. Microstrip is widely used in multi-band antenna 4. However, microstrip antennas are not
suitable for high frequency. Due to low loss, high structural strength, and high power capacity, multi-
band all-metal waveguide slot antennas have been studied B®. At present, most multi-band slot
antennas are dual-band antennas. In this article, a triple-band slot antenna is proposed. By placing the
EBG structure in the ridge waveguide, a slot waveguide antenna can work at the C/X-band, and the
Ku-band antenna is placed above the C/X-band antenna. The proposed antenna is a standing wave
antenna with three bands. The central frequencies are 4.3 GHz (C-band), 8.5 GHz (X-band), and
12.5GHz (Ku-band).

Slots working at 8.5GHz
Ku-band antenna

Slots working at
4.3GHz

IT1

EBG Ridge

Figure 1. Diagram of the triple-band antenna
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2. Antenna configuration and design

The antenna diagram is shown in Figure 1. EBG structure can stop the propagation of electromagnetic
waves at the cut-off band. Placing a nailed EBG structure with suitable dimensions on both sides of
the ridge can block electromagnetic waves at 8.5 GHz and pass electromagnetic waves at 4.3 GHz.
The electromagnetic wave at 8.5 GHz can only propagate in the central area of the waveguide, while
the electromagnetic wave at 4.3 GHz can propagate throughout the waveguide. There are X-band slots
near the middle of the waveguide, and C-band slots are close to the edge of the waveguide. Since
electromagnetic waves at 8.5 GHz cannot pass through the EBG structure, they can only radiate
through slots near the middle. As for electromagnetic waves at 4.3GHz, the middle slots are too close
to the center, so little energy radiates through them.

(b)

Figure 2. Configuration of the proposed antenna array. (a) Top view. (b) Front view

However, due to the limited isolation of single-row EBG structures, branches are placed beside the
C-band slots to reduce the length of the slot. Adjusting the propagation constant makes the C-band
slots located at the position where the wall current at 8.5GHz is low, further reducing the interference.
Step structure is placed in the ridge waveguide to offset reflection at C-band. The C/X-band antenna is
extended at the end to increase the bandwidth. The antenna working at the Ku band is a narrow side
inclined slot antenna placed between the slots. The structure of the antenna is shown in Figure 2.

3. Results and discussion

The antenna shown above has 8 C-band slots, 15 X-band slots, and 2 * 21 Ku-band slots. Its radiation
pattern is shown in Figure 3, and its reflection is shown in Figure 4. Side lobes are -12.7dB at X-band
and below -14dB at C-band. The bandwidth with a reflection below -15dB is 124MHz at C-band and
125MHz at X-band. That demonstrates a slot antenna proposed above can work at C/X-band.
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(a) C band (b) X band
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Figure 3. Radiation patterns (Y-Z plane) at the C/X/Ku band
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Figure 4. Reflection coefficient at the C/X/Ku band

To demonstrate the feasibility of composing array at X/Ku-band, a small antenna array model is
established, as shown in Figure 5. Its radiation pattern is shown in Figure 6. There is a very low
grating lobe in the figure, which demonstrates the size of the antenna meets the needs of the array.
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Figure 5. Top view of antenna array
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Figure 6. Radiation patterns (X-Y plane) at the X/Ku band

4. Conclusion

The triple-band all-metal slot waveguide antenna at the C/X/Ku band is designed and simulated.
Placing EBG in the ridge waveguide, placing branches, and adjusting the position of slots make one
slot antenna can work at the C/X band without sacrificing radiation features. The Ku-band antenna
was placed above the C/X band antenna. The simulation result demonstrates the feasibility of the
design. Compared with traditional all-metal multi-band slot antennas, the most attractive point of the
proposed antenna is it can work in three bands.
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