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A Novel Center-Fed SIW Inclined Slot Antenna for Active
Phased Array
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Abstract—In this paper, a center-fed substrate integrated waveguide (SIW) inclined slot array antenna
is designed for a one-dimensional active phased array. A novel coaxial-to-SIW transition is employed
to realize the central feed for enhancing bandwidth. The antenna prototype printed onto a single-layer
Rogers 5870 is composed of 32 × 16 inclined slots working at Ku-band. As shown in measured result,
the bandwidth with return loss < −10 dB is from 16.6 to 17.1 GHz, and the sidelobe levels of arrays
are below −24.8 dB at 16.8 GHz in H planes. The measured gain is 31.8 dB at 16.8 GHz with the
aperture efficiency of 65%. The active phased array is assembled by an antenna and 32 Tx/Rx modules,
and the measured results show that the main lobe can obtain a wide-angle scanning from −45 to 45
degrees in E planes. The antenna array is suitable for low profile small active phased array radars and
communication systems that require spatial wide-angle scanning.

1. INTRODUCTION

Substrate integrated waveguide (SIW) technology is a new type of waveguide structure that can be
integrated into a dielectric substrate. In recent years, the development of materials science has also
brought novel features to SIW technology [1–8]. Several high performance transitions have been designed
for integrating SIW with different planar transmission lines, such as microstrip-to-SIW transition [9–12]
and coplanar-to-SIW transition [13]. A structure of coaxial line to SIW transition is depicted in [14],
which is located at one end of the SIW. The wideband SIW-to-rectangular waveguide (RWG) transition
is proposed to ensure the performance of insertion loss in [15, 16]. Antennas based on SIW have the
same excellent characteristics as a metal waveguide antenna, while being more compact, light weight,
and easy to process. Some single-layer side-fed SIW longitudinal slot array antennas have been proposed
in [17–20], but the bandwidth becomes inherently narrower as the antenna gain increases due to the
long-line effect [21]. The partially corporate feed, especial centre feed, is a well-known technique for
bandwidth enhancement of series fed arrays. A compact two-layer longitudinal slotted array antenna
fed by an inclined slot at the center of the bottom metal layer of the SIWs is proposed in [22], and the
relative working bandwidth is 80% wider than the same size end-fed array. A center-fed single-layer
SIW longitudinal slots array antenna is designed with a coplanar-SIW transition [23], but the spacing
between the slots on both sides of the feed position is almost twice as the spacing of others, resulting
in the degrading of the sidelobe level (SLL). A center-fed SIW longitudinal slot linear array with a
coaxial-to-SIW transition is proposed in [24], but the coaxial-to-SIW transition can only achieve good
impedance matching with a specific width of SIW. Recently, SIW antennas have also been increasingly
used in active phased arrays for radar and communication systems. A planar SIW slot antenna is
proposed for active phased arrays with a wide-angle scanning from −71 to 73 degrees [25], which is fed
by a microstrip-to-SIW transition at one side of SIW, and the SLL can only be below −10 dB.
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In this paper, a center-fed SIW inclined slot array antenna is proposed to realize an active phased
array operating in the Ku band. A novel coaxial-to-SIW transition is designed to form the center feed
for the inclined slots linear array to enhance the working bandwidth. The equivalent circuit model and
parameter extraction model of the SIW inclined slots are established. The parameters of the two slots
in the middle of the linear array are adjusted to eliminate the effects of the transition to obtain low
SLL of the H-plane. 32 linear arrays are fabricated on a single-layer printed circuit board (PCB) and
installed with 32 Tx/Rx modules for active phased array, which can obtain a wide-angle scanning in
the E plane. Finally, the simulated and measured results of the fabricated antenna array are discussed
to confirm its design validity.

2. DESIGN OF ANTENNA

A top view of the SIW slot array antenna is shown in Fig. 1. The antenna consists of 32 linear arrays
operating at 16.8 GHz, and only three linear arrays are shown here. The linear array is realized by 16
alternating inclined slots etched on the top metal layer in the x direction. 8 slots in the left and right of
a line array are mirror-symmetrical on both sides of the center of SIWs. The adjacent two linear arrays
are designed to be mirror symmetrical in the y-direction in order to eliminate the polarization. The
antenna is fabricated on a PCB of Rogers 5870 with relative permittivity 2.33 and thickness 0.508 mm.
Two rows of metalized vias are fabricated on two long edges of the top metal layer. The propagation
constant and radiation loss are determined by parameters a,w, and d which denote the width of the SIW,
period, and diameter of vias, respectively. According to the experimental formula for the normalized
width of the equivalent waveguide [8], parameters of the SIW are chosen as a = 7.6 mm, d = 0.8 mm,
and w = 1.2 mm, respectively. On the top metal layer, slots with dimensions of resonant length L,
inclined angle θ, and width of 0.5 mm are equally spaced on the center line of the SIW.

Figure 1. Configuration of the proposed 3 × 16 array antenna.

To realize a center-fed SIW linear array, a power divider with equal values between two output
ports is designed. The equal divider is proposed by a novel coaxial-to-SIW transition, which is shown
in Fig. 2. The inner conductor of the coaxial connector is soldered to the top metal layer of the SIW
through a metal via in the center of the SIW, and the outer conductor is soldered to the bottom metal
layer. Two metalized matching vias are symmetrically distributed on both sides of the center. The
impedance matching can be easily achieved by slightly adjusting each position of the two metalized
matching vias. dx and dy are used to indicate the horizontal and vertical distances of the metalized
matching vias to center of the SIW. The simulated S parameters of the transition are shown in Fig. 3.
It can be seen that the transition cannot get good impedance matching without metalized matching
vias, and the return loss can be adjusted to about −30 dB at 16.8 GHz when the metalized matching
vias are added. The operating frequency shifts lower when the value of dx is increased. As shown in
Fig. 3(b), impedance matching will become better when the value of dy is gradually increased to 2.8 mm,
but if it continues to increase, the results will get worse. When dx = 5.5 mm and dy = 2.6 mm, the
optimal results of the transmission coefficient by HFSS software simulation are obtained. The simulated
amplitude of |S21| and |S31| of coaxial-to-SIW transition is shown in Fig. 3(c). At 16.8 GHz, S21 and
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S31 are −3.05 dB and −3.15 dB, respectively. By comparison, the simulation results of insertion loss
are superior to the reported microstrip-to-SIW and coplanar-to-SIW transitions due to the absence of
surface wave loss.

(a) (b)

Figure 2. Structure of the coaxial-to-SIW transition. (a) Top view of the structure. (b) Side view of
the structure.

(a) (b)

(c)

Figure 3. Simulated return loss changes with the Tx or Ty, (a) results of varying dx with dy = 2.8 mm,
(b) results of varying dy with dx = 5.0 mm, (c) results of transmission coefficient.
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(a) (b)

Figure 4. Extraction parameter of series inclined slots. (a) Extraction parameter model. (b) Equivalent
circuit model.

An inclined slot etched on the center line of SIW can be equivalent to the normalized series
impedance z = r + jb, and the imaginary part b = 0 represents the slot resonance. As shown in
Fig. 4, the extraction parameter model and its equivalent circuit are established. Three slots in the
model have the same length L and inclined angle θ, and each normalized series impedance can be
approximated the same. The commercial simulation software ANSIS HFSS can conveniently be used
for extracting the slot parameters, and the mutual coupling caused by adjacent slots has been taken into
account in the calculation results. By estimation, the maximum normalized resistance value required
in the design is less than 1/3. According to the microwave circuit scattering matrix theory, when the
slots approximate resonance (b ≈ 0), the normalized impedance is given by:

r =
1 − |S11|

3(1 + |S11|) (r ≤ 1/3) (1)

where S11 is the reflection coefficient of port1, and r is the normalized impedance (the average of
the three slots). The extracted parameter curves about r (represents the normalized impedance) and
L (represents the resonant length) against the inclined angle θ are shown in Fig. 5. The required
normalized impedance values for each radiating slot in the linear array are obtained depending on the
−28 dB Taylor distribution, and the inclined angle and resonant length of the radiating slots can be
obtained from the curve of Fig. 5. By the optimization of numerical calculation and simulation, the
geometric parameters of the 16 inclined slots in the linear array are listed in Table 1. The parameters
of the two slots in the middle have to be modeled separately to obtain the parametric curve because
the two matching metallized vias affect the electric field distribution of the SIW. As can be seen from
Table 1, the two slots on both sides of the feed point are longer than normal.

Figure 5. Extraction parameter extraction curves.
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Table 1. Dimensions of eight slots.

Number L (mm) θ (degree)
1# 8.18 1.0
2# 8.18 1.2
3# 8.16 1.6
4# 8.14 1.9
5# 8.13 2.7
6# 8.12 3.1
7# 8.12 3.2
8# 8.65 4.8

3. EXPERIMENTAL RESULTS AND DISCUSSION

To verify the proposed design, a 32 × 16 SIW inclined slot array antenna with the aperture size of
330mm× 180 mm is fabricated and shown in Fig. 6. As shown in Fig. 7, the Tx/Rx module is mounted

(a) (b)

Figure 6. Photograph of the proposed array antenna. (a) Top view. (b) Bottom view.

Figure 7. Photograph of the antenna with
Tx/Rx module installed.

 

Figure 8. Simulated and measured return loss of
linear array.
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on the bottom of the antenna and connected to the coaxial connector of the transition.
The simulated and measured return losses of the proposed linear array are shown in Fig. 8.

The measured −10 dB return loss bandwidth of the linear antenna array is 0.5 GHz, ranging from
16.6 to 17.1 GHz, which is shifted to a lower frequency by 50 MHz due to manufacturing errors and
assembly errors compared to the simulation results. The radiation patterns of H-plane are simulated
and measured, which are shown in Fig. 9 at frequencies of 16.6, 16.8, and 17.0 GHz. As can be seen,
the measured radiation patterns have good agreements with the simulation results, and the measured
SLL at 16.8 GHz is lower than −24.8 dB. All other frequency results are below −20 dB. The measured
gain at 16.8 GHz is 31.8 dB with the aperture efficiency of 65%. In the operating band, the frequency of
16.8 GHz is selected to show the scanning pattern in the E-plane. By controlling the 5 bit digital phase
shifter in the Tx/Rx modules, the beam scanning patterns of 0◦, ±15◦, ±30◦, and ±45◦ are measured
respectively, which are shown in Fig. 10. It can be seen that the gain is only decreased by 2.7 dB when
scanning from 0 to 45 degrees, and the SLLs of all the scanning patterns are below −20 dB. In summary,
the designed antenna array is suitable for active phased arrays with wide angle scanning.

(a) (b)

(c)

Figure 9. Simulated and measured normalized radiation patterns in the H-plane. (a) 16.6 GHz, (b)
16.8 GHz, (c) 17.0 GHz.
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Figure 10. Measured scanning pattern in the E-plane at 16.8 GHz.

4. CONCLUSIONS

A center-fed SIW inclined slot linear array has been proposed, fabricated, and tested. A novel coaxial-
to-SIW transition suitable for center feed has been developed with good impedance matching and
insertion loss. The array antenna achieved −10 dB return loss bandwidth and SLL < −20 dB from
16.6 GHz to 17.1 GHz, demonstrating that the bandwidth is effectively enhanced relative to the side fed
SIW antenna. The SIW inclined slots radiating element has also been proven to have good wide-angle
scanning characteristics through active phased array beam scanning testing. The structure is small,
low in cost, and easy to integrate, and also provides a design method for realizing a highly integrated
one-dimensional active phased antenna.
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