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 In this paper, design characteristics of cross slot coupling have been explored 

and realized in a proposed dual-layer SIW prototype for bandwidth 

enhancement at 10.0 GHz. The assembled prototype consists of two SMA-

microstrip input/output interface with low-loss microstrip-taper via transition 

and two manually stacked SIW structures electrically connected via a small 

cross slot coupling design. The proposed dual-layer SIW structure is 

designed using CST software and fabricated using conventional Printed 

Circuit Board (PCB) manufacturing process on Rogers 4003 C with εr = 3.38 

and h = 0.813 mm. The close agreement between simulated and measured 

results is observed within a frequency range studied of 9.2 GHz to 11.2 GHz 

with 19.0 % bandwidth performance. The used of cross slot coupling design 

in the assembled dual-layer SIW structure indicated 9.0 % bandwidth 

enhancement compared to the conventional multilayer design with 

rectangular slot coupling. The assembled dual-layer SIW structure with cross 

slot coupling design shows potential in several RF applications such as radar 

and satellite communication. 
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1. INTRODUCTION (10 PT) 

Needs in RF applications at high-frequency design required designers to deliver a compact structure 

with low loss, light weight, and high impedance bandwidth performance as mentioned in [1-3]. Many types 

of multilayer transition design with slot coupling has been recently developed and investigated for low-cost 

design and compact structure such as [4-6]. However, the use of different types of slot coupling design in the 

multilayer transition design is not widely demonstrated yet as possibilities to increase the bandwidth 

performance. 

For example, in 2009, a multilayer transition design between SIW to traditional rectangular 

waveguide structure is proposed by [7] in order to demonstrate a compact transition design between various 

types of transmission lines for millimeter wave frequency solution. The proposed transition design is realized 

by using a longitudinal rectangular slot coupling, which etched on the broad wall of SIW structure as an 

opening to couples energy from the traditional rectangular waveguide. The electrical performance of the 

multilayer transition design is observed within a frequency range studied with 0.8 GHz bandwidth.  

Then in 2015, a multilayer transition design between SIW to SIW structure is demonstrated by [8] 

as improvement of [7] in term of compactness and low-cost design solution. The multilayer transition design 

used two layers SIW structure as a replacement to the bulky traditional waveguide with the same type of slot 

coupling design but in a different orientation. The used of transverse rectangular slot coupling in the 

multilayer transition design shows the bandwidth of 1.0 GHz within frequency range studied. Although the 
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Multilayer transition design between two SIW layers shows improvement in term of compactness and low-

cost design, however, the used of the same type slot coupling in the multilayer transition design still not 

promising bandwidth enhancement. 

In this work, a cross slot coupling design is proposed and explored for possibilities to enhance 

bandwidth performance of the dual layer SIW structure. The dual-layer SIW structure with cross slot 

coupling is designed using CST software and realized using conventional PCB manufacturing process. The 

fabricated dual-layer SIW structure with cross slot coupling design is manually assembled and measured for 

design verification.  

 

 

2. RESEARCH METHOD 

Figure 1 shows 3D configuration design of the dual-layer SIW structure with cross slot coupling 

design. All the dimension involved in this design are followed SIW design rules using (1) – (3). Because SIW 

technology owning similarity to the rectangular waveguide, they have been obtained empirical relations 

between the geometrical dimensions of the SIW technology and effective width, 𝑊 of the rectangular 

waveguide. These relations allow designers to determine and design SIW components, without need of full-

wave analysis tools. Therefore, the dimension of the spacing between two rows of metallic holes, wSIW in 

SIW technology can be determined by using (1). 

 

WSIW = W +
d2

0.95p
         (1) 

 

where 𝑑 is the diameter of metallic via hole and 𝑝 is the distance between two metallic via holes. Meanwhile, 

the values of the parameter 𝑑 and 𝑝 should be small enough to reduce leakages. These parameters can be 

determined using (2) and (3), respectively. 

 

d <
λg

5
          (2) 

 

p < 2d          (3) 

 

where 𝜆𝑔 in (2) is guide wavelength which can be determined by using (4): 

 

λg =
2π

√εr(2πf)2

c2 − (
π

W
)

2
        (4) 

 

 

There are three design elements in the proposed dual-layer SIW structure; microstrip-taper via 

transition, two basic SIW structures, and cross slot coupling. The microstrip-taper taper via transition is 

printed on Substrate 1 and Substrate 2 as Metallic 1 and Metallic 3, respectively for fed line of 50 Ohm 

characteristics impedance matching. The two basic SIW structures are designed as Substrate 1 and Substrate 

2. The cross slot coupling of unequal length is located at the common plane of the dual-layer SIW structure, 

which is on the Metallic 1 and Metallic 3 as an opening to allow electrical connection between SIW layers. 

Meanwhile, Metallic 2 and Metallic 4 acted as the ground plane. Then, Figure 1 (b) shows the configuration 

of the dual-layer SIW structure with cross slot coupling design after all layers are combined together as a 

single structure.  
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Figure 1. Configuration of Dual-layer SIW Structure with Cross Slot Coupling Design (a) Before and (b) 

After Stacked. 

 

 

2.1. Cross Slot Coupling Design 

Figure 2 shows the geometry of the cross-slot coupling design in the proposed dual-layer SIW 

structure. Basically, the cross-slot coupling design is developed by combining both transverse and 

longitudinal rectangular slot coupling. The idea of this combination design is based on the dominant 

𝑇𝐸10 mode propagation signal in SIW structure as reported in [9], which contained maximum E-field at the 

waveguide center. Therefore, in order to allow more E-field to be coupled between SIW layers, which will 

increase the bandwidth performance of the structure, a size of a longitudinal rectangular slot is added at the 

center of the longitudinal rectangular slot as shown in Figure 2. 

For the transverse rectangular slot in the cross-slot coupling design, the design parameter values are 

based on [8] and [10], which then optimized using CST software in order to obtain a good transition 

behavior in term of return loss and resonant frequencies. The optimized values are described as slot length, 

𝑙𝑜𝑛𝑔𝑥= 0.36𝜆𝑔= 7.0 mm and slot width, 𝑙𝑜𝑛𝑔𝑦= 0.36𝜆𝑔= 0.7 mm. Meanwhile, for the longitudinal slot in the 

cross-slot coupling design, a parametric study is performed as to characterize the size of the longitudinal slot 

in order to enhance the bandwidth performance. The characterized values are described as slot width, 

𝑙𝑜𝑛𝑔𝑐𝑥= 0.15𝜆𝑔= 3.0 mm, slot length, 𝑙𝑜𝑛𝑔𝑐𝑦  = 0.06𝜆𝑔= 1.2 mm, and slot distance, 𝑑𝑖𝑠𝑡𝑐𝑥= 0.42𝜆𝑔 = 8.0 

mm.  

 

 

 
 

Figure 2. The Geometry of Cross Slot Coupling Design in the Dual-layer SIW Structure. 

 

 

3. RESULTS AND ANALYSIS  

The fabricated dual-layer SIW structure with cross slot coupling design is shown in Figure 3. The 

proposed dual-layer SIW structure is manually assembled by stacking each layer of fabricated SIW structure 
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using the adhesive material. During stacking process, a practical solution requires eight number of via holes 

in each fabricated SIW structure as the guided. By aligning each of the guided hole on both SIW structures, 

the cross-slot coupling position is correctly position. Then, a measurement is performed using Network 

Analyzer for design verification.  

The comparison between simulated and measured results is shown in Figure 4. Almost promising 

results are observed within a frequency range studied of 9.2 GHz to 11.2 GHz. Each measured resonant 

frequency of the dual-layer SIW structure indicated a shifting of 0.1 GHz ~ 0.2 GHz from the simulated 

results. The shifting of the measured resonant frequency is mainly caused by the slot alignment, which not 

correctly positioned during the stacking process. However, the measured bandwidth performance shows 

improvement from 1.8 GHz (18.0 %) to 1.9 GHz (19.0 %) compared to the simulated bandwidth.  

 

 

 
 

Figure 3. Fabricated of Dual-layer SIW Structure with Cross slot Coupling (a) Before and (b) After 

Manually Stacked. 

 

 

 
 

Figure 4. Simulated and Measured of Dual-layer SIW Structure with cross Slot Coupling. 
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Then, a comparison between achieved results from the proposed dual-layer SIW structure with cross slot 

coupling design again a verified conventional multilayer transition design proposed by [8] is illustrated in 

Table 1. The proposed dual-layer SIW structure with cross slot coupling shows a good bandwidth compared 

to the conventional dual-layer SIW structure with rectangular slot coupling. At the operating frequency, 19.0 

% of bandwidth is observed from the proposed dual-layer SIW structure with cross slot coupling, which 

indicated 9.0 % bandwidth enhancement compared to the conventional dual-layer SIW structure with 

rectangular slot coupling design. Therefore, cross slot coupling design shows an advantage to allow more 

electromagnetic field in 𝑇𝐸10 mode of the dual-layer SIW structure to be coupled.  

 

 

Table 1. Comparison between the Conventional Dual-layer SIW Structure with Rectangular Slot 

Coupling and the Proposed Dual-layer SIW Structure with Cross Slot Coupling. 
Published 

work 
Operating frequency 

(GHz) 
Type of slot 

coupling 
Bandwidth 

(%) 

[8] 10.0 Rectangular 10.0 

Proposed 10.0 Cross 19.0 

 

 

4.  CONCLUSION  

A cross-slot coupling design in the proposed dual-layer SIW structure has been explored and 

demonstrated in this paper. The proposed design is realized by locating the cross-slot coupling design at the 

common metal surface of the dual-layer SIW structure as possibilities to enhance the bandwidth 

performance. The fabricated dual-layer SIW structure with optimized cross slot coupling design is fabricated, 

manually assembled, and measured for design verification. Almost promising results are observed within a 

frequency range studied of 9.2 GHz to 11.2 GHz. A 19.0 % bandwidth is detected from the fabricated dual-

layer SIW structure with cross slot coupling design, which showed 9.0 % bandwidth improvement compared 

to the conventional dual-layer SIW structure with rectangular slot coupling. Therefore, the cross-slot 

coupling design shows possibility in order to enhance the bandwidth performance of the multilayer transition 

design. 
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