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Abstract - In this paper, the GCPW-to-SIW transition using the tapered slot is utilized to enhance the bandwidth of the GCPW-to-SIW 

transition using the uniform slot. By tapering the slot width of the uniform slot, the bandwidth of the transition would be increased. The 

fractional bandwidth of the GCPW-to-SIW transition using the tapered slot is 42% and the corresponding insertion loss in this frequency 

range is smaller than 0.2 dB. 
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1. Introduction 
Planar transmission lines, which include the microstrip line, coplanar waveguide (CPW), coplanar stripline, and slotline, 

etc., have been commonly used in the realization of various microwave components due to their characteristics of compact 

size and cheap fabrication cost. Among these planar transmission lines, coplanar waveguide [1] is widely applied in the 

implementation of various microwave circuits, including antennas [2]-[3] and filters [4]-[5] since it is advantageous of low 

dispersion and easy integration as compared with other types of planar transmission lines. 

Rectangular waveguide has been commonly used to realize various microwave components with high Q-factors since it 

has the characteristics of low loss and high power capability. However, as compared with the planar transmission lines, the 

rectangular waveguide is bulky in size and expensive in cost. 

In order to retain both the advantages of the planar transmission line and rectangular waveguide, a new planar structure 

named the substrate integrated waveguide (SIW) is proposed [6]-[8]. Since the substrate integrated waveguide is the planar 

form of the rectangular waveguide, which could be realized through the conventional printed circuit board (PCB) process, it 

would possess the attributes of planar transmission lines, which are low cost and easy implementation. Besides, since the 

substrate integrated waveguide is in the form of the rectangular waveguide, its Q-factor is much higher than that of the planar 

transmission line. As a result, it could be used to realize various microwave components with middle Q-factors. 

In order to integrate the microwave components realized in the forms of planar transmission lines and substrate 

integrated waveguide, a variety of CPW-to-SIW transitions are proposed [9]-[12]. At first, a CPW-to-SIW transition using 

the quarter-wavelength stub is proposed [9]. Since the electric field distribution of the quarter-wavelength stub is matched 

to that of the TE10 mode of the SIW, easy integration of the CPW and SIW could be realized. Although the transition can be 

easily implemented, the bandwidth of the transition is narrow. In order to accomplish a broadband CPW-to-SIW transition, 

some researchers use the probe to excite the magnetic field of the TE10 mode of the SIW [10]. Although the transition has a 

broadband response and a compact size, the performance of the transition is sensitive to the size of the probe, which means 

that the dimensions of the probe must be precisely controlled. Besides, other researchers use the slot dipole along with the 

resonator to transfer the energy from the CPW to the SIW [11]. Although the transition has a broadband response, it has a 

large size. In order to reduce the size of the transition, a compact and broadband GCPW-to-SIW transition using the quarter-

wavelength transformer with the 90°-bent slot is proposed [12]. Even though the size of the transition is compact, the 

bandwidth of the transition is unable to cover the whole frequency range of the rectangular waveguide band. In order to 

enhance the bandwidth of the transition without further increasing the size of the transition, a GCPW-to-SIW transition using 

the tapered slot is proposed in this paper. 
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2. GCPW-to-SIW Transition Using Uniform Slot 
The schematic view of the GCPW-to-SIW transition using the uniform slot is shown in Fig. 1 where the substrate 

used is FR4 with a thickness of 0.508 mm and a relative dielectric constant of 2.2. The SIW is formed by placing vias 

between the top and bottom metals of the substrate. The diameter of the via is chosen to be 0.3 mm so as to accommodate 

the via diameter to the PCB fabrication limit provided by the vendor. The distance between adjacent vias is chosen to 

be 0.3 mm so that the energy may not leak out of the SIW from the slits between the vias. The remaining dimensions of 

the transition are shown in Table I. 

In order to investigate the performance of the transition, Fig. 1 along with Table 1 is simulated by the Ansoft HFSS 

and the frequency response is shown in Fig. 2. As can be seen from Fig. 2, the fractional bandwidth for which the return 

loss is larger than 15 dB is estimated to be 38% and the corresponding insertion loss in this frequency range of the 

fractional bandwidth is smaller than 0.2 dB. 
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Fig. 1: The schematic view of the GCPW-to-SIW transition using the uniform slot. 

 
Table 1: Dimensions for the GCPW-to-SIW transition using the uniform slot. 

                                                 Unit: mm 

WGCPW SGCPW LGCPW Wq Sq Lq 

1.5 4.0 20.0 7.2 0.2 12.0 

SS LS WSIW LSIW   

0.2 8.5 48.9 26.7   
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Fig. 2: Frequency responses of the return and insertion losses for the GCPW-to-SIW transition using the uniform slot. 
 

3. GCPW-to-SIW Transition Using Tapered Slot 
In order to enhance the bandwidth of the GCPW-to-SIW transition using the uniform slot, the GCPW-to-SIW 

transition using the tapered slot is proposed as shown in Fig. 3. 
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3.1. Parameter Study of the Transition 

In order to investigate the performance of the GCPW-to-SIW transition using the tapered slot, Fig. 3 along with Table 

1 is simulated by the Ansoft HFSS through varying the stub angle . The frequency responses of the return and insertion 

losses with various stub angles  are shown in Fig. 4. As can be seen from Fig. 4, the transition with a stub angle =21.0 

has the optimal response where the fractional bandwidth of the transition is 42% and the corresponding insertion loss is 

smaller than 0.2 dB. 

 



 
Fig. 3: The schematic view of the GCPW-to-SIW transition using the tapered slot. 
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(a)                                                                          (b) 
Fig. 4: Frequency responses of the return and insertion losses for the GCPW-to-SIW transition using the tapered slot with various 

stub angles . (a) Frequency response of the return loss. (b) Frequency response of the insertion loss. 
 

3.2. Back-to-Back Verification 

In order to verify the simulation result of the GCPW-to-SIW transition using the tapered slot, two GCPW-to-SIW 

transitions using the tapered slot are connected in a back-to-back form as shown in Fig. 5. The length of the SIW between 

two transitions is Lback=53.3 mm. Fig. 5 is then simulated by the Ansoft HFSS and the frequency responses of the return and 

insertion losses are shown in Fig. 6. In order to verify the simulation results of Fig. 6, the back-to-back transition shown in 

Fig. 5 is fabricated as shown in Fig. 7. Fig. 7 is then measured by Anritsu 37347C VNA after this equipment is calibrated 

with the TRL calibration kit. The measured frequency responses of the return and insertion losses are also shown in Fig. 6. 

The reasonable agreement between the simulation and measurement results shown in Fig. 6 verifies the correctness of the 

transition design.  
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Fig. 5: The schematic view of the back-to-back GCPW-to-SIW transition using the tapered slot. 
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                                                 (a)                                                                              (b) 
Fig. 6: Comparison between the simulation and measurement results of the back-to-back GCPW-to-SIW transition using the tapered 

slot. (a) Frequency response of the return loss. (b) Frequency response of the insertion loss. 
 

 
Fig. 7: The fabricated circuit of the back-to-back GCPW-to-SIW transition using the tapered slot. 

 

4. Conclusion 
In this paper, a GCPW-to-SIW transition using the tapered slot is proposed to enhance the fractional bandwidth of 

the GCPW-to-SIW transition using the uniform slot. As for the GCPW-to-SIW transition using the uniform slot, the 

fractional bandwidth for which the return loss is larger than 15 dB is estimated to be 38% and the corresponding insertion 

loss in this frequency range of the fractional bandwidth is smaller than 0.2 dB. Through using the tapered slot, the 

fractional bandwidth could be increased to be 42% while the corresponding insertion loss in this frequency range and 

the circuit size is unaltered. 
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