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ABSTRACT: The SIW bonding structure is suitable for passive circuits or chips with 

internal DC-blocking capacitors, when the chip needs external DC-blocking capacitors, due to 

the SIW surface is generally connected to the ground surface and the SMT capacitors cannot be 

used on SIW, the SIW bonding structure cannot be used directly for this kind of circuits. In this 

paper a new SIW capacitor wire bonding structure is proposed and experimentally verified, 

which is suitable for millimeter wave band wire bonding circuits, especially suitable for the 

active circuits which need the DC-blocking capacitors. With this structure, the SIW bonding can 

be introduced to almost all the passive and active circuits and chips. A millimeter-wave SPST 

switch circuits with SIW capacitor wire bonding structure are designed, fabricated and 

measured. Measured results show that the SIW capacitor bonding structure indicates a good 

performance with transmission and return loss within design band. 
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1 INTRODUCTION   

Wire bonding is a key technology for connecting 

the bared millimeter-wave IC chips with other 

planar circuits [1, 2]. The general wire bonding 

structure is microstrip wire bonding, in which one 

end of the bond wire is bonded to the microstrip line 

[3, 4]. Due to some inherent flaws of microstrip 

wire bonding such as high sensitivity to the circuit 

manufacturing errors and bonding operations, [5] 

proposed a novel wire bonding structure directly 

based on SIW technology, in which the SIW was 

introduced to be as one end of the bond wire. The 

SIW bonding structure is suitable for passive 

circuits or chips with internal DC-blocking 

capacitors, when the chip needs external DC-

blocking capacitors, due to the SIW surface is 

generally connected to the ground surface and the 

SMT capacitors cannot be used on SIW, the SIW 

bonding structure cannot be used directly for this 

kind of circuits. Fig.1 shows the microstrip bonding 

and SIW bonding structure. 

Furthermore, although the microstrip bonding 

structure can easily introduce the DC-blocking 

capacitors, considering the operation frequency is 

very high in millimeter-wave band, the performance 

of DC-blocking capacitors becomes worse quickly, 

and the capacitors are often replaced by some 

passive structure such as interdigital capacitor 

which can be designed with microstrip structure. 

With the interdigital capacitor, the circuit will 

introduce the high insertion loss, and since the 

interdigital capacitor is essentially a band-pass 

filter, the circuit bandwidth will be limited directly 

by the interdigital capacitor [6]. 

In this letter, we proposed a new SIW capacitor 

wire bonding structure which realizes the DC-

blocking of the chips or circuits, then SIW bonding 

structure can be introduced to almost all the passive 

and active circuits and chips.  
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Fig. 1 Microstrip bonding and SIW bonding structure 

 

Fig. 2 SIW capacitor wire bonding structure 

2 WIRE BONDING STRUCTURES AND 

SIMULATIONS 

The proposed active chip SIW bonding structure 

is shown in Fig. 2, a chip is to be bonded to the SIW 
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surface. To realize the DC-blocking between the 

chip and SIW, a plate chip capacitor is introduced 

and placed on SIW surface, the top surface of the 

chip capacitor is one end of the bond wire, the 

bottom surface of the chip capacitor is sintered to 

the SIW surface. Since the chip capacitor can work 

in high millimeter-wave band such as hundred GHz 

with very low insertion loss, this structure can 

realize good performance of DC-blocking and RF 

transmission.  

To demonstrate the design methodology and 

electrical performances, the comparative designs are 

simulated. The SIW wire bonding SPST switch 

structures with and without chip capacitor are 

designed and simulated, as the comparison, the 

same SPST microwave wire bonding structures with 

and without interdigital capacitor are also designed 

and simulated. Four relevant structures are shown in 

Fig. 3 and Fig. 4.   

  

Fig. 3 Microstrip bonding with and without 

interdigital capacitor 
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Fig. 4 SIW bonding structures with and without chip 

capacitor 

Ansys HFSS is used to simulated above four 

structures, the simulated results are shown in Fig. 5 

and Fig. 6.  

 

Fig. 5 Simulated Results for microstrip bonding with 

and without interdigital capacitor 

 

Fig. 6 Simulated Results for SIW bonding with and 

without chip capacitor 

The simulated results show that when using the 

microstrip bonding structures for the active chip, 

once introducing the interdigital capacitor, the 

corresponding insertion loss is introduced and the 

bandwidth is limited because of the band-pass filter 

effect of the interdigital structure. The SIW 

structure simulated results show that when 

introducing the chip capacitor into the SIW wire 

bonding structure, the insertion loss is very small 

and the bandwidth is not significant affected. 

3 MEASUREMENT RESULTS 

To demonstrate the design methodology and 

electrical performances, the relevant wire bonding 

structures are designed and measured. The Taconic 

TLY-5A substrate with a thickness of 10mil and a 

dielectric constant of 2.2 is adopted in the design 

and implementation. Commercial MA-COM SPST 

switch MA4AGSW1 chip is used in the design.  

The SPST switch chip MA4AGSW1 has broad 

bandwidth from 50MHz to 50GHz, which has low 

loss state and isolation state. The DC blocking 

capacitors are needed for the RF ports, 0V or a 

negative DC voltage provides low insertion loss for 

the MA4AGSW1, isolation state is achieved with 

10mA DC current. To demonstrate and compare 

different bonding structures, 0V voltage is provided 

so that the switch without DC blocking capacitors 

can still work at low insertion loss state without 

possible damages and interference. 

Fig. 7 shows the photos for the microstrip wire 

bonding structures with and without interdigital 

capacitors. Fig. 8 shows the measured results. The 

S21 of the bonding structure without interdigital 

capacitor indicates a baseline, the S21 of bonding 

structure with interdigital capacitor shows an 

additional insertion loss introduced by the 

interdigital capacitors for two RF ports. 

Furthermore, since the interdigital capacitor is 

essentially a band pass filter, the S21 shows a 
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significant filtering effect, which limits the 

operating bandwidth of the switch circuits. 

  

Fig. 7 Photos of microstrip bonding with and without 

interdigital capacitor 

 

Fig. 8 Measured Results for microstrip bonding with 

and without interdigital capacitor 

 

Fig. 9 Photos at microscope of two bonding structures 

Fig.9 show the photos at microscope of two 

structures, one bonding wire on the capacitor is 

bonded to the power pad for real circuits. Since the 

traditional SMD capacitors cannot be used on SIW, 

the chip capacitors are introduced, which are 

sintered to the metal surface of SIW. 

Fig.10 shows the measured results for SIW 

bonding structures with and without capacitors, the 

S21 and S11 of two structures show a good 

consistency, and there is no significant difference 

on performance between the two structures, which 

indicate that the SIW bonding structure with 

capacitor is a workable and promising wire bonding 

structure.  

 

Fig. 10 Measured results for SIW bonding with and 

without capacitor 

4 CONCLUSION 

In this paper a new SIW capacitor wire bonding 

structure is proposed and experimentally verified, 

which is suitable for millimeter wave band wire 

bonding circuits, especially suitable for the active 

circuits which need the DC-blocking capacitors. 

With this structure, the SIW bonding can be 

introduced to almost all the passive and active 

circuits and chips. A millimeter-wave SPST switch 

circuits with SIW capacitor wire bonding structure 

are designed, fabricated and measured. A microstrip 

bonding structures with and without interdigital 

capacitor are also designed and measured for 

comparison. Measured results show that the SIW 

capacitor bonding structure indicates a good 

performance with transmission and return loss 

within design band, which shows that SIW 

capacitor wire bonding is a workable and promising 

wire bonding structure. 
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