
This is a repository copy of Analysis of bondwires and RF compensation circuits in E-
Band.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/233090/

Version: Accepted Version

Article:

Joseph, S.D. orcid.org/0000-0001-9756-7596 and Ball, E.A. orcid.org/0000-0002-6283-
5949 (2025) Analysis of bondwires and RF compensation circuits in E-Band. IEEE 
Transactions on Components, Packaging and Manufacturing Technology, 15 (9). pp. 1986-
1995. ISSN: 2156-3950 

https://doi.org/10.1109/tcpmt.2025.3594505

© 2025 The Authors. Except as otherwise noted, this author-accepted version of a journal 
article published in IEEE Transactions on Components, Packaging and Manufacturing 
Technology is made available via the University of Sheffield Research Publications and 
Copyright Policy under the terms of the Creative Commons Attribution 4.0 International 
License (CC-BY 4.0), which permits unrestricted use, distribution and reproduction in any 
medium, provided the original work is properly cited. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

mailto:eprints@whiterose.ac.uk
https://doi.org/10.1109/tcpmt.2025.3594505
https://eprints.whiterose.ac.uk/id/eprint/233090/
https://eprints.whiterose.ac.uk/


1 

> REPLACE THIS LINE WITH YOUR MANUSCRIPT ID NUMBER (DOUBLE-CLICK HERE TO EDIT) < 

 

Analysis of Bond Wires and RF Compensation 
Circuits in E Band 

 

Sumin David Joseph, Member, IEEE and Edward A. Ball, Senior Member, IEEE 
 

  
Abstract— This paper investigates the impact of bondwire 

interconnections on signal integrity in low and high millimeter-

wave (mmWave) applications, emphasizing transmission 

degradation caused by inductive and parasitic effects. Through 

detailed measurements and analysis, we demonstrate that 

transmission loss and impedance mismatches can be effectively 

reduced by minimizing bondwire length and using multiple wires 

in parallel. Based on empirical data, we developed an electrical 

model of bondwire incorporating distributed inductance, 

capacitance, resistance (L/C/R), and transmission line 

characteristics. To further enhance performance, we introduce 

compact compensation circuits using LC structures and radial 

stubs optimized for both single and double bondwire 

configurations. Experimental validation shows that the proposed 

double-wire LC compensation technique significantly reduces 

insertion loss—from 5 dB to 1.5 dB and  provides a return loss 

bandwidth from 70 GHz to 75 GHz. The key novelty of this work 

lies in integrating multiple bondwires with low-complexity, 

compact LC compensation structures, providing an effective 

solution for reducing insertion loss and improving impedance 

matching in mmWave systems. This approach offers a practical 

and scalable solution for improving chip-to-board and board-to-

board interconnect performance in mmWave systems.  

 
Index Terms— bond wire, compensation circuit, impedance 

matching, inductance, insertion loss, millimeter-wave, wire 

bonding. 

I. INTRODUCTION 

N modern millimeter-wave communication systems, 

ensuring seamless connections between various 

components, particularly between monolithic microwave 

integrated circuits (MMICs) and off chip devices like antenna 

arrays, is crucial [1]. As wireless technologies continue 

advancing into higher frequency ranges, such as the E-band 

applications like 5G, automotive radar, and satellite 

communications demand high-performance and reliable 

interconnections [2]. Traditionally, bondwires have been 

widely used to connect MMICs to printed circuit boards (PCBs) 

due to their affordability and simplicity [3], [4]. However, when 

operating at millimeter-wave frequencies, bondwires can 

introduce significant performance limitations. The inductance 

and other parasitics due to bondwires and their pads degrade the 

interconnection and overall system performance. These 

challenges highlight the need for optimizing interconnects to 

preserve signal integrity and minimize losses [5].   

 
This paragraph of the first footnote will contain the date on which you 

submitted your paper for review, which is populated by IEEE. This work was 

supported by the UKRI under Grant  MR/T043164/1. Corresponding author: 

Sumin David Joseph).  

The existing literature offers only a limited number of models 

for accurately characterizing bond wires. One such model, 

outlined in [6], utilizes a behavioral approach where the input 

impedance is derived from network analyzer measurements. In 

another method, Xue et al. [7] proposed a technique to model 

bond wires of various shapes through lumped element 

representations. Additional approaches, as presented in [8]–
[10], involve directly computing S- and Y-parameters by 

employing causal equations or using the finite-difference time-

domain (FDTD) technique. These sophisticated models 

accommodate more complex scenarios, such as non-uniformly 

shaped wires.  

Achieving an effective wire-bonding interconnection for 

millimeter-wave applications is challenging due to the self-

inductance of bondwires and the shunt capacitance associated 

with bond pads. Although some solutions have been developed 

for millimeter-wave applications, they typically involve 

complex designs, additional processing steps, and higher costs. 

In [11],  a five-stage low pass filter technique is proposed for 

wideband interconnection. However, this technique incurs 

higher cost, large area and is incompatible for MMIC to PCB 

interconnections due to the asymmetric structure. Multiple 

signal lines from multiple bond pads are suggested in [12] and 

[13]. These techniques involve greater difficulty in 

implementation and use large area. Improvements in insertion 

loss and impedance matching have been achieved through the 

use of capacitive compensation structures, as noted in [14,15]. 

In [16] and [17], inductor-capacitor-inductor (LCL) structures 

with radial stubs are employed. LCL interconnects often fail to 

maintain consistent impedance, which is crucial for high-

frequency signal transmission. Self-matching bondwires are 

proposed in [18] and [19], which uses long GSG wires for 

matching. Using GSG wires is challenging with thick PCBs as 

the matched wide microstrip does not leave space for the 

decoupling bondwires. In addition, stub matching is not always 

realistic as the stub width approaches its length for millimeter-

wave frequencies. LC planar matching at 60 GHz is presented 

in [20]. The compensation technique involves using additional 

bondwires for matching, which makes it complex to design. 

Also, it doesn’t consider effect of multiple bondwires in the 
same pad area. Therefore, studies considering the possibilities 

of multiple bondwires are needed to address and reduce the 

difficulty in designing compensation and matching circuits [21- 

23]. 

The authors are with the School of Electrical and Electronic Engineering, 

University of Sheffield, UK, (e-mail: s.d.joseph@sheffield.ac.uk). 
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In this study, we investigate the problems associated with 

bond wires in millimeter-wave applications and proposes 

compensation circuits for improving the matching. The key 

contributions of this paper are as follows:- 

• Detailed measurement and analysis of single and multiple 

bondwires in mmWave bands (22-32 GHz and 68-76 

GHz). 

• Developed a novel electrical model of the bondwire that 

incorporates distributed L,C,R and transmission lines, 

based on measured data. 

• Design and analysis of compact transmission lines LC and 

radial stub compensation to mitigate transmission loss and 

impedance mismatches in bondwire interconnects. 

• Introduced a novel, low-complexity compensation 

approach that combines multiple parallel bondwires with 

compact LC structures.  

The selected frequency bands 22–32 GHz and 68–76 GHz (E-

band)—are increasingly recognized as critical in mmWave 

research  due to the applications in 5G and 6G networks [24]. 

This paper is organized as follows: Section II discusses the 

modeling of the bondwire, and the analysis of the bond wire is 

carried out in Section III. Section IV presents the equivalent 

circuit based on the measured results. Sections V discusses the 

design of bond compensation  structure and measurement 

results of compensated bondwire is presented in Section VI. 

Finally, Section VII presents the conclusions.  

II. BOND WIRE MODELING  

A bond wire can generally be modeled as an inductor along with 

various parasitic components. Full-wave electromagnetic 

simulation techniques, like the method of moments and the 

finite-difference time-domain approach, are used to thoroughly 

evaluate various bond wire configurations, including multichip 

setups as well as single and double bond wire structures. 

Configuration of a single bondwire for interconnecting chips to 

PCB board can be shown as in Fig. 1. The geometric 

dimensions of the bond wires are defined as follows: d 

represents the wire's diameter, lw is the wire's length, h denotes 

the height of the wire and hp refers to the thickness of the 

substrate material. The bondwire’s equivalent circuit can be 

represented as a low-pass filter network comprising a series 

inductance (Ls), a series resistance (Rs), and parallel 

capacitances (Cp) to ground, as illustrated in Fig. 2. The values 

of Ls and Cp can be estimated using equations (1) and (2), 

respectively, based on the geometric and material parameters of 

the bondwire [15]. 

 

Ls = (μ0lw/2π)[ln(4lw/dw) + μr tan(4lw/ dw) - 1]       (1) 

 

Cp = εrε0(A/hp)                                       (2)  

 

Rs = (4ρlw/πdw
2) cos(0.025dw/ds + 0.2654)      (3) 

 

where μ0 and ε0 are the permeability and the permittivity 

of free space, respectively, μr and εr are the permeability 

and the permittivity of bond wire, respectively, and ρ and ds 

are the resistivity and skin depth of the bond-wire material, 

respectively. A is the area of the bonding pads of the wire 

in (2). The inductance Ls of the bond wire is a key factor in 

determining its microwave performance. To model and analyse 

the microwave behaviour of bond wire interconnections, a 

combined approach using ADS and electromagnetic field 

simulation software  CST are employed.  

In this study, a gold bond wire with a diameter of 25 µm is 

initially designed. The bond wire pads measure 100 µm in 

length and 450 µm in width and are designed with a 

characteristic impedance of 50 Ω to ensure proper impedance 
matching. The distance between the bond wire pads is 320 µm, 

with a 40 µm offset on both ends of the wire relative to the pad 

edges. Consequently, the total length of the bond wire is 

calculated to be 480 µm. For this investigation, a low-loss 

Rogers RO4003C substrate, 200 µm thick, is chosen. 

Additionally, a copper ground plane is positioned on the 

opposite side of the substrate.  

The bond wire configuration in Fig. 1 was initially simulated 

in the frequency range of 20 to 80 GHz to assess its performance 

in millimeter-wave application. The simulation was carried out 

using CST Microwave Studio, where waveguide ports were 

Fig. 1. Bond wire configuration . 

Fig. 2. Conventional bond wire equivalent circuit . 

Fig. 3. Simulated S parameters of bondwire in millimeter-

wave frequencies . 
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assigned to both ends of the bond wire pads to excite and 

terminate the structure. The layout includes the bond wire, its 

associated pads, and surrounding ground, ensuring that the 

simulation closely mirrors the physical setup, excluding real-

world imperfections. Fig. 3 shows the simulated S parameters of 

bondwire. The results show a degradation in the transmission 

characteristics as the frequency increases, largely due to the 

inductive effects of the bond wire. The insertion loss degrades 

from an initial value of less than 1 dB  at 20 GHz to 5 dB at 80 

GHz. Similarly, the reflection coefficient was around -9 to -6 dB 

in the low millimeter-wave region. However, the reflection 

coefficient rises to -2 dB in the E band region.  Therefore, it can 

be observed that the bond wire does impact severely in the lower 

millimeter-wave region. Therefore, it becomes crucial to account 

for the parasitic effects of the bond wire and apply appropriate 

compensation to improve impedance matching and enhance 

transmission performance.  

III. ANALYSIS OF BOND WIRES  

In order to assess the performance of bond wires at millimeter-

wave frequencies, a printed circuit board (PCB) was designed 

utilizing a low-loss Rogers RO4003C substrate. This material 

has a permittivity of εr = 3.55, a loss tangent of 0.0027, and a 

thickness of 200 µm. The PCB includes pads designed for 

varying bond wire lengths. Additionally, Through, Reflect, 

Line (TRL) calibration standards were integrated onto the chip 

to remove the effects of the Ground-Signal-Ground (GSG) 

probe transition during testing.  

For the bond wire fabrication, a semi-automatic wedge 

bonder, iBond5000, was employed. A single gold bond wire 
with an overall length of 480 µm was initially fabricated, as 

shown in the Fig. 4. The bond wire pads were designed with 

dimensions of 100 µm in length and 450 µm in width, and a 

characteristic impedance of 50 Ω to ensure proper impedance 
matching. To connect the bond wire to the GSG pads, which 

have a 150 µm pitch, a 1 mm microstrip line with a tapering 

section was added on both sides of the wire. The bond wire pads 

were spaced 320 µm apart, with a 40 µm offset from the edges 

of the pads to each end of the bond wire (representing typical 

manufacturing techniques). This configuration resulted in an 

overall bond wire length of 480 µm. The fabricated bond wire 

is depicted in the accompanying figure. 

 Initial analyses were conducted in the lower millimeter-wave 

frequency range at the UKRI Millimeter Wave Laboratory at 

the University of Sheffield (TUoS) [25]. Fig. 5(a) shows the 

schematic diagram of the low frequency measuremnt set up. 

The performance of the bond wire was measured over the 24 to 

30 GHz frequency range using a Keysight PNA-X N5245B 

network analyzer and MPI Titan RF probes with a 150 µm 

pitch. Fig. 6 shows the fabricated single and triple bondwire. 

The simulated and measured results of  single bond wire in the 

low frequency region is shown in Fig. 7(a). The measured 

results indicate that the insertion loss ranges from 0.8 dB to 2 

dB, which aligns well with the simulated values. Similarly, the 

measured S11 varies between -9.7 dB and -6.5 dB across the 

frequency range. A noticeable degradation in transmission 

(a) 

(b) 

(b) 

Fig. 4. Bond wire schematic (a) perspective view (b) top 

view. 

Fig. 5. Measurement set up of bondwire (a) low frequency 

(24-30GHz) (b) high frequency (70-75GHz). 

(a) 

(b) 
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performance and impedance matching is observed as the 

frequency increases, primarily due to the inductive properties 

of the bond wire. To address this issue, the performance of 

multiple bond wires is analyzed at lower millimeter-wave 

frequencies by implementing triple wire bonds, as shown in Fig. 

6(b). The S-parameter results for the triple bond wire 

configuration are presented in Fig. 7(b). The insertion loss is 

significantly reduced—from 0.1 dB at 22 GHz to 0.6 dB at 35 

GHz. Similarly, the return loss improves, indicating better 

impedance matching, with values ranging from -15 dB to -13 

dB across the frequency band. These results demonstrate that, 

at lower millimeter-wave frequencies, the use of multiple bond 

wires can effectively reduce signal losses and enhance overall 

performance. For analysing the transmission performance in bondwires at 

high frequency millimeter-wave bands,  WR15+ VDI extenders 

are used along with the PNA as shown in Fig. 5(b). Fig. 8(a) 

shows the simulated and measured S parameter results of the 

single bondwire. The transmission characteristics are degrading 

with frequency due to the inductive effect. Around 73 GHz, it 

is possible to observe insertion loss value of around 4 to 6 dB 

compared to less than 2 dB at 35 GHz. Similarly, the return loss 

curves are degraded to 2 dB range. Therefore, it is necessary to 

design compensation circuits and matching networks to reduce 

the losses and to improve matching. 

Triple wire bond performance at high millimeter-wave 

frequencies are shown in Fig.8(b). Insertion loss is reduced to 3 

Fig. 6. Fabricated (a) ) single bond wire with overall length 

820 µm (b) triple bond wire with overall length 480 µm 

(b) 

Fig. 8. Simulated and measured S parameters of 480 µm (a) 

single bond wire (b) triple bondwire in high mmWave band. 

(b) 

(b) 

Fig. 7. Simulated and measured S parameters of 480 µm (a) 

single bond wire (b) triple bondwire in low mmWave band. 
Fig. 9. Measured S parameters of bond wire with overall 

length 880 µm in high millimeter-wave frequency band. 

(a) 

(a) 

(a) 

(a) 
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dB range and return loss to circa 7 dB.  However in high 

frequencies, it is necessary to use compensation and matching 

circuits to achieve good transmission performance. Fig. 9 

shows the measured results of 880 µm long single  bond wire. 

Compared to 480 µm long bondwire, this scenario has high 

transmission loss of around 9 dB. Thus, it is required to 

minimise the bondwire length interconnects wherever possible.  

IV. EQUIVALENT CIRCUIT 

To evaluate the measured bondwire results and to design 

compensation network, it is necessary to estimate the equivalent 

circuit of the bondwire. In this work, a fitted model is used to 

analyze the S parameters at the high millimeter-wave frequency 

band. Measurement results of standard bondwire with an overall 

length of 480 µm is utilized. The dembedded results of the bond 

pad and bondwire are fitted with an equivalent circuit at 73 GHz as 

shown in Fig. 10. A distributed model is used with  inductance L, 

resistance R,  ideal transmission line with electrical length E and 

impedance Z, along with parallel capacitance C. Distributed model 

with transmission line can incorporate the delay and phase values 

associated with bondwire, as the length of bondwire is comparable 

with wavelength.  The inductance L of 115 pH is extracted in each 

section giving an overall inductance of 345 pH. This value is 

similar to the simulated values with this length and operating 

frequency. Equivalent circuit parallel capacitance values are 

reasonably low as we already considered and include the 

capacitance of bond pads through EM simulations in ADS.  

The proposed lumped element combined with transmission line 

equivalent circuit shown in Fig. 10 remains a valuable and 

insightful approach for modeling bond wires, particularly in the 

higher millimeter-wave frequency range, when applied over 

narrow bandwidths. Within these constrained frequency spans, the 

model can accurately capture key effects such as inductance, 

resistance, and localized transmission behavior. This modeling 

strategy is especially useful for analyzing resonant structures, 

matching networks, and interconnect transitions where bandwidth 

is limited, and where quick, circuit-level interpretation is essential. 

However, due to the increasingly distributed nature of bond wires 

at higher frequencies, along with effects like radiation, parasitics, 

and skin effect, the model’s accuracy naturally diminishes over 
wider bandwidths. These high-frequency phenomena are more 

appropriately captured using full-wave electromagnetic 

simulations or wideband behavioral models. Nonetheless, for 

targeted applications and narrowband analysis, the lumped element 

+ transmission line equivalent circuit continues to offer a practical 

and sufficiently accurate solution for bond wire modeling in the 

millimeter-wave regime. 

V. COMPENSATION CIRCUIT DESIGN 

While designing compensation circuits for bond wire parasitics, 

it is necessary to design asymmetric networks to enable the 

technique suitable for commercial high frequency circuits and RF 

chips. A transmission line-based asymmetric matching network is 

initially designed at the schematic level to avoid the need for 

repetitive and time-consuming 3D electromagnetic simulations. 

The bondwires and their landing pads are considered together; 

therefore, the landing pads are not part of the compensation circuit.  

A. Radial Stub Compensation Design 

To mitigate the series inductance introduced by bond wire 

connections, a capacitive radial stub is integrated alongside a 

narrow microstrip line serving as an impedance transformer as in 

Fig. 12. Initial design parameters, such as the stub’s radius and 
angular span, are derived through preliminary simulations using 

Fig. 10. Estimated bondwire equivalent circuit. 

Fig. 11. S parameter of measured bondwire with 480 µm 

bondwire and fitted  results  

(b) 

(a) 

Fig. 12. Layout of radial stub compensation structure for 

higher millimeter wave bands 
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Keysight ADS. These parameters are then fine-tuned using full-

wave electromagnetic CST simulation to ensure effective 

impedance compensation and improved signal transmission. Fig. 

13 shows the S parameter results of compensation circuit. 

B. Low Frequency LC Transmission Lines Compensation  

The use of a multistage network offers greater design flexibility, 

enabling the implementation of scenarios where large values for 

individual matching components may be challenging to achieve in 

the physical layout. In transmission line-based matching, thick 

metal traces can provide capacitance against the ground plane and 

thin metal traces form inductors in microstrip PCB, as follows [26]: 

 

C = εrε0(
𝑙𝑡 × 𝑤𝑡ℎ𝑝 )                           (4) 

 

L    = 𝑙𝑛(8ℎ𝑝𝑤𝑡  + 𝑤𝑡4ℎ𝑝) 60𝑙𝑡 𝑣                  
 𝑤𝑡ℎ𝑝  ≤ 1                    

= 
120𝜋𝑙𝑡𝑣(𝑤𝑡ℎ𝑝 +1.39+0.66 ln(𝑤𝑡ℎ𝑝+1.44))  𝑤𝑡ℎ𝑝  ≥ 1    (5) 

 

where lt and wt are the length and width of the trace and v is the 

wave-propagation velocity. These equations provided first-

order estimates of the inductance (L) and capacitance (C) of 

microstrip line segments based on basic geometric and material 

parameters. They were useful for the initial design and 

impedance matching of microstrip lines. Later, the 

electromagnetic (EM) simulation tool CST was used for fine-

tuning and more accurate optimization. To model the 

transmission line behavior of planar PCB traces (microstrip 

lines) for impedance matching, equations (4) and (5) were 

applied—where equation (4) estimated the parasitic 

capacitance between the trace and ground, and equation (5) 

calculated the inductance based on the trace geometry and 

substrate height. In this low-frequency LC transmission line 

compensation approach, two equivalent inductors and one 

capacitor are realized using transmission lines, as shown in Fig. 

14 for impedance matching. A low-value inductor L2 is placed 

near the bondwire, followed by a thick metal section that acts 

as the capacitor C1, and then a larger inductor L1. In low 

frequency compensation, the lengths of the microstrip lines lt1, 

lt2 and lt3 are 0.59, 0.2 and 0.51 mm respecitvely. Width wt1, 

wt2 and wt3 are 0.12, 0.73 and 0.25 mm respectively. This 

arrangement forms a T-shaped matching network that provides 

effective impedance matching. Fig.  15 shows the simulated S 

parameters of the low frequency LC transmission lines 

compensation. A broadband impedance matching covering 22-

32 GHz can be observed with insertion loss less than 1dB. 

 

Fig. 16. Layout of LC transmission lines compensation 

structure for higher millimeter-wave bands 

Fig. 13. Simulated S parameter with radial stub 

compensation and bondwire at high millimeter-wave bands 

Fig. 14. Layout of LC transmission lines compensation 

structure for lower millimeter-wave bands 

Fig. 17. Simulated S parameter results with LC 

compensation and bondwire at high millimeter-wave bands 

Fig. 15. Simulated S parameter results with LC compensation 

and bondwire at low millimeter-wave bands 
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C. High Frequency LC Transmission Lines Compensation 

A similar T-shaped impedance matching circuit was employed 

for high-frequency compensation, with modified transmission 

line dimensions is shown in Fig. 16. Two thin metal traces with 

widths wt1 = wt3 = 0.12 mm were used as inductors, while a 

thicker trace wt2 = 0.7 mm acted as the shunt capacitor. The 

lengths of the three microstrip lines were lt1,=0.58, lt2 =0.2 and 

lt3 0.51 mm, respectively. This compensation network provided 

effective wideband impedance matching and minimized 

insertion loss introduced by the bond wire. Fig. 17 shows the 

simulated S-parameters of the high-frequency LC transmission 

line network. Wideband impedance matching (S11<-10 dB) 

was achieved between 70 and 74 GHz, with an insertion loss of 

less than 1.5 dB across this range. Compared to a radial stub-

based approach, the T-shaped matching circuit demonstrated 

superior performance. 

D. Double Bondwire LC Compensation 

 As observed in Section III, uncompensated interconnects with 

multiple bond wires demonstrated comparatively better 

performance. Building on this, the proposed compensation 

technique was further applied using a double bond wire 

configuration. The use of two bond wires in parallel effectively 

reduces the overall inductance, thereby lowering the insertion 

loss. This makes the compensation implementation simpler and 

more efficient compared to the single bond wire scenario. The 

compensation circuit, shown in Fig. 18, employs a single 

inductive and capacitive microstrip trace. The capacitive strip 

has dimensions lt1 =0.1 mm and wt1 = 0.7mm , while the 

inductive strip has a length lt2 =0.5 mm and width wt2 = 0.12 

mm. Fig. 19 presents the simulated S-parameters of the double 

bond wire compensation network. A broad bandwidth covering 

the full frequency range of interest (66–76 GHz) was achieved, 

with a simulated insertion loss of less than 1dB across this band. 

 VI. MEASUREMENT RESULTS 

The proposed compensation circuits were fabricated on a 

Rogers 4003C substrate with a thickness of 200 µm. Bond wires 
with a length of 480 µm and a diameter of 25 µm were 
implemented on the boards using an i5000 wedge bonder. The 

measurement setups shown in Fig. 5(a) and Fig. 5(b) were used 

to evaluate the S-parameter performance in the low- and high-

frequency bands, respectively. 

A. Radial Stub Compensation Results  

Fig. 20(a) shows the fabricated radial stub compensation 

circuit implemented with a single bond wire of 480 µm length. 
The measured S-parameters of the bond wire interconnect with 

radial stub compensation, spanning 68 to 76 GHz, are presented 
in Fig. 20(b). The measured return loss exceeds 10 dB in the 
71.5 to 74 GHz range. However, the insertion loss remains 
below 3.5 dB only in the 72.5 to 74 GHz range, representing a 
minor improvement compared to the uncompensated case 

shown in Fig. 8(a). Thus, while the addition of the capacitive 

radial stub improves impedance matching by partially 

cancelling the inductive effect of the bond wire, it offers only 

limited enhancement in insertion loss and results in narrowband 

performance.    

 B. Low Frequency LC Txion Lines Compensation Results 

 The fabricated low frequency LC txion lines compensation 

circuit is shown in Fig. 21 (a). Measured S parameters of the bond 

wire interconnect with compensation circuit from 22 to 32 GHz is 

shown in Fig. 21(b). Simulated and measured results are in well 

agreement. It can be observed that the insertion loss is reduced to 

between  0.1 to 1 dB in the wideband compared to the 0.5 to 2.1 

dB insertion loss in the bond wire interconnect without 

compensation as shown in Fig. 7(a). The impedance matching 

performance is very much improved from 22 to 32 GHz. The 

(b) 

Fig. 19. Simulated S parameter results with double 

bondwire LC compensation at high millimeter-wave bands 
Fig. 16. (a) Microscopic image of the radial stub 

compensation interconnects at high bands (b) measurement 

results  

Fig. 18. Layout of double bondwire LC compensation 

structure for higher millimeter-wave bands 

(a) 

(a) 

Fig. 20. (a) Microscopic image of  radial stub compensation 

interconnects at high bands (b) measurement results  
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return loss curves S11 and S22 are also better than 10 dB 

throughout the band. At 28 GHz, the return loss curves are 

improved from 8 to 15 dB. Therefore, we see that to improve the 

impedance matching performance with bond wire degradation, it 

is possible to either using multiple bond wires or by using the 

proposed compensation circuit in low millimeter-wave region.  

C. High Frequency LC Txion Lines Compensation Results 

 The fabricated high frequency compensation circuit centered at 

73 GHz is shown in Fig. 22 (a). Fig. 22(b) presents the measured 

performance of the LC compensation circuit with a single bond 

wire. Compared to the radial stub compensation, a significant 

improvement in impedance matching was observed. The 

measured return loss bandwidth extends from 70.5 to 73.5 GHz, 
with a minimum insertion loss of 2.2 dB at 73 GHz. The measured 
insertion loss is slightly higher than the simulated result, likely due 

to PCB etching tolerances and a longer-than-expected bond wire. 

Nonetheless, both return loss and insertion loss show substantial 

improvement within the 70.5–73.5 GHz band, with insertion loss 
ranging from 3.2 dB to 1.6 dB. 

D. Double Bond Wire Compensation Results 

Finally, the double bond wire configuration with LC 

compensation was fabricated, as shown in Fig. 23(a). The 

measured S-parameter performance is presented in Fig. 23(b). 

It can be observed that the insertion loss (S21 and S12) is 

significantly improved, reaching as low as 1.2 dB at 72 GHz. 
Additionally, the return loss remains better than −10 dB across 
the 70–75 GHz frequency range. Within this 5 GHz bandwidth, 
the insertion loss stays below 1.5 dB. These results demonstrate 
that the LC-compensated double bond wire structure offers 

superior performance compared to the single bond wire 

approach. This improvement is primarily attributed to the 

reduced interconnect inductance achieved by using multiple 

bond wires in parallel. As a result, a simple LC-based 

impedance matching circuit is sufficient to enhance the 

transmission performance of bond wire interconnects.  

Despite the high performance, a decrease in bandwidth 

performance can be observed compared to simulated curves. 

These discrepancies are attributed to practical factors such as 

fabrication tolerances, variations in wire bond geometry (e.g., 

loop height and angle), and probe contact inconsistencies, 

which are not fully captured in the simulation environment. In 

particular, for the double wire compensation case, the mismatch 

between simulation and measurement is slightly higher due to 

the difficulty in achieving two perfectly parallel wires in 

practice, as assumed in the simulation. This is mainly because  

(b) 

(a) 

Fig. 21. (a) Microscopic image of  LC lines compensated 

interconnects at low bands. (b) measurement results 

Fig. 22. (a) Microscopic image of  LC lines compensated 

interconnects at high bands. (b) measurement results 

(b) 

Fig. 23. (a) Microscopic image of  LC lines compensated 

double wire at high bands (b) measurement results 

(a) 

(b) 

(a) 
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the bonding process is semi-automatic, leading to slight 

variations in wire placement and geometry. 

The results of the bondwire interconnection measurements, 

along with their analysis, are summarized and compared with 

the current state-of-the-art in Table I. Symmetric matching is 

incompatible with chip-to-board transitions since adjustments 

can only be made at the board level. Thus, the symmetric works 

in [11] is not suitable for these transitions. Implementing 

Ground-Signal-Ground (GSG) bondwires is challenging when 

using thick PCBs, as the matched wide microstrip leaves 

insufficient space for adjacent decoupling bondwires  [18],[20]. 

Large bonding pads and multiple signal and ground lines are 

required in [12],[13] designs, which makes it very  complex to 

implement. Furthermore, stub matching is often impractical at 

mmWave frequencies, as the stub width may approach its 

length. LCL interconnects frequently struggle to maintain 

consistent impedance, which is essential for reliable high-

frequency signal transmission [16],[17]. The inductance 

introduced by the bondwire can disrupt impedance matching, 

particularly at mmWave frequencies, leading to signal 

reflections, power loss, and attenuation.  

This proposed work presents the first asymmetric double 

bondwire compensation approach, whereas most other studies 

have used either single bondwires or multiple bondwires with 

complex stubs or grounded pads. Complexity and design risk of 

this design procedure is reasonably low compared to other 

works. In this work, we have explored the possiblity of multiple 

bondwires in the same pad area along with asymmetric 

compensation networks, which makes it very viable for chip to 

board transitions. We propose a new electrical model for bond 

wires, using a distributed L/C/R + transmission line concept. 

While some wirebonding systems use ribbon bonds to reduce 

parasitic inductance, not all wirebonder equipment supports this 

technique. In contrast, all commercial wirebonding systems are 

capable of supporting multiple wire bonds. Therefore, we 

believe our multiple wire bond approach is more generic and 

broadly applicable in both industry and academia, offering a 

practical and scalable solution. 

VII. CONCLUSION 

This work investigated the challenges associated with 

bondwire interconnections in both low and high mmWave 

frequency applications, focusing on signal degradation caused 

by inductive and parasitic effects. Through comprehensive 

measurements and analysis, it was demonstrated that 

transmission loss and impedance mismatches can be 

significantly mitigated by minimizing bondwire length and 

employing multiple bondwires in parallel. An accurate 

electrical model of the bondwire interconnect was developed, 

incorporating distributed inductance, capacitance, resistance 

Ref Technique used Operating 

Frequency 

(GHz) 

Insertion 

loss 

Return 

loss 

Complexity Single/ multiple bonds 

 

[11] 

Transmission lines-

based LC combined 

with ground pad C on 

both sides 

 

80  

 

0.4 dB at 

76 GHz 

 

15 

 

Incompatible for 

chips 

 

Only double bonds 

 

[13] 

Three-path 

interconnect and 

ground bond pad 

92  2dB at 70 

GHz 

13 Very complex Single signal lines from each 

3 bond pads 

[12] Two-path interconnect 

and ground bond pad 

84 3 dB at 

84 

13.4 Very complex Single signal lines from each 

2 bond pads 

 

[14] 

Comb capacitors 

attached 

to bonding pads 

 

5 

 

- 

8 Very complex Single bonds 

[16] LCL structure 60  1.7 at 52 18 Complex due to 

multiples wires as 

GSG 

Triple bonds and radial stubs 

in IC (LCL structure) 

[17] LCL structure as T 

network 

60  3.1  Multiple double 

wires as GSG with 

open stub 

Double bond wires in 

parallel and open-ended 

stubs 

[18] Self match length 120  1.5  Parallel long GSG GSG wires with matching 

[20] LC planar lumped 70  1.5 14 Moderate -using 

additional 

bondwires 

Single wire with 

compensation 

[19] Series stub 123  1.5 15 GSG wires with 

gaps 

GSG wires with matching 

This 

work 

Transmission Lines 

LC Compensation 

73  1.5 15 Simple LC 

matching 

Double wire with 

compensation 

TABLE I 

COMPARISON OF THIS WORK WITH OTHER RELEVANT WORKS  
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(L/C/R), and transmission line behavior based on empirical 

data. To further enhance performance, compact impedance 

compensation circuits—based on radial stubs and LC structures 

—were designed and implemented for single and double 

bondwire configurations. Experimental validation using 

standard 25 µm diameter gold bondwires confirmed the 

effectiveness of the proposed techniques. Specifically, the 

double bondwire LC-compensated interconnect achieved a 

reduction in insertion loss from 5  to 1.5 dB, with the return loss 

bandwidth extended over the 70 to 75 GHz range. These results 
demonstrate notable improvements in signal integrity and 

impedance matching, validating the proposed approach. To the 

best of our knowledge, this work presents one of the most 

compact, low-complexity, and effective solutions for mitigating 

bondwire-induced degradation in mmWave chip-to-board and 

board-to-board interconnects by integrating multiple bondwires 

with low-complexity, compact LC compensation structures. 
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