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Abstract 

In this paper, the signal integrity and power integrity characteristics of a mesh pattern 

on the ground plane are investigated. The meshed planes are formed with a repetitive 

width and gap in a printed circuit board (PCB). The size of the square mesh is determined 

by considering the operating speed and the wavelength of the signal. The spacing between 

the mesh patterns is kept constant at 0.1 mm, while the width is set to 0.15 mm, 0.4 mm 

and 0.8 mm, respectively. The calculations such as S-parameter, inductance/capacitance 

extraction, characteristic impedance, eye-diagram and Time Domain Reflectometry 

(TDR) were performed for analyzing the effects of the meshed ground plane on the signal 

transmission characteristic in the PCB. S-parameters including the insertion loss and the 

reflection loss show the different results as the mesh size changes. From the results of 

characteristic impedance and TDR analysis, the characteristic impedance of the signal 

line increases with the mesh size and then signal transmission characteristic of the signal 

line was improved as its impedance is closer to 50 Ω. Impedance analysis between power-

ground planes was carried out. Even though the area of the ground plane is significantly 

reduced by the mesh pattern, the variation of the power-ground capacitance is less than 

8.5%. The PCBs with a low characteristic impedance and a large line width are expected 

to make closer to impedance matching using the meshed ground and then improve their 

signal quality and maintain the power integrity.  
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1. Introduction 

A printed circuit board (PCB) is a substrate for mounting electronic circuit components 

and serves to connect the components to each other. Like the research trend of electronic 

devices, PCBs have also been developed with increased degree of integration and more 

interlayer structures. As electronic devices and systems are becoming smaller, faster and 

more integrated, signal integrity and power integrity in a PCB are attracting much more 

attention due to reflection loss, crosstalk and ground bounce. In order to solve these 

problems, the researches such as impedance matching and simultaneous switching noise 

(SSN) reduction have been reported [1-2]. In this paper, the analysis for signal and power 

qualities is performed on a PCB. 

One of the important factors affecting the stability of signal transmission and power 

supply in PCBs are ground plane. It is generally designed in a wide plane configuration. 

However, in this paper, the mesh structure is introduced in the design of the ground plane 

and we analyze its effects on the ground plane. It is known that the ground structure with 

the mesh shape has the advantage of improving the reliability of the PCB and 

strengthening the external impact by improving the adhesion between the conductors and 

the dielectric layers. 

A number of studies have been conducted on the electromagnetic properties of the 

meshed ground. It has been reported that applying the mesh structure can suppress 
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crosstalk between the microstrip lines and improve signal propagation characteristics at 

multi-chip package (MCP) [3-4]. In applications of wireless communications, research on 

resonance and radiation patterns for the meshed ground plane has been carried out. 

Several studies have been published that it increases near-field coupling and far-field 

emission [5-9]. However, in this paper, we analyze the effect of signal integrity and power 

integrity on PCB as the mesh size changes on the ground plane. 

 

2. Structure and Design of Mesh 
 

1. Structure of Mesh Pattern  

Analysis of signal integrity and power integrity was performed on the PCB for 

semiconductor package. The size of the PCB is 12 mm × 6 mm and it has a four-layer 

structure. Signal lines are placed on top and bottom layers. They are connected through 

vias between layers. The power plane and the ground plane are arranged on the inner 

layer of the PCB. All conductors are made of copper and the dielectric layers are made of 

FR4 epoxy-based material. Table 1 shows the layer structure of the PCB and its thickness.  

Table 1. Layer Structure of Printed Circuit Board 

Layer Thickness (mm) Material 

Top layer 0.018 Copper 

Dielectric 0.04 FR4 epoxy 

Second layer 0.018 Copper 

Dielectric 0.06 FR4 epoxy 

Third layer 0.018 Copper 

Dielectric 0.04 FR4 epoxy 

Bottom layer 0.018 Copper 

 

 

Figure 1. Routing of Printed Circuit Board 

As shown in Table 1, the PCB has four layers and has a symmetrical structure with 

respect to the center dielectric layer. The thickness of all conductors including the signal 

line, the ground plane and the power plane is 18 m. The dielectric layer has a thickness 

of 40m or 60 m. Figure 1 shows the signal wiring on the PCB. All signal lines are 

connected through the vias. The ground planes on the top layer and the second layer are 

also connected by vias. 

 



International Journal of Control and Automation 

Vol.10, No.8 (2017) 

 

 

Copyright ⓒ 2017 SERSC Australia     147 

2. Length and Width of Signal Line 

The signal lines are connected from the chip pad of the top layer to the pad of the 

bottom layer. In addition, all traces are designed as a single-ended line with a width of 0.1 

mm. The ground plane on second layer is designated as a reference plane. The length of 

the signal line is about 10 mm when that of the pad and the via are included. Figure 2 

shows one of the signal lines used in the simulation and the other lines and planes are not 

shown. 

 

 

(a) Top view 

 

(b) Side view 

 

Figure 2. Top View and Side View of Signal Line on Solid Ground Plane 

 

3. Design of Meshed Ground Plane 

When the size of the mesh on the ground plane is equal to or larger than the 

wavelength of the signal, an electromagnetic wave can be radiated from the outside of the 

ground plane. Therefore, the mesh size should be designed to be sufficiently smaller than 

the wavelength [10]. When the operating frequency of the signal on the PCB is 200 MHz, 

its wavelength is calculated from Equation 1. 

f×ε

c
=

f×n

c
=λ

r                                                                 (1) 

where λ is the wavelength, f is the operating frequency, c is the speed of light in a 

vacuum, n is the refractive index in the dielectric layer and εr is the dielectric constant. 

The dielectric material of the PCB has a dielectric constant of 4.4. When the signal is 

operating at the frequency of 200 MHz, its wavelength is calculated to be about 0.7 m. 

The wavelength can be calculated by the effective bandwidth of the digital signal, which 

is the fifth harmonic of the operating frequency, in other words, 1 GHz. Also, considering 
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the design limitation that the mesh size should be small enough, the mesh size is 

determined by applying the λ/10 criterion in this paper. Therefore, the minimum mesh 

size is calculated to be 0.014 m. A square mesh is designed on the ground plane of the 

PCB. For analyzing the effect of the signal quality on the variation of the mesh size, its 

length on one side is determined to be 0.15 mm, 0.4 mm and 0.8 mm, respectively. Figure 

3 shows the types of the meshed ground plane in this work. The location of the mesh is 

applied only to the closest ground plane where the signal line passes in. 

 

   

(a) Solid Plane                            (b) Meshed Plane with a Square Size of 0.15 mm 

   

(c) Meshed Plane with a Square Size of 0.4 mm   (d) Meshed Plane with a Square Size of 
0.8 mm 

Figure 3. Type of Meshed Ground Plane with Each Mesh Size 

 

3. Analysis and Result 

Calculations for S-parameter, time domain reflectometry (TDR), characteristic 

impedance and power-ground impedance are performed for the meshed ground planes as 

shown in Figure 3. Several simulators such as HFSS, Q3D and Designer are used for the 

calculations of signal integrity and power integrity. S-parameter analysis, Z-parameter 

calculation and TDR simulation are carried out using HFSS. In addition, characteristic 

impedance calculation and eye-diagram analysis are performed using Q3D and Designer, 

respectively. The frequency range for all analysis is determined based on the fifth 

harmonic of the operating frequency and then is set up to 1 GHz. 

 

1. Analysis of Signal Integrity  

S-parameters such as insertion loss and return loss are calculated to investigate the 

signal transmission characteristics of the signal line on the meshed ground plane. Figure 4 

shows the calculation result of the return loss. The highest loss is observed in the solid 

plane. The meshed plane with a square size of 0.15 mm shows almost the same graph 

with the solid plane in the all frequency range. But it has slightly lower loss than the solid 

plane. On the other hand, the meshed planes with a square size of 0.4 mm and 0.8 mm 

show a significant difference in the reflection loss. These results verify that the mesh 

structure can improve the reflection loss by about 10 dB at 1 GHz.  
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Figure 4. Reflection Loss of Solid and Meshed Planes 

The insertion loss for the signal line is shown in Figure 5. It is known that the signal is 

transmitted and received without almost loss as the insertion loss is closer to 0 dB. As 

shown in Figure 5, the meshed plane with a square size of 0.8 mm shows the best 

performance in the insertion loss. It also shows the three times lower loss result at 1 GHz 

compared to the solid plane. All meshed planes shows better loss performance than the 

solid plane in the all frequency range. From these results, it is demonstrated that the 

insertion loss is further improved as the mesh size on the ground plane increases. 

 

 

Figure 5. Insertion Loss of Solid and Meshed Planes 
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Figure 6. Time Domain Reflectometry of Solid and Meshed Planes 

TDR analysis is performed to analyze the characteristic impedance (Z0) in the time 

domain. Figure 6 shows the calculation results for TDR simulation. The rise time of the 

signal line is set to 50 ps. The first and second valleys in the TDR graph correspond to the 

positions of the chip pad and package terminal, respectively. The graphs between both 

valleys indicate Z0 of the trace on the solid and meshed planes. The characteristic 

impedance of the meshed plane with a square size of 0.15 mm has approximately 30  

and shows slightly higher impedance than that of the solid plane. In case of the mesh size 

of 0.4 mm and 0.8 mm, their characteristic impedances are closer to the impedance match. 

Therefore, their reflection loss and insertion loss are improved by adjusting their 

characteristic impedances using the mesh structure on the ground plane. It is verified that 

the signal transmission characteristics can be improved by applying the mesh structure 

even if the signal line with a low Z0 is used.   

Table 2. Capacitance, Inductance and Z0 of Solid and Meshed Planes 

Plane type 
Capacitance 

(pF) 

Inductance 

(nH) 

Z0 

() 

Solid plane without mesh 2.25 2.24 31.55 

Plane with a mesh size of 0.15 mm 2.23 2.38 32.66 

Plane with a mesh size of 0.4 mm 1.77 3.75 46.02 

Plane with a mesh size of 0.8 mm 1.51 4.70 55.79 

 

C

L
=Z0

                                                                 (2) 

Characteristic impedance analysis is carried out to analyze the reason why the 

characteristic impedance of the signal line changes according to the mesh size. The 

capacitance and the inductance of the trace are calculated to use Q3D simulation. Table 2 

shows the results of the capacitance and the inductance of the trace as the mesh size 

changes. The characteristic impedance is calculated from Equation 2. It is known that the 

capacitance is proportional to the area of the conductor and the inductance is proportional 

to the return current path on the ground plane. As the mesh size increases, the effective 

area of the ground plane decreases and then the capacitance also decreases as shown in 
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Table 2. The return current path becomes longer as the mesh size increase. Therefore, the 

inductance also increases as shown in Table 2.  

An eye-diagram simulation is performed to investigate the quality of the signal passing 

through the trace on the solid and meshed ground plane. The rising time and the falling 

time of the input signal are set to 0.5 ns and the unit interval is set to 1.2 ns. Figure 7 

shows the eye-diagram of the signal line. The eye-diagram is almost the same in both 

cases of the solid plane and plane with a mesh size of 0.15 mm. However, overshoot and 

undershoot in the eye-diagram occur at the ground plane with a mesh size of 0.4 mm and 

0.8 mm. From a result of the eye-diagram of the signal line, it is confirmed that the eye-

diagram is hardly affected in this work even if the mesh size changes. Unlike S-

parameters and TDR analysis, there is no significant difference in eye-diagram analysis. 

The reason is that the signal line’s length is a relatively short of about 10 mm and the 

mesh size is sufficiently small size based on the operating frequency and the wavelength. 

 

   

(a) Solid Plane                              (b) Meshed Plane with a Square Size of 0.15 mm 

   

(c) Meshed Plane with a Square Size of 0.4 mm          (d) Meshed Plane with a Square 
size of 0.8 mm 

Figure 7. Eye-diagram of Solid and Meshed Planes 

 
2. Analysis of Power Integrity  

Since the mesh structure is applied to the design of the ground plane, the power-ground 

impedance changes and then power integrity simulation is performed to analyze this 

effect.  
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Figure 8. Power-Ground Impedance of Solid and Meshed Planes 

The impedance calculation results between the power and ground planes are shown in 

Figure 8. As the mesh size increases, the power-ground impedance increases slightly. But, 

the power-ground impedance has almost the same value despite the large difference in 

effective area of the ground plane as shown in Figure 3. Therefore, the mesh structure and 

size in this paper does not substantially affect the power-ground impedance. The change 

of capacitance between the power and ground plane is analyzed using Q3D simulation as 

the mesh size increase. Table 3 shows the power-ground capacitance for each mesh size 

on the ground plane. As the mesh size increases, the area of the ground plane decreases 

and then the power-ground capacitance decreases in Table 3. However, even though the 

effective area of the ground plane is significantly reduced by the mesh structure, the 

variation of the power-ground capacitance is less than 8.5%. But, the mesh pattern can 

reduce the self-capacitance of the ground and the mutual capacitance between the signal 

line and the ground plane. Thus it increases the characteristic impedance of the signal line. 

Table 3. Power-Ground Capacitance of Each Mesh Size 

Plane type Capacitance (pF) 

Solid plane without mesh 105.46 

Plane with a mesh size of 0.15 mm 103.92 

Plane with a mesh size of 0.4 mm 97.66 

Plane with a mesh size of 0.8 mm 96.46 

 

4. Conclusion 

In this work, we analyze the effect of signal integrity and power integrity on mesh size 

in the ground plane of PCB. Mesh pattern is designed to be small enough considering the 

wavelength and the operating frequency of the signal. The reflection loss and the insertion 

loss are improved by adjusting the mesh size on the ground plane and then matching the 

trace’s characteristic impedance to 50 . Compared to the solid plane, the mesh pattern 

with a size of 0.8 mm improves the reflection loss by about 10 dB at 1 GHz and its 

insertion loss has the three times lower loss result at 1 GHz. However, the eye-diagram 

and the power-ground impedance are hardly affected in this work even if the mesh size 

changes. The PCBs with a low characteristic impedance of less than 50  are expected to 
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be closer to the impedance match using the mesh structure on the ground plane and then 

improve their signal quality and maintain the power integrity. 
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