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Abstract— The via provides best way for routing electrical connections on different layers of the PCB can be done through 
via. The via discontinuities on the PCB trace brings in new Signal Integrity (SI) and Electromagnetic Interference (EMI) 
related issues. While direct simpler mathematical models are available for characterizing the PCB traces, designers will have 
to depend on 3D field solvers for the via. This is often a complex and costly process. Also as the via dimensions are small in 
comparison with the signal wavelength over several GHz, the via can be easily represented by lumped elements. In this 
paper it an attempt to model the PCB via based on the physical geometry is demonstrated. The via is initially characterized 
by measurement and simulation. From S parameters obtained, parametric extraction is employed to obtain a lumped model 
of the via. The analysis is repeated for the lumped element model with vias of different geometries. The results are combined 
using the Design of Experiments (DoE) to obtain an analytical model for the via. 
 
Keywords— Signal Integrity, PCB via model, improving signal integrity. 
 
I. INTRODUCTION 
 
The era of high-speed circuit system provides the 
expanding scale of integrated circuit, diminishing 
process dimension, increasing operational speed and 
also poses a critical issue in signal integrity. For high 
speed products, the signal quality becomes more 
important and the goal is to ensure reliable high-
speed data transmission. [1]. The Most common 
interconnection structures of PCB is via, commonly 
used forInterconnecting transmission lines on 
different layers or for mounting a through hole 
component. Via usually passes between ground (or 
reference) planes and individual layers with small 
holes in integrated circuits. Via is perpendicular to 
the contacting strip of signal lines in different layers. 
At low frequencies, the effects of via on signal 
transmission are negligible. But with increase of the 
data rate and high frequency, via discontinuities are 
arise in the transmission path. Via discontinuities 
causes SI problems such as reflection, crosstalk and 
attenuation. Another aspect of this discontinuity is 
that they cause radiated emission from the trace 
present in printed circuit board. [2]. 
 
In this paper using electromagnetic simulation 
software HFSS various techniques for reducing these 
effects that are caused by radiated emission from 
PCB due to introduction of via are analyzed. The 
HFSS were used to model, study and simulate via to 
extract the network parameters. By changing the 
parameters value, via model is analyzed and the 
graph was plotted in the 1GHz to 10GHz frequency 
range. 
 
II. VIA MODEL 
 
A via hole in a PCB consists of two pads in 
corresponding positions that are electrically 
connected by a hole through the board. For 

conducting the current from the top layer to the 
bottom layer, via is used in each track that allows the 
current to pass through the board. The hole is made 
conductive by electroplating. Three types of via are 
used that are shown in figure1. 
 
Through hole via is a kind of interconnect that is 
located on the top layer of the printed circuit board 
connects with another that is located at the bottom 
layer. Blind vias are used in high density complex 
designs where more than 2 layers are used. Blind via 
allows a connection to be made from an external 
layer to an internal layer with minimum via height. A 
blind via connects external layer and ends on an 
internal layer. Blind via begin and end on an inner 
layer. 
 
Via consists of major three elements shown in figure 
2. The Barrel is the conductive tube filling the drilled 
hole. The pad is used to connect each end of the 
barrel to the component, plane or trace. The clearance 
hole between barrel and no-connect metal layer is the 
Anti-pad. 
 

 
Figure 1. Types of Via 
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Figure 2. Elements of via 

 
III. ANALYSIS OF VIA PERFORMANCE 
 
In multilayer printed circuit boards, via structures are 
used to connect traces and planes in different layers. 
The discontinuities by via in signal path causes signal 
integrity issues at high-speed signals. The trace and 
via connections in printed circuit board cause high-
speed signal to be reflected, results in transmission 
loss and jitter components. Various signal passes 
through via results in different signal quality. In 
integrated circuit design, via is a small opening in an 
insulating oxide layer that allows a conductive 
connection between different layers. A via on an 
integrated circuit is often called a through-chip via. A 
via connecting the lowest layer of metal to diffusion 
or poly is typically called a "contact". 
The Signal quality is determined by the S-
Parameters. S-Parameters are also called Scattering 
parameters. S-Parameters change with the 
measurement frequency and parameters of printed 
circuit board. S11 and S22 express the reflection 
coefficient to the source or Return loss. S12 express 
the useful signal arriving at the terminal. S21 express 
the transmission co-efficient or Insertion loss. 
 
IV. SIMULATION 
 
A single via of three-dimensional model is created 
and simulated using full-wave electromagnetic 
simulation software HFSS in this paper. High 
Frequency Structural Simulator is one of several 
commercial tools used for antenna design, and the 
design of complex RF electronic circuit elements 
including filters, transmission lines, and packaging.  
 

 
Fig 3. HFSS Process 

 
V.  MODELING AND SIMULATION 
 
The model of four-layer PCB routing on first layer 
and fourth layer is shown in figure 3. 

 
The diameter of via pad, hole and anti-pad are 32 mil, 
24 mil and 40mil, respectively. The substrate material 
used is FR-4 epoxy has a relative permittivity of 4.4 
and loss tangent of 0.02. From the figure 3 we know 
that a single via is mainly composed of via pad, hole 
and anti-pad, which are used to analyze the effect on 
SI in this paper. 
The return loss S11 and insertion loss S21 of via with 
different radius are compared by HFSS simulation. 
Via radius is 12mil. Anti-pad radius is 20mil. And 
Pad radius is varied from 16mil to 19mil respectively. 
Figure 4 indicate pad radius is directly proportional to 
S11 and inversely proportional to S21 in case of 
specified pad and anti-pad radius. 
Figure 5 shows that S11 and S21 of via with different 
anti-pad radius are simulated and compared. 

 
(a) S11 

 
(b) S21 

Figure 4. Simulation curve of different pad radius 
(a) Return loss S11   (b) Insertion loss S21
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(a) S11 

 
(b) S21 

Figure 5. Simulation for different anti-pad radius 
 
Pad radius and via radius are 16mil and 12mil. Anti-
pad radius changed from 20mil to 23mil. Anti-pad 
radius is directly proportional to S21 and inversely 
proportional to S11.Declined amplitude of signal can 
be caused by routing on different signal layers. Figure 
6 shows the difference at same frequency, smaller 
return loss S11. Improving signal transmission quality 
can reduce the signal reflection. 
 

 
Figure 6 Via routing on first and the fourth layer. 

 
By varying via height S parameter values are differed 
with slight variations. Figure 7 shows the graph of S 
parameter with reduced value. 

 
Figure 7 Different via height 

 
V. EXTRACTION OF CIRCUIT 
 
The equivalent circuit model for via is designed 
based on two-port network theory is given in figure 
8. Via capacitance can be obtained from copper of 
the via pad and ground plane. Via pad and ground 
plane are separated by small clearance ring. Effect of 
parasitic capacitance is small and causes only slight 
degradation or shift in high-speed lines and resonant 
circuits. 
 

 
Figure 8 equivalent circuit 

 
CONCLUSION 
 
Via plays a major role in degrading the signal quality. 
The high frequency structural simulator tool provided 
a strong platform for realizing these effects. Effect of 
signal integrity issues is analyzed and various 
techniques for reducing these effects were tried upon. 
In simulated frequency of 1-10GHz range maximum 
performance and controlled emission obtained. The 
performances of these structures were determined by 
analyzing their S parameters. By using this method, 
an improvement of 20 – 40 dB was achieved. With 
increase in pad radius value the insertion loss get 
decreases and increase in anti-pad radius decrease 
return loss. 
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