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Abstract
In today’s era, two factors which are essential for an efficient 
Printed Circuit Board (PCB) design are high data transfer rate and 
structure miniaturization. This increase in information transfer 
rate is limited by the Bandwidth of the communication channel. 
Miniaturization can be achieved in PCBs by multiple layering. 
Vias are used as interconnects between the various layers within 
a multilayered PCB and are used for transitions of data from one 
layer to the next. This paper aims at increasing the bandwidth 
capacity of the Via structure and reducing the crosstalk for a two 
layered PCB structure for minimal signal loss. 
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I. Introduction
As designs move more toward high-speed serial links with 
picoseconds edge rates, any impedance discontinuity in the 
channel can adversely affect signal quality. Excess capacitance 
and inductance on a transmission line can lead to reflections, signal 
speed degradation, and unexpected switching in digital circuits. 
One such discontinuity that is common in multi-layered printed 
circuit boards is the via. 
A via commonly refers to a hole in the PCB. A via can be used 
for mounting a through hole component or routing traces between 
layers. It consists of a hole drilled through a printed circuit 
board and plated with a conducting material. This plated hole is 
referred to as the cylinder in this paper. On each layer on which 
a transmission line is connected to the cylinder, a circular pad of 
conducting material is placed about the cylinder which provides 
contacts for the transmission lines. Both the traces have a central 
Ground conductor. Fig. 1 shows a via connecting two transmission 
lines.

Fig. 1: Schematic of a Simple Via Structure Connecting Two 
Transmission Lines

II. Theory
For the Coupled Model (Fig. 2(a)), each element represents the 
three series sections of the via that the signal passes through, 
the upper pad, cylinder, and the lower pad. Each section is 
represented by a parallel LC circuit. This equivalent circuit is 
in theory accurate enough to model the response of the via up 

to a frequency approaching infinity as coupling capacitors are 
included in this circuit.
The response of via at low frequencies is capacitive and thus the 
corresponding impedance is also low. As the frequency of operation 
is increased, the inductance increases and correspondingly the 
impedance also increase [2]. The distributed equivalent circuit 
(Fig. 2(b)) can portray this behaviour more accurately. This circuit 
does not include any coupling elements so it cannot accurately 
model the via at high frequencies as done by coupled circuit.
The lumped circuit (Fig. 2(c)), which is the simplest of the three, 
is very practical from the development point of view as it reduces 
the computation time in determining the response.

   (a)

            (b)

                             (c)                                                               
Fig. 2: Equivalent Circuits of Via (a): Coupled, (b): Distributed, 
(c): Lumped
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Vias being physically small structures, they behave very much 
like lumped circuit elements. The capacitance and inductance can 
be predicted as [3],

    (1)

   (2)
where, D2=Diameter of the Clearance Hole(inch), D1=Diameter 
of the pad surrounding the via(inch), T=Thickness of PCB(inch), 
εr= Relative Permitivity, h=Length of via(inch), d=Diameter of 
via(inch). 

III. Via Structure and Design
In today’s scenario, higher bandwidth systems have become 
increasingly important to meet the demands of newer applications. 
Figure 1 gives a schematic of a Simple via structure which has a 
narrow band of operation [4]. To increase the bandwidth capacity, 
a modified structure is proposed. In this modified structure, instead 
of using a solid cylinder with uniform radius throughout, a tapered 
structure has been used. The radius of the central portion of the 
conductor has been tapered as shown in fig. 2(a). Fig. 2(b) shows 
a cut view of the proposed via structure between two transmission 
lines. 

   (a)

                                             (b)
Fig. 2. The proposed Via Geometry, (a). The Tapered Via Structure, 
(b), Via Structure Between Transmission Lines
 
With the above design at hand, a series of steps have been 
performed to optimize the top and bottom radii (Router and Rmid 
respectively) of the structure. The specifications and optimized 
dimensions are as follows. Taconic TLY 5 dielectric has been 
used which has a relative permittivity (εr)=2.2, loss tangent (tan 
δ)=0.0009, height (hdielectric)=0.787mm. The thickness of the 
Ground plane and the traces are 0.0035mm. The total height of the 

via structure including the pad thickness=1.5845mm. The width 
of the trace is 3mm. The radius of the top layer and bottom layer 
(Router) is 1.8mm whereas the radius of the inner tapered layer 
(Rmid) is 0.9mm.
Next, two via structures along with their corresponding 
transmission lines have been placed side by side and analyzed 
to reduce crosstalk. Fig. 3 shows the configuration which has 
been used. 

 
Fig. 3: Crosstalk Reduction by Optimizing the Gap Between the 
Via Structures

The gap between the two via structures has been optimized. The 
optimized gap is 5mm.

IV. Results
All simulations have been carried out in CST Microwave Studio 
which is based on the Finite Integration Technique. The s11 and 
s21 have been plotted in Figure 4(a) and Figure 4(b) respectively. 
The s11 is below -25dB and s21 is above -0.4dB over the 
broadband frequency spectrum of 1GHz to 11GHz. Moreover 
it also shows a good signal transmission from port 1 to 2 with 
minimum reflection.

   (a)
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   (b)
Fig. 4(a): |s11| and (b). |s21| Responses of the Proposed Via 
Structure

Next, the structure has been analyzed to reduce the crosstalk levels. 
The input signal used for analysis is a Gaussian Sine function with 
peak amplitude of 0.85V (Fig. 5(a)). The optimized eye diagrams 
are shown in figs. 5(b), (c) and (d) respectively.

   (a)

   (b)

   (c)

                                                                             
   (d)
Fig. 5: Response Curves, (a). Excitation Signal fed at Port 1 (b) 
Eye Diagram at Port 2 (c). Eye Diagram at port 3, (d). Eye Diagram 
at Port 4

The corresponding S parameters are shown in fig. 6. It shows a 
good isolation between input port 1 to ports 3 and 4. Minimum 
reflection of signal is obtained at port 1.

Fig. 6: Corresponding S Parameters Magnitude at the Optimized 
Value of Gap

V. Conclusion
This paper aims at optimizing the via structure to increase the 
bandwidth capacity and decrease the inter-via gap for efficient 
data transmission with minimum crosstalk. Decreasing the inter-
via gap in turn reduces the working area of the structure. The 
structure provides satisfactory results for crosstalk minimization. 
The S parameters are within acceptable limits. 
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