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ABSTRACT: This paper describes the radiation coupling between via and signal traces in multilayer printed circuit
board. A simple model of multilayer PCB having ground plane at the bottom of the dielectric substrate and signal traces
at different layers is considered. A via is placed to interconnect the top and mid layer signal traces which is considered
as small current element of moment Idl. The radiation fields from the via is computed using cylindrical scalar
Helmholtz equation and Cylindrical transform in spectral domain. The results of near field radiation from via are
obtained using MATLAB. The crosstalk analysis is carried out by simulation and modelling using Ansoft HFSS
software tool.
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I. INTRODUCTION

In multilayer printed circuit board, via plays an important role in signal integrity, power integrity and
electromagnetic interference. Vias are used to route signal from one layer to another. Several authors[1-14] have
described via model and its effect without any rigorous analysis of effect of via radiation on the nearby signal traces.

In this paper a multilayer printed circuit board is considered where the radiation coupling between via and signal
traces are described. A multilayer PCB model having signal traces at different layers and ground plane at the bottom of
the dielectric substrate is considered. A via is placed to interconnect the top and mid layer signal traces which is
considered as small current element. The radiation fields from the via is computed using Helmholtz equation and
cylindrical transform in spectral domain. The results of near field radiation from via are obtained using MATLAB. The
crosstalk analysis is carried out by simulation and modelling using Ansoft HFSS software tool.

Il. RELATED WORK

In [1] authors deals with a simple equivalent model to simulate the discontinuity caused by vias and the crosstalk is
solved by using multi- conductor transmission lines theory. A simple model for a cylindrical via hole in microstrip is
considered in [2]. Authors verified a model based on a modification of the inductance of a cylindrical conductor by
experimentally and by using numerical techniques. In [3] the effect of loading of a via fence on signal transmission in a
microstrip line is investigated through parametric studies. Subsequently, a via fence structure is designed and optimized
to reduce coupling between two adjacent traces. In [4] authors studied EMI resulting from the signal transitions through
a DC power bus. Measurements were made on an experimental board, and numerical modeling was used to study the
EMI resulting from the excited DC power bus. In [5] authors proposed parallel-plate waveguide (PPW) and its
effectiveness is also verified by measurements of S-parameters of signal viasin simple test boards applied to
the virtual islands with  shorting vias. In [6] the return-current paths for single - ended microstrip - to -
microstrip via transitions in conventional layer stack-ups are modeled and analyzed. Electromagnetic reliability (EMR)
problems which occur in these layer stack-ups, because the return-currents are not properly managed are discussed.
Finally, authors proposed a layer stack-up with well defined return-current paths, which overcomes the limitations of
traditional layer stack-ups. In [7] the accuracy of the improved intrinsic via model and the conventional physics-based
via model is investigated by comparing them with either analytical formula or numerical simulations for a via in a
circular plate pair with various edge boundary conditions. In [7] an irregular plate pair with multiple vias is analyzed by
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the segmentation method that divides the platepair into a plate domain and via domains. In the via domains, all the
parallel-plate modes are considered, while in the plate domain, only the propagating modes are included to account for
the coupling among vias and the reflection from plate edges. Boundary conditions at both vias and plate edges are
enforced and all parasitic components of via circuit are expressed analytically in terms of parallel-plate modes.

I11. ANALYSIS OF VIA RADIATION

We consider a multi-layer board containing three traces on the top, one middle trace at the centre and a ground plane
on the bottom. The centre trace on the top connects with the middle trace through a cylindrical via along z direction. As
described in Fig. 1 traces 1 to 4 are considered signal lines terminated with 50 ohms. Trace 1 is excited by a rf signal.
This signal is transported to trace 4 through the cylindrical via. Due to rf current flow through via there will be
radiation from via which may induces rf currents on the adjacent traces. The radiation characteristics of via inside the
dielectric is analysed using scalar Helmholtz equation.

Trace 2 Trace 1 Trace 3

o ]l Via
Trace 4

Ground Plane

Fig. 1 Double layer PCB configuration with four traces above a ground plane and via between centre top trace and mid layer trace

For the vias current along z axis , wave function v (xy,2) is a solution to the three dimensional wave equation

independent of ¢ and represents outward travelling waves along P direction:
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By applying a Fourier transformation with respect to via axis z, equation 1 can be reduced to two dimensional equation

2 2 —
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where

v yk,) = [w(xy z)e*dz

The outward travelling wave generated from the source can be represented by

v =0 THE ok KD wak

87

Three near field components H,;, Eand E, around via inside the dielectric medium are
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IV.FIELD COMPUTATION USING MATLAB

A MATLAB program is developed to find the above mentioned near field components. The results are shown in Fig
2 and Fig 3.
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Fig. 2 MATLAB results of Electric field components Fig. 3 MATLAB results of Magnetic field components
inside the PCB substrate inside the PCB substrate

From Fig 2, it is seen that field component Ep perpendicular to via is zero at all distances as expected. The parallel
component Ez shows variation with p and changes direction after some radial distance 62.5 mm.

From Fig 3, it is observed that the magnetic field is very high adjacent to via and it is decreasing very rapidly with
increase of the distance from the via. Since the adjacent traces are close to via, the magnetic field component induces rf
current on these traces. This results in crosstalk or coupled signal at Ports 3, 4, 5 and 6.

V. CROSSTALK ANALYSIS WITH SIMULATION AND MODELLING USING ANSOFT HFSS

For the model, a FR4 material (er = 4.4 and tand = 0.02) is used as the dielectric substrate with the substrate
thickness of 3.2mm and a ground plane at the bottom . The width of the copper trace W = 3.1mm, which yields a
characteristic impedance of 50Q2 and the thickness of the copper trace t is assumed negligible i.e. t = 0.001mm. In this

design three copper traces are on the top of the dielectric substrate and one copper trace is in between the dielectric
substrate.
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As shown in Fig. 4, one of the trace was excited with RF source impedance of 50 Ohms and terminated with a 50
Ohms at the other end. Remaining traces are also terminated with 50 Ohms at both the ends. The coupling length of the
50 ohm traces are taken as 60mm corresponding to highest frequency of operation 2 GHz.
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Fig 4 Double layer PCB configuration with four traces above a ground plane and via between centre top trace and mid layer trace
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Fig. 5 NEXT and FEXT results obtained by using HFSS

From Fig. 5 it is seen that via produces radiated coupling to adjacent lines in the range of -12 to -35 dB over the
frequency range from 1 GHz to 3 GHz. S,; varies rapidly in between 1 to 1.3 GHz and then it becomes approximately -
16 to -18 dB within the range of 1.3 to 2.5 GHz. Similarly Ss;, S41, Ss; and Sg; vary rapidly at around 1.25 GHz.
Afterwards these values decreases slowly upto a frequency of 2.25 GHz. Subsequently S3; and Ss; increase to -16 dB
and become steady at -20 dB. Whereas S;; and Sg; have tendency to decrease upto frequency 2.5 GHz and again
increase to a steady value of -20 dB.
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V1. CONCLUSION AND FUTURE WORK

In this paper radiation coupling between via and signal traces in a multilayer printed circuit board is described. A
multilayer PCB model having signal traces at different layers and ground plane at the bottom of the dielectric substrate
is considered. As a simple model a via is placed to interconnect the top middle trace and a mid layer signal trace. Since
the substrate thickness is very small ( h<< wavelength), the via is considered as a small current element. The radiation
fields from the via is computed using Helmholtz equation and cylindrical transform in spectral domain. The results of
near field radiation from via are obtained using MATLAB. The induced current on the adjacent traces results in
crosstalk which is analyzed by simulation and modeling using Ansoft HFSS software tool. Thus the purpose of via
connections from layer to layer may cause interference to adjacent lines.
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