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Abstract

A rigorous formulation in the spectral domain is used to
investigate the radiation from printed traces on a circuit board in
the frequency range from 30 MHz to 1 GHz. Both the coupling
effect among adjacent traces and the shielding effectiveness of
metallic coating on the plastic cover are analyzed. It is found
that the radiation around resonant frequencies is critical to
satisfy the FCC requirement, and an appropriate coating can
resolve the problem.

INTRODUCTION

The radiation characteristics of microstrip antennas have been
widely studied mainly for applications in communications[1], [2].
However, they are scarcely considered in the printed circuit
boards used in the frequency range from 30 MHz to 1 GHz.
The understanding of radiation properties in this frequency
range is necessary to have the circuit boards satisfy the FCC
requirements.

A metallic coating on the plastic cover has been used to shield
radiation from terminals to the neighboring equipment.
However, little information is available about its effectiveness.
In [3], the shielding effectiveness of a metallic coating is studied.
A plane wave of normal incidence is assumed, and the shielding
effectiveness is a function of the material properties only. In [4],
the radiating sources of high impedance and low impedance
nature are also considered. However, the results can not be used
to study the radiation from printed traces on a circuit board
since the radiating sources of the latter are more complicated.

In this paper, we apply a spectral domain formulation to
printed traces radiating in a stratified medium. The substrate,
plastic cover, and the metallic coating are all considered as layers
of the stratified medium. The surface currents on the printed
traces are represented by a set of rooftop basis functions[5].
The Galerkin’s method[6] is used to solve the integral equation
for the current distribution. The radiation field can be obtained
by stationary phase integration method[7]. The effects of
geometrical parameters and material properties are also
investigated.

MATHEMATICAL FORMULATION

The geometrical configuration of parallel traces on a circuit
board with cover is shown in Figure 1, where there are S parallel
traces embedded in layer (m) of a general stratified medium
consisting of (n + 1) layers. The stratification is perpendicular
to the z axis, the conductivity, dielectric constant, and thickness
of layer (m) are o,, ¢,, and h,, respectively. All the traces are
assumed to lie along the y direction, the width and length of the
sth trace are w, and L, , respectively.

The field expressions in layer (I) can be represented by the

dyadic Green’s function and the surface current in layer (m) as

(6], [7]
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where J(#) is the surface _current on the printed traces. The
dyadic Green’s function G,(7,7) can be represented in the
spectral domain as
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where g,,(k,, z, ') is the Fourier transform of G,,(F, ) .
For I < m, the explicit form of g,.(k,, z, Z') is given by
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where z and 7/, are the local coordinates defined as z, = z + d,

A A N
Z, =2 +d,, ; h(xk,) and v(£k,) are the polarization
vectors in layer b with b = I, m; X3, is the upward transmission
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coefficient of mode a with a = TE or TM, respectively; R,
(Rz) is the upward (downward) reflection coefficient at the
upper (lower) boundary of layer (/). Both the transmission and
reflection coefficients can be calculated recursively. For /= m
and [ > m, similar expressions as (3) can be obtained.

The field expressions in (1)-(3) satisfy all the boundary
conditions at the interfaces between adjacent layers. We impose
the remaining boundary condition that the total tangential
electric field vanishes on the surfaces of the printed traces,
assuming that the traces are made of perfect conductor. Thus,
we obtain the following coupled integral equations :

E, (»-E @ =0, Fon A, 1<k<S 4)

where E, (F) is the tangential electric field in layer (m)
generated by the surface current on the traces, 4, is the surface
of the kth trace, E\(7) is the tangential electric field generated
by the excitation sources, which are assumed to be delta gaps in
this paper.

NUMERICAL SOLUTION

On general circuit boards, the length of a trace is much longer
than the width; hence, the transversal surface current is much
smaller than the longitudinal one , and can be neglected. To
solve (4), we first choose a set of rooftop basis functions to
represent the surface current as

N,
T(7) =9 ey Q0x — %, wP(y = 3y, ) )
=1

where 1 <5< S, a, /’ s are the unknowns to be solved, (x, y,) is
the center coordinate of the jth basis function on the sth trace,
N, is the number of basis functions on the sth trace, and
L =2L/(N,+ 1) . Q(x — x,w) and P(y — y,, ) are pulse and
triangle functions, respectively.

Next, substituting (5) into (1), and imposing the boundary
condition in (4), we obtain a set of coupled integral equations.
The Galerkin’s method[ 6] is then applied to solve the integral
equations for the current distribution. The stationary phase
integration method[ 7] is used to obtain the far field pattern.

RESULTS AND DISCUSSIONS

In Fig. 2(a), we present the magnitude of current moment on
a printed trace as a function of frequency. The current moment
on trace k is defined as

@=fLMM®

where J,(.) is the current distribution on trace k. In general, the
magnitude increases with frequency. Around the resonant
frequency, the magnitude increases by more than two orders.

(6
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The input resistance and reactance of the same trace are
shown in Figs. 2(b) and 2(c), respectively. It is found that the
input resistance is negligibly small below the resonant frequency,
and possesses a peak around 940 MHz. The magnitude of input
reactance is much larger than that of input resistance below the
resonant frequency, and reduces to zero around the resonant
frequency. The input reactance switches from a large negative
number to a large positive number around 940 MHz, which is
typical of a thin antenna.

This implies that the printed trace behaves like a capacitor at
low frequency with little radiation, and like an antenna around
resonant frequency.

The radiation field patterns on the E-plane (YZ-plane) and
the H-plane ( XZ -plane) are shown in Fig. 2(d). It is observed
that at low frequencies, the radiation is tolerable to the FCC
requirement, but around the resonant frequency, the radiation is
far above the requirement.

Next, we study the coupling effect between two identical
traces parallel to each other. In Fig. 3, the magnitude of current
moment for both the common and the differential modes are
displayed as a function of frequency.

The resonant frequency of the common mode is different
from that of the differential mode. In general, the radiation
from a common mode is much stronger than that from a
differential mode, especially in the low frequency range.
However, the situation is reversed near the resonant frequency
of the differential mode.

In Fig. 4, we present the field pattern calculated at a distance
of three meters at f = 850 MHz. The metallic coating is made
of copper. As the coating thickness increases, the magnitude of
E, on the H-plane decreases, and the patterns are roughly the
same. The magnitude of E, on the E-plane reduces significantly
around the z direction as the coating thickness is increased.
However, the reduction is not so obvious as the zenith angle is
increased. This can be explained as follows : the current on the
trace induces electric current inside the metallic coating. The
field generated by the induced current cancells a significant
portion of the field generated by the trace in the broadside
directions, but the cancellation is less effective around the axial
direction of the trace.

To summarize the usefulness of metallic coating, we define
the shielding effectiveness (S.E.) as

E, max(without shield)
E, 1ax(with shield)

S.E. = 201log,, )

The shielding effectiveness in [3] is defined as the ratio of field
magnitude at the same location before and after the shield is
inserted. Since the plane wave of normal incidence is assumed,
there is no need to consider the location of maximum field
strength. However, in this problem, the field pattern changes
before and after the shield is inserted; and the FCC requirement
is imposed on the maximum field strength in any possible
direction. Hence, it is appropriate to use the definition in (7).



In Fig. 5, we present the shielding effectiveness of metallic
coatings with three different thicknesses and two different
conductivities. It is observed that the shielding effectiveness
increases with increasing frequency, conductivity, or physical
thickness.

CONCLUSIONS

A rigorous formulation in the spectral domain is used to
investigate the radiation characteristics of printed traces in the
presence of adjacent traces and coated cover. The resonant
frequencies for different trace configurations and driving source
arrangements are studied, and have to be considered in the
design phase of a circuit board. The shielding effectiveness is
also analyzed.  Appropriate use of metallic coating can
effectively shield the radiation.
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Fig. 1 Geometrical configuration of printed traces
embedded in a multi-layered medium.
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Fig. 2(a) : Magnitude of current moment on a printed trace,
4 = 10 cm, w;, = 150 m, a delta gap of 1 volt is located 1 cm
from one end, ¢, =1.0,¢, =47 ,¢,=1.0,00=0,06, =0,
0, = 5.92 x 10’ S/m, by = 500p m.
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Fig. 2(b) : Input resistance he same printed trace as in

Fig. 2(a).
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Fig. 2(c) : Input reactance of the same printed trace as in
Fig. 2(a).
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Fig. 2(d) : Magnitude of tangential electric field calculated at

3m frnom the same printed trace as in Fig. 2(a), E, at
¢ =0,~—~-Eat¢ = 90"
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Fig. 3 : Magnitude of current moment on two printed traces,
L=5L=10 cm, wy = w, = 150pm, center-to-center
separation is 300 um, £, =1.0,¢, =4.7 , ¢, = 1.0, 0, =0,
01=0, 6, =592 x 10’ S/m, A = 500pm, delta gaps of 1
volt are located 1 cm from one end of each trace.
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Fig. 4 : Magnitude of tangential electric field calculated at 3
m, f=850 MHz, /, = 10 cm, w; = 150pm, a delta gap of 1
volt is located 1 c¢cm from one end, gq=1.0 , ¢, =2.7 ,
ep,=10,e;=10,8,=47,¢;=1.0,0,=0,0,=0,
0, =05=592x 10" S/m, 0,=0, 6,=0 , , =0.5 cm,

h=t |, =10 cm, k=500 m———~—FE, at
¢ =0, E;at ¢ =90°.
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Fig. 5 : Shielding effectiveness of metallic coating on
radiation from a printed trace with the same parameters as in
Fig. 4.



