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Abstract—The partial element equivalent circuit method
(PEEC) has been popularly used for signal integrity and power
integrity. Its port setup usually only includes conductive effects
in the format of current sources or voltage sources. However, its
radiation effect was neither included nor studied. In this paper,
for the first time we provide novel solutions to approximate
the radiation contributions from the port and load setups of
PEEC. They serve to compensate the accuracy of electromagnetic
radiation analysis based on PEEC approach. The proposed
radiation compatible ports and loads can be easily applicable
to EMI related analysis.

I. I NTRODUCTION
Radiation from the source part is of great significance to
the total radiation due to the rising speed and the increasing
working frequency for IC interconnectors, yet it has seldom
been fully investigated before. For simplicity, the source part
is modeled as a delta-gap source, which means that it is
infinitely small, so the radiation from it is omitted. However,
in real cases, the source has a certain length, and the length
is big enough to make a difference for the total radiation. So
radiation form the source part cannot be neglected any more.
Even though for signal integrity (SI) region, it will not affect
much. But for radiation, it should be attached importance to.
In this paper, a radiation model for the source part is developed
based on the PEEC model and its accuracy is demonstrated
with a pair of differential line.
Partial element equivalent circuit (PEEC) [1]–[4] model
serves as a bridge between the electromagnetic problems and
the circuit ones. It is based on the electric field integral
equation (EFIE) and transforms the EM structure into a circuit
model, which can be solved by SPICE-like solvers. PEEC is a
powerful tool in solving electromagnetic problems, including
the power radiation and transmitting calculation [5], and new
material simulation [6], [7], etc.
Previously, in PEEC model, the source is modeled as a
pseudo segment with current flowing through the segment, and
nodal voltages on the two ends of it. Yet this segment is not
regarded as a real cell in the PEEC model, which means that
there is no partial inductance or capacitance for it, no matter
how long the source is and how high the frequency is. In

consequence, the radiation effect from the source part is not
taken into consideration, either. This would cause huge loss
for the total radiation calculation since the source radiation
can dominate under certain circumstances.
In this paper, a typical structure with a source and load gap
is investigated, which is a differential pair. Two approaches
are presented in order to compensate the radiation from the
gaps. The first one is to use traces to make up the gap, so
both the source and the load are added in an infinitely small
gap. Hence, the radiation issue can be overcome. However, it
complicates the problem by introducing more unknowns into
the system which is unnecessary. The other method is to apply
the Hertzian dipole model to roughly get the radiation from the
source gap and the load gap. In this way, the gaps are modeled
as Hertzian dipoles with corresponding currents, with finite
length, since 1) the length of the source is typically electrically
small and the current can be seen as constant, 2) the source
is added in the vertical direction and the coupling with the
horizontal parts can be neglected. Therefore, radiation from
the gap source can be approximated by the radiation from the
Hertzian dipoles.
The rest of the paper is organized as follows: Section II
investigates the radiation from both the source gap and load
gap of the differential pair, with two approaches, respectively.
Conclusions are made at the last part of the paper.
II. R ADIATION ACCURACY I SSUE OF P REVIOUS P ORT AND
L OAD S ETUPS
If the source is between the two wires, which is depicted
in Fig. 1, the total radiated power (TRP) of the structure
is illustrated in Fig. 2. This geometry is excited with a 1
V sinusoidal voltage source. 𝑅1 and 𝑅2 are both 192.5 Ω.
The radiated power calculated with PEEC obviously is not
accurate, since the port and the load part are not taken into
consideration in the PEEC model. In PEEC, the source and
load are added in pseudo-segments while PEEC itself does
not model these components. The radiated power does not
take these components into consideration, either. Therefore,
total radiated power (TRP) results are negative for this case,
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compared with EMC Studio results [8] (Fig. 2). In EMC
Studio, the source and load gaps are modeled as wires.
In order to compensate the deficiency in the PEEC model,
we have two remedies, which are illustrated in Section II-𝐴
and II-𝐵.
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B. Radiation Compensation for the Gaps
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unnecessary and avoidable. Hence, a much simpler and easier
approach is introduced in Section II-𝐵.
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Fig. 2. (a) TRP of the two wires with a voltage source between the two
wires calculated with PEEC. (b) TRP calculated with EMC studio [8].

III. N EW R ADIATION C OMPATIBLE PEEC P ORTS AND
L OADS
A. Using Traces Instead of Lines
In order to overcome the inaccuracy problem caused by the
source location, we use traces instead of the lines which make
the model more physical. This process is illustrated in Fig. 3.

Fig. 3. Geometry of the two wires, with 1 V voltage source and 192.5 Ω
internal impedance between node 1 and 2, and a 192.5 Ω load between node
3 and 4.

The total radiated power is shown in Fig. 4.
From Fig. 4 we can see that TRP calculated by PEEC,
Green’s function and EMC Studio agree favorably, and the
power increases with frequency.
However, by doing this, it complicates the PEEC solver
by introducing more unknowns into the system, which is

In order to compensate radiation from the load gap and
the source gap, the simplest way is to approximate the two
segments as Hertzian dipoles. Since they are electrically
small, the currents can be regarded as constant values. Hence,
radiation from the two gaps can be roughly equivalent to the
radiation from two Hertzian dipole, respectively. Here, we use
two Hertzian dipolos to model the radiation characteristics of
the gaps, and is illustrated in Fig. 5.
In the model, the Hertzian dipole 1 is used to model the
source gap with the current 𝐼𝑠𝑜𝑢𝑟𝑐𝑒 , and the Hertzian dipole 2
is for the load gap with the current 𝐼𝑙𝑜𝑎𝑑 . For a Hertzian dipole
with length 𝑙 and
√ current 𝐼0 , the radiated power can be written
𝜇0 2 𝑙 2
𝜋
as 𝑃 𝑟𝑎𝑑 = 12
𝜀0 𝐼0 ( 𝜆 ) . Hence, radiation contribution from
the two gaps can be approxiamted as
𝑟𝑎𝑑
𝑟𝑎𝑑
𝑟𝑎𝑑
= 𝑃𝐻𝑒𝑟𝑡𝑧1
+ 𝑃𝐻𝑒𝑟𝑡𝑧2
𝑃𝑔𝑎𝑝
√
√
𝜋 𝜇0 2
𝑙1
𝜋 𝜇0 2
𝑙2
=
𝐼𝑠𝑜𝑢𝑟𝑐𝑒 ( )2 +
𝐼
( )2
12 𝜀0
𝜆
12 𝜀0 𝑙𝑜𝑎𝑑 𝜆

(1)

where 𝑙1 and 𝑙2 represent the length of the source and load
gap, respectively.
Before calculating the radiation from the two Hertzian
dipoles, the currents need to be checked carefully, which is
illustrated in Fig. 6. The comparison of TRP with EMC studio
and PEEC is depicted in Fig. 7. The results calculated by them
agree favorably. In Fig. 7, EMC Studio results have ripples
since the vertical parts where source and load are added are
modeled as cylindrical conductors, and they are not perfectly
matched with the 192.5 Ω loads.
C. Radiation from Interconnect Part
By comparing Fig. 2, Fig. 4 and Fig. 7, radiation from the
source and load gaps are dominant in this structure.
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Fig. 5. Geometry of the two wires, and the compensation policy for the
structure.
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Fig. 7. TRP calculated with EMC studio and with the compensated geometry.
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(b)
Fig. 6. (a) Curernt flows through the source gap. (b) Current flows through
the load gap.

IV. C ONCLUSION
In this paper, radiation from the source gap and the load
gap of a differential pair is modeled with two approaches, and
both of them can work well. Among them, the trace model
complicates the problem by introducing more unknowns. The
Hertzian dipole model is easier to implement and more userfriendly, since it requires no more pretreatment and can
serve as a post-processing procedure. This proposed method
provides a remedy for radiation compensation of any radiators
with an electrically small length.
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