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An electromagnetic field simulation method includes: obtain-
ing, when a reference signal including a plurality of frequen-
cies is input to a first point of design data of an object, a
variation of a reference signal at a second point by a computer
through an electromagnetic field simulation; calculating vari-
able data at each of the plurality of frequencies based on the
variation of the reference signal; frequency-decomposing a
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FIG. 4
142
FREQUENCY [MHz]|  Pr(f) [mW] Er(f) [V/m]
25 200.993 0.082
50 1.105 0.082
75 26.149 0.082
100 25.611 0.081
125 153.200 0.082
150 55.335 0.083
175 0.158 0.083
200 2.129 0.081
225 0.655 0.081
250 0.192 0.082
275 0.705 0.082
300 0.018 0.086
325 0.828 0.095
350 1.239 0.085
375 10.116 0.087
400 4,585 0.086
425 0.015 0.081
450 0.244 0.084
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FIG. 5
143
FREQUENCY [MHz)|  Pt(f) [mW]
25 106.23
50 36.37
75 26.82
100 39.42
125 29033
150 7.16
175 0.25
200 0.05
225 0.22
250 0.36
275 0.50
300 0.68
325 0.92
350 212
375 185.25
400 0.68
425 0.03
450 0.00
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FIG. ©
b1 144
FREQUENCY [MHz]|  Et(f) [V/m] E(f) [dBuV/m]
25 0.043 32.72
50 2.697 68.62
75 0.084 38.45
100 0.125 41.96
125 1.560 63.86
150 0.011 20.58
175 0.130 42.29
200 0.002 6.13
225 0.027 28,78
250 0.156 43.84
275 0.058 35.33
300 3.176 70.04
325 0.106 40,52
350 0.146 43.26
375 1.589 64.02
400 0.013 22.15
425 0.176 44,93
450 0.001 1.18
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FIG. 8
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ELECTROMAGNETIC FIELD SIMULATION
METHOD AND ELECTROMAGNETIC FIELD
SIMULATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from the prior Japanese Patent Application No.
2014-097092 filed on May 8, 2014, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are related to an
electromagnetic field simulation method and an electromag-
netic field simulation system.

BACKGROUND

[0003] Radio waves or noises generated by electronic
devices may cause a harmful interference in operations of
other electronic devices. Accordingly, in accordance with the
standards defined by, for example, the VCCI in Japan and the
FCCinthe U.S., there is arestriction that an electronic device
must not radiate radio waves or noises exceeding a predeter-
mined level.

[0004] Related technologies are disclosed in Japanese
Laid-Open Patent Publication No. 2001-356142.

SUMMARY

[0005] According to one aspect of the embodiments, an
electromagnetic field simulation method includes: obtaining,
when a reference signal including a plurality of frequencies is
input to a first point of design data of an object, a variation of
a reference signal at a second point by a computer through an
electromagnetic field simulation; calculating variable data at
each of the plurality of frequencies based on the variation of
the reference signal; frequency-decomposing a signal applied
to the first point; and calculating a frequency distribution of
the signal at the second point which propagates from the first
point based on the frequency-decomposed signal and the
variable data at each of the plurality of frequencies.

[0006] The object and advantages of the invention will be
realized and attained by means of the elements and combina-
tions particularly pointed out in the claims. It is to be under-
stood that both the foregoing general description and the
following detailed description are exemplary and explanatory
and are not restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1 illustrates an example of an electric field
intensity predicting apparatus;

[0008] FIG. 2 illustrates an example of a system;

[0009] FIGS. 3A and 3B illustrate an example of a refer-
ence wave,

[0010] FIG. 4 illustrates an example of a record layout of a
reference table;

[0011] FIG. 5 illustrates an example of a record layout of a
test table;

[0012] FIG. 6 illustrates an example of a record layout of an

electric field intensity table;
[0013] FIG. 7 illustrates an example of an electric field
intensity prediction processing;
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[0014] FIG. 8 illustrates an example of an electric field
intensity; and
[0015] FIG. 9 illustrates an example of an electric field

intensity predicting apparatus.

DESCRIPTION OF EMBODIMENTS

[0016] When an electronic deviceis designed, various mea-
sures are incorporated into the design in order to satisty the
specification, and at the same time, the validity of the incor-
porated measures is verified. In the verification, since radio
waves or noises radiated from an experimentally produced
electronic device are measured, a time and a cost are con-
sumed. Accordingly, the effects of the measures are quanti-
tatively verified on a desk using an electromagnetic field
simulation.

[0017] As one of simulation methods, a finite-difference
time-domain (FDTD) method (a differential time domain
method) may be used.

[0018] When radio waves or noises radiated from an elec-
tronic device are measured using an electromagnetic field
simulation, a calculation time is increased according to an
increase of a calculation amount. For example, a situation
where a noise is generated at any one point (which will be
referred to as a “first point”) of an electronic device and then
propagated to an observation point (which will be referred to
as a “second point™), is evaluated by a simulation. In a period
of time during which the noise is generated at the first point
and a steady state is recovered after the noise stops, the
situation of the second point is evaluated. When the steady
state is recovered, the noise already stopped at the first point,
and passed the second point to propagate to a farther side. As
a result, the noise is no longer observed at the second point.
Therefore, even when the noise generated at the first point is
a noise generated in a short time, such as an impulse noise, a
simulation for a recovery time to the steady state is per-
formed. For example, when an FDTD method is used as for a
simulation method, a longer evaluation time indicates that
steps in the time axis direction increase because the FDTD
method is an analysis in the time domain. This may increase
the calculation amount.

[0019] When the FDTD method is used for an analysis in a
frequency domain, an analysis result in the time domain is
converted into a frequency domain result. A calculation in the
time axis direction is performed a certain number of times or
more to accurately perform the analysis in the frequency
domain. Thus, the calculation amount in the time domain may
be increased. In order to increase the accuracy of the Fourier
transform used for converting the analysis result in the time
domain into the frequency domain result, the time of a simu-
lation target may become longer. In an electromagnetic field
simulation using the FDTD method, a computer occupation
time may become longer so that the analysis may not be ended
within a practical time.

[0020] FIG. 1 illustrates an example of an electric field
intensity predicting apparatus. FIG. 1 illustrates a hardware
configuration of an electric field intensity predicting appara-
tus 1. The electric field intensity predicting apparatus 1
includes a central processing unit (CPU) 11, a random access
memory (RAM) 12, a read only memory (ROM) 13, a mass
storage device 14, areading unit 15 and a communication unit
16. The respective configuration units are coupled by a bus.

[0021] The CPU 11 controls the respective units of the
hardware according to an electric field intensity predicting
program (an electromagnetic field simulation program) 1P
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stored at the ROM 13. The RAM 12 may be, for example, a
static RAM (SRAM), a dynamic RAM (DRAM) or a flash
memory. The RAM 12 temporarily stores data generated
when the program is executed by the CPU 11.

[0022] The mass storage device 14 may be, for example, a
hard disk or a solid state drive (SSD). The mass storage device
14 stores analysis model data 141, a reference table 142, a test
table 143 and an electric field intensity table 144. The electric
field intensity predicting program 1P may be stored in the
mass storage device 14.

[0023] The reading unit 15 reads out a portable recording
medium is such as a compact disk (CD)-ROM or a digital
versatile disc (DVD)-ROM. The communication unit 16
communicates with other computers via a network N. The
electric field intensity predicting program 1P may be read out
by the CPU 11 through the reading unit 15 from the portable
recording medium la, and then stored in the mass storage
device 14. The CPU 11 may download the electric field inten-
sity predicting program 1P from another computer via the
network N, and then store the electric field intensity predict-
ing program 1P in the mass storage device 14. The CPU 11
may read out the electric field intensity predicting program 1P
from a semiconductor memory 15.

[0024] The electric field intensity predicting apparatus 1
may be a dedicated device, or a general-purpose computer
such as a personal computer or a server computer.

[0025] In the FDTD method, in a virtual space (analysis
space) in which a shape of a physical object is defined, points
for calculation of an electric field intensity (electric field
calculation points) and points for calculation of a magnetic
field intensity (magnetic field calculation points) are dis-
cretely arranged, and the electric field intensity and the mag-
netic field intensity are alternately calculated along the time
axis. In the FDTD method, in the virtual space in which the
shape of the physical object is defined, a plurality of rectan-
gular parallelpiped cells is set. Each cell is given an electric
constant, for example, a permittivity, a permeability and an
electrical conductivity, according to characteristics of a
medium (object or air) included in a large amount in the cell.
In each cell, an electric field calculation point is arranged at
the center of each side, and a magnetic field calculation point
is arranged at the center of each face. In the FDTD method,
since cells are set in the virtual space, electric field calculation
points and magnetic field calculation points are discretely
arranged and electric field intensities at the electric field cal-
culation points and magnetic field intensities at the magnetic
field calculation points are calculated. In the FDTD method,
the simulation is finished in the time domain where each of
the electric field intensity and the magnetic field intensity
converges to substantially zero.

[0026] The FDTD method is a time domain analysis. In the
evaluation of measurement defined in an electromagnetic
interference (EMI) standard such as VCCI, a frequency is set
on the horizontal axis, and an electric field intensity is set on
the vertical axis. Accordingly, the analysis result in the time
domain in the FDTD method is converted into the frequency
domain result. For example, when the time domain is ana-
lyzed using a noise source, a limit is set to the frequency of a
noise source so that the simulation may be performed for a
practical computer occupation time. In the time domain
analysis such as the FDTD method, as an observation time
becomes longer, the number of calculation steps is increased,
and thus, a calculation amount is increased and a computer
occupation time also becomes longer. When the observation
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time is shortened so that the computer occupation time
becomes practical, the frequency of a noise source is limited.
According to the reduction of the frequency, the prediction
accuracy may be lowered.

[0027] The computer occupation time may be reduced
focusing on the behavior of an electromagnetic wave at each
frequency. The behavior of the electromagnetic wave at each
frequency, for example, a frequency response, is determined
based on an impedance distribution of a system, a housing
shape or the like. The system is an electronic device to be
simulated or a computation model that imitates the electronic
device. When the system is linear, the system may not depend
on the intensity of the electromagnetic wave. In the linear
system, even when an amplitude of a noise voltage is varied,
only an electric field intensity to be observed is changed, but
the behavior at each frequency is not changed. For example,
in the linear system, even when the amplitude of the noise
voltage is varied, a portion on which the electromagnetic
wave may be easily concentrated and a portion on which the
electromagnetic wave may be hardly concentrated are not
changed. The property of the electromagnetic wave is the
same for the radiation field.

[0028] By using the physical properties described above,
the electric field intensity may be accurately obtained by an
FDTD method within a practical computer occupation time.
[0029] FIG. 2 illustrates an example of a system. In FIG. 2,
the configuration of the system which represents an actual
environment is illustrated. The system includes an electronic
device 2 and an observation device 3. The electronic device 2
includes a substrate 21. The substrate 21 includes a noise
source, for example, a first point 22. The observation device 3
includes an antenna 31 and a data logger 33 which records a
noise observed at the antenna 31. The antenna 31 includes an
observation point 32 at which a noise is observed, for
example, a second point. What is represented the actual envi-
ronment illustrated in FIG. 2 as a computation model may
correspond to the system. In a simulation, a noise to be mea-
sured at the observation point 32 is obtained by calculation.
Accordingly, the model may be created simply by an ideal
antenna present at the observation point 32. The antenna 31
and the data logger 33 may not be included in the system.
[0030] An electronic device (an object) to be evaluated may
be modeled as analysis model data (design data) 141 in the
simulation. The analysis model data 141 include data on the
shape, the physical property value and the wave source data of
the electronic device as an electric field intensity prediction
target. The shape data may include a housing shape and a
substrate shape, or include only the substrate shape. The
physical property value is a value for obtaining an electric
constant such as a relative permittivity or a relative perme-
ability, and may be determined according to the material used
for a housing or a substrate. The physical property value may
be set as a conventionally known value. The analysis model
data 141 are stored in the mass storage device 14.

[0031] A reference waveis a noise wave as a reference, and
may include a sufficient range of frequencies to be investi-
gated. The excitation time may be short. When the excitation
time is short, the time for recovery to a steady state may be
reduced. Thus, the calculation amount in the FDTD method
may be reduced. The reference wave is, for example, a Gaus-
sian pulse, a differential Gaussian pulse, or a pulse modulated
ataspecific frequency. FIGS. 3A and 3B illustrate an example
of a reference wave. FIG. 3A illustrates a waveform when
viewed on the time axis, in which the horizontal axis indicates
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atime, and the vertical axis indicates an input power. FIG. 3B
illustrates a waveform when viewed on the frequency axis, in
which the horizontal axis indicates a frequency and the ver-
tical axis indicates an input power. A suitable waveform may
include a narrow time band as illustrated in FIG. 3A, and a
wide frequency band as illustrated in FIG. 3B. For example,
a Gaussian pulse may be used.

[0032] FIG. 4 illustrates an example of a record layout of a
reference table. The reference table 142 includes a frequency
column, a Pr(f) column, and an Er(f) column. The reference
table 142 is a table for recording results is obtained by the
simulation and corresponds to variable data, such as an elec-
tric field intensity, to be observed at a second point, for
example, at the far field, when a reference wave serving as a
noise is input to a first point of an analysis model. For
example, when the reference wave is input to the first point of
the electronic device, a variation of a reference signal at the
second point is obtained through simulation, and the obtained
variation of the reference signal is converted into variable
data at each frequency and recorded in the reference table. For
example, the variation of the reference signal at the second
point may be represented as the electric field intensity in the
time domain obtained by the FDTD method. In the frequency
column, frequency values in a certain range are recorded. For
example, in FIG. 4, a unit is MHz, and frequencies ranging
from 25 MHz to 450 MHz are recorded at a pitch of 25 MHz.
In the Pr(f) column, a power of a reference wave at each
frequency is recorded. For example, a unit is mW in FIG. 4. In
the Er(f) column, values of electric field intensities observed
at a predetermined far field are recorded. For example, a unit
is V/m in FIG. 4. The far field may be located 10 m from the
object device (analysis model) at, for example, a MHz band,
or 3 m from the object device at a GHz band.

[0033] FIG. 5 illustrates an example of a record layout of a
test table. In the test table 143, data on a noise wave to be
tested are recorded. The test table 143 includes a frequency
column, and a Pt(f) column. In the frequency column, the
same values as those set in the frequency column of the
reference table 142 are recorded. In the Pt(f) column, a power
of a noise wave at each frequency is recorded, and its unit is
mW. A signal applied to the first point is decomposed by
frequencies, and a signal (power) at each frequency is
recorded in the test table 143. In the frequency decomposi-
tion, for example, Fourier transform may be used.

[0034] FIG. 6 illustrates an example of a record layout of an
electric field intensity table. In the electric field intensity table
144, a prediction result is recorded. The electric field intensity
table 144 includes a frequency column, an Et(f) column, and
an E(f) column. In the frequency column, the same values as
those set in the frequency column of the reference table 142
are recorded. In the Et(f) column, an electric field intensity at
the far field is recorded and its unitis V/m. In the E(f) column,
an electric field intensity finally obtained at the far field is
recorded and its unit is dBuV/m. In the electric field intensity
table 144, a frequency distribution of the signal at the second
point is recorded.

[0035] Inthe electric field intensity predicting apparatus 1,
when the electric field intensity predicting program 1P is
executed, an electric field intensity prediction processing is
performed. FIG. 7 illustrates an example of an electric field
intensity prediction processing. The CPU 11 of the electric
field intensity predicting apparatus 1 sets the analysis model
data 141 (operation S1).
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[0036] The CPU 11 sets a reference wave (operation S2).
As for the reference wave, a Gaussian pulse may be used.
Waveform data of the reference wave may include a group of
data including, for example, a plurality of sets of elapsed time
from the initiation of simulation and input power. The wave-
form data of the reference wave may be expressed by a func-
tion of time. The relationship of a frequency and a power
value, which is obtained through Fourier transform of the
waveform data of the reference wave, is recorded in the fre-
quency column, and the Pr(f) column of the reference table
142.

[0037] The CPU 11 performs a time domain electric field
calculation (operation S3). An FDTD method may be used.
When the reference wave is applied to a certain position of the
analysis model, an electric field and a magnetic field within
the analysis region are obtained in the time domain.

[0038] The CPU 11 uses the obtained electric and magnetic
fields within the analysis region of the time domain to calcu-
late the electric field intensity of the far field in the frequency
domain at the observation point (operation S4).

[0039] The far field electric field intensity outside the
analysis region may be relatively easily calculated by calcu-
lating radiation from a secondary wave source when an
equivalent electromagnetic flow converted from electric and
magnetic fields that pass through a closed space surrounding
the radiation source within the analysis region is set as the
secondary wave source. The far field calculation may be
performed by performing a Fourier transform on an equiva-
lent electromagnetic flow in the time domain, and a phase
shift to an observation point. The far field in the time domain
may be calculated and subjected to a Fourier transform, and
then the far field electric field intensity calculation may be
performed in the frequency domain. There is no limitation in
the method for calculating the far field electric field intensity
in the frequency domain. The results are recorded in the
reference table 142 (operation S5).

[0040] The CPU 11 sets a test wave (operation S6). The test
wave may be a noise wave to be analyzed. As the test wave, an
actually measured noise wave may be used, or a noise wave
which is assumed to be generated by an analysis tool may be
used. An analysis of the noise wave generation may not be a
three-dimensional electromagnetic field analysis, but may be
performed using, for example, a simulation program with
integrated circuit emphasis (SPICE). The data of the test
wave, like data of the reference wave, may include a group of
data including, for example, a plurality of sets of the elapsed
time and the input power. The data may be expressed by a
function with respect to time as an argument. The data of the
test wave are recorded in the RAM 12 or the mass storage
device 14.

[0041] The CPU 11 performs a frequency analysis of the
test wave (operation S7). The test wave is subjected to a
Fourier transform, and is converted from data in the time
domain into data in the frequency domain. The relationship
between the frequency and the power, obtained through the
conversion, is recorded in the test table 143 (operation S8).
The example of the test table 143 is illustrated in FIG. 5.
[0042] The CPU 11 uses the values in the reference table
142 and the test table 143 to calculate the electric field inten-
sity in the far field when the test wave is input (operation S9).
The CPU 11 outputs the calculated result (operation S10).
The output result may be displayed on a display unit coupled
to the electric field intensity predicting apparatus 1 or
recorded in the electric field intensity table 144. Both the
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display and recording may be performed. The CPU 11 fin-
ishes the processing. The example of the output electric field
intensity table 144 is illustrated in FIG. 6.

[0043] The calculation of the electric field intensity may be
performed as described below. The power of the system may
satisfy following Equation 1.

[Total Power]=[Power generated by noise source]=
[radiation power+power consumed at substrate
loss] (€8]

[0044] The behavior of an electromagnetic wave is not
changed even if power is changed. Accordingly, even when
the magnitude of the total power is changed, the ratio of
[radiation power] to [power consumed at substrate loss| may
not be changed. The ratio of Pr(f) to Er(f) (the power to
electric field intensity of the reference wave) recorded in the
reference table 142 is the same as the ratio of Pt(f) to Et(f) (the
power to electric field intensity of the test wave), and thus
following Equation (2) may be satisfied.

Et(\=Er()xPr(H)/Pr(f) ()]

[0045] The obtained electric field intensity Et(f) may be
substituted into Equation (3) and the unit may be converted
into [dBuv/m] to obtain a final value, E(%).

E(f)=20xlog(E1(f)) 3

[0046] For example, at 25 MHz, Pr(f) is 200.993 mW, and
Er(f) is 0.082 V/m. Pt(f) is 106.23.

[0047] Accordingly, Et(£)=0.082x106.23/200.993=0.043.
In FIGS. 4 to 6, the values are represented to two or three
decimal places. However, the calculation of Et(f) is per-
formed to more decimal places. Accordingly, there may be a
slight difference between the value of Et(f) calculated by
numerical values illustrated in FIGS. 4 and 5, and the value of
Et(f) illustrated in FIG. 6.

[0048] FIG. 8 illustrates an example of the obtained electric
field intensity. The horizontal axis indicates a frequency with
a unit of MHz, and the vertical axis indicates an electric field
intensity with aunit of dBuV/m. When the graph illustrated in
FIG. 8 is displayed on the display unit, the state of the electric
field intensity at each frequency may be easily recognized.

[0049] The electromagnetic field calculation in the time
domain is performed on only a reference wave with a narrow
time band, and the input power and the electric field intensity
value are obtained at each frequency. By using the result, an
electric field intensity value on the test wave is calculated.
Therefore, it may be possible to accurately obtain a prediction
result within a practical computer occupation time.

[0050] FIG. 7illustrates a series of processings from setting
of the analysis model data 141 (operation S1) to output of an
electric field intensity (operation S10). A part of processings
to be repeatedly performed may be omitted. When the shape
data of the analysis model are not largely changed, the result
of'the electromagnetic field calculation on the reference wave
is hardly changed. Accordingly, in such a case, processings
from operation S1 to operation S5 in FIG. 7 may be omitted.
Processings subsequent to operation S6 may be performed
using the reference table 142 which has been created in
advance. The case in which the shape data are not largely
changed may include a case in which a value of a damping
resistor mounted on a line having a noise source is changed.
[0051] When minor changes occur in a design, the refer-
ence table 142 is not created again. Thus, a time to obtain the
solution may be reduced.
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[0052] When a plurality of noise sources is present, the
calculation as described above may be performed for each of
the noise sources. After calculations on all the noise sources
are finished, electric field intensity values obtained from the
calculation results may be added up for each frequency so that
a prediction result in a case of the plurality of noise sources
may be obtained. Other matters may have the same as or
similar to configuration as described above, and descriptions
thereof may be omitted.

[0053] Even when a plurality of noise sources is present,
the electromagnetic field calculation in the time domain that
requires a large calculation amount is performed only on the
reference wave with a narrow time band rather than the test
wave. Accordingly, an increase of a computer occupation
time is reduced so that the electric field intensity in the far
field may be accurately obtained.

[0054] FIG. 9 illustrates an example of an electric field
intensity predicting apparatus. In FIG. 9, the functional con-
figuration of the electric field intensity predicting apparatus 1
is illustrated. The electric field intensity predicting apparatus
1 includes a predicting unit 11a, a calculating unit 115, and a
frequency distribution calculating unit 11¢. When the CPU 11
executes, for example, the electric field intensity predicting
program 1P, the electric field intensity predicting apparatus 1
is operated as described below.

[0055] When a reference signal including a plurality of
frequencies is input to a first point of design data of an object,
the predicting unit 11a obtains a variation of the reference
signal at a second point by electromagnetic field simulation.
The calculating unit 115 calculates variable data at each of the
plurality of frequencies based on the obtained variation of the
reference signal. The frequency distribution calculating unit
11c¢ decomposes the signal applied to the first point by fre-
quencies, and calculates a frequency distribution of the signal
propagated from the first point to the second point, based on
the frequency-decomposed signal and the variable data at
each frequency.

[0056] As the time domain analysis method, an FDTD may
beused. Alternatively, for example, a transmission line matrix
(TLM) method, or a finite integration technique (FIT) may be
used as well.

[0057] The above described technical features (configura-
tion requirements) may be combined with each other so that
new technical features may be formed.

[0058] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the reader
in understanding the invention and the concepts contributed
by the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a showing of the superiority and
inferiority of the invention. Although the embodiment(s) of
the present invention has (have) been described in detail, it
should be understood that the various changes, substitutions,
and alterations could be made hereto without departing from
the spirit and scope of the invention.

What is claimed is:

1. An electromagnetic field simulation method comprising:

Obtaining, when a reference signal including a plurality of
frequencies is input to a first point of design data of an
object, a variation of a reference signal at a second point
by a computer through an electromagnetic field simula-
tion;
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calculating variable data at each of the plurality of frequen-
cies based on the variation of the reference signal;

frequency-decomposing a signal applied to the first point;
and

calculating a frequency distribution of the signal at the

second point which propagats from the first point based
on the frequency-decomposed signal and the variable
data at each of the plurality of frequencies.
2. The electromagnetic field simulation method according
to claim 1, wherein an electric field intensity is calculated as
the variable data at each of the plurality of frequencies.
3. The electromagnetic field simulation method according
to claim 2, wherein the variable data at each of the plurality of
frequencies includes the electric field intensity and a first
power which are associated with each of the plurality of
frequencies.
4. The electromagnetic field simulation method according
to claim 3, wherein a second power is associated with at each
of the plurality of frequencies in the frequency-decomposed
signal.
5. The electromagnetic field simulation method according
to claim 4, wherein the frequency distribution of the signal at
the second point is calculated based on a ratio of the first
power to the second power and the electric field intensity.
6. The electromagnetic field simulation method according
to claim 1, wherein a Gaussian pulse is used as the reference
signal.
7. An electromagnetic field simulation method, compris-
ing:
obtaining, when a reference signal including a plurality of
frequencies is input to each of a plurality of third points
of design data of an object, a variation of the reference
signal at the second point through an electromagnetic
field simulation, the plurality of third points being
included in a first point of the design data of an object:

calculating variable data at each of the plurality of frequen-
cies based on the variation of the reference signal;

frequency-decomposing a signal applied to each of the
third points;

calculating a frequency distribution of the signal propa-

gated at second point which propagates from each of the
third points based on the frequency-decomposed signal
and the variable data at each of the plurality of frequen-
cies; and

synthesizing a plurality of frequency distributions on the

plurality of third points.

8. The electromagnetic field simulation method according
to claim 7, wherein an electric field intensity is calculated as
the variable data at each of the plurality of frequencies.

9. The electromagnetic field simulation method according
to claim 8, wherein the variable data at each of the plurality of
frequencies includes the electric field intensity and a first
power which are associated with each of the plurality of
frequencies.
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10. The electromagnetic field simulation method accord-
ing to claim 9, wherein a second power is associated with at
each of the plurality of frequencies in the frequency-decom-
posed signal.

11. The electromagnetic field simulation method accord-
ing to claim 10, wherein the frequency distribution of the
signal at the second point is calculated based on a ratio of the
first power to the second power and the electric field intensity.

12. The electromagnetic field simulation method accord-
ing to claim 7, wherein a Gaussian pulse is used as the refer-
ence signal.

13. An electromagnetic field simulation system compris-
ing:

a processor; and

a memory configured to store an electromagnetic field

simulation program to be executed by the processor,
wherein the processor, based on the electromagnetic field
simulation program, performs operations to:

obtain, when a reference signal including a plurality of

frequencies is input to a first point of design data of an
object, a variation of a reference signal at a second point
through an electromagnetic field simulation;

calculate variable data at each of the plurality of frequen-

cies based on the variation of the reference signal;
frequency-decompose a signal applied to the first point;
and

calculate a frequency distribution of the signal at the sec-

ond point which propagates from the first point based on
the frequency-decomposed signal and the variable data
at each of the plurality of frequencies.

14. The electromagnetic field simulation system according
to claim 13, further comprising a storage device configured to
store the variable data.

15. The electromagnetic field simulation system according
to claim 13, wherein an electric field intensity is calculated as
the variable data at each of the plurality of frequencies.

16. The electromagnetic field simulation system according
to claim 15, wherein the variable data at each of the plurality
of frequencies includes the electric field intensity and a first
power which are associated with each of the plurality of
frequencies.

17. The electromagnetic field simulation system according
to claim 16, wherein a second power is associated with at each
of the plurality of frequencies in the frequency-decomposed
signal.

18. The electromagnetic field simulation system according
to claim 17, wherein the frequency distribution of the signal at
the second point is calculated based on a ratio of the first
power to the second power and the electric field intensity.

19. The electromagnetic field simulation system according
to claim 13, wherein a Gaussian pulse is used as the reference
signal.



