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Abstract: This paper compares head-shaped phan-
tom to a flat phantom that is used in electromagnetic
interference tests for implantable medical devices. A
cochlear implant which is used as the implantable
medical device in the test, is implanted near the skin
of a head subcutaneously in the ear. In an RF EMI test
of the cochlear implant, we can use the flat phantom
instead of the head-shaped phantom. The results of
actual EMI testing of the cochlear implant show that
there is no difference in the maximum interference
distance. The measurement and calculation results
show that there is no difference in the E-field strength
near the skin when comparing the tlat and head-shaped
phantoms. This paper presents the validity of using
the flat phantom in EMI tests of implantable medical
devices, which are implanted near the skin subcuta-
neously.
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1. Background

In December 1995, an electric medical equipment
study group was established in Japan to consider the
impact of EMI from cellular phones on pacemakers.
The group subsequently tested 228 different types of
pacemaker used in Japan. Based on the results gath-
ered, the study group issued, in March 1997, guide-
lines on the use of cellular phones by pacemaker pa-
tients [1], [2]. A cochlear implant, an implantable
medical device, is similar to a cardiac pacemaker in
that it is subcutaneously implanted. In daily life, a
patient with a cochlear implant may come in close
proximity to cellular phones. Therefore, the estima-
tion of cochlear implant RF EMI is needed, as well as
that for implantable cardiac pacemakers. A phantom
shaped in the realistic body or head is considered in
the construction of the EMI test system. However,
using a simple-form phantom is more desirable than
using a realistic-form phantom in the EMI test, in or-
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der to increase the repeatability of the results. In this
paper, a flat phantom is compared to a head-shaped
phantom based on EMI testing of a cochlear implant,
and measurement and calculation of the E-filed strength
in the phantoms. Based on these results, the validity of
using a flat phantom as simple-form phantom in the EMI
test for the cochlear implant is verified.

2. Experiment

2.1 EMI test of cochlear implant

The EMI test on the cochlear implant is performed
using tlat and head-shaped phantoms. These phantoms
consist of two kinds of tanks filled with the physiologi-
cal saline. The cochlear implant consists of three parts:
the Cochlear Implant (CI), the Sound Processor (SP),
and the Head Piece (HP). Figure 1 is a picture of the
cochlear implant. Figure 2 is the EMI test system for
the cochlear implant. An CI is placed into each phan-
tom and fixed to the external HP by a magnet. External
sounds are received by the SP through the CI. Gener-
ated signals from the CI are received by a digital oscil-
loscope through an electrode placed inside of the phan-
tom. Signal waveforms are observed using the digital
oscilloscope and the existence of interference is ob-
served. Four kinds of transmitting signal (pattern A, B,
C, and D) are used in this test. Table 1 shows the pa-
rameters for each transmitting signal. A A /2 dipole an-
tenna is used as the exposure source. Initially, the di-
pole antenna is set a distance away from the phantom
and is gradually brought closer to the phantom. In this
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Table 1. Transmitting Signal Parameters

Pattern A Pattern B Pattern C Pattern D

Frequency band 800 MHz 1.5 GHz 1.9 GHz 2.0GHz

Antenna power 2.0W 20W 4.0W 250 mW
Modulation 7 /4 shift QPSK 7 /4 shift QPSK 7 /4 shift QPSK Direct spread

(a) Head-shar
phantom

(b) Flat phantom

Fig. 2 EMI test system of cochlear implant

way, the distance at which interference is detected can
be measured. The farthest point from the cochlear im-
plant at which interference is detected is called the
maximum interference distance. The maximum inter-
ference distance for each pattern is given in a table 2.
There is no difference in the maximum interference
distance based on the two phantoms.

2.2 Measurement of E-field strength in phantoms

Each electric field distribution in the two phantoms
is measured using an electro- optic field probe. The
diameter of the probe head is 10 mm. A dipole an-
tenna is fixed to a point 20 mm from the internal sur-
face of the phantom. The RF exposure wave is a con-
tinuous wave, and the employed frequency bands are
900 MHz, 1.5 GHz, 2.0 GHz, and 2.4 GHz. Figure 3
is the measurement system for the flat and head-shaped

phantoms. Figure 4 shows the distribution of E-fields
in phantoms. The E-field is strong along the long axis
of the dipole antenna and the distribution tendencies
are similar. Figure 5 shows changes in the E-field
strength based on distance across the axis of the an-
tenna, The E-field strength value in the graph is a rela-
tive value based on the maximum value in the flat phan-
tom. In the range from 30 to 50 mm, the E-field strengths
are almost equal. On the opposite side of the antenna,
reflection influenced the E-field strength causing a dis-
crepancy between the two phantoms.
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Fig. 3 Measurement system of E-field distribution
in phantom

2.3 Calculation of E-field strength in phantoms

The E-field strength of the inside and the outside of the
phantoms are calculated using the FDTD method to inves-
tigate E-field strength adjacent to the skin. The employed
frequency bands are the same as those used above. The
cochlear implant is constructed such that there is a subcuta-
neous part and an external part. Interference may occur not

Table 2. Maximum Interference Distance of Cochlear Implant

Pattern A Pattern B Pattern C Pattern D
Head-shaped phantom l cm No effect I cm No effect
Flat phantom I cm I cm I cm No effect
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Fig. 4 E-field distribution for phantom
(900MHz-band)
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only in regard to the CI, but also to the HP and SP. The
E-field from the dipole antenna to the phantom is cal-
culated in order to investigate the influence of the phan-
tom form. Figure 6 shows the difference between the
calculated value of the flat phantom and that of the
head-shaped phantom. The E-field strength values in
the graph are relative values based on the values at the
inner surface of the flat phantom. There is no differ-
ence between the E-field strength of the flat phantom
and that of the head-shaped phantom near the cochlear
implant. The tendency of the calculation results is the
same as that of the measurement results.

3. Conclusions

This paper verified the use of a flat phantom in a car-
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diac pacemaker interference test using other implant-
able medical devices. The cochlear implant was used
as the implantable medical devices in the EMI test us-
ing two phantoms: a flat phantom and head-shaped
phantom. The maximum interference distances using
each phantom were almost equal. No difference was
found between the measured and calculated results for
the E-field strength near the cochlear implant. At a dis-
tance from the cochlear implant, the ditference in E-
field strength between the measured value and calcu-
lated value becomes large since the thicknesses of the
phantoms were different. Based on these results, it is
possible to use a flat phantom in the EMI test of vari-
ous implantable medical devices, which are subcutane-
ously implanted.
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