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Interference-Induced Voltage Estimation of Implantable Medical Devices near Electric
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Fig.1 Implantable medical device EMI test set-up.
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ical pacemaker model. (a) Overview of EMI test phantom,
(b) Numerical model of EMI test phantom, (c) Pacemaker
model.
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Fig.3 Cavity-backed slot antenna model.
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Table 1  Slot antenna dimensions.

Frequency [GHz] 3.7 4.5
Width [mm] 70 60
Depth [mm] 60 51
Height [mm)] 8 8

Ls [mm] 42 38
Ws [mm] 3 3
Ds [mm] 81 65
S11 [dB] -10.0 -13.0
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X B, ZokHlcAuy VT Y FFETALE—L
T FFORBEIIBWT, BREWAVHKLT S LD
T H L. OFIIL, A0y MU TFFEY A R—
VT T F eV, ENENOT VT SR EERRIC
LB TWHREL T 5.
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Fig.4 Half-wave dipole antenna model.
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Table 2 Dipole antenna dimensions.

Frequency [GHz] 3.7 4.5
Length [mm] 17.6 14.2
Distance [mm)] 1.0 1.0
Width [mm] 0.1 0.1
S11 [dB] -16.2 -16.1
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Fig.5 Electric field distributions. (a) Slot antenna, (b) Dipole
antenna.
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Fig.6 Magnetic field distributions. (a) Slot antenna, (b) Dipole
antenna.
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Fig.7 Overview of simulation model for interference voltage es-
timation.
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Table 3  Electric constants for pacemaker model and torso phan-
tom.

& G (S/m)

Pacemaker CAN,
Lead
Sk R
(Silicon)

Perfect electric conductor

Acrylic case 2.7
NaCl K¥Ei#
3.7GHz
NaCl /K E
4.5GHz

76.9 297

75.8 4.35

4 FEM FBATSME

Table 4 Simulation parameters.

FEM Solver Direct Solver
Order of Basis 9
Function
Boundary Condition 2nd order radiation boundary condition

FEstimation frequency 3.7, 4.5 [GHZ]

Cond. Edge: 0.2Xestimation conductor width
FEM mesh Cond. Vertex: 0.2 X 0.3 X estimation

conductor width
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Fig.8 Interference voltages induced by vertical polarized expo-
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Fig.9 Interference voltages induced by horizontal polarized ex-

posure. (a) 3.7 GHz, (b) 4.5 GHz.
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Fig. 10  Electric field distributions around pacemaker connector
part at 3.7 GHz vertical polarized irradiation. (a) Dipole
antenna X = —10 mm, (b) Slot antenna X = —10 mm.
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Fig. 11 Electric field distributions around pacemaker connector
part at 4.5 GHz horizontal polarized irradiation. (a)
Dipole antenna Y = 0 mm, (b) Slot antenna Y = +10
mm.
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Fig. 12 Measurement set-up for pacemaker interference voltage

using electro-optic converter. (a) Block diagram, (b)
Overview of the set-up.
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Fig. 15 Interference induced voltage measurement result by slot
antenna. (a) Vertical polarization, (b) Horizontal polar-
ization.
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