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Fig. 1. Schematics and functional analogy of (a) optical and (b) GMR
isolator.
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Fig. 2. (a) 3 dimensional model of GMR isolator for calculating
magnetic field and (b) 3 model for distributed RLC line of planer
coil to calculate RLC delay.
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Fig. 3. Electrical model of GMR isolator for calculating output
voltage.
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Fig. 4. Flow chart for the composite modeling of GMR isolator output
voltage.
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Fig. 5. Magnetic field from the planar coil depending on the number
of turns, existence of magnetic core layer and the distance between
planar coil and SPV.
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Fig. 6. (a) Sense voltage and MR ratio of spin valve samples vs.
magnetic field which corresponds to input current to planar coil, and
(b) Wheatstone bridge output voltage utilizing measured MR-H curve
of Fig. 6(a).
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Fig. 7. (a) Input current, coil current, magnetic field and (b) output
voltage of GMR isolator due to input current of Fig. 7(a).
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Modeling of GMR Isolator for Data Transmission Utilizing Spin Valves
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GMR isolator was modeled using a Wheatstone bridge which is profitable for transmitting rectangular wave digital data, and the
output voltage characteristics in relation to the input current were investigated in time domain. GMR isolator modeling was divided
into two parts, namely magnetic and electric parts. The flow chart of the modeling was drawn in which measured MR curve of the spin
valves were incorporated to obtain the electrical voltage output. For magnetic modeling, 3-dimensional model of planar coil was
analyzed by FEM method to obtain the magnetic field strength corresponding to the input current. For electric modeling, resistance,
inductance and capacitance of the planar coil were calculated and magnetic field waveform was obtained corresponding to the coil
current waveform in time domain. Finally, MR-H curves of spin valves and the magnetic field waveform at the spin valves were
composited to obtain the output voltage waveform of the isolator. Even though the amplitude of the coil current waveform was
increased by 100%, decreased by 90%, or delayed by 10% of the period compared with the input current, similar transmitted output
voltage waveform to the input current waveform was obtained due to hysteretic characteristics of the spin valves at the transmission
speed of over 400 Mbit/s.
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