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In this report, we measured the impedance spectrum in TMR device, and the relaxation behavior of the real and imaginary
impedance spectrum was analyzed by using the equilibrant circuit of tunneling capacitance (Cr) and tunneling resistance (R7). The
relaxation frequency was increased with AC voltage in both the parallel and antiparallel alignment of two magnetic layers. The R
with AC voltage showed the typical bias voltage dependence. However, the Cr showed large value than the expected geometrical
capacitance. The huge increase of Cr was affecting as a limiting factor for the high speed operation of TMR devices. Thus, the

supercapacitance of Cr should be considered to design the high speed TMR devices.
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Fig. 1. (Color online) (a) Measured real and (b) imaginary impedance
spectrum for parallel (P) and anti-parallel (AP) states in TMR device
at ,=0.1 V. The insert in Fig. 1(a) shows the R;Cr equivalent circuit
for the calculations of real and imaginary impedance spectrum.
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Fig. 2. (Color online) AC voltage dependence of tunneling resistance
(Ry) for parallel (P) and anti-parallel (AP) states in TMR devices.
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Fig. 3. (Color online) AC voltage dependence of relaxation frequency
(f,) for parallel (P) and anti-parallel (AP) states in TMR devices.
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Fig. 4. (Color online) AC voltage dependence of tunneling capacitance
(Cy) for parallel (P) and anti-parallel (AP) states in TMR devices.
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