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Fig. 1. Unit cell model of MRAM (a) full structure, (b) word
line(write line) with rectangular pad, (c) word line with tapered pad.
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Fig. 2. Bit line and sense path model (a) sense signal path and

dimensional specifications near the MTJ and (b) lumped element
model.
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Fig. 3. S-parameter analysis of word line (a) rectangular pad, (b)

tapered pad model.
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Fig. 4. S-parameter analysis of top bit line as write line depending on
thickness of insulator between bit and sense line.
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In this work, transmission characteristics of read and write signal were calculated when a MRAM (magnetic random access
memory) cell is operated up to 10 GHz. Test device having long read and write lines was modeled in 3 dimensions to perform a
simulation. The simulation was divided into two parts, read and write operations, and S-parameters were computed utilizing FEM
(finite element method) algorithm. Transmission coefficients, S,;, for read and write operations of MRAM device which was designed
for a single cell test configuration were analyzed from DC to 1 GHz and DC to 10 GHz, respectively. When the insulator thickness
between the bit and sense lines was increased from 500 to 1500 A, 3 dB attenuation frequency was increased by 3.3 times, from 135
to 430 MHz. The length of the bit and sense lines were 600 um. In addition, access time was estimated by calculating the propagation
delay utilizing S-parameters.
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