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Advanced Perpendicular STT-MRAM toward Realization of Highly Reliable and Low-Power
Nonvolatile Cache Memories for High-Performance CPUs
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In order to reduce the increasing power consumption of cache memories in micro processors accompanying the increase in their capacity, spin-
transfer torque magnetoresistive random-access memories (STT-MRAMs), a type of nonvolatile memory, are expected to contribute to the reduction
of power consumption and area as a replacement for current static RAMs (SRAMs), which consume a large amount of power to retain the stored data.
However, the performance of current STT-MRAMs is insufficient to replace such SRAM cache memories.

Toshiba has developed technologies to satisfy the performance of STT-MRAMs required for their use as cache memories; namely, fast operation
speed, low power consumption, and high reliability. These technologies include an advanced perpendicular magnetic tunnel junction (ap-MTJ) device
that achieves high-speed, low-current switching in write operation; a memory cell consisting of two cell transistors and two ap-MTJ devices (2T2MTJ)
and a current-integral sensing amplifier that achieve high-speed read operation; and a read-out circuit using a dual-sensing salvage scheme that
enhances the reliability of STT-MRAMs by more than 10 times in conjunction with typical error-correcting code (ECC). We have confirmed through
cycle-accurate processor simulations that an STT-MRAM-based last-level cache (LLC) can reduce the average power consumption of the total cache by
60% compared with an SRAM-based LLC, and can also reduce it by 37% compared with an embedded dynamic RAM (DRAM)-based LLC, thereby dem-
onstrating the possibility of applying STT-MRAMs to large-capacity LLCs.
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Conventional voltage-latch sensing amplifier circuit for 2T2MTJ cell
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Possible write error patterns occurring in 2T2MTJ cell
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