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A Low Store Energy, Fast Power On/Off #
3D-Stacked [
Memristor-based Nonvolatile SRAM for Low
Power Mobile Applications
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ABSTRACT

Many mobile SoC chips employ the two-macro approach, volatile
1’E|:'ﬁ':?féﬁ§ and nonvolatile memory macros (i.e. SRAM + Flash), to achieve
high-performance or low-voltage operation with power-off
nonvolatile data storage, as shown in Figure 1. However, the “two-
macro” solution suffers long store and restore time due to word-
by-word serial data transfer between the volatile and nonvolatile
memories. Especially, the Flash memory requires long write time.
Slow store/restore speed causes a mobile system to require long

power-on/off time and being vulnerable to sudden power failure.

This work proposes a memristor-based latch, a 8T2R nonvolatile
SRAM (nvSRAM), to achieve fast bit-to-bit parallel store/restore
op-eration, low store/restore energy, and a compact cell area. This
8T2R nvSRAM (Rnv8T) cell uses two fast-write memristor (RRAM)

devices, 3D stacked over the 8T, and a novel 2T memristor-switch

which pro-vides both memristor control and SRAM write-assist
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functions, as shown in Figure 2(a). This write assist feature enables
Rnv8T cell to use read favored transistor sizing against read/write
failure at a lower VDD. This work also can be applied to the latch

or flip-flop in the digital integrated circuit.

This work also demonstrates the first fabricated macro-level
memristor-based nonvolatile SRAM. It is verified in the 0.18um
process. This 16Kb Rnv8T macro can operate (R/W) at 0.45V
VDDmin. The store energy is 1/50k times lower than conventional
circuit, the restore time is simply 0.03 times as conventional
one. It achieves the lowest store energy (1/50k of conventional)
and R/W VDDmin (0.45V) than other nvSRAM and “SRAM+NVM”
solutions, as shown in Figure 3. This work could be applied to
fast power off, and ensure data stability when a suddenly power
failure occurred in a system. There may be evolutionally change

in the electronic memory.

Figure 2. (a) Rnv8T structure and
Figure 1. Block diagram of (a) two-macro scheme and (b) nvSRAM (b) Performance improved.
scheme. Figure 3. Comparison of (a) Store energy and (b) Restore time improved.
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