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X CSHIZ- how works an MRAM

, . . V,
«  Magnetic Tunnel Junction (MTJ) is the core of MRAM I_M,I‘j STT MRAM
oc =
It Two magnetic layers: = 7
o Reference layer(s) (RL): fixed magnetization is stable. a5 b
o Thin insulating tunnel barrier (e.g. MgO) <t =
o Free layer (FL): storage layer, magnetization can switch (up/down =
« Read (Non-destructive): TMR : [ GND
Apply a small voltage across the MTJ. R PU X
X
Resistance depends on relative orientation RL-FL : f{”m—' L%‘jﬁ%%
o Low R(Parallel) — Bitis ‘0" 4 TS5 2eT
o High R(Anti parallel) — Bitis “1” Tl My A4
TMR = (Rap-Rp)/Rp £ | SOT MRAM
- Write (ex. Spin-Transfer Torque and Spin orbit torque): =
~When a spin current pass through, it torques Free layer. It can switch E
the direction of the magnet when large enough &
STT: spin current created by magnetization
SOT: spin current created by non magnetic signal via spin orbit interaction Vsor GND
O d

WRITE SOT

v
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Interest to study SOT-MRAM at cryogenic temperatures?

« Device reliability changes under different temperatures.

« Understanding TMR, coercive field, and stability at low T
is crucial.

 |mportant for:
o Industrial adoption
o Cryogenic computing & quantum tech, space satellite

High-performance computing a Quaﬂo’sttlim computing
_, Deep-space applications
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Alam, S. et al. Cryogenic memory
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| Why SOT-MRAM?

e High Density: Small cell size allows for larger cache capacity within
the same chip area compared to SRAM.[2]

e Non-Volatility: Zero leakage power enables energy-efficient
"normally-off” computing.[1][2][3]

e High Speed: Offers faster switching speed than STT-MRAM, making it
suitable for L2 /L3 caches.

Fetwe SRAM DM sormaw

Non-
Volatility No No ves
Cell Size F* Large (~146) Small (~6) Medium (~46-60)
Leakage . :
Power High High (Refresh) Near Zero
B Very Fast (<1 ns) Slow (~30 ns) Fast (~3 ns)
Latency =
Write

Very Fast (<1 | ~30 Fast (~5
Latency ery Fast (<1 ns) ow ( ns) ast (~5 ns)
Endurance Unlimited (1016) Unlimited High (>101%)

Table 1 Comparison between SRAM, DRAM and SOT-MRAM[1]
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| Simulation Environment

e gemb5: Cycle-accurate full-system simulator for architecture modeling.
e STREAM: Benchmark for measuring sustained memory bandwidth.

e In this study, we simulated a 4-core DerivO3CPU architecture
axecutina OpenMP parallel workloads, including SOT-MRAM for L2

and L3 caches using gem5 and compared the outputs against a
baseline.

e Main Memory: The DDR3 configuration (12.8 GB/s peak) gives ~10
GB/s sustained bandwidth (~80%0o efficiency)

e Higher Density: The compact nature of SOT-MRAM's 3-terminal
structure, compared to the conventional 6-transistor (6T) SRAM_[3]

e —We simulated the SOT-MRAM configuration with double the
capacity of the SRAM baseline.

SRAM Baseline

Configuration
L1 32KB I/D(SRAM) 32KB I/D (SRAM)
L2 512 KB (SRAM) 1 MB (2x SOT-MRAM)
L3 32 MB (SRAM) 64 MB (2x SOT-MRAM])

Table 2 Cache size configuration
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