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BSIERDIRESUS LT7IEXAE(MRAM: Magnetoresistive random access memory)
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Spin-Torque Switching with the Giant
Spin Hall Effect of Tantalum
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Compute-in-Memory Applications
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EEER[E A EHE(VCMA: Voltage-controlled magnetic anisotropy)

T. Maruyama, T.N. et al. Nat. Nanotech. 4, 158 (2009)
Y. Shiota, T.N. et al. Appl. Phys. Exp. 2, 063001 (2009)
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B[R A EHE(VCMA: Voltage-controlled magnetic anisotropy)

Eiﬁﬂﬁ T. Nozaki et al. Appl. Phys. Lett. 96, 022506 (2010)
Y. Shiota, T.N. et al. Appl. Phys. Exp. 4, 043005 (2011)
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Y. Shiota, T.N. et al. APEX 9, 013001 (2016.)
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VC-MRAMF v 7 & {E1R:

https://www.mram-info.com/

ITRI and UCLA to co-develop VC-MRAM technologies

Taiwan-based Industrial Technology Research Institute (ITRI) announced an agreement with the University of
California, Los Angeles (UCLA) to co-develop Voltage-Control MRAM (VC-MRAM) technologies.

ITRI says that VC-MRAM is a type of SOT-MRAM that offers improved performance - 50% higher writing speed
and 75% less energy consumption. VC-MRAM is said to be ideal for AloT and automotive industry applications.
The partnership is expected to strengthen the link between both parties and accelerate the R&D and

industrialization of new memory technologies.

The First CMOS-Integrated Voltage-Controlled MRAM
with 0.7ns Switching Time

H. Suhail'", H. He'", J. Yang', Q. Shu!, C. -Y. Wang?, S. -Y. Yang?Y. -C. Hsin?,
C.-Y. Shih? H. -H. Lee?, D. Wu!l, A. Lee!, J. -H. Wei?, P. Gupta!, K. L. Wang!, S. Pamarti!
University of California, Los Angeles, CA, USA, email: harissuhail@ucla.edu.

Industrial Technology Research Institute, Hsinchu, Taiwan
tThese authors contributed equally to this work

IEDM2023 10.1109/IEDM45741.2023.10413670

Write: 0.7 ns

Read: 8.5 ns
Endurande: > 101!
VCMAR#: 48 f)/Vm

1
2000 nm
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BREATYRYVYF2—2

TR i g BE BN LR
SRAM X ~1ns ~ 1 fJ/bit > 10715 > 100 F?2
DRAM X ~10 ns <1 pJ/bit > 1015 6 F?2
PCRAM O ~ 50 ns ~ 10 pJ/bit ~10° 4 ~30 F2
FeRAM O ~20 ns ~ 1 pJ/bit ~1012 15 ~ 35 F2
ReRAM O ~10 ns ~ 1 pJ/bit ~1010 4~12F2
NAND Flash O >100 us ~ 100 pJ/bit ~10° <4F?
STT-MRAM O ~10 ns 0.05~1 pJ/bit 1010~1015 6~10 F2
SOT-MRAM O 0.1~few ns <100 fJ/bit ~1015 12 ~ 18 F?2
VC-MRAM O 0.1~few ns ~ ¥ fJ/bit ~1015 6~ 10 F2
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HEET ST
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