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B FPGA (Field-Programmable Gate Array)
— Various digital systems are implemented with short design time and low cost.
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Large amount of standby power
due to nano-scale CMOS process

are embedded for reconfigurability

A large number of HW components :
= Low area & energy efficiency

[ How to overcome standby power problem of FPGA? ]
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MTJ Device

Scalability :
*CMOS compatibilityg
«3D-stacking :

clement | SFAM | Tovice | swich | gz |MTI device
Nonvolatile No Yes Yes Yes Yes
Scalability + ++ ++ - ++
Endurance ++ - - + i
Write access ++ + - + 4

[ MTJ device is the best candidate for realizing nonvolatile logic. ]
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MTJ-Based Nonvolatile Logic Families|

15t Generation 2nd Generation
Storage elements are replaced Storage and logic functions are merged.
by nonvolatile ones. — Logic-in-memory (LIM) structure
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[MTJ device is the best candidate for realizing Nonvolatile logic LSI.]
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Design Issue
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1. Reduction of the overhead due to recall/backup operations
2. Reduction of the number of leakage current paths
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64-bit nonvolatile SRAM
V MTJ configuration arra
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7 SA: Sense amplifier WT: Write transistor
WT WT
Both SAs and WDs are shared.

based Proposed
[ Compact circuitry with small number of leakage current paths ]

2016/9/20 FPL2016 (S4b) 6



\Y E \ \ :
m>4qMM% i TJ‘ ?3' i
1 ] |>° |Nl ] |>° SLP
PG controller FIO] . q :
a Fl1] PGEN
"ol ] GND
=] ;FTZ] =
F2 . PGEN
e OND R
ITOTAL
A FF[1] FF[O] FF[2]
................. Done  ..................Bone Done . ...
|B[1]I§ i w/o self-
: termination :
IB[O]I ’ :
6[2]]
I . : :
= I= . . —» Time
t1 tO t2 tWORST

Minimization of both backup energy and leakage energy. ]
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NVSRAM based

3.12 mW

SRAM-based

19.8mW

Average
total power
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Thank you!
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