— it @ X

FEATURE ARTICLES

S - (KEEEASTT-MRAMZ* vy 2BV
Run-time /—2U#770tyvY

Runtime Normally-Off Processor with Nonvolatile Cache Memory Based on High-Speed

and Low-Power STT-MRAMs
B AETF RZEE EF e

B NOMURA Kumiko M ABE Keiko

W FUJITA Shinobu

%, CMOS (#RERBILIEFEE) ORMMLICKY, 7Oty Y OREBNIKRELOTETNS, ZDH, 77

V=23 PRELTOBRBFAEREB IOy Y OEREZER TS, NT—T—T1VIPRLSNTSD,

SHBEENZTRHIBTERLY,

ZhEWT

FITRZE, FEREEF vy 1 XE)ZAVEHFLVEBEEEBEN 7Oy YOMERRZEDHTVS, 2070ty
Hig, 77V5— a3 HaEd (Run-time) TH, FEEICEVEEER CERDEREERETOIETHBENZEIRT
%%, BRDPDBIEHEBESHTEEIRLEER/LE STT-MRAM (Spin Transfer Torque - Magnetoresistive
RAM) ZE27=F vV V1 XBVICEHDTIMDERTES L%, Y321 —aryTEIAELE,

The total standby power of processor systems has been rapidly increasing with complementary metal-oxide semiconductor (CMOS) scaling.  To

reduce this standby power, processor systems use a power gating technique that regulates the power supply to each circuit block.
supply of each circuit block is cut off when an application is suspended.

power consumption.

The power

However, this technigue is unable to sufficiently reduce the total standby

Toshiba has been engaged in research and development of a new ultra-low-power processor technique using nonvolatile magnetoresistive ran-
dom access memories (MRAMs), which can reduce the standby power substantially by controlling the power supply even during application execution
time.  The results of simulations have confirmed that this new processor system can be realized by applying high-speed and ultra-low-power spin-

transfer torque (STT)-MRAMs to the cache memory.
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Hierarchy of processor system and characteristics of each device
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SRAM : Static RAM
PRAM : Phase Change RAM

FeRAM : Ferroelectric RAM
HDD : N\—RF1RAIRZA(T7  T:55(10"%)
2. BLAOXEY DM — Run-time /—< U+ 770ty HDF vy
T2 AEVERAT A AR T, SR EE B MAA ML EO%
i, ROEH SRS LETHY, FIZ, KYEEBEITELAEY)
1%, EEBELESTT-MRAMZZIF THHLEEZ LN,

Correlation of volatile and nonvolatile memories
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Different processor models and their wakeup times

150 us

CO-State
C4-State

C6-State shie

Oty Y HEES

F5 i
(@) fERBE 7Oty Y

1us BE
o =

&%
CO-State
C6-State

Oy HEESD

B
(b) Run-time /—~UA770+wvH

K4. £70€YyYEFILOState BEDOH — Run-time /—~<+ 7
7ty ¥ TiE, C6-StateH CO-State DB T b FHME TULIL % T
FHC& 5720, X0HHEIZC6-State |[ZBERRTX %,

Examples of state transitions of each processor model
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