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Comparison of novel and conventional memoriesComparison of novel and conventional memories
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▐ MRAM has great potential for use as non-volatile working memory.



DWMDWM--MRAM cell is located at …MRAM cell is located at …
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▐ 12F2 & 200MHz cell has the features of eSRAM & eDRAM.
▐ Very useful for future high-speed embedded memory in SoC.



2Tr2Tr--1MTJ cell for high1MTJ cell for high--speed MRAM operationspeed MRAM operation

ReadReadBL /BL

2Tr2Tr--1MTJ cell1MTJ cell

ReadReadGND

MTJ 250 MHz (ASSCC 2007)

WL

250 MHz (ASSCC 2007)

WriteWrite
33--terminals magnetic elementterminals magnetic element 32 Mbit (ISSCC 2009)

▐ No problem with either write disturbance or read one
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▐ No problem with either write disturbance or read one
Great advantage for high-speed operation



Key issue : Reduction of writeKey issue : Reduction of write--current (Icurrent (Iwritewrite))
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▐ <0.2 mA 2Tr-1MTJ cell has higher cost performance than 

conventional memories used in SoC.
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conventional memories used in SoC.
▐ Spin-transfer torque switching is promising for lowering 

write-current.



Spin transfer torque switchingSpin transfer torque switching

▐ Conventional Spin transfer torque switching
 F J Albert et al Appl Phys Lett 77-23 3809 2000 F.J.Albert et al., Appl. Phys. Lett., 77-23, 3809, 2000.

▐ Current-induced domain wall motion (DWM)▐ ( )
A.Yamaguchi et al., Phys. Rev. Lett. 92, 077205, 2004. 

• NiFe (in-plane)
M. Yamanouchi et al., NATURE, 428, P.539, 2004.

• GaMnAs (perpendicular)
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Positive characteristics of DWM elementsPositive characteristics of DWM elements

▐ Suitable for 2Tr-1MTJ cell
▐ Scalable write current & write speed▐ Scalable write-current & write-speed
▐ Sufficient thermal stability without write current 

increaseincrease
▐ Suppression for read disturbance & tunneling 

barrier damage in write processbarrier damage in write process
▐ CMOS process compatibility
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Minimum cell layout for 2TrMinimum cell layout for 2Tr--1MTJ DWM cell1MTJ DWM cell
PlanPlan viewview CrossCross sectionalsectional viewview

4F 4F
PlanPlan--viewview CrossCross--sectionalsectional--viewview
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Criterion: ICriterion: Iwritewrite < 0.2 mA< 0.2 mABL /BL

▐ 12F2  0 1 m2 @ 90 nm rule
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▐ 12F2  0.1 m2 @ 90-nm rule
▐ 12F2 is possible only when the write-current is < 0.2 mA



Device structure for minimum cell layoutDevice structure for minimum cell layout
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“0”-writee-

Pinning sites
DW



What kind of material should be chosen ?What kind of material should be chosen ?

St blLLG (3LLG (3--D) SimulationD) Simulation
si

ty
,

Stable

10 IMA
In-plane magnetic anisotropy

LLG (3LLG (3--D) SimulationD) Simulation
nt

 d
en

s
A

/c
m

2 )

DW

al
cu

rr
en

(x
10

8
A

S
1 PMA

Perpendicular magnetic anisotropy

C
rit

ic
a j c

Sm
all

0 1
DW1-D model

Critical field, Hc (Oe)

0.1
10 100 1000

Tatara et al. JPSJ, 75, 064708, 2006.
Suzuki et al. JAP, 103, 113913, 2008.
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▐ Using PMA, much smaller cell area with much better stability 
can be achieved.



DWM materialsDWM materials

Material Anisotropy Temp. 
(K)

Minimum  
J (A/m2)

Pinning 
field (Oe)

Velocity 
(m/sec )(K) Jth (A/m ) field (Oe) (m/sec.)

[Co/Ni][Co/Ni]NN PerpendicularPerpendicular R.T.R.T. 0.3x100.3x101212 200200 6060

[Co/Pt]N Perpendicular R.T. 1.8x1012 500 -

CoCrPt Perpendicular R.T. 1.0x1012 500 -

GaMnAs Perpendicular 100 8.0x108 40 22

NiFe In-plane R.T. 1.0x1012 5 110

▐ Co/Ni is the best material for DWM, because of its small 

NiFe In plane R.T. 1.0x10 5 110
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Jth with large pinning field and high velocity.



WriteWrite--current, Icurrent, Iwritewrite
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▐ At less than 100 nm width, the write-current becomes less 
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▐ ,
than 0.2 mA. The most important criterion is satisfied.



DWM Fi dFi d

WriteWrite--time, ttime, twritewrite

200 nm
DWM FixedFixed

1.0 10 ns 133 nmili
ty

DW V

ab
ili

ty 5 ns
3 ns

pr
ob

ab

VVDWMDWM > 50 m/s> 50 m/s0.5

Pr
ob

a
tc

hi
ng

 p

ttwritewrite < 2 ns< 2 ns
@ ℓ ~ 90 nm@ ℓ ~ 90 nm0.0

0 100 200

Sw
it

>200 MHz>200 MHz

0 100 200
Voltage (mV)Pulse Voltage (mV)

Page 14

▐ More than 200 MHz operation is promising.



Memory operation : 4 Kbit arrayMemory operation : 4 Kbit array
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▐ The two resistance states of the MTJ are clearly separated.
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▐ The two resistance states of the MTJ are clearly separated. 
▐ The change of resistance is consistent with current direction.



Repeat test for write and read operationRepeat test for write and read operation
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▐ Good reproducible switching and overwrite properties 
are confirmed
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are confirmed.



SummarySummary

▐ DWM MRAM with 2Tr-1MTJ high-speed cell
 12 F2 (0.1 m2 @ 90 nm rule), >200 MHz12 F (0.1 m @ 90 nm rule),  200 MHz
Scalable write-current & write-speed with sufficient 

thermal stability
 4 kbit memory array operation has been 

demonstrated

▐ Co/Ni multilayer film with perpendicular 
magnetic anisotropy is the answer for DWMmagnetic anisotropy is the answer for DWM 
MRAM
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