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Tablet PCT THFS AF 02 o A
UE FAoIH, olF FAES AT St
o} A th715stel st APEe) gt whe
TP 7S EAS 7R B E FRE
3k Qitk 53] 2upd AlE2 v 54
I A e AvdY, 28 wE
read/write 4L 717 v 2E|E FQ 7 st
o] o] w2} PRAM(Phase change RAM),
FRAM(Ferro-electric RAM), RRAM (Resistive
RAM), 18|31 MRAM (Magnetic RAM) 53
e gekg 2Ag) W2 g Eel AT A
I Ak

3] MRAM2 DRAMS 1A A3
SRAMS] BHE speed & AU & 5 Ql= B3
g viRe] 5443 3 w2 vy g
pathe) 7SS e 2 As) AT
o] A2He. BAlE2006d el A
4Mbit MRAM¥AHS FF 2 A A0
NEC, EUJALA, 44, Qimonda 5 St o
g 4 LSIgAEc] MRAMS AE3E AlE
& Bug dg7ide] 8 Folm 2009 F
HREE ZEAAY 09 HE HolAE

= ru

ik

ARE Q7kstel 7]
3t WA 'H%Ob—l Q7] wllFell 13 A
32 YA = “scalability issue” £} “writing
dejA o 7 #Zo]
oL dAESE Sl sk EAEE 7t
R 3L ;J\U]- 53] “writing selectivity issue’ = X
gaAIde] &) AL toggle MRAMS ©]
£3r0 2 M 3|44 I UAT “salability issue”
= o A3 A8} 90nm At 7HA] = F-& 5}
ik ]”} 71 o] Fofl= MTJ ulA|3}el] Wi 715
o S7FR ARl ol e e He A
3H7} wrt kA 7)€ MRAMS] 7% 13
Age g A0FE ARFHAT thE 24|
of W= oin) TuEy, 1552, 1AL F
o) 7hs e T e o® sl 7k
U 2E2H NORY EdA = tiAZ 72
AR M A7) gk
F o) A AATE 71E MRAMIA 9] 7]
=8 dAES & MEE ¢ e AWE

= o]%s} "Hi"‘ 7]iul—/\10] ;q]o]-E]

selectmty issue” 5 7)=4/

(®# M1) Projected performance of MRAM and SMT-MRAM (1]

Cell size 0.25 0.25 1-1.3
(i) 256 Mb/cm 256 Mb/cn 64 Mb/cm
Read time 10ns 10ns 1.1ns
Program time 5-20ns 10ns 1.1ns
Program energy 120pJ 5pd 5pJ
per bit Needs refresh

Endurance 20" »10v M0®
Nonvolatility yes no no

0.12 [ 0.02 0.01

512 Mb/em 512 Mb/em 2.5 Gb/cn 5 Gb/em
10ns 10-50ns 10-50ns 1ns
10ns 0.1-100ms  0.1-100ms 1ns
0.4pJ 30-120nJ 10nd 0.02pJ
palol Y10%read, )10®read, no®

0% write,  »10° write,
yes yes yes yes

* MRAM performance valnes projected by the authors,

* Values trom the International Technology Roadmap for Semiconductors(tTRS),
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MTJ Cell Switching &2}

L3 ol 28 Wyite Window B2

(ag M2) MTJ celle] A

= Z9(full selection)ol] 7k A
H 1, shte] mAlet ;ﬁ’l‘l‘ﬂ" BEE AT
(half selection)ofli= Aol FH 7T 7|15 A] &
ok 28y AT 293 A A2 E v}
A= 73—?"01]}; half selected cellSAE AR
7t 155 = A0 2ASHA H L, o) ut
2} 79 M2 HojxlRe] ks 54 As
A2 07 7|5 4 Q= writing window 7}
v248] ZasE TAEE A2 QU
©]2) ¢t writing disturbance &A= Freescale
o] AFer MEL 715 7] roggle 715
2lof] 93| 28 4 Yk Freescalet o) 2%l
A71%% olgslel 20061 78l QA Hz
2 180nm design rule®| 4] 4Mb A F-& Al
AFA o2 XYJAHTE toggle MRAM T} 7]

213 EME LIEHH= asteroid M 2

Arzof| 2 writing window?| H3}

Z MRAM 2] =o)L MTJ 9] AH-35°] Ru
o] o3l W 3HE T synthetic anti-ferromagnetic
free layer T-72(SAF FLT-Z) & o] FoA Qit}
= (¥ M3 (a )N 1% M3(b)ell RoJX] %

o] F N9 A ARE FeR U= ol
AAA AEF )4 SAF FLO] Apsintzio]
A 02 o] 7oA Al O 24 half-selected
celle] 7o 7150] HA FEFH o= 4
ojt}. o2 ¥ writing 7154 2] A% &
Tl oA AFFX0] roggle 71 FH2A2
90nm ATh7HA = & SHAIRE 21 o] F-ofl= A}
8 7 irk= Azt dA) AHj Aot o=
71 MRAMAIA A E 2Pl SJsf) JHE 7]
3171 ”HE—"ﬂ a| A gte] whet 71 EQA 77} 5
\:H}J ]x-h/} tﬂ-yﬂ D/L./] ,LXHE o]—s} /\41
3 %Lﬁ:-J TAI7F AAs] EAsE] wiirol
o} weEb MRAMS 32-60nmE 1| A 3}5}7]
AeiM = 2AEAE o] &3 A2 7157
=o| F st}

H> ftlo

-777-



Xpqop o 23] R W R HY

(a)

e
Storacge

fayer

(b)

¥n

LowR ; - High®
State ) R o 5 N L] ! State
N Com, Y C [
‘ tag?d it ) D
. o
[/ ; LY | t : #
| ]

-} Toggle Layers
‘} Pinned Layers

(a2 M3) (a) Toggle MTJ 7-X (b) toggle 7|I2HAl0] thEt 2AE W writing window (Freescale EX1)

t}. STT-MRAMS] 733} 5l nje)dn}

A71 A BHMR, Magneto-Resistancc)-% A
A2 ool el Aia As
s wje} Aol 277k GebAE WO
MRAMOA 7]128 Fro] AP ol A
Aroll 7188 5 1 9l th. Spin-transfer
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2 ulE MR @A) WAkl 11 Y8 E
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o e Fohe A2 Sulgth 19 MaE
AWE 29H g HFES Yeh 2

4% o] Aoy Y=
FUE7E 2 7H =
‘QE)) o] & MTJ =7l
%ﬂr7ﬂ7} %)J’— thit 2552 £34R13k k(M)
3} 37, tunnel barrier 1831 MTJ] &5 7%
5ol 9&3e} 18 M4(a)ollA BojAxol
A2 3717} 100nm<! nano-pillar MTJ T2
H AL FAE AFDABNA e
A BAHDTEO R S0l Ao A
A= TAFUAIN 149 Ao
#3387} Lol 512, ool 12k downt
oz $35d AAFo] AGEUL ol Eet
S ek ol 1A i5-2) AAHEol AH4FE

-778-



2007 78 BXFU] H34H q7E WED)

(a)

20,0k
18.0k |
16.0k
140k |
g =
X 120k 3
m 2
10.0k
8.0k
6.0k |
At 'y '10(10

-06 04 02 00 02 04 06
Bias Voltage (V)

(b)

(32 M4) (a) ALET AQZI0| HET(BM Ex)T} (b) MEXQI STTOAMS] R-VEM

i

A HE AT AEPEERE YAt
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Simple structure without word line

Switching Method Current induced magnetic field Spin Transfer Torque
MTIJ/Cell Size 02mX04m  -40 (F) <0/0BmX 0.1 ;m 6-8 (F2)
Density 16Mb 4Gb

Read time 25ns 1-10 ns

Program time 5-20 ns 1-10 ns
Endurance > 101 > 100

Program current 5 mA (at 100 nm width) < 100 uA
Scalability bad good

Write Selectivity Bad (disturbance) good
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