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Spin-Transfer Torque Writing MRAM with Perpendicular Magnetic Tunnel Junction Devices
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Field writing magnetoresistive random access memories (MRAMs) have been actively developed as nonvolatile working memories because of

their attributes including unlimited endurance and fast read/write speed, exceeding those of other nonvolatile memories.

MRAMs lack scalability due to their inefficient writing.
writing MRAMSs in recent years.

However, field writing

In response to this situation, intensive efforts have been focused on spin-transfer torque

Toshiba has developed a magnetic tunnel junction device with perpendicular anisotropy (abbreviated as P-MTJ device) for storage devices to
extend scalability.  Since we demonstrated the world's first spin-transfer writing on P-MTJ devices in 2007, we have achieved small-current writing

of several tens of microamperes and a large magnetoresistance (MR) of more than 200%.

We are now engaged in research and development of

practical applications for the realization of a large-capacity gigabit-class memory.
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Map of memory and storage allocations for access time + write time vs. bit
density

B U CRUER FNOETF AR E) 35 720 340 2 MU HIBR
Wb, TDizd, BOT—7 XE)EITH) ZTW i,
B EIEPT A €Y (MRAM : Magnetoresistive RAM) TliZ,

THMOFHRLZ 1B LT MT] (Magnetic Tunnel Junction) it

RZ L Ea1—Vol.66 No.9 (2011)



BETORBBOMLE Kizsdh, ZOLE, HT-OBENE
%, BTOAC Y SRS 5720 2 MBS HIBR A3 7\,
2006 B L SN R FA AR B A VW MRAM T
HERR O] D A A DRI X728, BER EIA ADEIA R RO
EIDMEERY, TORERILIMER Lz, 2D,
AV U TEAERAEIE 72 MRAM OBHSE 2STH 52 - 72
B, HIAKRERMEAKREL, REFEPTE LD o7,

CORERZERETH720HENL, fERHD S Om ML IS
2T, FEBALTRDOMT] (P-MT] : Perpendicular-MT])
FLIEFE T 2R3 L, 20074EICP-MT] it BH#E T ~DAL Vi
AFAARE R THOTEIHLZY, BHIIZFOHRD D5
ORI LTEY, 20114 12IEH A Al & —H7 LA
TG T A& EB12200 % %8 2 A HPIELE (MR) &R
THILIZKIIL, GEy MhOFEERLITE % BV,
ZZTlE, P-MT]aifEFEFoFEAMtE #EERL T X 5%
Pz iRz & 12, P-MT]RLEE T 0 #4225 % L H T
IZDWTIRR 5,

2 P-MTJERFFOXMAME

21 F—E2EAADEEY

G EIAARE RN, HDD &R EAAMRAM O 8 {b7:
&, Ty EABOMHFEMEICEH L TREREV DL, LA LEN
WAL T DAY i AR AE LTI, back hopping & T
NLRFARBIRHIWIET L EDHETH 572,

ZZTHHIE, TP RN RICEADB LR THL T
LxRL, P-MT] B E T TR 218 T L) ICAHFA AN
BELWS LR FEAEL 727,

2.2 ZzEEK

P-MTJRelEH 7T, BALIRICBE L CRE T OB 8721378
D ETOBENIF AL iz, FEF IR KO
EWZ PR TH S, ZZT36X102RFTOEMRZ 21T
TP-MTJ] il BEFOBPHO B R &) <72

6 3.6%10"2 [
g sl Fg*"
% [t i a i
w oA
S e s
@ 3 F—=20
&2l
21
=
o 0 1 1 1 1 | | J

1
0 05 10 15 20 25 30 35 40
ERAEH (10 @)

3. P-MTJRERFOEBRATAN —36xX10"HOFRZ T A&
T o7z DFEFIRPUED B L BB SN2 572,
Results of write cycling tests of P-MTJ devices
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Verification of accurate data writing to P-MTJ devices
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Magnetization switching of MTJ and P-MTJ devices
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Origins of nonvolatility of MTJ and P-MTJ devices
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