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Effects of Tunnel Magneto-Resistance

HAN Xiufeng, LIU Houfang, ZHANG Jia, SHI Dawei, LIU Dongping,

FENG Jiafeng, WEI Hongxiang, WANG Shouguo, ZHAN Wenshan
(Institutute of Physics of Chinese Academy of Sciences, Beijing 100000, China)

Abstract: A typical magnetic tunnel junction (MTJ) consists of a thin insulating layer (a tunnel barrier) , sandwiched
by two ferromagnetic electrode layers. When the relative magnetic configuration of both ferromagnetic electrode layers
changes from parallel state to anti-parallel state with external magnetic field, the resistance of MTJ would become high from
low, exhibiting tunnel magneto-resistance ( TMR) due to spin-dependent electron tunnelling. Amorphous AlO, barrier
MTJs were extensively studied and have been used in magneto-resistance random access memory ( MRAM) and read heads
of hard disk drives, since the discovery of room-temperature TMR in 1995. However, the spin electronic devices develop-
ment of the next-generation high-speed, low-power-consumption and high-performance need much higher TMR ratio and a
novel structure. In 2001, the first-principle calculation predicted that the TMR ratio of epitaxial Fe (001)/MgO (001 )/
Fe (001) MTJs would be over 1 000% , due to spin filter effect of MgO barrier for different symmetry spin polarized elec-
tron. In 2004 TMR ratios of about 200% were obtained in MTJs with a single-crystal MgO (001) barrier or a textured
MgO (001) barrier. In 2008, the TMR ratio of 604% has been reported in pseudo-spin-valve MTJs with core structure of
CoFeB/MgO/CoFeB. Recently, Quantum well ( QW) resonances tunneling and spin-dependent Coulomb blockade mag-
neto-resistance (CBMR) effect in MgO-barrier MTJs were proposed and demonstrated in theories and experiments. Mag-
netic sensors, MRAM, spin nano-oscillator and microwave detector based on MTJs have attracted attention of electron sci-
ence and devices. In the paper we briefly introduced the investigation and development of magnetic tunnel junction materi-
al and its device applications.
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magnetizations in the two electrodes are aligned parallel (P
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(AP state)
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Fig. 9 Schematic illustrations of ( a) magnetic field-driven
MRAM and (b) “1T + IMTJ]” MRAM based on
STT effect!"
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Fig. 10 (a) schematic structure of MgO-based magnetic tunnel junction with size of 70 x 160 nm? and (b) phase diagram of

output high frequency signal 2"’
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Fig. 11

(a) designed middle layer thickness (t) dependence of conductance curves in the parallel magnetization configuration ( measured at

4.5 K) reported by T. Nozaki et al'?!! and (b) applied bias voltage positions of the QW state resonances for different middle Fe

film thickness reported by Wang et al. with first-principle calculation
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Fig. 12

Band dispersion of (a) bee Fe and (b) bee Crin the [001] (T-H) direction. The potential proofles and schematic illustrations of Fe/

MgO/ultrathin Fe/Cr(001) structure in (c) the parallel and (d) the antiparallel magnetization configurations. The differential conduct-

ance (dl/dV) spectra in the parallel magnetization configuration for (e) d =4, 6, 8 ML and (f) 5, 7, 9 ML. Each spectrum is nor-

malized by the minimum value, and is offset. The potential profiles for the states of A; symmetry in the parallel magnetization configura-

tion at (g) V>0, (h) V <0, and (i) V > V,[%
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Fig. 13 (a) when the moments of two magnetic QDs are anti-ferro-

mangetically oriented, the CB voltage is Ve for each dot.

(b) an external magnetic field aligns the moments of the two

dots, which are now coupled electronically due to enhanced

interdot tunneling, and the CB voltage is reduced to

v, /21%]



348 Hh A R 2 %32 %

WEFEARXS SPAT I ol T 7 R 2 SRR, R G R
R Vs MG A5 1 o B AR B A7 i
L Z 8] H TR A B ZE R8N R V2o NI AE—
SE T, 3 A7 A 1 1 A B R ARG R
FERLIE, BRVE L AT LA FOR A4 e LA

PUR fi 24 417 B ) SN 7 . IR e e 35 2
AR PN N AN N G R A E S RSN E R R s WL
HARA d, BRI, PR B 28 i T R B TP A H R

i 8eD
V. =
¢ me,ed;
Hor Dl e B RNARIRE LR B E, 60 WA

H A LR AR
FE—E W T, I 44 P B A g 20 e ] L]
1455 FS T AT ORI B4 L ) BT RR 2 A

VA,

h
FIA—A> 5 85 5 1 4 3 11w ST 4 B
xy FUF (), B Sl LUK

_m e o _m e (7
G(n =7 o Zﬁdi -2 hsxﬁfhx F(x)dx
T 2] LA B AE — 8 J T3 T (%) e BEL LR
Gu(V) (/\O/AH)ZL F,(x)dx
Co(V) fwaFo(x)dx

b, Ay, RN, 53 B ANRES O H RITEAM IR F oA 4
AR <F o A ROT B OB R SR T A 2
TR E NI, DR R B B B T 7 Ok
f R P BEL R L 14 Shy SHLED 10 P £ BEL 9 P BEL 1
{80, T LA H 0 EAT LB 1 4% it e ML 17 K 75
22 (i L BEL L A1

P A 56 1 £ BELE il BEL  CBMR ) A0 7T 1A A1 )
S REE DR Z R SR, BN RGN B SR
BEL . DR T L SEL A3 25 0 W 0 2 O MR A K 25, B T e
Akl A T, PR R ORI A G (R 1
SR BEL FE P LA R B ) M AR 1T P A
T HLBEL . Rl e M 5 P A BEL 9 % o BEL ( CBMIR) 287
ORI T LAE B 260 119 4 i 5 i Pl BEL C AMIR) | 3830 443
REHLBEL(BMR) | PEREHLFEL(CMR) . 5 @ HLFEL (GMR) Al
B SERGHL L (TMR) 6 %00, A5 7T g A Ay — b 47 22 1
FRTSEI0 . AT AR L BELSON o f91  F E fol, BEL l Ae
LRI MR EIOR S A R0, & — 1 Cu 1 Co
K IR 2 40 K R~ A e BEL B B, 4 A
Co TURTATHED R VAT HET (I, 0 B e T 4 L
S [ 4 P BEL 9

10000

100000

10000 -
. 1000%
B

S

100

10F

1 1 1 1
-0.4 -0.3 -0.2 -0.1 0 0.1 0.2
Bias/V

Bl 14 (a)dy/Ag=1.1Fl Ag/do =2 BF, G (V)/Gy(V) A ;
(b) SEUsh 52T MBS A Y e 2
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(a) cross-sectional HRTEM image of Fe (30 nm)/[ Mg
(1.04 nm)/Al(1. 16 nm) ] —0,/Fe(5 nm) structure along

Fig. 15

[110] direction of Fe layers with dislocation circled, (b)
schematic illustration of spinel MgAl, O, structure, (c¢) bias

voltage dependence of normalized TMR ratio for MTJ, and
(d) resistance-magnetic field (R-H) curves measured at 15

and 298 K[3*)
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Table 1 The test lattice constants of 4 spinel oxides and lattice

mismatch to bcc-Fe lattice

Structure MgO  MgAl,O, ZnAlL, O, SiMg,0, SiZn,0,

Test lattice 0.4212 0.8083 0.8086 0.8076 0.8083
constants /nm

Lattice mismatch to_ 3 20 55 00100 0.33%  0.25%

bee-Fe lattice/ %
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3]

Fig. 16 Real (black), imaginary (blue), and complex (orange for SiZn,0,) bands along [001] direction for (a) MgAl,O,, (b)

ZnAl,O4, (c¢) SiMg, O, ( symmetry of the matched majority bands in bee-Fe are shown in parentheses) , (d) SiZn,0,. The
A, imaginary bands are shown in red. Dashed line in (d) indicates the bottom of the A, imaginary band where it is connected

to the top of a complex A, band. (Adapted from [37])
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