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Characteristics of Annealed Dual Spin-valve Type Ferromagnetic Double Tunnel Junctions
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Exchange-biased dual spin-valve type magnetic double tunnel
junctions (DSV-MTIs) of Ir-Mn/Co-Fe/AlQ,/Co-Fe/AlO/
Co-Fe/Ir-Mn were annealed at 175-400°C. After annealing at

325°C, the magnetoresistance (MR) ratio and bias voltage Vj,
at which the MR ratio is reduced by 50%, in the DSV -MTJs
were greatly increased to 42% and 930 mV, respectively. After
annealing above 325°C, the MR ratio and V}, decreased. This
degradation of DSV-MTJs amnealed above 325°C was
investigated using X-ray photoelectron spectroscopy (XPS)
and transmission electron microscopy (TEM). The XPS
spectra and TEM images showed that an AIO,/MnG,
composite tunnel barrier was formed due to the diffusion of
Mn through the Co-Fe layer and oxygen redistribution above
300°C. Taking into account the spin-independent two-step
tunneling via defect states in the barrier, we considered that this

AlO,/MnOy composite barrier leads to decreasing the MR ratio
and V, and increasing the tunnel resistance.
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Fig. T MR ratio in the DSV -MTIs as a function of
annealing temperature.
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Fig. 2 R, in the DSV-MTJs as a function of
annealing temperature.
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Fig. 3 Vj, in the DSV-MTJs as a function of annealing
temperature. Positive bias indicates current flows from
top electrode to bottom electrode.
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Fig. 4 Bias voltage dependence of the MR ratio in a
DSV-MTJ before and after annealing at 325°C for

one hour.
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Fig. 5 Fe2p XPS spectra in Ni-Fe/Ir-Mn/CoFe/AlO,
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Fig. 6 Co2p XPS spectra in Ni-Fe/Ir-Mn/CoFe/AlO,
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Fig. 8 Composition ratio of Mn to Fe as a function of
annealing temperature.

TWBHZEERLTNWS. /5,375 ‘CTD Al & Mn DJF-FHH
D TOA KT 22 BT ~RB L, T0£90 ° TldMn/Al=0.12 ¢
HBHDITHL, 30° T 0.05, 15° T 0.03 &, Al IZ%t42 Mn
DENED TOADIPNINEERD LUTED, Mo i Al Kb
HdENZD. ZhHDZ &L Fig. 5 ~ TOBREZEDY
THEZ B E,CoFe/Al0N) PRIEE =33 PHOREIZIH
A M BIEIDIERR S TV B Z & bbb 3 . IRIZ T TEM
DFERICDOWTRTAS. Fig., 9 ® 300°CE 375°COWTE TEM
Bhrobhr2 X502, 300 CeRHEMRREER>7ELT 7
ARDONN)} PIREDPFRINTODDIZR L, 375 CTiInNy 7
BOREBERT TP ENT 7 ARDESDIED>THEY, £
ERELVTN)PEVEL RO THE, DEDZ L BRELTE
A5 L, @R T =—)VOFEEN ) 78 MUFRETEC Mn B b
DIEE I, D Mn B DS b o 3V PO—EE U THEE
95 Al0,/Mn0, A N 2RI PHIERI N NS T 2
WZ23.

JIC, PEIVTHRBLTE = Mn 2 X b AL M0, 4 b
RIS PO N =S, MR HB KO8 V0 & iR dE

T

NI | -El ectronic Library Service



The Magnetics Society of Japan

b) After annealing at 375°C

Fig. 9 Cross-section TEM images of Ni-Fe/lr-Mn
JCoFe/AIQ,/CoFe/Ni-Fe near the AlO, barrier after
annealing a) at 300 °C, and b) at 375 °C.
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