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Fig. 1. TMR ratio (a) and effective barrier height and barrier width(b)
as a function of annealing temperature in magnetic tunnel junction with
Al)O; bamier(square) and Al(0.6)-Hf(0.2)-Al(0.6) oxide barrier(circle)
in Hf(5)/NiFe(8)/IrMn(20)/CoFe(4)/barrier/CoFe(3)/ NiFe(15)/Hf(5),

in nm.

+=2)7)88) 2] Volume 14, Number 1, February 2004

< W AElEnY A A A ot dFvlE 4
& 2ot oF 0.2V H2 AE UeR ok B=g AiA

Bl
o o] Qlke WakA e AL BalEw itk ol W
N QRvE 282 A9 350°ce] ARl B

2 QRuleE 2000 AVHRS B 9D el 97 <
| 378k e 2o 24T A B s
o1e] A7IFe) DRI Tl FRE et e

_‘|
B7} 320N ashe AL RPIAMISOE AR olElE
W] Wizte] Bile] A ARl AaAle Aes &

a9 2t SRl shEEe] A ARRE AEEQ)
2 AAUo 71 AT HARRIN AP LEolE

50 ¥ T T T T T T T
—m— Al oxide

® - Al-Hf-Al oxide
45 ‘\.\ 4

40 o i

o 35- & _
= ] ]
| |
304 4
1 (@)
25 i
0 50 100 150 200 250 300
Temperature(K)
_] T ’ ! " i —=— Al oxide
1.0 {ee - & Al-Hf-Al oxide
.\_gi‘ N elastic tunnel only
o T
0.8 . Tl i
& e
= . L N ~. 1
he g 625mV
3 064 i\e
N y I S ]
© TRl )
£ 0.4 530mV \i T A
O : :
pzd
0.2 ]
(b)
004 r T — y
0 200 400 600 800
Bias Voltage(V)

Fig. 2. Temperature dependence (a) Bias voltage dependence (b) of
the TMR for junctions with different barrier: Al oxide barrier(square)
and Al-Hf-Al oxide barrier(circle) after 300 °C annealing. The voltage
Vi, at which the TMR is reduced by 50%, is around 625 mV for
junctions with Hf inserted oxide and 530 mV for junctions with Al
oxide.
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Fig. 3. High resolution TEM images of junctions different barriers :
Al oxide (a), Al-Hf-Al oxide (b), and Hf oxide (c).
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Fig. 4. TMR curve for junction with Al Hf oxide barrier. The TMR
ratio is 22% for as-deposited and 36% after annealing at 300 °C.
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Fig. 5. TMR ratios with Hf portion in junctions with the Hf inserted
barrier (open square) and Al-Hf mixed barrier (solid circle)
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We have investigated the effect of Hf insertion in the Al oxide tunnel barrier on the properties of magnetic tunnel junctions (MTJs).
MTIJs with Hf inserted barrier show the higher tunnel magnetoresistance (TMR) ratio and less temperature and bias voltage
dependence of TMR than MTJs with a conventional Al,O; barrier. The enhancement of TMR ratio and the reduction of the
temperature and bias voltage dependence might be due to the reduction of defects in the barrier. AlI-Hf oxide was formed by depositing
Al and Hf simultaneously, and oxidizing the compound films. The TMR ratio of 36% was almost the same value as that with Hf
inserted barrier. This implies that the inserted Hf layers mixed with Al layers during deposition or oxidation, and they might form Al
Hf oxide barriers. This compound Al Hf oxide formation may be responsible to reduction of defect concentration which enhanced the

TMR ratio and reduced temperature and bias-voltage dependence.
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