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Reduced temperature and bias-voltage dependence
of the magnetoresistance in magnetic tunnel junctions
with Hf-inserted Al ,05 barrier

Byong Guk Park® and Taek Dong Lee
Department of Materials Science and Engineering, KAIST, 373-1, Kusong-dong, Yusong-gu,
Taejeon, 305-701, Korea

(Received 24 May 2002; accepted for publication 29 July 2002

A modified tunnel barrier structure for the magnetic tunnel junctibiTJ) was fabricated by
inserting a Hf layer in the middle of the D5 tunnel barrier. MTJs with the Hf-inserted barrier
show a higher tunnel mangnetoresistai€®R) ratio and weaker temperature and bias-voltage
dependence of TMR compared to the MTJs with a conventiongDAbarrier. The enhancement of

the TMR ratio and the reduction of the temperature and bias-voltage dependence were attributed to
the reduction of defects in the barrier. @002 American Institute of Physics.

[DOI: 10.1063/1.1508413

Magnetic tunnel junctionéMTJs) have been extensively sequently exposing to an ozone atmosphere for tens of min-
studied for technological applications in devices such asites. The oxidation process involving ozone generation by
magnetic recording heads or nonvolatile magnetic randondielectric the barrier discharge method was described in our
access memoty since the discovery of the large magnetore-previous work® A Hf layer of 0.2 nm was inserted in the
sistance effect at room temperatdfeHowever, the tunnel- middle of the Al layer and the total thickness of the barrier
ing magnetoresistand@MR) ratio has been observed to de- was kept around 1.4 nm. These samples were annealed at
crease significantly with increasing temperature and biatemperatures from 250 to 350 °C in vacuum X0 ° Torr)
voltage, which can hinder industrial application of the TMR for 50 min. A magnetic field of 1 kOe was applied along the
junction. Zhang and Whifeproposed that the temperature €asy direction of magnetization during the annealing process.
and bias-voltage dependence of the TMR could be explainelflagnetoresistance was measured using a four probe method
by spin independent two-step tunneling via defect states idt temperatures ranging form 30 to 300Ik:V characteris-
the barrier. The key issue to improve the TMR ratio and totics and bias-voltage dependence were obtained by sweeping
minimize the temperature and bias-voltage dependence is the Vvoltage from 5 to 800 mV.
fabricate a high quality tunnel barrier with low defect den- ~ Figure 1 shows the TMR curves for junctions with Al
sity. Shancet al® also suggested that the temperature depenQXIde (a) and Hf-insertedb) barners after anneallng.at d_|f-
dence of the TMR could be described by two current contri-f?rent temperatures. The TMR_ ratio of the as.-deposned junc-
bution; spin dependent and spin independent contributiorfiONS Was near 23% for both junctions and increased when
Spin dependent contribution with increasing temperature i@nealed at 300°C. The TMR ratio, however, dropped
based on the reduction of polarization and broadening of th&arPly above 300 °C for both junctions. The TMR ratio for
Fermi distribution while spin independent contribution is duethe junctions with the Hf-inserted barrier was 38% after an-

to a hopping process via localized defect states in the barrie'?.e‘fi”ng at 300°C whereas, without the '._'f layer, the TMR
In this letter, we have modified the oxide barrier by in- ratio was only 30%. Although the TMR ratio decreased when

serting a Hf layer in the middle of Al film prior to the oxi- 1€ junctions were annealed above 300°C, the H-inserted
dation. Since Hf oxide has a larger heat of formatier268 junction maintained a substantially high TMR ratio of 28%

Kcal/mol) than Al oxide(—202 Kcal/mo) does, the Hf layer even aft.er. annealing at 350 °C. .

: " . By fitting of |-V curves to the Simmons thechthe
could act as an oxide stabilizer at high temperature and de-_ - . . . : .

. . . " barrier width and height for the junctions were estimafed.
crease the defects in the tunnel barrier. MTJs with a Hf-oxid ; . . : .
. i . : . he junctions with the Hf-inserted tunnel barrier had the bar-
inserted barrier were fabricated and their properties such as

rier height of 2.2 eV, which is higher compared to the junc-

the TMR ratio, junction resistance, and temperature and b'a. ions with a normal Al oxide tunnel barrier. The barrier pa-

;/r?ltagf deaﬁndence v;/_ere Ilnvesggat_ed_andt_ compared wi meters of the junctions with the Hf-inserted barrier did not
Osl\?thlom e_ctqnver} ||E)|n5a é!G)7N_ar;|er Jlénc |or;|s. M change after annealing at 350 °C at which the TMR ratio was
s consisting of HIS nmy/Nig,Feo (8 nm)/IrsMnys observed to drop significantly, whereas the barrier height de-

(2(?'nm)/CQ,OF650' (4 nmy/Al oxide or Al-HI=Al OXid? creases and the barrier width increases after annealing at
(Hf-inserted barrigfCosgFeso (3 nm)/NiFeyg (15 nmi/H 350°C for the junctions without the Hf layer. The results

(5 nm) were deposited on the thermally oxidized Si wafer by g, ggest that the Hf-inserted barrier is more stable than the
a magnetron sputtering system. The tunnel barriers Wergyentional Al oxide barrier and that the enhancement of
formed by depositing an Al layer or AlI/H/Al layer and sub- 6 TR ratio is attributable to the improved tunnel barrier
quality through insertion of the Hf layer.

dElectronic mail: bgpark@kaist.ac.kr Figure 2 shows the temperature dependence of the TMR
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FIG. 1. TMR curves for the as-deposited junctions and the same junctions

after annealing at 300 and 350 C. The curves correspond to junctions witf|G. 2. Temperature dependence of the TKéRand junction resistanc)
Al oxide (a) and those with a Hf-inserted barrih). for junctions with different tunnel barriers: Al oxide barriésquaré and
Al-Hf—Al oxide barrier(circle).

ratio (a) and the junction resistangb) for the junctions with

Al oxide (square and Al-Hf—Al oxide (circle) tunnel barri-  dent contribution. It was suggested that hopping conductance

ers. As the samples were cooled from room temperature, théa localized state is responsible for the spin independent

TMR and junction resistance increased for both samples. Theontribution®

TMR ratio of the junction with Al oxide increased from 31% Figure 3a) shows theAG(T)/AG(30K) as a function

to 45% while the TMR ratio of the junction with the Hf- of temperature for the junction with the two different types

inserted barrier improved from 36% to 45.5% as the measumef barriers. The change of conductarideG(T)=G(6=0)

ing temperature was lowered from 300 to 30 K. The differ-—G(6#=180)] does not contain spin independent contribu-

ence in the TMR ratio between the two types of junctions ation, but contains contribution from the reduction of spin

room temperature is 5% in absolute value; however, the difpolarization with temperature. In Fig. 3 G(T) decreased

ference becomes nearly negligible as the temperature wapproximately by 6% as the temperature increased from 30

decreased to 30 K. The junction resistance also increased ltg 300 K for both junctions, which indicates an equal mag-

17.5% for the junction with the normal Al oxide barrier and nitude of spin polarization reduction of the magnetic elec-

by 14% for the junction with the Hf-inserted barrier. The trodes for both junctions. This result is expected because the

junctions with the normal Al oxide barrier appear to have asame electrodes were used in both junctions and the elec-

stronger dependence of the TMR ratio and the junction retrode material was in contact with Al oxide.

sistance on the temperature compared to the junctions with Figure 3b) shows the dependence 6%(T)/Gg (30 K)

the Hf-inserted tunnel barrier. on the temperature for the junctions with an Al oxide barrier
According to the model proposed by Shagigal.® the  and Al-Hf—Al barrier. The ternGg, represents the spin in-

temperature dependence of the tunnel junction is due to thdependent contribution of the MTJ, which increases total

spin dependent and spin independent tunneling. In theiconductance but reduces the TMR ratio. From @}.Gg, is

model, the total conductance was expressed as given by

G(G):GT(l‘l‘ P]_PZ COS&)+GS|, (1) GS|=<G>_GT1 (2)

whered is the angle between the magnetization directions ofvhere(G) is the average conductance over parallel and an-
the two electrodes? is the effective spin polarizatiog is  tiparallel magnetization. By fitting the experimental data to
the conductance for direct elastic tunneling through the juncGg(T)«T”?, we obtained vy (Aloxide)=2.16 and
tion, andGg;, is additional conductance due to spin indepen-y (Al-Hf—Al oxide)=1.7. This result suggests that the in-
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